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FIFTEENTH ANNUAL 

Report of the State Geologist 

IOWA GEOLOGICAL SURVEY, 
DES MOINES, IOWA, DECEMBER 31, 1906. 

To GovenlOr Albert B . Cn1ltmins ancl Member of the Geological 
Boarcl: 

GENTLEMEN :-Grea,tly ,to the regret of all concerned, Profe SOl? 
F. A. Wilder found it necessary t'o r esign the Directorship of the 
Iowa Geological Survey during the year 1906, his re1signation 
taking effect on the first of May last. The plans he had formu
laJted f'or the season's work were, however, carried out as far as 
pos ible. For more than two ye~rs Professor vVilder had been 
engaged in a ,study of the coals of Iowa. Through his efforts 
the Iowa coals were among the fir st to receive attention at the 
Coal-Testing Plant of the Uni,ted Sta'te. Geological Survey at 
Saint Louis, and it Wla his plan to prosecute the work of inves
tigation continuously till it hould be 'Completed. This per onal 
Wlork was, of necessity, suspended by his removal from the state. 
It is expected, however, that Pr,ofe or Wilder will soon return 
to fini sh the inve tiga tion and prepare the report on Iowa coals 
in accordance with the original plans. FUl~thermore, about the 
beginning of the worlong ea on, and when it was too late to find 
su1ta;ble Isub ,titutes, 'some of the men who had been employed to, 
take up certain other lines of work found it impossible ,to carry 
out their engagement· . Ac,cordingly the field 00rpsof the Sur
vey during the last working sea , on wa smaller than usual. 
Thi (~ondition was still further ,aggravated by the fact that un-



2 ADMINI TRATIVE REPORTS. 

usual delays and difficulties, wholly unnecessary as far a ap
peared on the surface, were met in the printing of 'the annual 
report. The resu~t was that the As istant State Geologist was 
detained in the office during the entire working eason, uper
vising work 'that should have ,been finished early in August at the 
latest. With all that could be done, the field season, in the case 
of this member of the geological taff, wa lost. The mo t im
portant line of investigation carried on b:v the Survey during 
1906 related 'to the quarry products of the state .. This work was 
done under the efficient direction of Dr. S. "\V. Beyer, who had as 
assistants in the field and la boratonr Mr. Ira A. William and 
Mr. Walter B. ole. Espe ial attention was given to .the loca
tion, characters and extent of materials uitable for the manu
facture of Portland cement. A't present the people of Iowa, in 
common with the people of the civilized world, are interested in 
the question 'of cement materials a in scarcely any other ques
tion of purely geologic impont. There is a practically unli:i:nited 
market for Portland cement, it uses and applications are in
creasing in number and importance almost daily, and Iowa .pos-
esses the materials for its manufacture in ialmost limi,tless 

quantitie. Letters br the score, making inquiry concerning the 
uitability of materials for cement making, have 'been received 

at this office during the year, and the geographical distribution 
of ,the post offices from which the letter were mailed clearly 
indicate an interest reaching to every corner of the ·state. At 
the present time the Mason City region i attracting more atten
tion than ::my ,other. 'One company, financially trong, has lo
cated here, and ,others 'are studying the ituation. The coming 
year will wi'tne s at least one plant in this locality in full opera
tion. A strong company has options on land containing coal 
as well as the raw materiJals for cement, at Harvey in Marion 
county, and preliminary work is pI' ogre ,sing in a number of 
other localities . Iowa has been slow in recognizing her 'advantage,s 
in this direction, but there is now fair promise that our state will 
soon occupy a leading place in the production of one of ,the most 
necessary and important of modern structural materials. Pro
fessor Beyer's report on the quarries and quarry products of 
Iowa is herewIth submitted for publication as volume XVII of 
the Reports of the Iowa Geological Survey. 
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The coal industry has flourished during the year, and the out
put for 1906 wi'll show a substantial increase over that of former 
years. The commercial value of peat fuel has not yet been gen
erally recognized, ibut the number of inquiries coming to the 
office would indicate an awakening of interest, 'and it should not 
be long until the resources of the state in this direction will be 
exploited and made to contribute to Ithe wealth and comfort of 
the people. Experiments carried on in Ithe Province of Ontario, 
Canada, r,ender it praeticaiJJy certain that, with properly con
structed machinery, peat may be made Ito compete with coal in 
economy and efficiency as a fuel for ordinary purposes of heat
ing, while the Saint Louis experiments with the producer ga's 
engine indi'cate the high value of this fuel as a source of power. 
The alarming and distreslsing effects of !the fuel famine which 
now prevails in some of our neighboring states, emphasize the 
desirrubility of conserving and utilizing to the utmost each and 
all of our fuel resources. 

The United 8itates Ge010gical Survey has continued its work 
in topographic mapping in Iowa, during ,the past sea:son. The 
extent of the work so accomplished can be best set forth by quot
ing from the Annual Report of the Director of the National Sur
vey for the fiscal year 1905-6. Speaking of Iowa he says" Two 
parties were engaged in field work during the ·se8is'on. The sur
vey of the Des Moines quadrangle, in Polk and Wanen counties, 
and of the Nebraska City (Nebmska-Iowa-Missouri) quadrangle, 
in Fremont county, was C'ompleted. This work is for publication 
on ,the scale 'of 1 : 62,500, with ,a contour interval of 20 feet . There 
wer·e mapped in the course of this work 256 'square miles in the 
above named quadrangles, and in addition 35 square miles be-' 
yond quadrangle limits; 587 miles of spirit levels were run, in 
the course of which 19 permanent bench marks and 4,466 eleva
tions were determined; and 772 miles of linear road traverse 
were run." 

In northea'stern Iowa the topography ha:s been developed by 
erosion of 'the indurated rocks, and the geologic mapping of the 
region becomes impo,ssible without a t'opographic base map. 
This the United 8ta!tes Geological Survey has furnished by work 
done in the state during the past ten or twelve years, and the 
geological maps of Dubuque, Clayton, Fayette, Winneshiek and 
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most of Jackson are based on the topographic work of the Na
tional Survey. At the reques1t of the Iowa Survey the topo
graphic survey in Iowa has recently been transferred to the re-

. gion of productive coal mea,sures near Des Moines. Many of the 
proMems relating to the occurrence of coal can be best studied in 
c'onnection with an accurate topographic map,and it is the hope 
that the great productive coal area from Fort Dodge southward 
to the Missouri line will soon be covered with ,the topographic 
sheets of the Uni,ted .states Survey. By ,the action of the Legis
lature the State Survey may co-operate with the national bureau 
in hastening the work 'Of tOPlQgraphic mapping. The State Sur
vey will pay not more than 'half of ,the field expenses, while the 
Nationa'l organization will pay the remainder and will assume 
all the expense of engraving and printing the topographic sheets. 

Apart from the work incident to the study of the cement ma
terials and other quarry products, fieid work has been prose
cuted in a number of counties. Prof. M. F. Arey ha:s completed 
a survey of Butler county, Prof. S. ,V. St'ookey has worked in 
Iowa county, and Prof. T . H. Macbride has completed the field 
work in Wright and Hamilton counties. In addition to the work 
in Ithe two counties named Professor Macbride has made a care
ful study of the distribution of flowing welLs which have their 
origin in the Pleistocene deposits, ,extending his observations 
from the Minnesota line as far s'outh as Poweshiek and Iowa 
counties. The information so collected is of very great interest 
and value. 

The study of the underground waters of Io,wa has been con
tinued under the direction of Professor Wm. H. Norton, the ex
penses of the field work having been met by the U. S. Gee 3"ical 
Survey. A very full r,eport will ,soon be ready for pUblication. 

With your sanction the Iowa Survey has co-operated with the 
Geological Survey of Illinois in the study of certain physio
graphic and geologic problems, of espe:;,ial value from a scien
tific and educational point of view, found on both sides of the 
Mississippi river between Dubuque and Davenport. 

Professor B. Shimek has continued his studies of the loess, 
gathering material for an exhaustive monograph on this im
portant and exceedingly interesting formation. The loess con
stitutesthe soil over a very large area of Iowa, and loess soil 
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on surfaces of moderate sl,ope is one of the most valuable, the 
most productive, the most easily cultivated. The supremacy 
of Iowa in the production of corn and all related products of the 
farm, is due in no small degree ,to the peculiarities of the loess 
and to the very extensive ·ar·ea over which it is spread. All 
studies, therefore, that can throw light on its history and origin 
are to be encouraged, and it is a pleasure to recognize the fact 
tha;t in Professor Shimek w.e have the man best qualified by long 
observation and experience to undertake a thorough investiga
tion of this remarkabl·e and much misunderstood deposit. The 
results of his work will soon be ready for your consideration. 

Dr. Charles R. Eastman of Harvard University has, for some 
time, been at work on a study 'of .the Devonian fishes of Iowa. In 
no other state has such ·a large and interesting assemblage of 
fossil fish remains of D€wonian age been found, and it is with 
pleasure and no small degree of pride that we look forward to 
the time, in the near future, when the unique .types and full 
scientific ignifi.cance of our Dev-onian fish fauna will be given to 
the world through the medium of the publications of the Iowa 
Geological Survey. 

Our whole Devonian system deserv,e the most eareful study. 
On the one hand are its extensive deposits of clays, cement rocks 
and other economic materials demanding attention on account of 
their commercial importance, and on the other hand are its 
many remark'able groups of ancient form of life inviting study 
from a more purely scientific point of view. The Iowa Devonian 
differs in marked ways from Devonian sections in other parts of 
our country. It is already a standard in the world of geologic 
science, but it still needs thorough, detailed investigation and 
description to bring out all the characteristics of economic land 
scientific importance, which for the ;benefit of the future citizen 
and student, should be placed on permanent record. To Iowa 
the scientifi,c world has learned to look for the standard Ameri
can section of the deposits of the great ice 'age, for here the rec
ords of the successive glacial invasions of the Pleistocene pe60d 
al'e most complete and have been most satisfactorily deciphered. 
The unu uaUy favorable ·opportunities lafforded by the geolog
ical formations of the tate to shed light on a number ·of impor
tant world problems, impose obligations that ought not to be 

• 
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neglected. Iowa owe's it to herself and to science to make 
known to the world her wealth of ,scientific facts, as well as her 
economic products. 

The increasing use made of the reports of the Surv,ey in 
High Schools and Colleges, in connection with studies relating 
to the Geography, Physiography, Geological structure and 
Economic resources of the state, is very encouraging; for the 
general call for literature descriptive of Iowa, in a form that 
may be used in classes, indicates the growth of clearer knowl
edge on the part of the citizens to be, concerning the s,tate and its 
possible geologic products. Many thousands of dollars have, in 
the past, been spent in uninformed efforts to discover deposits 
of commercial importance at points where such deposi,ts could 
not possibly exist. To help our people to see what our resources 
are and how to proceed intelligently to develop them, is to render 
them a service of the biighest value. Among the edU(:~ators 

of ,the state there is a great demand at present, a demand tbat is 
sure to grow as the years go by, for a moderate sized volume 
descriptive ,of the state asa whole, and I recommend that, as 
soon as possible, an effort be made by the Survey to meet this 
demand. 

Progress has been made during the year in collecting and 
arranging the material for the general volume on the Geology 
of Iowa. It will be some time before the work can be completed. 
This volume will necessarily be larger, fuUer and more technical 
than the educational volume contemplated in ,the preceding para-
graph. . 

I have the honor to remain, gentlemen, 
Yours very sincerely, 

SAMUEL CALVIN. 



REPORT OF THE ASSISTANT STATE GEOLOGIST 

TOWA GEOLOGICAL SURVEY, 

DE MOnES, DECEMBER 31, 1906. 

DEAR Sm :- 1 have the honor to submit the following report of 
my work during the yea r 1006: 

I was cal led to take charge of the Des lIoines office of the Sur
vey on the first of )'1ay 111)011 the r esignation of Mr. Savage and 
at 011ce l1egan as. i sting him in the compiling of the large geo
logical map of the state whi ch accompanie. volume XVI of the 
rep0l'ts. After this the work ,of proof-l'eacting the SUPl')lemen
tary Report on Portland Cement Materials in Iowa, by Profes
sor S. 'Y·. Beyer, occupied. ome time. Tbis report constitutes 
Bulletin No.3 of the Survey reports. 

After ,the completion of this work the preparation of the dif
ferent paper' of volume XVI for the printer was undertaken, 
al '0 the snper vision of the making of Ut,e plates for illustrating 
the volume. A task which involved a gr eat amolmt of time and 
detailed work was that of r evising 13l1d con ec ting the pro,of.' 
.of the county and state maps which were made this year , includ
ing those for vVinneshiek, Jade on, Bremer and Franklin coun
ties. Especial ca re ]1as been taken to have these maps uniform 
in 00 101' scheme' and patterns with the best map of previou 
volumes. In the ca 'e of the wall mal of the state the colors used 
are the arne a ' those adopted for the recent geological map of 
North America issued conjointly by the Canadian, United State 
and Mexican Survey . 

Owing to great delay in setting UI the material of the report, 
the printing was not completed lmtil late in the 'autumn and 
hence ther,e wa,s no opportunity for carrying on any field work, 
but the entire summer had ,to be spent in the office. It is now 
clear that at least two months spent in expectation of proof 
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from the I finter might have Ibeen u ed to good advantage in 
the field and the report published as early as was ultimately the 
case. A it was, the report was not delivered to thi office until 
the lose of the year. It is much to be hoped that future volumes 
can be issued without so much unnecessary delay. 

The la t few day of the ~-ear have 'been spent at Iowa City in 
making a complete set of photographs from the negative in the 
possession of the Surve~' and of the Director. This set when 
bound will be a valuable addition ,to the library of the Survey. 
\. similar but somewhat less complete set will be mounted in a 

case in the SUl've~r mu. emu for more ready inspection by- visitor '. 
A large amount of cOlTe .. pondence has heen carried on with 

persons who are intere .. ted in the natural resources of the sta'te. 
::\1any persons and corporations are desirous of learning the 
advisability of investing capital in the Portland cement indu try 
and "e have been called upon to furnish such information as we 
possess. Thi.s we have lone and have in ,this way distributed 
a large number of copie. of "Bulletin K o. 3, and of the paper by 
Bain and Eckel on Cement and Cement Materials of Iowa, whioh 
appeared in volume Xy of the annual reports. Interest in the 
cla~- and other indush·ie,.; of the state is al 0 active both within 
and without our state and \Te are frequently in rec,eipt of reo 
que::;ts for reports and other data. 
Inaddit~on there ha ve been sent to the office numerous sample 

concerning the economic value of which, information has been 
desired. So far as possible this informa,tion has been furnished 
and considerable time and labor have been given to thi part of 
the work and to making such qualitative determination as are 
possible with the equipment at hand. 

During the current rear there has been collected and turned 
into the State Treasury from the ale of reports, as required by 
law, $62.79. 

The following publications have been added to the library of 
the Survey: 
United States Geological Survey: 26th Annual Report, 190-4-1905. 

Monograph 48; St.atus of Mesozoic Floras of U. S., Ward. 
Mineral Resources of the United States, 190-4. 
Bulletins 268-30l. 
Water Supply Papers 153-186. 
Professional Papers -43-55. 
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Annual Report of th e Smithsonian Institution, 1904. 
Proceedings of the U. S. National Museum, Vols . 29 and 30. 
Geological Survey of Ohio, Bulletins 4, 5 and 6. 
Topographic Survey of Ohio, 190-1. 
Geological Survey of New Jersey, Annual Report, 1905. 
North Carolina Geological Survey, Bnilding and Ornamental Stones. 

9 

Department of Geology and Natural Resources of Indiana, 30th Annual Report, 
190;;. 

North Dakota Agricultural College Survey: Biennial Report, 1903-4. 
Maryland Geological Survey; Report on Pleistocene and Pliocene. 
Kentucky Geolog ical Survey; Report of Progre ,U)05, Bulletins 1, 2, 4, 5. 
Illinois Geological Survey, Bulletins 1-3. 
Missouri Botanical Garden, 1906. 
Bulletins o[ Oh io Department of Agriculture. 
Bulletins of Georgia State Board of Entomology . 
Ohio State University, Mycological Bulletins . 
Bulletins of the Un iversity of Montana. 
Colo rado College Pu blications. 
Bulletins of the Departmentof Geology of the University of California, Vol. 4. 
Science Bulletin of the University of Kansas, Vol. III. 
P roceedings of the Davenport Academy of Sciences, Yo1. Xl. 
Missouri Historical Society Collections, Vol. 2. 
Transactions of the Acaiemy of S3iences of St. L:> uis, Vol. XV£. 
Proceedings of the Rochester Aeademy of Sciences, Vol. 4. 
Journal of the Cin cinnati Soc iety of Natural Histor~, Vol. XX . 
Transactions of the Am erican Institute of Mining Engineers, Vol. XXXVI. 
Technology Quarterly, Vol. XIX. 
Coal Trade Journal, Vol. XLV. 
Black Diamond, Vols. 85 and 37. 
Engineering and Mining Journal, 'lois. 81 and 82. 
Cement and Engineering New, Vol. XVII. 
Rock Products, Vol. Y. 
Clay Record, Vols. 28 and 29. 
Clay Worker, Yols. XLV and XLYI. 
Brick , 'lois. XXIV and XXV. 
American Producer, Vol. Y. 
Mines and Minerals , Vols. XXYI and XXVII. 
Geo logical SUfl'ey of Canada, Vols . XIV and XV. 
Ontario Bureau of Mines, 190~. 
Ontario Agricultural and Experimental Union, 27th Annual Report, 1905. 
Memoirs of the Geological Survey of Great Briain, 1905. 
Proceedings of the Geologists' Association, London, Vol. XIX. 
Transactions of the North of England Institute of Mining and Mechanical En

gineers, 1906. 
Memoirs and Proceedings of the Man chester Literary and Philosophical Society, 

Vol. 50. 
Transaetions of th E' Royal Geological oc iety of Cornwall , England, Vol. XIII. 
Proceedings of the Royal Society of Edinburgh, Vols. 25 and 26. 
Proceedings of the Royal Philosophical Society of Glasgo.w, Vol. XXXVI. 
Geological Commission of the Cape of Good Hope; 10th Annual Report, 1905. 
Geological Society of South Africa, 1905. 
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Geological Survey of Queensland, R eport, 1905 , 1906. 
South Australia, Mining Operations in , 1905, 1906. 
South Australia Geo logical SUrvey, 1906. 
Western Australi a Geological Survey , 1906. 
Victoria Department o f Mines, Annual Reports , 1905, 1906. 
New South Wa les, Geological Survey, Vol. VIE , 1905 . 
New South 'Vales, Departm ent of Mines, Annual Report. 190·3 . 

Memoirs, 190,5. 
Proceeding of the Royal Soc iety of Victoria , Vol. XVIU, 1906. 
Transactions of the Au ·tra lian Institu te of Mining Engineers, Vol. XI, 190e. 
New Zealand Geological Survey, Bnll. No.1, 1906. 
Boletins del Jnstituto Geologico de Mexico , 1905, 1906 . 
Pub lications of Soc iedad Cientifi ca "Antonio A Izate," Mexico, 190·5 . 
Anales de la Academia de Ciencias de la Habana, Vol. XLII , 1906. 
Bulletins COlUmisao Geog . and Geo l. do Sao Panlo, Brazil. 
Revista da Sociedade Scientifica de 'ao Panlo, 1905. 
Boletin del Cuerpo de lngen ieros de Min as del Peru, 1906. 
Anal es del Museo Nacional de Buenos Aire.', 1905 . 
Mitteilungen des Verein flir Erdkunde zu L eip zig, 1903, 190-1-. 
Geognostische J ahreshefte, 190-L 
Jabrbnch der St. Galli sches naturwi ssenschaftli che n Gesellscbaft , 1905. 
Verhandlnngen d er schweizeri schen natnrior cheiden Gesell schaft in Ln zern , 1905_ 
Vi erteljabrsc brift der natnrforscheiden Gesell scba ft in Zuricb , 1906. 
Sam mlnngen des Geologischen ReichslU useums in Leielen, Vol. VIII, 1906. 
Tromso Museum Publications, 1DO·l-, 
Sveriges Geologi ka Undersokning, 1906. 
Nyt Magaz in for Natnl'videnskaberne, Cbristiania, Vol. H , 1906. 
Bulletin de la Commission Geologiqne de F inl ande, 1905. 
Publications of Bergen Museum, 190.5, 1906. 
Verhandlnngen der l'u ssisc h kaiserli chell min eralogisch en Gesellschaft zu St. Pete r. -

burg, 1liO.) . 
Annales Histori co-Naturales Musei Nationalis Hungarici, Vol. IV , 1906. 
Jahresbericbt de l' koni gl, bOhmischen Gesell scha ft del' Wissenschaften , 1903 . 
Acta Uniyersitati s Lundensis, 1902-190.5 . 
Bulletin of Geol. Institution o f Universit.y of Up ala, 1905. 
Bulletins de la Societe Beige de Geologie, Hl05, 1906. 
Commission Geodesique Neerlandai e; Det.erminations of Latit.ude and Azimuth_ 
Bulletin Museum D'Histoire NatureJl e, Paris , ]906. t 

Bulletin Societe Neucbateloise d es Sciences Naturell es, ~ o . XXXlI, 1903, 1901. 
Bulletin de In. Societe Geologiqne d e Normanelie, Vol. XXV, 190·). 
Bulletin de la So iete Vaudoise d e~ Sciences Natnrelles, Vois . XLI and XLII , 

1905, 1906. 
Le Globe, J ournal Geographique, Vol. XLV. 
Revista de la Real Academia de Ciencias de Madrid, Vol. IV , 1906. 
Memorias of above Academia, Vols. 22 and 24, 1905, 1906. 
Publications of Commissao do Servico Geologico de Portugal, Vol. VI , 19J l-190'5-
Societa Geographica Italialla, Vol. VII, 1906. 
Atti della Societa Italialla eli Sc ienze Naturali , Milan, Vol. XLV, 1906. 
Publications of Geological Survey of Japan. 

To PROFESSOR SAMUEL CALVIN, State Geologist. 

Very sincerely yours, 
JAMES H. LEES. 
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VALUE OF MINERAL PRODUCTlON 

1904 

Coal .... . . . ... .. . . .. . .. . . . .... ............ . ... ... ... . . .. .. $lO,439,496 
Clay. . .. . . . . . ... .... ... .. . . . .. . .... . . . .. .. . . . . .. . . . . . . . ... 3,487,376 
Stone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 542,170 
Gypsum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 469,432 
Lead... . ... . . ... .... .... . . .. .. . ..... ...... ...... .... .. . .. 2,619 
Sand-lime brick. . . . .. .... . ... . ... ... . . ..... . .. .. . . ... . .... 13,907 

Total ........ . ........................ . . ..... .. . .... $14,955,000 

1905 

Coal ..... . .................. . ... .. .... .. .. .. .... .. .. .... .. $lO,-195,593 
Clay . ... ... . . . . .... . ... . . . ... . . . . . ... . . . .. . . . . . . 3,401',547 
Stone........ .. ....... . . . . . . .... . .... ............ . .. . ..... 533,509 
Gypsum. . . . . . . . .. . . . . . . . . . . . . . . . . . . .... . ... . . . . . . . . . . . . . . 589,055 
Lead.. .. .. . . ... . .. . . ... . .... .. . .. . .. . . . .... . ... . . . . .. . . . . 1,500 
Sand-lime brick . .. ....... ... ........ . . . . . . . . . . . . . ... . . . .. 38,6-12 
Mineral water*. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 36,200 

Total . . .. . ........ . . . ............ . ...... . .. . ..... . .. $15,103,046 

1906 

Coal .... .. .. ..... . . . .............. . ....................... $11,619,455 
Clay. .. .. . ..... . .... . . .. . . .. .. . . .... .... .... ... ... . ....... 3,477,237 
Stone including lime. . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 577,782 
Gypsum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... . .... . ... 573,498 
Lead and zinc... . ..... . ... ... .. . ... . . . ... . ... . ... . . . .. ... 26,300 
Sand-lime brick .... . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 38,255 
Minera l water*. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27,540 
Sand and gravel..... . .......... . ... .. ...... . . . . . . .. .. . ... 74,380 

Total ...... . . . ...... . ... ... . . ..... . .... . .... .. .. .. . . $16,414,447 
-----
* Mineral paint is combined with mineral water. 

MINERAL PRODUCTION IN IOWA FOR 1906.-:(' 

BY S. W. BEYER. 

The mineral production for 1906 totals considerrubly over a 
million dollars more than for 1905. The principal gain is in the 
value of the coal output which shows not only an increased ton
nage but also an increase in price for the year. The production 

* The policy of co-operation practiced during the past ten years between the Federal and 
State Surveys was materially modified for 1906. All, or practically all, of the correspond
ence was carried on from tile central office at Washington. A list of the producers who 
could not be called up by letter was furnished the local office and these, as far as practi
cable, WHe visited by a r epresentative of the State Survey. Tabulation sheets were sup
plied by the U . S. Geological Survey for Coal , Clay, Stone, Gypsum, Mineral paints. Sand
lime bricK and Sand and gravel. The Statistics for lead and zinc, cement products , and 
iron ore were collected and compiled by the local office. It i s a matter of regret t hat the 
data supplied will not permit tabulation by counties for all of the mineral products. 

(13) 
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of sand and gravel is included in mineral production for the first 
time in a report of the Iowa Geological Survey. As in the case 
of quarry products it is almost impossible to secure accurate fig
ures on account of the large nunlber of small operators who pro
duce only for Itheir own use. The aggregate output is undoubt
edly much greater than the figures show. 

Coal. 

The production of coal for 1906 shows a healthy growth in the 
industry for the year . . This growth represents more than simply 
increased tonnage. Many of the larger companies installed dur
ing the year betterments in the surface equipment and mechanical 
haulage underground. The Consolidation Goal Company has in 
addition installed coal cutting machinery, greatly increasing the 
efficiency of the plants. 

The subjoined table shows the grow,th in tonnage, value, aver
age price per ton, average number of days worked and average 
number of men employed during .the past eight years, according 
to the auth06ty of the U. S. Geological Survey: 

AVERAGE 
AVERAGE NUM- AVERAGE NUM-

YEAR TOTAL TONS VALUE 
PRICE 

BER OF DAYS BER OF MEN 
WORKED EMPLOYED 

1899 5,177,479 $ 6,397,338 $ 1.24 229 10,971 
1900 5,202,939 7,155,341 1.38 228 11,608 
1901 5,617,499 7,822,805 1.39 218 12,653 
1902 5,904,766 8,660,2R7 1.47 227 12,434 
1903 6,365,233 10,439,139 1.64 232 13,583 
1904 6,507,655 10,439,496 1.60 213 15,373 
1905 6,798,609 10,586,381 1.56 209 15,113 
1906 7,266,224 11,619,455 1.60 224 15,21;0 

The output, disposition, value, average price per ton, average 
.number of days worked and average number of men employed 
by counties is given in trubula:ted form below. 



COAL PRODUCTION OF lOW A IN 1906, BY COUNTIES . 

COUNTY 
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Short Tons 
Adams................ . . ........ . ... . .. 200 
Appanoose ..... .. . ........... . .. . ... '" 1,039,610 
Boone .......... ... . ... ...... ... .. ... .. 213,677 
Greene . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,400 
Guthrie. .. . . . .. . .... . ... . . . . ...... . . . . . . 2,128 
Jasper..... . . ... . . .. .. . . ......... . .... . 353,914 
Keokuk. . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 1,000 
Mahaska .............. ... ..... . . . . . . . . . 551,392 
Marion ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 339,-!45 
Monroe . . ... . ...... . . _. ___ _ . _ .. _..... .. 2,369,445 
Polk ... _ .. _ . _ . . . _ .. _ .. . ___ .. __ .... _ . __ _ . 1,095,573 
Taylor __ . _ ........... _ ......... _ .. _ .. .. 12,255 
Van Buren. _ .. _ .. . _ ... _ .............. _. . 9,825 
Wapello .... __ .. ... _ ... __ _ .. ___ __ ....... 166,757 
Wayne . _ .... _ ... ___ . __ _ . .... ___ ____ . . .,_ 117,850 
Webster. _ . _ . _ .. __ .. __ ___ . _ ...... _____ . . 98,118 
Other counties (a) and small mines .. . _. _ 87,619 
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11,488 36 11,72ol $ 27,154 $ 2.32 150 67 
Short Tons Short Tons Short Tons I 

47,842 14,143 1,101,595 2,112,169 1.92 199 3,25ol 
14,767 4,666 233,110 ,l36,497 1.87 1i9 8H 
1fl,306 1,110 19,8Hi 40,::)77 2.04 178 62 
9,895 40 12,063 31,307 2.60 140 68 

16,193 18,,l75 388,582 627,653 1.62 224 835 
15,50,l 640 17,14,l 32,067 1.87 174 46 
31,167 19,928 602,487 876,041 1A5 229 1,126 
22,89,l 10,411 372,750 530,SH 1.42 208 6olO 
37,458 51,570 2,458,473 3,3ol5,264 1.36 2ol8 3,712 

238,410 35,523 1,36\:1 ,506 2,363,393 1. 73 252 2,793 
6,777 20 19,052 olO,909 2.15 177 82 
2,209 103 12,137 24,418 2.01 17,l 39 

72,443 4,056 2,l::l,256 378,072 1.55 198 578 
18,7H 100 13(j,69ol 260,178 1.90 2H 433 
8,868 2,536 1Q9,.522 218,180 1.99 22,l 3:!3 

62,687 8,007 158,313 I 274,929 1.74 209 358 

Total ... .. . ....... _ .... _ . .... _ .. .. .. 6,461,208 ~~652 1--:i:7l,36,l 7,266,22,l $11,619,455 $ 1.60 22-! 15,260 

a Dallas, Jefferson, Lucas, Page, Scott and -Warren. 
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It is apparent when the above table is compared with the cor
responding table for 1905 that of the leading coal producing 
counties, Appanoo e, Jasper, Marion, Monroe, Polk and \Vapello 
show good increa ses while Boone, Maha ka, Wayne and Webster 
show a de line. Keokuk and Lucas have dropped out of the list 
of large producers. Considerable exploratory work has been 
done in the latter county during the past few years with encour
aging results ,and it may be confidently predicted that Lucas 
will regain its place with the large producers in the near future. 

According to the authority of the U. S. Geological Survey, 
Iowa ranked ninth in production and eighth in value of the 
bituminous coal output for 1905. The ten leading producers for 
the year were as follows : 

STATE . I TONNAGE 

1 Pennsylvania ....... . . . .. .. . . . . . . . . . . . 
2 I llinois ...... .. ... .. .. . ....... ... ........... . . . 
3 West Virgin ia .. . ....... .. .... . .. . . . . ....... . . . 
4 Ohio .............. . ... ....... . .... . .. . ....... . 
5 Indiana ..... . .. .. .................. . .. . . . .... . 
6 Alabama .. . .. . ........... .. . . . .. . ... . . .. .. ... . 
7 Colorado ....... ... .... . .. . ................... . 
8 Kentucky ....... . .. . .. . . . ... . ... . ........ . ... . 
9 Iowa ... . . . . . ......... . ... . . . ... .. . . . .. .. . .... . 

10 Kansas .......... .. . . .. ....... . .. . ..... . ..... . 

118,413,637 $ 
38,434,363 
37,791,580 
25 ,552,950 
11,895 ,252

1 

11,866,069 
8,826,429 
8,432,523 
6,798,609 
6,4:l3,979 

VALUE 

118,390,507 
40,577,592 
32,341,790 
26,48fi,740 
12,492,255 
14,387 ,721 
10,810,978 
8,385,232 

10,586,381 
9,350,54~ 

The outlook for 1907 is for a continuance of the high price per 
ton with possibly a slight decrease in output. 

Clay. 

Iowa Clay products sold during the year 1906 were distrib
uted as follows: 

VALL' E I THOUSANDS I 
---------------------------------------: -~-------

If;9,771 1$ 
10,930 I 

8,871 

Common brick . ..... . . . .. . ... . .. .. .. .. .... .. . ... . ..... . 
Vitrified paving brick ....... . . . . ........ .. ...... . ..... . 
Front brick .... ..... .. .. .. . . . ................... ...... . 
Fire brick ............................................. . 07 , 
Drain tile ....... . . ........................... .. ....... . 
Sewer p ip e ................................ . ........... '1' .... . ... .. . 
Holl ow building til e o r b loc k ... . ...... . .. '" ... .... . .. . . . . . . .. .. . . . 
Miscellaneous. . . . . . . . . . . . .. . . ................... . . . ... . .. .. .. . ... . 

1,1:!5,009 
185,990 
101,795 

930 
1,721 ,614 

114,2H 
102,66-1 

.5,084 

Total .. . .... . . ... .. . . .. . . . ........... . .. ... : ....... 1 ... . .. .. .... $ 3,417,327 
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POTTERY 

Red earthern ware ... . ... . .. ... .. ........ . ........ . .. . .. .. ... .. . $ 
Stone ware ...... .. ..... . . . . .. ........ . .................. . ..... . 
Miscellaneous .. . ......... . . . .... .. ..... .... ' " . . . . . . ... .. ... .. .. . 

Tot al ... . .. ... . .. ... ... ..... .. .. .. .. . . .. .. . ..... . . . . . ...... $ 

CLAY MINED 
Fire clay ......... . . .. . . .... . . ..... . . . . . . ..... . .. . . 
Miscellaneous .. . . . .... . .... . .. . . . . . . . ... .. .... ... . . 

TONS 

35;; $ 
1,650 

VALUE 

10,100 
44,500 
3,400 

58,000 

VALUE 

560 
1,350 

Total . ............ .. .............. . ............ .. .. . .. . . .... $ 1,910 

The state still maintains her lead in the manufaeture of drain 
tile, Indiana and Ohio being her closest competitors. 

Stone. 

The value of stone produced for 1906 shows a slight incr,ease 
over the preceding year. The output was distributed as follows: 
Limestone: 

Rough building ... . . . .. .................. ... . ... .. . ... . $ 105,203 
Dressed building . .... .. . . ... . . . . . . . . . . . . . . . . . . . . . . . . .. . 31,350 
Paving. ... . . . . . .. . . . . ... . . . . .... .. . . ... . ... .. ..... . . .. 6,527 
Curbing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . 8,030 
Flagging. . .... . .. ..... . ..... ........ .. ... . ... .. .... .. . . 7,632 
Rubble . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84,553 
Riprap.. .. . . ... . . ... . . .. .. ...... ...... ... . . . . . . . . . .... 35,8lO 
Crushed stone: 

Road making ...... . . . . . . .. .. . ....... . .. . .. ..... . 
Railroad ballast .. .... .. .... .. . .. ....... . . . . .. . . . . 
Concrete . .. ... ............ ... . ................. . 

Miscellaneous . . .. .... .. .. . ... .. .. . . ................ . .. . 
Lime burned ... ... ... .. ....... . .. . . .. . .... ....... . . ... . 

Sandstone .. . .......................... . ... . . .. .. . .. ... .. . .. . 

Total ........ . . ... . ... ....... ... . . . . . ................. . 

38,189 
26,268 

142,124 
8,129 

78 ,366 

$ 572,181 
5,601 

$ 577,782 
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Gypsum. 

The total production shows a slight decline when compared 
with the preceding y,ear. Two new plants were built but were 
no,t put in operation until early in 1907. The statistics of the 
industry for the year 1906 are as follows: 

TONS I VALUED AT 

Quantity crude gypsum mined............................. 286,857 $ 199,222 

Distributed as follows: 

Sold crude-
To Portland cement mills .. .. .......... .. . .... . 8,390 11,973 
As land plaster . ........................ . ..... . 3,751 6,922 
Miscellaneous uses ............................ . 1,472 3,441. 

Sold as Plaster-of-Paris, Wall Plaster, etc ..... . ..... . 146,526 551,162 
----

Total ... . ............... . ..................... . 160,139 $ 573,498 

Sand and Grav el. 

The Survey publishes for the first time since its organization 
statistics of production for sand and gravel. Of neoessity, re
ports could be secured only for the commercial pits. The pit 
produots may be classified as follows, -calculated in short tons : 

QUAN- I 
TITY VALUE 

Molding sand . . . . . .. . . . ......... ... .......... .. .............. . 4,952 $ 5,152 
Building sand . . .... . .......................... ... ... .... . ... . 127,271 45,158 
Fire sand . ... . ..... . ... . .......... ... ........ . .. . . ...... . . . .. . 1,800 1,400 

8,550 2,100 
14,975 4,863 

Engine sand. . . . . . . .. . ... . . . . . . . . ......... . ................. . 
Other sanel . ... . ......... ... . ........ . ... . ..... ..... .. ...... . . 
Gravel .... . .. . . .. . . ........ . ......... . . .. ............. . ..... . 27,125 15,707 

Total ................ . .. .. . . . ... : .. . ...... . ............ . 184,673 $ 74,380 

Lead and Zinc. 

Mining and exploratory operations were carri,ed on with more 
than the usual vigor during the year in the Dubuque region. 
This was due largely to the greater demand for both lead and 
zinc. The price of lead ore reached $42.50 per thousand during 
the year, the highest in more ihan a ihirdof a century. 
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LEAD. 

About 600,000 pounds of lead ore were produced in Iowa dur
ing the year and were sold at an average prioe of $33.00 per 
thousand pounds. The price at the end of the year was on the 
advance and a consequent increase in output for 1907 is ,expected. 

ZINC. 

For a number of years no zinc ore has been marketed from 
the Dubuque region. The year 1906 marks the r,ejuven3!tion of 
the industry. Arbout 500 tons of "dry bone" were sold at an 
average of $13.00 per ton. While no "jack" was shipped a con
siderable quantity of the disseminated zinc sulphide ore was 
.mined and is now held in 's,took ready to be milled. A fifty-ton 
mill is now in process of construction by ,the Avenue Top Mining 
Company and will ,be ready for operation September 1, 1907. 
The mill is so arranged that its capacity can be doubled easily. 
It is reported that the Superior Mining Company contemplates 
building a mill in the near future. 

Several companies have discovered and are now opening up 
e~tensive ore bodies and are only awaiting better facilities for 
cleaning and handling the output before mining on a large scale 
is undertaken. The outlook for the immediate future of the dis
trict is brighter than for many years and a greatly increased 
output for 1907 may be predicted with confidence. 

SUMMARY OF PRODUCTION FOR 1906. 

Lead (Galena) 600,000 pounds ........ . . . ... ...... . . . . . . . .... $ 19,800 
Zinc (Dry Bone) 500 tons.. .. . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . 6,500 

Total . . ............. . ............ . . . ................... $ 26,300 

Iron. 

Iowa marketed no iron ore during the y.ear 1906. The year 
was not, however, without results as to the future of the iron 
iD;dustry in the state. The Missouri Iron Company with head
quarters in ISaint Louis has for more than eighteen months been 
exploring Iron Hill near Waukon, and neighboring well known 
iron ore bodies with ,the result that they are at the present time 
installing a modern washer to handle six 'hundred tons of finished 
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ore per day. The plant will be supplied with power by a 400-
horse power gas producer engine direct connected to D. C. gen
erators and .all crushers and other machinery will be direct con
nected to motors. It is believed that by washing, jigging and 
roasting ,the metallic iron content of the ore can be brought up 
to between 55 and 60 per oent. The ore will probably be shipped 
by rail to the river and then by boat to Saint Louis for reduc
tion. 

Mineral Water. 

The bottling and shipping of mineral water has become an 
established industry in Iowa. The most important producers 
are the springs at Colfax in Jasper county. The amount sold 
for 1906 was 227,500 gallons valued at $23,700 or at an average 
price of eleven cents per gallon. It was distributed as follows: 

Medicinal water ......................... . .. . .. . .............. $ 23,150 
Table water. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 550 

Total. . . . . . . . . . . . . . . . . . . . . .. . . . ........ . ............... $ 23,700 

PORTLAND CEMENT. 

The year 1906 was important in the history of the development 
of the mineral resources of the state in the fact that two Port
land oement companies were org.anized and commenced the build
ing of plants at Mason City and Des Moines, respectively. The 
former plant will reach completion on or about November 1, 
1907. The Des Moines plant will not be in operation before the 
middle of 1908. A third company has been organized recently 
and is planning to erect a plant at Harvey, in Marion county. 

Cement Produ.cts. 

The increase in the use of Portland cement is little less than 
phenomenaL The manufacture of ·cement products has becomB 
a recognized industry in a large proportion of the towns of the 
state, especially throughout the north central portion, where 
structural materials are scarce. The principal products are 
building block, cement brick and drain tile. The industry is yet 
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in its infancy. The leading products marketed during the year 
were as follows : 

Building block ....... .. ... ... . .... . . ...... ..... .. . .......... $ 207, 195 
Cement brick. . . . . . . . . . . . .. . . . . .. .. . . .. . . . . . . . . . . . . . .. .. .... 24,379 
Drain tile. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102,535 
Fence posts . . .. .... . ....... ..... .. ...... .. . . . .. " . .... . .. .. 11,497 
Roof tile.... ........... .. ................. ... .... . . ........ 5,215 

Total ...... .... .. .. ................................... $ 350,821 

A much larger amount of cement was used in the building of 
sidewalks, floors, foundations, ohimneys, water tanks and fire
proofing. 
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CHAPTER I 

THE MATERIALS AND MANUFACTURE OF PORTLAN)) 
CEMENT. 

The following general treatise on the properties of the raw 
materials and the processes of manufacture of Portland cement 
is taken largely from the report of Mr. E. C. Eckel, on Cement 
Materials of Iowa, Iowa Geological Survey, Volume XV. Ac
cording to Eckel's grouping, the so-called Complex Cements 
only, are considered in this chapter. In order to indicate the 
relation existing between Portland and other complex cementing 
materials, a 'brief presentation is given of the characteristics of 
the more cOh1monl~' used silicate cements. 

COMPLEX CEMEKTS. 

The cementing materials grouped here a Silicate or Hydraulic 
Cements include all tho e materials whose settinO' properties are 
due to the formation of new compolmds, during manufacture 
or u e, and not to the mere reassumption of the original com
position of the material from which the cement wa made. These 
new compolmds ma~' be formed either b~' chemical change during 
manufacture or by chemical interaction, in use, of materials 
which have merely been mechanically mixed during manufacture. 

In the class of ilicate cements are included all the materials 
commonly known as cements b~' the engineer (natural cements, 
Portland cement, pozzuolanic cements), together with the hy
draulic limes. 

Though differing widely in raw material, methods of manu
facture and properties, the silicate cements agree in two prom
inent features; they are .all hydraulic (though in very different 

3 
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degree) ; and this property of hydraulicity is, in all, due largely 
or entirely to the formati1on of tri-calci(l silica:te (3CaO.SiOz) . 

Other silicates of lime as well as silico-aluminates, may also be 
formed; but they are relatively unimportant, except in certain 
of the natural cements and hydraulic limes where the lime-alum
inates may be of greater importance than is here indicated. 
This will be recurred to in discussing the groups named. 

The silicate cements are divisible, on technologic grolmds, 
into four distinct clas es. The basis for this clivi ion is given 
below. It will be seen that the first named of these classes (the 
pozzuolanic cements) differs from the other three very mark
edly, inasmuch as its raw materials are not calcined after mix
ture; while in the last thr,ee classes the raw materials are in
variably calcined after mixture. The four classes differ some
what in composition but more markedly in methods of manu
facture and in the properties of the finished cements. 

CLASSES OF SILICATE CEMENTS. 

1. Pozzuolanic or Puzzo lan Cements; produced by the me
chanical mixture, without calcination, of slaked lime and a silico
aluminous materi.al (the latter being usually a volcanic ash or 
blast-furnace slag). 

2. Hydraulic Limes ; produced by the calcination, at a tem
perature not much higher than that of decarbonation, of a 
siliceous limestone so high in lime carbonate that a considerable 
amolmt of free lime appears in the finished product. See Chap
-tel' II. 

3. Natural Cements; produced by the calcination, at a tem
perature between those of decarbonation and clinkering, of a 
siliceous limestone (which may also carry notable amounts of 
alumina and of magnesium carbonate) in which the lime carbon
ate is so low, relative to the silica and alumina, that little or no 
free lime appears in the cement. 

4. Portland Cements; produced by the calcination, at the tem
perature of semi-vitrefaction ("clinkering") of an artificial 
mixture of calcareous with silico-aluminous materials, in the 
proportion of about thr,ee part of lime carbonate to one part 
of clayey materi.al. 
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NATURAL CEMENTS. 

Natural cements are produced by burning a naturally impure 
limestone, containing from fifteen to forty per cent of silica, 
alumina, and iron oxide. This 'burning takes place at a compar,a
tively low temperature, about that of ordinary lime burning. 
The operation can therefore be carried on in a kiln closely re
sembling an ordinary lime kiln. During the burning the carbon 
dioxide of the limestone is almost entirely driven off, and the 
lime combines with the silica, alumina and iron oxide, forming 
a mass containing ,silicates, aluminates, and ferrites of lime. In 
cas·e the original limestone contained much magnesium carbonate, 
the burned rock will also contain a corresponding amount of 
magnesia. 

After burning, the burned mass will not slake if water be 
added. It is necessary, therefore, to grind it quite finely. After 
grinding, if the resulting powder (natural cement) be mixed 
with water it will harden r.apidly. This hardening or setting 
will also take place under water. The natural cements differ 
from ordinary limes in two noticeable ways: 

(1) The burned mass does not slake on the addition of w,ater. 
(2) Mter grinding, the powder has hydraulic properties, i. e., 

if properly prepared, it will set under w,ater. 
Natural cements are quite closely r,elated to both hydraulic 

limes on the one hand, and Portland cement on the other, agree
ing with both in the possession ·of hydraulic properties. They 
differ from hydraulic limes, however, in that the burned natural 
cement rock will not slake when water is poured on it. 

The natural cements differ from Portland cements in the fol
lowing important particulars: 

(1) Natural cements are not made iby burning carefully pre
par·ed and finely ground artificial mixtures, but by burning 
mas es of natural rock. 

(2) Natural cements, ,after burning and grinding, are usually 
yellow to brown in color and light in weight, their specific 
gravity being about 2.7 to 2.9; while Portland cement IS com
monly blue to gray in coLor and heavier, its specific gravity 
ranging from 3.0 to 3.2. 

\ 
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(3) Natural cements are .always burned at a lower temper
ature than Portland, and commonly at a much lower temper
ature, the mass of rock in the kiln never being heated high 
enough to even approach the fusing or clinkering point. 

(4) In u e, natural cement et more rapidly than Portland 
cement, but do not ~ttain such a high ultimate strength. 

(5) In compo ition, while Portland cement is a definite prod
uct whose percentages of lime, ilica, alumina and iron oxide 
vary only between narrow limits, various brands of natural 
cements will show very great differences in composition. 

The material utilized for natural cement manufacture is in
V'ariably a clayey limestone, ,earrying from 13 to 35 per cent of 
clayey material, of which 10 to 22 per cent or so i silica, while 
alumina and iron oxide -together may vary from 4 to 16 per cent. 
It is the pre ence ·of these clayey materials which give the re
sulting cement its hydraulic properties. Stress i often care
lessly or ignorantly laid on the fact -that many of our be t known 
natural cements carry large percentages of magnesia, but it 
should, rut this date, be realized that magnesia (in natural 
cements at least) may be regarded as being almost exac-tly inter
changeable with lime, so f,ar as the hydraulic properties of the 
product are concerned. The presence of magnesium carbonate 
in ,a natural cement rock is then merely incidental, while the 
silica, alumina, and iron oxide are essentiaL The thirty per 
cent or so · of magnesium carbonate which occurs in the cement 
rock of the Rosendale district, N. Y., could be r,eplaced by an 
equal amount of lime carbonate, and the burnt tone would 
still give a hydraulic produc-t. If, however, the clayey portion 
(silica, alumina, and iron oxide) of the Rosendale rock could be 
removed, leaving only the magnesium and lime carbonates, the 
burnt rock would lose all of its hydraulic properties and would 
yield simply a magnesian lime. 

This point ha 'been empha ized because many writer on the 
subject have either explicitly tated or implied that it i the 
magnesium carbonate of the Rosendale, Akron, Louisville, Utica 
and Milwaukee rocks that causes them to yield a natural cement 
on burning. 
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PORTLAND CEMENT. 

Portland cement is produced by burning ,a finely ground, arti
ficial mixture containing essentially lime, silica, alumina, and 
iron oxide, in certain definite proportions. U ually this com
bination is made by mixing limestone or marl with clay or shale, 
in which case about three times as much of the lime carbonate 
should be present in the mixture as of the clay materials. The 
burning takes pla,ce wt a high temperature, approMhing 3,000° 
F., and must therefore be carried on in kilns of special design 
and lining. During the burning, combin'ation of the lime with 
silica, alumina, and iron oxide takes place. The product of the 
burning is a semi-fus·ed mass called clinker, and consists of 
silicates, aluminates and ferrites of lime in certain definite pro
portions. This clinker must be finely grolmd. After such 
grinding the powder (Portland cement) will set under water. 

As noted a:bov·e, under the head of Natural Oements, Portland 
cement is blue to gray in color, with a specific gmvity of 3.0 to 
3.2, and sets more lowly than natural cements, but soon attains 
a higher tensile strength. 

PUZZOLAN CEMENTS . 

The cementing materials included under this name ar·e made 
by mixing powdered slaked lime with either a volcanic ash or 
a blast-furnace slag. The product is therefore imply a mechan
ical mixture of two ingredients, as the mixture is not burned at 
any stage of the pr,ocess. After mixing, ,the mixture is finely 
grolmd. 'The resulting powder (Puzzolan cement) will set under 
water. 

Puzzolan cements are usually light bluish in color, and of lower 
specific gravity and less tensile strength than Portland cement. 
They are better adapted to use under water than to use in air. 
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PORTLAND CEMENT. 

DEFINITION. 

In the following section various possible raw materials for 
Portland cement manufacture will be taken up, and their relative 
suitability for such use will be discussed. In order that the 
statements there made may be clearly understood it will be 
necessary to preface this discussion by a brief explanation re
garding the composition and constitution of Portland cement. 

a se of term Portland.-While there is a general agreement 
of opinion as to what is understood by the term Portland cement, 
a few points of importance are still open questions. The defini
tions of the term given in specifications are in consequence often 
vague land unsrutisf,actory. 

It is agreed that the cement mixture must consist essentially 
of lime, silioa and alumina in proportions which can v1ary but 
slightly; and that this mixture must be burned at a temperature 
which will give a semi-fused product-a "clinker." These 
points must therefore be included in any satisfactory definition. 
The point reg,arding which there is a difference of opinion is 
whether or not cements made by burning a natural rock can be 
considered true Portlands. The question as to whether the 
definition of Portland cement should be drawn so as to include 
or exclude such products is evidently largely a matter of con
vention; but, unlike most conventional issues, the decision has 
very important practical consequences. The question at issue 
may be stated as follows: 

If we make artificial mixture of the raw materials and a very 
high degree of burning the criteria on which to base our defini
tion, we must in consequence of that decision exclude from the 
class of Portland cements certain well known products manu
factured ,atseveral points in France and Belgium, by burning a 
natural rock, without artificial mixture, and at a considerably 
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lower temperature than is attained in ordinary Portland cement 
prootice. These" natural Portlands" of France and Belgium 
have always been considered Portland cements by the most 
critical authorities, though all agree ,that they are not particu
larly high gmde Portlands. So that a definition, based upon the 
criteria above named, will of necessity exclude from our cIa s 
of Portland cements some very meritorious products. 

There is no doubt that in theory a rock could occur, contain
ing lime, ,silica and alumina in such correct proportions as to 
give a good Portland cement on burning. Actually, however, 
such a perfect cement rock is of extremely rare occurrence. As 
above stated, certain brands of French and Belgian "Portland" 
cements are made from such natural rocks, without the addi
ti'on of any other rna teria I; but these brands are not particu
larly high grade, and in the better Belgian cements the compo
sition is corrected by the ,addition of other materials to the 
cement rock, before burning. 

The following definition of Portland cement is of importance 
because of the large amount of cement which will be accepted 
annually under the specifications'~ in which it occurs. It is also 
of interest a being the nearest approach to an official govern
ment definition of the material that we have in this country. 

"By a Portland cem!;'nt is meant the product, obtained from the heatin g or 
calcinin g up to incipi ent fusion of intimate mixtures , either natural or a rtific ial, of 
argillaceou with calcareous substances, th e calc.ined product to contain at least 
1. 7 times as much of lime, by weight, as of the materials which give the li me its 
hydraulic properties , and to be finely pull'E'riz!;'c1 after said calcin ation, and th ere· 
after additions or substitut,ions for th!;' purpos!;' onl~' of regulating certain properties 
of technical importance to be allowabl e to not exceeding :l per cent of the calcined 
product. " 

It will be noted that thi definition does not require pulver
izing or artificial mixing of the materials prior to burning. It 
seems probable that the Belgian" natural Portlands" were kept 
in mind when the e requirements were omitted . In dealing 
with American made cements, however, and the specifica bons 
in question are headed, "Specifications for American Portland 
cement," it is a serious error to omit the e requirements. No 
true Portland cements are at pr,e ent manufactured in America 
from natural mixture, without pulverizing and ,artificially mix-

• Professional paper No. 28, Corp 3 0 1 Engineer~ , U. s. A., p, 30 . 
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ing the materials prior to burning. Several plants, however, 
have placed on the market so-called Portland cements made by 
grinding up together the underburned and overburned materials 
formed during the burning of natural cements. Several of 
these brands contain from 5 to 15 per cent of magnesia, and 
under no circumstances ·oan they be considered true Portland 
cements. 

In v}ew of the conditions above noted, the writer believes 
that the following definition will be found more satisfactory 
than the one above quoted. 

Definition of Portland Cement.-Portland cement is an arti
ficial product o~tained by finely pulverizing the clinker pro
duced by burning to semi-fusion an intimate mixtur·e of finely 
ground calcareous and argillaceous material, this mixture con
sisting approximately of one part of silica and alumina to three 
parts of carbonate of lime (or an equivalent amount of lime 
oxide). 

COMPOSITION AND CONSTITUTION. 

Portland cements may be said to tend toward a composition 
approximating to pure tri-calcicsilicate (3eaO. Si02 ) which 
would correslJond to the proportion CaO 73.6 per cent, Si02 26.4 
per cent. As can be seen, however, from the analyses quoted 
later, actual Portland cements as at present made differ in com
position somewhat markedly from this. Alumina is always 
present in considerable quantity, forming with part of the lime, 
the dicalcic aluminate (20aO. Al20 3 ) . This would give, as stated 
by Newberry, for the general formula of a pure Portland-

x(3CaO. Si02 )+y(2CaO. Al30 3) ' 
But the composition is still further complicated by the pres~ 

ence of accidental impurities, or intentionally added ingredients. 
These last may be simply adulterants, or they may be added to 
serve some useful purpose. Calcium sulphate is a type of the lat
ter class. It serves to retard the set of the cement, and, in 
small quantities, appears ,to have no injurious effect which 
would prohibit its use for this purpose. In dome kilns, sufficient 
sulphur trioxide is generally taken up by the cement from the 
fuel gases to obviate the necessity for the l,ater addition of cal-
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cium sulphate, but in the rotary kiln its addition to the ground 
cement, in the form of either powdered gypsum or plaster of 
Paris, is a necessity. 

Iron oxide, within reasonable limits, seems to act as a substi
tute for alumina, and the two may be calculated together. Mag
nesium carbonate is rarely entirely absent from limestone or 
clays, and magnesia is therefore almost invariably present in the 
finished cement. Though magnesi,a, when magnesium carbonate 
is bu'rned at low temperature, is an active hydraulic material, 
it .does not combine with silica or alumina at the clinkering heat 
.employed in Portland cement manufacture. At the best it is an 
inert and valueless constituent in the cement; many regard it 
as positively detrimental in even small amounts, and because of 
this feeling manufcturers prefer to carry it as low as possible. 
Newberry has ,stated that in amounts of less than three and one
half per cent it is harmless, and American Portlands from the 
Lehigh distr~ct usually reach well up toward that limit. In 
European practice it is carried somewhat lower. 

Raw Materials. 
GENERAL CONSlDERA nONS. 

For the purpose of the present chapter it will be sufficiently 
accurate to consi.der that a Portland cement mixture, when 
ready for burning, will consist of about seventy-five per cent of 
lime carbonate (CaCO:1 ) and twenty per cent of silica (8i02 ), 

alumina (A1eO,,) and iron oxide (Fee'03 ) Itogether, the remain
ing five per cent including' any magnesiulll carbonate, sulphur 
and alkalies that may be present. 

The essential elements which enter into this mixture, lime, 
silica, alumina and iron, are ,all abundantly and widely distrib
uted in nature, occurring in different forms in many kinds of 
rocks. It can therefore readily ,be seen that, theoretically, a 
satisfactory Portland cement mixture could be prepared by com
bining, in an ,almost infinite number of ways and proportions, 
many possible raw materials. 'Obviously, too, we might expect 
to find perfect gradations in the artificialness of the mixture, 
varying from one extreme where ia natural rock of absolutely 
~orrect composition was used to the other extreme where two 
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or more materials, in nearly equal amounts, are required to 
make a mixture 6f correct composition. 

The almost infinite number of raw materials which are theo
retically available are, howev,er, reduced to a very few in prac- . 
tice under existing commercial conditions. The necessity for 
making the mixture as cheaply as possible rules out of considera
tion a large number of materials which would be considered 
available if chemical composition was the only thing to be taken 
into account. Some materi~ls otherwise suitable are too scarce; 
some are ,too difficult to pulverize. In consequence, a compara
tiyely few combinations of raw material are actually used in 
practice. 

In certain localities deposits of argillaceous (clayey) limestone 
or "cement rock" occur, in which the lime, silica, alumina 
and iron oxide exist in so nearly the proper proportions that 
only a relatively small amount (about ten per cent or so) of other 
material is required in order to make a mixture of correct com
position. 

In the majority of plants, however, most or all of the neces
sary lime is furnished by one raw material, while the silica, 
alumina and iron oxide are largely or entirely derived from 
anOfther raw material. The' raw material which furnishes the 
lime is usually natural, a limestone, chalk or marl, but occasion
ally an artificial product is used, such 'as the chemically precipi
tated lime carbonate which results as waste from alkali manu
£<acture. The silica, ,alumina and iron ,oxide of the mixture are 
usually derived from clays, shales or slates; but in a few plants 
blast-furnace slag is used as the silico-aluminous ingredient III 

the manufacture of true Portland cement. 
The v,arious combinations of raw materials which are at 

present used in the United States in the manufacture of Port
land cement may be grouped under six heads. This grouping 
is as follows: 

1. Argillaceous limestone (cement rock) and pure limestone. 
2. Pur,e hard limestone and clay or shale. 
3. Soft chalky limestone and clay. 
4. Marl and clay. 
5. Alkali waste 'and clay. 
6. Slag and limestone. 
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Raw Materials Actually in Use. 

ARGILLACEOUS LIMESTONE: CEMENT ROCK. 

An argillaceous lime tone containing approximwtely 75 per 
cent of lime carbonate and 20 per cent of clayey materials (silica, 
alumina and iron oxide) would, of course, be the ideal material 
for use in the manufacture of Portland cement, as such a rock 
would contain within itself in the proper proportions all the 
ingr,edients necess'ary for the manufacture of 'a go.od Portland. 
It would require the addition of no other material, but when 
burnt alone would giv,e ,a good cement. This ideal cement mate
rial is, of course, never realized in pradice, but certain deposits 
of argillaceous limestone approach the ideal composition very 
closely. 

The most important of these argillaceous limestone or "cement 
rock" deposits is, at present, that which is so extensively utilized 
in Portland cement manufacture in the "Lehigh district" of 

. Pennsylvania and New Jersey. This area still furnishes about 
two-thirds of all the Portland cement manufactured in the United 
States. 

The analy es given in the follo.wing table 'are fairly representa
tive of the materi.als employed in the Lehigh district. The first 
f,our analyse ,are of "cement rock"; the last two are of the 
purer limestone used for mixing with it. 

Analyses .of Leh'ig Ii d'ist1'ict cement mate1"ia.l ·. 

Cement rock Limestone 

Silica (Si0 2 ) ...... . ................ 10.02 9.52 H.52 16.10 3.02 1.98 
Alumina (AI 2 0 3 ) .• • •• • •••••••.••••• 6.26 -!.72 6.52 2.20 1. 90 0.70 
Iron oxide (Fe20 3) . .. . . . ....... ... . .... . .... . . . . . . . .... . .... . .... 
Lime carbonate (CaCO" ) ........ . .. 78.65 80.71 73.52 76.23 92.05 95.19 
Magnesium carbonate (MgC0 3 ) •• • •• 4.71 4.92 ,1.69 3.54 3.04 2.03 

"CEMENT ROCK" IN OTHER PARTS OF THE UNITED STATES . 

Certain Portland cement plants, particularly in the western 
United States, are using combinations of materials closely sim
ilar to those in the Lehigh district. Analy'ses of the materials 
used at several of these plants are given in the following table: 
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Analyses of " cement rock" and limestone from the weste1'n United States. 

Utah I California I Colorado , 
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Silica (SiO~) ....... ... . .. . .... . . . .. 2l.2 6.8 20.06 7.12 14.20 . . .. . . 
Alumina (AI 20 a) . . . .... ... . . ....... 8 .0 3.0 10.07 2.36 5 .21 .. .. . . 
Iron oxide (Fe20 .) . . .... . .. . ...... .... . . ... . 3 .39 l.16 1. 73 . . . ... 
Lime carbonate (CaC0 3 ) •••• •• •• . •• 62 .08 89.8 63.40 87.70 75.10 88.0 
Magnesium carbonate (MgC0 3 ) •• ••. 3.8 0.76 l.54 0 .84 l.1O , . . . .. 

PURE HARD LIMESTONES. 

A series of analyses of representative pure hard limestones, 
together with analyses of the clays or shales with which they 
are mixed, is given below: 

Analyses of pUTe haTd l-imestones and clayey rnatm·ials . 

Limestones Clays and shales 

Silica (Si0 2 ) • • : •••• • ••••• • •• •• •• l.72 0.86 0.5R 0.40 63 .56 55 .80 56.30 60.00 
Alumina (AI 20 a) ... .. . .. ... . .... l.63 0.63 l.23} r3

.
26 

0.44 27.32 30 .20 29.86 
Iron oxide (Fe20 a) . .... . . ... . . .. 6.59 l.03 0.29 4.32 
Lime carbonate (CaCOa) ... . .... 90.58 97.06

1

97 .23 $)7.99[ 3.60 2.54 ... .. [ 1. 70 
Magnesium carbonate (MgCO a) . . . . ... 0 .75 0.42 2.60 ... . . l.50 

The first limestoneanaly,sis given in the ,above ,table represents 
a {3urious type, used in several plants in the Middle West. As 
will be noted, it is a relat~vely impure limestone, but its prin
cipal impurity is iron oxide. It contains 8.22 per cent of iron 
oxide and alumina, as compared with 1.72 per cent of silica; and 
therefore demands great care in the selection of a suit'able high
silica clay to mix with it. 

SOFT LIMESTONE: CHALK. 

ORIGIN AND GENERAL CHARACTER . 

Chalk, properly speaking, is a pure carbonate of lime, com
posed of the remains of ,the shells of minute organisms, among 
which those of foraminifera are especially prominent. The 
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chalks and soft limestones discussed here agree, not only in hav
ing usually originated in this way, but also in being rather soft 
a:p.d therefore readily and cheaply crushed and pulverized. As 
Portland cement materials they are, therefore, almost ideal. One
defect, however, which to a small extent counterbalances their 
obvious advantages is the fiwt that most of these soft, chalky 
limestones absorb water quite readily. A chalky limestone
which in a dry ,season will not carryover two per cent of moist
ure as quarried, may in consequence of prolonged wet weather 
show as high as fifteen or twenty per cent of water. This dif
ficulty can of course be avoided if care be taken in quarrying 
to avoid unnecessary exposure to water and, if necessary, to 
provide facilitie s for storing a supply of the raw materials dur
ing wet seasons. 

COMPOSITION . 

In composition these chalks, or "rotten limestones," vary 
from a rather pure calcium carbonate, low in both magnesia 
and clayey materials to an impure clayey limestone, requiring 
little additional clay to make it fit for use in Portland cement. 
manufacture. Analyses quoted from various authors of a num
ber of these chalky limestones are giv,en in the table below, and 
will serve to show their range of composition. 

Analyses of chalky limestones. 
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Silica (Si0 2 ) ••••••• • ••• • ••••• 12. 13 5 .77 23.55 7.97 8.20 9.15 
Alumina (AI2 0 a ) . . ....... .... 4. 17 } 2.14 1. 50 1.09 7.07 { 4. 80 
Iron oxide (Fe 2 0 3 ) •••••••••• • 3.28 2.30 
Lime carbonate (CaC0 3 ) . ••.. 75.07 90.15 70 .21 88.64 83.59 63.75 
Magnesium carbon. (MgC0 3 ) .. .92 .58 .58 . 73 n. d . 1. 25 

FRESH WATER MARLS . 

Marls, in the sense in which the term is used in the Portland 
cement industry, are incoherent limestones which have been. 
deposited in the basins of existing or extinct lakes. S6 far a s. 
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chemical composition is concerned, marls are practically pure 
limestones, being composed almost entirely of calcium carbonate. 
Physically, however, they differ greatly from the compact rocks 
which are commonly described as limestones, for the marls are 
granular, incoherent deposits. This curious physical character 
of marls is due to ,the conditions under which they have been 
deposited, and v.aries somewhat according to the particular con
ditions which governed their deposition in different localities. 

COMPOSITION. 

As shown by the analyses below, marls are usually very pure 
lime carbonates. They therefore require the addition of eonsid
erableclay to bring them up to the proper composition for a 
PorUand cement mixture. 

The marls are readily excavated, but necessarily carry a 
large percentage of water. The mixture, on this account, is 
commonly made in the wet way, which necessitates driving off 
a high percentage of water in the kilns. Analyses of typical 
marls and clays are given in the following tables: 

Analyses of marls and clays used in cement plants. 

Marl II Clay 

Silica (SiO z) ........... •..... 0.25 3.0 l.60 40.48 52 .0 63.75 
Alumina Al z0 3 ) .. ..... ...... } .10 l.55 20.95 { 17.0 16.40 
Iron oxide (Fe Z0 3 ) 

.... ... . 5 .0 6.35 . . . . ... ... 
Lime carbonate (CaC0 3 ) 94 .39 93.0 88.9 25.80 20 .0 4.0 
Magnesium carbon. (MgC0 3 ) .38 l.5 .94 .99 ........ 2.1 

ALKALI WASTE. 

A very large amount of waste material results from the pro
cess used at alkali works in the manufacture of caustie soda. 
This waste material is largely ,a precipitated form of calcium 
carbonate, and if it is sufficiently free from impurities, it fur
nishes a cheap source of lime for use in Portland cement manu
facture. 

The availability of alkali waste for this purpose depends 
largely on what process was used at the alkali plant. Leblanc 
process waste, for example, carries a very larg,e percentage of 
sulphidei3, which prevents its use as.a Portland cement material. 
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Waste resulting from the use of the ammonia process, on the 
other hand, is usually a very pure mass of lime, mostly in the 
form of carbonate, though a little lime hydrate is commonly 
present. As pyrite is not used in the ammonia process, its 
waste is usually low enough in sulphur to be used as a cement 
material. The waste may carry .a low or a very high percentage 
of magnesia, according to the character of the limestone that 
has been used in the alkali plant. When a limestone low in 
magnesium carbonate has been used, the resulting waste is a 
very satisfactory Portland cement material. 

The following analyses are fairly representative of the waste 
obtained at alkali plants using the .ammonia process: 

Analyses of alkali waste. 

Silica (Si0 2 ) ............. . . ........ . .. 

Alumina (AI 2 0 3) . ................ . ... } 
Iron oxide (Fe 2 03) ..... . .... . . . . .... . 
Lime (CaO) ...... . .. ... . . .. .. .... ... . 
Magnesia (MgO) .. .. ...... . . ...... . .. . 
Alkalies (Na 2 0, K 20) .............. .. 
Sulphur trioxide (S03.) .............. . 
Sulphur (S) ................. .. ...... . 
Carbon dioxide (C0 2 ) •• •••.• , ••••••• • 

Water and organic matter ..... ... ... . . 

0.60 
3.04 

53.33 
0 .48 
0 .20 

n. d . 
n. d . 
42.43 

n. d . 

2 

1.75 
0. 61 

50 .60 
5.35 
0.64 

n. d. 
0.10 

{ 41. 70 

3 

1. 98 0.98 
1.41 } 1.62 1. 38 

48.29 50.40 
1.51 4 .97 
0.64 0 .50 
1.26 n. d. 

n. d . 0.06 
39.60 n. d. 
3 .80 n. d . 

Of the analyses quoted in the preceding table, those in the 
first and third columns represent materials which are actually 
used in P.ortland cement manufacture in England ,and the United 
States. The alkali wastes whose analyses are given in the 
second and fourth columns are notably too high in magnesia to 
be advisable for such use. 

BLAST FURNACE SLAG. 

True Portland cements, which must be sharply distinguished 
from slag (or puzzolan) cements, can be made from mixtures 
which contain blast furnace slag as one ingredient. In this case 
the slag is intimately mixed with limestone and the mixture is 
finely powder.ed. H is then burned in kilns ,and the resulting 
clinker pulverized. 
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The slags from iron furnaces consist essentially of lime (CaO) r 

silica (Si02) and alumina (A12 0 3), though small percentages of 
iron oxide (FeO), magnesia (MgO) and sulphur (S), are com
monly present. Slag may, therefore, be regarded as a very im
pure limestone or a very calcareous clay, from which the carbon 
dioxide has been driven off. Two plants in the United States 
are at present engaged in ,the manufacture of true Portland 
cement from slag. 

The slag used at a German Portland cement plant has the 
f.ollowing range in composition: 

Composition of slag used in Pm·tland cement manufacture. 

Silica (Si0 2 ) •••• • •• • •••••••••••••• • •••••••• • • • •••• •• •• •• • 30. to 35. 
Alumina (AI2 0 3 ) •.•.• • •••••••••••••••••••.••• •• ••••••••• 10. "14. 
Iron Oxide (FeO) ...... .. ..... ...... ...... .. ........... . . 0.2 " 1.2 
Lime (CaO) ..... . ..... .... . ... . ......... . ... . ..... .. ... .46. "49. 
Magnesia (MgO) ....... . .. ..................... .. . .... . . 0 .5 " 3.5 
Sulphur trioxide (S03) .. .................... ...... .. .... 0 .2 " 0.6 

CLA YS AND SHALES. 

Clays are ultimately derived from the decay of older r ocks, 
the finer particles resulting from this decay being carr ied off 
and deposited by streams along their channels, in lakes, or along 
parts of the sea coast or sea bottom as beds of clay. In chemical 
composition the clays are composed essent~al1y of silica and 
alumina, though iron oxide is almost invariably present in more 
or less amount, while lime, magnesia, alkalies and sulphur are 
of frequent occurrence, though usually in small percentages. 

Shales are clays which have become hardened by pressure. 
The so-called "fire clays" of the coal measures are usually 
shales, as are many of the other "clays" of commerce. 

For use as Portland cement materials clays or shales should 
be as free as possible from gravel and sand, as the silica present 
as pebbles or grit is practically inert in the kiln unless ground 
more finely than is economically practicable. In composition 
they should not carry less than 55 per ('ent of silica, and pref
erably from 60 to 70 per cent. The alumina and iron oxide 
together should not amount to more than one-half the percentage 
of silica, and the composition will usually be better the nearer 
the ratio 

Al 0 . F 0 8iO.,. h d 
2 3 + 'e2' 3 = 3 IS approac e . 
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Nodules of lime carbonate, gypsum or pyrite, if . present in. 
any quantity, are undesirable; though the lime carbonate is not 
absolutely injurious. Magnesia and alkalies should be low, pref
.erably not above three per cent. 

SLATE. 

Slate is, ·so far as origin is concerned, merely a form of shale' 
in which a fine, even and parallel cleavage has been developedi 

by pressure. In composition, therefore, it will vary e~actly as· 
do the shales, and so far as composition alone is _concerned,. 
slate would not be worthy of more attention, as a Portlandl 
cement material, than any other shale. 

Commercial considerations in connection with the slate indus-
try, however, make slate a very important possible source of 
cement materiaL Good roofing slate is ,a rela!tively scarce mate-
ri,al, ·and commands 'a good price when found. In the preparation:. 
of ro·ofing ·slate for the market so much material is lost during ' 
sawing, splitting, etc., that only .about ten to twenty-five pel"' 
cent of the amount quarried is salable as slate. The remaining·' 
seventy-five to ninety per cent is of no service to the slate miner ... 
It is sent to the dump heap and is a continual source of trouble
and expense. This very material, howevet, as can be seen from 
the analyses quoted below, is often admirable for use, in connec-
tion with limestone, in a Portland cement mixture. As it is a . 
waste product, it could be obtained very cheaply by the cement 
manufacturer. 

Composition of American 1'oofing slates. 

Silica (SiO .) ... .. . .... . .... .. . ... ...... ... .. . . .. ... . 
Alumina (A I2 0 3 ) ••• •••• . ••• . •• .. • . ••• . .. •• .. •• • •. ••• 

Iron oxides (F eO, Fe 2 0 3) . .. .. . . . . ........ .. ..... ' " 
Lime (OaO) ........ . ......... . . .. . ... ..... . ...... . . 
Magnesia (MgO) ...... . .. .. .......... : ......... . . : .. 
Alkalies (K 2 0 , Na.O) ...... . . . . . ... . ........... . ... . 
Ferrous sulphide (FeS 2 ) •••••• ••• • •••••• •• ••• • • • ••••• 

Oarbon dioxide (00 2 ) • •• •••••• • •••• • •• • •••• •• •• • •• .. 

Water of com bjllation . ... ......... ... ......... . . ... . 
Moisture, below 1100 0 .. . .... . ... . ... . .. . ... . . ... ... . 

4 

jMaximum! AVerage ! Minimu m 

68 .62 
24.71 
10.66 
5.23 
6.43 
8.68 

60.64 
18.05 
6.87 
1.54 
2.60 
4.74 
0.38 
1.47 
3.51 
0.62 

54.05 
9.77 
2.18 

0.12 
1.93 
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Factors D e termini ng the Value o f Deposits of Cement 
Materials. 

It seems desirable to give a somewhrut detailed discussion 
of the factors which influence the v,alue of limestone, marl or 
chalk or clay for Por,tland cement manufacture. Determining the 
possible value, for Portland cement manufacture, of a deposit 
of raw material is a complex problem, since the value depends 
upon a number of distinct· factors, all of which must be given 
due consideration. The more importa:nt of these factors are : 

(1) Chemical composition of the material. 
(2) Physical character of the material. 
(3) Amount of material ,available. 
(4) Locrution of the deposit with respect to transportation 

routes. 
(5) Location of the deposit with respect to fuel supplies. 
(6) Location of the deposit with respect to markets. 

METHODS AND COST OF EXCAVATION OF RAW MATERIALS. 

The natural raw materials used at present in Portland cement 
manufacture are obtained by one of three methods,-(a) quar
rying, (b) mining, and (c) dredging. When the cement manu
facturer is given an opportunity to choose between these dif
ferent methods of excavaiion, his choice will depend partly on 
the physical character of the material to be excavated and partly 
on the topographic and geologic conditions. U suaIly, however, 
ther'e is no opportunity for a choice of methods, for in any giv·en 
case one of the methods will be so evidenily the only possible 
mode of handling the material as to leave no room for other 
considera tions. 

The three different methods of excavation will first be briefly 
considered, after which the cost of raw materials at the mill 
will be discussed. 

Quar·rying .-In the following page,s the term "quarrying" 
will be used to cover all methods of obtaining raw materials 
from open excavations-quarries, cuts or pits-whether the 
material excavated be a limestone, a shale or a clay. Quarrying 
is the mos't natural and common method of ·excavating the raw 
materials for cement manufacture. If marl, which is usually 
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worked by dredging, be excluded from consideration, it is prob
ably within safe limits to s,ay tha-t 95 per cent -of the raw mate
rial s used a.t American Portland cement plants are obtained by 
quarrying. If marls be included, the percentages' excavated by 
the different methods would probably be about as follows: 
Quarrying, 88 per cent; dredging, 10 per cent; mining, 2 per 
cent. 

In the majority of limestone quarries the material is blasted 
out and loaded by hand on cars or cart . In a few limestone 
quarries a steam shovel is employed to do the loading, and in 
shale quarrie thi use of the steam shovel i more frequent. 
In certain c lay and shale pits, wher-e the material,s are of suitable 
character, the steam shovel does all the work, both excavating 
and loadino' the raw material. 

The rock is usually shipped to the mill as quarried without 
any treatment except ledging it to a convenient ize for loading. 
At a few quarrie , however, a crus'hing plant is installed at the 
quarrYJ and the rock is sent as crushed stone to the mill. A few 
plant also have installed their driers at the quarry, and dry 
the stone before shipping it to the mill. Except the saving of 
mill space thus attained, this practice seems to have little to 
commend it. 

Mining.-The term "mining" will be used, in distinction from 
"quarrying," to cover methods of obtaining any kind of raw 
material by underground workings, through shafts or tunnels. 
Mining is, of course, rarely employed in excavating materials 
of such low value per ton as the raw materials for Portland 
cement manufacture. Occasionally, however, when a thin bed of 
I imes-tone or shale is being worked, its dip will carry it under 
uch a thickness of other strata as to make mining cheaper than 

stripping and quarrying, for that particular case. 
Mining is considerably more expensive work than quarrying 

but there are a few advantages about it that serve ,to counter
balance the greater cost per ton of raw material. A mine can 
be worked steadily and economically in a ll kinds of weather, 
while an open cut or quarry is commonly in a more or less un
workable condition for about thr'ee months of -the year. Mate
rial won by mining is, mor-eover,aJlways dry -and clean. 
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Dredging ,-The term "dredging" will be here used to cover 
all methods of excavating soft, wet, raw materials, The fact 
that the materials are wet implies that the deposit occurs in a 
basin or depression; and this in turn, implies that the mill is 
probably located at a higher elevation than the deposit of raw 
material; thus necessitating up-hill transportation to the mili. 

The only raw material for Portland cement manufacture that 
is extensively worked by dredging, in the United States, is marl. 
Occasionally the clay used i obtained from deposits overlain by 
more or less Wiater; but this i rarely done except where the 
marl and clay are interbedded or associated in the same deposit. 

A marl deposit, in a;ddition to containing much water diffused 
throughout it mass, is usually covered by a more or less con
siderable depth of water. This will frequently require the par
tial dmining of the basin in order to get tracks laid near enough 
to be of service. 

In dredging marl the excavator is frequently mounted on a 
barge, which floats in a channel resulting from previous excava
tion. Occasionally, in deposits which either were originally 
covered by very lit,tle water or have been drained, the shovel is 
mounted on a ('oar, running on tracks laid along the edge of the 
deposit. 

The material brought up by the dredge may be transported 
to the mill in two different ways, the choice depending largely 
upon the manufacturing processes in use at the plant. At 
plants using dome or chamber kilns, or where thE;! marl is to be , 
dried before sendinO' to the kiln, the excavated marl i" usually 
loaded by the shovel on cars, and 'hauled to the mill by horse or 
S'team power. At normal marl plants, using a very wet mixture, 
it is probable that the second method of transportation is more 
economical. This consists 'of dumping the marl from the excava
tor inrto tanks, adding sufficient water to make it flow readily, and 
pumping the fluid mixture to the mill in pipes. 

COST OF RAW MATERIALS AT MILL. 

The most natural way, perhaps, to express the co t of the 
raw materials delivered at the mill would be to state it as being 
so many cents per ton or cubic yard of raw material, and thi 
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is the method followed by quarrymen or miners in general. To 
the cement manufacturer, 'however, such an estimate is not so 
suitable as one based on the cost of raw materials per ton or 
barrel of finished cement. 

In the case of hard and comparatively dry limestones or 
shales, it ma3- be con 'idered il;hat the raw material loses 331/3 
per cent in weight on burning. Oonverting this relation into 
pounds of raw material and of clinker we find that 600 pounds 
of dry raw material will make about four hundred pounds of 
clinker. Allowing something for other losses in the process of 
manufacture, it is convenient and sufficiently accurate to esti
mate that 600 pounds of dry raw material will give one barrel 
of finished cement. These estimates must be increased if the 
raw material carry any appreciable amount of water. Olay 
will frequently contain] 5 per cent or more of water, while oft 
chalk~- limestones, if quarried during wet weather, may carry as 
high as 15 to more than 20 per cent. A Portland cement mix
ture composed of a pure chalky limestone and a clay might, 
therefore, average 10 to 20 per cent of wa'ter, and consequently 
about seven hundred pounds of such a mixture would be required 
to make one barrel of finished cement. 

,Vith marls the loss on drying ,and burning is much greater. 
Russell states '~ that according to determinations made by E. D. 
Oampbell, one cubic foot of marl, as it u ually occurs in the 
normal deposits, contains about forty-seven ,and one-half pounds 
of lime carbonate and forty-eight pound of water. In making 
cement from a mixture of marl and clay, therefore, it would be 
necess,ary to figure on excavating and transporting more than 
one thousand pounds of ra w material for every barrel of finished 
cement. 

From the preceding notes it will be understood that the cost 
of raw material at the mill, per barrel of cement, will vary not 
only- with the cost of excavation but with the kind of material 
in use. 

In dealing "ith hard, dr." material ,extracted from open quar
ries near the mills, the cost of mining raw materials may vary be
tween eight cent and fifteen cents per barrel of cement. The 
lower figure named i probably about the lowest attainable with 

*22d An n. Rept. U. S . Geol. Surv., pt. 3, p. 657. 
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good management and under favorable natural conditions; the 
higher figure is probably a maximum for fairly careful manage
ment of a difficult quarry under eastern labor conditions. When 
it is necessary to mine the materials, the cost will be somewhat 
increased. Cement rock has been mined ,at a cost equivalent 
to ten cents per barrel of cement, but this figure is attained under 
particularly favorable conditions. The cost of mining and trans
portation may reach from this figure up to twenty cent per 
barrel. 

With regard to wet marls and cl1ays, it is difficult to give even 
an approximate estimate. It seems probable, however, when 
the dead weight handled i allowed for, that these soft ma
terials will cost almost as much, delivered at the mill, per barrel 
of finished cement, as the hard dry limestones and shales. 

Methods of Manufacture. 

If, as in the present discussion, we exclude from consideration 
the so-called "natural Portlands," Portland cement may be re
garded as being an artificial product, obtained by burnino- to 
semi-fusion an intimate mixture of pulverized materials, this 
mixtUl'e containing lime, silica ,and alumina, v1arying in propor
tion 'only within cel1tain narrow limi t ; and by eru -hing :finely the 
clinker resulting from thi burning. 

If this restricted definition of Portland cement be accel ted, 
four points may be regarded as being of eardinal importance in 
its manufacture. These are: 

(1) The cement mixture must be of the proper chemical com
position. 

(2) The materials of which it is composed must be carefully 
ground and intimately mixed before burning. 

(3) The mL'{ture must be burned at the proper temperai1!re. 
(4) After burning, the resulting clinker must be finely 

ground. 
The first named of these points, the chemical composition of 

the mixture, can be more advantageously discussed after the 
other three points hav'e been disposed of. The subject will there
fore be taken up in the following order : 

Preparation of tbe mixture for the kiln. 
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Burning the mixture. 
Grinding the clinker, addition of gypsum, etc. 

• Composition and properties of Portland cement. 

PREPARATION OF THE MIXT"URE FOR THE KILN. 

The preparation of the mixture for the kiln involves the reduc
tion of both of the raw materials to a very fine powder, and their 
intimate mixture. In practice the raw materials are usually 
crushed more or less finely, and then mixed, after which the final 
reduction to powder takes place. Two general methods of treat
ment, the dry and the wet, are in use at different plants. Unless 
the limy constituent of the mixture is a marl, already full of 
water, the dry method is almost invariably followed. This con
sists merely in keeping the materials in as dry a condition as 
possible throughout the entire process of crushing -and mixing; 
and, if the raw materials originally contained a little moisture, 
they are dried before being powdered and mixed. In the wet 
method, on the other hand, the materials are powdered and 
mixed while in a very fluid state, containing sixty per cent or 
more of water. 

Drying the raw materials.-With the exception of the marls 
and clays used in the wet method of manufacture, Portland ce
ment materials are usually dried before grinding is commenced. 
This is necessary because the raw materials, a s they come from 
the,quarry, pit or mine, will almost invariably carry appreciable, 
though . often very small, percentages of water, which greatly 
reduces the efficiency of most modern types of grinding mills, 
and tends to clog the discharge screens. 

P ercentage of water in ret1£' mate'rials.-The percentage of 
water thus carried by the crude raw material will depend largely 
on the character of the material; partly on the method of hand
ling and storing it; and partly-on weather conditions. 

In the case of hard limestones, fre shly quarried, the water will 
commonly range from 1/2 to 3 per cent, rarely reaching or exceed
ing the higher figure except in the very wet quarries or during 
the rainy season. Such limestones, comparatively dry when 
quarried, are frequently sent to the grinding mills without arti
ficial drying. 
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With the soft, chalky limestones, which absorb water very 
Tapidly, the percentage can usually be kept down to 5 per cent 
'01' less in dry weather ;·while prolonged wet weather may neces-. 
sitate the handbng at the mill of material carrying ,as high as 15 
:to 20 per cent of .water. 

The clays pre ent a much more complicated case. In addition 
to the hygroscopic or mechanically-held water that they may con
tain, there i,s 'al 0 ,ahmys present a ~ertain percentage of chem
ically ~ombined water. The amount of hygposcopic water present 
will depend on the treatment and exposure of ,the clay ; and may 
vary from 1 per oent '01' so in clays whi.ch have been stored 'and air 
dried to as high as 30 per cent in fresh clays. The chemically 
combined w.ater will depend lar'gel~- on the composition of the 
clay,and may vary from 5 to 12 per cent. The hygroscopic or 
mechanically-held water of clays can be driven off at a tempera
ture of 212

0 F., while the chemicall~- combined w.ater is lost only 
at a low red heat. The total water, therefore, to be driven off 
from clays may range from 6 to 42 per cent, depending on the 
weather, the drainage of the clay pit, and the care taken in pre
venting unnecessary exposure to moisture of the excavated clay. 
'The average total amount of moi ture will probably be about 15 
-per cent. 

In dealing with shales, the mechanically-held water will rarely 
Tise above 10 per cent, and can commonly be kept well below that 
limit. An additional 2 to 7 per cent of water will be carried by 
any hale, in a state of chemical combination. 

At a few plants marl is u ed, with clay, in a dry process. As 
noted elsewhere ,the marls, as excava,ted, carry usually about 50 
per cent of water. This case presents a more difficult problem 
than do the o,ther raw material, because the vegetable matter 
usually present in marls is extremely retentive of water. 

It will be seen, therefore, that cement materials may carry 
from one per cent to fift~- per cent of w.ater when they reach the 
mill. In a dry process it is necessary to remove practically all 
of thi.s water before commencing the grinding of the materials. 
One reason for this is that fine pulverizing can not be econom
ically or atisfactorily accomplished unless absolutely dry mate
rial is fed to the grinding machinery. Another reason, which is 
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'One of convenience rather than of necessity, is that the presence 
of water in the raw materials complicates the calculation of the 
cement mixture. 

Methods and costs of drying .-The type of dryer commonly 
used in cement plants is a cylinder approximately five feet in 
diameter and forty feet or so in length, set at a light inclination 
to the horizontal and rotating on bearings. The wet raw material 
is fed in at the upper end of the cylinder, ,and it moves gradually 
toward the lower end, under the influence of gravity, as the cyl
inder revolves. In many dryers angle irons are bolted to the 
interior in such a way a, ,to lift and drop the raw material 
alternately, thus exposing it more completely to the action of the 
heated gases, and materially assisting in the drying proces . 
The dried raw material falls from the lower end of the cylinder 
into an elevator boot, and is then carried to the grinding mills. 

The drying cylinder is heated either by a separate furnace or 
b~- waste gases from the cement kiln. In either case the prod
ucts of combustion are introduced into the cylinder at its lower 
end, ar,e drawn through it, and escape up a stack set at the upper 
end of the dryer. 

The dryer above described is the simplest, and is most com
monly used. For handling the small percentages of water con
tained in most cement materials it is very efficient, but for deal
ing with high percentages of water, uch as are encountered when 
marl is to be used in a dry process, it seems probable ,that double 
hea:ting dryers will be found more economical. This type is ex
emplified by the Ruggles-Coles dryer. In this dryer a double 
cylinder is employed. The wet raw material is fed into the 
pace between the inner and outer cylinders, while the heated 

gases pass first through the inner cylinder, and then, in a reverse 
direction, through the space between the inner and outer cylin
ders. This double heating type of dryer is employed in almo t 
all of the s].ag cement plants in the United States, and is also in 
use in several Portland cement plants. 

When vertical kiln were in use, drying floors ,and drying tun
nels were exten ively u ed, but at present they can be found in 
only a few plants, being everywhere else supplanted by the rotary 
dryers. 
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The cost of drying will depend on the cost of fuel, the per
centage of water in the wet material and the type of dryer. Even 
under the most unfavorable conditions five pounds of water can 
be expected to be evaporated per pound of coal used, while a 
good dryer will usually evaporate seven or eight pounds of water 
per pound of coaL 

GRINDING AND MIXING; 
DRY METHODS. 

Part, at least, of the grinding is usually accomplished bef,or·e 
the drying, but for convenience thesubjeC'ts have been separated 
in the present paper. Usually the limestone i.s sent through a 
crusher at the quarry or mill before being dried, and occasionally 
the raw material is further reduced in a Williams mill, etc., 
before drying, but the principal part of the reduction always 
takes place after the material has been dried. 

After the two raw materials have been separately dried they 
may be mixed immedia'tely,or each may be further reduced sep
arately before mixing. Automatic mixers, of which many types 
are on the market, give a mixture in pr,oportions determined 
upon from analysis of the materials. 

The further reduotion of the mixture is usuaHy carried on in 
two stages, the material being ground to about thirty mesh in a 
ball mill, komminuter, Griffin mill, etc., and finally reduced in a 
tube milL At a few plants, however, single stage reduction is 
praeticed in Griffin or Huntington mills, while at the Edison 
plant at Stewartsville, New Jersey, the reduction is accomplished 
in a series .of rollers. 

The majority of plants use either the Griffin mill and tube mill 
or the ball and tube mills, .and there is probably little difference 
in the cost of operating these two combinations. The ball mill 
has never been quite as much of a success as its companion, the 
tube mill, and has been replaced at several plants by the 
komminuter. 

Fineness of mixture.-:-After its final reduction, and when 
ready for burning, the mixture will usually run from 90 to 95 
per cent through a 100-mesh sieve. In the plants of the Lehigh 
district the mixture is rarely crushed a's fine :as when limestone 
and clay are used. Newberry* has pointed out in explanation 

• Twentieth Ann. Rept . U. S. Geol. Surv., pt. 6, p.StS . 



GRINDING AND MIXING. 59 

for this that an argillaceous limestone (cement rock) mixed with 
a comparatively small quantity of purer limestone, as in the 
Lehigh plants, requires less thorough mixing and less fine grind
ing than when a mixture of limestone and clay (or marl and clay) 
i used, for even the coal' er particles of argillaceou limestone 
will vary so little in chemical composition from the proper mix
ture as to affect the quality of the re ulting cement but littl e, 
should either mixing or grinding be incomplete ly accomplished. 

A very g,ood example of typical Lehigh Valley grinding of raw 
material is afforded by a specimen'x, examined by Prof. E. D. 
Campbell. This sample of raw mixture ready f'or burning was 
furnished by one of the best of the eastern Pennsylvania cement 
plants. A mechanical analysis of it .. howed the following 
results : 

Mesb 01 Sieve 

50 100 200 

Per cent passing ....................... . ..... . ... . .. .. . 1 

Per cent residue ... . ........... . ...................... . 
96.9 I 85.0 I 72.4 
3.1 14.4 27.0 

The material, therefore, is so coarsely ground that only a trifle 
over 85 per cent passes a lOO-mesh si'eve. 

WET METHODS. 

"Vet methods of preparing Portland cement mixtures date 
back to the time when millstones .and similar crude grinding 
coutrivances were in use. 'With such imperfect machinery it was 
impossible to grind dry materials :fine enough to give a good 
Portland cement mixture. The advent of good grinding machin
ery has practically driven ,out the wet methods of manufacture 
in this country, except in dealing with materials such as marls, 
which naturally carry a large percentage of water. One or two 
plants in the United State do, it is true, deliberately add water 
to a limestone-clay mix,tnre; but the effect of thDs practice on the 
cost sheet· of the 'e remarkable plants is not encouraging. 

In preparing cement mixtur.es from marl and clay, a few plants 
dry both materials before miring. It seem I robable that this 
practice will spread, for the wet method of mixture is inherently 

·Jour. ArneI'. Cbern. Soc., vol. 25, p. 1106. 
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expen. ive. At present, however, almost all marl plants use wet 
methods of mixing, and j t is therefore necessary to give some 
pace to a discussion of such methods. 

Certain points regarding the location, physical condition, and 
dhemical composition of the marls and clays used in such mix
tures have important effects upon the cost of the wet proce$s. 
As regards location, considered on a large scale, it must be borne 
in mind that marl deposits of workable size occur only in the 
Northern States and in Canada. In consequence the climate is 
unfavorable to continuou working throughout the year, for the 
marl is usually covered with water, and in winter it is difficult 
to qecure the material. In a minor sense location is still an im
portant factor, for marl deposits necessarily and invariably are 
found in depre sions; and the mill must, therefore, just as nec
essaril~-, be located at a higher level than it source of raw mate
rial, which involves increased 'expense in transporting the ra" 
material to the mill. 

Glacial clays, which are usuall,\' employed in connection with 
marl, commonl~- carry a much larger proportion of sand and 
pebbles than do the edimentary clays of more southerly regions . 

The effect of the water carried by the marl has been previously 
noted. Th e material as excavated will consist approximately of 
equal "eights of lime carbonate and ,of water. This, on the face 
of it, "ould seem to be bad enough a s a business proposition; 
btl t \\e fin 1 tha t in practice more water is often adder! to permit 
the marl to be pumped to the mill. 

On the arrival of the raw materials at the mill the clay is 
often dried, in order to implify ,the calculation ,of the mixture. 
The reduction of the clar is commonly accomplished in a disin
,tegrator or in edge-runnel' mills, after which 'the material is fur
ther reduced in a pug mill, sufficient water being here added to 
enable it to be pumped readily. It is then ready for mixture with 
the marl, which at orne point in its course has been screened to 
remove . tones, wood, etc., as far as possible. The slurry is fur
ther ground in pug mills or wet grinding mills of the disk type; 
while the final reduction ,takes place commonly in wet tube mills. 
The slurry, now containing 3'0 to 4'0 per cent of solid matter and 
7'0 to 6'0 per cent of w.ater, is pumped into storage tank, where 
it is k,ept in constant agitation to avoid settling. Analyses of the 
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slurry are taken at this point, and the mixture in the tanks is cor
rected if found to be of unsatisfactory composition. After 
standardizing, the slurry is pumped into the rotary kiln. Owing 
to the large percentage of water contained in the slurry the fuel 
con umption per barrel 'of finished cement i,s 30 to 50 per cent 
greater, and the ,output of each kiln correspondingly Ie than in 
the case of a dry mixture. 

It may be of interest, for comparison with the above descrip
tion ,of the wet pl'ocess with rotary kilns, to insert a de. cription 
of the semi-wet proc'ess as carried on a few yelars ago at the 
dome kiln plant of the Empire Portland Cement Company of 
Warners, N. Y. The plant has been remodeled since that date, 
but the process'es formerly followed are still of interest, as they 
resulted in ,a high grade though expensive product. 

At the Empire plant the marl land clay rare obtained from a 
SWJaInp about three-fourths of a mile from the mill. A revolving 
derrick with clam-shell bucket was employed for excavating the 
marl, while the clay was dug with shovels. The materials were 
taken to the work,s over a private narrow-gauge r,oad, on oars 
carrying about three tons each, drawn by a small locomotive. At 
the mill the cars were hauled up an inclined track, by means of 
a cable and drum, to the mixing floor. 

The clay was d6ed in the Cummer " salamander" driers, after 
which it was allowed to 0001, and then carried to the mills. These 
mills were the Sturtevant" rock emery" type, land reduced the 
clay to a fine powder, in which condition it was fed, after being 
weighed, to the mixer. The marl was weighed ,and sent di
rectly to the mixer, no preliminary treatment being necessary. 
The ,average charge was about 25 per cent clay and about 75 
per cent marl. 

The mixing was carried on ina mixing pan twelve feet in 
diameter, in which two large rolls, each ahout five feet in diam
eter and siX'teen-inch face, ground 'and mixed the materials 
thoroughly. The mixture was then sampled and analyzed, af/ter 
which it wa carried by 'a belt conveyor to two pug mills, 
where the mixing was 00mpleted and the slurry formed into 
slabs about three feet ~ong and four to five inches in width and 
height. These 'on issuing from the pug mill were cut into a 
number 'of sectionsoas to give bricks labout six inches by 
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foOur inches by four inches in size. The bricks were then placed 
on slats, which were loaded on rack cars and run into the dry
ing tunnels. The tunneLs were heated by waste gases from the 
kilns and required froOm twenty-four to thirty-six hours to dry 
the bricks. 

After drying, the brick,s were fed into dome kilns, twenty of 
which were in use, being charged with al,ternate Layers of coke 
and slurry bricks. The coke charge for a kiln Wras ahout foOur 
or fiv·e tons and this produced 'twenty to twenty-six tons of 
clinker at ·each burning, thus giving ,a fuel consumption of 
about 20 per cent, tas c.ompal'ed with the 40 per cent or s,o r·e
quired in the rotary kilns using wet materials. From thirty
six to forty hours were required f'or burning the charge. After 
cooling, the clinker was shoveled out, picked over by hand, and 
reduced in a Blake crusher, Smidth hall miHs, ,and Davidsen tube 
mills. 

Composition of mixture.-The cement mixture ready for burn
ing will commonly contain fr·om 74 to 77.5 per cent of lime car
bonate, or an ·equivalent proportion of lime oxide. Several an
aly'ses ·of actual cement mixtures are given in the following 
table. Analysis No.1, with its relatively high percentage of 
magnesia, ~s fairly typical of Lehigh Valley practice. Analyses 
Nos. 2 and 3 show mixtJ.lres low in lime, while analysis No. 4 is 
probably the best proportion of the four, especially in regard to 
the ratio between silica and :alumina plus iron. This ratio, for 
ordinary purposes, should be about 3 :1, as the cement becomes 
quicker -setting and lower in ultimate strength 'as the percentage 
of alumina increases. If the alumina percentag.e -be carried too 
high, moreover, the mixtur·e will give ta fusible, sticky clinker 
when burned, causing trouble in the kilns. 

Analyses of cement mixtures. 

1 2 3 4 

Silica (Si0 2 ) ..... ........ ....... ... .. ..... 12.62 13.46 13.85 14.77 
Alumina and Iron oxide(Al 2 0 a + Fe2 Oa) .. 6:00 ? 7.20 4.35 
Carbonate of lime (CaCOa) ............ ~ ... 75.46 73.66 73.93 76.84 
Magnesium oxide (MgO) .......... ........ '2.65 ? ? 1. 74 
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BURNING THE MIXTURE. 

After the cement mixture has been carefully prepared, as 
described in preceding page, it mu t be burned w~th equal care. 

In the early day of the industry a impl e vertical kiln, much 
like that used for burning lime .and natural cement, wa u ed for 
burning the Portland cement mixture. The e kiln, while fairly 
efficient so far a . fuel consumption was concerned, were expen-

ive in labor, and their daily output wa ' small. In France and 
Germany they were s'oou supplanted by impI~oved types, but still 
stationary and vertical, which gave very much ],ower fuel con
sumption. In Amerioa, however, where labor is expensive while 
fuel i. comparatively cheap, an entirely different style of kiln 
has been evolved. This is the rotary kiln. \¥ith the exception 
of a ven' few of the older plant, which have retained vertical 
kilns, all American Portland cement plant are now equipped 
with rotan" kilns. 

The hi. tory of the gradual ev·olution 'Of the rotary kiln i of 
great interest, but ,as the subject can not be taken up here, refer
ence should be made to the papers cited below* in which details, 
ctuoompanied often by illu trations of e·arly types of rotary kiln, 
arc given. 

The design, con truchon and operation of the veDtical sta
tionary kilns of various type. is discussed in many reports on 
Portland cement, the most ati factory ingle paper being prob
ably that referred to below. \ A · the subject is, in America at 
lea. t, a matter simply of historic-al intere t, no description of 
these kilns or their operation will be given in the present paper. 

At present, pr.acti e in burning at the different American ce
ment plants is rapidly ,approaching uniformity, though difference 
in materials etc., will alway prevent fab olute uniformity from 

• Duryee. E., The nrst manufacture of Portland cement by the direct rotary kiln pro
cess. Engineering News, July 26, 1900. 

Le lie, R . W., History 01 the Portland cement industry in the United States, 146 pages, 
Philadelphia, 1900. 

LewiS, F. B ., The American rotary kiln process ior Portland cement; Cement Industry, 
pp. 188-199, New York, lWO. 

Matthey, B., Tile Invention of the new cement- burning method . Engineering and 
Mining Journal, Vol. 67, PP. 555, 705, 1899. 

tanger , W. B., and Blount , B., The rotary process of cement manufacture. Proc. 
Institute Civil Engineers, Vol. 145, pp. 44-136, 1901. 

Editorial, The influence 01 the rotary kiln on the development of Portland cement manu
fa'cture in America. Engineering News, May 3,1900. 

tStanger , W. B., and Blount, B., Gilbert, W., Candlot, E .• and others (Discussion of 
the value, design and results obtained from various types of IIxed kilns). Proc. Institute 
Civ!l Engineers, Vol. 145, pp. 44-48, 1-'82,95-100. 1901. 
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being reached. The kiln in which the material is burned is now 
almost inv,ariably ,of the rotary type, the rotary process, which is 
essentially Amerioan in its development, being based upon the· 
substitution of machines for hand labor wherever possible. A 
brief summary ·of the process will first be given, after which cer
tain subjects of interest will be taken up in more detail. 

SUMMARY OF BURNING PROCESS . 

As at present used, the r.otary kiln is a steel cylinder from 
about six to eight feet in diameter; its length, for dry materials, . 
has usually been sixty feet, but during the past year many eighty
foot, one hundred-foot ,and even longer, kilns are frequently 
employed. 

This cylinder is set ina slightly inclined position, the inclina
tion being approximately one-half inch to the foot. The kiln is 
lined, except near the upper end, with very resistant fire brick, 
t'o withstand bo,th the high Itemperalture to which i,ts inner surfa,ce 
is subjected and also the destructive action of the molten clinker. 

The cement mixture is fed in ,at the upper end ·of the kiln, while· 
fuel (which may be either powdered coal, oil, or gas) is injected 
at its lower end. The kiln, which rests upon geared bearings, 
is slowly revo!lved about its ,axis. This rev·olution, in connection 
with the inclination at which the cylinder is set, gradually carries 
the cement mixture to the lower end of the kiln. In the course of 
this journey the intense he,at generated by the burning fuel first 
drives off the water and carbon dioxide from the mixture, and 
then causes the lime, silica, alumina and iron to combine chem
ically to form the partially fus·ed mass known as "cement 
clinker. " This clinker drops out of the lower end of the kiln, is 
cooled so as to prevent injury to the grinding machinery, and is . 
then sent to the grinding mills. 

THEORETICAL FUEL REQUIRE~iENTS. 

As ·a preliminary to a discussion ·ofactual practice in the mat
ter of fuel, it will be of interes,t to determine the heat units and' 
fuel theoretically required in the manufacture of Portland ce
ment fr·om a dry mixture of normal 00mpos~tion. 

In burning such a mixture to a clinker, pmctically all of the· 
heat consumed in the operation will be that required for the dis
sociation of the lime oarbonate present into lime oxide and car-

~---------
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bon dioxide. Driving off the water of combination that is ehem
ically held by the clay or shale, and decomposing any calcium 
sulphate (gypsum) that may be present in the r,aw materials, will 
require a small additional amount of heat. The amount required 
for these purposes is not accurately known, however, but is prob
ably so mall that it will be more or les entirely offset by the 
heat which will be liberated during the combination ·of the lime 
with the silica and alumina. We may, therefore, without sen ible 
error, regard the total heat theoretically required for the produc
tion of a barrel ,of PortLand cement a being that which is neces
f';an' for the dissoci13,tion ·of 450 pounds of lime carbonate. 'Vith 
coal of a tllel'mal value of ] 3,500 B. T. D., burned with onl~7 the· 
ail' suppl~' demanded b~' theon-, thi di. oelation will require-
251/:? pound of 00al per barrel of cement, a fuel consumption of
only 6.6 per eent. 

LOSSES OF HEAT IN PRA CTICE. 

Tn pi'acti ce with the rotary kiln, however, there are a number 
of dis,tinet f';O lll'ce. oflo f'; of hea.t, whieh result in a fuel consump
tion immensely greater than the ,theoretical requirements given 
above. The more important of the .. e f';OUl'ees ,of lo.'s are the fol-
lowing : . 

1. The kiln gaf';es al'e discharged ,at a temper.ature much a1 ove 
thaJt of the atmo"phel'e, ranging from 300° F. 'to 2,000° F., acco rd 
ing to the type of ma'tel'ialf'; used and the length of the ki In. 

2. The clinker is di'scharged at a temperature v'ar?ing from 
:iOO° F. to :2,500° F ., ,the ranO'e del ending, as before, on materia,ls: 
and length of the kiln. 

:3. The ail' f';upply injected into the kiln is always greater, and 
nsua11)' vel'." much greater, than ,tha t required for Ithe perfect 
eombustion of the fuel; and the available heating power of the 
fuel is thel'eb~- r educed. 

-t. Heat i . lost b~' radiation from the endf'; and exposed sur
faess of 'the kiln. 

5. rrbe mixture, in pl1ants using a wet process, carrie a high 
percentage of water, which must be driven off. 

It is evident, therefore, ,that present-day working conditions: 
serve to increase greatly the amount 'of fuel actually neces. ary 

5 
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for the production of a barrel of cement above that required by 
theory. 

ACTUAL FUEL REQUIREMENTS AND OUTPUT. 

Ro,tary kilns are nominally rated at a production of 200 bar
rel s pel' day per kiln. E:'en on dry and easily clinkered materials 
and with good coal, however, . ueh an output is not commonly 
attained. N ormall~' a k:iln working a dry mixtme will produce 
from 160 to 180 barrels of cement pel' day of twenty-four hoUl's. 
In doing this, if good coal is used its fuel consumption will com
monly be from 120 to 1-/.0 pounds of coal per barrel of cement, 
though it may range a' high ,as] 60 pounds, and, on the other 
hand, ha. fallen as 10" as 90 pounds. An output of 175 barrel 
pel' da:,-, with a coal 'con. 'umption ,of 130 pound per barrel, may 
therefore be considered a. repre enting the re ults of fairly good 
p:raotice on dry materi,al. In dealing with a wet mixture, which 
may cany anywhere from 30 to 70 per cent of water, the resuUs 
are more variable, though always worse than with dn- materials. 
In working a si:s:t~--foot kiln Ion a wet material, the output ma)' 
range fr-om 80 to 140 barrels pel' clay, "iiJh a fuel consumption of 
from 150 ,to 230 pounds per barrel. U ing a longer kiln, part ly 
drying the mixture, and utilizing waste healt, will of cour-se im
prove these figures materially. 

Wben the heavy Western oils ,are used f'or kiln fue l, it ma:,' be 
considered that one gallon of oil is equivalent in the kiln to 
about ten pounds of coal. The fuel oonsumption. usin o - dry rna
teri<als, will ·range between eleven and fourteen ga Ilons of oil pel' 
barrel of cement; but the ,output per da," is always somewhat less 
with oil fuel than where -coal is used. 

Natural gas in the kiln may be compared with g-o'od Pennsyl
vania coal by allowing about 20,000 to 30,000 cubic feet of g1as as 
equivalent to a ton of coal. This es,timate is, however, based 
upon too few data bo be as close as tho,se above given flor oil lor 
coal. 

EFFECT OF COMPO~ITION ON BURNING. 

The differences in composition between Port1and cement mix
tures are very slight if compared, for example, with the dif
ferences between variou natural cement I'ocl~s. But even such 
slight diff-erences as do exist exercise a very appreciable effect 
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on the burning of rthe mixture. Other ,thing~s being equal, any 
increase in the percentage of lime in the miXiture will necessi
trute 'a higher ,temperature in order to get an equally ,sound 
cement. A mixture which will give cement carrying 59 per cent 
of lime, for ,example, will r,equire much les. thorough burning 
than would a mixture designed to give a cement with 64 per 
cent of lime. 

With equal lime percentages, the cement carrying high silica 
and low alumina 'and iron will require la higher tempera,ture than 
if it were lower in ilioa and higher in ,alumina and ir,on. But, 
on the other hand, if the alumina and iron ar'e .carried too high, 
the clinker will ball up in the kiln, forming ticky and unman
ageable mas. es. 

CHARACTER OF KILN COAL, 

The fuel mo t commonly used in modern rotary kiln practice 
is b1tuminous coal, pulverized very finely. Coal for this pur
pose 'sholud be high in volatile matter, and a low in ash and 
sulphur ,as possible. Rusell gives ,the following analyses of 
West Virginia land Pennsylvania coals used at present at vari
ous cement plants in Michigan: 

.A na,lyses of kiln coals . 

Fixed carbon. . . . . . . . . . . . . . . . . . ·')6.15 56.33 ;)5 .82 51. 69 
Volatile matter ....... ,... . .... 35.41 35.26 39 .!'l7 39,52 
Ash........ .. ...... . .. .. . . ... . {j ,36 7.06 3.~1 6.13 
Moisture . .... . .... .... .. ... . . . 2.08 1.35 1,00 1,40 
Su lphur ..................... _ .. -'--__ 1_.3_0_-"-_1_. 3-l 0.4_2 ---, __ 1_. 4-,,6_ 

The oOial as usually bought is either" slack" or "run of mine. ' , 
In ,the lrutter case ~t is necess1ary ,to crush the lumps beior,e pro
ceeding further with ibhe preparrution of the coal, but with slack 
this preliminary crushing is not necessary, and ,the material 
can go directly to the dryer. 

DRYING COAL. 

Coal as bought may carry as high as 15 per cent ,of water in 
winter or wet season. Uusally it will run from 3 to 8 per cent. 
To secure good result from ,the crushing machinery it is neces
sary that this water should be driven ,off. For coal drying, as 
nor the drying of raw materials, the rotary dryer seems best 
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adapted to American condiltions. lIt should be said, howeverr 

that in drying coal ~t is usually considered inadvisable to allow 
the products of combustion to pass through the cylinder in 
which the coal is being dried. This restriction serves to de
crease slightly the possible economy of the dryer, but an evap
oration of six to eight pounds of water per pound lof fuel coal 
can still be counted on with any good dryer. The fuel cost of 
drying coal 00ntaining 8 per cent of moisture, allowing $2 per 
ton for the coal used as fuel, will therefore be about three to 
flour cents per ton of dried produC't. 

PULVERIZING COAL. 

Though apparently brittle enough when in large lumps, coal 
is a difficul t material to pulverize finely. F ,or 'cement kiln use,
the fineness of r·eduotion is very v,ariable. The finer the coal is 
pulverized the better results will be obtained from it in the kiln; 
and the poorer the quality -of the coal the finer i:t is necessary to 
pulverize it. The fineness aJttained in practice may therefore 
vary from 85 per cent, through a 100-mesh sieve, to 95 per cent 
or more, thI'lough the same. Art; one plant a very poor but cheap 
coal is pulverized to pass 98 per cent ,through a 100-mesh sieve, 
and in consequence gives very good results in the kiln. 

Coal pulverizing is usually carried on in two 'stages, the ma
terial being first crushed to 20 to 30-mesh in a Williams mill 
or ball mill, and finally reduced in a tube mill. At many plants, 
however, Ithe entire reduction takes place in one stage, Griffin or 
Huntington mills being used. 

TOTAL COST OF COAL PREPARATiON. 

The total cost of -crushing (if necessary), drying and pulver
izing coal, and of conveying and feeding 11he product to the kiln, 
together with f.air allowances for replacements and r.epairs, and 
for interesrt; on the plant, will probably range from about twenty 
to thirty cents per ton of dried coal, for a 4-kiln plant. This 
will be equivalent to a cost of from three to five cents per barrel 
of cement. While this may seem a heavy addition to the cost of 
cement manufacture, it should be remembered that careful dry
ing and fine pulverizing enable the manufacturer to use much 
poorer~and therefore cheaper-grades of coal than could other
WIse be utilized. 
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CLINKER GRINDING. 

The power and machiner:r required for pulveri.zing the clinker 
at a Portland cement plant using ,the dry process of manu
facture is very nearly the same .as ,that required for pulverizing 
the ra'iY materials for the same output. This may eem, at first 
sight, improbable, for Portland cement clinker is much harder 
to grind than any po sible combination of raw materials; but 
it must be remembered that for every barrel of cement pr,oduced 
about 600 pounds of l'aW materials must be pulverized, while 
onI.,- a scant 4-00 pounds of dinker will be treated, and tJhat the 
la rge crusher.' requ ired for some raw ma:teriaJs ,can be dis
pensed with in cru. hing clinker. With this exceptioon, the raw 
materia 1 side 'and the clinker side of a dry-process Portland 
cement pl,ant are m;uall~T almost or exactly duplicates. 

The difficul t~·, and in consequence the expense, of grinding 
clinker will depend in large part on the chemical composihon of 
the clinker and on the temperature at whi0h it has been burned. 
The difficu lt:,- of grinding, for example, increases with the per
centage of lime carried by the clinker; and a clinker containing 
64 per cent of lime will be very noticeably more resistant to 
pulverizing than one carrying 62 per cent of lime So far as 
regards burning, it may be said in general that ,the more thor
oughly burned Hle clink'er the more difficult it will be to grind, 
assuming that its chemical composi,tion remains ,the same. 

The tendency among engineers at present is to demand more 
finel~- ground cement. While <this demand is doubtless justified 
by the l'esultsof compal'ative tests 'of finely ,and coarsely ground 
cements, it must be borne in mind that any increase in fineness 
of grinding means a decrease in the product per hour of the 
grinding mills employed, and a consequent increase in the cost 
of cement. A t ,orne point in the process, therefore, the gain in 
s,trength due to fineness of grinding will be counter-balanced 
by the increased cost of manufacturing the more finely grolmd 
product. 

The increase in the required fineness has been gradual but 
steady during recent years. Most specifications now require 
at least 90 per cent to pass a 100-mesh siev,e; a number require 
92 per cent ; while a few important specifications require 95 per 
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cent. Within a few years it is probable that almost allspecifi
cations will go 'as high as this. 

ADDITION OF GYPSUM. 

The cement produced by the rotary kiln is invariably natu
rally ,so quick-setting as ,DO require rthe 'addition of sulphate of 
lime. This substance, when added in quantities up to 21/2 or 3 
per cent, retards the rate of set of the cement proportionately, 
and appears to ex,ert no injurious influence on the s'trength of 
the cement. In amounts above 3 per cent, however, its retard
ing influence seems to become at least doubtful, while a decided 
weakening of the cement is notice,able. 

Sulphate of lime may be added in one of two forms, ei,ther as 
crude gypsum or as burned plaster. Crude gypsum is a natural 
hydrous lime sulphate, containing ahout 80 per cent of lime sul
phate and 20 per cent 'of water. When gypsum is calcined at 
temperatures not exceeding 400

0 

F., mos't of its contained water 
isdriv,en off. The" plaster" remaining carries about 93 per 
cent of lime SUlphate, with only 7 per cent of walter. 

In Por,tland cement manufacture either gypsum or burned 
plaster may be used ,to retard the set of the cement. As a mat
ter of fact, gypsum is the form almost universally employed in 
the United States. This is merely 13 question of cost. It is 
true, that to ,secure the same amount of retardation of set it 
will be necessary to add a little more gypsum than if burned 
plaster were used; but, on rtheother hand, gypsum is much 
cheaper than burned pLaster. 

The addition of the gypsum to the clinker is usually made 
before it has passed into the ball mill, komminuter, or whatever 
mill is in use f,or preliminary grinding. Adding it at this point 
secures much more thor,ough mixing and pulverizing than if the 
mixture were made later in the process. At some of the few 
plants which use plaster instead of gypsum, the finely ground 
plas,ter is no,t added until the clinker has received its final grind
ing and is ready for storage or pach'ing. 
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Constitution of Portland Cement. 

During recent year,s much attention has been paid by vari<ous 
investigators to the constitution of Portland cement. The 
chemical composition of any particular ,sample <ran, of course, 
be readily determined by analysis, and by comparison of a 
number of such analy,ses, general statements can be framed as 
to ,the range in (lIomposition of good Portland cements. 

The chemical 'analy,sis will determine w.!jat ingredients are 
present, and in what percentages, but other methods of investi
gation ,are necessary to ascertain in what manner these various 
ingredients are combined. A summary only of the more impor
tant results br,ought out by these investigations on the constitu
tion of Portland cement will be given in this place. 

It would seem to be firmly es,tablished that, in a well burned 
Portland cement, much ·of ,the lime is combined with most of the 
silica to form the compound 3 CaO. SiO~, iricalcic silicate. To 
this compound are ascribed,in large measure, the hydraulic prop
erties of ,the cement, ,and in general it . may be 'said that the 
value of a Portland cement increases directly as the proportion 
of 3 CaO. SiOz• The ideal Portland eement, toward which ce
ments as actually made tend in composition, would consist ex
clusively ,of tricalcic silicate, and would be, ,therefor,e, composed 
entirely of lime and silica, in the fonowing proportions: 

Lime (CaO) ... ...... ..... ... . .. . .. ... 73.6 
Silica (SiOz) .... .. ..... . .. •.......... 26.4 

Such an ideal cement, however, can not be manufactured un
der present commercial conditions, for the heat required to 
clinker such a midure can not be at,tained in any working kiln. 
Newberry has prepared such mixtures by using .the oxy-hydro
gen bl'owpipe; and the electrical furnace will ,also give clinker 
of this composition; but a pure lime-silica PmUand is not po,s
sible under present day condi,tions. 

In order to prepare Portland cement in ,actual practice, there
fl()re, it i,s necessary that some other ingredient or ingredients 
should be present to ,serv,e as a flux in aiding the combinati<on 
of the lime and ,silica, and such aid i,s afforded by the presence 
of alumina and iron oxide. 
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Alumina (A120 a) ,and iron oxide (F'e20 a), when present III 

noticeable percentJages, ,serve ,to reduce the temperature at 
which comb~n~tion of the lime and silica (,to form 3 CaO. Si02 ) 

takes plooe; and th~s clinkering temperature beeomes further 
and further lowered as the percentages of alumina and il'on are 
increased. The strength and Vialue ,of the product, however, 
.also decrease as ,the alumina and ir,on increase; so that inactllal 
practice it is Ilecessary ,to s,trikea baLance between the advan
tage 'of low clinkering temperature land the disadvantage of 
weak cement, and to ,thus determine how much ,alumina and 
iron should be used in the mixture. Alumina affects the initial 
setting of cement, high alumina producing rapid while l,ow 
alumina pl'oduces slow setting. It is advisable ,to keep the 
alumina ,as low ,as possible, but high enough to secure ,a pl'oper 
clinkering temperature. High alumina causes a fusible sticky _ 
clinker liable to ball up in the kiln. Le Chatelier consider,s the 
alumina compounds in P'or.tland cement the cause of its disinte
gration by sea water, ,the ,action being as foUows: 

The hardening of cement liberates free lime which reacts 
with the magnesium sulphate always present in sea-water to 
f.orm calcium sulphate . . This in turn reacts wirth the calcium 
aluminate of the cement to form 'suI ph-aluminate of lime, a 
<compound that swells on hydration, thus disintegrwting the 
whole mass. 

It is generally considered that whatever alumina is present 
in the cement is 00mbined with part of 1Ihe lime to form the 
compound 2 CaO. A120 a, dicalcic aluminrute. It is also held by 
s'ome, but ,this fact is somewhat less firmly established than the 
Last, that the iron pre,sent is c'ombined with the lime to form 
the compound 2 CaO. F e2 0 S ' Iron oxide in less lamounts than 
4 to 6 per cent is usually oalculated as alumina, but if more is 
present, the difference in ,their combining weights must be al
lowed for . It decreases the clinkering ,temperatUl"e but differs 
fl'om alumina in giving a slower -setting cement. The darker 
colors of cements are usually pr,oduced by the iron oxide c'on
tained. 

The European limit for magnesia is 3 per cent but good Port
lands are made in the Lehigh Valley regioll with 4 to 5 per cent. 
P rofessor S. B. Newberry has proved that good cements can 
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be . made oarrying 10 per cent magnesia if due care be exercised 
in mixing and burning. Magnesia is regarded by some as equiv
alent in its behav~or to lime and within limits it can be u sed to 
replace the latter if al10wance be made for the difference in 
their combining weights. It is ,theoretic-ally possi1ble to prepare 
a series 'of lime-magnesia cements parallel to Portland cements 
as now made. These will diff,er in quality and behavior and 
would not be properly dassified with Portlands. The amount 
of magnesia in P ,ortland cement is now generally restricted to 
less ,than 5 per cent. Lts detrimental effect takes place after 
the calcium compounds have hydI1ated and thus causes expansion 
which tends to destroy the structure of the cement. 

Sulphur may occur as sulphate or sulphide. In the rotary 
kiln, the usual oxidizing flame diss,ociates sulphates ,as follows: 
Oa804 + heat = CaO + S03' The S03 passes off as gas. If the 
flame is not sufficiently oxidizing, the CaS04 may be reduced to 
sulphide form. 

Alkalies in small per cents have been oonsidered detrimental 
by some, inert or beneficial by others, but their effect is not well 
known. The r,ate ·of setting is hastened by addition of alkali 
solutions. Most of the alkali in Ithe raw mixtur,e is prohably 
vo'latilized during the burning and would form a valuable by
product if recovered from the flue gases. 

Phosphorus is seldom found in cement materials exc'ept marl. 
Its effect on cement is not definitely known, but is supposed to 
cause an increase in the ,tensile strength ,at first but a loss when 
the cement is older. . 

TESTING OF RAW MATERIALS TO DETERMINE AVAIL· 
ABILITY FOR THE MANUFACTURE OF 

PORTLAND CEMENT. 

A s is pointed out in preceding paragraphs, :the natural de
posits from which Por,uand cement is made comprise limestone, 
chalk or marl and clay or ,shale . . In the exploitati,onof these . 
l"aW material,s there lare a number of factors to be taken into 
cO.nsidera tion. 
on page 50. 

The more important of these are enumerated 
Whether given beds are suitable, depends pri-

, 
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marilyon ,their chemical composition and physical character
istics. Should these pwperties prove favorable, the extent of 
the deposi,ts, tha't is, Ithe quarutity of the raw materials available, 
mus,t be ascertained, before the strictly commercial and economic 
relations, transport'ation facilities, fuel supply and markets, 
are broug~ht under serious 00nsideration. 

Evidently, the llocation of the proper materials is the first 
step in exploitation. At ,the same ,time, ,the commercial factors 
must be kept in mind, for i,t would he useless to prospe0t for 
cement-making materials, las for any ,other economic pr,oduct, 
in regions which, because of their remoteness, preclude utiliza
tion or development. Recalling, however, the fact that Port
l,and cement requires limestone and clay in about the proportion 
of 3 to 1, it is lapparent that both ingredients need not be found 
in immediate proximity to each other. It is not unusual for 
cement plants to locate at ,the source of the lime, the clay or 
shale being transported for considerable distances. Suitable 
limestone, therefore, is the first essential,after which a cl,ay or 
shale must be found that will give a proper cement mixture in 
combination with the limestone. 

It is rarely, jf ever, the case that investig,ators are equipped 
with the necessary appanvtus f'or making practical tests of 
Davorable ma,terials. Such tests would include fine grinding, 
mixing and burning to clinker, besides pulverization of the 
burned cement and testing the setting properties of the product. 
In fact, there ,are few laboratories in ,this 00untry where te,sts 
of this nature are carried out. Investigations of p.or,tland 
cement materials have, up to the present, been limited substan
tially to chemical ,and physical tests 'of the separate raw ingredi
ents, dr,awing 00nclusions from these as to their ,suitability; 
the final and only absolutely conclusive test being performed 
on a large sC'iale in the completely equipped factory. 

It has proven a problem of some magnitude to devise equip
ment with which can be imitated on a small scale the 00nditions 
to which cement materials are subjected in the factory. Burn
ing tests have been especially ,troublesome, the designing of a 
small kiln in which the conditions could be accurately controlled 
and the necessary elevated temperatures produced, meeting 
with varying degrees of success. 
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It is, without doubt, due to the difficulties encountered in mak
ing the pl'lootical ie -ts that more laHention has been giv'en to in
direct methods of experiment. Experience has shown that not 
only must the limestone ,and shale be blended in certain propor
tions but that the various elements in the shale, especially, mu t 
be pre ent in amounts bearing definite relahons to eaoh other 
or the proper mixture with ihe limestone is impossible. These 
f,actors depend alone on chemical composition. But the physieal 
condition of the mineral particles composing the day, and the 
limestone, if it be impure, is ofequa 1 importance. Of two clays 
with identical uHimate chemical composition, one might be em
inently suitable and the second much less so or even valueless 
for making cement, on account of their dissimilar physical 
make-up. 

In general, the finer the grain ,of the clla:v and of the impurities 
in the source of the lime, the more favorable are the materials 
for cement purposes. Size of grain is not, however, the only 
physical fia000r to be taken into account. Since the burning of 
cement brings about a chemic-al union ,of the lime with the silica, 
alumina ,and irion, the suseeptibiMy of these latter compolmds 
to the attack of the lime is of great importance. Free silica in 
the shape of crystalline quartz sand if very fine, is readily at
tacked at high temperatures. If the silica be present, however, 
in the non-cry talline or colloid eonditi>on, .or in combination with 
alkalis or alkaline earths as in the feldspars, or with a lumina 
as in clay it elf, the size of gr,ain may be oonsiderably larger and 
chemical combination in burning proceed with ,equal f1acility. 
Silica or silicaltes whieh are thus susceptible to the action of 
caustic lime are s,aid to be "unl:oel\ed," and the silioa in a semi
nascent condition. Silica is the mo, t important ingredient to 
be cons~dered in this connection, but similar statements will ap
ply in some degree to 'the iron oxide and ,alumina 'as well. 

The chemical stabiht~- of the eJ.ements in the mixture should 
therefore be taken into account along with the size of grain, and 
the ~rs t factor may proper]~- he referred to as a chemico-physi
eal one. 

The foregoing. tatement · may perhaps sugge t two principal 
lines of investigation to be applied to po -ible cement materials. 
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First, the ultimate chemical analysis of both classes -of ingredi
ents, the limestone or marl and the clay ;sepond, an inquiry into, 
or a determinwtionof, the susceptibility to attack by lime of the 
clay ,and other siliceous components. These two lines of proced
ur,e have been attempted, -supplemented in some instances by 
actual burning tests. In the remaining portions of this chapter 
the methods employed are explained and some resul,ts are given. 

Methods of Testing. 

As has been shown, chemical composibon 'is the necessary 
. basis for scientific cement manufacture. A statement of the 
chemical analysis ,of each of the ingredients is essential in order 
thwt proper and uniform mixtures may be 00mpounded. All ex
perimental work to determine the value of cement materials 
must, as well, depend on a correct knowledge of the elements 
composing them: The chemi0al analysis affords a means of com
parison of promising new mater~als with others now in use. 

THE ANALYSIS OF LIMESTONES. * 

The consti,tuents to be determined are the insoluble siliceous 
matter, oxide ,of iron and aluminum, carbonate of lime and car- , 
bonate of magnesi,a. The siliceous matter 00nsists of s'and (sil
ica) and silicates, chiefly clay (silicate ,of ,alumina) . 

Process of Analysis.- Weigh 19.of the finely ground sample. 
Transfer it to a 4-in. casserole or dish, cover with a watch glass, 
add ,25 to 30 C.c. of water, then 15 C.c. of con0entrated HCl, and 
warm until all effervescence has ceased. Remove the 0over, 
Wlash it ,off into the dish, add 4 to 5 drops of HN03 and evap
orate the solubon to dryness -on 'a water bath or hot plate; or 
replace the 00v,er and boil down direCJtlyover the lamp, using 
constant oare to prevent loss by "spattering"; finally heat very 
carefully ,over the lamp flame until all odor of HCl is gone. The 
temperature attained should not exceed 1200 C. lot can be regu
lated by drying in an air bath, but the "trick" ,of doing it as 
indicated is soon learned and saves much time. Now cool; add 
5 C.c. of HCl, warm till the Fe salts are dissolved, add 50 
C.c. 'of wruter and herut until everything dissolves except the 
silioeous matter, which forms a fl.occulent or sandy residue. Fil-

• Notes on ~letallurgical Analysis, N. W . Lord, 2d Ed" 1903, p, 16, . 
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tel' -through a 5 or 7 cm. iHter, and wash thoroughly with hot 
water until a few drops of the washings show no reaction for 
HCI when tested with AgN03 • 

Ignite and weigh the residue, which, after deducting the weight 
of Ithe filter as'h, con titute the" insofuble iliceous matter." 
Keep it for the determination of the silica by fusion. 

To the filtrate, the volume 'of which should be about 100 c.c., 
carefully a:dd JH.OH until it just . mells distinctly of NHa• 

Shoull the precipitate be light colored and large in amount, in
dicating the probable precipitation of Mg(OH)2, add 5 c.C. HCI 
and again NH.OH as before. . Now hoil the liquid about five 
minutes or until the odor of NHa has nearly gone-maintaining 
the volume of the liquid if necessary by- adding water fr,om time 
to time. Remove the lamp, and let the precipitate settle, filter 
into a small filter, wash well with hot water, ignite and weigh 
the precipitate of Fe20 a + A120 a + P 20 ". 

The Fe20 a and P 20 " may be determined in another portion, 
and when deducted fr,om the above will give the alumina by 
difference. 

Dilute the fiHra:te to ahout 200 C.c. If it is not distinctly alka
line add five to ten drops of NH,OH, heat to boiling and slowly 
add 80 C.c. of a olution of (NR,)2 C20. heated to boiling 
point ,also. Us-e a saturated solution of the s'alt diluted with 
an equal vohlme of water. Stir well during the addition of the 
reagent and for a minute or two afterwards, then set aside 
until the precipitate of CaC20 . has settled completely. Decant 
the liquid through a 9 cm. filter without di >ttubing the precipi
ta:te, wa sh the precipitate once or twice by decantation, using 
about] 00 C.c. of boiling water each time, then transfer it to the 
filter and wash 6 or 7 times wi,th hot water. When the filtra,te is 
to be concentrated for the determination 'of the magnesia, set 
aside the first filtl~ate and dec·antation and catch the subsequent 
washings in a separate beaker. Concentrate these by boiling 
down to a small v'olume and then ,add them to the first portion. 

Dry the precipitate thoroughly, detach it as far as possible 
from the filter, put it in a weighed No. 0 porcelain crucible, 
burn the filter carefully on a platinum wire and add the ash to 
contents of the crucible. Now drop concentrated H 2S04 ,on 
to the precipitate.till it is well moistened, but ,avoid much excess. 
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Heat the crucible (working under ,a "ho'od" to carry off the 
fumes) holding the burner in ,the hand and applying the flame 
cautiously until the swelling of the mass subsides, ,and the ex
cess of H~80. has been driven off as white fumes . Finally heat 
to a cherry red £01' 5 minutes. Do not use the blast lamp. 0001 
and weigh the Oa80.. The weight of the Oa804 multipl~ed by 
0.735 gives the amount of o.a003 in the ,sample. The filtrate 
from the Ga020 4 should be, if over that volume, concentrated 
by boiling ,to 300 c.'c.; should any Mg020 4 sepaI'late, dissolve 
it by adding a l~ttle HOI. 0001, add NH40Htill alkaline, then 
add 10 c.c. 'or a -sufficient quantity of a ' s'atur,ated solution of 
Na2HP04 • Then add gradually 1-10 -of the volume of the liquid 
of strong NH40H, (sp. gr. 0.90) stir hard for some time, cover 
and let settle until the liquid is perfectly clear (about 2 hours), 
filter and wash with water containing 1-10 ,of its volume of 
strong 'NH40H and a little NH.N03 • Ten c.c. of the phosphate 
solut~ori is sufficient for about 20 per cent -of Mg003 ; for dol
omites more mus,t be added. Dry the precipita,te, detach it 
from ,the filter and burn the filter on a pLatinum wire; now ignite 
precipitate ,and filter ash in a porcelain crucible, first heating 
carefully over a Bunsen burner till all v,olatile matter is driven 
off and it has been at a dull red heat for some minutes, then 
finishing over the blast lamp for five or ten minutes. 

11he ignited pr,ecipitate is Mg2P 2 0 7 • the weight ,of which mul
tiplied by 0.757 gives the Mg003 in the sample. 

T1"eatment of the Siliceous Residue for the Dete'rmination of 
Si02.-Mix the ignited residue with eight or ten times its 
weight of dry Na2003 , in a platinum crucible of at least 15 c.c. 
capacity, heat it over a Bunsen burner until the mass has weJ.l 
caked together, ,then over a blast lamp until it is in qui'et fusion. 
Now remov'e the crucible with a pair of tongs land dip the bottom 
in cold water, 'which will usually clause the mass rto loosen. 

Wash off any ,of the material spattel'ed 'on the cover of ,the 
crucible into a casserole with Ihot water. Add the fused cake, 
if it has come loose ; if not, fill ,the crucible with water 'and warm 
until the fused mass s,ofteI1s up and can be ,t:vansferred to the 
cass'erole. Finally dean ,the crucible with hot water and add the 
washings. If ,any material adheres so las not to be removed 
by washing with water, dissolve it with a litHe H01 ,andadd t,o 
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the rest, (on no aCColmt punch 'or dig :the material 'out, as this 
may ruin the crucible) . Wbenbhe fn ion ha been thoroughly 
di integrated by the hot water and no hard lumps are left, 
add HCl until ever~·thing dissolves, cover the dish and warm 
till effervescence cease. . Remov,e and wa h the cover and 
evaporate the solution to dr~'ness on a w,arter bath or otherwise; 
when dr~' and ever~' trace of odor of HCI 1a. o'one, add 10 c.c. 
dilute Hel (1 : 1) and then 50 C.c. of walter. Warm till the 
N aCl has di solv'ed, filter, wash well wibh hot water, dry and 
ignite the resicdual SiO~. The ignition must be repeated and Ithe 
residue reweig'hed until its weight does not change. 

In the fiUrate tlle iron, alumina, lime ,and magnesia may be 
determined as in the reguLar proce. s, ,and the ,amounts so found 
added to the weio·fit ,of the main precipitates. 

THE AN AL YSIS OF CLAYS.-)(-

Fuse 1 gmm ,of the finely- ground clay, dried at 1000 C., with 
10 gmm, of odium earl onate and ,a very lirttle odium nitrate. 
Run the fused mass well up 'On the sides ,of t·he crucible, allow 
it to cool, and trea't it with hot w,ater until thoroughly disinte
grated, tmnsf.erring the liquid from Itime to time to a platinum 
dish. Treat tbe crucible with hydrochloric acid, add ,this to tJhe 
liquid in the di h, acidulate with hydrochloric .acid, and evapo
rate Ito drynes::; in the air-bath. Treat the ma '. with water and 
a litHe hydrochloric acid, evaporate again to dryn·ess, and treat 
with 15 c.c. hydrochloric :acid and :1-5 c.c. water. Allow it ·to 
stand in a warm place for fif,teen or twenty minutes, add 50 c.c. 
water, and stand in :a warm place for frfi'een or twenty min~ 
ute, add 50 c.c. water, and fi1ter on 'an ,ashless fil,ter. W,ash 
thoroug'hly with hot water acidulated with a few dr,ops of 
hydrochl-oric ,acid, dry, ignite, heat for Ithree or four minutes 
over the Ma.'t-lamp, and weigh. Treat the precipitate with 
hydrofluoric ac~d and 'a f'ew droOps of sulphuric 'acid, ,evaporate 
to dryne s, ignite, and weigh. The diff'erence between Ithe two 
weights is silica . If ,any appreciahle residue remains in the 
crucible, treat it with la little hydr,ochloric :acid, and wash it 
out into the filtmte from the silica. Transfer 'the filtrate fr,om 
the silica to a large platinum dish, heat it to boiling, add an 

* Blair's Chemical Analysis fron, 6th Ed. 1906 , p , 278 . 
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excess of ammon~a, boil 'until the smell of ammonia is qui1te 
faint, filter on an ,aslhles filter, and wa:sh several ,times with 
hot w,ater. Stand the filtrate and washings aside, and treat 
the precipitate on the filter with a mixture of 15 c.c. hydro
chloric acid 'and 15 c.c. water (cold) . Allow the solution to run 
into a small clean be,aker, replace this by the ~1atinum d1sh 
in which the precipitation was made, pour the olution on the 
filter again, ,and repeat thi. 'operation until the precipitate 
ua completely disso'lved. Rinse the heaker ,and wash the filter 
thoroughly with cold water, dlT, and preserve it. Reprecip
itate by ammoni.a, as above directed, filter on an ashless filter, 
wipe the dish with. mall piece of filter-paper, add the. e to 
the precipitate, and wash ,thoroughl~T wi,th hot water. Dn', ignite 
and precipitate and filter, and the filter from the firs't precipita
tion, heat fora few minutes over the blast-lamp, cool, and 
weigh as alumina ,and ferric ,oxide. Fuse the ignited precipitalte 
with sodium carbonate, treat the fu ed ma s wi-tlh water, wash 
it into a small beaker, allow the residue t'o settle, decant off the 
clear, . 'upernatJant fluid, treat the reo idue with hydrochloric 
acid, and determine the iron volumetrically, or add citric acid 
and ,Rmmonia, and after precipitating the iron a. sulphide, 
filter, "ash, di solve in h~'clrochloric acid, oxidize with br,omine
water, and precipitrute the ferric oxide by ammonia. Filter, 
" ,ash, dry, ignite, and "eigh a. ferric oxide. Subtract the 
weight of ferric oxi'ae from the a lumina plus ferric oxide found 
above, and the difference is alumina. 

As the amounts of calcium and magnesium in clay are very 
mall, the filtrate and \\ashing from the second precipi.tation 

of ,alumina plu . ferric ,oxide mar be reject'ed and ,the lime and 
mao'nesia determined in the first filtrate as directed on page 77. 

The J. Lawrence Smi>tll process is standard for determining 
alkalis. Place 1 gram of the finely ground clay ina porcelain 
or agate mortar, add an equal weig1ht of granular ammonium 
chloride, 'and grind the entire mass so as to obtain an intimate 
mixture of the Wlhok Transfer to a 0apacious platinum cruci
ble, cover with a clos-e-fitting lid, and heat carefully to decompose 
the ammonium chloride, which i accomplished in a few minutes. 
He.at gradually to redness, and keep the bottom of the crucible 
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at a bright red for ,about an hour. Allow the crucible to cool, 
and if the rna . i easily detached from the crucible, transfer it 
to a platinum dish and add about 80 c.c. of water. "Wash the 
crucible and lid with boiling water, pouring washings into the 
tlish. IIea t the water in the dish to bojJing, and, when the rna s 
has completely slaked, filter into another plaihnum dish and wa h 
the ma s on the filter with hot water. If the. emi-fused 111a.'IS in 
the crucible i. not easily detached, place the crucible on its 
id e in the dish, add about 100 c.c. water, and heat until the 

mao li . integrates. Remove the crucible, rinse it, and filter 
as above dir,ected. To the filtrate add about 1 V2 gmm of 
pllre ammonium carbonate, evaporate on the water-bath, or very 
carefully ,over a light, unrtil the volume of ,the solution i reduced 
to a bout 40 c.c., add a little more ammonium carbonate and a 
few drops of ammonia, and filter on a small filter. Evaporate 
the filtrate carefully after adding a few drops more of am
monium carbonate to maJ\'e certain ,that all Ithe lime ha been 
precipitated. If :any fmther precipitate appears, filter into a 
platinum crucible and evaporate to dryness. Heat carefully 
to dull rednes to drive off any ammonium alts, and weigh the 
residue as potassium sodium chloride. To the re idue in the 
crucibl e add a littl e water, in which the residue should di solve 
perfectly, and a s olution of platinic chloride. Evapomte down 
in bhe water-bath until the mass in the crucible solidifies upon 
cooling, add a little w,ater ,to dissolve the excess of pl a tinic 
chloride, and ,then an equal volume of alcohol. '~ Filter on a 
G.ooch crucible, wash with alcohol until the filtrrute runs through 
perfectly colodess, dry lat 1200 C., and weigh a pota"sium 
platinic chl,o-ride. This weight, muHiplied by .19395, give. the 
weight of potash. Then multiply the weight of pota sium 
platinic chloride by .30696, which gives the weight of pot.a .. ium 
chloride. Suhtract this from the weight of potassium chloride 
plus sodium chl06de previously ,obtained, ,and the difference is 
the weig,ht of sodium chloride which, multiplied by .53077, gives 
the weight of ,soda . 

• Tbe strength 01 the alcollolls important. Tbe K2 PtC16 is practically insolub le in 81) 
per cent alcobol, but tbe Na2PtCI . will dissolve in it. Time must be given to secure CO ID
plete solution 01 tlli s latter salt . Lord ' s Metallurgical Notes, Ed . 190"&, P. 208 . 

6 
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Determine the water of composition by igniting 1 gram of 
the clay for twenty minutes at a bright red heat, when the loss 
of weight will represent the w.ater. 

INTERPRETATION OF ANALYSES. 

The point in an analysis of a clay to which attention should 
first be given is the relation between the percentage of silica 
and the sum of the alumina and tJhe Iron oxide. Experience 
has shown that, 

- should be < 3.57 and > 2.0, 
A120 a + Fe20 a 

: ! i In 
- ill ",_ I !~ 

in order that a proper mixture may be made with a pure lime
stone. The magnes1a must not run over 5 to 6 per cent. 'Dhe 
allowable maximum ofallmIis and sulphur is 3 per cent. Textur
ally the clay should be fine-grained, and contain less than one 
per cent of fr'ee silica ,as sandor chert,since particles larger than 
150-mesh will not easily enter into combination with lime. 

So far as the complete chemical analysis tells us, we learn 
nothing of the state of combinabon in whioh any of the oxides 
determined exist. It is especially necessary to know whether 
the silica is present in available condition to combine with lime 

. in burning. The decomposition of silicates by heaJting with lime 
carbonate to a red heat is practiced in quantitative 'analysis in 
the determination of ,alkalis in ,silicates by the J. L. Smi:th pro
cess. This principl,e has been applied by Pr-ofessor Lunge ,and 
Dr. Scho(')hor in Germany in -the investigation of marls fool' 
cement manufacture. They showed that lime attacks most 
readily the eombined silica and that present in a fine state of 
division, and that an -expression 'of ,the cement-making . value 
of the marls might be thw;; obtained. Professor Edward Orton, 
Jr., has applied the same pr,ocess to the investigation of clays* 
by which means a value is obtained which may be termed the 
hydraulic factor. In Orton's work a fi~ed proportion of 'one 
part clay to four of pure OaCOa was employed -and -the mixture 

.heated to 11000 C. for , seventycfive miriu,tes. The latter method ' 
with slight modifications has been used to test Iowa ' clays. 

* Bulletin No.3, Ohio Geological Survey, p. 120 et seq. 
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It is evident that the knowledge gained fr,om both the com
plete and the carbonate analysis is of much greruter v,alue than 
the results of either ,alone. So far ,as used, the Orton method 
is regarded 'as furnishing the most reliable obtainable data as to 
theav,ailability of a clay, without an aC!tual burning test. Pmc
tical application has not yet proven that clays which appear 
unfavorable under this treatment will be unsuitable as a eement 
material. A wider use will be required to demonsltmte this 
point. It is known, however, that s'ome clays that hav'e tested 
favorably by the method have proved s'atisfactory in practice. 

The tests made by the Ohio Geological Survey and Ithe present 
experiments indiC!aie that there is an intimate relation between 
the chemical and physical condition of the minerals eomposing 
clays 'and the value of the vatter for cement manufacture. The 
carbonate analysis seems the mos'tsatisfactory means yet sug
gested of expressing this relation. 

DETERMINATION OF HYDRAULIC FACTOR. 

The clay to be tested was crushed to one-eighth inch in a 
small I1011-j1aw crusher. One hundred gmms were weighed ap
proximately land disintegrated by boiling. The sample was then 
put on a 40-mesh siev'e. The oversize was intimately mixed 
with that passing through the sieve before the slample for burn
ing was taken. As it is essential Ithat the natuml grain of the 
clay be not ,altered, no pulv'erizing was done, except such as 
was necessary to break ,the lumps before screening, and this 
only with the fingers or by boiling and rubbing with a soft 
rubber pestle. 

Two grams of the prepared dray were weighed ,on a watch 
glass and enough calcium carbonate added to make a mixture 
of one part clay to four p~rts o.a003 • Absolutely exact propor
tions are found not ,to be necess,ary, s'o long as there is an 
exccess of the carbonate. One to four is found ample, ,and in 
order to give the clays unif'orm and comparable treatment w:as 
adhered to throughout. Allowlance was therefore made f'or the 
lime which is practiC!ally always pr'esent in clays in greater or 
less quantity. To illustrate the method of making this correc
tion, suppose a clay contains fiv,e per cent Oa003 • Two grams 
eontain 0.1 g. of the carbonate. 
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2.0 - 0.1 = 1.9 grams of the other day ingredients present. 
1.9 X 4 = 7.6 grams of CaCOs required Ito make a 1 ,to 4 mi..-.;;:

ture. 
7.6 - 0.1 = 7.5 grams of CaCOs required to add to 2 grams of 

the clay to make the desired mixture. 
The calcium carbonate and clay were well mixed on glazed 

paper and placed in a 50 c.c. platinum crucible. Enough water 
was added to make a thin slip which was stirred and the mas s 
evaporated to dryness. The burning was done over a blast lamp 
in a small cylindrical furnace of the Erdman type. It was 
£ound inconv'enient to maintain las hig'h a heat (1100° C.) as 
l'ecommended by the Ohio Geological Survey. The 'temperature 
employed varied from 950

0 C. to 1060
0 C. and the heating con

tinued for ,seventy minutes after the maximum temperature 
was reached. 

The temperature to be used in the test should be sufficiently 
high to bring into soluble form the maximum amount of silicate 
and yet remain slafely below the limit where sintering or actual 
clinkering begins. In the subsequent 'tr,eatment with acid and 
a!lkali the m3iSS .should disintegrate 00mpletely, which would 
not be the case had chemical combination progressed to the 
fusing or slag stage. Temperatures below this limiJt will give 
relaltively smaner amounts of soluble residue, but will afford 
r'e,sults, neverth.eles.s, that are strictly comparable for the clays 
treated. 

After heating at ,the temperature stated £or seventy minutes 
the mass 'Was removed from the crucible and dig'ested for five 
hours in hot dilute (1 : 3) hydr,ochloric acid. The insoluble mat
ter was filtered out ,and 'treated with a ten per cent hot solution 
of N a2 COa until no flocculent silica w.as obs'erved on testing 
with ammonium chloride. The insoluble was given a finial wash
ing with twenty per cent hydrochloric acid solution, ignited and 
weighed. The weight of the undiss,olved re'Sidue divided by 
two (since two gmms ·of clay were ·taken) gives the percentage 
of insolubl,e or the ,hydraulic factor. 

The fil'st triaLs of this method with I,oW'a clays are not strictly 
00mparable with the Ohio Survey work 'since the conditions of 
burning were modified to ,some extent. The value 'of the r,esults, 
there£ore, can be determined by employing as a standard the 
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figures obtained from tests of clays which lare now in use and 
known to give satisfaction in the manufacture of standard 
brands of Portland cement. For this purpose a sample of the 
shale used at the Lehigh Cement Company's Mill C a:t 
Mitchell, Ind~ana, was similarly tested and the factor included in 
the table appended. It will be noted that Ithe hydraulic factor 
runs, in those clays which were ,at all favorable, from .2645 to 
.22, while the Mitchell shale gave .227. 

In a la;ter series of tests made in 1907 somewhat more uni
form temperaturels were employed, ranging between 1000 and 
1060° C. The results of these tests appear as the las't five mem
bers in the lappended table. It will be noted ,that the minimum 
value of the hydraulic factor is .1053, in the case of the shale 
from Panor,a, Iowa. 

CALCULATION OF CEMENT MIXTURES . 

Experience has shown H1Jat the raw materials for cement 
must be blended in ceI"tain prlopoflhons, which range within nar
row limits, in order to produce a high grade and uniform prod
uct. These pr,oportions depend on the results already obtained 
by chemical analysis of the day ,and limest'one or marl to be 
Thsed ,and are CJalcul,ated from the percentage compositions of 
thes'e ingredients. A lack of agreement among investigators 
as to the final constitution of the cement clinker has given rise 
to somewhat varying methods of proportioning the ingredients 
in the raw mixture. The methods employed are best illustrated 
by eXlamples. E. C. Eckel"" expresses the relation between the 
argillaceous and caloar,eous ma,terials by the following ratio 
whi0h is termed the Cementation Index. 

(2.8 x percentage silica (Bi0 2 )) + (1.1 x percentage alumina (AL 
OJ) x (.7 X percentage iron oxide (Fe 2 0,.) ). 

(Percentage lime (CaO)) + (1.4 x percentage magnesia (MgO)). 
• Cements , Limes and Plasters, Wiley & Sons, p. 391. 
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The proper proportions are present when this ratio is equal 
to unity. If the value falls below 1.0, free lime 'Or magnesia 
will be present; if it rises above 1.0, there is a deficiency of lime. 
Based on the above relations the process of calculation would 
be as follows: 

.A nalysis of Raw Matel·ials. 

SHALE FROM GLENDON, IOWA . [ LIMESTONE FROM EARLHAM, IOWA . 

Si0 2 .... . . .................. . ..... 48.91 Insoluble siliceous ........... . .... 7./;5 
A12 0 3 . . • . •• • •• ••••••••• ••• •.• • ••. '.17.66 Al20a + Fe20 3 . . ••. . ••••••••••••• 1.00 
Fe20a .... . ... ...... . . . .. .. . . . .... ti.ti2 CaO ... . ....... . . . . . .. .... . .... .. . 51.05 
CaO ......... . ... . ........... . . . . . 8.42 MgO ... ... . . . . .. . . .. . .. .. . ..... . . .29 
MgO ........ .. .... . ....... . ...... . 1.90 CO 2 . ... ... .. . .. .. . . ............... 40.43 
K 2 0 + Na 2 0 .. ..... . .... . . . .. . . .. 4.0.') 
Loss on igniti on ... . . .... ... ... .. .. 11.88 

Operation 1. Mul1tiply the percentage of sili0a in the clayey 
material by 2.8, the percentage of alumina by 1.1, and the per
centage of iron oxide by 0.7; add , the products; subtract from 
the sum thus obtained the percentage of lime oxide in the dayey 
material plus 1A times the percentage of magnesia and c.all the 
result n. 

Operation 2. Multiply the percent-age of silica in the 0alca
reous material by 2.8, the percentage of alumina by 1.1, and the 
percentage -of ir,on oxide by 0.7; add the produCtts and subtract 
the sum from the percentage of lime oxide plus 1.4 times the 
percentage of magnesia in the calcareous material; call the re
sult ?'n . 

Operation 3. Divide n by?'n. The quotient will be the number 
of parts of calcareous material required for one part of clayey 
material. 

The clay: 
(Silica) 48.91 X 2.8 = 136.95 
(Alumina) 17.66 X 1.1 = 19.37 
(Iron oxide) 6.62 X 0.7 = 4.63 

(Lime) 
(Magnesia) 

160.95 
8.42 

1.90 X 1.4 = 2.66 

11.08 . 

160.95 - 11 .08 = 149.87 = n . 
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The limestone: 
(Siliceous matter) 
(Alumina + iron oxide) 

7. 85 X 2.8 = 21:98 
1.00 X 1.1 = 1.10 

(Lime) 51.05 
(Magnesia) .29 X 1.4 = .41 

51.46 

51.46 - 23.08 = 28.38 = rtI. Then, 

23 .08 

n = 149.87 = 5.28 parts limestone by weight to be ns'ed for each 
1// 28.38 ' 
part ,of clay. In practice, it ha s been found best to reduce the 
amount 'of limestone about ten per cent from that obtained by the 
formul,a since the latter . tands for the <highest quantity of ] ime 
thrut will ,theoretically combine with th~ day. 

Bleining,er gives the foUo'Wing method of batch calcula'tion.'~ 

The Glendon shale and Earlham limestone whose analy se's are 
giv,en above are used. 

The formula assumed for ,the burned product i s : (2.80aO) Si02 • 

(20 aO) A120 3 , which requires for each part by weight of silica 
4.66 parts of calcium carbonate, and for each part of alumina, 
two parts of the lime carbonate. Therefore, 

(Silica) -01 8. 91 x 4.6ti = ~27.92 

(Alumina + iron oxide) :'2-!.28 x 2.00 = 48,56 

276.48 lime carbonate to 
satisfy the silica and alumina of the clay. 

The clay already contains 8.42 per cent OaO (= 15.03 calcium 
carbonate) which it will contribute to ,the mixture and which 
must therefore be subtraoted. A,t the s'ame time, the limestone 
contains silica, alumina and iron oxide which must be taken into 
account. We have therefore, 

276.48 - 15.03 = 261.45 pal'ts caleium , carbonate to be added to 
the clay; and from limestone analysis, calcium carbonate , 91.15 
(= 51.05 X 1.785) - (7. 85 X 4.66 + 1.00 X 2) = 52.57. 

7, 85 X 4.66 + 1.00 X 2 = 38. 58 parts of lime carbonate that will 
combine with the other ingredients of the limestone. 

Total lime carbonate in the limestone, 9 l.15 - 38.58 = 52.57 
parts calcium carbonate ayai lable from the stone. 261.45 parts are 

• Bulletin 3 (4th serie- ) , Ohio Ge ological Survey, p. 239. 
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required. The amount by weight of limestone for one part of clay 
is 261.45 divided by 52.57 = 4.97. 

In the above calcul,ations "the magne·sia is neglected and the 
ferric oxide is taken with the 'alumina. Where these constitu
ents are l-ow in amount such procedure is permissiMe but it has 
been shown thaJt" the influence ·of iron and magne.sia is 'Such that 
they should have separate consideration. They ar·ethus 00m
prehended in the formula given on page 85, and to this extent 
the first method 'of calculation is the mor,e accumte. 
. T>he two methods given ,are applicable for determining the cor
rect proportion in which to blend new and unused raw materials 
'3:S well a,s a means of contro]6ver mixtures already in use. In 
the latter ins-tance, however, more r,apid means ,are' commonly 
employed. Experience with given materials will determine the 
limits within which ,they may vary and still afford a satisfactory 
cement. The total amount of the lime and magnesium carbonates 
is frequently made the basis of control. Their percentages are 
quickly a'scertained by the chemist and the limest'one -or marl and 
the clay apportioned accordingly. Bleininger~ gives ,the follow
ing formula for calculating the daily mixtur,e after once the best 
proportion of ,a mixture 'h3;s been established, whi0h depends 
essentially on the calcium oxide in the raw ma'terials: 

Let x = weight of limestone in charge 
y = weight of clay in charge 
a = per cent of calcium oxide in the limestone 
b = per cent of calcium oxide in the clay 
c = per cent of calcium oxide in the mixture. 

Then c' = ax + by or x(a - c) = y (c - b) or ~ = c - b . 
x+y y a-c 

• Bulletin 3 (4t1l series), Ollio Geological Survey, p. 242. 
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CHAPTER II 

(;.ENERAL CO~SIDERATLONS. 

The lime of commerce ~s produced by the calcination of lime
stone and varies in composition and purity as do the limestones 
themselves. The latter r·ange fr-om pDa0hcally pure calcium 
carbonate (CaC03 ) to the sandy and dayey limestones in which 
the impuri·ties compose a large percentag·e ·of the rock. Again, 
the calcium may be in part replaced by magnesium which gives 
the magnes],an limestones. If thi,s replacement has taken place 
to the extent that magnesia (MgO) comprises 18 to 20 per cent of 
the stone, the term dolomitic limestone is mor-e commonly ap
plied. 

A limestone eomposed essentially ·of GaCOa will furnish a high 
grade of quicklime, ,one containing little else than GaO; one com
posed of CaCOa with a greater or less percentage of MgCOa will 
afford a magnesian or dolomitic lime; while the ·argillaceous 
limestones will give a produC!t ·of a degree of purity depending 
on the amount of clay in the original stone. The pr.operties of 
the resulting limes will Vla,y according to their composition. 

Limestones ·are widely distributed in nature, both geograph
ically and g-eologically. They are found interbedded with and 
over].apping o·ther common sedimentary strata, and they have 
been produced iIi much the same w,ayrus other sediments. Good 
reasons are readily conceived why they should be apt to partake 
of .the nature of, and to grade into or be eontaminated with, other 
sedimentary materj,als. It is, nevertheless, not at all uncommon 
to find limestones that run over 90 per cent lime carbonate, and 
occasionally as high as 98 or 99 per cent. The -analyses of nine 
samples of non-dolomitic Iowa limestones show a range of from 
82.5 to 97.02 per cent carbonate of lime, three of the nine slampl.es 

(showing over 90 per cent. 
(95) 
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As indicated, limestones depart in composition mos,t commonly 
in the content of magnesia and in the clay and sand impurities. 
rrhe eff'ect of these ,suhstances 'on the resulting lime is of so much 
importance ,that they may be given separate consideration. 

WHITE VERSUS BROW N LIMES. 

A pure limestone when burned changes to ealcium oxide (CaO) 
by the loss of carbon dioxide (C'02 ) gas. The resulting lime ~s 
the white lime of commerce. It slakes readily and rapidly, with 
the evolution of much heat and becomes a perfectly white paste. 
The chemical r eaction in slaking is : 

Quicklime ' Slaked lime 

CaO + Ca(OH), + heat 

rrhis reaction with GaO furnishes with maximum intensity all 
of the evidences ,of the chemical chang'e which is taking place. 
Any impurities in the quicklime, which may have been present in 
the limestone, tend to retard ,and to make less vigorous the slak
ing process, but ,the quantity of the impurity must be consider
able before 'any pronounced interference will be noticeable. 

Dol-omitic limestones ar'e very common 'and produce limesth,at 
slake slowly, evolv,e less heat and are of a gray or' br,awn color. 
Over ten per cent of MgO must be present to !appreciably alter 
the properties of a lime. Limes containing less ,than 10 per cent 
MgO are aooordingly spoken of 'as magnesian limes, while those 
with over 10 per cent 'are properly caUed dolomi!tic or brown 
limes. Dolomitic limes produced from Iowa limestones range 
in magnesia content from 15.23 to 35.73 per cent in the marketed 
product. 

With reference ,to the amount of magnesia contained, therefore, 
limes may be classified; (a) hot, white 'or . high-0alcium limes 
when MgO is bel-ow 10 per cent; and (b) cool, brown, ,or dolo
mitic limes when MgO is over 10 per cent. The Vlalue, propertie,s 
and adaptability of the two classes will be briefly treated la,ter. 

WHITE VERSUS ARGILLACEOUS AND SILICEOUS LIMES. 

Limestones which contain cl.ayey matter produce limes that 
are gray in color and less vigorous in their action than the pure 
white limes. Sand or o'ther ,siliceous impurities in the lime do 
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not ordinarily exert ,any influence 'On its physical properties, act
ingsimply as ra diluent in the same way that 'sand does in a mor
tar. Should the latter be excessively fine, horwever, it may be
come susceptible to chemieal combination with the lime if high 
temperatures are ,employed in the burning. As ,the amount 
of sand and day incl'ea ses, limestones ,are called sandy or arena
ceous and argiUace'ous, and when these materials become the 
predominant constituents, the rock passes into calcar'eous or limy 
sandstones and shales. 

The presence of a small proportion ·of the above named im
purities causes limes to become hydraulic, -that is, to pos'sess ·the 
property of hardening under water, by the gradual taking of 
water into chemical combination. When the quantity 'of clayey 
impurities in the limestone reache,s 6 per cent, they begin to pro
duce hydrauli,city. Below 6 per cent the only noticeable effect 
is in the retardation of slaking. Limestone's carrying 6 to 12 
per cent furnrsh limes that are cool and slow slaking, gray in 
color 'and make the best 'of mortar if burned at ordinary lime kiln 
temperatures. There is, however, much greater danger of over
burning than in the case of white limes as the day has a tendency 
to combine with the lime, which decreases its value unless finely 
gr-ound. Fifteen to twenty-five per cent of clay renders a lime 
strongly hydraulic if properly burned, but care is r·equired to 
avoid overburningand consequent clinkering. If clink'ering is 
permitted ,to take place, the product is found to possess, after 
fine grinding, a hydraulicity greater than that of the hydraulic 
limes and similar to cement, which property becomes more prom
inent the gre·a tel' ,the. clay content and the higher the temperature 
of burning. The limit at present is P.ortland cement in which the 
raw materials 'are artificially blended and thoroughly clinkered 
at very high temperatures. 

It is clear, therefore, that limes are but one end of a series of 
products of \\'1hich Portland cement is the other. The dividing 
lines -separating the various members of the series that 'are put 
upon the market are to some extent arbitr.ary. The following 
four division~ ·are commonly referred to: 

1. Common or fat limes. 
2. Hydraulic limes. 

7 
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3. Hydraulic or Roman cements. 
4. P'ortland cement. 

The points of distinction between 1 and 2 have been noted. In 
composition, :2 and 3 are not separable. By an increased temper
ature in burning some hydr,aulic limes will become hydraulic 
cements. Twenty-four per cent of clay is about the permissible 
upper limit for the h~~draulic limes, while Roman cements are in 
use which contain but little over 20 per cent of clayey impu6ti8ls. 
'I'he chief di,sti.'llguishing feature of tnes'e two groups lies in the 
ability of the limes to slake to a pa'ste with w.ater without pr,e
vious pulveri~ation. Fine grinding is necessary before wat'er 
will 'affect 'appreciabl~~ Roman cements and before they will 
harden as a mortar. 

The feeble hydraulicity of the limes and the relatively strong 
of the cement,s appears to be due to the varying degree to which 
chemical combination hrus been broug,ht 'about in burning. In 
lime burning, little if any chemical action ,occurs between the 
lime ,and ,the clay. -wIlat does take place t,endsto pr,oduce an 
unstable or "unlocked" condition of the clay and other ,siliceous 
materials such that, in the presence of walter, the lime hydrate 
slowly attacks these and combines with them to form silicates 
that are harder and more durable than ordinary lime mortar. 
Clink,ering in burning, is an indication of chemical 'acti,on, fur
ther progT8Is's in rendering available and susceptible to the attack 
of the lime and water the day and O'ther siliceous substances in 
the stone. Burned to this condition, the product is properly 
termed a cement and in us'e attains a stony hardness and rela
tively great permanency. 

Hydraulic or Roman cemerrts are ,spoken of also a's natUIial or 
rock cements, ,since they are made from limestones in which the 
ingredients occur natumlly in the proper proportions. Such. 
limestones are found in different parts of the United States, · 
but have been utilized principally in the Appalachian states of 
the E 'ast and along the Ohio river. The actual 00mposition 
ranges between wide lim~ts a's shown in the table belorw in whi0h 
are compiled the analyses of five reputable brands 'of natural 
cements: 
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Analyses of Natural Cements. 

Q) 
Cl <I "" .~ 

Cl 'H '" ~.2 
NAME <I ·s 0 

.., o;l;:! 

~ Cl 
Q) ~ .,Cl 

~ 8 00 "00 0 <I 
00 < ... :3 ~ 

o~ 

.... ...:I 

"Fern leaf" brand, Louisville, Ky. 26.4 6.28 1.00 45.22 9.00 4.24 7.86 
N. L. & C. Co., Rosendale, N. Y .. 30.5 6.84 2.42 34.38 18.00 3.98 3.78 
"Hoffman," Rosendale, N. Y . ... . 27.3 7.14 1.80 35.98 18.00 6.80 2.98 
Utica brand-, Utica, Ill ...... . ..... 27.6 10.60 0.80 33.04 7.26 7.42 2.00 
Mankato, Minn . . ......... .. ...... 28.43 6.71 1.94 36.31 23.89 1.80 0.92 

Numbers 3 and 4 in ,the outline on page 98, bear to some extent 
a similar relatio~ ,to that briefly given f.or 2 and 3. A more 
complete vitrification of ,the ingredient's in the cement mixture 
until they issue from the kiln as thoroughly vitrified clinker 
produces the maximum amount of hydr'aulic silicat'e. The chem
ioal changes which occur in burning are complicated and beoome 
mor,e 'so the higher the tempera:ture over that employed in the 
manufacture of natural cement. Just what these change's are is 
not -accura:tely known, but experimentaltion has determined 
within fairly narrow lim~ts what proportions of the various oon
s,tituents entering into la mixture of clay, silica and limes,tone 
will produce ,the greatest ,amount of unstable, hydraulic silicate, 
and what tempemtur-8's ,are required to accomplish this resul,t. 
These pr-oportions land temperatures are employed in the manu
facture of Port1and cement and are considered in Chapter 1. 

The foregoing remarks will serv'e to show the rela:tion 'of limes 
as a mortar material to other ,substances used for 'similar pur
poses. This paper has to do with limes alone ,and the several 
phys~cal properties of the latter Ithat ,are of chief importance will 
be briefly discussed. 

SLAKING. 

The property belonging to limes which ma'k:es them .of indus
trial value is their lability to ,slake -or crumble to a powder on the 
addition of water, -and ,to harden when allowed to stand in con
tact with ,the ,a tmosphere. The reaction which occurs in slaking 
has already been given. If a lime is properly burned, all lime 
carbonate in the original stone has lost its carbon dioxide, and 
becomes quicklime (GaO). It is the rapid change aooompanied 
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by the ev·olution of heat when w,ruter is .added ·that causes lime to 
slake. Slaking is a phy'sical evidence of the hydra:tion of lime, 
but it is not to be understood that slaking is 'a neoo'ssary result 
of such cheIll'i0al action. The ,two pr·ocesses are really distinct. 
The exposure of cauS'tic lime ,to ,a moist atmosphere occasions 
slow hydr,ation, accompanied by crumbling to a powder. Along 
with this' chang,e occurls an increase in volume of about 1% times 
that of the original lime. Such lime is air-slaked and is largely 
changed to the hydroxide Ca (OR) 2. If this lime be exposed to 
water, it will further increas'e in volume, but the paste resulting 
will be ,sharp and 'sandy in texture, and of much less value for 
mortar purpo:ses than freshly slaked lime. In thi's c,ase a portion 
of the GaO has no doubt combined with the CO 2 of the air, so that 
air-slaked hme is 'actually a mixture of lime hydrate ,and car
bonate. It is po'ssible also to bring about tihe c'omplete hydration 
of lime by steam 'at tempera:tures ·above boiling, without any 
change of volume or any sign of crumbling. 

Slaking may theref.ore be -defined rus the hydration of 0alcium 
oxide, quick-lime, 'accompanied by an incr·ease in temperature 
and volume. The increase in 'temperature i,s caused by the com
bination of the lime and water. It is an ,exothermic reruction, one 
in which heat is evolved. Whether or not th]s heat becomes 
evident depends on the vigor and roapidi,ty 'of ,the reaction. 

Slaking is commonly accomplished by tJhe addition of sufficient 
water to cover the lime, 'and by further 'additions rus needed. It 
is desirable from the practical s'tandpoint that ,the greatest 
poS'sible increruse in volume be secured in slaking. This is ac
complished by .careful control of the ,amount of water throughout 
the process. The ,evolution of heat in such quantities rus ,to gen
er,ate steam wi,thin the mass is a necessity to ,the s}aking process. 
At the ,same time, more water than 'simply that required for 
hydration is essential. It is the expansion of the steam between 
the molecul,es 'of hydrating lime which forces them ,apart and 
causes the mass to crumbl-e. As the particles are separated, ,the 
surrounding exceS's of water .acbs to remove them, as in the case 
if any fine sediment, and, a's they settle ,away in partial suspen
sion, new surf,ac-es of the lime ar-e constantly expoS'ed. A large 
exces's 'of water prevents proper slaking by keeping the temper-
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a ture so low that the necessary 'steam does not form. The mass 
then expands poorly, ·sloakes 'slowly,and ,the produC't is lumpy. 
The lime is said to be "drowned". 

The result 'of too li'ttle walter is a "burnt" lci.me. In this case, 
the water forms a geloatinous film ·of hydroxide 'over the surf.ace 
of the lumps which dries down, enclosing eaustic quick-lime in 
the center, ,and so clogs the pores that further progress is much 
retarded or prevented. When ,too little water is used, the initial 
action is apt also to be s'o violent in the case ·of "rat" limes, that 
muoh or all of Ithe moisture prusses off ,as ra V'apor, because of the 
excessive temperruture developed. Thi's frequently leaves the 
lime but parti'ally hydrated, dry, and imperf'ee,tly slaked. 

Dolomitic limes slake more sloowly 'and at a much lower 'tem
p@a'ture than high-calcium limes. The he'at gener,ated is due to 
the hydr,ation of the calcium oxide, the magnesia remaining ,as 
the oxide during slaking. Although magnesium earbonate loses 
CO 2 at a lo'wer temperature in burning than does the carbonate 
of lime, it hydrates only wiJth difnculty 'and probably passes di
rectly fl'om oxide to earbonate in rthe hardening process. It is 
thus necessarr to ,add ithe water required very grradually in slak
ing dolomitic limes in order to avoid "drowning" 'and to secure 
the best results. 

The proper amount of water to use varie's, and can be ascer
tained for each individual lime -only by actual trial. It is usually 
found more satisfactory t,o ,add the wa,ter in s·ever,al different 
portions as slaking progresses, especially with the lean, ·slow 
slaking and dolomitic limes. In this way, by a little attention, 
the temperature of ,theslak,e can be controlled so that the best 
product is obtained from the lime in use. 

The expansion of volume in slaking may be 'as high las 31/2 
times with pure white limes. It is found to rang'e from 21/2 to 
the figure named. Lean, so oalled hydraulic limes, and dolomitic 
limes expand less. Increase in volume is ordinarily estimwted 
b:' a compari son of the bulk of the dry quide-lime land of -the 
paste ,arter slaking. Oareful experiments wi,th Isamples of both 
high-calcium and do}omitic limes made by the Omo Geological 
Survey* show an increase in apparent volume for the white limes 
of from 136 per cent, using 20 per cent less water than theoret-

*S. V. Peppel , Bulletin 4, Ohio Geol. Survey (4th series), p. 337. 



102 PHYSICAL TESTS O.F IOWA LIMES. 

ically necessary for hydra;tion, up to 264 per cent with 40 per 
cent excess of wruter. With 300 per cent excess, the increase wa;s 
but 45 percent. The comparison was made between the <apparent 
volumes of the ground quick-lime and of the dry hydmte pl'O
duced. Under the same conditions, a dolomitic lime g'ave 193 
per cent ,expansion wi,th 'a deficiency of 20 per cent of wruter, of 
210 per cent with the exact theoretical quantity of w,ater, and of 
but about 20 per cent with an exces's of w,ater. The increase in 
v'olume is decidedly in f,avor ·of the white lime, the smaller ex
pansion of the dolomitic lime being accoun.ted for, no doubt, by 
the fact that ,the magnesia takes up very little water in the slak
ing proce's's. 

The actual increa:se is, asa ma;tter of fact, more apparent than 
real. The calcium hydroxide produced from a weighed amount 
and accurately determined volume of oalcium oxide will oecupy 
a space but 35 ,to 40 per cent greater ,than the volume of the oxide. 
Few experiments have been made along this line and the above 
figures were ohtained wi th a high grade W'h~te lime by the use of 
the Seger volumeter. 

If allowed to stand in the air lime deteriorates by the process 
of air-,s laking already described. It als'o ,slowly absorbs carbon 
dioxide, which renders rt of little value for mortar. After slak
ing, if the pa:ste is no't to be used at ,once, it should be protected 
from the atmosphere, since moist lime hydmte changes very 
r'eadily to the carbonate by ithe absorption of CO2 • Sllaked lime 
is very commonly buried so la'S to be covered wj,th 'seveml inches 
of soil, where it will keep for months without deterioration. 

Owing to the ,susceptibility to deteriol'ation of the high-calcium 
limes on the one hand, and the ,exceeding slowness wi,th which 
dolomitic Jimes slake on the other, so-called "hydrated limes" 
are being put upon the market. The quick-lime is subjected to a 
partial hydration or slaking ,at once after burning and before 
being 's'acked or barrelled. The completeness of ,the hydration in 
the case of five Ohio* products mnged from 58 to 94 per cent, 
100 being ,taken as the best that is possible ,on ,a commercial 
scale. Specially designed and patented 'appamtus and processes 
are being employed in the hydration of limes, but i,t is believed 
that such special ' equipment is not nece,ssary, no'r will the prep-

• s, v, Peppel, Bulletin 4, Ohio Geol. Survey, pp. 335 and 336, 
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aration of hydr,ated lime without doing so under a patent, make 
any person liable f.or infringement. 80 far as known, no hy
drated lime is placed on the market from Iowa kilns. 

The desirable qualities of hydrarted lime are : (1) its conveni
ence in use, for it is already pulverized and but little time is 
required to make ,a mortar by mixing the ingredients dry bef'ore 
adding the water; (2) its lasting qualities, as it will keep much 
longer without detriment than Ithe unslaked product. Magnesian 
limes are more commonly prepared in this way, and the saving 
of time in their use is a very important oommercial considem
tion. Hydrated magnesiian limes are found by ,the Ohio Survey* 
to have specific gravities of 2.12 to 2.25. High-calcium limes 
run about 2.45. A series 'of ,tests with an Iowa wl1i,te lime gives 
specific gravities fr,om 2.2 to 2.32 for the slaked lime, while the 
quicklime is 2.08. 

SETTING AND HARDENING. 

In slaking, the lime takes water into chemical combina,tion, 
and become the gelatinous hydr,oxide. ,Vhen this hydroxide is 
put in place as a mortar, it is said to Iset. This preliminary 
set i. due to ,the ],os,s of <the w'a'ter used in mixing, w'hich brings 
about a ce:r:tain rigidity in the same way, so far as is known, that 
clay beeomes hard on drying. Part of the moisture ev'apor,a:tes 
from exposed surfaces, but ,the l,arger pI\oportion is in most in
stances absorbed by the porous brick or other masonry material 
with which it is used . The more rapid the set, that is, the more 
rapidly the mortar loses its water, the afer the construction, 
providing the pl'oportions of sand and lime are such thalt shrink
age may be left out of aooount. 

A second process begins at once when the lime is exposed to 
the air. This is the ab orption by ehemical combination of car
bon dioxide by which the lime returns ,to the carbonate condi1tion, 
as it existed in the ,original limestone. The process is a slow 
one and may require years for completion, but this depends 
largely on the surface that is exposed, the thickness of the layer 
and porosity of the mortar. A large number of chemical tests 
on small briquettes having ,a minimum cross section of one 
square inoh, made winh mixtures of sand as high as 6 ,to 1, and 
allowed to stand for a maximum period of one year, 'showed none 

'S. Y. Peppel, loc , cit. 
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in which carbonation was complete. This action is most rapid 
in the first few months until ,a crust 'of the carbonate forms on 
the exterior. The crust retards ,the process and at the same 
time protects the soluble hydrate wi,thin from being diss·olved. 
The interior pOl~hons of large masses may, therefore, never reach 
this final condition in hardening. 

Long contact of lime hydrate with finely divided silica is 
known ,to cause a reaction by which the silica combines with the 
lime formin o' la stable silicate of lime. The extent to which this 
reaction progresses depends on the physical and chemical quali
ties of the siliceous i!mpurities in the lime or of the s,and used 
with i,t. If bhese are vel')- fine, chemical laction is favored. Sili
cates, such as clay or feldspar, for example, 'are more susceptible 
to attack by the lime than is quartz sand. H~'clraulic lime,s are apt, 
ther'efore, ·other things being equal, Ito give a more durable final 
product than the purer limes. In the same way, mudd» or clayey 
sand used with lime, although less desirable a't !the start, will 
likely contribute to the durabilrty ,of the mixture in time because 
of the development of these stable compounds by the caustic 
action of the lime. In the ·case of silicates, it is probable that 
other elements, especiall y alumina, 'also enter int'o combination. 

Lime Mortar. 

Sand.-Lime has a variety of uses in various industries but 
by far its most important applica tion is land has been las 'a mOI'ltar 
in structur,al work, interi,or wall plastering, etc. For ,these pur
poses, slaked lime alone can not be used on account of the great 
shrinkage ·of the lime paste in setting and i,ts lack 'of inherent 
strength when set. It is, at the same time, economical to add 
some f'oroeign material \,hich is ch8laper than the lime itself. The 
filling material commonly employed is sand. Most sands are 
composed largel ~- of qual'tz grains, aHhoug,h fragments of feld
spar and of many other minerals are often found in varying 
amounts with quartz. There is ,often also more or less ·of earthy 
or clayey matter in sands. 

In general, it may be said that the compo iltian of the sand is 
not an important consideration. Any inert substance which 
does not shrink nor deterior,ate may be used. Ground limestone, 

... 
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fo-r example, or Ithe pulverized sand from :any durable rock will 
serve the purpose equally well. 

The physical <condition of the sand is, however, ,of 00nsidera:ble 
imp 0 I1tance. The funct~on of the lime is to serve ,as a binder to 
hold ,the particles of the aggregate 1;ogether. If ,these particles 
are angular ,and rough, they ,afford g,ood ,surfaces f.or Ithe oattach
ment of the lime. Sharp sand will ther,ef,ore make a strong,er 
mortar than one composed of r,ounded gr,ains. Only sufficient 
lime is required to fill the voids and 1;0 forma thin film around 
each grain -of ,the laggr,egrute. The more nearly the voids oare 
filled with the sand grains themselves, in 'Other words, the smaller 
the percentage ,of pore spaee in the ,sand, the less ,the amount 'Of 
lime needed. A sand composed of a properly proportioned range 
'of sizes of grain will therefore not only give the sltrongest 
product but will do so with Ithe least amount ,of lime. Few s,ands 
as they occur natumlly are composed of Ithe proper range of 
sizes to give the ,smallest pore space. It is sometimes not diffi
cult, and of.ten may be a matter of economy, to correct ,a poorly 
proportioned ,sand by screening or by the addi,tion of suitably 
graded material's. The v,oids in a :sand ar,e determined readily 
with simple apparatus. * Separation into a series of sizes is 
quickly done by ,sieves ,of a number 'Of different me'shes. These 
two tests afford data 'as 1;0 how far la given 'sand departs from 
the ideal mixture 'Of grains ,and indierute ,the siz,e of grain ,and 
quantity to be added for correCition. 

The s,and grains should be practically in contact ,throughout 
the mass 'so ,tlurut the lime paste forms merely oa pl,asltic' film fill
ing the interstices. Such .a mortar when it has ,attained its final 
hardness ; nay properly be reg,arded as sandstone in which the 
cementing matter is lime carbonrute. lit diff,ers fr,om the IlI3Jtuml 
stone only in its po'sition and origin, being las ,strong, if properly 
made, and as dumble as th3lt quarried from natur'al ledges. 

White limes shrink much more in drying ,than do dolomitic 
limes. F,oI' this reason is it more highly imp0I"ltant that the 
pro~er pr,oportion -of sand be used with the f.ormer. The bond
ingol" ,adhesive power 'of white limes i'salso l'ess. This is evi
denced in walls where the mOI"ltar separates readily from the 

* Standard sand for Cement work, M. J. Reinhart, Proc. 3d Ann. Convention Iowa Asso
Ciation Cement Users, la. Eng., Vol. VII, No.1 , p. a4. 
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brick and can itself often be crumbled in the fingers. Such de
fects are believed to be due more to pO'or mixing and wrong pro
portions of sand and lime than ,to any .inherent quality of the 
lime itself. On the other hand, dolomitic limes possess great 
'adhesive strength and not only form 'a denser mortar by · binding 
the sand pal'ticles firmly together, but contribute ,towards the sta
bility of the wall by adhering to the brick or stone. 

TESTS OF LIME MORTARS. 

Although 11me has been used a's a mortar since very early 
times and is of late being -employed in various otiher ways in 
structural engineering work, few records of tests of those 
physical properties which make it of value are to be found. The 
purpose of the fo1lowing series of tests is to investigate several 
of the physical properties of lime mortars, covering the follow
ing points : 

(a) The influence of sl,aking wilth increa'sing amounts of 
water; 

(b) The increase in strength with increased setting periods, 
and, since in practice, limes are seldom used in a neat condition; 

(c) The effect of varying proportions of sand on the strength 
of the mortar, and the mpidity of setting. There has also 
of late been considerabl e discussion as to the relative merits of 
the whHe or high-calcium limes, and the brown or magnesian 
limes. 

T,o obtain definite data . on these everal point's, ,the following 
plan was adopted in the beginning. Barrel samples of commer
cial limes were obtained from the principal producers in Iowa, 
and a fevi from bordering states. Samples of white lime were 
tested from Springfield, -;\i(o., and:Nf,a on City, Iowa.; of dolomitic 
lime from Viola, Iowa; Mason City, Iowa; Maquoketa, Iowa; 
and Eagle P 'Oilllt, Iowa. 

While it was evident that the f.a.ctors enumerated above were 
the important ones to be studied, with each lime it w,a'S necessary 
to carryon considerable pl'eliminan- experimenting in order to be 
ruble to layout an exact systema.tic met!hod of procedure. A pro
visional line of experiments was therefore initiated, using the 
white lime from Mason City. The quick-lime was slaked with per
centages of water ranging from the amount which would produce 





108 PHYSICAL TESTS OF lOW A LIMES. 

percentage of water. Prec,aution w:as taken in slaking to add the 
water in such quantities and to agitwte :the mass so 'as to facili
tate the process and to obtain the greatest increase in volume 
with the amount of w,a'ter employed. The lime paste w,as al
lowed Ito stand for :twenty-four hours until all signs of heat had 
disappeared and then put into air-Itight jars to be used as needed. 
All weights were calcu1aJted on a dry hasi's, the moisture being
determined before each hatch ·of both sand and lime was weighed 
out. In the case of ·the higher percentages ·of water, iJt was neces
sary to drive off by careful heating, (,Iare being taken to keep the 
temperature below boiling, s'ome ·of !the excess water, in order to 
reduce the paste ,to la workable ,consistency. One man did the 
work, using his judg'ment to obtain as nearly a's possible the same 
consistency in every batch. FOI'ity briquettes were made from 
each mixing. The briquettes remained in ,the molds until they 
could be safely removed,after whi'ch 'they were placed on edge on 
open shelves and allowed ,to harden for their respec'tive periods. 

1'he tensile strength test w,a-s adopted as a means of obtaining 
comparable results more be0ause of its convenience and the uni
form treatment to which each linle wouLd be subjected, than as 
representing conditions which lime mortars would meet in actual 
use. As noted earli er, the principal function of a mOlltar is to 
serve as a matrix or ,adhesive to bind together particles of aggTe
gates and sections of masonry structure. Adhesion, therefore, 
and crushing strength tests would give more direct resuHs. Such 
tests have not as yet been made. 

Records of tensile s,trength tests of lime mortar's are to be 
found in the Report of Ithe Secretary of W,ar for 1896, Document 
No.2, Volume II, part 5, on page 2839. These tests were made 
with paste slaked with 300 per cent of water, ratios of sand fr'om 
3.1 to 17.7: 1, an~ setting· periods of twenty-eig·ht and twenty-nine 
days and three months. Average strengths range in the short 
time tests from 'sixt~--four pounds with a ratio of 8.8 : 1 to twenty 
pounds per square inch with a sand-lime ratio of 17.7: 1 and, in 
the three months tests from seventy~one pounds with a ratio or 
8.8: 1 to thirty-six pounds with a ratio of 17.7 : 1. Tensile strength 
has also been investigated by the Ohio Geological Survey. * The 
foUowingtable will indicate the results obiJained : 

* s. V . Peppel, Bulletin 4. p. 337. 



Kind of Lime 

High-calcium or 
white lime ..... 

Dolomitic or 
brown lime . . ... 

HIGH-CALCIUM WHITE LIMES. lO9 

Physical Tests of Ohio Limes. 

48.95 

70 .6 
59. 
42 .36 

48.95 
65 .90 

24.48 

77 .2 
58. 
81.90 
82 .84 
68. 

Remarks 

I W!I;ter 20 % less than theory for complete hydra-
tIOn. 

Theoretical amount of water. 
100 % excess . Product, moist powder. 
Broke badly. Defective briquette. 100 % excess. 

Heat applied in slaking. 
200 % excess. Moist, lumpy mass. 
Briquette cracked before going into machine. 

300 % excess. Smooth stiff putty. 
Bad briquette. 20 % less water than theory for 

complete hydration. 
Theoretical amount of water. 
Bad briquette. 20 % excess. 
40 % excess . 
Sticky, lumpy, mass . 100 % excess. 
Bad briquette. Stiff putty . 200% excess. 

The period of set allowed in these 'tests is entirely ,too shor,t 
for valuable results. But one briquette seems to have been made 
for each percentage of water. It is evident that a much larger 
number should be used to obtain an average figur,e. 

A simi},ar line of experiments made by Mr. George S. Mills, .of 
Toledo, Ohio, * aff.ords results which bring out quite clearly the 
relative strength of the white and brown limes and the relation 
of strength to progress in set,ting and hardening of the mOfltar_ 
The mortar was ID3Ide with two parts sand toone of -slaked lime 
by weight. The streng~th is expres'sed in pounds per square inch. 
Fr,om four to six breaking strengths were used for each period 
to obtain the average results given in the table: 

11 month 12 months 13 months I, months 16 months I 
D?lomite .lime ........... 1. ···· ····1 28.8 1 37.2 1 51. 1 83. I HIgh-calcIUm hme. .. . .. 30.7 36.6 39 .2 39. 50.8 

• Municipal engineering, Vol. 28, P . 6. 

1 year 

92 .8 
44.6 
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The Mason City lime is a hot lime, whi(lhslakes vigorously 
and requires cons,taut attention when Walter is given to it. The 
quantity of water which wou1d just leave the hydrrute practically 
a dry whi,te powder when it had cooled to the atmospheric tem
perature was found to be ,about 75 per cent ·of the weight of the 
dry hydrate. 

The table below gives in detail the breaking streng;th of the 
briquettes made with Mason City lime. A Fairbanks Standard 
Testing Maehirie was used. 

TABLE 1. 

.S .s Lbs . Per Square Inch .s Lbs. Per Square Inch .s Lbs. Per Square Inch 

... '0 '0 S '0 S '" 8 8 ., I'l 8 I'l I'l 8 
-'" = '" :s :s = '" :s :s = '" :s :s 
o,>j l '" .. 8 8 

., .. 8 8 "'", .. 8 8 0 '" .. 
.8 11 

III = 
"'~I . ~ 8 ... .~ -a ... M -a .88 ... 'i< -a '" 

., 
'" 8~ ~;::: > = ~ 

~;:::: > <II 
~ ~= > <II 

~ ~ c:: « ;:g c:: « ;:g c:: « ::.1 

SLAKED IN 75 PER CENT OF WATER. 

4 1 :1 48 .4 5104 38.5 H:l 45.7 50.5 39.5 2 :1 54.5 64 .4 46 .1 
8 ... . ... . 50.6 56.3 47.5 ........ 40.7 U.5 35.0 ... ... .. M .3 63.3 48.0 

12 ........ 56.1 60.4 45.0 ....... . 47.1 50.0 44.3 .. ... ... 48.5 52.5 46 .0 
16 ... .... . 53.9 50.0 42.0 ........ 46.2 49.4 40.8 ........ 52.0 55.9 41.2 

4 2~ :1 55.1 60.4 50.4 3 :1 50.6 56.2 41.9 3~:1 48.7 55.0 30.0 
8 .... ... 54.6 58.6 51.0 ........ 52.6 58.4 U.5 .... .... 52.1 56.0 46.5 

12 .... .... 46 .7 48.5 43 .5 .... .... 48.1 51.0 45 .9 ........ 48.0 54.3 42 .7 
16 ...... .. 52.3 56.9 49.5 ........ 43.4 48.6 33.6 .. ~. ;~" I 

32.9 53.0 21.5 

4 4 :1 47 .2 51.4 43.5 4!:1 43.7 53.0 35.0 43.6 58.4 38.0 
8 ... ..... 47.8 57.0 370 . ....... 41 .8 52.5 37.0 .... .... 45 .9 50.0 34.3 

12 ........ 43.6 49.5 33.7 . ..... .. 42.6 46.6 38.4 ........ 42.5 51.4 28.6 
16 ........ 41.5 49.0 28.8 ........ U .6 50.0 33.0 .... .... 53.1 55.7 50.0 

4 5! :1 37.1 44.1 28.8 6 :1 36.0 39.6 34.6 ........ ........ . ....... . ....... 
8 .. ...... 37.8 45 .0 32.6 . ....... 35.9 39.0 31.0 ..... ... ... ..... ........ .... .... 

12 ........ 38.5 44.1 33.3 ........ 33.1 3904 29 .8 ... ... .. ........ .. ...... ........ 
16 ........ 38.6 40.8 34 .9 . ...... . 35.4 '1 .6 30.0 .... .... ... ..... ... ..... .. .. ... . 

SLAKED IN 100 PER CENT OF WATER. 

4 1 :1 47.3 56.2 39.7 H:l 57.1 

I 
61.9 53.0 2 :1 55 .9 73.6 ~5.4 

8 ....... . 56.4 6'.8 48.9 . ....... 60 .5 68 .7 48 .5 ...... .. 72.3 94.7 55.1 
12 ........ 64 .9 76.7 52.5 ........ 64.4 85.8 '5 .4 . . .. . . .. 76.2 89.8 54.1 
16 ..... ... 62.9 73 .3 53.6 ........ 73 . 2 91.6 55.6 ...... .. 67.9 83.6 53.1 , 2!.1 54 :9 62 .5 43.8 3 :1 49 .9 65.6 40.9 3!:1 51.0 61.3 U .5 
8 .. .... .. 64.6 8004 53.5 .. .. .... 57.0 67 .6 51.5 ...... .. 54 .0 62.8 49.4 

12 .. .. .... 55.0 67.7 '1.0 I·· ···· ·· 54.6 63.6 45.0 55 .5 68.7 50.0 
16 .. ...... 57.6 74.4 36.7 .. ...... 53.1 58.1 40 .6 ........ 56.8 65.7 51.5 

4 4 :1 52.8 59.7 41.2 H:l 47 .6 55.4 38.8 5 :1 64.1 75.4 52.5 
8 .. .... .. 53.8 57 .0 50.0 ........ 49.6 53 .0 44.5 ... . .... 68.1 74.5 65 .0 

12 ........ 52.2 58.7 45.4 .. .. ... . 5404 58.0 48.5 .... .. .. 63.7 69.3 57 .0 
16 ..... . . . 49.6 58.6 43.0 . .... ... 48 .7 52.0 43 .0 ...... . . 65.8 72.5 59.0 

4 M:l 56.4 64.7 52 .0 6 :1 53.7 59.2 49.5 ........ ........ ........ ........ 
8 ..... ... 56.7 62.0 51.5 .... . . .. 52.5 54.5 50.5 .. ...... ... . .... ........ ........ 

12 ...... 60,4 73.0 53,4 ........ 54.7 60 .0 49.0 ........ .... .... ........ ........ 
16 ... . .... 50.4 5904 41.0 ........ 47.8 55,0 31.3 ........ ... . .... . ....... . ...... . 
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HIGH-CALCIUM WHITE LIMES. 

TABLE I-CONTINUED. 

Lbs. Per Square Inch ILbS. Per Square Inch I i 

41.0 
40 .9 
45.8 
47 .6 

55 :4 
59 .8 
56 .6 
55.4 

60.5 
63 .9 
69.9 
59.5 

45 .0 
45.5 
45.2 
47.4 

41 .7 
51.2 
50 .9 
60 .6 

40.6 
47.7 
52. 9 
53 .0 

35 .4 
43 .2 
38.0 
40.0 

42.7 
60 .1 
51.9 
58 .9 

43 :2 
43 .4 
53.0 
51.2 

e 
:; 
e 
.~ 

;:;l 

48. 3 
48. 9 
55.3 
55.7 

68.7 
78 .1 
76.3 
79 .9 

67.7 
74 .5 
76.8 
70. 7' 

60 .6 
62 .8 
61.8 
53.1 

55.2 
69 .8 
61.8 
68 .0 

44.9 
57.3 
60.0 
57.0 

37.6 
49 .0 
43.9 
45.2 

62.5 
60 .2 
63 .9 
70.8 

64.0 
48 .0 
56 .6 
54 .0 

I 
~ i .1 ~~e 
~ M Q .~ > cd _ ~:::::' 
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S LAKED IN 150 P E R CENT O F WATER . 

33 .8 H:l 47.1 49 .9 36.1 2 :1 
37.0 .. .. .... 47.6 64. 6 36 .1 . ...... . 
34.0 .. ... ... 50. 8 59'.8 40.4 . .... ... 
39 .2 . ... .. .. 57.5 74.5 40.8 . .... ... 
38. 8 3 .1 60:7 68.7 45. 7 3~ :1 
U.4 ........ 5!.0 64 .5 47 .5 . ... .... 
42 .8 .... .. .. 63 .7 72 .1 51.0 . .... ... 
51.0 ........ 77 .3 83 .0 66 .3 . .. .. ... 
53. 5 H:l 51.7 59.4 44.9 5 :1 
59.4 .... .... 58.9 62. 6 53.1 . ....... 
60.6 .. ... ... 61.1 64.3 49. 2 . ... .... 
49.5 .... ... 60.5 68. 4 53.1 . .. . .... 

S LAKED IN 200 PER CENT OF WATE R . 

37 .2 

1 

H :l 44 . 4 58 .3 35 .7 2 :1 
44 .3 .. .. .... 51.0 65.6 43 .9 . ... .... 
42 .6 .. .. .... 40 .0 57.1 34 .7 . ... .... 
41.2 ... . .... 48 .5 67 .0 36.4 . ... .... 

I 
" 

33.4 3 :1 46 .9 57 .1 37.0 3!:1 
38 .8 . . ... ... 55.0 72 .4 43. 9 . .... .. . 
37.4 . ....... 49 .6 65 .9 42.3 . ... .... 
53. 1 .... .... 54.0 58 .2 48 . 4 . ... .... 
38.0 H:l 41.0 44.1 38 .6 S :1 
38.8 ... .. . . . 53.2 63 .1 38.8 . ....... 
47.5 . . . .. . . . 52.2 57 .4 45 .5 . .... ... 
45.5 ..... ... 54.9 57 .1 53 .0 . .... ... 

SLAKED IN 250 P ER C ENT OF WATE R . 

33.2 H:l 38.9 40:9 33:0 2 :1 
36.0 45 .4 53 .2 35.4 
35 .0 41.2 46.4 36.8 
36.0 43 .9 50.0 36.5 

38.8 3 :1 52.6 61.0 42 .9 3~ :1 
36.5 54.8 63.6 U .O 
40.4 56 .8 70.6 45.2 
46.~ 58.7 69 .0 50.0 

35 .0 4U 47 .5 58.3 1 37.4 5 :1 
35.0 50.9 58.0 35.9 .. .. .. .. 

.. ~~ : ~ .. I .. ~ : ~ .. .. ~.5 .. 5 
49.0 
42 .0 

I 
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L bs . Per Square Inch 

45.0 53.2 
46 .9 56.7 
52 .1 68 .3 
62 .0 81.6 

71.9 81.0 
60 . 7 71.4 
76.2 84 .1 
76. 3 83.4 

46 .0 51.5 
47 .5 51.0 
49. 6 48.2 
60 .2 75 .5 

45 .2 54 .6 
57.3 69.7 
50.6 61.2 
53.4 62.8 

46 .2 53.1 
56.0 67.0 
55.2 69.2 
67 .8 60.8 

43.8 46 .0 
46 .3 50.5 
53 .5 59.6 
52. 7 54 .5 

37 .9 41.0 
48 .6 56 .1 
47.4 55 .5 
51.8 58.9 

52.7 60 .0 
48.5 55.1 
56.3 63 . 3 
58 .0 62.0 

50 .2 55.4 
56.6 62 .2 

.. ~:9 .. 1 .. ~~:~ .. 

a 
:; 
e 
-= il 

38. 0 
40 .4 
39.0 
51.5 

61.8 
41.4 
69 . 7 
64.3 

40 .4 
45.0 
42 .0 
42 .3 

38.5 
45 .9 
40.0 
46 .5 

38.0 
46.5 
52.0 
52.1 

39.8 
42 .6 
38.0 
47.0 

33.0 
44.1 
42.8 
42.0 

43 .4 
40 .4 
46.0 
57 .0 

30.5 
42 . 4 
53 .0 
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TABLE I-CONTINUED. 

.s B 
Lbs . Per Square Inch 

B 
Lbs. Per Square Inch 

B 
Lbs. Per Square Inch .. 

"" "" "" " 8 8 8 8 8 III I'l I'l I'l 8 
... IIl '" " :l , 

:l '" " :l :l '" " :l :l 0.>1 III 
.., 

8 III .., 
8 

., .., 
8 

"" 0" '" 8 0" '" 8 0" '" 8 
·~8 ... 'M ~ -8 ... 'M 'c -8 ... 'M 'c 8" " " " .~ ~ ~= :> '" ~= :> '" :::s ~= :> '" :::s Eo< ~ -< !:!1 :a I ~ -< ;I;i ~ -< :.; 

SLAKED IN 300 PER CENT O F WATER. 

4 1 :1 38.1 47.4 25 .5 H:l 35 :6 48:4 26.0 2 :1 36.0 48.4 28 .6 
8 .... .... 35.8 54.2 27.3 ... ... .. 35.2 53.6 28.8 . . .. . . . . 35.9 4a.9 28.6 

12 ... ..... 43.0 58.3 28.2 ..... ... 38.5 54.6 27.8 . ....... 40.7 53.5 34.0 
16 .. ...... 41 .7 57.8 26.6 .. .. .... 40 .8 51.0 34.3 ..... ... 41.2 52 .1 32.0 

4 2~ :1 U.8 50.0 35.3 3 :1 40.0 50 .5 32.6 3~ :1 42.4 50.0 33.3 
8 ..... ... 46.2 51.0 , 40.8 .... . . . . 40.2 5a.0 30.6 . ....... 52.1 58. 1 45 .2 

12 . . . .. . . . 51.1 60.2 I 39 .6 . .. ..... 46.1 51.0 36.0 

I 
.. ... ... 52.5 55.0 45.9 

16 

" 1 

56.8 63.8 50.0 ........ 47 .8 54.0 40.0 ..... ... 46.7 58.0 35.0' 

4 38.2 46.5 31.3 H:1 39.7 43.5 32 .8 5 :1 40.7 (7.5 35.0 
8 39.2 51.5 31 9 .. . . .... 45 .8 55 .5 38.2 . .. .. . . . 48.3 54.9 42.7 

12 ........ 37.6 43.5 28.8 .... .... 43.6 48 .5 35.9 . .... ... 46 .3 52.0 43.0 
16 .. ~~:~" I 

43 .0 50.5 40.0 . . . ..... 41.4 49 .0 30.7 ... ... .. 46.1 53.0 30.0 

4 37.8 44 .5 34 .0 6 :1 41.7 46.0 36.6 .. .. .... ........ ........ . . ..... .. 
8 ···· ····1 46.7 52.9 38.6 .... ... . 46.5 51.3 U.S ........ ........ . ..... .. . .. . ... ~ 

12 ........ 46.5 52.4 38.5 ::::::::1 47.7 54.3 43.1 . ....... ... ..... ........ .. .. .... 
16 46.5 58.0 4a.2 49.8 55.0 H.3 ........ ...... .. ... . .... ...... . .. 

From these figures, three sets of curves can be constructed 
which will bring out in a grephic way the general ,trend of the 
results. One set, with 's'and-lime ratio and average tensile 
strength as co-ordinates; 'a ·second set using the .setting periods 
and tensile srtr,ength ; and a third, based on the percentage ·of 
water used in slaking and the tensilesirengths. 

Inspeetion of the Itable and of the ,accompanying curves will 
show that, in g,eneral, . the strength increases wi,th increase of 
sand up ,to 2: 1, 2.5: 1, and possibly 3: 1 in some cases, and that 
beyond these ratios it decreases. Considered with referenee ' to 
the effect of diff,erent periods ·of set on the s trength, little more 
is to be observed than an increase in 'all instances during the first 
two months. With the longer periods the change is not suffi
ci,ently pronounced toaff,ord a characteristic curve. 

H is evident that ,the lengths of time ,allowed for the 'lime to
set were too short for the maximum strength to be attained. 
This conclusion is ·supported by chemical determinations of the
carbon dioxide :abs'orbed which show that carbonation is in no in
stance even approaching completion at the expiration of sixteen 
weeks. Sufficient time should be allowed f.or the longest period 
for all the lime to return to the carbonate condition. Then the 



HlGH-CALCIUM WHITE LIMES. 113 

80 

~ ~/ 
~ V 

. Dots ir dica+t c.( urst oj , mo. curve: 

1:1 r,: , ·2 : 1 2]:1 3 : 1 

Jle,retlltq §f. of sqnd 

80 

60 

~ 

. ci-
11'1 40 

.. 
'" ~2D 
.-; . 1:1 li!1 2:/ Ii:' 3:1 

....J::I PUtt ntQjf of S Qnd 

I: 80 

--
C USLO ,nd iUlh 

3~ : f + : 1 

tD (IInf.. 

"3/;;'( 4 : / 

to limf., . 

-

5/qhJ in 
75 pu cEnt of ""dUo 

~ 

cou SE of 41mo curv 

-fi ef j .:1 51 : I 

.J iQkid ;/1 
100 putt-IIi w.ttr 

4i:f 5 :/ 5;': f 

-

51llkcd in 
lOa pHunt WQte.r 

""G rna· 
1110 · 

, : 1 

{"/ 

~ ~ ~ 
~ ~ -

..,,: 

& 

" 
0::::""" -

-~ -
(1 :/ 2 :/ ;!i:( ':J: I 

Ptrctnt Ilge fIf .5Qr;J to 

I -

............ ~ --.. 

3i: / 
lime 

-J:/ 

I ' ~ ~ ~ ~ _. I~ -/ .L_ 
-. po 

'-....; 
~"?D. 
J!/1III · - 1717TJ. 

+t: I 5 :1 

.5(~kltl j n 

.:JOO pUClnt WlJlEr 

I 
~ -

20 
Dots ill ~ica1£~ ~r30 of J11D·curv C DS6t$ inJ ;w.tt co rSE of f1. r.iJ elJr fve.· 

/.1 '1:1 2 :1 ~; : I .3 :1 3i:/ 
Pt.fetnfQ~£ of !Sqnd tD litnl. 
PLATE VI.-Diagrams showing effects of different sand-lime ratios · 

8 

i 

1171q .. 
ma, 
mQ .. -~ 



114 PHYSICAL TESTS OF IOWA LIMES. 

curves constructed ,according to the first two methods mentioned 
above would indicate clearly the progress of the gain in strength 
according to percentage of sand and setting period. 

PI,a:te number VII 'shows ,the relation b~tween the percentage 
of water used in slaking and the tensil,e strength of the briquettes. 
They are armnged in groups of four curves, each ,according to 
the whole-numbered sand-lime ratios. The geneml aspect of the 
five groups taken in conjlIDction with the table's, indicates a rapid 
rise in strength at 100 ,to 150 per cent of water, and as rapid a 
f.all at 200 which continues through the higher percentages . It 
is to be noted tbat 100 per cent of water gives the hi.ghest 
strength with the 1 : 1, 2 : ] and 5: 1 sand dilutions, while with the 
two middle members of the series, 3: 1 and 4: 1, the highest 
strength is reached with 150 per cent. This may be but a coinci
dence, with results for on ly one lime at hand. The percentage 
theoretically neces, ar~ to hydra'te the calci.um 'oxide in the lime 
is but about 30 per cent of the weight of the dry quick-lime. The 
incr,ease in strength with successi.vely longer periods of time can 
also be traced from these curves. It will be further noted that 
the rapidity of increase is greater the higher the percentage of 
sand used. 

The experience gained and the results laccruing from the fore
going tests of the Mason Ciiy white lime suggested certain 
changes in the general plan of the ,experiments. In all the te'sts 
whose results follow, the longest setting period is made one year, 
and sets of briquettes were broken rut .lthe end of three, six, nine 
and twelve months. The percentages of water used for sLaking 
are the even hundreds up to 300 per cent as a maximum, with the 
exception of the white lime from Springfield, Missouri, in which 
0ase 400 per cent of water wrus used,sin0e iJt slaked ,to a dry pow
der with 100 per cent. The lowest percentage is in all instances 
the largest possibl,e amount that would leave ,the slaked product 
a dry powder. Only the whole-numbered ,sand-lime mtio's are 
used in the later tests. 
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WlllTE LIME FROM SPRINGFIELD, MISSOURI. 

The limestone from which the Springfield lime is made has the 
following chemical analy,sis :* 

Lime carbonate (CaCO.) ... .... ....... .... ...... . ............. 99.46 
Iron oxide (Fe.O,,) . ... . . . . . . . . . . . . .. . . . . . ... . . .. .. .. . . . . . . . . . .. .21 
Silica (SiO~ ) .. .. ..... . . . ............ . .... ....... ... . ..... ..... .33 

100.00 

Analy,sis of ,the commercial product : 
Quick-lime After slaking 

Insoluble ..... . ....... . .............. . . .. ........ .. 1.00 0.67 
Iron and alum ina (Fe~0,,+AI203) ................. 1.80 1.11 
Lime (CaO) ....................................... 94.70 73.20 
Magnesia (MgO) . ................ ... .... .. .. .. . . ... 0..1,0 0.+3 
Loss by ignition.... . . .. . .. . .............. . . ...... 2.08 24.20 
Carbon dioxide (C0 2 ) ••• • ••• . ••••••••••••••••••••• Trace 

99.98 99.76 

The Springfield l~me is unusually pure and, as may be ex
pected, slakes mpidly and with much heat. Wrth 200 per cent of 
water, it was found difficult to prevent the lime from "burning". 
Up to 300 per cent of water, i,t was impossible to keep the pas,te 
thoroughly mixed 'on account of the generartion of steam and rthe 
violence of ,the slaking ac,tion. 350 to 400 per cent works best 
and gives a uniform, well slaked product. 

It is unfortunate in any investigation if the person beginning 
the work can not carry it to completion. Even though ,the train
ing ·of the experimenters be identical, pers'Onal equation always 
enters, and sometimes to a sufficient extent in small matters of 
manipul,a;tion, and in the exercise of judgment, ,to produce unex
prainable irregularities in results. In ,the present experiments 
it was necessary Ito place the work in new hands at times during 
their progress. L'ack of uniformity in the data which follow can 
in some instances be accounted for only by such changes, and 
yet i,t is not possible ,to assign absolutely to this cause variations 
that appear. Notwithstanding all minor deviations from the 
rule, however, there are revealed certain general truths that are · 
brought out in the results given. 

In Table II are compiled the reisults of the tests of the Spring
field lime and these are graphically shown in plates VIII, IX and 
X, which follow: 

* 20th Annual Rep . U. S. Geological Survey, Part VI (Continued), p. 415 , also · Bulletin 
44, N. Y . State Museum, p. 924. 



TABLE II. 

SPRINGFIELD, MO. , WHITE LIME . 

.d 
Tensile Strength in Pounds' Per Squar e Inch ~ 

0 
8 Sand to Lime 1 :1 Sand to Lime 2:1 Sand to Lime 3:1 

I 
Sand to Lime 4:1 .S ... I ., 

8 8 8 8 8 8 8 8 '" '0 
., 

" " 
., 

" " 
., 

" " 
., 

" " '" 8 8 '" 8 8 '" 8 8 '" 8 8 ., " " " " ... .~ 'Q ... .~ 'Q ... .~ 'Q ... .~ 'Q 8 ., ., ., ., 
E=: 

> " > " i > " i > " i <: ::a ::a <: , ::a <: ::a I <: ;;l 

SLAKED IN 100 PER CENT OF WATE R 

3 96 .20 112.0 67.0 93.95 10i .7 81. 7 68 .24 77.6 49.5 I 56 .71 60 .0 50.0 
6 113.70 121.0 102.0 88.23 105.5 72.1 75.40 96.1 61.5 75.60 82. 1 69.2 
9 109.40 130.0 97.0 97.03 120 .0 79.9 72.74 86. 7 61.3 I 65.70 87 .5 45.2 

12 114.18 137.0 95.0 95 .58 104.0 86. 1 70.45 82.5 61.2 ~ 75 .5 53. 9 

SLAKED IN 200 PER CENT OF WATER 

3 60.80 72.0 46.5 M .83 68.0 44.8 54.69 61.2 42.9 42 .22 45.0 37.0 
6 55 .21 66 .2 38 .0 59.22 63.1 54.4 51.80 56.0 43.0 43. 12 52.0 38.0 
9 61.56 70.2 51.5 56.6! 61.6 50.0 48 .00 54.7 41.6 38. 10 44.7 28 .1 

12 57.05 6LO . 8.8 56 .74 67.3 49. 0 55.50 62.5 48.9 45.22 58.3 36.4 

SLAKED IN 300 PER CENT OF WATER 

3 40.60 50.1 33.2 44.71 54.2 35.1 53.27 59. 1 42 .9 48.35 54 .6 41.0 
6 45.68 50.4 33.2 49 .37 59 .4 38.5 51. 13 58 .5 42.4 46.94 57 .0 40.0 
9 44 .90 52.6 35.8 45.25 58.5 38.0 50.69

1 
54.9 45.1 48 .53 55.1 44 .7 

12 42.55 53.2 22.7 50.25 ~ 35 .7 62 .58 _ 73 .6 49.4 49 .03 57.7 43.2 

S LAKED IN 400 PER CENT OF 'VATER 
---

3 64 .07 74 . 4 55 .8 62.90 68.0 56.9 75 .70 92.3 68.0 75 .67 87.8 62.8 
6 71.07 83 .4 52.1 69.50 84.0 46.0 75 .33 90.4 67.6 69. 50 79.4 61.7 
9 59 .40 65.9 51.0 60.74 74 .6 46.2 60.90 72 .0 50.0 63.02 67 .9 57 .5 

12 74.43 84.0 63.8 72.61 83. 2 60.4 77 .32 87.0 71.0 .. . . . . .. . 
i 

I Sand to Lime 5:1 

8 8 ., 
" " '" 8 8 " ... .~ 'Q ., 

> " i <: ::a 

61.40 65.0 58.8 
63 .06 68 .9 53.4 
60.70 74.0 50.0 
51.07 67 .6 46.1 

50.04 55 .9 43.7 
45.31 52.0 89.1 
37.90 (5.0 30.0 
38.70 U.6 29.1 

46.00 51.5 40 .0 
43 .65 51.0 38.5 
38.94 45 .0 29.2 
39.37 46.9 25.5 

--

68.01 79 .0 58 .9 
55.30 59.2 49 .1 
46.42 54.2 32.7 
49.74 53.9 42.3 

Sand to Lime 6:1 

8 8 ., 
" " '" a 8 '" ... -;; '2 ., 

> '" i <: ::a 

48 .21 55.0 40.00 
46 .56 50.5 41.60 
42.81 48 . 1 38.40 
40.36 48.5 34.65 

41.62 45.6 35.90 
43.79 50.0 35 .60 
35.60 40.8 21.30 
37 .97 46.6 25.20 

47.92 56.7 48 .10 
45 . 79 51.0 37.10 
50.50 54.8 47.10 
45 .01 48.5 40.20 

58.01 66.6 49.60 
59.05 6( .1 52.80 
47.98 54.9 34 30 
54.67 61.2 45.60 

~ ...... 
Q 
~ 
2-1 
~ 
r 
(") 
...... 

~ 
~ 
H 
>-3 
t:rl 
r 
H 

~ 
t:rl 
UJ 

...... ...... 
-J 
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The curves on pIlate VIII show t'hwt Ithere iis Mtle ch3lnge in 
strength after three months. In a few instances there is a slight 
g,ain, but in most C'3Ises 'the three, six and nine months' figures run 
close, followed, as 'a rule, bya :f1alling off at the end of twelve 
months. Inspection will show ,that ,this falling off is most pro
nounced wrth the high raltios of sand, 4: 1, 5: 1, 6: 1, where the de
crea'se has fl'equently begun at rthe end .of three months. 

The d~agrams according ,to percentage of water (Plate IX) are 
fairly uniform, ,all indicating a decrease in str·ength to 200 or 
300 per cent followed by a rise with 400 per cent of water. This 
final rise seems erratic, and its meaning is not at present under
stood. J,t will be noted ,that the greruter ranges between highest 
and lowe,st tensile strengths ,are found where the }ower sand-lime 
ratios were empLoyed. 

Plate X brings out clearly ,the decrease in strength with in
crease in Ithe arnountof ,sand. This is most prominent in the 
lower percentages of water where a 1 : 1 mixture is the stronge'st. 
With ,the two higher percentages, 300 and 400, the average maxi
mum S'trength is attained in the 3: 1 and 4: 1 miXitures. It is also 
conspicuous ,that the highest figures of 'all are reached with the 
lime when slaked with 100 per cent of water, which leaves it a dry 
powder. 

MAGNESIAN AND DOLOMITIC LIMES. 

EAGLE POINT, IOWA. BROWN LIME. 

The limestone from which this lime is manufactured comes 
from the Galena beds of the Ordovician. Its analysis is as' £01- . 
lows: 

Insoluble ...... .................. ...... .. ... . ....... . ........ . . 
Iron and aluminum oxide (Fe 2 0 3 and AI 2 0,,) ... . .... . ........ . 

{
Lime (CaO) .... ....... ......... ............. ... .. .. ........ . 
Carbon dioxide (C0 2 ) . ........... . ........... .. ............ . 

{
Magnesia (MgO) ... .... ..... ........... ....... ............. . 
Carbon dioxide (C0 2 ) . ........... . ......................... . 

Water ... .. .. . ... ... ........... .. ................. . ........ ... . 

Commercial product: 

8.65 
3.15 

29.00 
22.60 
17.12 
18.85 

.09 

99 .46 

Insoluble. .. . . . . . . . . . . . .. .... . .. . . . . . .. . . . . . ... . . . . . . . . .... . . .. 2.01 
Iron and aluminum oxide (Fe 20. and A1 2 0 3 ) ••• ••••• • •••••••• 6.60 
Lime (CaO) ............................... . ........ ...... .. .. 58.19 
Magnesia (MgO) ......... , ............ .. .................. .. ... 33.48 
Loss on ignition .... .. ......................................... slight 

100.28 
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The Eagle Point lime ·slafues sluggishly and gives ,a paste of a 
brownish color. With all percentages of wa:ter employed there 
was little heating up, and no steam wa.s genera:ted. Slaking pro
ceeded best with 200 per cent ·of water 'and more rapidly than 
with lower percentag,es. 100 per cent ~ave la :stiff paste, 200 one 
of a readily and conveniently worlmble consi's'tency, while the 
300 per cent paste was ,thin, and required the r·emoval .of the ex
cess ·of wiater before use. 

Table III includes the results of the tests of this lime. On 
plates XI, XII and XIII are plotted the da.ta of ,the table. 

The curves on pla.te XI again hring out rthe decr·ease in sltrength 
with age. It will be observed that the maximum strengths are 
attained at six and nine months, and that .this almos't universally 
falls off for the one year period. This flaIling off is most pro
nounced in general in the ease of the higher sand pr.oportions. 

The influence of rthe amount of water used in slaking is shown 
on plaJte XII. It is impossible to make any generalized stwtements 
from the diagrams. As a rule the highest strengths are found 
with the lower per·centages of water. In the case of the 2: 1,5: 1 
and 6: 1 sand-lime ratios, however, this is reversed ,and ,the 300 
per cent gives ,the highest figures . 

As with the white limes, the curves hased on the sand-lime 
ratio ,are the most chamcteristic ·of the set. The lowest propor
tions of sand gave in all instances the highest results. The de
crease in strength with increasing s·and is decided and rapid. 
The gr,eatest mnge is seen to be with the lower percentages 'of 
water, the maximum ,tensile strength being shown by the "pow
der" slak,ed lime. 

MASON C ITY , IOWA, BHOWN LIME. 

The Mwson City stone is Middle Devonian and bel-ongs to the 
Cedar Valley stage. Its chemical analysis follows: 

Insoluble. . . . . . . . . . . . . . .. . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . .. 1.34 
Iron and aluminum oxide (Fe"03 and AI 20 ,,). ... .............. 2.07 

{
Lime (CaO) ... ................. ... .. . ........... . .... ... . ... 33.54 
Carbon dioxide (C0 2 ) •••• . ••. .. . . ••.•....•••••..••••••• • • ••• 26.35 

{
Magnesia (MgO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16.99 
Carbon dioxide (C0 2 ) .•••• • •. . • • •• . •••••• .. . . , .. .. .. • •• ••••••. 18.68 

Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 1.03 

100.00 
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TABLE IlL 
EAGLE POINT BROWN LIME. 

Ten s il e Stre ngth 01 Briquettes in Pounds per Square Inch. 
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MAGNESIAN AND DOLOMITIC LIMES. 
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MAGNESIAN AND DOLOMITIC LIMES. 

Analysisofth~ commercial product : 
Quick-lime 

Insoluble. . . . . . . . . . . . . . . . . . . . . . . . . . .. ...... . . . . . . 2.32 
Iron and aluminum oxide (Fe 20" and AI 20,,)..... 6.03 
Lime (CaO) ... .. . ...... ..... . .... ..... . . . .... .... 72.40 
Magnesia (MgO) ..... . . ... .. .... .. .... ... . . . ..... 15.23 
Carbon dioxide (C0 2 ) . . ....... • . •• • • • • .. • • . • •• •• • .lO 
Loss on ignition (C0 2 ) ..... .. . ... ••••••• • •• • ••••• 3.36 

127 

After slaking 

.80 
9.80 

47.60 
19.20 
3.50 

18.70 

99.44 99.60 

The M,ason City lime slakes very slowly and considerable care 
was neces'sary to secure ia uniform product free from lumps. By 
a proper adjustment ·of ·vhe amount of wiater supplied as it is 
needed, and its distribution throughout the mass by s,tirring, a 
homogeneous paste is, however, readily obtained. 

In Table IV are arranged the druta for this lime, which are 
,also plotted on plates XIV, XV and XVI. 

Tlhecurves on plate XIV l;;jhow fror Ithe Mason City lime the 
same tendencies as clothe corresponding curv·es on preceding 
pages. The diminution in 'strength with I~he longest ,time peri,od, 
while not universal, is ISO common 'as to be unmistakable. This is 
more pronounced in cases where the higher proporitionsof sand 
are used . 

P~ate XV clearly shows ,the decrea'se in strength with increas
ing percentages of water. With few ex;ceptions the maximum 
results come with the powder ::;llaked lime from which ,the curves 
slope do,wnward as the wiater percentages increase. 

It will be noted also that the higher strengths correspond 
wrth the l'ower sand dilutions. With the powder slaked lime 
there is a decisive rise in all ,the curves at the 2: 1 ratio and this 
is less prominently HIe rule with the other curves on the sheet. 
The length ·of the setting period appears to have no perceptible 
influence on this fact. 
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TABLE IV. 
MASON CITY BROWN LIME. 

Tenllile Strength in Pounds per Square Incll. ., 
.c 

I I I 
... 

Sand to Lime 1:1 Sand to Lime 2:1 Sand to Lime 3:1 Sand to Lime 4:1 c 
0 ---a 
.9 ... 

I '" a a a a UJ a a a 8 
'0 

., 
" " 

., 
" " 

., 
" " I '" " " on a 8 

on a a OIl a a on a a 
'" 

.. .. .. .. ... . ~ -a ... 'M '<3 " ~ '<3 ... -;; '<3 a '" 
., 

'" 
., 

> CIS i > .. 
i > i > .. 

i ~ ..: :.l ..: :.l ..: :'1 I ..: :.l 

"POWDER SLAKED" IN ABOUT 60 PER CENT OF 'VATER. 

I 
3 82.24 97.1 60.0 134.35 182.5 110.6 90.22 96 .1 77.4 

1

9
4.15 

108.9 86.5 
6 125 .57 165.0 80. 0 170.92 184.0 156 .0 104.56 117 .0 90.0 97.5 109.0 82. 0 
9 89.4· 128.0 50.0 172.45 186.3 150.0 123.48 144.2 100.0 103.16 122.5 91.2 

12 123.98 146.5 98.0 151.58 168.0 136 .2 102.73 129 .3 83.8 79.65 68.0 65.0 

SLAKED IN 100 PER CENT OF \VATER. 

3 77.83 95.6 50.0 91.91 107.1 79.2 85.84 98.0 77.7 68.62 83.3 58. 0 
6 108.14 161.1 79.5 133.23 150.0 93.7 107.87 134.7 80 .6 83.45 103.0 57.7 
9 129.26 158.1 102.0 137.47 156.9 112.0 118.7 144.5 95. 1 85.39 98.0 68.6 
2 138 . 7~ 166. 3 112 .2 131.9 150.0 107.0 84.29 108.8 6£.7 72.5 93.0 60.0 
-- ---- - - -

SLAKED IN 200 PER CENT OF WATER. 

a 53.64 81.0 30.0 80.6 102.3 6L3 81.4 96.1 74.3 78 .98 91.1 66.0 
6 69.63 95.3 49.8 104.72 121.8 94.1 93 .3 112.0 75.0 94.0 120.0 75.0 
9 74 .7 88 .5 63.5 97.78 127.5 84.7 90.98 113.8 73 .2 93.35 117.1 71.5 

12 64.49 78.1 46.8 100 .91 121.0 70.8 116.64 131.0 99.0 89 .82 99.0 77.8 
.-

SLAKED IN 300 PER CENT OF WATER. 

3 74.66 93.0 58.8

1 

77.01 87 .0 64 .0 70.44 78.4 59.6 77.69 88.2 64 . 4 
6 110.65 129.6 85.7 95.64 110 .0 75 .0 91.3 104.0 72.0 73.3 80.0 63.0 
9 96.01 104.9 93.0 90.66 100.0 74.5 88 .11 111.7 ~.6 71.65 81.3 63.7 

12 85.75 103 .0 64.6 95.99 116.0 75.0 100.19 119 .6 87.2 61.8 76.0 51.0 

Sand to Lime 5:1 

a a 
'" " " toG a 8 .. ... 'M '<3 '" > CIS i ..: :.l 

98.9 109 .8 86.5 
110.37 122 .0 98.0 
106 .61 122.0 90.3 
90.9 107 .0 42.0 

61.86 68.0 53.0 
71.44 84.0 58.0 
73 .64 96.9 54.1 
70.45 80.2 61.4 

78.49 90.3 59 .4 
92.2 103.0 81.0 
90.8 102 .0 75.0 
75.91 92.8 60.6 

53.23 58.8 44.1 
60.56 77.0 50 .0 
62.3 74.5 52.0 
45.2 54.0 40.0 

Sand to Lime 6:1 

a 8 
'" " " toG a a CIS ... -;; '13 ., 
> CIS 

i ..: :.l 

90.49 110 .6 75. 
82.3 90.0 71. 
91.72 101.9 79. 
86.45 104.0 76. 

57 .55 69.3 31. 
63.31 83.0 53. 
57.93 67.0 51. 
60.41 77.4 49. 
---

55.4 65.0 48. 
56.39 73 .7 40 . 
71.4 85.0 59. 
57.79 68.0 49. 

52.99 60.0 40. 
55.46 65.7 45 . 
40.59 48.1 29. 
40.52 48.5 29. 
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132 PHYSICAL TESTS OF IOWA LIMES. 

MAQUOKETA WHITE LIME, A . A. HURST & CO., MAQUOKETA , IOWA , D OLOMITIC LIM E . 

EXCELSIOR WHITE LIME, O. W. JOINER & SON, MAQUOKETA, IOWA, DOLO MITIC LIME. 

The Mlaquoketa limes are produced from the Hopkinton beds 
of the Nia~ar,a stage. The ('om position of these stmta is shown 
by the ,accompanying chemical analy;sis of sa~ples fr,om each 
of the oompanies: . 

O. w. Joiner A. A . Hurst 
&,Son. & Co. 

Insoluble. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51 .58 
Iron and aluminum oxides (Fe 2 0 " + Al 2 0 a ) . . . . • . . . . . .47 .36 
Lime (CaO) . . . . ... ... ............ ... ............ ..... 30.56 30.88 
Magnesia (MgO) ... . . ... ...... ... .... .. . .... . . .. . . . ... 21.54 21.56 
Loss on ignition (C0 2 and water) ....... . . .. .... ... . . .47.16 47 . 1 :~ 

Analy;sis of the unslaked commereial product (A. A. Hurst 
& Co.). 

Insoluble. . . . . . . . .. ... . . . ... . ... . ....... .... .. .. . .. .. . .. ... ... . . .63 
Iron and aluminum oxides (Fe 2 0 a + A1 2 0 3 ) ••• •• •• •• • • • .. •••• • • 2. 10 
Lime (CaO) ...... . ..... . . ... . ..................... ........ . ... . 60.60 
Magnesia (MgO) . . ...... . ........ . ........ ... .. .. ..... . .. . . ..... 35.73 
Loss on ignition ... .. .............. ... .... ' ....... ..... . ..... ... . 2.30 

The two samples of limesioneanalyzed come from the same 
horizon and compare v'ery d 10sely in oompos,ition. The treat
ment of the rock in the process -of burning ls exactly simiLar in 
both plants 'and the two limes lare !alike in appeaDance. W,ood 
alone is used in the calcining process. 

The quick:limesslake 'slowly,3!s is C'haDacteris'tic of the dolo
mitic limes, 'and -the heat gener:a'ted is relatively 'small in amount. 
The J 'oiner lime required somewhat l'ess 'water f,or the first 
slaking than the Hurst product and, in fiaci, less than any of the 
other limes tes,ted. Till'S quantj:ty, ~s -shown in the mble, is 50 
per cent ,of the weight ,of quick-lime used. The results of the 
tensile strength tests of ,the ,two Maquoke'ta limes ar'e oompiled 
in 'tables Nos. 5 and 6 ailld are graphically represented by plates 
XVII, XVIII, XIX land XX, XXI, XXII, which fo:l1ow: 
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TABLE V. 
EXCELSIOR WHITE LIME, MAQUOKETA, IOWA.-O. W . JOINER & SON . 

Tensile Strength in Ponnds per Square Inch . 

Sand to Lime 1: 1 '~~Li~ ;~d~r:-e-3-: -l --~a~Lime ,: 1 I Sand to Lime 5: 1 I Sand to Lime 6: 1 

I : 
i 

II' 88 e 8 1 e s e 8 e 8 8 e 
., ::l ::l ., ::l ::l ' " ::l ::l ., ::l ::l ., ::l ::l ., ::l ::l 
~ e 8 ~ e s ' ~ e s ~ 8 e ~ e e ~ 8 S 
t) 'M -a t 'M '5 II ~ '>< '2 ~ 'M '2 ~ '>< 'a ~ 'M 'a J __ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ I ~ ~ ~ 

"POWDER SLAKED" IN ABOUT 50 PER CENT OF WATER . 

3 109.68 136.0 85.0 121.62 UO.O 111.6 95.65 115.0 78.4 98.9 115.7 81.0 98.61 111.6 78 . ' 73.63 SO.9 68 .0 
6 118.12 134.3 100.0 137 .18 1R8 103.9 117.33 130A 107.8 108.92 137.2 85.3 103.10 115.5 91. 2 75.21 ~.5 67.0 
9 169.61 198.0 139 .3 158.72 19' .1 132.3 119.76 132.0 100.0 112.34 120.6 104 .9 109.71 119A 101.9 84.26 94 .2 72 .8 

12 171.53 193A 151.0 158.36 173.5 lU.6 108.56 124.3 98 .2 105. 4 116.0 92 .0 90.94 108.8 58.8 72.U 84.3 63.7 
-- ------- - --- -- -

SLAKED IN 100 PER CENT OF WATER. 

3 1
110

.
59 

6 130.7 
9 129.9 

12 132.09 

127 .5 
154.6 
U7.0 
IH.5 

1.8 
3-' 
4.0 
0.1 

9 
11 
11 
12' 

99 .5 105.0 
118.91 136 .3 
118. 1 135.0 
111.21 124.3 

93.3 83.5 97 .0 78.0 83.59 
100.0 91.01 100.0 83.6 96.05 
102.0 8' . 4 95.0 65.0 91.4 
101.0 SO.21 93.9 68.6 78 .17 

95.1 65.0 1 51.71 64.1 38.8 61.4 77.0 50.0 
117 .1 78.4 64.1 79 .6 56.3 69.15 82.5 55.3 
99 .0 86.0 64.0 69.0 60.0 60.3 71.6 62 .0 
84.1 65.3 1 45.24 57 .3 34.6 M.74 64.4 45 .5 

SLAKED IN 200 PER CENT OF WATER. 

3 83.0 95 .0 70.0 97 .02 115.0 84. 1 102.29 108.0 95 .1 72 .66 85.0 60.0 70 .9 78.4 55 .9 65.47 74.0 52.0 
6 109.5 133.0 77 .0 130.89 150.6 118 .5 119.84 134.6 104.7 83.85 98.0 73.0 75.82 SO.6 U.2 78.86 98.0 63.7 
9 117.7 127.0 96 .0 113.08 133.3 88.6 113.65 139.1 100.0 84.8 100.9 67.3 72 .3 76.9 67.3 79.5 100.0 53.9 

12 99.38 120.2 82.8 113 .31 130.5 87.3 89.72 106.8 78.9 62 .16 75 .2 56.4 67.7 82.0 H.O 65.54 76.0 57.4 

SLAKED IN 300 PER CENT OF WATER . 

3 134.33 157.3 117 .8 102.71 122.4 85.0 98.42 110.0 91.0 I 80.8 88.0 73.0 I 68 .31 I 78.4 60.0 63 .31 73.5 52.9 
6 138.32 158 .2 111.7 115.49 136.0 103.0 99.67 107.9 88 .3 91.6 107.0 852

1 

86 .61 1103.9 76.7 77.27 84.2 71.3 
9 131.82 153.1 106.2 115.52 130 .0 95 .0 89.98 115.4 94 .2 ' 83.07 92.3 72 .1 84.91 101.0 69.2 69 .49 87.7 57.7 

12 134 .87 147.0 118.1 92 .91 111 .8 64A 90.66 97.2 77 .7 i 77.67 94.2 49 .0 60 .89 71.3 49.5 62.59 69.9 48.5 
-- - - - - ----- ---
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Sand to Lime 1:1 

8 
Q) ::l 
OIl 8 oS ... . ~ 
Q) 

> oS 
..: :>l 

3 112.6 1 135.0 
6 140.05 197.0 
9 159.38 I 176. 7 

12 150.03 186.6 

3 128.43 
6 178 .95 
9 184.29 

12 185 .85 

31105.01 6 134 .66 
9 152.84 

12 146.05 
I 

31
100

.
7 

6 126.8 
9 123.22 

12 124.9 

I 

144.0 
20( .1 
213.2 
212.2 

120.0 
163.2 
173.4 
164.9 

125 .0 
134 .0 
136.7 
138.1 

-

8 
::l 
8 
'a 
i 

· 70 .0 
100.0 
145.2 
121.8 

110 .0 
151.0 
150.0 
164 .8 

SO .O 
117 .0 
131.6 
121.6 

90 .0 
115.0 
113.2 
113.4 

TABLE VI. 
MAQUOKETA WHITE LIME, MAQUOKETA , IOWA.-A . A . H U R ST & COMPANY. 

Tensile Stre ngth in Pounds per Square In ch . 

I 
Sand to Lime 2 : 1 Sand to Lime 3 : 1 I Sand to Lime 4: 1 Sand to Lime 5 : 1 Sand to Lime 6: 1 

, 
8 a 8 a 8 8 a 8 8 8 Q) ::l ::l Q) ::l ::l Q) ::l ::l 

Q) ::l ::l '" ::l ::l OIl 8 OIl 8 OIl 8 OIl 8 OIl 8 oS 8 oS a 

1 

oS 8 oS 8 oS 8 ... .~ 'a ... .~ 'a ... .~ 'a ... .~ 'a ... .~ 'a Q) Q) Q) '" 
Q) 

> oS 
~ > oS 

~ > oS 
~ . > oS 

~ > ~ . ~ ..: ~ ..: ~ ..: ~ ..: ~ ..: 
"POWD E R S LAKED " -ABOUT 70 PER CENT O F W A T E R . 

143 .87 157.7 117 .5 121. 58 133.0 115.4 105.29 120.0 100.0 I 104.74 130.0 85.0 98.39 115.7 88 .2 
213 .52 243 .9 178.2 125.0 141.0 102 .0 115.38 133.6 97 .0 I 126. 38 112.9 lOB. 1 110.81 125.00 93.1 
191. 56 214.8 170.1 125.83 139 .2 110.8 131.45 IH . l 124 .5 113 .53 138.8 90.7 102.47 115.7 90.2 
182.98 210.0 158. 0 129.89 147 .5 IOB.9 122.16 146. 5 96.0 118.26 138.6 7804 104.70 118.0 87.0 

--- -- -

SLAKED IN 100 PER CE NT OF WATE R. 

I 
130.14 153.0 110.0 130.0 140 .0 120.0 115 .93 126.2 100.0 1 101.64 111.7 

86.5 1 
97.66 110.6 82.5 

156. 75 177 .0 144 .9 143.36 17304 120.0 134 .16 158. 4 120.8 123.92 142 .2 109.8 105 .92 121.6 98.0 
167.36 183.6 146.9 154 .3 168.0 137 .0 144 .5 162 .0 111.0 1 137 .56 15204 125.7 119.94 140.6 105.8 
157.91 170.0 130.9 144.47 161.6 132.3 123.05 133.7 94.9 128.16 137.4 117 .1 lOB.1 116.0 96.0 

, 
S LAKED IN 200 PER CENT OF WATER. ,u j 136.5 89 .1 ) 99.82 121.0 88 .0 I 91.04 110 .6 87 .7 103.62 120.0 85.0 87.72 90.0 I 74. 

125.20 151.5 101.0 . lOB .18 125.7 93 .9 I 96 .85 115 .7 73.5 106.53 117.3 93.1 83 .4 100.9 65. 
124 .70 141.6 96.8 1 1OB.3 120.0 93 .0 94.54 115 .0 84.5 85 .26 95 .2 . 77.7 92 .1 99.0 1 82. 
114 .51 145 .3 Bj). 7 102 .34 111 .2 93.9 101.1 112.1 87 .9 97.18 118.2 70.7 95.19 112.~ 82. 

, j 
' . . 

8 

o 

S L A KED I N 300 PER CE NT O F W AT E R . 

86.49 
98 .07 

112.6 
99 .27 

94 . 1 
117.0 
136.0 
131.9 

70 .0 
84~2 
95 .0 
79 .3 

82.25 
95.50 
95.90 
91.91 

95.0 
113.8 
IOB .O 
114 .3 
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MAGNESIAN AND DOLOMITIC LIMES. ]35 

J OineT lime.-Plrute XVII bringls out very well the change in 
strength with increasing period of set. The powder 'slaked lime 
attains its maximum strength ,at nine months with the marked 
exception of the 1 : 1 ratio in which case the curv,e continues up
wal,ds to 'the end of a year',s time,and gives the highest figure of 
any mixture in the set. The ,other percentages of Wiater give 
characteristic and fairly uniform curves, showing a maximum 
strength at six t,o nine months and a falling off or weakening 
after nine months' set. 

'Dhe curves 'on plate XVIII are somewhat irregular Qut exhibit 
quitecle'arly :the decrease in 'strength with increase of water for 
slaking. In general, the slope is .down from the "dry" s1ake 
through all higher percentages, although, in a number of in
stances, there is an una'ccoullted-for rise from the minimuma:t 
100 or 200 per cent. The position of the curve groups 'on the 
diagrams indicates the lowering strength with larger sand di
lutions. 

PLate XIX emphasizes ,the weakening effect of ,sand dilutions 
higher than 1: 1 and 2: 1 mL'{tures. In the majoflity of instances 
even proportions of sland and lime afford the greatest strengths, 
although a higher figure for 2 : 1 is not unusual. Higher ratios 
than ,these two, however, pro,duce 'a marked falling off in tensile 
strength for all four time periods. 

H~~rs t lime.-The curves 'of p}ate XX run conspicuously uni
form and show in gener'al, the gr,eatest strength 'at nine months. 
The usual lowering in strength 'at the end of twelve months is to 
be noted. As a rule this lime at1ained its maximum strength 
with 100 per cent of water as shown on sheet XXI. The highest 
figures of the set 'are reached, however, by the powder sllaked 
lime and 'a sand-lime mbo of 2 to 1. 

On plate XXII ~s brought out the relrution between the 'strength 
and amount of sand used. With the powder slaked lime, 2 : 1 
gives the highest results, while with the other percentages of 
water for slaking the trend of the curves is universally down
wards as the sand increases. 
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MAGNESIAN AND DOLOMITIC LIMES. 

Rqtio 
Sond to/iIllf. rt 

... 
~ 1'4£1--\\-+---+---1 'mil· 

IRmo 
3mo· 

-C' 

~/OO'r---+~~~LJL-~ 
c 

" ,.. 
"'-
\r) 

...!!f!IJ 
In 

'" .., 
f- hO'r---+--__+--~ 

AO,L-____ ~ __ ~~ ____ ~ 

'mo· 

50 / 00 200 300 

Pucln+llj€. of 

180 ...... ---.-------------.. 

RQti n 
Sqnd to /imE.4:/ 

~ I~r---~----~----~ 
0-
t/) 

10.. 

~/401r---+----+--~ 

'::E -~ 
~/OO~~~~--__+--~ 
~ --~ 

~o~ ____ ~ ___ ~ ____ ~ 
So 100 200 

Perce. nillg6 

Rqtia 
5QnJta/;IIIt. 2:/ 

5 0 100 2,00 

wq tu U, S L d in 

f\qti 0 

SlInd to lim(5:1 

,00 

used 
;zoo 300 

/rf siq/(inq.1 

137 

Rqfio 
Send tolimdS:/ 

'00 200 300 

~ 
"-

Rqtill 
5qnJ tf Ii m£ 6:1 

~ 
./ 

~; 
-, 

mo. 

mo. 
3mo. 
~f11q. 

100 Zoo 300 

PLATE XVIII-Diagrams showing effects of different percentages 01 water. 



~ 

U"I 

~ 140 
Q.. 

.,.:, 
~ 

-c: 
~ 

a. = 100 
-.l 
""-
+-

It) 
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NEW PROCESS LIME, VIOLA LIME WORKS, VIOLA, IOWA. 

The Viola lime was manufactured from ,the Le Claire beds of 
the Niagam stage. The pliant is now idle. The stone is highly 
magnesi'an ,and produces a lime 'Of the following composition : 

Quick-
lime. 

Insoluble .............................. .. . . .... . ........ 1.20 
Iron and aluminum ox ides (Fe 2 0" + AI 2 0,, ) ... . ......... 1.40 
Lime (CaO) ......... . ... . . .... . ....... . .. . ...... . ...... 66 .80 
Magnesia (MgO) . . .. ...... ... . .. . ... ....... . ............ 27.10 
Carbon dioxide (COt ) ... ......... . .... .. . . ............. .70 
Loss on ignition, less COt .... .. . ...................... . .. 2.50 

After 
slaking . 

1.00 
1.00 

45 .20 
29.28 
2.02 

21.75 

99 .70 100.25 

The commercial product takes w,ater slowly and no ,slaking 
action becomes noticeable for some ,time. About five hours was 
required for .complete slaking in 60 per cent of water, the mixture 
heating but slightly. With the higher percentages of water the 
time required i's still grea:ter ,and in all cases ,the slake is very 
cool. The lime does not melt to a paste as is usual, but r·emains 
in a more or less granular condition. The results of the tests of 
the Viola lime are tabul'ated ~n Table VII and plotted on plates 
XXIII, XXIV 'and XXV. 

A comparison of the data obtained in these tests with the r,e
sults from the ·other limes of the whole serie's reveals two notable 
departur,es. The breaking strengths are on ,an average higher, 
the maximum being nearly 50 per cent greater than the closest 
competitive value. They lare remarkableals·o in that the strength 
almost without exception increases to the end of !twelve months 
and this increase is most rapid, 'as shown by ,the sharpness of the 
curves on plaJte XXIII, when s1alwd with 100 per cent of water, 
which gives lfue highest breaking sltrength of Ithe s~t. The steep
ness of the curves between nine 'and twelve months i,s in many in
s'tances ISO marked las ,to render of ·extreme interest the question, 
how long 'such an increase would continue. A properly designed 
series of 'tests should be made along this line. 

P~ate XXIV showls Ithat\; the lfime develops its greates,t strength 
when sl,aked in 100 per cent of Wi3iter, whHe on XXV is plainly 
shown the decrease in tensile stJ.'iength following the addition of 
proportions of s·and greater than one and two to one of lime. 



TABLE VII. 

VIOLA "NEW PROCE SS LIME ." 

-
'" .<:I Tensile Strengtb in Pounds Per Square Incb. = 0 a Sand to Lime 1:1 
.9 

Sand to Lime 2:1 Sand to Lime 3: 1 Sand to Lime 4:1 

... a a ., a s a a a s UJ .... ., ;:j ;:j 
., ;:j ;:j 

., ;:j ;:j 
., ;:j ;:j 

0 til S til S til til S oj S oj a oj s s oj s Q) " 'M 'j3 " 'M 'j3 " 'M 'j3 " 'M 'j3 .§ Q) Q) Q) Q) 

> oj :g > oj 

~ > oj :g > oj :g E-o < :a < :a < :a < :a 
"POWDER" SLAKED IN ABOUT 60 PER CENT OF WATER. 

3 116.5 138.7 104.0 130.8 152.0 100.0 107.2 122.6 89 .6 101.9 113.4 92.3 
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.0 II 148.4 1 180.6 1 116.5 11 .0 163.1 212.0 130.0 

.6 158.3 185.1 144.5 

.9 161.6 178.4 151.9 
-

SLAKED IN 200 PER CENT OF WATER. 

185.4 1 103 .0 
I 

3 145.7 13~.8 157.0 112.0 111 .0 124.2 95.1 .72.1 100 .9 70.5 
6 160.4 . 202.0 111.1 164 .8 189.3 140.0 137 .7 182.5 107.0 93.4 105.6 80.2 
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SLAKE D IN 300 PER CENT OF WATER. 
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1~ I 144.1 182.3 9'.6 IM .5 166.7 133 .2 I 97 .9 114.0 84. 1 78.8 101.9 46.7 
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RESUME. 

While the foregoing series of. tests are far from exhaustive 
and serve to open up and suggest many questions that might be 
profitably investigated, the results obtained are, it is believed, 
sufficient to base upon them a few generalizations. Some of the 
statements which follow are of facts that have long been l'pgarded 
in practice but which have not before been proven uy systematic 
experiment. The limes tested are types of high grade products 
and may be regarded as representative examples of pure white 
limes and of tlre magnesian or dolomitic class. The results, 
therefore, are to be limited in their general application to these 
classes and are not to be construed as holding good for the im
pure or hydraulic limes. 

(a) The maximum strength reached within a year's time, is 
attained at the end of a setting period of six to nine months 
duration. This is most pronounced where the higher percentages 
of sand are employed. The notable exceptions to this rule are 
found with the lowest sand-lime ratios, the lower percentages 
of water used to slake, and are most eonspicuous in the strongly 
dolomitic limes. 

The cause for the diminution in strength after nine months is 
not known and results of ehemical analyses to determine the 
amount of carLonation at the end of each of the four periods in
dicate that this process is in no instance complete at the end of 
a year's time. Carbonation has progressed to a millor extent 
only during the first six or even nine months. The change that 
occurs during the settillf} of the mortar is cO.nsidered to be 
largely the crystallization of the lime hydrate. It is possiLle 
that such crystallization may produC'e a bond that is stronger 
than the carbonate. The process of carbonation displaces the 
combined wuter of the hydrate and may as a result actually 
diminish the cohesive strength of the mortar. If this lie true, 
we would expect such loss in strength to continue till a minimum 
value is reached, which would either remain constant, or, as the 
amount of carbonate becomes greater than that of hydnte and 
carbonation approach.es eompletion, increase again. It is within 
the range of probability that the ultimate final strengtIl, which 
might require years for attainment, would be greater than that 
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reached in the first few months ,of setting. A set ,of long-time 
tests, properly designed, should yield valuable information along 
these lines. 

(b) In general, the greatest strength comes with the lower 
percentages of water used in slaking. Equal amounts by weight 
of water and of dry quick-lime give in the majority of cases, the 
highest results. Higher proportions are detrimental to tensile 
strength. This is more especially noticeable in the white limes. 

The generation .of a considerable lamount of heat, and conse
quently steam,seems essential in the slaking process, as ex
plained earlier. Too little water leaves hydration, and therefore 
expansion in bulk, incomplete 'and ,the unslaked lime remaining 
receives its necessary moisture either slowly from the atmos
phere or from the water used in mixing for use. The latter slow 
hydration is not accompanied by the necessary rise in tempera
tUfe Of increase in volume. Too much water prevents the forma
tion of steam and maximum increase in bulk, and therefore re
tards the slaking. A high excess may keep the temperature so 
low that combination between water and quick-lime may be ,evi
denced by few if 'any signs of slaking whatever, for hours after 
immersion. It would be expected, therefore, that such a per
centage of water as would produce the most vigorous slaking 
action and leave a satisfactory moist paste would afford the best 
]'esults when tested. This ,amount varies with different limes 
::s noted in the consideration of each set of results. In every in
"tance, however, the percentage giving the highest strength was 
tha t amount which gave the best slake and produced the most 
worlmble paste. 

( c) A s a rule, the highest strength is given by the lowest 
proportions of sand, the curves being about equally divided be
tween equal parts by weight 'Of sand and dry quick-lime and two 
of sand to one of lime. 

Economy in the use of lime demands that as little as possible 
be used over that required to fill the voids and to coat each grain 
of sand with a thin film . The sand particles should be in prac
tical contact with each other throughout. The percentage of 
pore space in the standard sand used in these tests is essentially 
40 per cent. (It will be recalleJ tbat this sand is a clean, rounded 
river sand and represents an average grade 'and quality such as 
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is obrtainable 'along the streams of Iowa.) Theoretically, there
fore, a volume of slaked lime equal to 40 per cent of the total 
space enclosed by the sand is required to fill the open pores 
among the grains. If the lime could be confined to the pore 
spaces alone, still permitting the sand particles to touch at all 
possible points, such an amount of lime could be added without 
increasing the apparent volume of the sand, but this is not prac
tically possible. 

As noted on an ear lier page (page 103), white lime hydrates 
mnge in specific gravity from 2.12 to 2.32, and the magnesian 
averages 2.45. Assume an average for white limes of 2.22 and 
2.65 for quartz sand. To be equal in volume to the voids in the 
sand there would he required in round numbers by weight 36 
per cent of the dry lime hydrate. That is, with each !;ixty-four 
pOlmds of sand should be mixed thirty-six of slaked li'11e (p.sti
mated dry) to just fill the 'space among the grains. Th"re .vouid 
be required of the average dolomitic lime about thirty-nine 
in ea.ch one hundred pounds of mi."'dure to eliminate the voids 
in such a standard sand. A liberal allowance would be 40 per 
cent by weight in each case. . 

The results ·of the :tests show the highest strength with a 1 : 1 or 
50 per cent mixture. As lower ratios of lime 'and sand 'were not 
employed, it is impossible to do other than speculate on the pos
sible results from such mixtures. It seems probable that mix
tures 'as low in lime as theoretically required to fill the voids may 
show higher strengths than the lowest proportion used in the 
foregoing tests. This limit of the series could profitably be 
extended to include even the neat lime so as to make the results 
conclusive. As the lime paste is ordinarily used in practice, it 
contains from 50 Ito 65 per .cent of free moisture, the white limes 
carrying 'the larger amounts. In order to make calculations on 
the dry basis in mixing with sand, it is necessary to evaporaL
the water from la small sample of the paste, weighing before and 
after to determine its percentage. Practically,alsl, sands as 
they come from the bank contain a considerable pel ~entage of 
fine material which ,decreases the voids. River sands range in 
the neighborhood of 35 per cent. The ,amount of voids can like
wise be determined as directed in an earlier portion of this 
chapter. 
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(d) The white limes require more water to slake properly, 
generate more heat in slaking, slake much more rapidly and re
duce to a more uniform paste than the magnesian limes. The 
dolomitic limes set and harden more slowly but in many cases 
attain strengths so much greater than do the white limes as to 
be almo~t out of comparison. They will, therefore, stand greater 
dilutions of sand and still be sufficiently strong to meet the re
quirements of practical use. 
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CHAPTER III. 

*SELECl ION OF POWE f{ PLANT AND FQUl PMF:NT FOR 
STONr': QUARHtES PI IOW /-\. 

,It is the purpose of this report to discuss the principles gov
erning the selection and installation of the engine and boiler 
plants which furnish the power required for quarrying and 
crushing stone, as practiced genemlly in Iowa quarries. 

The writer has 'assumed ,that in the ,election 'of the power 
producing apparatus the following . re<)uirements exist : All 
machinery must be (J) simple in design, (2) strong in construc
tion, (3) reliable in aetion, (4) reasonable in first cost,and (5) 
readily handled by men of ordinary intelligence ,and some me
chanical aptitude. 

Economy of operation should also receive some attention but 
since the operation of the plant is limited to the op~n season, 
economy is not of 'as much importa.nce as the other requirements 
first named . 

The Power House. 

The building in which the engines and boilers and accessories 
are placed need no't be elaboroateor expensive, but should be so 
constructed as to protect the machinery and its attendants from 
the weather while the p lant is in nse, should protect the machin
ery from meddling pel'sonsand the wealther while the plant is not 
in use and should be so located, and the machinery so arranged 
therein, that ,the capacity of the pl'ant can be increased by addiilg 
to the existing building. Plenty of light and controllable ven
tilation .are v'ery desirable in the power house. If the quarry 
is large and likely to be worked for several seasons, it will pay 
to put up a substantial power house. The use of stone, as 

*Seealso Iowa 0eological Suevey. \' 0 J. Xl\' , p. 34~ . 

( 11);' ) 
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masonry or concrete, naturally suggeS'ts 'itself and a good roof, 
doors and windows to he shuttered ,and barred during the winter 
should be included. 

Machinery . 

This consists usna lly of engines, hoilers and tacks, and feed
pumps or injectors. For most Ioealities feed water purifiers 
should be added to the list. If crush ing is no't a part ,of the 
business, the boiler, which furnishes steam to the drill, is ,the 
principal item 'of equ ipment. Undoubted ly future practice will 
develop the use ,of the gaR or gasoline engine for driving the 
crusher and ,air-compressor for drilling. 

BOI LERI'. 

The most satisfactory ,all -around boiler is the well known hori
zontal return tubular boilershoWD wi.thout the brick work and 
castings in Fig. 1, alll1 plate XXVI. Fig. 1 rep resents ,a boiler 
adapted to snspensi'on, to whieh reference i ; made below. For 
I owa ('oa l as fuel ,the hoiler shou lrl have rC'IHtiYel~' long tubes, 

PIO. 1- Boller with dome, shell extended 10 1' ru II f"ont, wrou/.:Ilt iron hinges. 
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PLATE XXVI-Domeless boiler with nozzles, shell extended and tltted with flue door and up-take for half arch front, manho le exp osed , 

cast iron lugs. Can be suspended. 
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should be set high above the grates, should have liberal grate 
surface and ·be connect ed to a stack ,of ample capacity. 

Tubes four inches in diameter should be eighteen feet long 
and three land one-half inch tubes should be sixteen feet long. 
Tubes smaller than four inches lare not advisable for natural 
draft with Iowa coals, on account ·of the excessive soot accumu
lation in smaller tubes. 

The grate surface should be liberal so as to permit the use ·of 
slack or the carrying of a heavy enough fire of lany grade of Iowa 
coal to compel a thorough mixture of ,the air and combustible 
gases ·of the fuel. 

Twelve square feet of water heating surface per boiler horse 
power, ·and one square foot of grate surface to each forty square 
feet of heating surface will be found satisfactory. Rocking and 
dumping grates are very desirable. 

Automatic stokers are not practicable in plants for quarries 
in Iowa. Most boiler shells are too near the fire for the eco
nomical use of Iowa coal. A seventy-two-inch boiler should be 
not less than thirty-six inches above the grate. The following 
table contains approved dimensions for boilers of this type for 
shells from forty-eight inches to seventy-two inches in diameter, 
and from sixteen feet to eighteen feet in length, with four-inch 
tubes: 

T ABLE GIVI~G DTMENSIO NS FOR BOILE RS. 

I 
66 in . Diameter of boiler . ... .. ..... .... ! 48 in . 54 in. 60 in . 72 in . 

Nu mber of tu bes ...... .. ......... 24 36 44 54 68 
Dianlekr of t ubes ..... .. ...... . . . 4 in. 4 in . 4in . 4in . 4 in . 
Thickness of shell . . . .. .. . .. .. . ... . . 

Tif 'D. Ifj6 in . . . 
Tlf l D. i in . tin. 

Thickness of head .... ....... . . .. . 7 • 
16 lll . tin . t in . t in. n . 

TIj 1n . 

Braces above tu bes ...... .. . ...... l~ 20 30 30 40 
Braces below tu hes .............. . 4 4 4 4 8 
Si7.e of steam pipe ............. . . 3t in . 4 in . H in. 5 in. 6 in . 
Size of feed pipe ..... . .... . ... . .. H in. H in . H in . It in . Hin . 
Size of blow-off p ipe .... . . .. . . ... 2 in. 2 in. 2 in. 2t in. 2tin . 

sq. feet sq. feet sq . feet sq. feet sq . feet 

H eating surface . . . . .. { 16 feet ... 520 715 864 1042 1325 
sq. feet sq. feet sq . feet sq. feet sq . fee t 

18 fpet . . . 585 805 972 1270 1490 
{Hi feet ... 43.3 59.5 n 87 110 Rated horse power . . . 18 feet ... 48 .7 67 81 90 124 

sq. feet sq . feet sq. feet sq . feet sq . feet 
p6 fe·et . . . 14 ]8 21.6 30 33 

Grate surface . ....... t sq . feet sq. feet sq. feet sq. feet sq. feet 
18 feet .. 15.8 22 24 .3 33 39.6 

Diameter of 60-foot stack . . .... . . . 24 in . . 
j 

27 in . 30 in. 33 in. 36 in. 



BOILERS. 

Herewith is a standard" Specifica:tion" for boilers ·of the same 
type, based upon the practice recommended by the Hartford 
Steam Boiler Inspection and Insur,ance Company. 

S PECIFI CATIONS FOH HORIZONTAL HETUHN 'r U BU LAR BOILEH, 72 IN CHES BY 
18 FEET. 

WoRKIN G PH £ SS URE. 125 Pm· Nos . 

Type.-Ho~i~ontal return tubular. 
Dimensions.-Seventy-two inches in diameter, eighteen feet 

long from outside to outside of heads, with smoke extensions 
eighteen inches long continuous with shelL Thickness of shell, 
three-eighths inch, of head, one-half inch. 

Material.-Best open hearth flange steel, having a tensile 
strength of not less than 57,000 nor more than 62,000 pounds, 
and deductility corresponding to 56 per cent reduction of area 
and 25 per cent of longation. All plates in finished boiler to 
show stamp with name of maker, quality and tensile strength. 

Riveting.-Triple riveted butt-joints for longitudinal seams 
and single riveted lap joints for girth seams. 

Tubes and Braces.-Sixty-eight tubes, four (4) inches in di
ameter, eighteen feet long, bes't lap welded or seamless drawn, 
carefully and properly expanded with Dudgeon expander and 
beaded at each end. Braces: Forty braces above tubes and four 
below tubes, the former crow foot form, flat or round, of not 
less than one square inch in area at smallest section, the latter 
11,4 inches in diameter, with up-set ends for 1Y2 inch thread at 
front and crow-foot connections at back, with turned bolt 1 1-16 
inch diameter. No brace less than 3 feet 6 inches long. 

Details of tube sheet lay-out to be according to practice recom
mended by the Hartford Steam Boiler Inspection ,and Insurance 
Company. 

8upports.-Two lugs on each side. Front lugs to rest on cast 
iron plates, others on rollers and plates to permit of expansion. 
All plates 12 by 12 by 11/2 inches . . Rollers 1 inch diameter, 9 
inches long, three at each plate. Or two suspension loops on 
each side, of 1% inch round iron securely riveted to shell. Col
umns and double channels for overhead suspension, with equal
izing I-b'eam at back end. See plate XXVII. 

Const1'uction.-N 0 dome. Shell in three rings, each ring 
formed from la ·single sheet, horizontal seams ,above the fire 
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and' to break joints. Heads machine flanged, rivet holes drilled 
or punched and reamed, ,tube holes drilled or bored. 

Openings.-Two man-holes, 11 by 15 inches in top ·of shell, 
10 by 15 inches in front head, under tubes . One ,and one-half 
inch feed-water pipe, internal from front head over tubes. 
Blow-off flange 21j2 inches. Steam nozzle 5 inches, near back 
end, ·safety valve nozzle 4 inches, near fr·ontend. Both nozzles 
flanged ,and fitted with companion flange.s for screwed pipes of 
same size as nozzles. 

Castings.-Fronts. Ornamental three-quarter arch for over
hanging extension. Fronts designed to 'ailow not less than 
42 inches between grate and boiler shell and to have fire-door 
frames for 8-inch wall. Tight fitting fir·e, lash-pit and smoke 
extension doors, saddle for breaching connection with balanced 
butterfly damper. Eight wall binders, binder rods, anchor rods 
for front, soot door and ·skeleton frames for fire brick arch at 
back. Uptake 14 by 60 inches. Rocking dumping grates of 
approved design to work from front 'of boiler. 

Fittings .-Eight-inch brass steam gauge, combination water 
column, 4-inch pop :safety valve, I1j2-inch check and Sltop valves 
and 21j2-inch asbestos blow-off cock. 

Insp ection and Test.-Before shipment test with cold water at 
175 pounds per square inch ,and furnish certificate of inspection 
from the Hartford Steam Boiler Inspection ,and Insurance Com
pany, and insurance policy in the same company for one year. 

AL'rERNATE SPE CIFICATIONS FOR BOILER 66 IN CHES BY 18 FEET. 

Complying with specifications for the 72-inch boiler, except 
as follows: 

Diameter, 66 inches. Length, outside to outside, 18 feet. 
Thickness of shell, %-inch. Riveting, double riveted lap for 

longitudinal seams. 
Fifty-four tubes, 4 inches by 18 feet. 
Braces above tubes, 34. 
Braces below tubes, 4. 
Uptake, 12 by 54 inches. 
Steam pipe, 41f2-inch. Safety valve, 31f2-inch. 
Blow-off, 2-inch. 
Feed pipe, I1j2-inch. 
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ALTERNATE SPECIFICATIONS FOR BOILER 60 INCHES BY 18 FEET . 

C'Omplying with ,th~specificati'Ons f'Or the 72-inch b'Oiler, ex
cept as f'Oll'Ows: 

Diameter, 60 inches. Length, 'Outside to 'Outside, '18 feet. 
Thickness of shell, 5-16 inch. Riveting, d'Ouble riveted lap f'Or 

I'Ongitudinal seams. 
F'Orty-f'Our tubes, 4 inches by 18 feet. 
Braces ab'Ove tubes, 30. 
Braces bel'Ow tubes, 4. 

, Uptake, 12 by 42 inches. 
Steam pipe, 4-inch. Safety valve, 3lj2-inch. 
BI'Ow-'Off, 2-inch. 
Feed pipe, l1,4-inch. 
C'Omplete ,specificati'Ons and setting plans for any size 'Of 

h'Oriz'Ontal return tubular b'Oiler can be had by ,applying t'O the 
Hartf'Ord Steam B'Oiler Inspec.ti'On and Insurance ,C'Ompany. 
In the judgment 'Of the writer, they sh'Ould be m'Odified al'Ong 
the lines suggested in the ab'Ove specificati'Ons. 

The capacity of >the stack depends UP'On its cr'Oss-secti'Onal 
area, its height, the temperature inside land 'Outside and general 
atm'Ospheric c'Onditi'Ons. 

The table given bel'Ow, adapted fr'Om ,a m'Ore c'Omplete table in 
Sn'Ow's "Steam B'Oiler Practice," -p. 236, gives the capacities 
in h'Orse P'Ower 'Of chimneys 'Or stacks 'Of vari'Ous heights and 
diameters f'Or 'Ordinary c'Onditi'Onsas t'O 1emperature ,'Of ,the h'Ot 
gases 'and f'Or ,average ,atm'Ospheric c'Onditi'Ons. 

TABLE SHOWING CAPACITIES IN HORSE-POWER OF CHIMNEYS. 

, 
OJ '" '" '" '" .~ .. ~ S • .<:1 ~f&~ oS ... ", 

· .... a.lO 
'O~ ..... t:l('jrn~ 

Height of Chimney in Feet 

~ 

L8 0.97 25 29 I .. ... ..... , .. . , ..... "" ." ." .. 
24 2.08 54 62 ... , ... . ...... " . ... , .... .. ' 
30 3.58 92 107 119 ... , . . ,' , . ... . , ",. , ' 
36 5.47 
42 7.76 
~8 10.44 
.54 13.51 
60 16.98 
R4 34.76 

I 

... ,1.41 .. .. 

1 

~~~ I ~~~ ~~ ••• 's i 6'" 
. , .... , •.• . , ... ... " .. 1 3~8 389 426 
. .. , •. , .. , .. , .... ..... I 449 503 551 

: .. . . . . , .... . .. . . .. . ... : ii65 632 692 
I' . , ..... ,. '1' " .. , . .. . '1' ... , ...... 1294 _I 1418 _ 

II 
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A substantial brick stack is better than an un1ined steel stack 
such as is commonly furnished with boilers, but a self support
ing steel stack lined ,to the top with brick is Jonsidered good 
and costs somewhat less than an all-brick stack. 

],or Iowa feed-water the boiler should be made as accessible 
as possible for interior examination and cleaning. To this end. 
a man-hole below as well as above the tubes is a necessity. 

A dome is not desirable, <and its cost {)an be saved by omitting 
it from the specifications. 

The feed-water should be introduced at the front anli above 
the tubes, below the water line, through a pipe extenriing to 
within two feet of the baek head, and discharged downwards 
between the tubes and the shell. 

The boiler should preferably be hung on columns by means of 
equalizing levers and hangers, so as to keep the shell free from 
strains due to settling of the brick work. 

A method of hanging a shell boiler which can be applied to 
a boiler of any size is shown in plate XXVII as designed by the 
writer for a 54-inch boiler, 16 feet long. 

Plate XXVIII shows the standard setting plans for a 72-inch 
by IS-f.oot boiler. For -other sizes the thickness of wall..; would 
be the same, but the general dimensions would conform to the 
size of the boiler shell. The overhanging front shown is better 
than the flush front. Two lugs on each side would be better than 
three, as shown. 

Size of Boiler.- The boiler must be large enough to drive the 
engine and the drills. The information needed must be obtained 
from the builders of the machines and a margin allowed. for 
poor coal or fireman or both. It is impossible to state a general 
rule for determining the size of the boiler except twelve square 
feet of water heating surface equals one horse-power of boiler 
capacity for this class of work. 

BOILER FEEDING. 

The most reliable boiler feeder is a direct acting si ngle or 
duplex pump a illustrated in Figures 2 and 3 and plate XXIX. 
The exhaust therefrom can be used to help in the heating- of the 
feed-water as explained later. A second pump, or an injector, 
Rhould be install ed in reserve. 
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J,j 

FIG. 2-Type of boile r feed-pump , duplex . 

The use of cold feed-water, where it can be heated by other
wise waste heat, is uneconomicaL It is perfectly practicable 
by means of exhaust steam from the auxiliary engines (pumps), 
or the main engine, to heat the feed-water to 200 degrees F., 
or even 210 degrees F. This will effect a saving of 10 per cent 
or more in ,the fuel consumed by the boiler. 

os 

FIG. a-DuPlex pump In section , 
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The use of cold feed-water is also bad for the boiler, because 
of sudden strains thrown upon the shell plates and seams, 
which Jessen the life of the boiler. 

Feed-water heaters can be built so that they will -act as puri
fiers, thus counteracting in ,a measure, the "hardness" of the 
feed-water. 

The cost of ,a heater ,and purifier is insignificant compared 
with the saving effected by its installation -and use. 

When waste heat is applied to the feed-water the saving which 
may be effected is given by the following table: 

TABLE GIVING PERCENTAGE OF FUEL SAVED BY HEAT[Nc+ 
FEED-WATER. 

(Steam Pressure, 80 Pounds . ) 

l~~t~~~_ 1 Temperature of Water Entering Boiler-Degrees F. 

a~~ie~f - 1-60-0 --;", - 18-00-",-2'-00-0 , 2020 l - ;40 I 2060 , 2~ ', -~- 2120 

I 
40° F ... I 10.23 11.93 13.64 13.81 1:1.87 l·Ui) 14.:{2 14.49 L4.66 
50° F .. . 9.46 11.18 12.90 13.07 13. 24 IS..!l 14.58 13.i5 13.92 
600 F ... 8.67 10.40 12.13 1:.!.31 12.48 1:2.65 12.83 13.00 13.17 
700 F ... ' 7.87 9.62 11.37 11.54 11 .72 11.8\1 12.06 12.24 12.41 
80° F ... 7.08 8.85 10.61 10.78 10.\:).1 J 1.12 11.29 11.46 11.63 

, I 

There ,are many forms of exhaust feed-water heaters on the 
market. They may be classified 'as open heaters and closed 
heaters. 

Fig. 4 shows in diagram the essential features of the open 
heater and Fig. 5 those of the closed heater. 

Two principal differences ,are noted. In the open heater the 
steam and the feed-water ,are in -contact and the feed-water 
is not under pressure. In the closed heater the steam and the 
feed-water are under pressure. 

In general there are claimed for the 'open heater the following 
principal ,advantages : 

1. The open heater is ,essentially more efficient than the 
closed heater, because the steam which furnishes the heat comes 
into intimate contact with the water ,to be heated, and the re
sulting temperature of the latter is higher than can be in the 
case of the closed heater, wherein all heat transfer must be 
effected through metal partitions which offer some resistance 
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to such transfer. With water free from . cale-forming solids 
and from grease, tl:tis resistance is practically negligible where 
the metal partitions are of dean copper, but in the majority of 
cases the feed-walter is far from pure and the conductivity of 
the metal partitions is seriously impaired hy scale' and grease. 

1(£/'10VA8LE 

TROUGh'S 

WATER GLASS 

TULlER SP/iC£O 

£;rH"f//sr.5rE/i/'1 

FIG 4-0pen I'e.'d-water h earer, 

2. The ,open heater, as usually eonstl'uctell (See Fjg. +), i" 
provided with pans, trays -or troughs over which ,the feed-water 
passes at a low velocity, depositing thereon much of the scale
forming matter; in fact, a portion of the scale is deposited 
in the heater instead of in the boiler. This partial purification 
is effeeted without impairing the efficiency of the heater. In 
the closed he,atel' the deposition of the sra le on the metal pa,l"ti
tion is ohjedionahle as above state ll. 



3. If, for any reason, the exhaust ste-am of the main engine 
is otherwise utilized, the exhaust steam from the feed pump 
and other ,auxiliaries can be used in either style of heater. In 
either case most or all of it will be condensed by ,the feed-water . 
In the open heater this results in 'a direct saving in the amount 
of water required for the plant. 

4. In the open heater .the air in the feed-water is largely 
liberated by the heat and passes off with 'the exhaust steam. 
In general the rloseo heater should be used if the water is very 
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FIG. 6. 

FIG. 5-C1osed feed-water beater. 

free from mineral impurities or -contains only those impurities 
which will not precipitate at the temperatures .3Jttainable with 
exhaust feed-water heaters. 

If the closed heater is ll sed it shoul d be placed in the main 
exha ust pipe and the feed-wate r may be handled with an inje0tor 
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arranged to deliver to the boiler through the heater, thus saving 
the difference in cos't between ,a pump and ,an injector. All 
things taken intoaccolmt, the 'Open heater will best meet the 
needs of the plants under consideration. 

In seleeting ,an open heater the following features should be 
required : 

1. A separator, either as an integral part of the heater itself, 
as indicated in Fig. 4:, ,or as a separate lappliance in the main 
exhaust pipe, or in each of the exhaust pipes of all engines dis
charging their exhaust through the heater. The former design 
is preferred. 

2. A reservoir 'or receiver for the heated water, so designed 
that the water is kept hot until withdrawn by the pump. One 
way of constructing such a reservoir is ,shown in Fig. 4. The 
exhaust steam passes through a number ,of ,tubes surrounded by 
the feed-water. 

3. The reservoir should be capacious 'Und provided with 
blow-off, overflow and water glass. The feed pump connection 
should be a few inches above the blow-off. 

4. A large heating and purifying chamber containing pans, 
trays or troughs so arranged that the cold feed-water shall flow 
over all of them in order ,that the exhaust steam shall be com
pelled to come in contact with the water on every 'tray. 

5. The trays should be readily removable and of sueh con
struction that the accumulation of scale thereon can be knocked 
off or picked off without injury ,to the trays. 

It is a good plan to extract ,the grease from the exhaust steam 
used for heating the feed-water, because most cylinder oils are 
injurious to a boiler when allowed to accumulate therein. 

FIRING. 

A bad fireman is a poor investment, even if he pay for the 
privilege of firing, and a good fireman is 'a jewel. In spite of the 
extensive use of automatic Istokers in large plants, it remains 
a fact tha't intelligent hand firing is more economicaJ than 
machine firing for most plants. The secret 'of good firing is in 
seeuring the right amount of air at all points in the fire. The 
top of the stack is a good indicator of the economy of the fire 
box. ann a win<l ow in the roof of ,the boiler room, with a man 
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under it who ,,-ill look up, are useful adjunob,; to any boi ler 
I'oom. , 

For the proper handling of his fuel the fireman should have 
. knowledge of its properties. Fm the information of users of 
Iowa coal the following discussion will be found of value: 
Iowa coals are almost entirely bituminous · and non-coking. 
"In nearly all cases ordinary breakage of coal Jlields more or 
less of cubical blocks of varying size" which are much broken 
up by transportation and weathering. The amount -of break:
age depends also upon whether the "long wall" or "shooting" 
method of mining is used. In the former the coal is undermined 
and broken off by sebtling of the roof or wedged down, and 
in the latter the coal is removed by drilling and blasting. The 
latter process breaks up the coal very thoroughly and is a 
quicker process, but lessens ,the value of the product. 

An average of 64 analyses by the State Geologist give-s the 
following chemical compolsition : 

*Moisture . .. . .. . .. . . ... ............... .. ... . . 
Fixed carbon ...... . . ... . .. .... . . .. . . .. .. ... . .... .. . . ..... . . . . 
Volatile matter...... .... .. .. . .. .. . .. ...... . 
Ash ....................... . .. .. .. . .. . . ..... . ... . .......... .. . . 

8.57 
45.42 
:~9 . 24 

0.77 

100.00 

Analyses of coal from ] 6 mines 111 the Des Moines River dis-
trict give: 

* *MoistuI'P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 .08 
Fixed carbon .. .. . . . . . ... .. . ... . . ... . ........ .. .. . . .. . . . ... . . .. 45.60 
Volati le matter ....... . . . ..... . ......... .. . . . .. . . ... . .... . . . .. . :~8.14 

Ash ... ........... .. ....... .. ... . ... .. .. .. .. .... ........ . ... ... 8.18 

100 .00 
Su lphur ....... . . . .. .. . .. . . . . . .... . .................. .. ..... ... 3.42 

or on the basis of oven dried samples, 

.* *Fixed carbon. . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . .. 49. 6~ 
Volatile matt.er...................... . .. .... .. ..... ..... . .. 41.49 
Ash ...................... .... . . . . ................ . .. . . . . . .. . .. 8 .89 

100.00 
Su lphur ........ ..... : ........... .. .................. .... ...... 3.12 

• Steam Boiler Economy, Kent. page 74 . 
•• F. M. Weakly, The Iowa Engineer, June , 1902 . 
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In 1901-02, a't the Iowa State College, Mr. F. M. 'Weakly 
made a study of the chemical compositions Of Iowa co,als, from 
which the following is quoted: 

"The moisture in Iowa coals varies (for the coals tested) 
from 4.03 to 17.47, the ,average being 8.08. This moisture is 
high, as compared with that in co'als of 'other state,s. 

, 'Eliminating moisture from our comparis'ons, in volatile 
matter the Iowa coals are rich, varying from 36.94 to 48.69, 
with ·an average of 41.49. 

"The fixed carbon ranges from 44.86 to 54.91, with an aver
age of 49.62, slightly lower than that of many coals from other 
states. 

"Total eom bustibles are high, running from 84.88 to 95.91, 
with an average 'of 91.11. 

, 'Ash is low, being from 4.09 ,to 15.12, with an ,average of 
8.89. 

"Sulphur is high, from 2.27 ,to 7.41, with ,an average of 3.72. 
"The co'als high in sulphur are also high in ash." 
Concurrently with the work of Mr. Weakly, Messrs. Austin 

and Peshak, under the direction of the writer, determined the 
calorific poweI'S of samples ·of eoal from twenty or more mines 
from the same dis,tric,t, fourteen of ,the samples being the same 
as used by Mr. Weakly. 

The following! table exhibits the results of the work of 
Messrs. Austin and Peshak: 

CALORIFIC POWER OF IOWA COALS AND OTHER FUELS. 

PER POUND OF DRY FUEL. 

B. T . u . 
Slack coal, Marquisville, Iowa.... . . . .. . ..... . .......... . .. . .. 10574 . 
Spring Valley, III... . . .. . . . . . . . . . . . . . . . . . . .. ........ . .. . ...... 12608 
West Virginia screenings . ..... . ......... " .... . ... .. . ...... .. . 11361 
Lumsden Coal and Mining Company. . . . . . . . .. . . ......... .... . 12097 
Des Moines Coal and Mining Company ....... . ..... . . . .. .. . .. " 12041 
Whitebreast Fuel Company, Hilton, Iowa .................. . ... 12396 
Whitebreast Fuel Company, Pekay, Iowa ....... ..... . .. . ... .. . ]3050 
Hocking Valley Coal Company, Mine No.1 . ... . ... . . . ... . ... . . 12037 
Hocking Valley Coal Company, Mine No.2 .... ..... ...... . .. .. 125fiO 
Lumsden Coal Company, Bloomfield, Iowa . . ..... . .. .. . ' " .... 13204 
Kalo, Iowa .. .. ...... .. . . ............ .. . ........... .. ......... 10451 
Centerville Block Coal Company . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 12681 
Eldon Coal and Mining Company, Laddsdale . . . ............... 13141 
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Consolidated Coal Company, Buxton, No . lO ...... . .. .. ...... . 12030 
Consolidated Coal Company, Buxton, No. 11 .. . .. . .... . . . . . . .. 10585 
Lod wick Brothers COoll Company, Mystic.... . . . . . . . . . . . . . . . . .. 12780 
Carbon Coal Company, Willard..... . . . . . . . . . . . . . . . . . . . . . . . . . .. 12245 
Crewe Coal Mining Company, Boone ... . ... . . . . . .............. 12729 
Corey Coal Company, Lehigh ....... . .. . . . .... . . .. . . . .......... 12431 
Platt Pressed and Fire B rick Company, Van Meter. . . . . . . . . . . .. 1194] 
Jasper County Coal and Mining Company, Colfax .... . . . ... .. . 12134 
Empire Coal Company . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10881 
A. A. Conway Coal Company ... . . . . . . . .. . . ... . .... . . . ... ... . . 10132 
Anthracite coal ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... .. . 12532 
Crude petroleum, Beaumont, Texas . .... .... ... ........ .. ... . .. 19000 
Crude petroleum, Chanute, Kansas .................. . . ..... . .. 19 .. 88 
Lamp black.. . . . . . . . . . . . . . . . . . . . . . ... . . . .. .. . ........... .. ... 14467 

CALORIMETEK TESTS. 

In the subjoined table are presented the heating values and 
in some cases other information obtained from samples of Iowa 
coal gathered from boiler rooms and car lots as delivered to 
consumers. The Parr Standard Coal Calorimeter was used in 
the calorimetric determinations. 

Proximate Analysis 
- ----

B. T. U. Carbon Designation County Grade per lb . 
Dry Coal Ash Moist- Sul-

VOla-\ . ure phur 
tile F,xed 

-- --
I 

35 . ± I 37 .8 1 16 .0 Smoky HolloII' . 'I' .. ..... . Steam .. 9719 10.8 
Anchor .. . . .. .... . . . . .. . .. Dteam .. 9963 33.0 ' 41.7 . 15 .3 10.0 
Anchor . ........ 1 .. ... .... Lu mp .. 11027 30 .7 45 .0 I 16 .0 8.2 1) .03 
Roseland ...... . .. . .. ..... Dteam . . 8594 30.7 41.2 1 }.').7 11.2 
Avery . . . . .. . . . . , .. . .. .... Seam .. 9655 34.4 39.5 1.').0 11.0 
Colfax .. . . . .... . Jasper . . Steam .. 10742 30.8 41.5 . 16 .2 I 11. 5 
Flint Brick ...... Polk . ... Steam . . 9l:J52 30. 1 39.5 1 16.2 ' 13.0 
Norwoodvill e ... . Polk ... . Steam .. , 10479 32 .3 38.4 15.0 14.2 
Mammoth Vein Marion. Lump . . 1 10019 33.1 37.4 ! 15 .2 14.2 4 .00 
Gibson Coal 

Mining Co Po lk .... Lump .. 1 10244 iln.9 31).1 I 14.0 13.8 6.15 
Centerville B lk -_[ Appa- I 

I noose. Lump .. ' 10723 a5.5 39.3 10.9 14.0 4.26 
Inland Fuel Co.. Lucas . . Lump .. 10242 30.4 41.4 I 12.6 15.a 3.19 
*Johnson, 9 ..... Boone .. Slack . .. 7363 22.1 26 .1 40.1 11.7 
J ohnson, 5 .. .. .. Boone .. Lump .. 11412 27.7 41.6 15.2 15 .3 
Rogers, 3 ... Boone .. Slack ... 7463 20 .4 26.1 41.2 12.0 
H eaps & Crowe, 1 Boone .. Lump . . 9905 27.8 32.9 26.0 1a.3 
H eaps & Crowe, 4 Boone . . Slack ... 7588 14. 8 31.2 42.0 12.0 
Marq uisville . ... . 1 Polk . ... Nut .... 11136 30 .0 4il.5 20 .6 5.8 . 

*The number of cars of each kind from which samples were obtained is indicated by the 
numerals . 
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In 1900 boiler tests at the Iowa State College gave ,the re
sults exhibited in the table below: 

TABLE SHOWING . COST OF FUEL AND OF STEAM. 

Kind of Fuel 

Marquisvi lle slack ..... . ... . . . .. .. ...... ... ........ . ... . ....... $1.43 14.9 cents 
Marquisville steam .. . . .. ....... ... .. . . .. . . ... . . . ......... . . . -.. 2.35 21.2 cents 
Marquisville nut .. .. . . ....... .. . . .. ..... . ..... . .. ... .... . .. . ... 2.54 21.5 cents 
Marquisville lump .. ... . .. . . . . . . . .......... ... . . ............. . 2.28 24 .0 cents 
Coke, eastern foundry. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8.00 60.4 cents 
Anthracite nut. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . .. .. .. .. 8.95 1)2.8 cents 

The interesting features ·of ,these results are the prohibitive 
cost of anthracite and coke and the advantage of slack over the 
better grades of coal from the same mine. 

It is evident that transportation charges will materially change 
the ~elative values 'of coal for steam generation. It is also true 
that the method of handling, the design of ,the boiler setting 
and the character of the fuel itself as to ash, sulphur and 
moisture will materially influence the cost of generating ,a unit 
quantity of steam. 

Methods of Firing.-Frequent and small charges of fuel in
telligently distributed will enable the burning of the poorest 
fuel with a minimum of smoke and a maximum of economy 
even in furnaces which are not ideal in their construction. 
Slack and steam coal should be fired in thin beds, three to six 
inches, and lump coal ten ,to twelve inches, and 1he fires should 
not be disturbed too often by shaking or poking. 

'Vetting the fuel before firing is sometimes useful · in pro
moting coking and preventing the carrying off small particles of 
unburned coal. 

Flues should be frequently cleaned by ,scraping or blowing 
with steam or air. A steam jet over the fire is useful when the 
coal is freshly fired, but is detrimental ,at other times. If 
used continuously the loss of heat in the steam is appreciable, 
and being useless, is inexcusable. 
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The ideal conditions for combustion exist when the air sup
ply is from one and ,one-half to two times the theoretical 
amount and when the same is thoroughly mixed with the com
bus,tible portion of the fuel ~t a temperature equal to or greater 
than the temperature of ignition. These conditions can be very 
nearly attained for Iowa coal if the principles of the boiler and 
the furnace design and operation above enumerated ,are fol 
lowed. 

ENGINES. 

The selection 'of an engine is not governed by rules so much 
as by the individual judgment of the purchaser. Consequently, 
engines vary more in detail than boilers of the type above dis
cussed. 

The writer is of the opinion that up to 100 horse power the 
moderate speed throttling or automatic engine will best meet 
the needs of quarrymen. For either type the following general 
proportions should be observed: 

Diameter of steam pipe equal to one-,third cylinder diameter. 
Diameter of exhaust pipe equal to one-half cylinder diameter. 
Diameter of piston rod equal to one-sixth cylinder diameter. 
Diameter of shaft equal to one-half cylinder diameter. 
Diameter of crank pin equal to one-third to one-half cylinder 

diameter. 
Length of connecting rod equal to three times length of stroke. 
The effective power of a single cylinder, high or medium 

speed engine can be calculated by use of the formula: 

Horse power = O.002x LxA x N wherein 
L = length of stroke in feet. 
A = area of piston in square inches. 
N = number of revolutions per minute. 

The engines are supposed to use steam ,at 125 pounds, boiler 
pressure. Increase in boiler pressure will give a proportionate 
increase in capacity of engine in either case. 

In addition, it should be remembered that durability is pro
portional to weight, and that weight is cheap in first cost, 
that convenience in ·adjustment, simplicity ·of detail .and perfect 
lubricating devices are essential. 
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Engine foundations should be massive and well built. They 
should rest on hard and natural soil or rock, and the engine 
should be securely bolted thereto. 

Size of Engine.---:-Double the power required to drive the 
crusher or o!ther machinery. This margin is necessary to allow 
for friction and other losses in belts, shafting, etc., and leakage 
of engine due Ito wear in service or neglect. 

MINOR ITEMS. 

All live steam pipes land fittings and the tops of boilers should 
be thoroughly lagged with sectional non-conducting covering 
or its equivalent. Such covering, if ·of good quality, will last 
ten or fifteen years and will pay for itself in five years in the 
saving of heat that would otherwise be lost by radiation. It is 
important that the pipe covering should be applied with care 
in order to have the pipe completely covered by the covering, 
and not merely by the c·anvass wrapper. The latter should be 
thoroughly pasted down and the metal bands tightened. 

Self-oiling bearings or other continuous oiling devices and 
an oil filter will save their cost in a year and will last many 
years. 

When properly cared for, the leather belt is the most satis
factory in the long run, but the writer believes that rope trans
mission will be found to be adapted to quarry work, by the 
reason of its flexibility and its ability to endure exposure. 

Narrow double belts are better than wide single belts of the 
same weight. 

A belt speed of 3,000 feet per minute gives good results. At 
this speed a double belt, glued joints, one inch wide, will trans
mit easily four to five horse power if the pull is steady and not 
jerky. 

A rope can be safely run at 4,500 feet per minute, and a one
inch rope at this speed will transmit from a single groove pul
ley not less than thirteen horse power. 

TRANSMISSION OF STEAM TO THE DRILLS. 

The steam main should be carried on posts with brackets and 
can be conveniently protected from rain and excessive conden
sation by an inverted wooden trough covered at the joints with 
tar paper or equivalent. 
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The pipe should be supported every ,ten feet and should have 
if possible,a uniform grade in the direction of flow, of not less 
than one-half inch to ten fe et. When a rontinuous grade can
not be obtained the low points should be provided with drips. 
The size of pipe for a given number of drills will .depend upon 
the steam required ,to operate them and upon ,the distance which 
the steam has ,to be carried. 

In a large plant, it will pay to put upa good steam line and 
to protect it with efficient covering, because wet steam will not 
drive a drill as economically as dry steam. If ,the steam reaches 
the drill wet the water should be "dripped" off before entering 
the drill. 

The steam should be shut off from ,the pipe line when the 
drills are not needed, 'as at night or any other considerable 
period of time. 

Gas Engine Power for Quarries. 

At present ,the gas engine is not sufficiently reliable for the 
uses ,of the quarry. The writer believes, however, that ,the gas 
engine will some day enter this field in those parts of Iowa 
where coal is expensive 'and ,that the power expense of quarry
ing will thereby be materially reduced. With it will come the 
air compressor and 'air drill or the dynamo and the electric 
drill, both of which have been successful in mining operations. 

In this connection, attention is invited to certain tests made 
by the United States Geological Survey during the period of 
the Louisiana Purchase Exposition and at ,the government test
ing plant established there. These tests can be studied in detail 
by referring to Bulletin No. 261, United States Geological Sur
vey, obtainable through your Congressman, ,or by direct appli
cation to ,the Survey at Washington. 
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B. T. U . per lb. AverageK. W. Dry coal per I» at switch-Dry Coal board K. W . hour 8 
0 

'" Ci Ci Q 0 
Samples <> 

cd ... cd ... cd " '" p. '" p. '" p. '" '0 <> .... <> .... <> .... 
8 "'" 8 "'" 8 "'" if} 

cd 'Oed cd '0 cd cd '0 cd E 0 - 0- 0-
'" "Po '" "Po '" "Po cd rn ~ 00 ~ rn ~ 0:: 

I 

I 
Alabama No. 2 ...... . ...... 12,555 13,365 158 148 5 .. 50 2 .21 2.48 
Colorado No. 1. .... . .... .. ..... 12,577 12,2~5 115 148 6.51 2 .30 2.83 
Illinois No.3 ..... ... . . . .. . . .... 12,857 13,041 147 148 5.85 2.·U 2.43 
Illinois No.4 .... . . . . . . . . . . . . . . . 12,459 12,8:H 14.5 148 6 .47 

I 
2.37 2.73 

Indiana No. 1. .. . ... . .. ]3,377 13,0;:)7 163 U8 5 .. 56 2.60 2.H 
Indiana No. 2 .............. . . . . 12,452 12,953 142 

I 
]49 5.8rj 2.08 2.81 

Indian Territory No.1 .......... 12,83~ 13,455 14:-l 152 5.H 2 .46 2 .21 
K entucky No.3 ................. Vl ,03li ]3,226 155 148 .5.68 2 .57 2 .21 
Missouri No. 2 ..... .. ....... .. .. 11,500 11,882 152 128 6 .62 2 .30 2.88 
West Virginia No. 1. ... .... . . .. H,]98 14 ,3~6 146 148 5 .25 2 .12 2.48 
W est Virginia No.4 ... . ... . .. . .. 14,002 14,202 157 148 4.87 1. 74 2.80 
W est Virginia No. 9 ............. 14,6]6 14,580 15~ 149 4 .66 2.14 

I 
2. ]8 

West Virginia No. 12 ............ 15 ,170 14,825 151 148 ±. 7f) 2 .02 2 .35 
Wyoming No .2 .......... : ...... 10,897 10,656 135 149 7.94 2.78 2 . 1:>5 

------------------
Averages . . .. .. .. . .. .. .... . ... 13,037 13, 192 .... , . ..... . .5.7] 2.29 

I 
2.49 

--

In the above 'table are shown the principal results of steam 
and producer g,as engine tests of certain soft coals, some of 
which are compamble with Iowa coals. Fourteen tests are 
here quoted. The favorable showing of the producer gas en
gine in these tests is significant. -While it is true that the steam 
engine used was 'a simple non~c'ondensingengine having a 
"w3Jter-rate" of 23.6 pounds, it is also true -that the gas engine 
in the large sizes is still in an experimental s,tage, especially in 
those features of it-s des~gnandopera;tion which affec't its utility 
in plants where ,only o'l'dinary skill can be expected to be exer
cised. 

Of the co'als lis,ted in the above table, Missouri No. 2 resembles 
most closely the Iowa ~oals-its principal proportions being 

Moisture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .... . . . . . . . . . . . . . . . . .. 11 .60 
Carbon, volatile . . . .. ................. ' ': '' .. ......... . .. . . . .. .. :15.28 
Carbon, fixed. . . . . . . . . . . . . . . .. . .. ...... . . ... . . . . . . . . . . . . . . . . .. 3:-l . 28 
Ash .... . . ....... ... .............. .. . ................. . ....... . 14.84 
Sulphur. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . .. 4.56 
Calorific value . . . . . . . . . . . . . . . . . . . . . . .... . ... ... . . . .... 11500 to 11882 

12 
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and the average of Iowa coals being 
Moisture . . . . . . . . . . . . . . .. .... . .. ........ . . . . . ... ... . . ... ..... . . 13 .16 
Carbon , volatile . . .. . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 .36 
Carbon, fixed. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . ... . . .. ....... ' 39.69 
Ash . . . .. . .. . .. .. .. . ... . . .... . . . . ... . . .. . . .. . .. ..... . . . . . .. . . .. 13 . 76 
Sulphur . . . . .. .. . . .......... . .... . . . . . .. . . .. . . ... . . .. . . . . .. .. .. 4.65 
Calorific value. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10019 to 11027 

"The high percentage ,of sulphur in the coal did not add to its 
value as a producer fuel," ,is a remark made in the government 
report in connection with these tests, which sentiment has been 
modified ID3Jterially in the view of later experience to which ref
erence is had below. 

The lack of correspondence between the rela'tive values of the 
several coals in the table for steam and producer tests indica,tes 
that a given producer may be better adapted for handling a 
wide variety of coals ,than is a given boiler furnace. 

The table also shows ,tha:t for these Itests and eondihons the 
percentage ,saving in fuel of the producer over Ithe steam plant 
is greater for the poorer coalis , and thils i s an entirely reason
able view because the volatile constituents of the coal in the pro
ducer escape only thr,ough 'the engine ,cylinder in whi,~h their com
bustion is quite completely effected; wherea s, with steam genera
tion with volatile fuel s under a boiler, various and large pro
portions of the volaJtile matter escape to the chimney unburned. 

The ,tests above quoted were largely in the nature of prelim
inary tests and considerable difficuHies were met with in ob
taining rehable results. 

In the year following the exposition, viz., 1905, bet'ter ar
rangements were available for the tests, and ,the matter was 
again entered inrto much more thoroughly. A notable change 
in the conditions surro'unding the second series of tests was in 
their length. It was possible ,to secure continuous periods of 
opemtion for each test of from forty to sixty hours, which 
was no't possible in the earlier ,tests. 
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Dry Coal Per K. 
B. T . U. W. Hour . 

Samples Per lb. Ash Sulphur 

I 
Ratio 

Dry Coal Steam Pro-
ducer 

Illinois No. 11 ................ 12762 16.0 4.6 7.13 2.40 2.98 
7 ................ 12730 18.9 4.15 5.85 -3.50 1.67 
8 ............ ... . 12020 11.6 4.64 7.41 2.31 3.20 
9 ..... .... .. ..... 12438 11.5 4.92 7.00 2.38 2.94 

10 .... ... . ........ 12929 10.6 1.35 7.70 1.95 3.95 
Washed 11 .. .............. 12348 10.8 2.09 6.02 1.82 3.32 

11 .. . ............. 13370 11.5 1.65 6.62 4.00 1.65 
13 .. .... . ......... 12600 10.2 1.66 6.12 2.14 2.87 
14 .. . . .. . ......... 12060 12.4 4.16 7.16 2.10 3.40 
15 .. .. ............ 11749 13.5 4.06 6.82 2.18 3.14 
16 ...... . .. . .. .. . . 12874 10.3 1.47 5.70 2.25 2.54 
18 ............ ... . 12970 10.0 4.59 6.40 2.03 3.15 
19 .. . ....... . ..... 13000 9.4 0.53 5.65 1.79 3.16 

Average...... .......... ............ ... ..... .... .... ............ .... ...... 2.92 

Indiana No. 5 . ........ .. .. ... 12600 11.5 5.00 6.41 2.20 2.92 
" " 6 .. . . . ...... . .... 12505 12.5 4.71 6.41 2.32 2.77 

Kansas No. 5 .......... ...... ......... 10.2 3.18 2.02 
Kentucky No. 5 ..... ... ........ 14500 4.0 0.47 4.83 1.79 . 2.69 
Dakota lignite .................. ......... 11 .4 3.54 2.55 
West Virginia . ....... . ........ . 14500 3.5 0.82 4.64 1.36 3.41 
Wyoming ... . ................. . 10518 15.3 7.36 7.96 2.40 3.31 
Brazil. ...... .. . . ... . ......... , 9900 23.4 2.94 8.85 3.12 2.84 

Average except Illinois.. . .... .... .... . . .. .... .... .... ... . .... .... .... ... . 2.99 
Average of all................ ... ..... ............... ..... . ........... .... 2.93 

The preceding table g,ives "a comparative summary ofa num
ber of soft coals Itested in 1905, both on the steam plant and the 
producer plant. The results are very interesting and confirm 
in a general way the advantages of the producer plant indicated 
by the earlier tests. In the earlier tests, 'as ,shown in the first 
table, the rrutio of economy of the producer to the ,s'team plant 
w.as 2.49. In the tests of 1905, ,the averag'e ratio for the Illi
nois coals w.as 2.92, ,and for sundry other coals used, 2.99, ,and ~ 

for the nineteen coals as shown in the second 'table, the average " . 
was 2.93. 

The following summary ,of the 1905 tests is taken from Bul
letin No. 290, United States Geological Survey. 

"The results of the majority of the ,tes'ts have been exceed
ingly gratifying, official records having been made as low as 
0.95 pound of dry coal per hour burned in the producer per 
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electrical horsepower developed 'at :the switchboard, or 0.80 
pound of dry coal per hour burned in the producer per brake 
horsepower, 'on ,the basis of an assumed efficiency of 85 per cent 
for generator and belt. 

"Throughout ,the tests a constant -effort has been made to do 
away with unnecessary appliances. This effort has furnished 
valuable and interesting information and has centered wtten
tion ,on several radioal changes in the details of producer gas 
plant cons,truction. 

"It was found at an early da'te ,that more or less sulphur 
was passing the purifier ,and entering the engine cylinders. 
Investi~ations by the chemists showed that purifiers consis,ting 
of oxidized iron filings 'and shavings are fairly efficient for co'als 
containing little sulphur-1 per cent or less; but it was found 
that for coals containing larger percentages of sulphur the 
purifier became completely exhausted after about six or eight 

_ hours. Mixtures of lime and shavings were tried, but with 
little success. As a result of ;these investig,ations, the purifier 
has been discarded, and the gas, carrying its full percentage of 
sulphur, has been charged directly into rthe engine cylindel1s. 
This method of operating has been going on for many months, 
and no ill effects have been discovered, though coal has been 
used containing as high las 8.1 per cent of sulphur. 

" 'One feaohue of the plant as installed was the economizer, 
used for preheating the air for the bla t. A series of experi
ments has shown no effect on the c'hemical composition of the gas 
or on the efficiency of ,the plant when air a,t ordinary ,atmospheric 
temperature was substituted for preheated air. As a result the 
economizer, ,as an ,economizer, bJas been discarded, and the con
struction of ,the plant again simplified. 

"Other modifications and changes are under investiga'tion at 
the present time, the most important, fr'om an economic stand
point, relwting to ,the utilization of slack coal in producers." 

In laddition ,to ,the above ,the writer presents the principal re
sults of a test of a hard cO'al producer gas engine made under his 
direction, in the spring -of 1906. The engine was 'a ,three-cylinder, 
vertical, Fairbanks :Morse engine, using gas generruted from an
thracite pea co'al in a suction g3ls producer, also manufactured by 
the Fairbanks Morse Co. The unit is rruted art 150 brake horse-
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power at 250 revolutions per minute, and was guaranteed ,to give 
one brake horsepower hour for not -to exceed one and one-half 
pounds of anthracite pea cOlal for all lo,adsabove seventy-five 
brake horsepower. . 

Revolutions per Brake load, horse- Pounds coal (as fired) Cost per brake horse-
per brake horsepower power hour at S6.00 minute power per hour per ton 

250 40.1 1.511 $0.00453 
250 82.7 1.157 .00347 
250 156.9 0.999 '.00299 

Two tests were also made on this -engine under ,s-ervice condi
tions, viz.: belted to a 75 K. W. -aHerna'ting current generator. 
In -addition to the lighting load, electrically driven pumpmg 
machinery can be oper3ited from 'thi,s 'genemtor. 

Fig. 6 shows the lOlad curve (A) during a service run with 
lighting load only and the load curve (B) for the combined load, 
the usual oper3iting condrtions, s'tand-by losses included.. I 

At $6.00 per ton ,the cost -of fuel per K . W. hour at the,switch
board' for the load A was $.01207 including fuel for banking and 
star,ting, and for the load B Wias $.00639 including also th~ stand-
by loss-es. ,,' 

Soft coal from Illinois which was used f-or a Corliss ~ngine 
unit in the same plant cost $3.40 per ton. 

F 'or the purpose of comparison with 'vhiil test, we may consider 
the case ,of a simple Corliss engine -similar to that used in the 
government tests at St. Louis. The average coal consumption 
of -that engine, ,according to table on page 177, was 5.71 pounds 
per K. 'vV. hour. If this coal cost $3.00 per ton the cost of the 
coal per K. W. hour would be $0.0085, which can be compared 
directly with ,the values given in connection with the Algona test. 

It is difficult at ,this time to prediCit the immediJate future -of the 
producer gas engine, but the wr~ter believes that ,this type of 
prime mover is destined to be a formidable riv:aJ, of the steam 
engine, and -as the price of fuel increases ,the field for the pro
ducer gas €mgine will enlarge. At pre'sent ,there is a question 
whether it will pay ,to ins,tall a pr~<wqer gas ~ngine where coal 
is cheap. The only advantage would be Ithe .'compliance ,with the 

" 
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smoke reguLation, but as a financial proposition it may be stated 
that owing to the fact ,thwt a producer g'as engine installation 
costs probably from 50 per cent to 60 per cent more than a 
steam engine pliant which would be its alternate, it will not pay 
to consider ihe installation of ihe gas producer plant with coal 
costing $1.25 or less per ton. 

-
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FIG. 6-Test of producer gas 'engine. 

A.-Load curve of Algona producer gas engine, Mar. 15-16, '06. 
Fourteen hour test. Output 403 K. W. hours. 
Anthracite pea coal per K . W. H. = 4.10 Ibs. 
F uel cost per K . W. H. = $0.0123. 
Load factor 18 per cent. 

B.-Load curve of Algona producer gas engine, Mar. 16-17, '06. 
Twelve hour test . Output 589 K. W. hours . 
Anthracite pea coal per K. W . H. = 2.23 Ibs. 
Fuel cost per K. W . H. = $0.00699. 
Load factor 27 per cent. 
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The question of ,the mechanical and operative advantages and 
disadvantages of the gas engine will not be discussed here except 
to say that there is no reason why the g'as engine can not be used 
satisfactorily for the generation of electrical current for lig-ht, 
pumping and power. 
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CHAPTER IV 

INTRODUCTION. 

NO TES ON THE GEO LO G I CAL SECTION O F IOWA. '* 

By SAMUEL CALVIN, 

The columnar section is not drawn to scale. The approximate 
average thiclmess is indica;ted in the appropriate column. 

The Sioux quartzite occupies only a few acres in the northwest 
corner ,of the state, 'and in this locality it is Cretaceous sediments 
which are found, in place, abutting ,against it. That it is pre , 
Cambrian in age admits of no doubt, and that it is the equivalent 
of the Baraboo quartzite of Wisconsin is equally certain. The 25 
feet exposed in Iowa is only a small part of the thickness of ,this 
formation. 

The Cambrian sandstones are exposed by ,the er,osion of the 
river valleys in the northeaS'tern part of the state. The basal 
con tad with the older pre-Cambrian 'quartzites is not ,seen in 
Iowa; a thickness of fully 700 feet of this formation lies below 
the level of the Mississippi River at Lansing and New Albin. 
These sandstones have been referred ,to ,the Upper Oambrian, or 
Potsdam series, in the geol,ogieal reports of Iowa and Wisconsin, 
and they have been very generally spokcen of, collectively, as The 
Potsdam sandstone in discussions 'on the geology of the upper 
Mississippi valley. Th e special formation name, St. Croix, and 
the names ,applied ,to the smaller dh:-isions, have been adopted 
from -the reports on the geology 'of Minnesota. 

* Re-printed with some emendations, trom The Journal of Ge%oy, October- November, 
1906, Chicago . Illinois , 

13 (193 ) 
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Thp Prairip dt£ Chien limestonc.- F.ollowing the Potsdam 
sandstone of the Oambrian System is a succession of beds, 
chiefly dolomites, which was originally recognized by Owen un
der the name of The Lower Magnesian limestone. Owen's name 
for ,this assemblage of sltrata Wlas current lamong western geol
ogists for many years after the publication of his reports, and in 
some recent publication ,the old name has been retained. It 
has been ·shown that the Lower' Magnesian limestone consists 
of three geologioal unit in its exposures near the Mississippi 
river, a sandstone member, The New Richmond sandstone, lying 
between masses of dolomite. The lower dolomite has been 
called Oneota lim estone b~' McGee, while the upper member was 
described as the Shakopee limestone by the geologists of Minne·· 
sota. In the Lancaster folio, recently published by the Uni,ted 
States Geological Survey, Owen's Lower Magnesian has been 
given ,a geographic name, and is henceforth to be known as 
The Prairie du Chien limestone. In 'fhe earlier reports on the 
Iowa Geological Survey McGee's name, Oneota limestone, was 
extended so as to make it the full equiVlalent of Owen's Lower' 
Magnesian. Restricting the use of the :term Oneota to the geo
logical unit to which it was originally applied, and substituting 
Pmi1'ie du Chien for the original non-geographic term applied 
by Owen, the reason for Ithe arrangement adopted in the colum
nar section will be ,apparent. 

The St. Peter sandstone needs little comment further than to 
say that McGee, in his Pleistocene History of Northeastern Iowa, 
extended the applicrution of ,the term downward so ,as to make it 
include the Shakopee 'and New Richmond of what is now termed 
The Prairie du Chien s'tage. It was assumed that the two sand
stones .are related, ,and the intervening Shakopee limestone is 
only 'an incident. Apart from the raot that they are made of 
quartz grains, ,the ,two ,sandstones have nothing in common. The 
New Richmond lies in thin beds; the surface 'of the beds is often 
ripple-marked; the individual grains, in the most perfect way 
imaginable, show secondary enlargement; ·some parts of the 
formation hav·e been conv'erted into a fair quality of quartzite. 
N one of ·these things characterize the St. Peter. 

The Platteville and Galena limestones.-The confusion which 
has ,arisen in connection with the use of the terms" Trenton" and 
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"Galena" as applied to certain Ordovician limestolln of 1he 
mid-western states, and the probable causes of such c JUfusion, 
are discussed in the" Geology of Dubuque County," in Volume 
X of the Iowa Geological Reports. The assemblage of strata 
covered by the two names conjoined is divided by ,a persistent 
band of shale land shaly limestone carrying Orthis subaequata 
and O. tricenaria of Conrad as characteristic fossils. This band 
has been called the" Green Shales" in some Minnesota and Iowa 
reports. All ,the beds above the "Green Shales" lare dolomitic 
at Dubuque, and, so far as 'Concerns this locality, they have been 
consis,tently known as the Galena limestone ever since Ithe pub
lication of the report on the Geology of Iowa by James Hall in 
1858.' In localities where these beds are unaltered limestones, 
they have usually been spoken of as Trenton. Lithology, and not 
stratigraphy, was ,the basi,s of Ithe clas'sification. It is now pro
posed to use the term "Galena" for ,all the .strata above' the 
"Green Shales," whether they are dolomitic, ,as ,at Dubuque, or 
are non-dolomitic, ,as lalong the river at ,and above Decorah. 
Bain's name, "Platteville," is ,acceptable for the beds below the 
top of the "Green Shales." 

The Maquoketa shales were so named by White in his report 
on the Geology of Iowa, published in 1870. The beds are, in 
part only, ,the equivalent of the Cincinnati shales ,of Meek and 
Worthen, of the Richmond shales of some recent ,authors, of 
the Hudson River shales of the New York geologists. 

The Niagara limestone.-Lithologically, the Niagara series of 
:Lowa is wholly unlike that 'of New York. There ,are no sand
stones, no shales, pra0tically no unaltered limestones. In the 
mid-west the Silurian is represented bya great body of dolomite 
in which there is more or less commingling of the Clinton and 
Niagara faunas of the region farther east. In some cases a 
number of life zones may be recognized. Syringopora tenella 
characterizes one of these; Pentamerus oblongus, lanother; an
other has Caryocrinus, Eucalyptocrinus, and related forms as 
diagnostic types; and others, like that carrying Dinobolus con
radi, 'are marked by sltill different species. But ,these zones are 
not well set 'off one from ,the other, ,and in many 100alities there 
is more or less of intermingling of forms from ,adjacent zones. 
The lower pallt ·of the Niagara limestone, including the zones 
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between the base of the formation 'and ,the top of the Pentam~ 

erus-bearing beds, is quite distinct from the upper portion which 
includes what have been called the Le Claire and the Anamosa 
limestones. In the ·earlier volumes of ,the current series of Iowa 
Reports the lower phase was designated the Delaware stage, 
and the upper has been called by Norton the Gower stage. The 
term" Delaware," however, as ,the name of -a geological unit, 
was used by Orton for a phase of the Ohio Devonian as early as 
1878, and it is proposed* to use "Hopkinton" in place of the pre
occupied term "Delaware" for the lower phase of ,the western 
Niagara. All the characteristics of this stage lare well dis
played in the quarries and ravines within ,a radius of ,two or 
three miles around Hopkinton in Delaware county, Iowa. 

The Devonian system.-The Devonian is represented in Iowa 
by an assemblage of sediments carrying characteristic Devonian 
faunas. It is not possible, however, definitely to correlate any 
part of Ithe western Devonian with any part of the sediments 
referred to the same system in New York. There is certainly 
nothing west ,of the Mississippi which can be said to represent 
the Helderberg or Oriskany of the East, and the New York 
Corniferous, or Onondaga, js but doubtfully indicated by a few 
specie's. The faunal relations of our Devonian, so far as it is 
possible to recognize such relations, are with the divisions gen
erally known las Hamilton and Chemung. The conditions of 
sedimentation were different in the two areas, mechanical sedi
ments and turbid waters prevailing in one, clear seas and or
ganic deposits characterizinO' the other; geographic-any the 
basins were separate; a very large proportion of the specie 
are quite distinct and are useless for pur:>oses of correlation. 
Of the species which are common the order in which they arrived 
in the respective basins is not the same, some of the upper 
Devonian forms of New York appearing early in Iowa, while 
some of the earlier ones came late. In a general way, therefore, 
but not in any way definite or specific, the Middle and Upper 
Devonian may be recognized; but not even in the most general 
way can we point to anything corresponding to the Lower 
Devonian of the New York section. Indeed, the remarkable 
lung fish, Dipterus, which elsewhere is found only in the Upper 

• See repor t on the Geology of Winneshiek county, vol. XV!, page 60. 
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Devonian, occurs in Iowa in formations which have been tenta
tively referred to the Middle Devonian, as well as in formations 
which have been correlated with the upper division of this sys
tem. The system has been divided in Iowa on the basis of an 
apparent unconformity; faunally the two divisions are not very 
distinct. The intimate faunal relations between the Independ
ence shales, near the base of our Devonian, and the Lime Creek 
shales, above the unconformity near the top, are noted in the 
reports on Cerro Gordo and Buchanan counties. The three units 
referred to the Upper Devonian-the Sweetland Creek shales, 
Lime Creek shales, and State Quarry limestone-do not lie one 
above the other, but each is locally developed and appears to 
lie unconformably on the Cedar Valley limestones. 

In Cedar, Linn, and Scott counties the Devonian follows the 
Silurian conformably, but in the northern counties, lloward, 
Winneshiek, and F 'ayette, there is a record of subsid ~nce due 
to crustal warping after the Devonian was fairly well advanced, 
and the rocks of this later system overlap the whole Niagara, 
and, in the counties named, their eastern edge rests on deeply 
eroded Maquoketa. 

The Lower Carboniferous, Mississippian.-It is possible, in
deed probable, that there is an unconformity between the De
vonian and Lower Oarboniferous, but it has not been positively 
demonstrated. The actual contact of Devonian and Kinderhook 
has not been observed. The faunal break is not exceptionally 
great. The stroma top ores, favosites, and most of the other cor
als characteristic of the Devonian do not appear in the Kinder
hook, and the same is true of the Stropheodontas, Strophonellas, 
and Atrypas; but the Orthothetes, Rhipidomellas, Spirifers, and 
Cyrtinas have pronounced Devonian relationships. Productella 
pyxidata and Ptyctodus calceolus, collected in the Kinderhook 
of Missouri, furnish other points of affinity between the Kinder
hook and Devonian faunas. 'On the other hand, leaving out 
Productella, the Productidre of the Kinderhook are decidedly 
Carboniferous, and the fish fauna in general points unmistak
ably in the same direction. The Burlington limeBtone and the 
Keokuk limestone of the earlier geologists ,of Iowa and Illinois 
have been united under the term" Osage" or "Augusta. " While 
the two alternative names are not quite synonymous, it is prob-
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able tha,t geologists -will unite on the ' term "Osage" for the as
semblage of limestones, cherts, and shales under consideration. 
So far as concerns Iowa, the St. Louis limestone brings the Mis
sissippian to a close, and this formation remains as originally 
defined, the line between the Osage and the St. Louis being 
drawn at the pronounced unconformity at the top of the Warsaw 
beds. When ,the later Mississippian, the Kaskaskia or Chester, 
was deposited, the shore lines, so far as now known, lay outside 
the limits of our state. That the greater part of the Mississip
pian was charaderized by comparatively arid climate is sup
ported by many lines ·of evidence. 

The Pennsylvanian se1"ies includes the productive Coal-Meas
ures and presents the usual characteristics, biologic and lith" 
ologic, of equivalent deposits in other parts of the world. One 
of the most pronounced unconformities in the Mississippi valley 
occurs between the Upper Carboniferous and the older forma
tions. When the Pennsylvanian series began, the shore-line was 
probably as far south as Arkansas. There are indications that, 
at that time, Iowa stood higher with respect to tide level than 
it does at present, and deep erosion trenches were cut in the 
Silurian, Devonian, and Lower Carboniferous forma'tions. When 
subsidence allowed the sea to return, it advanced upon a scarred 
and eroded surface, depositing shales and sandstones of the 
Des Moines stage in old drainage channels, and over the surface 
generally, as far Ito the northeast as Delaware and Jackson 
counties. In the counties last named remnants of Coal-Measure 
strata are found in troughs cut in Silurian, even in Ordovician, 
beds, land similar remnants occur in old river channels cut 
in the Devonian limestones of Muscatine, Linn, and Johnson 
counties. The extreme advance of the coal-measure sea was of 
comparatively short duration. For the greater part of the Des 
Moines stage, so far as it is represented in Iowa, the shore-line 
oscillated back and forth over the area now occupied by the 
valleys of the Des Moines and the Skunk rivers. Within this 
area there are records of numerous slight movements of eleva
tion and subsidence. 

The sediments referred to the Missouri stage follow those of 
the Des Moines without break. The crustal oscillations seem 
to have been less numerous; ·the waters were clearer; the climate 
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was less hUPlid; arenaceous deposits are scarce; limestones and 
shales make up the bulk of the sediments of this stage; progress 
was made toward the more arid ('onditions ,of the Permian. 

The Permian.-The gypsum beds in Webster county, together 
with the associated red shales and sandstones, have been re
ferred by Professor Wilder to the Permian system. By some 
writers they have been referred to the Triassic, by some to the 
Cretaceous. These beds contain no fossils, 'and their stI'lati
graphic relations are such as to lend no aid in determining their 
exact position in the geological column. They lie unconform
ably on deposits of the Des Moines stage; in some places they 
rest on St. Lonis limestone, for erosion had cut through the 
whole thickness of the Des Moines sediments before conditions 
favoring the deposition of gypsum began. 

The Cretaceous system.-The Dakot'a and Colorado stages of 
the Upper Cretaceous are represented in northwestern Iowa by 
a series of sandstones, shales, and chalky limestones. In his 
report on the Geology of I owa, published in 1870, White divides 
the Iowa Cretaceous into the "Nishnabotany sandstone," the 
"W oodbury and stones and shales," and ,the "Inoceramus 
beds." The sandstones along the Nishnabo,tna river, 'as well 
as those at Sergeants Bluff and Sioux City in Woodbury county, 
together with some interbedded shales, are referable to the Da
kota stage; while the main body of shale and ,the calcareous 
Inoceramus beds represent ,the Fort Benton division of the 
Colorado. It is not certain that there is any true Niobrara in 
Iowa. During the long interval between ,the Upper Carbon
ifer.ous and the Upper Cretaceous <the surface of Iowa was 
deeply eroded, and it was on such a surface that the Cretaceous 
sediments of the state were unconformably deposited. Since 
the Cretat:eons, these ::,ediments, which were comparatively thin 
at the most and imperfectly consolida,ted, have been extensively 
removed by erosion, and now occur in more or Jess isolated 
patches. On the geological map of Iowa the Cretaceous is in
dicated over the entire area upon which it was originally 
spread, the thick mantle of drift covering that part of Iowa 
making it now impossible to outline the individual remnants. 
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The Pleistocene deposits .-Iowa was exceptionally fortunate 
in its; location with reference ,to the movements and marginal 
limits of ,the successive ice-invJasions of the Glacial epoch. The 
state, therefore, offers unusual facilities for the study of the 
relative age and differential characters of ,the several sheets 
of drift which make up the great body of mantle rock within 
the limits of the glaciated area. The succession of the glacial 
and interglacial stages which have been recognized by members 
of the national and state urveys is indicated in the columnar 
section, and the subject will be found discussed in the national 
and state reports. 



THE GEOLOGY~OF IOWA QUARRY PRODUCTS. 

By S. W. BEYER AND IRA A. WILLIAMS. 

The Proterozoic. 

The Proterozoic is represented by the Sioux Quartzite, which, 
while known to underlie a considerable area in the northwest 
corner of the state, exhibits outcrops over 'a very limited terri
tory in the exh'eme northwest corner of Lyon county. Small 
openings have been made and small quantities of the indurated 
sand tones have been removed from ,time to time. While Iowa 
is capable of producjng much larger quantities, owing to lack 
of transportation facilities the trade is supplied from the quar
ries at Sioux Falls, South Dakota, 'and the Pipestone district 
in Minneso'ta. 

The stone v.aries from a light pink to a deep purple in color, 
with shade of red prev·ailing. It 'also varies grea'tly in state 
of induration, texture :and structure. As a rule ~t is typically 
quartzitic, presenting ,the char'acteristic porcelain-like fracture 
on freshly broken surfaces. Occasionally it is poorly cemented 
and may be crumbled between the thumb and fingers . In texture 
it presents normally a fine even gr·ain, although conglomeratic 
facies on the one hand ·and slaty on the other are known. In 
general ,the quartzite occurs in fairly heavy to massive beds, 
in approximately horizontal posi,tion or dipping at a low angle. 
In pl'aces the beds thin greatly, lack constancy and even show 
false bedding. 

The normal quartzite ,affords the most durable structural 
material native to Iowa, and is especially well adapted for 
heavy masonry and s'treet paving and all purposes where 
strength and durability 'are required. It is also well adapted 

(:ZQl) 
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for use in fronts and trimmings of buildings. It takes and holds 
a high polish and is desirable for decorative purposes. On ac
count of. its great hardness it is expensiv,e to dress and ueeau 'e 
of thi. fact will never be used extensive ly save for the most 
costly and permanent structures. 

The Cambrian. 

rOT:-;D A lVl SERIES. 

THE SAI:'>l'r CROIX SANDSTONE. 

Only the uppermost division of the Cambrian i.s known to 
occur in Iowa. The principal outcrops are confined to th e Mis
sissippi river and its immediate 'tributaries in Allamakee and 
Clayton counties and are refe rred to the Saint Cro ix . tag-e, 
suppo eel to be the eC)uivalent of Hle Potsdam of New York. 

The Saint Croix comprises three rather easily separable mem
ber. , the Dresbach sand stone, ,the Saint Lawrence limestone and 

FIG. 7-St. Croix sandstone at McGregor, showing absence of well defined bedding planes . 
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shales and the Jordan sandstone, named in ascending order . 
.As a rule all of the beds comprising the series are wholly unin
durated or are but poorly indurated and as a consequence are 
of but" small importance as a .source of quarry products. Cer
tain layers immediately below the Saint Lawrence shales are 
slightly indurated and have been used to some extent for struct
ural purposes. 

As far ,as known such use has been confined to Allamakee 
county. The chief openings were ~ade along the Mississippi 
and immediate tributaries from New Albin to Lansing and from 
a horizon varying from one hundred ,to one hundred and fifty 
feet above the river. 

The sandstone carries a calcareous cement, lacks durability 
and is not readily accessible 'and deserves mention only as hav
ing been used to a very limited extent as a structural material. 

The Ordovician. 

The Ordovician system of rocks comprises two series, a lower, 
the Canadian, and an upper, the Trenton. The former may be 
readily subdivided into two stages, one which . is prevailingly a 
massive dolomite and known in ,the later pUblications of ,the 
U. S. Geological Survey as the Prairie du Chien limestone, * 
and the other, a well-marked sandstone horizon, the Saint Peter. 

The Prairie du Chien limestone (lomprises a lower massive 
dolomite which the present Survey has designated the Oneota 
limestone, a medial sandstone, ,the New Richmond, and an upper 
dolomite, the Shakopee limestone. Near the base of the Oneota 
limestone, above about ten to fifteen feet of arenaceous lime
stone, there are thirty to fiorty feet of ,evenly bedded dolomite, 
~cellEmtly adapted for the v'arious grades of dimension stone 
and the really only important quarry horizon in the Prairie du 
Chien limestone. . 

The beds representing the Saint Peter sandstone are usually 
not sufficiently indurated to merit consideration as a building 
stone. Occasional beds are indurated locally and have . been 
developed to a very limited extent. 

* In the reports on Winneshiek and Clayton counties, volume XVI of these reports, this 
stage is called the Lower Magne_ian , but tnis term is now superseded by the one here used 

.in accordance with a recent decision of the Board on Geologic Names of the U. S. Geological 
Surv,ey . See Lancaster-Mineral Point Folio, page 3 
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The Trenton series comprise the Platteville, Galena and Ma
quoketa s<tages, 'according to the present terminology .adopted 
by the Survey. All of ,the members have furnished some 
structural material, although quarrying operations have been 
limited to the Platteville and to the dolomitized portion of the 
Galena. The most important horizon, lmown as the "Lower 
Buff Beds," attaining a thickness of more than twenty feet: oc
curs near the base ,of the Platteville and is Iseparated by a few 
feet of shale from the Saint Peter sandstone. 

The upper Platteville, while usually thinly bedded and often 
decidedly argillaceous, is quarried ·to 'some extent. The Galena 
ljmestone, a. it occurs in Dubuque county, affords stone suitable 
for massive masonry and has been so utilized to a limited ex
tent. To the northward it becomes less magnesian to non-mag
nesian .and is practically worthless for structural purposes. The 
Galena is separated from the Platteville by a calcareous shale, 
the" Decorah Shale" of Professor Calvin, the" Green Shales" 
of the Minnesota geologists, which is worthless save asa pos
sible source of material for cement manufacture. 

The uppermost member, the Maquoketa, is of small impor
tam~e as a source of quarry products. The Middle Maquoketa 
cherts may prove to be serv1ceable road material, while the 
calcareous ,to dolomitic layers in the Lower 'and Upper Ma
quoketa 'have been quarried locally. The shales of the Lower 
Maquoketa afford material suitable for the manuf.acture of Port
land cement. 

It is prohably 'true that no other rock system is potentially 
richer in quarry products than the Ordovician. This wealth of 
material has been but little developed in Iowa. The lack of 
development is due to sever,al {lauses. In the first place, first 
class material constitutes only a small proportion of the entire 
assembLage of beds. As yet the demand for the waste which 
could be utilized as crushed stone is small. In the second place 
the counties in which ,the Ordovic1an beds occur are poorly sup
plied with transportation facilities, away from the immediate 
vicinity of the Mis issippi river. Third and last of the im
portant factors, is the introduction of cheap substitutes for 
building stone. Stone of usable quali<ty can be obtained in 
every township, oftentimes on every farm over considerable 
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portions of the Ordovician area. As a consequence, the outlook 
is not encouraging for the immediate future. 

ALLAMAKEE COUNTY. 

The Ordovician covers the entire county with the exception 
of narrow belts along the Mississippi and Oneota rivers and 
their immediate tributaries, where the beds have been removed 
through erosive lagencies and the Saint Croix sandstone exposed. 
Good quarry stone 'Occurs 'at 'several levels, notably near the 
base of the Oneota and of the Platteville limestone formations. 
Above the ten or fifteen feet of arenaceous limestone or cal
careous sandstone at the base of the Oneota there are thirty 
or forty feet of evenly bedded, fine-grained, buff, dolomitic lime
stone in layers varying from a few inches to three feet in 
thickness and in blocks often time's many feet in width and 
length. _ In the eastern portions of the county in the vicinity of 
New Albin, Lansing and Harpers Ferry the beds have been 
worked to some extent but are not of especially good quality. 
In the northwestern portion of the county, the same beds afford 
material of superior quality for the various grades of masonry, 
although on account of the absence of suitable facilities for 
transporting the pr9duct, they have been but little developed. 
Great blocks detached from the parent ledges through -the under
mining of the friable sandstones below, retain their angularity 
and otherwise Clemonstrate their durability though they have 
been exposed for hundreds of years. At the present time only 
sufficient quarrying has been done to demonstrate the wonderful 
possibilities of this horizon as a source of wealth which may 
in time be utilized. 

Above these beds in the basal portion of the Oneota there 
are occasional beds suitable for structural purposes but as a 
rule the 's-tone is massive, with only occasional irregular bedding 
planes, which renders quarrying difficult. Besides, the beds are 
rather coarse textured, vesicular, and oftentimes arenaceous 
or cherty. The upper Prairie du Chien beds generally show 
layers of sandstone ,and shale interstratified with the dolomitic 
beds, and possess little -to commend them for quarry purposes. 

As a rule the Saint Peter sandstone is not sufficiently indu
rated to deserve notice as a quarry stone. There area few small 
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FIG. 8-Effect of weathering on hard beds of Saint Peter sandstone near Heffner's . 

patches which 'are exeeptions to the general rule, the stone 
being sufficiently cemented to be used for rough masonry. Jot 
has been so used to a limi,tedextent. Such oQutcrops may be 
viewed three miles east of Waukon in the south half of section 
27 in Makee township and in the southwest quarter of section 14, 
Franklin :township, near Smithfield. At the latter place the 
sandstone 0arries a siliceous cement and forms cliffs thirty or 
forty feet inheight and in 'some cases breaks into massive an
gular blocks showing marked ability to resist the agencies of 
disin tegra tion. 

The second important quarry horizon in the 'Ordovician in 
the county comes in the lower Platteville and is the equivalent 
of the "Lower Buff Beds" oQf ,the Wisconsin geologists. These 
beds are separated from the Saint Peter 'sandstone by five oQr 
six feet of greenish oQr bluish shale 'and comprise a heavy bedded 
dolomWc limestone aggregating twenty to twenty-five feet in 
thickness and composed of layers varying from six inches to 
three fee-tor more in thickness. The stone is hard and compact 
and yellow toO buff in color and is ' capable ·of furnishing blocks 
of almost any desired dimensions. These beds are ,available at 
nUlller~)Us points i?- the ' county, notably in the valley of Paint 
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creek in Paint Creek township, 'and in Franklin Itownship, but 
they have been but little developed. 

The Platteville, above the Lower Buff Beds is very variable 
lithologically. There is a continual ,alternation of shales and 
limestones, the limestones predominating. The limestone in 
general is dull colored, shades of blue prevailing and is often 
argillaceous. It is generally fine-grained, compact, and occurs 
in thin beds rarely exceeding six inches in thickness. It breaks 
with a conchoidal fracture and does not ,tool easily. Beds which 
appear to be firm when fir. t quarried, slake readily when exposed 
to the weather. The upper beds have been quarried to a limited 
extent near W,aukon along Village creek. The stone is a blue 
to slaty colored limestone, but weathers to · various -shades of 
yellow and buff; is hard 'and fine-grained and occurs in layers of 
from three to six inches in thickness. The layers 'are variable 
in composition and state of induration -and, ,as a consequence, in 
weather resisting qualities, ,and they must be selected with 
considerable caution when used in permanent structures. Sim
ilar sections may be viewed north of Postville, where some 
quarrying has also been done. 

The upper quarry beds north of Waukon are overlain by an 
important deposit of calcareous shale 'aggreg,ating twenty to 
thirty feet. 

The Galena as developed in Allamalcee county affords nothing 
of importance in ,the way of quarry products. 

CLAYTON COU~TY _ 

All of the major divisions of the Ordovician are well devel
oped in C1ayton county 'and all supply products of economic im
pDrtance. The principal quarry horizons are confined to the 
Prairie du Chien and Gal ena-Pla:17teville. The 'Outcrops ,of the 
Prairie du Chien formation are confined to ,the Mississippi river 
and its immediate tributaries in Mendon and Clayton townships, 
disappearing under the river a short distance north of Gutten
berg. For the most part the Oneota division is composed of a 
coarse, vesicular dolomite, v'arying from light gray to buff in 
color and -showing but few bedding planes. The lower thirty or 
forty feet is in ledges varying from Itwo ,to f'Our feet in thickness 
and has been quarried at several points near McGregor and 
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North McGregor. The beds near the top are sometimes cherty 
and some of the beds carry an abundance of calcite in the cav
erns. Above the quarT:" ledges the dolomi,te is more massive, 
coarser in texture and shows a decidedly pitted surface when 
weathered. As a general rule the upper fifty feet of the Prairie 
du Chien contains ,thin bedded sandy or shaly layers aggregat
ing about fifteen feet, which aloe overlain by brecciated and con
cretionary beds, the Shakopee, aggr·eg1ating 'a thiclme s of about 
forty feet. While the Prairie du Chien attains a thickness of 
more than two hundred fee't in the county, only the lower beds 
already described have been quarried, and even these only in 
a small way. 

The Galena-Phtteville supplies ,two well known quarry 
horizons which correspond in a general way to the "Lower" 
and "Upper" quarry beds of Dubuque and other counties. The 
lower horizon is sometimes 1m own as the "Lower Buff Beds" 
and consists of a fine-grained magnesian 1imest'one which occurs 

FIG. 9-Quarry in Lower Buf! beds at McGregor. Thin-bedded limes tone i s seen at top . 



PLATE XXXI-Quarry of Clayton WWte Sand Company, Clayton, Clayton county , Iowa. The beds developed belong to the Saint Peter 
sandstone and are almost free from impllrities. 



'. 
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in layers ranging from eight inches Ito three or even four feet 
in ,thickness. Lt ,~s blue on fresh faces but upon exposme weath
ers to a buff color. It breaks readily along bedding planes into 
slabs 'of almost any thickness and is cut by sufficient vertical joint 
planes to facilitate quarrying. These lower beds are being 
developed near McGregor and Gut,tenberg and are easily avail
able at numerous other points. They comprise a thickness of 
from fifteen to twenty feet. The lower quarry beds are over· 
lain by thin bedded, very fine-grained and compact limestone 
somewhat unevenly bedded and light blue-gray in color. In 
places these beds are decidedly marly in, character. They at
tain 'a thickness of twenty-five to thirty-five feet. These thin 
beds ,are overlain by ,the "Green Shales" of the Minnesota 
geologists. The secornd important quarry horizon is near the 
top of the Galena-Platteville and develops the dolomitic beds 
of the Galena. Numerous quarries have been opened in these 
beds, including Ithose in Ithe vicinity of Monona, Elkader, Garna
villo, St. Ollaf, Farmersburg, in Cox Creek township, the lime 
kilns at Guttenberg and numerous other points. The upper 
Galena comprises a heavy bedded, sub-crystalline dolomi,te, 
rather coarsely granular, more or less vesicular and buff in 
color. It weathers very irregularly and presents a rough p~tted 
surface when long exposed. The beds vary in thickness from 
a few inches to five feet or more. The heavy beds often grade 
downward into a less heavily bedded mottled zone which is only 
slightly dolomitic. A few representative seotions of the Galena
Platteville are given herewith: 

CLA y'TON SECTION. 

FEET. 

11. Dolomite, heavy bedded (Galena) .... . ,. , ... , ..... ,. , .. 1.50 
10. Shale , green, at the t.op of the Plattevill e .. , . , .... . , .... 2 - 3 
9. Limestone, similar to No . 7 .. , , , , . , .. , , ., ... . . ,. . ..... 8 
8. Shale, bluish-green , .. ,., .. , , . . , . , ... , . , , . , .. , , .. . . , , . , 2 
7. Limestone, in regular bedE four to eight inches thick, 

very fine-grained and com pact" blue and buff in color . 
Occurs in thicker layers than No. 0. , , , . . , . .. , . . . , . : .. 15 

H. Shales, green, calcareo\ls, containing lenses and bands 
of limestones rich in fossils. Among the most COIl)

Ilion a re Orli1 'is s1l1l(('qua.ta and branching 1l1Onticulip-
oroids ......... , .. , , , , , , , , . . , , . ....... , .... , ..... , . . . 5 
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5. Limestone, thL!-bedded and compact, with marly layers 
one to two inches thick separating many of the beds. 
Latter are irregular in thickness and range from one 
to three inches. The marly partings do not always 
appear on fresh joint faces but stand out on weathered 
surfaces. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .... ~.~ 

4. Limestone, dolomitic, compact, blue when fresh hut 
weath ering to buff on exposure; in even beds eight 
inches to two feet thick, contains few or no foss ils . 
The quarry beds at Guttenberg and McGregor and 
the" Lower Buff Beds" of some writers. . .. . .. ... .. . 2,~ 

3. Shale, green, immediately overlying the St. Peter sand-
stone .... .. ... . . . ...... ...... ...... ..... . . . .. .. ..... . 2 

2. Sandstone (St. Peter) . . . .. . . ... . . .... . . . . . . . . . . . . . . . . . . 81) 
1. Limestone, Prairie du Chien, to low water in Mississippi 90 

GUTTENBERG SECTION. 
PEET. 

5. Limestone, dolomitic, in heavy ledges, vesicu lar, coarse, 
buff colored, the typical Galena dolomite. . . . . . . . . . . . . 100 

4. Limestone, magnesian, in beds two and three inches to 
one foot thick, mottled gray and buff, only partially 
dolpmitized and containing sixteen per cent of mag
nesium carbonate; part of the rock is very fine -grained, 
compact and gray colored, while other portions are 
buff and have a rough, coarser feel. Contains some 
chert in bands and scattered nodules. In these beds 
are located the quarries supplying rock for tne lime 
kilns at the base of the bluff. . . .. . . . . . . . . . .. . .... ... . 60 

3. Limestone, gray, non-magnesian, fine-grained, compact, 
III thin and uneven beds. Lower portion not well 
exposed on the ridge, since it is partially covered witIi 
talus and soil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 

2. Limestone, dolomitic, blue when fresh but weathering 
to buff, beds eight inches to two feet tb ick. In these 
"Lower Buff Beds" the quarries are located.. . . . . . . . Vi 

1. Sandstone, Saint Peter, not exposed here, but known to 
rise ten feet ahove the river .. . . .. . .. .............. .. . 

ELKADER SECTION. 

5. Dolomite, light blue, rather compact, in ledges six inches 
to two feet thick . Some of the upper strata are sep-

FEET. 

arated by thin layers of reddish fissi le shale. . . . . . . . . . 2.~ 

4. Dolomite, light gray to buff, containing many small cav-
ities, ledges varying in thickness from one to five feet, 
most of them being over two feet thick . . . . . . . . . . . . . . . 25 

3. Dolomite, buff, massive, weathers irregularly, forming 
pitted surfaces. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 

2. Unexposed...... . .. .. . . . . . . . . .. . . . .. . .. .. . . . . .. . . . .. . . . 35 
1. Limestone, non-magnesian, in thin beds, compact, fos

siliferous, contains chert nodules arranged in bands, 
exposed to river... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
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FIG. lo-Stone bridge at Elkader; built of Galena lime~tone. 

Numbers 4 and 5 in the above section are being quarried. 
Rock for the stone bridge in Elk,ader was obtained from this 
quarry. Numerous other sections might be mentioned but the 
main features are given above. 

In places the entire assemblage of beds appears to be non
dolomitic, a feature which is not peculiar to Clayton county 
but is known to be characteristic of the Galena in northeastern 
Iowa. 

The Maquoketa division of the Ordovician is more highly 
calcareous than equivalent beds in Dubuque and other counties 
to the south and yet does not contain beds which have been 
quarried ,to any extent in ,the county. The chert beds above 
the middle of the formation are sufficiently indurated to be used 
for road material. 

DUBUQUE COUNTY. 

The Ordovician system, as developed in Dubuque cOlmty, com
prises four well marked divisions, the Saint Peter sandstone, 
the Platteville limestone, the Galena limestone, and the Ma
quoketa shales. Exposures of the first occur 'along the Missis-
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sippi bluffs from a mile or two above Spechts Ferry to Zollicof
fer Lake, a distance of five or six miles. It is represented by a 
rather ferruginous, variegated, coarse-grained sandstone. ~t 
is fri~ble, though the upper beds are some,times sufficiently in-

< • ~ 
durate~· to ,be used as a quarry stone. It has been used to some 
extent in' .tbe vicinity 'Of Spechts F ·erry. 

The Platteville limestone comprises a series of interbedded 
] irpestonesand shales, some ·of the limestone beds being dolomit
ized. A general section, according to Calvin 'and Bain, is as 
foll'Ows: 

FEET 

8. Shale to sbaly limestone or interbedded limestones and shales. 5 
7. Limestone , bluisb, ratbercoarse-grained, in thin layers ranging 

from tbree to six. incbes in tbickness ....... . .. . . . . .......... 25 
6. Sbale, bluisb or greenisb, very soft, plastic, witb thin lenticular 

sheets of limestone distributed irregularly tbrough it ("Green 
Shales·') . . .. ... . .......... . . ........... ... . .... .. . ... .. ... . 12 

5. Limestone, bluisb beds, weathering brown, coarser grained and 
less fossiliferous than beds below . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

4. Limestone, heavier, coarser layers, ledges up to fifteen inches, 
resist weathering well.. .. .. . . . . . . . . . . . . . . .. ................ 5 

~. Limestone, blue, thinly bedded , fine-grained, brittle, fossilif
erous , bedding planes very uneven and undulating, weatbered 
surfaces show thin sbale partings; shale often quite bitumin
ous. With the two zones above constitutes tbe "Lower Blue 
Beds" . . . ........ . ................... . .... . ... ............ . 20 

2. Limestone, dolomitic, eartby, impure, non-crystalline, bard, 
firm ; beds range from eight inches to three feet in thickness 
and are well suited for heavy masonry. "Tbe Lower Buff 
Beds" .... ..... . .. . ...... . .... .... .. ... . . ............ 18 to 20 

1. Shale, bluish to greenish , weathers to ashen or yellow, "Basal 
Shale " . .. . . ...... .. .. ... ................ .. ....... . ..... 3 to 6 

Number 2 in this section is the most highly prized for quarry 
purposes although quite generally obscured by talus slopes. 
This is the horizon which has been s~ extensively developed and 
is deservedly popular for heavy masonry at Minneapolis and 
Saint Paul. 

The following sections in the vicinity of Spechts Ferry . give 
the details of tb e Platteville. 

SPECHTS FERRY SE v rro N . 
FEBT. 

11. Dolomite, Lhin-beclded, brown, with sbaly partings 
(Galena) ..... . . . .. . . . . .... .... ..................... ~ 

10. Limestone, th in-bedded , irll perfectly dolom itized, with 
. foss il brachiopod, he ll s only ~ lightly cha nged; t,he liml'
st,one brown, earth y, llon~crystallin e , but e\'idently or 
~eG~~a~~.. ... ... . . . .... . ... . .... x 
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PLATE XXXIJ - Vi ew three- fourth_ of a mile below S pec hts Ferry, s howi n g in a cending 
order: 1. Saint Pe te r sands tone. 2. Basal s ha le. ~. Lo we r Buffbeds. 4. Thin , b rittle, 
blue beds. 





DUBUQUE COUNTY. 

FEET. 
9. Limestone, thick, earthy, imperfectly dolomitized 

(Galena) ..... . ... . ... . .. . . . ... . .. . .. .. . ......... .... 3 
8. Limestone, thin beds with much shale in the partings; ' 

in part a true shale. This member is almost entirely 
shaly a few rods above the station on the road leading 
to Dubuque . . .. ...... . ... .... . ...... . ...... . ......... 5 

7. Limestone, bluish, rath er coarse grained, with dissemi
nated fossils; in beds varying from three to six inches 
in thickness . . . . . .. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

H. Shale, bluish or greenish, containing occasional thin 
beds or discontinuous flakes of limestone; the "Green 
Shales" of the Minnesota geologists . . . . . . .. . . . . . . . . . . 12 

5. Limestone, thin-bedded, b luish, rather coarse-grained, 
weathering brownish in color. . . . . . ... .. . . .. ... ...... 5 

4. Limestone in rather heavy layers which range up to fif-
teen inches in thickness; bluish on fresh fracture, but 
weathering to buff on exposure ... .. . . . . . . . . .. . . . . . . .. 5 

:I. Limestone, brittle, fin e-grained, blue, very fossiliferou s, 
breaking up on weathered surfaces into flexuous lay-
ers about two inches in t.hickness. . . . . . . . .. ..... ..... 20 

5. Limestone, "Lower Buff Beds," exposed, about.... .... 8 
1. Limestone; unexposed to level of water in river, about. 45 
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About three-fourths of a mile below Spechts Ferry the 
"Lower Buff Beds" s,how a thickness of twenty feet. A quarry 
in section 10 of Peru township, two miles helow Spechts Ferry, 
shows ,the following beds: 

FEET. 

5. Limestone, blu e, thin-bedded at the top of the section.. 2 
-L Shale, the equivalent of the' 'Green Shales" . . ... . . . . . .. 8 
3. Lim estone, heavy ledges of fairly good building stone, 

b luish , but weathering into buff on exposed surfaces, 
equivalent. to numbers 4 and 5 of the Spechts Ferry 
section.... . ... . .... . .... ..... ... . . .. . .... . .... . ...... 10 

2. Limestone, thin-bedded, brittle, b lue, fossiliferous...... 16 
1. Limestone, heavy, "Loll er Buff Beds," good quarry 

stone . . ...... . ...... .. . .. . . ......... _. . ..... . ... . .... 10 

The Lower Buff Beds are not sufficiently accessible to attain 
much importance in the county, as a quarry stone. The pure 
limestone beds above while more readily available ar·e not suf
ficiently durable to command attention. 

The Galena limestone ,affords an important quarry horizon 
in the upper beds and one much more generally available than 
the Lower Buff Beds. Numerous quarries have been opened 
and operated in the vicinity of the city of Dubuque, near Graf 
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on the Chicago Great Western, and along the Illinois Central at 
the crossing of the North Cascade road. 

The rock quarried is thin-bedded above, ranging from four 
to ten inches and separated by thinshaly partings becoming 
heavier below, the beds attaining four f eet or more in thick
ness. The rock is hard, granular, completely dolomitized, and 
rough and vesicular on ,exposed surf'aces. It does not make a 
good appearance in dressed stone work but is excellent for ash
lar, rough dimension work and heavy masonry. In bridge work, 
foundations and lower courses in large buildings it makes an 
excellent appearance. 

One of the most complete and representative secti'ons in the 
county may be seen ,at the Eagle Point Lime Works. The fol
lowing sequence , of beds may be 'studied : 

FEET. 

15 . Loess-covered slope above the outcropping ledges of Galena 
limeston e, culminating in a prehistoric mound at the summit 
of the bluff .... . , .... , ......... . ........ .. .. . .. ... . .. .. . . . . 15 

14. Dolomite in ledges, varying from two , to three feet in thickness 10 
13. Dolomite , two or three rather heavy ledges containing large 

numbers of the problematic fossil, Receptaculites oweni 
Hall. Receptaculites is found sparingly in other members 
of the section, At this horizon, which ,will be called the 
Receptaculites zone, it is exceedingly abundant . .. . . '" .... 10 

12. Dolomite, heavy-bedded, typical CJalena, hard, crystalline and 
relatively free from chert; in ledges three to six feet in thick-
ness .... . .. ................... . . . ....... . , . .. . . .... ~ . . . . . . . 70 

11 , Dolomite, bed containing pockPts of calcite; the calcite in 
some cases forming large crystals ....... . ...... , .. , .... ,... 3 

10. Dolomite, bed containing large quantities of chert.... ... . ... . 4 
\J, Limestone, ledges showing the chara'cteristics of the typical 

Galena, hard, compact, crystalline, completely dolomitized, 
with small amount of chert .... . .. ... .. ,. , ....... .. . . ...... 18 

8 , Dolomite, thick, massive beds with large amount of chert .... 12 
7. Dolomite, thick beds, crystalline, the ordinary type . .... .. . ,. 6 
6. Dolomite, ledge , varying in textur.E), containing small pockets 

of calcite and some chert; a single specimen of Receptacu -
lites found in this ledge ... . '" ... , .. . .... . .. .. ... ..... .. ... . ' 4 

5. Dolomite, heavy ledge nearly on a level with t,he top of lime 
kiln .. ..... . .... .. ..... . . . . ... . .... . .. . . ..... . . ... . . "....... ::3 

4. Dolomite varying in aspect according to degree of weathering; 
at Eagle Point showing bedding planes 10 to 18 inches apart. 15 

3. Dolomite; massive, crysta lline; bedding planes a lm ost com-
pletely ob li terated, .... , ..... , , . . . . . . . . . . . . .. . ... . ........ , 20 

:2. Limeston e, incompletely dolomitized beds with shaly partings 
at intervals of SLX, eight, ~r ten inches .... ....... . .. .... . .. . 10 
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PLATE XXXIV-The chert beds of the Maquoketa afford excellent material for road work. Clermont, Fayette county, Iowa. 





FAYETTE COUNTY. 

FEET. 

1. Limestone, basal ledge of Galena, beginning on top of Platte
vill e limestone and shale bearing 01·this subrequata and 
associated fauna; tbis lower bed is earthy, incom pletely 
dolomitized, and weathers below into a dark brown or 
reddish ferruginous clay. . . . . . . . . . .. . .. ... .. ... . .... . . .. . .. 2 
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Numbers 12 to 14 inclusive, comprise Ithe moS't important 
quarry beds. The chert beds comprising numbers 6 to the base 
of 12 ,are suitabLe for crushed sltone products and are also used 
for lime. They are not considered desirable for structural pur
poses. 

From the Eagle Point Lime Workst1he beds dip more 'Or less 
uniformly to the south 'and west. 

Mos,t of the quarries near Dubuque operate the beds above 
number 13 in the Eagle Point section. About the middle of 
this division occurs the "cap-rock" of the miners, 'a heavy, 
firm layer about two and one-half feet in thickness with an eight 
or nine inch layer below it. 

The Maquoketa ' shales contain cer,tain indurated layers 
throughout and impure, earthy dolomite layers above. None, 
however, 'are of sufficient importance to be worthy of special 
mention for structural purposes and have not been quarried in 
the county. 

FAYETTE COUNTY. 

The Maquoketa occupies a considerable area in the' northeast 
corner, practically the entire area north ,of Turkey river, and 
appears al10ng ,the principal streams in the northeast third of 
the county, notably along the Volga, Turkey, and Little Turkey 
river s, and Otter and Bear creeks. Some quarrying has been 
clone in the vicini,ty of Clermont, ,the Lower M,aquoketa beds 
being developed. In a few places the less cherty layers of the 
MiddLe Maquoketa division yield 'a material suitable for rough 
masonry. The chert beds of the Middle Maquoketa as developed 
at CLermont are dolomitic 'and cherty 'and .afford an abundance 
of m8iterial suitable for r,oad work, railway ballaS't and concrete. 
The beds of the Upper Maquoketa are predominantly argilla
ceous and are of interest a:s a possible source of material suit
able for the manufacture of Portland cement. 
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FIG. ll-Beds of Isotelus maximus which conotitute tile basal deposits of the Maquoketa 
shales; north of the bridge in section as, Clermont town ship. Tile beds have attracted 
some attention as a possible source of Portland cement materials. . 

HOWARD COUI\TY . 

Both members of the Ordovician as developed in Howard 
county .are exposed in tihe vicinity of Florenceville. Excellent 
sections of both the Galena-Platteville and the Maquoketa ,oc
cur in the northern tier of sections in Albion township but as 
yet the beds are almost wholly undeveloped. The quarry below 
the mill 'at Florenceville shows the following beds: 

2. Limestone, irregularly bedded, fine-grained, fossiliferous, 
with shaly partings; some of the layers represented by 
detached nodules and irregular lenticular slabs of 

FEET. 

limestone imbedded in shale. . . . . . ..... ... .. . . .... ... 10 
1. Limestone, regularly bedded in layers a foot or more in 

thickness, without shaly partings, rather coarse
grained, beds cut by definite joints, joint faces pitted 
and roughened by weathering. . . . . . . . . . . . . . . . . . . . . . . . 8 
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Number 1 furnishes a durable grade of building stone. The 
rock is magnesia~, sub-erystalline and practically non-fossilif
erous. 

JACKSON COUNTY. 

A few outerops of the PlatteviUe stage of the Trenton series 
appear in Tete de Mort township from St. Donatus to the Mis
sis sippi river and southward. Several small quarries have been 
opened but have not been operated eXitensively. Perhaps the 
largest quarry has been opened near the Itopof the bluff at 
Gor-dons Ferry station. A large amount of ma'terial has been 
t'aken from the bluff in the vicinity ·and us,ed in the construction 
of wing dams ,along the river. The sec,tion exposed presents a 
massive dolomite in ledges from four to six feet in thickness. 
The beds 'are 'sub-crystalline and quite free from chert. A small 
quarry near the village .of St. Donatus shows the following beds: 

ST. DONATUS SECTION. 
FEET. 

5. Dolomite, grayish yellow, in layers three to eight inches in 
thickness, which are separated by narrow partings of shale; 
containing a number of fossils in the form of casts or molds 5t 

4. Dolomite, yellowish, similar to No.5 above, and containing 
similar fossils. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

3. Dolomite, yellow, two layers, each about eight inches in thick-
ness, which are separated from each other and from those 
adjacent by two-inch hands of shale. ... . . . . . .... . . .. . . . . . . Ii 

2. Dolomite, rather bard, which is imperfectly separated into 
. layers respectively 2, t, 2, t and It feet ..... . " . ... .... . . .. 6t 

1. Dolomite, yellow, fossiliferous and somewhat vesicular, con
sisting of layers 2, 3, 2t, t and 3 feet in thickness. .... . .... 11 

Other quarries have been ·operated al,ong Tete de Mort creek. 
A more extensive natural se0tion may be viewed on the northeast 
quarter of section 24 in the same township. This expo·sure 
shows the following succession of beds : 

FEET. 

S. Dolomite, weathered ledge, hard, yellowish gray , indistinctly 
separated into layers and presenting a very rougb surface. . . 6 

7. Dolomite, bard, buff, in tbree layers, respectively 3, 3 and 1 
feet in tbickness, the surface showing numerous small cavities 7 

6. Dolomite in heavy layers , yellow, Receptaculites oweni abundant 
near tbe middle portion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. 5 

5. Limestone, hard, sub-crystalline, yellow in color, sbowing 
numerous cavities, fossils few and poorly preserved ... .... ; .. 4 

15 
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FE·ET·: 

4. Limestone similiar in character to No . 5 above, weathering into . 
indistinct layers three to six inches in thickness. . . . . . . . . . . . .. 5 

3. Limestone ledge consisting of two layers, each about two feet in ., 
thickness, containing a number of indistinct fossil remains. .. 4 

2. Dolomite , hard, buff colored, similar to ' No.3 ... . . . .... .... .. 3t 
1. Dolomite, hard, massive ledge, yellow, vesicular, down to level 

of water... . . .. .... ..... ... .. . . .. ..... ..... . ..... ... . .... .. . 4t 

The upper layers of Galena become thinner with numerous 
thin shale partings and the Galena cliffs are almost invariably 
ove'rlain by MaqU!oketa slopes. 

The Maquoketa beds are suppos-ed ,to be responsible for the 
slopes which ,appear at ,the base of ,the massive Silurian lime
stone cliffs which face ,the Mis-sissippi and its immediate tribu
taries and also appear in Fairfield and Van Buren townships. 
The Maquoketa beds are predominantly argillaceous but grade 
upward into thin layers of indurated limestone interbedded with 
thin shale layers. These ,transition beds have been quarried 
locally at Bellevue and at a few ,other points in the nOl'ltheastern 
portion of the county. The material breaks down rapidly when 
exposed to the weather and is not of a durable character. A 
representative section may be seen near the northeast corner of 
the town of Bellevue. The sequence is as follows : 

BELLEVUE SECTION . 

8. Dolomite, hard, massive, crystalline, in heavy layers three to 
six feet in thickness; indistinct remains of fossils not rare . 

FEET. 

Niagara limestone. . . . . . . . . . . . . . . . . . . . ............. . .... .. 13 
7. Limestone, impure , yellowish gray , rather fine-grained, in 

even layers four to fou rteen inches in thickness, weathering 
into bands of one to two inches; carrying a few foss ils; 
without chert nodules .... , . . . . .... .. .. . . . . . .. .. . .... . . . . . . 14 

6. Limestone, argillaceous, earthy , in layers two to six inches in 
thickness; containing a few foss ils. On weathered faces 
thin partings of shale appear between the layers. . . . . . . . . . . 19 

5. Stone, yellowish, argillaceous, bluish gray where not exposed 
to the action of the atmosphere; in layers one to three feet 
in thickness; weathering into narrow bands one to three 
inches thick. Occasiona l nodules of chert appear in lower 
part. ~ .. .... . ... .... ... . . ... .. .. . . . . .. .. .... ...... .... . ... 15 

4. Shale, grayish b lue, indurated, calcareous, weathers into thin 
bits; without fossil s but. carrying a few chert nodules.. .... 3! 

3. Limestone, impure, rather fin e-grained, yellow colored, much 
. Q.ec<tyed and sb owing numerous close lines of lamination .. ~ 
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FEET. 

'2. Shale, bluish gray, somewhat indurated, weathering into 
small polygonal and irregular fragments, without fossils. . . 10 

1. Shale, blue, plastic, nonfossiliferous.. . . . .. .... .... •... . .... . 30 

227 

In the above section number 8 represents :the basal portion 
'of the Niagara limestone, which forms an overhanging cliff. 
Number,s 6 and 7 r·epresent the transition phase 'Of the Ma~ 
quoketa, beds which have been quarried to a limited extent. The 
shales are a possible source of materials suitable for the manu
facture of P,orHand cement. 

WINNESHIEK COUNTY. 

Good quarry stone isavaHable lat a number ,of horizons in 
the Ordovician as developed in Winneshi·ek county. The lowest 
beds eminently. suitable for structural purposes occur neartilie 
base of the Oneota limestone in Highland and Pleasant town
ships. The lower thirty or for,ty feet, ' resting directly on the 
J ,ordan sandstone, is a light buff, evenly bedded dolomite, fairly 

FIG. 12-Exposure of New Richmond sandstone .in the northwest quarter of the northwest 
quarter of section 13, Glenwood township. 
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uniform in te~ture ,and obtainable in blocks of almost any di
mensions up to thirty inches in thickness and easily dressed. 
The outcrops are praotioal1y limited to the bluffs facing Bear 
creek from Highlandville .to the county line, and limited out
crops on sections 23, 24, 25 and 26 in Pleasant township. These 
beds are ,almost wholly undeveloped in the county on account of 
the absence of 'tr'ansportation facilities. The upper beds of the 
Oneota are less desirable for structural purposes on account 
of their more drusy character, absence of regular bedding planes 
and general lack ,of uniformity in texture, structure and com
position. At the present time none of the beds belonging to the 
Oneota are quarried in Winneshiek county. 

The Galena-PlatteviUe limestone, a in adjoining counties, 
affords several well defined quarry horizons. The three divisions 
recognized by the Minnesota and Wisconsin geologists are very 
marked here. The lowest division or Platteville limestone is 
again divisible in three parts, "Lower Buff Beds," "Thin, 

FIG. l3-Cliff of Galena limestone at Bluffton. The face of the cliff coincides with the face of 
one of the master jOint" which cut the formation. 
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Brittle Beds," and -" Thicker Quarry, ~eds" in· ascending order. 
As ,a whole the Plaltteville thickens ;so'lUthwlard ,and las a conse
quence is much :thicker in Dubuque than in Winneshiek county. 
The Lower Buff Beds-do noiexoeed ,five or 'six feet in the latter 
county, with eight inch layers, and· have been developed at but 
few points and ,then in a small way. The heaviest ledges of the 
Lower Buff Beds occur in the valley of ,the Upper Iowa in the 
vicinity -of Freeport and east. The Thin, Brittle Beds were 
quarried formerly to la limited extent, and while apparently in 
heavy beds where protected, ,they brelak down when exposed to 
weathering influences andal"e of liittle economic importance. 
The uppermost member or Thicker Quarry Bed altt'ains a thick
nes's of from f'our ,to eight feet ,and is evenly bedded. The 
stone is hard -and compact, fine-grained, non-dolomitic limestone, 
and is of a bluish color. The individual layers ronge from ,six 
to eight inches in thickness, are remarkably uniform and can 
be -obtained in sheets or tablets of almos,t any desired dim en-

FIG. U-Exposure of the Decorah shal"s with overlying basalledges ,ot the Galena limestone. 
at the Dugway, Decorah _ ' 
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slons. This ihorizonhas been quarried e:irtensively in .the vicinity 
of Dooora:h 'and Hesper. The, beds 'are composed chiefly of finely 
eommimited and 'firmly cemented -brachio'pod shells. FroOm one 
Of the quarries north of the river at Decorah 'attempts were 
made to produce an ornamental stone by sawing into thin slabs 
and polishing by machinery. The product possessed a rather 
pleasing 'appearance .and was uHed Ito 'a limited eX'tent for table 
tops and interio'r decoration. 

A number of quarries have been opened in the Galena lime
stone, above the level of the Decor,aIb. shale. Many' are small 
and wereoper'ated only 'temporarily to supply some im'mediate 
lo'Cal need. At no point does quarrying ill the Galena assume 
commercial importance" The upper quarry of Mr: Halloran 
is worked a't the' level of the lower Receptaculites zone, 'about 
fifty ' feet ,above the Decorah shales, The quality ,of the stone 
is not as good ,as Ithat from the upper part oOf the P'!atteville. 
The bedding is not so regular; 'the texture is less uniform; much 
of the stone is liabl'e to 'spht into small chips on long exposure 
to the weather. There is a large quarry 8!t N ordness which is 
opened in the upper beds of the Galena. The Maquo~eta be
gins 'only a few feet above ,the exposure, The upper beds are 
badly checked and weathered, but belo'w these there -are some 
quite firm ledges v'arying from ten to fourteen inches in thick
ness, with which ther.e is a'ssociated a ten inch band of shale. 
About the middle of the quarry face there is a belt oOf irregularly 
bedded 00ncretionary limestone, three f,eet in thiclmeHs, al to
gether lacking in the homogeneity requisite foOr good quarry 
stone. Below this belt there are six feet of more regular and 
more homogeneoU's beds, with Home of the individual courses 
fully ten inche's in thickness. Another quarry 'at Ithe same 
horizon as thaJt at N ordness is opened on the s'ouuh side of the 
Yellow river, in the north half of the northea13t quarter of sec
tion 13, Bloomfield township, on land belonging to the estate 
of Mr. Melvin Green. The characteristics are the same as at 
Nordness except Itl).at there are ,several hands ,of shale, ranging 
from two or three to ,ten inches in thickness, interstratified wittJh 
the limestone. Another quarry which includes the uppermost 
beds of the Galena is located on the sOUith side of the diagonal 
road in thes'outhwest quarter of section 17, Bluff,ton It,ownship. 
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There are other small quarries, worked temporarily or intermit
tently to supply the purely local demands, near Kendallville, 
Plymouth Rock and Burr Oak. In the 'southeast quar.ter of 
s'ection 7, 'Fremont township, are some small quarries opened in 
beds. of dolomitized Galena, ·a phase ,of .the forma:tion resembling 
that at Dubuque. Dolomiti~ation here is local, being restricted 
to aIr area" of three ' or foutsquare miLes. The many other small 
openings in the' Galena limestone ate 1 ,too. numerous to be in-
dividually noted.. . ::.: ., .' . :' J -, J " 

• i· :" " ~, . .'.'. 

FIG . 15-Portion of retaining wall around Court House Square in Decorah showing unreli
able character of Platteville limestone. 

Much of the Galena limestone is very unreliable. Wihen 
quarrying has been carried into the hillside beyond the zone -of 
weathering, the ledges may appear ,to be thick, firm, durable, 
suitable for any kind of construction; but aflter being placed in 
walls and exposed to alternations of 'temperature land the chem
ical effects 'of air and moisture they split into ,thin laminre and 
eventually break up into small, irregular chips. The effeclt is 
well shown in the portions .of :the old retaining wall still stanm
ing around vhe court housesqU!ate at Decorah. 

Quite an ·amount of quarrying has been done in the JYLaquoketa 
formation. The Isotelus zone is very regularly and evenly 
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bedded, and in a few instances it is firm enough to serve for 
building stone. One quarry at this horizon, 100ated in the north
west quarter of section 18, Springfield ,township, is noted by 
Calvin in connection with the general discussion of the Ma
quoketa beds of this county. * In some ca:ses the stra:ta lying 
between the I sotelus z~me and the Clermont shale are capable 
of furnishing a fair grade of building material for rough walls 
and foundations ; but the principal quarry ihorizon in the· Ma
quoketa is 'that of ,the F·ort Atkinson limestone. This, not in
frequently, is a hard, granular, crys talline dolomite, comparable 
to some phases of the Gal'ena limestone in Dubuque county. At 
Fort Atkinson quarries have been worked in this formation for 
many years, and one of these, located a few yards west of the' 
old fort (Fig, 16), is capable of yielding blocks of any desired 
dimensions up to three feet in thickness. Another quarry III 

FIG. 16-Quarry in the Fort Atkinson limestone, at the town 01 Fort Atkinson. a few rods 
west of the old Fort. 

*Iowa Geological Survey, Vol. XVI. page 101. 
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the same limestone,on the east side of the fort, has been oper
ated intermittently for some time and has furnished quite an 
amount of fairly good material. In the southwest par:t of Mili
tary township there ·are many quarries and natural exposures 
in the Fort Atkinson beds. The small quarry near the center of 
the southwest quarter of s'ection 33, and that near Os'sian in the 
northwest quarter of section 15, will be found noted with some 
detail in the part of the report on Winneshiek county which 
treats ,of '1;he F 'ort Atkinson limestone. * On the north side ,of the 
Cresco-Calmar ridge the Fort A thnson formation comes to the 
surface and is quarried near ,the center of the southwest quarter 
of section 27, Springfi'eld township, and about sixty rods south 
of the northwest corner of section 5, Bloomfield. At the point 
1,3!st named the rock is yellower, softer, le8s cryst'alline than at 
Fort Atkinson. The rocks of this hori~on become more earthy 
orshaly toward the northeast, and gmdually lose tfue qualities 
of a pure dolomite which distinguish them at the type localities 
in Fort Atkinson and Clermont. 

LIME. 

While no lime i now manufactur,ed in Winneshiek county, 
,the materials for making a high grade product are not wanting. 
The upper two-thirds of the Oneota is particularly well suited 
for this purpolse. This is a hard, granular, cry talline dolomite 
of much the same chara.cter a the Galena limes,tone which is 
so successfully made into lime at Eagle Point, Dubuque. At 
Waterville in Allamakee county lime is m3!de and . shipped ex
censively,and the stone used is the Oneota, the same stone that 
is 'so well developed Ia.t Highlandville and Canoe, and along the 
river below Freeport, in Winneshiek eounty. The non-dolomitic 
Galena formation in Winneshiek would make an excellent lime 
if it were used soon 'af-ter it is burned, but it will not keep a 
well as lime m3!de from the Oneota dolomite. It is liable to 
deteriorate by becoming air slaked if kept in tock for even a 
comparatively short time, and, if in this -condition it is used for 
mortar, it is e3Jsily crumbled and washed out of the joints. The 
greater part of the Niagara limes'toneshould make a good grade 

*Iowa Geological Survey , Vol. XVI, pages 107,108. 
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of lime. There is no1Jlring in [the Devonian that can be recom
mended f.or lime makiIig, unles's it may be the small amount of 
the.lithogl'aphciQ phase in section 7 of Orleans township. 

r ~ _ , 

The Niadara. 

The '1f:iJaga.r~)im_~s,t~ne;- 'as de~elop~d in -ro~a, . c9mpri~es two 
stages, the' Ho'pkintpp., typically . aeV:eIopedin De~aware and 
adjoining countie,s and formerly ' lpio~n as the Delaware s.tage, 
and the Gower, from Gower Ito;wnship in Ced.ar county, where 
this stage shows its typical development. 1'he Hopkinton st:age 
comprises a series of dolomi,tes varying consideDably in compo
'sition 'and stru('lture. In gener'al, they occur in heavy beds, with 
bedding planes obscur,e or wanting. At certain horizons and in 
certain localities, the beds are evidently laminated -and even 
become flaggy in character. They range from hard, slightly 
v,esi'cular, sub-crystalline, mas'sive dolomites, to soft, earthy 
deposits. Certain horizons carry large quantities of chert. The 
Hopkinton attains its maximum development in Dubuque and 
adjoining counties. According to Professor Oalvin~' ,the follo'w
ing members of the Hopkinton can be ree,ognized and he ,assigns 
their thickness as follows : 

FEET. 

7. Upperquarrybeds ... . ..... . .... . . . . ... .. . , ...... . ...... . . , 20 
6. Cerionit.es beds .. . , . . , ....... . ..... . ... . . . ....... , .. , ... , . . 25 
5. Pentarnerus beds. .. ........ . ... . . . ... . . .. .. ............. .. . 50 
4. Syringopora beds . ......... . ....... . ...... . . , . . . . . . . . . . . . . . . 65 
8 . Chert beds ...... . ...... . ..... . . . .. .... , .... . .. .... . .... ... . 25 
2. LOlver quarry beds...... . . .. . .. , .. , .. . . .. . .. .... . . . .. 20 
1. Basal beds. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 15 

Total . . . .. . ... .... . ....... .. ...... . .... . . . ..... . ... . . , . ..... 220 

Number 5 is often sub-cryst'alline and e'ssell'tially a pure dolo
mite and is of excellent quality for lime burning. It is used 
extensively in Jackson counlty. 

The Gower includes ,two fairly distinct sub-stages, the Le
Claire and the Anamosa. 

The latter c'onsists typically of soft, laminated, light buff to 
yellow dolomite in thin to medium heavy beds whi,ch are often 
practically paI'lailel and nearly horizontal. Texturally the beds 

"Geology 01 Dubuque county, page 459 . 
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are porous, : often: highly [vesicular, 'and usually present a rather 
dull and earthy luster. The layers are divided by occasional 
veI'tical joints. 
- The LeClaire beds an the ather hand, comprise a hard, bluish 
graytoa grayish yellow, ,sub-crystalline dolomite. The prevail
ing color above the gmund water level is 'some shade of yello;~vi 

or buff. Texturally, while the LeClaire is usually sub-crystal
line, it is generally . vesicular and presents a decidedly rough 
appearance on a freshly fractured surface. Lt is-' sometimes 
brecciated or conglomeratic. Structurally, the LeClaire OCCUI'S 
in mounds and present's ,a v'ery uneven surface whtch is filled by 
the even beds of the Anamosa. H sometimes appears to be mas
sive, ,the' bedding plane'S being scarcely recognized; at other 
times the bedding planes are apparent but are highly inclined; 
in still others, the beds are evidently laminated and nearly 
horizontal. The LeClaire, when· typically developed, is an essen
tially pure dolomite and excellently adapted for the manufact
ure of a superior grade of lime and is so utilized at a number 
of points in Iowa and Illinois; notably, Cedar Valley, Sugar 
Creek and Viol,a in Iowa, and Port Byron in Illinois; while the 
Anamosa beds are especially prized as a dimension s,tone on 
account of their unusual unifmmity in bedding, composition, 
texture :and 'state of induration. More than three-fourths of the 
bridge and dimension stone of the S'tate is derived from thes'e 
beds. The leading quarries are located at Cedar Valley, Stone 
City, LeClaire and Mt. Vernon. 

BREMER COUNTY , 

The Niagara limestone is known to ,appear at the ,surface at 
bU't few points in Bremer county. The most important section 
appears along Baskin creek in the s'outhewst quarter of section 
17, range XIII west, township 91 north. The beds which may be 
seen in this quarter are as follows: 

FEET, 

3. Limestone, brecciated; composed of sharp angular fragments 
of a drab, laminated limestone of lithographic fineness of 
grain, in a gray matrix. . . . . . . . . . . . . . . .. ..,. . ..... . . . . . . . . 1 

2. Sandstone, filled with small angular fragments of white chert, 
in two or three layers, apparently conformable with 1.. . ... ~ 

1. Dolomite, light buff, sub-crystalline , vesicular, with cavities 
up to eight inches in diameter; in heavy, irregular, rough-
faced beds up to two feet thick. . . . . . . . . . . . . . . . . . . .. .. .... 13 
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., The lower beds were quarried forinerlyand used in the manu~ 
facture of lime of excellent quality. 

Similar, but less extensive sections occur in 'section 20 of the 
same to wmhip and in section 36 in Dou~las<; townsliip, three and 
one-half miles wes,t of 'Tripoli. An analysis of the last men
tioned occurrence shows its true dolomitic character, 'and IS 

given below : 
Silica .... , .... .. .... ...... .... , .... ..... ................ . . .. 1.53 
Iron oxide ..... ........ ................................. .. , ... 0.48 
Calcium carbonate .... . ... . . .. ............... . . , ............... 54.32 
Magnesjum carbonate, .. , ....... . ........... ...... . .... . . .. . , . . 43.41 
Com bined water . ... . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. d. 26 

N one of the outcrops mentioned have been utilized to any ex
tent commercially. All are looated remote from towns and rail
ways and notwithstanding their excellent quality for lime, and 
the fact that but li,ttle stripping is required, it is not probable 
that they will be important in the quarry industry for some 
time to come. 

BUCHA:,\AN COUNTY. 

The Niagara limestone occupies a triangular area in tihe north
east one-third ,of the county. Outcrops appear along Otter creek 
in Hazelton township, and in Buffalo and Madison townships. 
The usual type exposed is the coarse, granular dolomite. Near 
Hazelton, in section 2 of Hazelton township, the co,arse dolomite 
passes beneath fine-grained non-dolomitized limestone, varying 
in color from light drab to blue. Small openings have been made 
in all of the above areas but little stone has been taken out. 

CEO ,'" H. COU:-<TY .* 

Oed,ar r,anl~s among the first counties of the state in the value 
of the yearly output of building; stone, a pre-eminence due chiefly 
to the quarries at Cedar Valley. Formerly L,ime City was an 
important producer, but at the present ,time, it contributes but 
little to swell the county total. Building sto'ne of excellent qual
ity is found widely distributed over ,the county, and while the 
small quarries which have been opened in almost every town-

• Professor Norton's excellent write up on Building Stone in his report on the Geology 
of ('edar county has been revised and used almost in its entirety . 
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PLATE XXXV-Main pit of Bealer Quarry showing channelers in foreground, Cedar Valley, Cedar countY,.Iowa, 
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ship do not greatly add to the lar~'e amount contributed by the 
Cedar Valley di'strict, yet ,their value and convenience to the 
rural districts and neighboring towns ~s gr,eater than mere sta
tistics ,could show. There is hardly 'a section in . the county where 
a farmer or townsman can not get a load of cheap good stone 
within easy hauling distance. Thus in Pioneer township there 
ar'e quarries at Peet ',smill and elsewhere on Clear creek; in 
Cedar township at Cedar Bluff and two and one-half miles norbh 
of that village; in Gower township at Cedar Valley and Plato; 
in Center ,at sevex:a.l qnarrie's south of Tipton; in Rochester 
along Rock creek; in Low-a near Atalissa; in Sugar Creek at 
Lime City and a number of quarries north of bhat village; in 
Springfield southwest of Lowden; in Moassilon along the Wapsi
pinicon, and in Day,ton township near Cl.arence. N early all of 
the building stone' Quarried in the county is furnished by the 
Gower stage of the Silurian, the only exception being that of the 
Devonian quarries in Iowa ,township near the Muscatine county 
line. The go'od quali,ties of the Anamosa phase of the Gower 
limestone have long been recognized ·and Ihave frequently been 
set forth in the county reporltson the counties of eastern Iowa. 
It even ,and smooth bedding, its uniform grain, its comparative 
sof'tness in working wi,th saw 'andchisel when fresh from the 
quarry, and its hardness when recemenbation has tak,en place 
on drying, its obduracy to all chemical agencies of rock decay, 
and ~ts resistance to frost, its pleasing color 'and the absence 
of any injurious minerals which might weaken or strain the 
s,tone 'or impair its ea e of working, all ,these characteristics con
tribute to make the Anam'osa one of the best building stones of 
the west. 

Bealer Quaneies.-In Vialue of output, 'and perfection and cost 
of machinery, these quarries are the mos't noteworthy in Iowa 
and are among the largest of ,the MissiS'sippi valley. They are 
located some six miles southwest of Tipton on the right bank 
of the Cedar. The village which p.as sprung up 'about them is 
called Ced.ar Valley, and a spur connects with the Cedar Rapids
Clinton line of ,the Chicago, Rock Island and Pacific railroad, 
near Plato, ,about ,two miles northwest. The sequence of beds 
is as follows: 
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BEALER'S QUARRY, CEDAR VALLEY. 

FEET. 

9. Limestone, buff, magnesian, very soft, Coggan stage......... 14 
8. Limestone, weathering into chipstone, in layers up to six 

inches..... . .. . .. . ................. ..... . . .... ..... .... ... It 
7. Limestone, light gray, rough, massive, very vesicular..... .. . 3 
6. Limestone, fragmental, argillaceous... .. .... ..... . . ......... 1 
5. Seam of blue agillaceous material extending forjI80 feet 

along quarry face. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0-2 
4. Limestone in thin spalls, hard, dense, "flinty" .. ... . .... .... 5t 
3. Limestone, hard, rough, buff, crystalline, highly vesicular, 

with moulds of spire-bearing brachiopods, the spires often 
remaining in casts...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

2. Limestone in layers from two to eight inches, laminated. .. . . 4 
1. Limestone, light buff, granular; lustre dull, homogeneous in 

grain, slightly vesicular , destitute of silica in any form, 
fracture even, soft when first quarried, rapidly hardening 
on drying, bedding planes horizontal, even and compara
tively distant, laminated, joints distant, master joints 
running south-southeast. All quarried for building stone , 
together with Nos . 2-8, Gower stage. . . . . . . . . .. ........... 94 

The quarries were opened nearly a quarter of a century since 
by Mr. E. J . C. Bealer, who, ,8JS ,a practical bridge 'architect, saw 
the great value 'of the stone 'at ,this point for bridge piers and 
an heavy masonry. The chief quarry now in operaJtion was 
opened some years ago, and no -expense ha,s been spared to equip 
it with modern land effective machinery. A levee costing $20,000 
has been buiU ,along the river front for protection against floods. 
Railway Itracks in ,the quarries are so built ifJhat the force of 
gravitation is utilized to the utmost and no locomotive engines 
are required to make up the train of loaded ears which in busy 
seasons is sent out daily. The stripping of the quarry, consist
ing of twenty-five feet 'of soft silt known ,as loess, and les's than 
ten feet of pebbly glacial clay, is cheaply and expeditiously 
handled hydraulically by means ·of ,a high duty steam pump and 
suitable pipes 'and hose. In quarrying the s'tone .there are em
ployed one ,single and three double steam channellers and 'several 
steam drills. The plant is well equipped witih boilers and engines 
of sufficient capacity ito furnish ,an abundance of power to oper
ate the channeller's, drills, pumps, machine ,shop equipment, 
crusher plants 'and numerous derricks. A large machine shop, 
well equipped for repairing and rebuilding the tools and ma
chineryof the p~ant completes the equipment. 



CEDAR COUNTY. 241 

PLATE XXXVI-Quarry methods iu vogue at tLle Bealer Quarry . 
a. Hand gadding . 
b . Steam drill, a common type of rock drill. 
c. Double channeJer. 

16 





CEDAR COUNTY. '243 

The output consists chiefly of bridge 'stone of three grades. 
The proprietor contpaets for completed br~dge piers and has a 
large force employed in their Cionstruction. Dress'ed dimension 
s'tone is cut in; ifue yards ,and cru.shed. sto"ne, rip~rap, rubble and 
curb 'stone are included in the products of ,the quarry. 

The quar6es were opened in natural ledges fronting the river 
in the f.ace of the bluffs, rising about 120 feet ahove the stream. 
These ledges have been quarried a,way over 'an area of several 
acres', and on the plaMorm thus f.ormed ,an extensive pit has been 
sunk to a depth of sixty f'ee't below the level ,of water in the river, 
·and another of like dimensions has recently been 'opened. The 
lower ninety-f.our feet. is used for,.bridge and dimensionsrtone, 
,the stone becoming of finer grain and better quality, it is s'aid, 
wi1:!h increasing depth" to the present quarry floor. · Above this 
lies a ledge of ,twenty-'two feet ,thick used only f.or rip-rap, rub
ble, railway hallast, ,and macadam for which it is admirably 
adapted. It includes hard, fine-grained spans, a four-foot layer 
of hard, highly vesicular, crystalline limestone, and four feet 'Of 
laoona;ted limestone in layers from two to eight inches thick. . On 
this ledge rests a bed of about twelve feet of ,soft, earthy lime
stone, called the Ooggan, wholly :worthless for any industrial 
purpose, and constituting a part of the stripping. . 

The quarry :stone bel,ongs to ,the Gower 'stag,e of the Niagara, 
according to Norton. tt consists of laminated, light buff, granu
lar, even bedded dolomite which withstands chemical de0ay and 
mechanical disintegra;ti:on remark'ably well. Open bedding 
planes are so felw that they are found to be practically impervi
ous, a fact markedly at Viariance with similar beds in Anamosa 
and Stone Oity in Jones county. The chemical comp'Osition of 
,the rock w,as found to be as follows: 

BUILDING STONE QUARRY, LIME Cl'rY . 

Calcium carbonate (CaC03) . ........ .. , . . . . ...... . ..... . .. .. .. . 55.3 
Magnesium carbonate (MgCO"J .......... . ...... . ... ............ 43.0 
Ferric and a luminum oxides (Fe203 and Al 203) . .. .... ........ . . 1.4 
Silica (Si0 2) ... ..... :: ..... ........ ; ...... .' .. . .... : .. . ... ...... 0.6 

.100.3 
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BUILDING STONE, BEALER'S QUARRY, CEDAR VALLEY. 

Calcium carbonate (CaC0 3 ) •••.•• • . • • • • • • • • ••••••••••.•••••••• • 56.4 
Magnesium carbonate (MgC0 3 ) ••••• ••• •••• . •• . .•• •• • ••• ••. • • •• 42.6 
Ferric and aluminum oxides (Fe 2 0 3 and AI 2 0 . ) . .. ... ... . . .. . . . 0.7 
Silica (Si0 2 ). .... . .. ••••••• • ••••••••••••••• ••• • •• ••• • •• •••• •••• 0.4 

100.1 

The rock, however, is laminated throughoU't and may be .split 
along ,thes'e pl'anes to layers one foot in thickness without diffi
culty, and in places to eigiht and nine inches. On natural out
crops adjacent, long-weathered surfaces often show clo'se lines 
of lamination, but these are strongly coherent, beyond the usual 
in ,this f.ormation, and permit fthe quarrying of permanently 
.solid blocks IQf as gr:ea;t ,thickness as called f.or. The common 
size ,of the blocks raised fIiom bhe lower part of the quarry is 
six ,and one-half feet long and three and ,one-quarter feet wide 
and thick, weighing 'elach something more than f.our tons. 

In some ,of fthe outcrops 'of the Anamosa phase of the Gower 
stage, there are f.ound, especially Itoward the summit, thin layers 
or laminre of a compact, dr,ab, fine-grained limestone, called by 
workmen "flint" on 'account ,'of its hardness, brittleness, and 
fracture. Such seams are a direct injury; under the weather 
they break into small rhombic chip-stone. Since their coefficient 
of expansion is different from that of the adjoining layers, they 
tend to form in ,time a horizontal cleavage of the block of which 
they form a part. At Bealer',s quarry these seams are prac
tically absent, and the stone free from this element of weakness 
as well as of all deleterious accessories, can be strongly recom
mended as 'of ,the highest dur.ability. 

Cedar Bluff.-Immediately 'above the bridge ,at this village, a 
l,edge of Anamosa ,s'vone has been quarried to 'Some extent for 
local supply. The face of the ledg,e is here some thirty-five 
feet. The upper seven or eight feet are weathered to ,thin spalls. 
In the middle lies a stratum of 'seven feet of fine-grained, light 
y,ellow limes,tone of pure Anamosa ,type. Below this the stone 
shows ,an alternation of harder and softer lfaminre, ,the harder be
ing of finer grain and more brittle. The best building stones are 
said to be taken from the bed of the river at the base of the 
ledge. 
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Below the village the s'ame Iormationoutcrops on hoth s~des 
of the river, in ledges up to fifty feet in height, showing the same' 
granular laminated limestone, borizontally hed.ded in ev'en 
courses, wea'thering in places to thin' caicareous pl3!tes, but for 
the most part st3!nding in undivided l,ayers up to two feet in 
thickness. 

McLeod's Quarry, 'southwest quarter ,of section 12, township 
82 north, range I west.-On the left bank 'Of the W,apsipinicon, 
less 'than one-half mile below Massilon, this quarry ,shows a face 
of twenty-five feet of vesicu1ar, semicry,stalline limes'tone, ,the 
upper fifteen feet massive or obscurely bedded, the lower ten 
feet in rough layers from eighteen to thirty inches ,thick, all buff 
in color, and ,sparingly fossilifer,ous. Just below the village ,on 
the right hank of :the stream, the same layers f'orm a picturesque 
ledge about Ithirty feet high. 

Frink's Quarry, northwest quarter of southeast quarter of sec
tion 14, township 82 north, range II west.-The following section 
is here shown : 

FEET. 

4. Limestone, rough, in layers from one-half to one foot thick, 
weathered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

3. Limestone, in eight inch layers. . . . . . . . . . .. ..... . ... ........ 2 
2. Limestone, exceedingly rough , crystalline, deeply pitted with 

rounded cavities up to five inches in diameter. .. . . . . . . . . . . 2 
1. To creek:level, not exposed. . . . . . . . . . . . . . ...... ............. 13 

The layers here f.orm 'a gentle syncline dipping 2° north at the 
south end and 6° ,soU'that ithe north end. 

Burrough's Quarry, southwest quarter of section 22, ,township 
80 north, rang,e III west.~The Gower is here 'quarried 'on a small 
scale on the left bank of Rock run. F ,or 'eight feet above the 
creek, a very fair gr,anular building stone lies ill. layers from 
seven to ei~hteen inches thick, weathering -superficially to palls 
two to four inches thick . . The dip to the southeast is perceptihle. 
An adjacent ledge reaching a height of twenty feet 'above water 
level is compo'sed of laminwted limestone, hard, gr'ay and crys
talline. A few r,ods laway 'an old pot kiln attes,ts the possibilities 
of the stone asa lime maker. Here ,a layer identical with No. 4 
of Whann's qua,rry is found 'above the limerock. Across the 
creek and down the stream 'on the -same "farm, about fif.ty feet of 
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this hard, crystalline, laminated limestone is dispLayed in over
hanging ledges 8!nd hills1de outcrops. Toward ItJhe bas'e the rock 
weathers to thin spal1s, but -above the }aminre are cohel"'ent and 
the cliff bre'aks down in immense blocks. About fifteen feet 
above the limestone a few fragments of yellow sandstone were 
seen in a shallow ravine, but no distinct outcr,op was found. All 
-the limestone in this section resembles the Anamosa stone in 
its lamination and in its horizontal or ne'arly horizontal bedding. 
Nowhere is it disturbed, tilteq,or conglomer8!tic, as is so com
monly the case with the LeCLaire. And yet in their Ihardness, 
color, and crystalline texture, these beds 'on Rocky run are dis
tinctly of the LeClaire type. 

Wallick's Quan'y, east half of secltion 16, township 81 north, 
range IV west.-Two ,and one-half miles north ,of Oedar Bluff 
the Anamosa phase is quarried for local uses. The rock rises 
to the surface in the low hills, so th8Jt no stripping, except of 
weathered spalls, is necessary. The rock is of the ordinary 
phase ,of the finely laminated, fine-grained, light buff build~g 
stone of the Gower. It is in thin layers, dipping 11° SE., and 
shows a face of Itwenty f,eet. 

Hecht's Quarry, northeast quarter of northeast quarter of sec
tion 14, township 82 north, range II west.-The foHowing section 
is seen ,a t Hecht' s quarry: 

3. Limestone, spalls, irregularly sbaped cbipstone, buff, resem
bling conglomerate of barder centres with matrix of lime-

FEET. 

stone meal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... . .. 4 
2. Limestone, rough, semi-crystalline, cores gray, weathering to 

buff.... ...... .... . ... ..................... . . ... .... ...... 1 
1. Limestone, for the most part evenly bedded, buff or gray, 

thickness of layers from above downward in inches: 8, 18, 
10, 15, 19, 24, 12, 18, 18. At west end a dip of 30 W . ; in 
center sligbtly S.; at east end a perceptible dip SW. . . . . . . . U -a-

Cary's Q~~arry, southwest quar,ter ,of 'section 13, township 80 
north, range III west.-Ahout 'two ,and three-fourths miles south
west of Tipton, two qUlar6es have been opened on Rock creek. 
Mr. M. C. C ry here quarries a face ,of :fi:~teen feet in lay,ers 
mostly of the thickness ·of flagging, but some reachblg nine 
inches. At the west end of the quarry, the stone is hard and 
crystalline, of the LeClairle phase, in layers six inohes thick and 
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upward and dipping 12° SSE. Two rods east this has passed 
into the Anamosa phase, but slightly harder land more crystal
line than typical, dipping 3° E ., ,the junctur'e being now concealed. 

Twenty-five rods southwest of this section a small quarry has 
been opened showing a mound of hard lime rock 'at 'the north end, 
and, the juncture ag'ain being obscur'ed, at the south Anamosa 
stone, some layers being s'oft and granul1ar, and others harder 
and more 00mpac1t. The layers here run from one and two inches 
to nine and twelve, and dip from 30° W}-'TW. to 38° NNW. 

Whann's Qttarry, northeast quarter of northwest quarter of 
se0tion 14, township 80 nOl'lth, range III west: 

FEET. 

5. Limestone, light buff, hard, fine-graiued, luster earthy, re-
sembles Bertram beds of Linn county.... ... . .... ... .. . ... 2 

4. Limestone, buff, softer, with num erous branching vertical 
tubes one to two mm. in diameter. . . . .. ..... ....... ...... 1 

3. Limestone, hard, gray, crystalline........ ....... . ... . ...... H-
2. Limestone, buff, more or less vesicular, in layers from 8 to 

30 inches thick, with bands of harder crystalline gray rock. 5 
1. Limestone in layers as above, buff, granular, laminated. .. . . 6t 

The dip here is a gentle one to the southwes.t. A few rods up 
stream the ledge is seen ,to flOrm a low syncline. 

LIME. 

Rock of the highest ex,cellence for the manufacture of iime is 
as broadly distributed over the county as is good building stone. 
This is due to the many ,areas where the Gower limestone is ex
posed by erosion, and to its rapid alterna,tion at the same horizon 
between its two lithologieal phaseK At no great distance from 
the quarries of the granular, evenly bedded Anamosa stone, 
there will be found outcrops of 'the crystalline, massive or 
obliquely bedded dolomite, which takes its name from LeClaire, 
the town in Scott county where its 'typical features were seen 
and described by Hall nearly fifty years ago. Thus at Lime City 
and at Cedar Valley, lime and building slbone quarries are in 
dose proximi1ty. It is to these two places that the manufacture 
crf lime is ,at present restricted. This is not due to any special 
advantage in the quality -of iheir limerock over thrut ,of other lo
calities in the county too numerous for ment:uon, but to the fa.cil
ity with which the rock can be handled and the product placed 
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on the market. Iil ,almost 'all portions 'of the county the explorer 
0f outcrops of Ithe country rock finds the white heaps of half 
burned lime and the ruined wlalls lef't ,to ·show the ' pLace of pot 
kilns. Owing to the increasing scarcity of wood and introduCition 
of the clay limes from Missouri land the reduced price of P 'ort
land cement, the lime industry has become almost extin0t. 

The upper beds of the Silurian furnish a limerock.of the high
eS't degree of excellence. It is from ,them that some of the largest 
kilns in Ohio, :Wisconsin and Illinois, ·as well as 10wra, draw their 
supply. The lime burned in Cedar county is identical with that 
of the well known kilnlsat Racine and Port Byron. Hs pre-em
inence depends upon its chemical 'and physical qualities. It is 
notably free from silic,a in all it,s forms .and from argiUaceous 
or ferruginous impurities. The large per cent of carbomlJte of 
magnesia. pr,es.ent makes. it a cool lime,slow Ito slack, ,slow to Iset. 
The hardnes'sailid durability of mortars made from this lime 
appr,oach those of ,cement. Buildings are seen in which it was 
employed, w.here, after thirty-five years of weathering, the joints 
seem as fresh 'as when sitruck. Wholly minor advantages are the 
britUeness ,of the I1ock, which aids in its breaking to 'Sui-table 
dimensions for .the kiln, and its vesicularity, which gives mar,e 
readyacces,s ,to heat in burning .and to water in slaking. 

The purity ·of ,the Gower dol'omite is demonsltmted in the f.ol
lowing analysis made in the chemica] laboratory of . Cornell Col
lege under the supervision of Dr. Nicholas Knight : 

Ledge on Rock Creek, southeast quarter of the southwest 
quarter of section 23, township 80 north, range III west : 

Calcium carbonate (CaCOa) .... . ............... . ...... . .. ..... 55.76 
Magnesium carbonate (MgCO a) . . .. . . ... , . . . . ......... . . ........ 43.85 
Ferric oxide and aluminum oxide (Fe2()a and AI20 a) ... . ....... 0.26 
Silica (Si0 2 ) ....... .... ....... . ................... ............ 0.12 

The total impurities of ,thvs specimen of the dolomite used in 
lime making ,thr,oughoU't the county 'are but littl,e more than one
third of one per cent. 

Lime City .-The quarries of this plant are situa:ted ,on the 
right bank of SUglar creek, five miles northwest of Wilton, a spur 
of the Chicago, Rock Island and Pacific connecting them with 



PLATE XXXVII-Horizontal Coggan beds overlying tbe oblique-bedded LeClaire pbase of tile Gower limestone at Lime City. 
remarkably pure dolomite and were formerly used in the manulacture of lime. 

~ Tbe lower beds are a <:0 
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the main line a,t that junction. The rock is ·of ithe usual LeCLaire 
facies. The following sect10n may be taken as ·a fair laverage : 

2. Limestone, light buff, non-laminated, soft, earthy, with a 
strong odor of petroleum when struck with the hammer; in 
layers from six to t,welve inches in thickness, cherty, nod-

FEET. 

ules up to a foot in diameter. . .. . . .. .. .. .... . . . . ... . . . .. . . 18 
1. Limestone, dolomitie, sub-crystalline, hard , massive; beds 

highly inclined; readily separated from beds which are hori-
zontal.. .. . . . .. . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . .. .. . . .. 25 

Dynamite was used in blas,ting and the ,stone w'as sent to the 
kilns by a ,tram running on ,a 'trestle. Four pwtent draw kilns 
were used and the lime could be loaded from the sheds directly 
on the cars. S.ome years ,since pe1troleum was used I3)S fuel in one. 
of the kilns, but l'ater only wood was employed for calcination. 
The region about Sugar creek is forested, and wood was obtained 
at moderate expen e. The output found r,eady market along the 
line-s of the ChicaO'o, Rock IsI'and .and Pacific Railway in Iowa 
and the sta tes wes1t. The amount of stripping is very slight. 
The beds of the Coggan, which ,overlie the limer'oek, are shipped 
for ripmp and ballast, being wholly unavailable for lime or 
building stone. No lime has been produced here for some years 
and the plant is dismantLed. 

Cedar Valley .-The lime plant at Cedar Valley consists of 
three patent draw-kilns, each w~th a capacity of 120 barrels, and 
the usual storage .and cooper sheds. Of the quarry face of six,ty 
feet, 8'carcelyany is ullJavaDable for lime, and the expense of 
stripping is inconsIderable. ~he rock is ·economically handled, 
and the lime is loaded on 'the ears of ,the Chicago, Rock Island 
and Pacific Railw,ay. It has found a wide market over I'owaand 
the adj'acent sltates to ,the W8S't. Wood is employ·ed as fuel and is 
brought in fr·om ,the heavily wooded hills of ,the Kansan upland 
on both sides of the river. 

CLA YTON COUNTY. 

The Niagara limestone covers an extensive area in the south
ern portion of the county, an irregular area on ,the divide be
tween the Volga and Turkey rivers and small outliers in Grand 
Meadow and Marion townships. A large number 'of outcrops are 
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av:ai1able 'along the numer'ous stream ~ays. Quarries have been 
opened near ' Gun'der .and Strawberry Point. An extens'ive 
quarry is opened just 'across ,the line in Fayette county. The 
beds developed are similar to those 'available in may ton county. 
The Niagara beds are ,somewhat variable but consist generally 
of a buff, heavy bedded dolomite, ,the ledges varying from tW'O 
t,o f.our ,or more feet in thickness. The Wilkes Williams quarry 
which is described later under the discussl!on 'Of Fayette county 
may be accepted as representative for rthe northern 'Outliers in 
Clayton county. In section 15, Cass township, 'about 'One mile 
north of Strawberry Point, ,the following quarry section may be 
observed: 

FEET. 

2. Dolomite, coarse-textured, buff, containing chert nodules, in 
ledges eighteen inches to three or four feet thick .. ... ..... 8-10 

1. Dolomite, light gray, almost white, finely crystalline, free 
from chert, in layers from four to eighteen inches and two 
and one-half feet in thickness . The thicker ledges can be 
split into any desired thickness along lamination planes. 
The rock is soft when first quarried and grows hard on ex-
posure . . . .. ........ .. .. . .. . .. .. . .. .. . .................... 6-8 

Similar s·ecti'Ons have been developed ,at ,other points in ,the 
neighborhood. The beds are ,some sixty to seventy feet above 
the base 'Of ,the Niagara. They are almost white, fine-grained 
and ra'ther soft when first quarried land 'attain a thicknes's .of 
twenty to twenty-five feet. 

LIME . 

Clayton coup.ty has a wealth 'Of raw material .suitable f.Qr the 
manufactu,re of good lime. Kilns have been operated at various 
points in ,the coliIllty and materials from several 'horizons were 
used. , .At the, present time only two kilns are opera'ted, both 
being locwted at Guttenberg and both utilize the tr'l,llllsi;fion beds 
of the Galena-Platteville. A better grade of'lime could be made 
from the fully dolomitized beds of the Oneota, Galena .or Niag
ara. Only ,sufficient 1i:me is produced to supply the local dem~md. 

CLINTON COUNTY. 

With 'the excepti:on 'Of a small area elos~ to ·the Mississippi ill: 
Elk River and Spring V;alley townships, which is underlain by 
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the M-aquoketa shales, the country rock of Clinton county be
longs to the Niagar,a stage of the Silurian. There are -said ,to be 
exposures of Niagara limestone in every 'township in the oounty, 
save one, Berlin township. 

It is quarried particularly in the vicinity -of Clinton, where 
considemble thicknesses of the limestone ,are exposed in the 
bluffs bordering ,the valley of the Mississippi. There are also 
many 'small openings from which stone is removed, that are scat
tered so univ'ersally ov,er Ithe county thaJt it is scarcely pos-sible 
to segregate ,them into districts. N ext to ,the Clinton quarries, 
in the depth -of strata exposed las well as in commercial impor
tance, come, no doubt, ,the group ,of small quarries in the south 
tier of ,townships near the W,apsipinicon and in the neighborhood 
of Wheatland, Oalamus, and Dewitt. 

The Niagara consists typically of beds of dolomitic limestone 
and dolomite, varying in nature from fine-grained, yeUow, thinly 
laminat·ed and porous layers,' !iio heavy beds as great as six feet 
in depth, 'of brown to bluish gray compact 'stone. Ohert ·in bands 
and nodules occurs very commonly throughout the Niagara 
strata. As mentioned, ,the st-one has been quarried at a number 
'Of localities in diff'erent par,ts of Ithe county. The following char
a0teristic sections will afford an idea of the quality of the rock, 
the succession of the beds and the extent and possibilities of the 
building stone industry. They are taken in the principal quarry 
districts. 

Clinton quarries.-The Clinton City quarry is located ,at 
Fourth Avenue and Bluff Road. The usable 'Strata here consist 
of ,an upper four to five feet of soft, thin-bedded stone which 
grades into a somewhat firmer gray to bluish rock below. All 'Of 
the beds 'are porous and 'Often cavernous on :a small scale. Tihere 
are six to eight fee't IOf weathered dol'Omitic residue and a v,arying 
depth of loes's 'overlying the quarry. The lower beds are being 
used in city street work. 

The Thomas Pur,cell quarry is located ,at Eighth Avenue and 
Sixth Str,eet. A face of fif,teen feet is open, running nearly a 
block parallel :to Eighth Avenue and consisting of strata similar 
to those described 'above. Below the upper five feet the beds ,are 
heavy; in .some instances individual ledges are three feet ,thick. 
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The bottom 'str,atum contains nodules of white chert. Further 
quarrying here is lim~ted by Ithe city improvements. 

The Un~on Park quarry belonging to the Turner 80ciety and 
worl"ed by Henry Jessen is situated at the intersection of Unron 
Street and Bluff Road. A maximum of thirty feet {)f the Niag
ara is exposed, covered by three Ito four feelt of drift and ten to 
twenty feet of loes's. The upper portions 'of the dol'Omitic beds 
are fissured 'and weathered in places t'o a residuum or "geest." 
The top beds are 'also soft and of 'an ocherous yellow color. The 
bottom ledges are denser, ·of a gray color and run ,one to three 
feet in 'thickness. Only Ithe latter 'are solid enough for flounda
tion or ,other important masonry work. The quarry is worked 
constantly, hand methods only being practiced. The heavy and 
increasing amount 'of stripping necessary to 'Obtain ,these lower 
strata is a grea't handieap to extensive development. 

The quarry of Thomas Carey on Fourth Street, near Lamb's, 
is the most 'extensive opening in Olinton. There is less of ,the 
worthless disintegrated material here aboye the solid ledges. 
Thir,ty-five to foI'ity feet of usable 'st'one have been opened up and 
a large amount taken out. The individual beds vary in 'tJhickness 
from a few inches to three f.eet and products of any desired 
dimensions are obtainable. Fifteen to twenty feet of loess are 
removed to reach 'the quarry beds. The output consis'ts 'of foun
dation material and some dimension tone from the deepest beds, 
while the upper strata ;are crushed for road 'and c{)ncrete work. 
The quarry is equipped with a portable jaw crusher m8Jde by the 
Western Wheeled Scraper Oompany. 

The dolomi,tic beds are exposed at other poinlts near Olinton, 
especially to the north in the vicinity of Lyons and in many 
places in tlhe hills to the west 'along small tributaries. At all 
points the surface layers are usuaUy badly honey,combed by 
weathering and s'olution, and often nOlthing remains but a yellow
ish crumbling dolomitic sand m dolomitic clay residuum. It is 
therefore necessary to remove in most cases great quantities of 
the drsintegrated portions to reach Ithe deeper solid and more 
durable ledges. These surfac'e materials are serviceable in the 
shape of crushed sltone, althoug'lh they are not of 'the best quality, 
even for this purpose. 



PLATE XXXVIII -Thomas Carey quarry section showing the general character of the Niagara beds of the region. The chert beds are rather promin
ent in the middle section. Clinton, Clinton county, Iowa. 
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The accompanying section is giv,en a's ,showing the general 
character of 1;Ihe lower Niagara beds 'to which the Olinton quarry 
rock belongs:* 

FEET. 

6. Drift.. . . ................ .... . . . ... . . . . . ... . .. ...... 5 
5 . Geest. ..... .. .. . . .......... . ................. . .... .. .. . ... . 3 
4. Porous and yellow, dolomitic limestone, irregularly bedded, 

full of small crevices lined with calcareous incrustations. 
This is known as "shell rock" among the quarrymen. . . . . . 40 

3. Finely granular, yellow, dolomitic limestone with numerous 
small cavities, often lined with a coating of crystalline cal
cite. Bands of chert occur at intervals of from two to four 
feet. Seven of these were each about five inches in thick-
ness . .. ..... . . .. . . . . ... . .... .. .. . . ... ... . .... ..... . ... .. . . 30 

2. Buff-brown, dolomitic limestone of fine-grained texture , with 
many bands of chert, also scattered nodules of chert. The 
chert is most abundant below. Some of the chert bands 
have a thickness of one foot. These thicker bands occur 
above and the thinner lie below . Thirteen bands in all 
were counted. The lowermost, of which some were no more 
than an inch in thickness , lie close together. . . . .. ........ . 25 

1. Blue shale (Maquoketa) . . .. .... . . . . . . . . . . . . . . . . . . . .. . .. .. . . 15 

In Orange township, the principal eXp'0sures are on Barber 
creek. 'On the land of A. A. Harber, in the ·southeast quarter of 
section 29, the following beds are in view in an 'oLd quarry: 

FEET . 

4. Soil...................... .. ...... .. . ... ...... . . .. .......... 1 
3 . Shattered and disturbed, yellow, thin bedded, limestone .... 9 
2. Very thinly laminated, yellow limestone, separating very 

readily along bedding planes into thin slabs of even a 
fraction of an inch in thickness. . . . . . . . . . . . . . . .. . . . ... .... 11 

1. The above rests on a floor which dips steeply to the north and 
consists of heavy, firmer ledges of weathered, porous lime
stone, some few feet of which have been worked. 

The top, No.3, "slate," is being used as macadam and appears 
,to give good service in this capacity on country roads. 

Mrs. A. Smith has a small quarry south of Barber creek in 
the southwest quarter of 'the southeast quar,ter ·of section 29. 
Eight to 'ten 'feet ,of porous yellow limestone are exposed in beds 
from six inches to less than one inch in thickness. There is 
little drift 'or 'S'oil eovering. The same stone crops out in the 
hills 'along both sides of Barber creek,s.outhea;stward, ,through 
sections 29 and 30. The strata are seldom horizontal but no uni-

"Geology Clinton county, Iowa Geological Survey, Vol. XV, page 401. 
17 
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form direC'tian of dip was made out. In some instances the lack 
of horizorrtality is lik'ely due to creep, but in general it seems to 
be the result of drsturban{les ,on a broader seale, which are indi
cated also by the sha,ttering of the beds ,themselves. 

Near the southwest corner of the noortheast quarter of section 
9, near Buena Vista, Olive township, F. C. Huehl has worked .a 
quarry on the land of S. B. Walker. The beds are similar to 
those on Barber cr'eek 'SoU'th of Grand Mound. They ar'e le'ss 
weathered and harder, more durable stone is obtained relatively 
near t.he surface 'and without much stripping. 

In the vicini1ty of Big Rock post office in Spring Rock township 
,the po'rous yeUow dolomite is expo:sed in the diff,s along RO{lk 
run, and rut numerous places to '1fhe south of the river in Sco'tt 
county. 

In ShaDon township, stone h'3JS bee'll quarried on the f,arm 
of Henry Kiel, one-half mile east of Lost Nation. The beds here 
are porous, unev-en .and. cheDty. 

The quarry 'section given below is exposed one-fourth of 'a mile 
east 'of the center of ,sec.tion 15, Sharon township :* 

FEET. 

10. Drift . . .. . .......... . , , , .. . , .. .. ... .. .. . ........ . .. . .. , , . , . 5 
9 . Geest.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .... ., ....... . .. ,... 4 
8. Fine-grained and laminated rock, breaking along the 

horizontal seams into slabs from one to three inches in 
thickness ........ . ....... .. .... . ....... , .. . . , . . . . . . . . . . . . 4 

7. More coarse-grained and porous, evenly bedded, yellow 
dolomitic rock, without well marked lamination .. , . . . . . . . 3 

6. Fine-grained dolomitic limestone, in · places with very 
distinct crystalline texture, and weathering into slabs 
about four inches in thickness. . . . . . . . ............... . ... 3 

5 . Yellow rock with occasional pockets set with crystals of 
calcite . . . . , . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

4. A single layer of fine-grained, dolomitic rock. . .. .... . . . . . . . 3 
3. Brownish, dolomitic limestone of compact texture, breaking 

much in quarrying ; and having occasional crystals of 
calcite . .. .. . ... . ....................... . ............ ,. ... 3 

2. Laminated, fine-grained and compact, dolomitic limestone , 
breaking into layers one inch in thickness, occasionally 
bearing chert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ............ 1 

1. Solid and compact ledge of gray, dolomitic limestone, with 
some empty crevices lined with a thin coating of crystals 
of calcite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

• J. A. Udden, Iowa Geological Survey, Vol. xv, page 400, 



Pl-ATE XXXIX- Old Randall quarry near Big Rock, Clinton county , Iowa, showing heavy NIagara beda . 
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DELAWARE COUNTY. 

The Niagara limestone forms Ithe country rock over nearly 
the entire 00unty ,and furnishes 'an unlimited quantity of stone 
suitable for structural purposes, crushed ,stone ,and lime. Nu
merous outcrops appear along the principal riveI'ls 'and most 'Of 
their tributaries and Ithese ihave been developed Ito meet the 
merely local demand. Quar,ries have been opened at a large 
number of points, 'especially in the northeastern half 'Of the 
county. According to Oalvin there are tWQ horizons Ia.t which 
evenly bedded, ea.sily quarried stone 'occurs, and the quality of 
the stone at both horizons i,s ISUCb. a.s to place it among ,the best 
in Lowa. The lower stone horizon begins about thirty feet above 
the base of the Niagara limestone. and has a thickness of more 
than :thirty feet. 'The other horizon 'occurs near the top .of the 
Delaw,are :s:tage,a.bove :the Pentamerus beds, ,and has ,about the 
s'ame thickness as :t!he lower quarry-stone horizon. 

The principal quarries 'of the lower horizon lare located in Elk 
township. There ,are lat least four in 'section 16, one in ,section 
23, and two or three occur in section 2. All are worked more 'Or 
less constantly during the 'summer season. 

The Wilcox quarry is 'loca1ted ,on the ,southwest quarter 'Of :sec
tion16,and is typieal lof all ,the ,others at this geological level. It 
presents a vertic,al face 'of about thirty feet. The beds range 
from ,thr,ee:Or four, ,to thirty-six inches in thickness. The heavier 
l,ayersare ,toward the top 'of the 'exposure, and some of these 
contain numerous oherty concretions. Near the base 'Of the 
quarry the stone lies in thinner l'ayers and is free from chert. 
The quarry is capable 'of yielding good material for cut dimen
sion stone, all kinds 'of ashlar work, rubble and heavy dimension 
stone f:Or bridge piers. A greM number 'of joints trending 'south
west-northeast cut vertically through the 'strata. The best ma
terial f:or cut ,stone lies ,about the middle of the quarry section. 
Here the beds :are free frQm chert, and the surfl8:ces .of the indi
vidual layers are comparatively parallel planes. Near the base 
of the quarry the layer,s present uneven surfaces, the irregullari
ties resembling rtheeffects .of wave action. 

The Wilcox quarry is situated on the north side ofa triangular 
ridge separating 'two converging ViaUey,s. Around 1Jhe point of 
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the hill, and almost opposite Ithe exposure >oper~ted by Wilcox, 
another opening has been made in layers corresponding to those 
in >the upper parlt of the Wilcox quarry. The stone is weathered 
wt .the top, and:usoverlain by dark brown residual ellay, residual 
chert 'and 'a thin layer >of !toess. There 'are no signs of drift. If 
the Kansan drift was ever laid down in this locality it was en
tirely removed by erosion before the deposition lof the loes's. 
All the otlher quarries opened at thi's ihorizonsho-w es'sent~ally the 
slame details a'S thO's'e describ€d. 

Regularly bedded limestone, >apparently the same as ,the beds 
worked, continue below the b~se of ,the Wiloox quarry for at least 
fifteen feet, and hence there is a total thicknes's lof ro>rty-five 
feet ·of b~ds that might be quarried. Between the quarry ston€ 
and the horizontally laminated beds .at the base ·of the Niagara 
there is a ra'tlher gradual 'transition throllgfu ·strata intermediaJte 
in chiar,aJOter. No fossils were noted either in the basal beds 
or in the quarry stone. 

There are quarries lat ,the same horizon in Bremen township. 
One lof these i'S loc,wteds'outh of ilhe center of Isection 13, and there 
are two ·or ,three in section 26. A quarry in the northern paI'lt 'of 
section 26, furni'shes good stone for rOUgih maS/onry. The rock is 
granular, v'esicular, mUCJh pitted by wea>thering where expolsed, 
r~ther evenly-bedded; beds fare horizontal and vary from a few 
inches to more thana fOlot in thickness. The piltted eondilt'ion due 
to weathering is peculiar and distinguishe's the rock of Ithis lo
cality from the equivalent beds on Elk creek. The quality is in
ferior when compared ':Vith sltone from the Elk creek quarries. 
Anolther quarry in which the 'sltone 'slhows Isimilar peculiarities 
of weathering occurs a 'short distance S'outhwest of ,the center of 
s·ecti'on 26, Bremen township. 

Beds of this lower quarry ·stone horizon, resembling thos'eon 
Elk creek, are exposed alt many poinlts lalong the Li>vtle Turkey 
river ,and its branches in the northeastern pa:r<t ,of Colony town
ship. 

The best exposures of the upper. quarry Ihoriz'on fare seen in 
Uni'on township, a few miles southwest of Hopkinton. The Mer
riam quarry, in 1Jhe southeast quarter ofsecti>on 23, has been 
worked longer Ithan any of .the rest, and may serve a's a g>ener:al 
illustra,tion. The Isection is 'about '~s follows: 
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MERRIAM SECTION. 

FEET. 

11. Layers of limestone alternating with layers of chert each 
about three inches thick. . . . . . . . . . .. ... . ................. 21 

10. Single layer, with em bedded concretions of chert ... ...... . . 
9. Three to six inch layers of limestone, alternating with two to 

three inch layers of broken chert, . . ... ............... . . .. . 
8. Fair rock with little chert ...... ........... .. . ...... . .. ... . 
7. 
6. 
5. 

Even-grained rock, cleavable . ..... . ............... . ...... . 
Good quarry stone in several layers ....................... . 
Compact layer with large, flat Pentamerns .... .. .. " . ..... . 

4. Lowest layer worked ................ . ... ..... . ........... . 
3 . Vesicular ledges below base of quarry ... .... . ... .... ..... ,. 

2 

5 
H 

5 

" 3 
2 

3 
2. Cherty layers . . . . . . . . . . .. . . . . . . .. . .... . . ....... . .. . . . ... . . . 4 
1 . Cherty and vesicular layers down to talus. . . . . . . . . .. .... ... 18 

263 

The Merriam quarry has from fifteen to twenty feet of excel
lent quarry stone. There are two or -three other quarries work'ed 
at the same hori~on in the same quarter section. 

The Loop quarry .issituated in the nOflthwest quarter of sec
tion 25, township 87 north, range IV wes1t, 'about one mile south
east ,of the Merriam quarry . . Thi,s quarry has been worked for 
a number 'of ye,ars, and it is capable 'of furnishing a large amount 
of valuable building s!tone. The stone is fine-grained, homogene
ous, easily worked and of good color. As ,the quarry is carried 
farther back into the hill, the aggr,egate thickness of the avail
able stone will increase to twenty-five 'Or thirty feet. The beds 
now expo'sed furni'sh excellent material fior rubble, range courses 
and dimensionst{)ne up Ito ten inches in thickne'ss. 

Quarry stone belonging to the Merriam quarry horiz'on crops 
out 'at a number of pointsal'ong a small ravine in the ea'st half 
of 'secti'On 17, South Fo.rk township. The bedding seems to be 
thinner here ,than on the west 'side -of the Maquoketla in Union 
township. S'ome -of the beds, however, ·are ten inches in thick
ness; and qUJarr1es worked 'on :the northeas1t quarter of 'section 
17, and on the southeas't quarter of -the ,same -section, have fur
nished 'a large 'amount 'of good building sltone for local use. An
other 'small opening 'at this same horizon w:as noted in 'section 14 
of South F{),rk to,wnship. 

There 'are :several quarries in ,the upper building -sitone beds 
in Millo township. The largest ,are located in ,the eastern part 
of section 9, ne'ar the north end of )the highlands, 'Called in Gal-
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vin's report 'on Delaw,are county 1ilie Delhi pla:teau. T'he land on 
which the qUlarrying is done is nearly 200 feet higher than the 
Maquoketa river a't the neareslt point. The rock is here leS's 
magnesian than at other exposures in the county. A large 
propol1tionof it is blu~s'h in color, ,and there are many large 
pockets of calcite. The bedding is quite regular, but the quality 
of Ithe Sit one is not equal ,to ,that alt Ithe Merriam ,and Loop quar
ries farther 'south. A much better quality of stone is furnished 
by the Matthews quarry located near the center of 'seC!tion 4. The 
Matthews quarry has beds ranging from ,two inches up to two 
feet in ,thickness. The ,stone has a good color, rather fine texture, 
and may be used for the better grades of structural work. 

In Delhi township the upper quarry 'stone is worked to 'Some 
extent at Beal's quarry, in ,the town ,of Delhi. It ~s exposed .and 
might be easily quarried, in the bluff south of Fleming's miUs, 
in section 29, and there 'are 'a number of other exposures, ,though 
rut rather inaccessible points, along the bluffs of the Maquoketa, 
in sections 29, 30, 33, 34 and 35. A ,small quarry oapable ,of 
affording very excellent stone is opened on the nOI1thea:st quarter 
of 'ection 23. 

The Pentamerus beds are usually massive 'and break on quar
rying into shapeless pieces, burt at 'a few points in the county Ithey 

FIG. 17-Regu larly bedded Pentamerus-::Jearing limestone in section 31, B remen township 
one mile east of Earlville, Delawar e coun ty, Iowa. 
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lie in C'ompar,a;tively thin, even lay,ersthat n'1:ay be quarried ,with
out difficulty, ,and yield 'stone suitable for ,a number of purpo'ses. 
~he position 'of the Pentamerus beds is betw,een the ,two quarry 
stone horizons already described. A 'small quarry ~s worked in 
the P ,en!tamerns horizon in the northwest quarter ,of section 3, 
Oolony 'township. In the same ,township ,there i's another quarry 
Bit this :horizon near the 'center -of 'section 27, and 'still another is 
worked in the 'southwe's't quarter -of ,section 35. The la'Sit men
tioned has been ,opemted more ex,tensively than ,the other two. 
The quarry faoe is ,about eight feet in height. The beds are 
somewhat shattered near the top. Chert i's abundant BiS partings 
between iJhe layers 'or aiS concretions 'embedded in them. The 
limestone is overl:ain by a very reddish bro'Wil, pebbly Kjansan 
dri:ft. 

Some ,of ,the mOist important quarries worked in the Pentam
erus beds are located in the southwest quarter of the north
west quarter of ,section 31, Bremen township. In one of these 
quarries there is an exposed section, thirteen feet in thicknes's, 
which shows: . 

F E E T . 

2 . Coarse vesicular stone in heavy ledges , ledges varying from 
eight to thirty inches in thickness .. . . . . . . . . . . . . . . . . . . . . . . . 8 

1. Evenly-bedded stone in layers two to six inches in thickness. 
Some of the layers contain Pentamerus ablangus with shells 
partly preserved. Stone is soft earthy dolomite, with Borne 
chert. . ... . . ... . . . ... ... . . .. . .... ... . . . . . . . . . . . . . . . . .. . . . . 5 

The massive beds of No.2 C'ontain Lyelli'a, F 'avosites and other 
C'orals. rnhese Ithick ledges a're undermined in taking 'out the 
thinner layers ,of No.1, ,and grea;t blocks left wiJthout 'Support 
fall do'wn 'on ,the floor 'of the quarry. 

Some stone is obtained from this horizon near Sand Spring 
in S:outh F 'ork ,township. Pentamerus limestone is used for 
foundations and bridge piers at Forestville in Richland town
ship. N ear ,the northwest corner of section 2, Ml10 township, 
there i,s a 'small quarrythaJt w,ith rather coarse, thin-bedded lime
stone, furnishes an unusual amount of ehert. 

LIME. 

Wirth ,an 'a:bUn!dance of stone of first-class grade for lime burn
ing, it is 'a little ,surprising to find that no lime is pr,oduced in 
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Delaware county. There 'ar,e no kilns that a're operrated continu
ously or that attempt ,to dO' more than supply some 'tempol'ary 
local demand. There are scores 'of localities where the P,entam
erus and coral-bearing beds, lying between the two quarry stone 
horizons, 'are massive, crystalline ,and free from ohert. In such 
ease, if properly managed, they will produce a ,superVor quahty 
of lime. Remains of ,abandoned limekilns are found in ,almost 
every neighborhood where the Niagara limestone outcrops, but 
no kilns are in operation ,at the present time. There are half a 
dozen or more ,of these old kilns in the neighborhoDd 'of Hopkin
ton. No beltter lime WlliS ever made 'anywhere than that whioh 
these kilns produced when they were operra:ted. The raw mate
rial is abundant 'and easily obtained. What QS lacking is Ciapital, 
organization and 'efficient management. Dubuque lime, 'and other 
limes not one whitt better than the home product, but made on ra 
large scale by improved methods, are able to 'supplant the home 
product when made by the primitive ,appliances adopted by the 
pioneer settlers of the county. 

DUBUQUE COUNTY. 

The Niagara limestone covers the western portion of the 
county and has been quarried at several points. Two well de
fined quarry horizons have been developed, one near the base 
of the series between the fifteen feet of basal beds and the che:vt 
beds, 'and ,the orther 'at the top of the Niagara series as they 
occur in Dubuque county. Each horizon comprises about twenty 
feet of good quarry sltone, ,the lower beds being typically shown 
in the quarries about F .arley, while the mo'st important quarries 
in the upper beds have been opened near Cascade. The bW8'al 
beds and beds between ,the lo,wer and upper quarry beds, while 
suitable for rubble and crushed 'stone purposes, are not quarried 
extensively at 'any place in the county. 

TypiC!al ections of Ithe lower beds may be seen in the quarry 
of Peter Milesi, ea, t of Farley, and in the Arquitt quarry north 
of the same ,town. The Milesi quarry, loeated in the southwest 
quarter of section 8, Taylor township, on the Illinois Central 
railway, shows ,the following beds and layers: 
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MILESI SECTION. 

INCHES . 

8. Coarse-grained. bridge stone. . . . . . . . . . . . . . . . .. .............. 21 
7. Stone of medium grade . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
6. Ledge of fine-grained stone, with some chert... . . . .... ... .. . 24 
5. Stone similiar to number 6... . .... ...... .... ... . . . . . . . .. .... 14 
4. Fine-grained stone of good quality.... ... . . . ... . . . ... . .. . ... 4 
3. Stone of same quality as number 4................. . .... .... ~7 

2. Stone similar to 3 and 4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
1. Stone like 2, 3 and 4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 26 

The North F1arley quarry, located on ,the Chica~o Great West
ern I1ailw,ay, shows practic'allythe S'ame series but with slightly 
different thicknesses and other unimportant differences. The 
sequence 1s as follows: 

FIG. 18-Arquitt Bros. quarry. somewhat obscured by an excessive amount 01 talus. North 
Farley. Dubuque county. Iowa. 
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NORTH FARLEY QUARRY. 

INCHES. 

9. Thick course used for cellar rock and rip-rap. . .. . . . . . . . . . . . . 36 
8. Heavy course used for bridge rock. . . . . . . . . . . . . . . . . . . . . . . . . . 24 
7. Bridge rock ..... . ...... .... '. . . . . . . . . . . . .. .................. 24 
6. Bridge rock. . . . . . . . . . . . . . . . . . . . . . .. ...... . . . . . . . . . . . . . . . . . . 16 
5. Cherty layer, furnishes some good material.... . . . . . . . . . . . . . . 18 
.4 . Coarse, cherty in places, but sometimes furnishes very good 

stone ....... ......... ... ...... ... ............. . .. , .. .. .. .. 14 
3. Coarse with some, chert, used for cellar walls. . . . . . . . .. . . . . . . 12 
2. Stone of excellent quality, easily sawed to requisite 

dimensions. . . . . . . . . . . . . . . . . . .. .... . . . . . . . . . . . . . . . . . . . . . . . 16 
1. Bottom ledge of good quality, caps along certain planes, 

easily sa wed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

The beds quarried fat each place ar,e dolomitic limestones, light 
Ylellow to buff, fine-gr,ained 'and :finely laminated. The courses 
are ,separated by shaly partings land are Isoft and very easily 
worked. In the Arqui'tt quarry the 1St one is sawed and dressed 
by machinery and very closely resembles the Cedar Valley and 
Stone City s'tone. The lower quarry beds appear and are quar
ried farther eas1t; 'small quarries nav,e been opened on IsecHon 
2, Taylor township, and Isection 36, Iowa township. At ,the 
former ,the Niagal'ia-Maquoketa contact may be :seen and the 
beds exposed are .as foHows: 

FEET. 

5. Chert beds consisting of coarse-grained dolomite in very un-
even, thin layers, interbedded with a large amount of chert 4 

4. Lower quarry stone in courses varying from eight inches to 
two feet in thickness; stone light gray to cream color, rather 
fine-grained, the upper layers carrying more or less of chert 14 

3 . Basal beds in heavy layers which are, however, capable of 
being split along lamination planes into relatively thin 
divisions. . . . . . . . . . . . . . . . .. . ... . . ..... . ' ,' . . . . . . . . . . . . . . . . . 12 

2. Transition beds of Maquoketa... ...... ...... . ... ... . .... ... . 13 
1. Plastic shale of the Upper Maquoketa; not measured . 

~he Iowla township quarry shows beds higher in the s'eries ,and 
less good quarry rock than the Taylor township section. 

About 165 feet of 'almost worthIes's material intervene between 
the lower quarry beds and the upper quarry beds. The rock 
which constitutes ,these upper beds is in even layers varying 
from three 1;10 'ten inches in thickness, fine-gl1ained, cream to light 
buff in,color andaff,ords Ian eX'Cellerrt quality of material for the 
less mas'sive grades of building stone. The stone W'rus used in 
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building Saint Martin's church at Cascade. Numerous outcrops 
of the upper beds appear in White Water and Oasc3!de town
ships. The beds intermediate between · the upper and lower 
quarry beds are well shown in the cliffs near the southwest 
corner of section 32, Wh~te Water township. The sequence IS 

as follows : 
FEET. 

11. Light-colored, fine-grained rock tesp.mbling the upper quarry 
beds... . . . ..... . . ... ..... . . .. ... . . . .... . .......... . ..... 2 

10. Dolomite, soft, yellow, easily decomposed, Cerionites beds.. 4 
9. Dolomite, moderately hard, yellow. .. . . . .. . . .... . .... . . .. .. 5 
8 . Dolomite, soft, fine-grained, gray, Cerionites beds.. .. . . ... . 15 
7. Dolomite, coarse, massive, standing in vertical cliffs; Penta-

merus oblongus horizon. . . . . . . . . . . . . . . . ......... . ... . .... 45 
6. Dolomite, hard, very compact, with many casts of Penta-

merus, and some chert....... . ..... . . . . ........ . ... . .... . 5 ' 
5. Soft, rapidly weathering, light gray beds, with Pentamerus · 

oblongus and non-silicified corals. . . . . . . . . . . . . . . . . . . . . . . . . 2 
4. Dolomite, moderately soft, weathering rapidly, containing 

the same corals found in number 3. . . . .... .... . . . . ... . . . . 7 
3. Hard, dark gray beds, with many colonies of Favosites 

hisingeri, Halysites catenulatus, Syringopora tenella, and 
Heliolites interstinctusj all the corals are silicified; a good 
lime-burning rock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

2. Dolomite, coarse, granular, light buff, weathering irregularly 
and showing definite bedding planes; silicified corals, as 
in number 3 . . . . ..... .. .. . .. . . . .. . . '. . . . . . . . . . . . . . . . . . . . . . 20 

1. Slope to level of water in stream, rock not exposed. . . . . . . . . 20 

.The intermediate beds have been quarried in this vicinity and 
also near Dyersville and other points in the county. 

FAYETTE COUNTY . 

The Hopkinton stage of the Niagara ,occupies 'a very irregular 
area over the north, east and south portions of ,the county. The 
larger streams of the area have cut entirely through the heavy 
beds of limestone and expose the Maquoketa shale's, the under
cutting of the sof,ter beds tending to pr,oduce 'and maintain es
carpments facing the streams. Numerous outcrops appear upon 
the entire are,a and quarrying ona 'small seale has been done at 
a number of points. The most important quarry in the county 
is located on the northeast quarter of seetion 24, Clermont town
ship, and is owned and operated by Wilkes Williams. The beds 
exposed are as follows : 
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WILLIAMS QUARRY SECTION. 

FEET. 

8. Clay, reddish, largely residual, but containing occasional 
pebbles and small bowlders of greenstone and granite. .... 3 

7. Dolomite, much decayed, yellow, containing very abundant 
nodules of chert; long exposed surfaces present numerous 
cavities from which chert masses have weathered; lami
nation planes irregular and imperfectly developed, indicated 
by bands of chert.... .. . . .... . ... .... ... . . .. . . . . ..... . . .. 14 

6. Dolomite, coarse-grained, yellow, containing a large amount 
of chert in the upper part . ... .. . . ..... . .... .... ... .... . . .. 2 

5. Dolomite, heavy ledge, yellow in color and rather coarsely 
granular in texture, without chert. . . . . . . . . . . . .. . . . .... . .. . 3t 

4. Dolomite, coarse-grained, yellow in color, containing no 
chert. . . . . . . . . . . ... . . .... . . .. ... .................. . .... . . 1 

3. Dolomite, regular layer, rather fine-grained, without chert .. . It 
2. Dolomite, yellow, resembling No. 1 in texture, two and 

one-half feet in thickness at the south end of the quarry, in-
creasing to four feet in thickness at the north. . . . . . . . . . . . . . 4 

1. Dolomite, heavy ledge, homogeneous, fine-grained with no 
tendency to split along planes of lamination, and containing 
no fossils or chert nodules; increasing in thickness toward 
the north.... ... . .. ... ........... . ..... . .............. .. . 4 

The quarry is located near the Clayton-Fayette county line, 
and the beds whi~h are being developed belong to an outlier of 
Niagara separated from the main body. Several other outlierls 
similar in chamcterappear in the immediaJte neighborhood. 
About twelve to f10urteen feet of stone is utilized for various 
structural purposes and gives excellent satisfact}on. Lack 'of 
transportation facilities grea;tly limits the capacity of the quar
ries, as the stone must be hauled to Clermont or Postville for 
shipment. Over the northern portion of the eounty the Hopkin
ton beds are remarkably pur,e. N ear Auburn the beds are pre
vailingly a gray limestone, in layers two to six feet in thickness, 
somewhat vesicular and lamination plaIles not evident. The 
stone is very hard and brittle, break~ng with a conchoidal to 
uneven fracture and in one direc;tion about as readily as in an
other. Samples were collected and analyzed with the following 
results : 
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1 2 3 4 5 6 

Silica ... . .... . ..... . . ..... . . 49 .60 
6.36} 
6.25 

0.68 

0.50 

98.52 

11.95 

2.80 

84.80 

33.82 
7.83} 
1. 92 

7.55 18.31 
Alumina . . .. . . . 
Iron oxide ....... . 3 .43 3.60 

Lime carbonate. . . . . .. . 78.69 73.48 
Lime ...... ....... .... . . 22.45 
Magnesium carbonate .. . 

31.73 
0.45 ......... 

1.52 
2 .40 3 .10 

Magnesia ........ .. ... . 
Soda .. .... . 
Potash .... ' 

0.20 
0.35 
0.90 

Moisture . . . . . . .... .. . .. . . I • •• ••• • •• 

.. .. .. ...... 1.82 
4 .25 

0.08 
6.90 

Sulphur trioxide .. .. . . . . .. .' .. 0.37 
Loss on ignition... . .. .. . . '.1 13 .56 .... t 

.. .... '[ 
15.60 
1.62 0.84 1.52 

L. G. Michael, analyst'. 
1. Maquoketa shale, Auburn Mills. Average samples. 
2. Niagara limestones, Auburn Mills. Average samples. 
3. Argillaceous limestone, near Clermont. 
4. Shale near Clermont . 
5. Natural cement rock near Clermont. 
6 . Shaly limestone near base of Maquoketa at Elgin . 

Auburn Mills ~s 'an inl-and town and while both shale and lime
stone are exposed in unlimited quantities they are not available 
c'ommercially at the present !time. 

Over the southern portion of the county the Niagara limestone 
is a rather coarse-grained, yellowish brown dolomite, and be
longs much higher in the series than the beds expo'sed in the Wil
liams quarry. In places it becomes arenaceous and usually car
ries large numbers of chert nodules. In ,the vicinity of West 
Union the material is often fine-grained, very hard, light gray 
limestone, containing 'a large amount of chert concretions. Near 
the northea'st corner of section 22 in Union to,wnsihip, the follow-
ing succession of beds ~s exposed : 

WILLIAMS AND DAVIS QUARRY SECTION. 

FEET . 

8. Limestone, impure, yellowish gray in color, and fine-grained; 
no chert ... . ..... . ...... .. .... ... . ...... ...... . ..... . . .. . . It 

7. Limestone, gray colored, very hard, in places showing a tend
ency to separate into layers eight, three, two, four and eight 
inches in thickness respectively; without fossils, and con-
taining no chert. . . . . . . . . . . . . . . . . . .. . ... . ... .. .. . ......... 2 

n. Limestone, much . shattered, gray, containing a very large 
amount of chert in the form of nodules and irregular masses It 
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FEET. 

5. Limestone, dense, fine-grained, gray in color, without fossils, 
almost free from chert in the middle portion. . . . . . . . . .. . ... 1 

4. Limestone, gray, consisting of layers two to four inches in 
thickness, which are separated from one another by bahds 
of chert.... .... .... ...... ... . ... ...... . ... ... .. . ......... 4 

3. Limestone, fine-grained, gray, in two layers one and. one-third 
feet and one foot in thickness; containing much chert and 
separated by a chert seam. . . . . . . . . .. .. .... . . . . . . . . . . . . . . . . 2! 

2. Limestone, massive, containing a very large amount of chert 
in the form of bands and imbedded nodules. . .. . . .. .. . . . . . 43! 

1. Limestone, gray, cherty, in layers three to six inches in 
thickness ..... .. ...... .. . ... ............... .... .. ........ . 

Number 1 in the 'above section is believed to be the equivalent 
of <the upper portion of number 7 in the Williams quarry. The 
beds here ,are not dolomitiZted save for a few feet near the top. 

Small quarries have been opened 'at other point,s in F 'airfield 
and Auburn townships to supply the local demand. Good 
natural outcrops are 'av.ailable .at many other pla0es. 

- . . " 

FIG. 19-Wilkes Williams quarr)' "howing the roug'h, heavy bedded facies of the Niagara, sec
tion ~2, Union township , Fayette county, Iowa. 



JACKSON COUNTY. 273 

JACKSON COUNTY. 

The Niagara limes'tone immediately underlies t1Jhe drift over 
more than five-sixths of the surf'ace of the county and supplies 
the chief rock quarried, for both lime and structural purposes. 
All 'of the beds developed, with ,the exception of 'a small area in 
Brandon township, belong to the Hopkinton stage. They con
S]st, for the mo,st part, of very heavy layers of sub-crystalline 
dolomite ranging from two to .eight feet in thickness and imper
fectly stratified. The hasal beds form an almost continuous 
outcrop along1Jhe MiS's]ssippi and appear in Van Buren and F ,air
field townsihips. Good sections appear 'at numerous points along 
the principal str.eamways in the interior of r1;he county. From 
this wealth ·of outcr.opsonly a few quarry sections are givent 

however, Isufficient to give the general features of the beds and 
inc1icrute their avaHabilrty. The Hopkinton is represented by 
a hasal yellow dolom:iJte, which is non-fossiliferous and free from 
chert. Itt ranges from four or five to ten or twelve feet in thick
ness. These layers ar·e ,overlain by the chert beds, which consist. 
of an earthy yellow dolomite, thinly bedded and interstratified 
with hands of chert, and lruttain a thickness of from eighteen to 
twenty feet. The chert beds are followed by the massive, granu
l'ar dolomite which constitutes :the main portion of the Hopkin
ton. It 'attains a ,thickness of fr,om fifty to eighty feet and is 
used extensively in the manufacture 'of lime. The following 'sec
tions are fairly representative. A quarry located near the 
northeast corner of the ·southwest quarter of ,section 20, Iowa 
townsihip, shows the following succession ·of layer,s: 

7. Dolomite, decayed, earthy, yellow, containing much chert; the 
bedding planes destroyed by the breaking down of the rocks 

FEET . 

on weathering. . . . . . . . . . . . . . .. ........... . ........ .. .... . . 10 
6. Dolomite, yellow, very cherty, weathering into layers about 

one inch in thickness. . . . . . . . . . . . . . . .. ... ..... . .. .. ... .... 3 
5. Dolomite, very cherty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2t 
4. Dolomite, earthy, with chert.... . . . ... . ...... . .. . .. . ........ 2 
3. Dolomite, yellow, bearing, near the center, a band of chert 

two inches in thickness. Weathering into thin layers one 
to two inches thick . . . . . . . . . . . . . . . . . . . . . . .. . . ..... . .. . .. . . 2t 

2. Dolomite, yellow, free from chert.... .. .. ......... .. ... . . ... It 
1. Dolomite, yellow colored, rather fine-grained, without chert, 

in a single layer. . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . 2 
18 
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The above 'section illustrate the basal members of the Niag'ara 
as developed in the county. Numbers 1 to 3 r,epresent the non
cherty member, and number,s 4 to 7 represent the chert beds. 

Hurst's lime quarry section ,east of the river at Hurstville, 
show the upper member. The beds are as follows; 

HURST'S LIME QUARRY SECTION , 

3. Dolomite, omewhat decayed, yellowish brown, weathered 
into layers from a few inches to three or four feet thick; 

FEET. 

containing Cerionites, crinoids and Pentamerus. . . . . . . . . . . . 15 
:2. Dolomite, massive, yellow, imperfectly separated into layers 

six to eight feet in thickness, which contain crinoids and 
Halysite and Favosites besides numerous individuals of 
Pentamerus. . . . . . . . . . . . . . . . . . . . . . . . . . . .. ................. 30 

1. Dolomite, buff, crowded with rather small individuals of 
PentamenlS oulongu.s .. .. .......... " .... ..... ... . . . . . . . . . 8 

FIG. 20-Quarry furnishing stone for lime burning at Hurstville showing the massive cbar
acter or this phase of the Hopkinton. Jackso:l county, Iowa. 



PLATE XL-A. Hurst Lime Company plant at Pinhook, Bhov;ring elevated track , kilns and s tock house . A fai r representative of the lime manu
facturing plants of the state. Jackson county, Iowa. 
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The entire ,a:ssembl>age of beds is used :/lor lime burning. A 
heavy ledge ten to twelve feet in thi~lmess OOOUl'\S below number 
1 of the section, but it contains ~heI"t in such quantities 'as to 
make it unsuitable for lime manuf'acture. 

JOHNSON COUNTY . 

The Niagara limestone occupi,es a small triangular 'area in the 
northeast ~o,rner of the county. The two phases of ,the Gower 
stage, well marked in ,other counties, 'are represented in section 
2 along the Cedar river in Cedar Itownship. The hard, fine
grained, 'sub-{!rystalline, light cream colored dolomite, aggre
gating twenty feet in thiclmess, represents the LeClaire beds, 
while the mas'sive, vesicular, laminated dolomite, 'aggre~ating 
:/lorty feet in thiclmes's, is referred to the Anamosa stage. 

A ~omplete section 'of the bluff which faces the Cedar river in 
sections 2 and 3 in Cedar township is as follows: 

FEET. 

5. Loess, arenaceous, light colored. . . . . . . . . . . . . . . . . . . . . . . . . . 2-4 
4. Drift, pebbly, containing a large number of bowlders from 

one to three or four feet in diameter. . .. . . . . . . . . . . . . . . . . 4-6 
3. Limestone, laminated, without definite partings, cherty.. 30 
2. Limestone, yellow, non-laminated, in layers from four to 

eleven inches in thickness. . .. . . . . . . . . . . .. . . . . . . . . . . . . . . 10 
1. Dolomite, light colored, sl1bcrystalline. .. .. . .... . . . . . . . . .. 20 

Number 1 represents the LeClaire horizon and is essentially a 
pure dolomite admirably 'adapted for the manufacture of a high 
grade of lime. Numbers 2 and 3 belong to ,the Anamosa beds and 
have long found favor with the quarrymen, although the beds 
have never been developed extensively on account of lack of 
transportwti,on facilities. 

JONES COUNTY. 

The Niagar,a limestone 'series comprises the country rock over 
the entire county ,and excellent exposures may be view'ed along 
the principal streams. While each stage of the Niagara furnishes 
construction materials suitable for some economic use, the Ana
mos'a stage ,and the evenly bedded horizon near the top of the 
Hopkinton, furnish the only building stones of commercial im
portance, while the hard, sub-crystalline, irregul,arly bedded Le
Claire affords an inexhaustible supply 'of material suitable for 
high grade limes. 
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The building stone beds of the Hopkinton stage afford . some 
excellent material, particularly in the neighborhood ·of Clay 
Mills, Canton .and Temple Hill. Near Clay Mills the ledges vary 
from three to fourteen inches in 'thicknes's. Tille stone is gener
ally of good color, it is firm, compact, without laminre, and in the 
most trying situations, it resists admirably the action of the 
weather. All the exposures of the Hopkinton stage building 
stone are unfortunately located,so far as relates to f'acilities for 
transportation. Their only use for many years to come will be 
the furnishing of building material to supply local demands. 

The commercial quarries are all dependent on the evenly 
bedded, finely laminated 'stra:ta of the Anamos'a phase of the 
Gower stage. The most important quarries of this phase are 
located near the western border ·of the county in Fairview and 
Cass townships. 

The evenly bedded stone in the river bluff,s west of Anamosa 
early attracted attention. The first extensive use of ~t was made 
by ,the United States army in C"onstructing military roads while 
Iowa was yet 'a territory. Some of ,the old bridge piers built Ull

derthe direction ,of ithe military engineers, ,a1'e still ,standing and 
bear conclusive testimony to the durability of stone from this 
horizon. For 'some time the quarries were worked on a , small 
scale and supplied 'only a local 'trade, but the market widened as 
the qualities of the stone became better known, and long wagon 
hauls were made in order to ,secure this material for use in struc
tures of sufficient importance to justify such expensive methods 
of transportation. In 1852 stone was 'hauled from what is now 
Stone City to Mount Vernon for use in construction of one of 
the first buildings belonging to Cornell College. 

Shipments by rail began from this locality in 1859, and after 
that time the 'stone industry of the region increased rapidly. 
From supplying 'a very restricted local trade, the business of 
quarrying and shipping stone has grown until it now re,aches 
markets distributed throughout Iowa, Illinois, Wisconsin, Min
nesota, South Dakota, Nebraska, Kansas and Missouri. Many 
of the most important structures in the ,several 's'tates named 
are built of Anamosa stone. Irt competes in Chicago and Minne
apolis with the product of quarries more advantageously located, 
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so far as dis'tance is concerned. All the important railways of 
the northwest have used Anamo'sa stone in the construction of 
bridge piers. The stone 'has been used ex.tensively in erecting the 
shops and other buildings at the Rock IsLand Arsenal. Iowa 'and 
Nebraska 'hav,e both used it in building hospitals for the insane. 
It meets 1he requirements of all grades of architectural work 
from the humblest to the highest. 

The Anamosa limes:tone varies locally, but in general it is 
composed of evenly bedded, perfectly laminated layers of impure 
dolomite that range's in color through shades of buff to gray on 
the one hand, and almos't white on the other. The beds are 
broadly undulating, but may be practically horizontal. The 
same beds thicken and thin gradually, but for limited distances 
are essentially parallel bced. The stone splits much more eas
ily along bedding planes than in other directions, although day 
paI"tings are not common. Vertical joints are few and f,ar be
tween although more numerous in some quarries than in others. 
Texturally the stone varies considerably, from fine-grained, 
compact, non-}aminated beds to somewhat vesicular, coarse
grained and ,evidently laminated beds. At S'tone City the Ana
mos'a beds have an aD'gregate thickness of sixty feet and are 
divided into two nearly equal parts by a porous, worbhless ledge. 
The lower thirty f.eet is known as the "gray limestone" while 
the beds in the upper 'half constitute ,the "white limestone." 
The most valuable quarry stone comes from the lower or gray 
limestone. The upper beds are imperfectly cemented, and the 
cleavage along lamination planes i,s more perfect than in the 
beds below, for which reason the rock in 'this part of the quarry 
tends to split into thin slabs, and long exposure to the weather 
reduces it to chipstone. As a consequence its range of useful
ness is somewhat limited, but it gives g,ood service when used 
in ordinary masonry. The lower beds, on the other hand, lie 
below the level of the ground water, 'are more perfectly cemented, 
and furnish excellent maierial for almost all kinds of structural 
purposes. There 'are some planes in this division, however, 
along which 'the r,ock is vesicular, the cavities being ,of rather in
definite shape and r.anging up to two or even three inc;hes in di
ameter. Some of these are decorated with crystals of 0alcite or 
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quartz or both. Cherty cOllcretionsare found in the upper lime
stone. 

The most important quarries are located 'al,ong theWapsi
pinicon in Stone City and vicinity, and ,along Buffalo creek about 
three miles west of Anamosa, where the State quarries are 
located. 

STONE CITY. 

Four important companies are operating here at the present 
time, as f,oUows : 

J. A. Green & Son; H. Dearborn & Sons; J. A. Erickson; and 
John Ronen. 

All of the quarries exhibit aboutiJhe same sequence of beds, 
,and all of the companies have labout ;the same ,equipment. All 
have railw,ay connections, own and use one or more channelers 
(single gang) and a number of steam drilLs, s'team derricks, 
pumps for hydraulic stripping, and a crusher plant ,each to util
ize the refuse. All ,of the quarri'es furnish crushed stone, riprap, 
rubble, bridge stone, flagging, and all grades of dimension stone. 
Pr,ofessor Calvin ha,s worked out a detailed section for Cham
pion quarry No.1, which fairly represents the district and also 
cI.as,sifies the v,arious l,edgesaooording to their uses. The section 
is given herewith. The quarry was opened by Mr. Green in 
1867. 

CHAMPION QUARRY No.1. SECTION. 

FEET. 

26. Loess, varying in thickness, maximum.. .... .... .. 20 
25 . Fine sand associated with loess, the sub-loessial 

sand of Norton, .. .. ... , .... . ... .. . . . . .. . .... ... 2-6 
24. Drift and residual clay .......... , . . . . . . . . . . . . . . . . . 1 
23. "Shelly stone" the partially decomposed beds of 

the upper, or whjte limestone, broken into thin 
flakes or chips , . .. ..... , . ... ,....... . .... . . .... 2-10 

22. "White stone" splitting readi ly into £IDooth sur
faced slabs, used chiefly for rip rap . . . . . . . .. ..... 16 

~l. "Rotten layer," a soft vesicular ledge of poor qual· 
ity which separates the gray from the white lime-
stone . . ....... ...... .... , .... . ... ... ... .... . .. . . 2 

20. Co'mpact fine-grained ledge, good building stone.. 1 
19. Same as 20 ...................... . , , . .. .. . .. ,., . .. 1 
18. Ledge of good building stone ...... ... ............ . ... . 
17. Same as 18 . ... ............... . , . ... . , ...... . ..... ... . 
16. Upper bridge stone, C0arse. . . . .... . . . . . . .... . . . . . . 2 

INCHES . 

4 
5 

E.1i,D 5 
11 
11 
6 



PLATE XLI- Champion quarry showing track and derrick arrangements and channeler. Stone City. Jones county. Iowa. 
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FEET. INCHES. 

15. Inferior layer containing many small cavities lined 
with calcite.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

14. Fine-grained building stone. .. .... . . . . . . . . .. ..... . 1 1 
13. Ledge containing at base a thin layer of very fin e-

grained, ·compact limestone, which cracks into 
angu lar fragments under the action of frost (the 
bands of very fine-grained limestone differing 
from the ordin ary granular dolomite are called 
"flint" by the quarrymen) . . . . . . . . . . . . . . . . . . .. 

12. Ledge with bands of "flint" . .... . . ... .. . . ... . .... I 11 
11. Solid ledge of good building stone... . . . . . . . . . . . . . . 1 4 
10. Compact ledge, best quality afforded by the quarry 1 2 
9. "Yvavy ledge" good for ordinary masonry; the lam-

inre are more or less undulated ...... . ......... 2i-3 
8. Goo'd building ledge. . . . . . . . . .. ............. ... ..... . . II 
7. "Flint ledge," compact lim estonE', brcaki n ;:; i n~o 

angular fragments on exposure to weather ... .. . i-I 4 
6. Flagging ledge, easi ly split. . .... .... . . .... .... .... 1 4 
5. Ledge containing cavities lined with crystals. . . . . . . 1 
4. Ledge of good building stone .. ................ . .. : . . . . 11 
3. Lower flagging ledge. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
2. Lower bridge stone ledge, very durable , though 

occasionally containing cavities lined with crystals 2 4 
1. Ledge that may again be split into blocks conven-

ient for building purposes.... . . . . .. .... .. .. .... 3 

Below the quarry stone there are here, as everywhere in this 
region, massive beds of the LeClaire limestone. The uppermost 
ledg,e of the LeClaire at the Champion quarry ranges from two 
and one-half to three feet in thickness and was formerly quar
ried to a limited extent for use 'in heavy bridge piers. 

J. A. Green & Son 'also own and operate Ohampion quarry No. 
2, which was opened in 1866, 'and they also own a quarry on Buf
falo creek near the State Quarry. 

STONE CITY QUARRIES. 

The Stone City quarries were opened by Mr. H. Dearborn in 
1869. Tilley are now owned andoper,ated by H. Dearborn & 
Sons. They are located near the middle of the south half of the 
northeast quarter of section 6, F rairview township. The quarry 
face forms a long sweeping curve about a quarter of a mile in 
length and nearly parallel wi.th the ,sweep ,of the W'apsipinicon 
river thwt here flows clo,se to the fo·ot of the bluffs in whi~h the 
quarries were opened. The qualrty of the stone and the succes
sion of ledges are essentially the same as at ,the quarries ,already 
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described. Overlying the 'stone is a bed ·of loess, sand and drift, 
with an average thickness .of five feet and ,a maximum thickness 
of fifteen feet . Some six or eight feet ,of stone at 'the top of the 
quarry ar'e to be counted with the refuse, the beds being br·oken 
into small angular pieces as a result of we81thering prior to the 
deposition of the superficial drift 'and loess. These quarries ex
pose the whole thickness of the "grays tone" or l'ower half of 
the Anamosa beds, above which are serviceable beds of the 
"white stone," or upper half, having a thickness of ten or fifteen 
feet . Tlhe beds are worked out down to heavy l~dges of non
laminated LeClaire. The quarries are capable of furnishing 
dimension 'stone from ,three to thirty-three inches in thickness, 
and of ·any desired length and width. 

ANAMOSA QUARRY. 

The Anamos,a quarry was the first in this locality to ship 
stone abroad, the first shipments by rail being made in 1859. 
The quarry was opened by David Graham, but its present owner 
is Mr. J. Ronen, 'Who has operated ~tsince 1881. Tlhe Anamosa 
quarry is 10C'ated near the northwest corner of the southwest 
quarter, section 5, F,airview township. Mr. Ronen's quarry is 
indeed double, for there are two openings a short distance apart. 
At the first opening the amount of clay stripping is very small. 
Beneath the clay there .are a few feet of non-laminated worth
less rock belonging to the Bertmm stage. Then in descending 
order there follow fragmentary beds ,of the' 'white limestone," 
" ,shell rock," then the usual succession of ledges do'Wn to the 
lower bridge layer, or No . 2 of the Champion quarry section. 
Owing to the eastwa~d dip of the beds 'at this locality, the lower 
bridge rock ·at the seoond Ronen quarry is ,too low to be work-ed, 
the lowest workable beds being about the level of the "flint 
ledge, " or No. 7 of the section at the Champion. 

STATE QUARRY. 

In 1884, the present State quarry, or Penitentiary quarry, was 
opened. F,ormerly the 'stone for the penitentiary buildings at 
Anamosa was obtained from what is known as Champion quarry 
No.2. In the year named the state bought property on Buffalo 
creek, in the southwest quarter ,of section 33, Cass 'township, 
and began operating the present quarry. The quarry is worked 
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PLATE XLII-John Ronen quarry, showing arrangement of tracks, derricks and crusher plant. Stone City, Jones county, Iowa . 





PLATE XLUI-State quarry , Anamosa, Jones county, Iowa . Tllis quarry is unique amoung tile larger quarries of the state in tile absence of improved 
machinery. All power is band power. 
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altogether by convict labor. Above the stone is a bed of loess 
and drift varying in thickness from a few inches to ten or 'twelve 
feet. Below the drift there are a few feet of decayed ,and 
broken "shell rock" belonging to the upper part of the "~hite 
stone" of the Anamosa phase. Lower in the quarry the ledges 
present the same features ,as in :·urresponding parts of other 
exposures. The Anamosa beds dIP strongly to the north to 
accommodate themselves to the uneven upper surface of the 
LeClaire. Most of the work at this quarry is done by hand. 
There are several large derricks for handling the stone, but they 
are all operated by hand power. The stone is shipped over a 
spur of tihe Northwestern Railway, which runs up the valley of 
the Buffalo and accommodates all the quarries in this part of the 
Anamosa 'stone basin. 

Other quarries have been opened in the v}cinity, but show no 
new features worthy of mention. 

In addition to the Anamosa and Stone City district, there are 
several small areas where the Anamosa beds 'are available and 
are being developed on a small scale. The two worthy of notice 
are near Olin and Hale. The Rummel quarry near Olin in Rome 
township may be taken a's a type in ,the district. (Northeast 
quarter of the Isoutheast quarter of section 24, township 83 north, 
range III west.) The qU!arry is opened in the l,ow bluff on the 
west side of the valley of Sibyl creek. The stone belongs to the 
Anamosa phase of the Gower stage, and, except that it is buff 
in color, it corresponds well with the" gray stone, " or lower por
tion of the formation as seen near Stone City. There are no 
definite bedding planes, but the rock cleaves re8!dily along any 
of the planes of lamination. The surfaces of the laminre are not 
so smooth 'and true '8!S they 'are at the corresponding horizon near 
Stone City, but are irregularly undula'ted, apparently as a result 
of wave action at the time the beds were forming. The strata dip 
s,oubheast at an angle of 5°. 

In quarrying, only the Isimplest tools are used. Drills, crow
bars, wedges, picks, shovels land Wheel barrows make up the 
equipment. The soil or clay , overlying the stone is only a few 
inches in thickness. For two or three feet below the soil the 
beds are broken into chips orspalls by weathering. With better 

19 
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means f'or quarrying, the greater part of the exposure would 
furnish marketable sltone. The present method of quarrying, 
however, involves the use of large quantities of powder in a 
single Mast. Drill holes 'are fined, or nearly filled, with powder, 
and the firing of such 'a blast loosens up great masses which are 
further separated and removed with pick, crowbar and .sledges. 
The firing of these great blasts shatteI1s the stone badly, render
ing much ,of it worthless, ,and leaving even the best of it in con
dition suited for use in only the cheaper gmdes of masonry. 
Were the demand such as to justify the expense of putting in 
improved machinery, stone of high gmde f.or many purpose's 
might easily be obtained. 

Several other quarries have been opened in the immediate vi
cini t~r but p resen t no new features of importance. 

The Hale quarry located near the center of section 11, Hale 
township, three-fourths of 'a mile east of the village 'of Hale, may 
be taken as a type of the distrid of the Isame name. The stone 
in the Hale quarry is finer than that in the quarrioes near Olin, 
but it resembles the Olin stone in the uneven, wave-marked sur
face of the severa I beds. The stone comes practiccally to ,the sur
face, there being only a few inches of soil overlying the upper 
beds. For about six feet at ·the top of the quarry the stone is 
much broken and disintegrated, las a result of weathering. Be
low the weathered portion the rock is solid and shoWrs the char
acteristic lamination of this horizon. Partings between the beds 
are inconspicuous. The flexures of the beds and the dip in 'all 
directions (quaquaversal dip) forming a low dome near the 
north end of this quarry, ,are interesting f.eatures. The quarry 
supplies local trade only. 

Quarries have also been opened south of the ,town land south 
of the river. An enormous ,amount of excellent material is aV'ail
able, but at the present time is not being utilized. 

LIME . 

Lime is not made on a commercial scale anywhere in Jones 
county, although beds suitable for its manufactur,e occur abun
dantly in the Hopkinton stage and the LeClaire phase of the 
Gower. Lime was formerly made at points near Anamosa, 
Stone City, Olin, Clay Mills, and Hale. Th,ere are LeClaire beds 

,/ 
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near the quarries on the Buffalo, and there are others near Ana
mosa ,and Stone City capable 'Of furnishing material for manu
facture into lime of the Ihighest excellence. At the points named 
the facilities for ,shipping are good. There a re many 'O,ther 
equally good exposures of lime burning ,stone, but they are less 
favorably &:i:tua:ted with reference to easy 'access ,to markets. 

LINN COUNTY. 

The Niagara limestone includes an irregular strip which 
crosses the east end ,of the county and comprises one-third of its 
superficial ,area. Tongue shaped projections extend up all of 
the more important streams, reaching Cedar Rapids along the 
Cedar. The Niagara presents its usual phases, including lower 
heavy bedded, coarse, ~herty dolomite now referred to the Hop
kinton, which is followed by the sub-crystalline, hard, brittle, 
often highly inclined beds of the LeClaire ,and these in turn, suc
ceeded by the smooth, evenly bedded, gray -to buff, dolomitic 
layers of the Anamosa phase of tJhe Gower, which are followed in 
turn by hard, compact, brittle, magnesi'an limestones, which 
Norton 'has designated the Bertram, and which complete the 
series. 

Practically all of the important quarries in the county are 
oper,a:ting in the Anamos'a beds which are typically developed at 
Stone City, while the lime producers are developing the LeClaire 
beds. A wealth of exposures occurs along nearly all of the prin
cipal streams. A few only, are given by way of illustration. 
The sections already given for Stone City ,and vicinity, may be 
taken las a Istandard, as the beds are more ,extensively exposed 
and developed at that point than ,at any point in Linn county. At 
Mount Vernon practically the same beds 'appear and differ only 
in being of slightly coarser grain. The quarries are connected 
by a switch with 'the main line of the Chicago and Northwestern 
milway and are equipped with .a steel derrick, cars, trackage, an 
inclined plane to a No.3 Gates crusher ·and the usual number of 
elevators, screens and bins. The quarry Isection showstJhe fol
lowing sequence of ,I.ayers : 
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. MQUNT VERNON SECTION. 

,. 
4. Boil, loess and drift . ........ . ... .. ..... . ....... . ......... . . 
3. Limestone, dolomitic, weathered to spalls and chip-stone .. . 
2. Limestone, dolomitic, in layers up to eight inches in thick-

ness . .... . . .. ...... . .................... . ............ . .. . 
1. Dolomite, in layers ranging from six to thirty-six inches in 

thickness, aggregating, exposed .... ... .................. . 

FEET. 

0-10 
6-8 

3-5 

12 

The pit is filled with water at the present time ISO that number 
1 is obscured very largely. The property is in litigation and the 
quarry has not been ·operated save in a very small way during 
the past few years. Stone suitable for bridge work, caps and 
sills, dimension 'and cut stone purposes is available .and equal in 
quality Ito .any produced from the Niagar·a in Iowa. Other quar
ries have been opened in the district, 'some of which are still 
operated intermittently. 

Splendid sedions of the Anamosa ,stone may be viewed 'along 
the Wapsipinicon northwest of Stone City. Several quarries 
have been opened at Waubeek and vicinity, but owing to the 
lack of proper transportation facilities, stone is produced to 
supply the local demand only. The beds available are essentially 
the same as those exploited at Stone City and 'are as e3isily 
accessible. 

LIME . 

The LeClaire limestone supplies all of the lime burned in the 
county. Kilns have been built and operated at Viola and Mount 
Vernon, but recently only rbhe plant at Viola has been in opera
tion and even that only intermittently. The Viola Lime Com
pany is developing the hi~hly inclined beds of the LeClaire, 
which attain a thickness of about twenty feet and res't on heavy 
beds of dolomite which are practically horizontal. The upper 
beds only are used for lime and consist ·of a hard, brittle, sub
crystalline dolomite which is only slightly vesicular. The com
pany is using <the Eldred process ·of manuf,acture and uses 
Hocking Vialley coal for fuel. Th·e lime produced is one ·of the. 
best in the Istate. 

SCOTT COUNTY. 

The Silurian rocks in Sco,tt county belong to the Niag.ara se
ries and form the country rock over the northern two-thirds of 
the county. The lowest stage of the Nia~ara, ,the Hopkinton, 
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has not been recognized in 'the county ,and all of the Silurian 
limestones are referred to the upper stage, the Gower ,of Norton. 
Exposures of the Gower occur in all the townships north of a line 
extending from Valley City slightly northwest to about five 
miles north of Durant, save in Sheridan and Lincoln townships 
where the drift completely conceals the country rocks. 

The two distinct lithological ph3Jses of the Gower are well 
shown in the county. The pure, ,hard, sub-'crystalline dolomite, 
free from chert and especially adapted ,to the manu:IJacture of 
lime, is known as the LeClaire from its occurrence at the village 
of that name. The upper beds, comprising light buff, vcesieular, 
evenly bedded dolomite, are generally known as the Anamosa 
stone. 

A dis,tinguishing characteristic of the LeClaire rocks is the 
absence or abnormal disposition of its bedding planes. It ,often 
apparently occurs in large mounds in which scarcely a trace of 
stratification i,s visible. Such an example may be seen at 
Schmidt's lime quarry south of Dixon. The LeClaire often 
exhibits false bedding on gigantic scale; the beds being inclined 
from zero to 40 degrees. The dip is exceedingly inconstant, 
v,arying both in inclination and direction in short distances. 

The Anamosa beds are intimately associated with the Le
Claire, and usually lie in even and horizontal or ,slightly undulat
ing layers. Chemically the Anamosa stone is a dol,omite, differ
ing in its constituents from the Lemaire in the larger per cent 
of ,the impurities present. In Scott county the stone runs in 
even parallel courses, whose thickness depends largely upon 
weathering. Layer,s fr'om eight to 'twelve inches are the most 
common and blocks can be taken out of almost any dimensions. 
The Anamosa beds are generally laminated, but grade down
ward insensibly into the LeClaire by the lamination planes be
coming obscure,' and the stone becoming sub-crysltalline. By 
another type of lithological variation the rock becomes hard 
and 00mpact with a sub-conchoidal fracture, resembling the 
lithographic phase of the Devonian. These layers 'are often 
termed "flint" by the quarrymen, although des,titute of silica. 

Outcrops of both the Lemaire and Anamos,a are generally 
distributed along .all of the principal waterways. Numerous 
quarries have been opened, but with a few exceptions they are of 
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local importance only. A few :typicall exposiJ.resare given below. 
The LeClaire beds· are exposed ,and hav·e been quarried on sec
tions 13', 14, 15, 18 and 22, Liberty township, and section 5 in 
Cleona townsliip, in the west ·end of the county. The beds range 
fr.om twelve to thirty feet in thickness and show the usual Le
Claire chara<:lteristios. The LeClaire also occurs in section 7, 
Allen Grov·etownship, where it 'has been burned for lime for 
more than 'a half century, and at a number of points near Big 
Rock. It occurs and has been quarried ne,ar Princeton and Le
Claire. 
~he Anamosa beds have been developed extensively in the 

viciniJty of Princeton ,and Lemaire. North of I1:Jhe latter place 
the LaQlaire 8tone Company has opened and is operating the 
llargest quarry in the county. The quarry is connected with the 
Low.a land Dlinois railway. 

The beds exposed are as follows: 

LECLAIRE SECTION. 

8. Loess and drift, thickness variable .. .... ...........• ... 
7. Limestone, buff, dolomitic, much weathllred, thinly 

bedded and often almost clayey in appearance... . ... 
6. Dolomite, cavernous, most vesicular .layer in the quarry, 

hard and brittle, sub-crystalline; some of the cavities 
contain crystals ....... .............. ................ . 

5. Dolomite, thinly bedded and much weathered in places; 
often hard and brittle and bluish when fresh. .. . ..... 

4. Dolomite, heavy bedded, somewhat vesicular and ir-
regularly indurated .................... , ............ . 

Spring line here. 
3 . Dolomite in remarkably even beds and ver.y soft when 

first quarried. The best dimension stone in the quarry; 
in six layers .. ....... . . ......... . ............ . . . .... . 

2. Dolomite, in heavy heds, upper portion shows a tendency 
to split irregularly; brittle .. . ... .. . . .. . . . ............ . 

1. Dolomite, thinly-bedded, cavernous in places, exposed 

FEBT. 
0-10 

10-30 

5-{) 

4 

2 

6 

6 
4 

The quarry is equipped with steam drins and derricks and an 
Austin crusher plant. The stonej§ carried fr·om quarry to 0ars 
and crusher by means of derricks -and very little trackage is 
required. Three sizes of crushed stone, in addition to the dust, 
are put upon the market. The quarry also ,supplies rubble and 
ripr,apand .rull sorts of dimension stone. 
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PLATE XLIV-General view of LeClaire Stone Company quarry, near LeClaire, Scott county, Iowa, 'rile ha~dlin~ of material is done by derricks alone , 
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~he Anamos,a beds here dip toward the nofitjhwest at a low 
angle. 

Other quarries 'have been opened near LeClaire but show no 
new featur,es. The beds developed are usually less regular than 
those jus't described. Of the ~arge number of quarries which 
have been worked from time to time in the vicinity of Princeton, 
only one is giv.en here. Several quarries have been ,opened at 
the base of the hig'lh b~uffs which skirltthe valley ,of the W'ap
sipinicon, nor,thwest of the town of Princeton; one ,of the most 
extensive ~s located on the northwest quarter of section 34, 
Princeton township. The succession of beds is as follows: 

FEET. 

5. Superficial deposits resting on unpi tted rock surface. . . . . . . . . . 2 
4 . Limestone in thin layers, mostly from 2 to -! inches thick, a few 

reach ing 8 incbes, and some consisting of thin calcareous 
plates. . .. ... ... .... .... . ..... ... . .. .... .... . ... . . ..... .... 12 

3. Limestone, close, granular, slightly harder and more brittle 
than typical Anamosa stone, in even, borizontal courses from 
6 to 20 and 24 incbes in thickness, buff in color , with few 
cavities and smooth surfaced , including a foot or so of thinly 
laminated "flinty" limestone .. .. .. .. .. .. .. .. .. .. . .. .. .. .. . . 14 

2. Limestone in layers from 2 inches to 18 inches, semi-crystalline 7 
l. Limestone in thin, gray, crystalline, ca lcareous plates. . . . ..... 5 

Beds inltermediate in character between ,the Anamosa and Le
Claire beds, supply an abundance of quarry stone. Small quar
ries have been opened in Liberty, Cleona, Butler, Lemaire and 
Pleasant Valley townships. 

These intermediate beds are buff, non-laminated, regular and 
heavy. T:hey are generally highly vesicular, and ·often sub
crystalline. A representative section may be seen in a small 
quarry on the northeast quarter of section 1, in LibeI'lty town
ship. Natural ledges, aggregating 'twenty or ,thirty feet, appear 
along the gorge of the Wapsipinicon and show an earthy dolo
mite in massive beds up to three feet or more in thickness. The ' 
stone is non-laminated and is sub-crystalline in places. The 
bedding planes are IIough ,and cavities of considerable size are 
vesent. In Cleona township a quarry located on the northwest 
quarter of section 7 shows the following succession : 
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FEET. 

-l. Limestone, magnesian, horizontally bedded, brown, semi
crystalline, weathering into small chipstone, with one or two 
6-inch layers more resistant. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

3. Limestone, magnesian, light gray, laminated, earthy, in places 
vesicular, more thinly bedded:than above, passing in places 
into thin beds. This includes a distinct layer of buff mag-
nesian limestone 1 foot thick.... . . .. . . . . . . . . . . . . . . . . . . . . . . . 6 

2. Limestone, magnesian, gray, irregularly bedded, thin layered, 
weathering to small, sharp angled chipstones. . .. . .......... 6 

1. Limestone, magnesian, brown, earthy,' ocherous, in thicker 
beds than above, partly cemented . . . . . . .. . . . . . . . . . . . . . . . . . . 3 

Similar but less extensive sections may be viewed at numerous 
points in ·the northeastern townships. 

WINNESHIEK COUNTY. 

Several small outlier,s of the Niagara limestone appear in 
WaE'hington township and are believed to be the northernmost 
outcrops of thaJt formation in the state. The stone commonly 
representing the Niaga!1a h~re is a yeNow-buff, dolomitic lime
stone. Some of the layers exposed in an old quarry west of 
Festina comprise a hard, buff, sub-cry,stalline dolomite com
parable with typical Niag.ar,a dolomites ·exposed farther south. 
The beds are of small importance and have 'been but little de
veloped in Winneshiek eounty. 

The Devonian. 

The Devonian as d~veloped in Iowa comprises a rather diver
'ified assemblage of lime tone ,and shales. The latter are of 
interest as a quarry product ,only so far as they are suitable 
for the manufactur·e of Por,tJand cement. The limestones vary 
greatly in composition, texture, state of induration, thickness 
~f beds and weathering qualities. They range in composition 
from a pure calcium c1arbonate as in the white, compact, brittle 
limestones, developed in Cerro Gordo and Mitchell counties, to 
typical granular dolomites, and argiUaceous limestones. They 
range textural1~c from rather coarse sub-crJlstalline limestones 
and dolomites to compact lithographic stone. The range in 
'state of induration i,s equally pronounced, fr·om hard limestone 
which gives a metallic sound when struck with the hammer to 
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soft, earthy limestone. In certain horizons the beds are thin 
and fiaggy while in tJhe "State Quarry" type, the beds attain 
thicknesses of five or six feet. The beds in the so-called Fayette 
sub-stage are much broken or crushed and are practically worth
less for coursing stone. All ,of ,the divisions of the Devonian 
furnish some quarry stone, though the most important horizons 
are found in the Wapsipinicon, Oedar Valley ,and State Quarry 
stages. In all three of these 'stages, deposits ranging from hard, 
brittle limestones to dolomites prevail and aff,ord excellent ma
terial for crushed stone purposes. 

The Devonian beds o-ccupy a belt varying from 'twenty-five to 
seventy-five miles in width and extending across the state in a 
northwest-soU'uheast direction. The belt is included between 
Worth to Howard counties on the north rand Muscatine and Scott 
on the south. The most important qUJarries belonging to the 
Wapsipinicon stage occur in Ithes'Outhern portion of the area; 
the Oedar Valley stage is quarried throughout, but perhaps 
most extensively in the northern portion Wlhile the State Quarry 
stage is limited to Johnson county. Detailed descriptions follow 
by counties. 

BENTON COUNTY. 

All of the outcrops 'Of indurated rocks in <the county belong 
to the Devonian. All of the important sections lare found in the 
northeast third of ,the county, along ,the Oedar river and its 
immediate tributaries. The best quarry rock belongs to the 
Ooggan beds which are at the base of 'uhe DeV'onian 'series as 
exposed in Benton county. Good exposures of these beds are 
practically limited to Oedar, Harrison rand Taylor towns1hips 
where they have been exploilted at a number of points. The rock 
is essentially' a highly magnesian limestone, very hard and fine
grained and yellow~sh in -color, imperfectly bedded and non
fossilifer,ous. These dolomitic beds 'outcrop low in the bluffs 
and are overlain by brecciated limestone belonging ,to the ]lay
ette sub-stage. Near the southwes't corner of section 31, Harri
son township, a representative exposure may be seen. The 
quarry -operated by Aungst Brothers is in the west bluff of the 
Oedar rivet and shows ,the following beds below the drift: 
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FEET. 

2. Limestone, brecciated, gray; the angular fragments u~ually 

small and very fine-grained in texture, non-fossiliferous.. . .. 20 
1. Limestone, buff, magnesian, massive ledge which is fine

grained, imperfectly separated into layers one to two feet in 
thickness, non-f.ossiliferous ......... '. . . .. . . .. ...... ... . . . . . 12 

SimiLar exposures are to be f.ound in section 36, Cedar town
ship, and section 6, Taylor township. Th~ beds have been quar
ried at both places. The breoorated b,eds have been devel'oped at 

. several points in addition to those just mentioned, notably on the 
south bank 'of Prairie creek, near the northeast corner of section 
10, Taylor township, where the following ,succession of beds may 
be studied: ' 

FEET. 

6. Soil and drift of variable thickness .......................... . 
5 . Limestone, shattered, light gray, fragm ents irregular in size 

and shape............ . ............................ . ....... 8 
4 . Talus slope ...... " . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
3 . Limestone, light gray, . in broken layers from three to six or 

seven inches in thickness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H-
2. Limestone, gray, made up of imperfect layers two to eight 

inches in thickness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
1. Limestone, light gray, a rather massive bed which is cut by 

numerous oblique joints into rhomboidal blocks, some of 
which are slickensided; material weathers readily into small, 
irregular fragm jOlnts. . . . . . . . .. ...... . ....................... 8 

Some years ,ago the above quarry was' operated by the Iowa 
P.aint Company of Vinton. Number 1 was pulverized and used 
as a ba,sis in the manufacture of paint. The company has since 
mov,ed its plant Ito Fort Dodge, Iowa. In Benton county, as 
dsewhere, the brecciated stone is imperfectly bedded and ,only 
rough, irregular blocks can be obta,ined. It is suitable only for 
rO"\lgh masonry and crushed stone purposes. At the present time 
there is not a single crusher in the county and asa consequ'ence, 
the brecciated beds are not in demand. 

A large perc-entage of the stone produced in the county comes 
fr,om the beds of the Cedar Valley stage. While the grade of 
stone furnished by these beds is not equal to the stone lower in 
the series it i,s suitable for foundations for ordinary buildings, 
for walling up dug wells and f.or retaining walls. . The stone 
has been used to 'some extent f.or bridge work with fair results. 
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FIG. 21-Exposure in an abandoned 'Quarry, section 15, Taylor township . The Acervularia 
davidsoni coral reef appears at the top. The view shows the character of the layers 
between this coral reef and the zone of Acervularia profunda. 

Nearilhe county line a quarry has been ,open~d a short dis,tance 
below the bridge and near the northwest corner of secltion 6, 
Harrison township. The l'ayers expo'sed are as f,ollows: 

12. 
11. 

10. 

9. 

8. 

7. 

6. 

Dark colored, fine-grained, pebbleless soil .. ..... ... ....... . 
Bed of reddish brown clay , containing numerous pebbles of 

quartz and gre!mstone with occasional granite bowlders of 
larger size .............................................. . 

Layer of much d ecayed fragments of brown limestone; with-
out fossils. . . . . . . . . . . . . . . . . . . . . . .. . ................ .. . ... . 

Bed composed of two layers of yellow, earthy limestone, each 
about eight inches in thickness, fine-grained and without 
fossils ......... .. ........... ... . ................ ...... .. . 

Bed of gray limestone which weathers into thin layers about 
one inch in thickness; without fossils " .. . ' ..... ... .. ...... . 

Layer of very hard, earthy limestone, yellow in color and fine-
grained in, texture; fossils wanting ...... '" ........ ... ... . . 

Bed made, ,up of layers of buff, earthy limestone two to six 
inches in thickness, which are fine-grained in texture and 
non-fossiliferous ...... . ................................. . 

FEET. 

1 

2 

3 

It 

3 

3t 
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PEET. 

5. Layer of yellow, impure limestone which weathers into indis-
tinct layers three to six inches in thickness; without fossils It 

4. Layer similar tO 'number 5 above. . ...... .......... .. .. ..... 2 
3. Yellowish brown - layer of fine-grained, impure limestone; 

carrying occasional concretions of chert which are most 
numerous adjacent to the division planes.... . . . . . . . . . . .. . 2t 

2 . Layer of variable, impure limestone, fine -graiIjed and very 
hard. Near the base of this layer chert nodules are abun-
dant.... .... . . . . . ... . . . . . . .. ... . . .. . . .... . . ... . ... .... ... 2 

1. Bed made up of two layers of buff, earthy limestone in which, 
at irregular intervals, occur bands and numerous masses 
of chert; without fossils; to base of the exposure which is 
about four feet above the level of the water . .. : . . . . . . . . . . . 4 

The layers in this quarry are cut by numerous, oblique joints 
which divide the ledge into large rhombic masses. The material 
of which the beds are composed is mostly a fine-gr?-in~d, earthy 
limestone. Many 'Of the layers are strongly magnesian, and 
some of them are so thoroughly dolomitic that they respond but 
slightly to the application of -cold hydrochloric acid. The en
tire ledge is regularly bedded, and furnishes quarry stone of 
convenient dimensions and durable quality. 

Similar sections may be seen down the river, and quarries 
have been opened at several points on· both sides of the stre1am. 
N ear the northwest corner of -section 27, Taylor township, a 
quarry has been opened in the -east bank -of Mud creek. The 
beds exposed are as follows : 

VINTON SECTION. 

FEET . 

10. Soil, dark colored, fine-grained and without pebbles.. . . .. .. . t 
9. Gravel and sand stained a reddish brown color.. . . .. .... . . .. 2 
8. Limestone, composed almost wholly of coral fragments. . . . . . 5 
7. Limestone, hard, gray , weathers into thin 'pieces, crinoidal... 3 
6. Limestone, light gray, very hard, which weathers into layers 

. ranging from four inches to a foot in thickness. . . . .. . .... _ 6 
5. Limestone, gray, very hard, composed largely of brachiopod 

fragments . . . . . . . . . . . . . . . . .......... ... ........... .... . ... I! 
4. Limestone, similar to 5, but finer textured. .. . ... . . . ... ...... U 
3. Limestone, drab, similar to number 8, but less compact...... 1 
2. Limestone, white, fine-grained; shows a bluish tinge in a 

fresh ledge, cherty, much shattered and weathering into 
thin layers ... . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

1. Limestone, very hard, cherty and crinoidal. . . . . . . . . . . . . . . . . . It 
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The lower ,two numbers ,are suppo'sed to belong to the, brec
cia'ted stage and are equivalent to number 1 in the old quarry 
of the Iowa Paint Company. In the above ,s'ection ·they are hard 
and ,the most durable stone that the quarry pr,oduces. · It is 
used extensively in Vinton. In additi·on to the lower beds, num
bers 4 to 7 furnish an acceptaJble material for foundations ' and 
the rougher grades of masonry. 

On the south bank of Bear creek near the . middle line of 
section 14, Canton township, a quarry shows the following beds 
which may be considered representa'tive for this part of the 
county. 

SHELLSBURG SECTION. 

FEET. 

9. Soil, dark gray, without pebbles or bowlders... ... . ... . . . ... It 
8. Drift... . .... . . ... . ..... .. . ......... . . . ..... ... ........... . .. 2 
7. Limestone, much decayed. . . . . . . . . . . . . . . . ... . . . . . . . . ... . . . . . 3 
6. Limestone, coralline ............. . ..... . .. .. ..... .. ..... . . .. 2t 
5. Limestone, light gray, weathers into chipstone.. . .. .. . . .. ... . It 
4. Limestone, gray, hard, in places form s a single ledge, fossilif-

erous .... . . . . . .. . . . . .. . . .. '" .... . ... . . . .... . . . . . .. ... . . .. 4 
3. Limestone, d ark gray , two ledges of about equal thickness... 3t 
2. Limestone, similar to 3, but shelly. ... . . .... ..... .. .... . .... 1 
1. Limestone, in t,hree layers. ... . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 41 

East of north of the Shellsburg quarry on the Cedar river, 
Wild Cat bluff presents an escarpment of more than forty feet 
of limestone. Nothing especially new is developed however. 

Away from the river, westward, quarries have been opened 
on section 8 in Cedar township, and se0tion 28 in Jackson town
ship, near Garrison. The l~tter is the more representative and 
is given below. 

GARRISON SECTION. 

FEET. 

9. Soil and drift . ... . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
8. Limestone, light gray, sub-crystalline, very hard, and some

what brecciated, containing numerous spherical stromato-
poroids....... . ... ... . ........................ . ...... . . . .. 3 

7. Limestone, gray, massive, dense, composed largely of various 
species of stromatoporoids and masses of Idiostroma-like 
stems, few of which can be recognized. This bed is also 
somewhat brecciated in places. . . . . . . . . . . . . . . . . . .. . . .. . . . . 6 

6. Limestone, hard, gray, weathers into two indistinct layers, 
and contains masses of spherical stromatoporoids. . . . . . . . . . 3t 

5. Limestone, very hard, white, sub-crystalline;. without fossils.. It 
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4. Limestone, yellowish gray, non-fossiliferous, fine-grained and 
very hard. The upper portion hears numerous small cav-

FEET 

ities, the largest of which are nearly one inch in diameter.. 4 
3. Limestone, dense, gray, fine-grained and very resistant to 

weathering; without fossils .................... . .. :.. . . . . . 31 
2. Limestone, composed of several layers, very hard, fine

grained, white in color and , without fossils. The layers are 
six to fifteen inches in thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . 5i 

1. Limestone, bed made up of two layers, yellowish brown. The 
material is fine-grained, and contains no fossils. . . . . . . . . . . .. 3i 

The upper and middle beds in the above section more closely 
resemble the beds of the Cedar Valley stage as developed in 
other counties, notably, Johnson county to the south, and 
Mitchell, Floyd, and Cerro Gordo, to the north. While an abun
dance of stone crops are av'ailable, and numerous quarries have 
been opened in times gone by, none of the quarries now in opera
tion are of more than local importance as no stone is exported. 

LIME. 

Lime has been manufactured at several points in the county 
but at the present time only one kiln is operated and that inter
mittently. Tih,e magnes,ian beds ,of the Coggan are used and a 
good grade of lime is produced. The entire output is consumed 
at home. 

BLACK HAWK COUNTY. 

With a single exception all of the indurated rocks which ap
pear at the surface in the county may be referr-ed to the Cedar 
V,alley stage of ,the Devonian. A very insignificant natural ex
posure of Wlapsipin~con beds, according to Arey, appears along 
Spring creek, on the northwe'st quarter -of section 13 in Fox town
ship. It is of no importance from an economic view point. The 
Cedar Valley limestone presents numerous outcrops along the 
principal drainage lines, and quarries have been opened at many 
points. None are of large capacity and but few are ambitious 
to supply more than their own immediate localities. The prin
cipal quarry districts are in the vicinity of Cedar Falls, Water
loo and Laporte, while orne quarries of secondary importance 
near Raymond, and two quarries about three miles east of 
Eagle po,st office supply the country trade. 
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For the Cedar Falls distrid the Nielson quarry may be taken 
as a type. It is located west of ·Main street about one-eighth 
mile west of the old Carpenter quarry. The principal beds ex
posed are ,a's follows: 

FEET . 

15. Limestone, firm, yellowish, with intermingled "geest"... . . 3 
14 . Limestone, lithographic, somewhat nodular , more or less 

weathered and inconstant ..... . ... . ..... .. ... .. . .. . . . .. . 
13 . Shale, yellowish clay, with interbedded hard ledges in places, 

very variable in thickness, averagin g . ..... ... ........... . 
12 . Limestone in three layers , finely laminated, fine-grain ed and 

smooth , slightly iron-stained, 6, 2 and io inches respectively 
from top down .... .. .... .. . . ..... ............ . . .. ..... .. . 

11. Limestone, variab le, sometimes splitting easily into layers, 
sometimes firm and even textured, finely sub-crystalline, 
with earthy streaks, rusty in patches, crystals in pockets 
and calcitic shpets intersecting one another, making pitlike 
areas a long the' joint planes, averaging . .. . .. . ....... .... . 

10 . Limestone, fine- grained, bluish gray, with occasional patches 
of crystals, quarried in sheets, and used fo r window and 
door sills and caps, and ashlar . . ..... ............... . ... . 

9 . Bluish gray stone of good quality, grading into a shaly 
parting below . . . . . . . . . . . . . . . . . . . . . . .. . . . . ... . ..... ... .. . 

8. Limestone, gray, finely brecciated, with seams of crystals 
below, upper part yellowish, earthy . If quarried in cold 
weather , it is reduced to fragments readily , but, if dried 
out before freezing, it makes a durable stone .... . .... . . . . 

7. Limestone, firm, fine-grained, bluish gray, with occasional 
pockets of crystals, in two layers. Makes an excellent 
range stone . The lower layers yield fine large flags . . .... . 

6. Limestone, uniformly fine-grained, yielding flags ... . .. . ... . 
5. Limestone, heavy-bedded, shelly on the under side, abound-

ing in crystals, bluish gray ... .. .. . .. . . . ....... . ......... . 
4 . Limestone, fine-grained, more or less streaked or banded . . . 
3. Limestone, light colored, becoming still lighter in color 

below, often weathers in a remarkable way, yet makes a 
durable stone, when it has been dried out . . . . ...... .. . . . . 

2. Limestone, yellowish, full of pockets .. .. .. ...... . . . .. . . .. . . 
1 . Soft, chalky stone, exposed. 
Numbers 1 and 2 are no longer worked . 

2 

It 

H 

1 

1!. 
6 

1 
7 

TI 

It 
It 

It 
1 

North and north west of Cedar Falls, there are no important 
rock exposures. Limestone outcrops at numerous points on both 
sides ,of the Cedar river and doubtless good structural materials 
might be developed ait small expense should the demand warrant 
it. 

20 



306 GEOLOGY OF IOWA QUARRY PRODUCTS. 

North and northwe1st of Waterloo, quarries have been opened 
in the well marked stone-supported terrace which faces the Cedar 
river. The most important section may be seen in the quarry 
of the Waterloo Stone Company, which is located on the 
northwest quarter of section 14, township 89 norbh, range XIII 
west. The beds worked at this point are as follows: 

WATERLOO STONE COMPANY'S QUARRY. 

FEET. 

8. Detritu s and wash... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
7 . Limestone, hard, dolomitic, sub-crystall ine. . ... . ..... . .... .. 1 
6. Limestone, weathered, yellow.... . ..... .... . . ... ..... . . . . ... 1 
.5. Limestone, heavy bedded, gray-blue, cherty toward the top.. 12 
-1. Limestone, blue, thin ly bedded, sli ght ly argillaceoll s. . .. . . . . . 3 
3. Limestone, buff, concretionary, "ith nu merous cherts. . . . . . . . 3 
2. Limestone, gray-blue, sub-crystalline, cherty, weathers buff.. 3 

Shale parting.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t 
1. Limestone, buff to yellow, exposed. . . . . . . . . . . . . . . . . . . . . . . . . . 2 

All of the beds tend to weather into thin layers and weathered 
surfaces present a decidedly shattered appearance. Number 3 
appears to break down especially easily when subjected to re
peated freezings and thawings. The cherts are small and more 
or less irregularly distributed throughout Ithe entire mruss. The 
joints are stained a brownish yellow and all of the quarry rock 
tends to weather the same color on long exposure. 

Two samples of the rock from the McWilliams-Mowry quarry 
were analyzed and found to be strongly magnesIan. The an
alyses were as follows: 

1 2 
Insoluble.... . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . 1.92 
Iron and alumina .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4.20 
Calcium carbonate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 63.59 
Magnesium carbonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 30.92 12.18 
Sulphur. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Trace 

Number 1. Blue unweathered limestone . 
Number 2. Yellow limestone. 

In Laporte and vicinity a large number of quarries have been 
opened and operated interm~ttently for many years. The prod
~Qt is sold and Wias formerly reported in the mineral statistics 
!liS "La Porte Sandstone" on account of its sugary or suh
crystalline character. 
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A quarry loca:ted along the wagon road a:bout one-half mile 
northwes,tof town will serve as a type for the distl'1ict. The beds 
exposed :are given herewith: 

FEET. 

4. Drift and so il ; some of the quarries in the near vicinity show 
a much thicker overburden ... , .................... ....... 2+ 

3. Limestone, considerab ly shattered; stained yellow to brownish 
yellow; bedding planes disappear upward ........ , .. . . . . .. 10 

2. Limestone, brownish yell ow to buff, irregularly bedded, 
quartz geodes and chert nodules present.... .... . ........ . 2 

1. Limestone, gray-hlue, presents a granular appearance; in 
medium heavy beds ran ging from 15 to 24 inches; joints 
weathered a yellowish brown, fossiliferous; calcite balls and 
geodes co In I]] on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

The beds dip to the southwest at an angle ·of about five de
grees and appear to thick-en down the dip. They appear to be 
strongly magnesian, especiB.lly the lower beds, which are sub
crystalline. 

Quarries have been opened on either side of the Eagle-Big 
Creek township line near the middle. The quarry west of the 
line is the more extensive and is as follows accord1ng to Arey : 

EAGLE TOWNSHIP QUARRY. 

FEET. 

13. L imestone, thin-bedded, broken stone. . . . . . . .. ...... ... . .. 7 
12 , Limestone, in two layers, blue where unweathered. . . . . . . . .. 4i 
11 . Limestone, in three layers, hard, compact, good quality, 

durable, b ritt.l e, having conchoidal fracture, with drab 
nodules of varying sizes, and in tbe upper part with strom
atoporoid masses thoroughly coalescent with the rest of the 
rock. ... ...... .. ..... .. ......................... . ........ 5 

10. Limestone, bluish, earthy, m uch jointed and irregularly 
bedded..... . .... .... ..... ..... . . . ............... .... .... 3 

9 . Limestone, dark, drab, calcitic at top. . . . . . . . . . . . . . . . . . . . . . It 
8. Limestone, blue, buff where exposed , calcite plentiful , in 

seven or eight layers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . It 
7. Limestone, drab.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ! 
6. Limestone, buff, earthy , finely streaked with yellow lines ... 2-1. 
5. Shaly partings with very wavy lines of contact above and 

below . ..... ...... . ... . ....... .. ..... ...... ... . .. ........ t 
4. Lim estone, hard, brittl e , drab , middle portion developing 

layers .... . . .. .. . . . ......... .. . .. .. . . .. .... . ..... . ..... .. 3t 
3 . Limestone, blue, of good quality, firm, finely crystalline, 

with pockets of crystals, thickness not taken ... ... . ... . . . . 
2 . Lim estone, gray, finely sub-crystalline, yielding good flags. . t 
1. Limestone, gray, somewhat crystalline, fracture coarsely 

conchoidal, of good quality...... .... ... . ... . .... .... .... 2t 



308 GEOLOGY OF lOW A QUARRY PRODUCTS. 

This quarry ;and its ·double east of the townsihip line 'supply 
the southwestern portion of the county wi,th founda!tion stone. 
Quarries have ,also been opened in the vicinity ·of Raymond in 
section 36, township 88 north, range XII west. Their chief 
interest comes from the fact that this is one of ,the classic sec
tions in the correLation of Devonian deposits in Iowa and not 
on account of its economic importance. The quarrie's have been 
but little worked for many years and the seotions are much 
obscured. 

LIME. 

Black Hawk, like numerous 'other limestone counties, produced 
lime to supply its own needs in its early history when wood was 
cheap and transportation facilities poor. The ,industry was never 
of more than local importance ,and 'has long since been aban
doned, although the sub-crystalline beds at Laporte and other 
points would undoubtedly produce a good goode ·of lime. 

BREMER COUNTY. 

The Wapsipinicon and Cedar V alley stages 'are well repre
sented in Bremer county. Beds of the latter age are supposed 
to occur immediately beneath ,the drift over more than five
si:x;ths 'Of the county, while known outcrops of ,the former are 
limited to points aLong the Cedar river from Janesville to Wav
erly, and along Quarter Section run and Baskin creek southeast 
of Waverly. The best seotion available appears in the ·southeast 
quarter of ,the southwest quarter of section 20, township 91 
north, range XIII west. The beds exposed lare las follows: 

6. Limestone, massive, in one undivided layer~weathering to 
scoriaceous surface in places and in other places to smooth 
surface. Color mottled, prevailingly a light brownish drab, 
weathering to lighter gray , slightly vesicular, fracture un-

FEET. 

even............ .... . ........... ... . ... . . . ............ .. . . 4 
5. Limestone of same facies as above in layers of about eight 

inches. . ... . .... ... . ... ... .... . . . . .. ... . .... . .. . ... .... ... 2 
4. Concealed.. .. .. .. .. . .. .. . . . . . . . . . . . . . . .. . . .. . . . .. .. .. .. .. .. 15 
3. Limestone similiar to Nos. 5 and 6, but in separable laminre 1 
2. Cherty sandstone ; in layers from four to six inches thick, 

chert fragments angular, small, those of an inch and one
half being rare, sand fine, of moderately well rounded 
grains of clear quartz and of minute, angular grains of 
cryptocrystalline silica, cement calcareous . Not seen in 
place but scattered in slabs over a slope of. . . . . . . . . . . . . . . . . 5 

1. Niagara limestone, exposed a few rods down stream....... . 8 
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The limestones are essentially pure as evidenced by the an-
alysis given her,ewith: 

Silica (SiO ,). .... . ....... .... . . .... . .. . .. .. ... . ...... . . .... . .. .71 

Ir~~ci~:ide ~Itg:j} .......... .... . . ...... ................. .46 

Calcium carbonate (CaC03).... ...... . .. .. . ... ... ..... . . . .... 96.57 
, Magnesium carbonate (MgC0 3 )... . • ••••• ..• • • • . .•.• . . ..• . •••. 1.80 
Combined water (H 20)... . ... .. . . ....... ... .. . .............. . .51 

100 .05 

The Wapsipini00n bedsaJre not worked to any noteworthy 
extent at the present time. The Cedar Valley on the other hand 
is being or 'has recently been quarried at four leaJding localities, 
Janesville, Waverly, Frederika and ,along the Cedar river north 
of Plainfield. With a ·single exception the individual quarry 
output is 'small. The sections given below will afford a fair idea 
of the potential weaHh of the county in stru0tural materials. 
The beds developed in Mores' quarry located on ,the left bank 
of the Cedar in the town of Waverly lare as follows: 

MORES' QUARRY SECTION, WA,VERLY . 

3. Limestone, yellow, fine·grained, non-fossiliferous so far as 
observed, heavily bedded, crossed with close diagonal joints 
containing numerous geodic cavities up to six inches in 
diameter lined with dog-tooth spar, and concretionary balls 

FEET . 

marked with reddish concentric ferruginou s stains.... . . . . . lO 
2. Limestone, yellow , argillaceolls, weathering above to calca

reous plates one-half inch and upwards in thickness ; below 
more massive, weathering to irregular chipstone, geodifer-
ous, sparingly fossiliferous .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . S 

1. Limestone, yellow, hard, tough layers up to four feet thick, 
fossiliferous; to flood plain of river. . . . . . . . . . . . . . . . . . . . . . . . 10 

Extensive cuts along the Chicago Great Western r,ailway one
half mile easlt of the station, show a yellow, pr,ofoundly decayed 
limestone. Underneath is a soft, buff, maslsive limestone 00n
truining numerous g.eodes. lot is strongly dolomitic as indicated 
by the following analysis: 

Silica (Si0 2 ). .. . •• • • • • • • • • • • • • • • • • • • ....... ... • •• • • • • • ••• • •• •••• 9.07 
Alumina (AI 2 0 3).. . .... .. .. ..... . ... . ... ... .. . .... .... . . .. .... 2.16 
Ferric oxide (Fe 2 0 3).. .. .. . ... . . . .. . .... . ..... . ... .... .. . ..... . 1.21 
Calcium carbonate (CaC0 3) . . . . ................. .. . .. .......... 51.64 
Magnesium carbonate (MgC0 3 ) •••• ••• ••• • ••• • • •• '" ., ••••••••• 34.99 
Combined water.... . . . . .. . .. . .. . . ... .... .. ...... . .. . . . . .. ... . . .64 
Moisture ......... ... ... .. .. .. .... . ... . ... . ..... . .... : . . ....... .29 

100.00 
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The mo t important producer of quarry product is the Cedar 
River Stone Company, whose plant is located on the Cedar 
river one and one-half miles southeast of Waverly and is con
nected with the Chi.cago Great Western r ailway b~T a short spur. 
The quarry pit and hillside show the following beds: 

F EET. 

5 . Stripping, li mestone, light gray, so ft, broken by th e weather 
in to layers from 2 to 4 inches thick, fossils rare. . .. ... . . . .. 9 

4 . Limestone, dense, hard, tough , yellow-gray, lowest layers 
about 3 inches thick , divided by diagonal joints and beddin g 
planes in to rhombic b locks 1 to 4 feet in diameter . 
Occasional geodic cavities an inch or so in dia meter lined 
with dru sy calcite are present ; fossiliferous ... . .. . . . . . . . .. . 25 

3. Concealed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
2 . Breccia of Wapsipinicon stage , hard and dense. . . . ... ..... . . 5 
1. Concealed to water 's edge . . . . . . . . . . .. . . ... . . . . . . . .. . . . .. . . . 3 

The quarry has been developed to a depth of about thirty 
feet. The stone presents a clean, sub-oonchoidal fracture, is 
almost impervious and carries but little clay. It ~s considerably 
fissured , the openings are ofiten large and filled with a clay of 
putty-like consistency ,of g~ay to gray-blue color when freshly 
exposed but iron-stained where weathered. The quarry drains 
directly into the river. A,t present there is but Ettle stripping, 
the removal of which i,sdone by hand. The quarry is ~deally 
located for the installation 'of a hydraulic plant for removing 
the overburden. 

Practically the entire product ,of the quarry is crushed stone 
of excellent quality. An elabor8ite system of tracks connects 
the different parts of ,the quarry to the foot of ,the incline lead
ing to the crusher. The stone is loaded into side dump cars of 
about one and one-half yards ,capacity, and these are trammed 
by hand ,to the foot of ,the incline where they ,are raised to the 
floor of the crushers by 'an Austin friction hoist. The rough 
quarry stone is dropped directly into the hopper of a number 

f- 7% Austin gyratory crusher. The crushed stone is hoisted and 
delivered to a cylindrical screen where it is separated into dust, 
m~ddlings and large, the oversize returning to a number 5 Aus
tin crusher f.or further reduction, after which it is discharged 
directly into the crushed product fr,om the large crusher. The 
plant is supplied with ample storage bins and side tracks. Rail-



PLATE XLV-Quarry and crusher plant of Cedar River Stone Company, n ear Waverly, Bremer county , Iowa. The quarry stoue is brought to a plat
form at foot of an incl,ined plane leading to crusher . The irregularly bedded stage of the Devenian is well shown in tile quarry. 
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w,ay track scales are installed below Ithe chutes leading from 
storage bins. Power is ,supplied bya dismounted railway loco
motive boiler and a 125 horse power, slide valve engine. The 
power is transmitted by a single l,ine shaft and comparatively 
short belts. The entire equipment is well housed and ·the plant 
1s one of the largest and mosl/; up-to-date plants in the state. 

North of Waverly the Limestone outcrops at numerous points 
on both sides of the river to t he north county line. On the 
southwest quarter of section 16 in Lafayette township the fol
lowing beds may be made out : 

FEET . 

3. Limestone , light brown, weathering to drab, hard, ringing, 
un fossiliferous , laminated to plates one-half inch thick. . . . 8 

2 . Limestone , magnesian , soft, buff ....... . . '. . .. ... . .... .... ... 10 
1 . Unexposed to flood plain of river . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

North of Plainfield, several small quarries have been opened. 
Seven feet .of buff, compact, magnesian limestone, in layers from 
six to ten inches thick, and containing irregular concretions, 
have been quarried. The beds are thin and argillaceous for a 
few inehes at the top. An analysis has been made

4 

of the rock 
quarried in sedti.on 8, with the f.oHowing results: 

Silica (SiO. ) .......... . ~ .. .. ..................... .... ... . ...... 3.28 
Ferric oxide (Fe.0 3) '" .... ... .. . ... . . . .. . . . . ... . ... . ... .... ... 1.61 
Alumina (AI . 0 3) . .. .. .. ... . ..... . . . .... .... . .. .. . . . ... . . ... . .. . .51 
Calcium carbonate (CaC03) ... .. ......... . ......... . .. .. .... . .. 55.23 
Magnesium carbonate (MgC03) ........ .. . . . . .. . . . . ..... ..... . . 39.03 
Combined water . .... ... ............... .. .. ... . ... . ............ .23 
Hygroscopic water. . . .. . ... . . . . . .... .. . . . .. ... ... . ... . .. . .... .. .16 

100.05 

East. of the Cedar river and immediate vicinity the country . 
rock is deeply covered with drift, and the only exposures of the 
indurated beds are in ·the immediate neighborhood of Frederika 
along the Wapsipinicon river, and a limited outcrop of Niagara 
limestone west ·of Tripoli . 

.Aft Frederika the drift covering is compar,atively thin and 
the limestone bears evidence of considerable superficial weather
ing in the enlarged joints and limestone res1duum. The Brodie 

. quarry facing the Wapsipinicon is a fair average for the dis
trict. The following beds may be observed: 
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FEET. 

3. Limestone, yellow, shattered by the weather to coarse rhom-
bic chipstone... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

2. Limestone, hard, yellow, magnesian, in heavy courses up to 
three feet thick, not laminated; bedding planes quite even 
and regular, geodes up to six and eight inches in diameter 
not uncommon. . . . . .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

1. Limestone , bluish weathering to buff; bard, ringing, sub-con
choidal fracture, in two layers, the lower being one foot 
and tbe upper two feet t.hicl;:. Sparingly fossiliferous...... 3 

LIME. 

Lime is produced in a small way at Frederika. The buff mag
nesian limestone of the Cedar Valley stage as developed in the 
Brodie quarry is used. A small, wood burning pot lciln i,s em
ployed, and a good grade of lime is produced. Lime has also 
been produced northeastt of Waverly and north of Plainfield. 
At the former place tbe Niagara limestone was used and an ex- r
cellent grade of lime produced. The kilns are no longer in 
operation at these places. 

BUCHANAN COUNTY. 

Beds belonging ,to the Devonian are found immediately be
neath the mantle of drift over about two~thirds of the 'superfic
ial area of the county. The remaining one-third is occupied 
by the Niagara in the form of a triangle in the nor,theast corner. 
The lowest Devonian beds which afford any quarry products, 
are represented by a ra1ther so£t, imperfectly bedded limestone, 
which, as a rule, yields readily to weathering influences. It is 
very much shattered and jointed, and has been referred to the 
Wapsipinicon stage of Norton. A number of small ql}-arries 
have been opened in the beds in the vicinity of Independence. 
Along Pine creek in L,iberty township, and on sections 33 and 
34 in Newton bownship, tihe equivalent beds are harder and gener
ally better in quality. An average section for Independence 
is taken from a quarry loca:ted in the eastern edge of town and 
IS as follows : 

3. Limestone, yellowish, rather hard, rings when st.ruck with tbe 
hammer, in rather thin laYf'rs, and containing numerous 
corals, among which C'ystiphyllu1n ame1·icanu.m and A ce'/'-

FEET. 

vula1'ia p1'ofunda are tbe most characteristic species. . . . . . . . 4 
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2. Limestone, the Spi l'i fer p ennatus beds, showing t,he usual 
assemblage of fossil species, not definitely bedded, but inter
sect.ed by a great nu mber of joints. The phenom enon of 
" slickensides" is developed on th e joint faces on an ex-

FEET. 

tensi ve sca le. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
1. Limestone, the barren heds, lir,hologically like the S. p ennatus 

beds above . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. . . . . 10 

315 

FIG . 22-View in City quarry at Independence showing effect of crushing in the Spirijer pen
natus beds, upper part of brecciated zone. 

No. 3 of this section is the lowest member of the Cedar Valley 
stage of the Iowa Devonian. 

Similar sections may be observed 
Wapsipinicon in Liberty ,township. 
Newton township. 

along Pine creek and the 
Also along Dry creek in 

The most important quarries have been opened in the Cedar 
Valley limestone. The stone is harder. l'f~RiRts weathering in
fluences better and occurs in more regular beds than ,the Wap
SIpInlCon. These beds have been developed at Fairbank, near 
Littleton, Jesup, and Brandon, and near QU8;squeton, where a 
small outlier of the Cedar Valley occurs s'ome miles from 'the 
main hody. The beds quarried are about the 'same at all of' 
these places. 
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At Fairbank a quarry in the wes't side of the river shows the 
following beds: 

FEET. 

5. Very dark brown residual clay or geest; a few inches to.... .. 1 
4. Limestone, in thin layers . . . . .. .................. . . . . . . . . . . . 4 
3. Limestone, fossiliferous........ . ......... . . . . . . . . . . . . . . . . . . . 1 
2. Limestone, yellowish, soft, evenly bedded, in layers ranging 

up to six or eight inches in thickness . ... . . .... . . . . . . . . .... 5 
1. Limestone, heavy beds, not fossiliferous, exposed at base of 

quarry.... . . .............. . ............................... 2-3 

Farther south more extensive ·sectionsare shown . .A>t Little
ton extensive natuml sections 'aggregating sev·enty fee,t, may 
be seen both above and below ,the dam. Here is one of the classic 
sections in the county, but it is of little economic importance. 
Only the uppermost beds have been quarried, two small quar
ries having been opened north and northwest of town on top 
of the bluffs. The beds worked consist of a yellow, earthy lime
s-tone, occurring in even layers varying from two .to eight inches 
in thickness. Nearly twenty feet is exposed in the quarry face. 

At Jesup there are two quarries, one on each side ,of the cor
rection line road, one-half mile southeast ·of town. The north 
quarry shows the following section: 

JESUP SECTION. 

FEET. 

6. Black loam.. . . .... .... .. . .. . .... . . .... ...... .... ...... . .. . . 1-2 
5. Limestone, yellow, broken and decayed, more or less dis-

turbed. .. ........... . ..... ................... .... ......... 2-3 
4. Limestone, yellowish, not very fossiliferous, affords some 

good quarry stone...... ........... ......... ..... . ...... 5 
3. Limestone, soft, easily affected by the weather. . .. ..... . .... 2 
2. Limestone containing numerous stromatoporoids and true 

corals. Some fair building stone. .... . . .. . . .. . . . . . . .... . .. 6 
1. Limestone, fissile, with few fossils . ............. , . . .. .... . ... 3 

'Dhe strata dip ,slightly toward the east ,and are somewhat 
contorted. At the quarry south of the road the upper beds are 
worked and dip slightly to the south. The beds quarried at 
Quasqueton are very similar to those exposed at this point. 

Several small quarries have been opened .along Lime creek 
in the vicinity of Br,andon and for several miles ,to the northeast. 
Just ·south of Brandon near the nor,th line ·of section 34 the 
following section is exposed: 
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BRANDON SECTION. 

FEET. 

4. Limestone, soft, grading up into yellow shale, which carries 
silicified brachiopod individuals ... . .......... , . . . . .... . . . . 8 

3. Coral reef consisting of Acervularia, Favosites, Ptycho-
phyllum and other coral .. .. ........ ... . .. . .. . . . .. . ..... . 1 

2. Limestone, evenly bedded, with few fossils or none.... . . . .. . 4 
]. Limestone, regularly bedded, and capable of being quarried, 

in layers from two to 6 inches in thickness, the thinner beds 
serving well a flagging... .. .............................. 4 

3]7 

While the Devonian is capable ·of supplying an indefinite 
amount of fairly good structural ma'terial, but little quarrying 
has been done, and that for local use only. 

LIME. 

Formerly lime was produced at several points; nobbly at 
Independence and Quasqueton from the Devonian limestone and 
in section 19 of Madison township, where the Niagara limestone 
was used. No lime was produced during 1906. 

BUTLER COUNTY. 

The Devonian is believed to immediately underlie the drift 
over nearly, if not all of the county. Stone cr·ops appear along 
the principal s't~eams at numerous points, especially along Shell 
Rock river and its immediate tributaries. Outcrops may be no
ticed along the TIlinois Central between Ackley and Austinville; 
along the N orthwes'tern between Kesley and Dumont; along the 
Great Western between Dumont and Brig.tow, arid from ne'ar 
Clarksville to Shell Rock and beyond. 

Between Dumont and Bristow some quarrying has been done. 
The stone may be seen in street crossings and foundations in 
both Dumont and Bristow. The beds range from six ,to ten 
inches in thickness and can be taken out in almost any leng,th 
and width. All of the stone is hard and compact and splendidly 
adapted to crushed stone .purposes. The quarries are not in 
operation at present. 

Along the Shell Rock river small openings appear in the bluff 
on the eas,t side of the river and la small quarry is being oper
ated about three and one-half miles northw~st of Clarksville. 
The section expog.ed in the pit is as follows : 
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FEET. 

3. Soil and drift of variable thickness..... . . . . . . . . ..... . . . .... . 1-3 
2. Limestone, yellow to brown, magnesian to dolomitic, in thin 

layers, evenly bedded... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
1. Limestone, white to gray, hard, brittle, evenly bedded, com 

pact to lithographic; certain of the layers show fossi ls in 
weathered surfaces but these are firmly bedded and do not 
show in fresh fractures, exposed ... . . . . . . . . . . . . . . . . . . . . . . . 7 

r ~7 ::,' . ..... 

..... .... --
! ', ' ~"'- ..... :~ " 

FIG. 23-Schrader quarry , Clarksville, Butler county, Iowa, showing the Daggy, litho
graphic facies of the Cedar Valley . 

The beds exposed here are very similar to those which are 
exposed at Marble Rock in Floyd county and correspond to the 
two lower members in the section at that place. Equivalent 
beds are, however, Soomewhatthinner and the shaly partings are 
rather more pronounced, perhaps due to more advanced weather
ing. The brecciated layer near the top of the white limestone 
is equally as prominent as in the Marble Rock ·se0tion. A sim
ilar sequence may be made out in the openings near Greene. 
Small quarries have been opened near Shell Rock. Both white 
limestone and the dolomitic -layers have been used quite gener
ally throughout the eastern portion of the county for foundation 
purposes and formerly for ·the walls of some ·of the less im-
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portant buildings. Both, when properly selected, gIve good. 
service and appear to be fairly durable. 

The limestone h8!s also been used for flagging; blocks six to 
ten inches in thickness and -of almo's't any dimensions in length 
and breadth can be -ohtained quite readily. The white lime 
stone throughout is very hard and compaot and admirably 
adapted for crushed tone purposes. The stone can be -ohtained 
R.t several pla-ces wibhout much stripping but as yet the industry 
can scarcely be said to have been -started. 

Lime in small amount was produced formerly at several 
places but no lime has been burned for many years. 

m~DAR COUNTY. 

BerL of Devonian age cover a large triangular area over ,the 
sOllthw('st fot rth of the ronnty and numerous outcrop are to be 
seen along the Cedar river and its more important tributaries, 
H.ock and Sugar creeks, often showing the Niagara beds below. 
~otwithstlmc1ing the availability and large areal distribution 
of these beds they are over-shadowed in importance by the 
~iag-ara and are of 10c',a1 importance only. The only producers 
are small quarries on the west bank of the Cedar in Iowa town-
11ip near the Muscatine ('onnty line. The quarry section is 

given below. 
FEET. 

4. Limestone, hard, compact, gray and bLlEf, mottled, in layers 
from 2 to 4 inches thick, overlain with red geest. . . . . . ...... H 

3. Limestone, shaly, ycllow . ............... _ . . . . . . . . . . . . . . . . . . . t 
2. Limestone, yellowish drab, splitting into irregular layers, 

from 2 to..6 inches th ick __ . ........... _ ... ...... _ . . . . . . . . . . 3 
1. Limestone, tough, hard, gray, evenly bedded, resistant to 

weathering, in two or three layers ...... ....... _ . _.... . ..... 3t 

A bout thirty-fiv-e feet above the base of the hill layers of a 
comparatively barren limestone have been opened up. In the 
five feet here expo ed no fragments large enough to identify 
were found. The stone is yellow, breaking up into chipstone. 

No lime of any consequence i,s now made from Devonian 
rocks in Cedar county. 
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CERRO GORDO COUNTY. 

Beds of Devonian .age are believed to occur immediately be
neath the drift over the entire county, with the excepti.on of a 
triangular area in the southwest corner. Two distinct sub
s,tages may be readily recognized, the lower beds, which are 
prevailingly calcareous or dolomitic and highly indura:ted, often 
sub-crystalline, and an upper series which is made up of shales 
and marls with occasional indurated ledges. The first belongs 
to the Cedar Valley st'age of the Dev·onian, of which the upper 
portion only is r·epresented in the county, while the latter be-. 
longs to the Lime Creek shales of the Upper Dev·onian series. 
The principal ,outcrops 'Df the Cedar Valley limestones occur 
along Lime creek and the Shell Rock river and their immediate 
tributaries. All ·of the quarries in the county which are of more 
than IDeal significance are developed in this stage. From an 
economic .standpoint the Cedar Valley beds may be separ.ated 
into four group!" more 'or less readily recognized. The sequence 
is as follows, from top downwards: 

FEE1'. 

4. Limestone, exceedingly variable in texture, structure, and 
composition, ranging from a granular, sub-crystalline dolo
mite, through magnesian limestone and argillaceous lime
stone, to pure limestone. The beds thicken and thin out in 
short distances. In places lamellar stromatoporoids are 
present in lower beds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25+ 

3. Limestone, a well-marked reef of nodular or spheroidal 
Stromotoporas, characteristically developed in sections in 
and about Mason City ......... " .................. . .. 8 to 10 

2. Limestone, white to light gray, hard and corrv:>act, brittle, 
breaks with a conchoidal fracture, evenly bedded, non-
fossiliferous; in layers up to two feet in thickness, about.... 15 

1. Dolomite, brown, sub-crystalline, granular; generally in regular 
beds and but slightly porous or vesicular; thickness of 
individual layers and aggregate thickness variable. Earthy 
to calcareous and variable in composition below. . . . . . . . . . . . 20+ 

Numbers 1 and 2 afford all the stone used for dimension pur
poses. Number 3 is used for lime .and is ,suitable for crushed 
stone. The principal quarries are l-ocated in the vicini,ty of 
Ma·son City. 



PLATE XLVI-J{uppinger quarry. Mason:Ci ty:Cerro Gordo county . Iowa. showi ng the dolomite below. cOJ:nP8:ct white limes tone in the 
.. middle and the Stromatopora neal' the top of the section; an average section for the dIstrIct. 
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THE KUPPINGER QUARRY. 

The Kuppinger quarry, located on the ea:st bank of Lime 
creek, between the bridg.e and the mill dam, in the northeastern 
part of Mason City, gives the following 'seotion: 

FEET. 

7. Residual clay and drift................ . . ..... .......... . ... 4 
6. Somewhat regularly bedded stromatoporoid limestone....... 3 
5. Reef of stromatoporoids consisting largely of spheroidal 

coralla with concentric, laminated structure; some of the 
coralla are more than a foot in diameter. 'Weathers into 
spheroidal masses. Bedding obscure . . . . .. .... .. . . . . .. ... 5 

4. White or grayish, fine-grained limestone, breaking with 
conchoidal fracture, very compact; ledges ranging from a 
few inches to more than two feet in thickness. No traces 
of fossils, or traces few and very obscure. . . . . . . . . . .... .... 14 

3. Bluish limestone, flexuous and unevenly bedded .... ......... 2 
2. Hard, crystalline, grayish dolomite, with occasional streaks 

of brown and red. In weathered portions of this member, 
the crystals of dolomite are in places very loosely cemented 
and the rock has the appearance of a friable sandstone. 
Some beds are vesicular, owing to the solution and removal 
of fossils. The cavities, however, are lined with crystals to 
such an extent as to obliterate all evidence of generic or 
specific characters . Ledges varying from 6 to 36 inches in 
thickness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

l. From floor of quarry to level of stream, covered with talus.. 2 

The bluff slopes some fifteen feet higher than the quarry face, 
·and is ,apparently supported by indurated rock. The lamellar 
stromatopo,r·oids appear in detached blocks. Numbers 2 and 4 
are the beds mogt prized for ,structural purposes. At ,the pres
ent time, the quarry is worked only intermittently, and, then in 
a small way. But little labor saving maohinery has been in
stalled. 

Openings have been ma:de in the bluff up stream from the 
Kuppinger quarry, but no new beds are expo ed. The beds ex
posed in the quarry of Ithe Mason Ci>ty Lime and Cement Com
pany are es·sentially a repetition of the above. 

At Parker's Mill ,on Willow creek, the following natural sec
tion is exposed: 

PARKER'S MILL SECTION . 

FEET. 

6. Stromatopora reef, equivalent of No. 5 of the Kuppinger 
quarry.. . . . . .. .. .... . .. . . . . . ... . . .... .. . . ................ 4 

5. Wbite limestone, somewhat split up by weathering.:.. ...... 14 
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FEET • 

. 4. Even,ly bedded dolomite, in ledges varying from 3 to 30 inches 
in thickness. . . . . .. .. . ... . . . . . . . . . . .. . . . . .• . . . . . . . . . . . . . . . ~2 

3. Impure dolomite, breaking irregularly by exposure to weather, 
and containing many cavities lined with crystals 'of calcite. 2t 

2. Crumbling, calcareous, granular bed, light gray in color, 
with many nodular and branching stromatopores, some 
favosites and beautiful coraUa of PachyphyZlu1n woodmani i 

1. Argillaceous limestone, dark drab in color, homogeneous, but 
breaking up on exposure to frost...... .... ...... .... ...... 2 

Numbers 1, 2 and 3 appear to be lower in the ,s,eries than 1 
in the Kuppinger quarry. 

Several companies have opened quarries norbh 'of the city. 
Among others ,are the Belden Btone Oompany, the Mason City 
Quarry Company, and the Mason City Stone Company. The 
last named company has recently sold 'Out to the Northwestern 
States Portland Cement Company. 

The sequence 'of beds exposed in the quarries of ,the Belden 
Stone Company is given in the following section. These quar
ries are located in the southeast quarter of the northwest quarter 
of section 27, Lime Creek township. 

BELDEN STONE COMPANY SECTION . 

FEET. 

7. Soil and residual clay from a few inches to. . . . . . . . . . . . . . . . . . 2t 
6. White or grayish limestone , shattered into small pieces; re-

moved as part of the stripping. . . . . .. . . . . . . . . . . . . . . . . . . . . . 3 
5 . White limestone in thin layers . . . . . . . . . . . . ........... . ...... 3 
4. White limestone in layers from 2t to 10 inches in thickness, 

good building stone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
3. Evenly bedded dolomite, suitable for heavy walls or for 

cutting into caps and sills; in three ledges 21, 10 and 11 
inches respectively in thickness. . . . . . . . . . . . . . . . . . . . . . . . . . . . 3t 

2. "Blue cap," a bed that quarries out in shapeless, worthless 
b locks, in two ledges; an impure dolomite. . . . . . . . . . . . . . . . . 3 

1. Brown, bluish and gray dolomite in eight ledges, varying 
from 4 to 13 i·nches in thickness. . . . . . . . . . . . . . . . . . . . . . . . . . . 5f 

The white limeS'tone here having less 'Overburden is more 
weruthered, which finds expression in its being more thinly 
bedded and fra:ctured. 

The beds developed by 'the Mason City Stone Company con
sist of an aggregate of nearly twenty feet of dolomite ,and rather 
more ,than ,ten feet 'Of the white limestone. 



CERRO GORDO COUNTY. 325 

In .all of these quarries the dolomite occurs in layers of good 
thickness and is ,of excellent quality. It usually presents .a more 
or less rough ,surface owing to the .sub-crystalline, granular 
texture, and is known commercially.as "Mason City sandstone." 
East ,of Mason City, ,the white limestone becomes much ]e s 
importtant. A short distance belo,w the wagon bddge ,at Pont
land, the following beds may be ,observed: 

PORTLAND SECTION. 

FEET. 

6. Soil and wash up to. . .. .. .. . . . . .. .... . . . . . .. . . .. . . . .. . . .... 3 
5. Dolomite, coarsely granular, in thin layers ........ ,......... 3 
4. Limestone, white with laminar Stromatoporas........ . ...... 2 
3. Limestone, the spheroidal Stromatopora reef, but more 

evidently stratified than at Mason City, . , . . . . . .. .......... 4 
2. Limestone, white, evenly bedded. . ... . . . . . . .. .. ... . . . . . . . . . . 3 
1. Dolomite, in heavy beds.... . . . . . . . . .. . ... .... . . . . . . .. .. .... 13 

Up the river toward the mill, dolomitized beds higher in the 
series may be viewed. Numbers 1 to 4 may be correlated readily 
with the M3Ison City sections. The beds dip at la low angle down 
stream, and almost wholly disappear 'some two miles below the 
bridge. The" Clay Banks," beginning on ,the nonthwest quarter 
of section 35, present 'an abrupt escarpment facing 11;Ihe creek, and 
rest on the variable beds of the Cedar Valley stage which appear 
in the channel of the creek. While the Lime Creek shales which 
constitute the "clay banks" contain oceasional haI1d ledges, 
they are not of sufficient importance in ,tha,t connection to merit 
de cription. They wiD be discussed later ,as a possible source 
of Portland 0emenrt materials. 

Above Mason City, the Cedar Valley limestone presents an 
almost continuous section along Lime creek to FeI1tile in 'Worth 
county. The beds display many local undulations and the usual 
.variations in composition ,and teX'ture. As a rule Ithe beds are 
lower, and the main dolomite quarried in Mason City and vicin
ity is no,t well exposed. The whiite limestone ,thins materially and 
is oftentimes below the water line. No impodant quarries have 
been opened,although much stone h3ls been ,taken out £or local 
use. 

Along the Shell Rock river ;the white limestone ,and heavy 
dolomite are the chief terranes exposed. Occasional very limited 
exposures of the bed.s above and below may be ,s,een. Outcrops 
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of the various beds appear at short intervals from Foster's mill 
above Plymouth to the Floyd county line. The beds as a rule 
are more profolmdly folded than their equivalents ,along Lime 
creek. In the vicinity of Plymouth dolom~tic beds prevail and 
are quarried to some extent. They are supposed to be the 
equivalents of the dolomite in 'vhe Portland ,section above the 
s'tromatoporoid zones. The beds rise down stream. Alt Rock 
Fall beds much lower in ,the series appear. Below the wagon 
bridge, the following section is exposed : 

FEET. 

5. Drift and waste almost nothing 
4. Limestone, white.. ... . ... .. . ..... . .... .. . .. ... . . ..... . . .... 1-3 
3. Dolomite, in regular beds and of good quality. . . . . . . . . . . . . . . 16 
2. Dolomite, impure and irregularly bedded, becoming nodular 

on weathering . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
1. Dolomite, argillaceous... . .. .... .... .. .... .... ... ... .... .... 3 

The lower beds in the above section are almost rdentical with 
those exposed in the Parker's Mill section in Mason Oity. Num
bers 1 to 3 are better seen in Vermilya's bluff on the norbheast 
quarter ·of section 35 in Flall -township, where they show 'a maxi
mum expo, me of forty feet. The lower twenty feet ,show no defi
nite bedding planes and the rock breaks up into anO'ular pieces by 
weathering. While the beds ,are more or less continuously ex
posed for some distance, no new phases are shown within the 
confines of the county. While quarries might be opened at al
most any point, none worthy 'of individual mention are in oper
ation. 

LIME CREEK SHALES. 

Whi.le the Lime Creek shales as developed in Cerro Gordo 
county comprise essentially day shales and marls, occasional 
indurated ledges are present, e pecially in the upper member 
or Owen beds. These hard layers are quarried at several points 
in POI'ltland, Owen, Gene eo and Doughert 'townships. The 
shone developed i usually a rather soft, yellow, earthy dolomite 
of fair Ito poor quality, and is of local importance 'Only. 

The shales and marls pr,omise to be of far greater importance 
in the manufacture of Portland cement. The mo t important 
,secltion exposed in the county may be viewed 'On section 35 in 
Portland 'township, f,acing a convex bend in Lime creek and con-



CERRO GORDO COUNTY. 327 

tinuing a distance of about ·a mile. The beds exposed are as 
follows: 

CLAY BANK SECTION. 

FEET. 

6. Soil and drift, almost a neglectable quantity 
5. Shale, calcareous or marl; in some places indurated layers 

appear .. . .. ..... . ....... .... .... .. . . .. . ....... . . .. . .. . ... 3 
4. Cap rock, variable in thickness. . . . . . . . .. .. .... ........ . . .. . 1 
3. Marl, highly fossiliferous; containing occasional hard bands.. 20 
2. Shale, non-fossiliferous, weathered yellow... .. .. .. .... . . .... 10 
1. Shale, bluish gray to blue and becoming highly plastic on 

weathering; non-fossiliferous.... . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

A hard compact limes'tone outcrops in -the ~reekand forms 
the floor upon which the above section rests. 

Sampt.es selected from this seotion were analyzed; the results 
are given in .the table bet.ow, the numbers ~orresponding to the 
numbers in the section. Three samples were selected from the 
marl comprising number 3 in the section, of which 3a was taken 
from the indurated layers. 

A nalysis of clay shales and marls from the "Clay Banks" nem' Pm·tland, Cerro 
Gordo county . 

I No. 1 No.2 No.3 NO.3a No. 3b No.4 No.5 

I 
Moisture ............. .. ............ 1.21 1 .001 0.73 0.35 0.75 0.68 0.93 
Com bined water .. ..... . ........... 3.29 0.76 2.72 0.17 3 .67 2.44 :t .04 
Silica .. ......................... . .. 49.93 50. 15 20.26 5 .36 20.82 7.59 27.26 
Alumina ..... .. ....... .. ......... . . 20.23 19 .68 11.28 

3.
79

1 
11 .55 5.62 19.15 

Ferric oxide ......... . ............ . . 4.32 4.08 2.76 1.20 2.76 1.56 4.32 
Lime ... .... ... ..... ... .. .......... 

6.
70

1 
9. 78 31.42 48 .18 30.01 44.34 16.47 

Magnesia ............ . ............. 2.79 
2.

26
1 

3.44 2.7°

1

,"' 3.22 2.23 
Sulphur trioxide ....... . .......... 1.14 1.18 2.09 1.02 1.19 0.51 1.11 
Soda . ... .. . . . .. . ..... . .. . ....... . . . 

2 .
17

1 

1.0:3 0.50 0.27 . 0.72 0.29 1.55 
Potash ............. .. .............. 2.25 1.62 1.09 0.46 1 .41 0.48 2.20 
Carbon dioxide .... ................ 6.05 8. 54

1 
23.56 35.73 23.05 33.39 12.59 

I 
J. B. WEEMS, Analyst. 

The stripping ri.'s of var1able ,thickness but usually unimpor
'tanto The marly beds 3 ,to 3 b have almost the proper compo
sition for a Portland cement and merit more attention than has 
been given them. The above seC'tion is about equally distant 
from the Iowa-Dakota division of the Chicag·o, Milwaukee & 
Saint Paul and the Fox Lake division of the Chicago and North
western railways. 
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At Mason City, the shales' and marls appear ,some di'stance 
to the south .and west of Lime creek while there is an almost con
tinuous section ,of limestone along Willow, Calamus and Lime 
creeks. 

The shales and marls are exposed ,south and west of the city. 
Immediartely west of the fair grounds, along a small creek, the 
following section is exposed : 

FEET. 

2. Marl, weathered yellow .. ...... , . . . . ... .... .. . . . ..... . . .... . 12 
1 . Shale clay, blue-gray, becoming very plastic when weathered, 

exposed, . . . . . . . . . . . . . . .. ........ .... . . . . . . . . . . . . . . . . . . . . 20 

The shales are known to attain .a thickness of some for,ty 
feet southwest of the city in the pits ,of the brick companies. 
Analyses were made of all ,of the members in the above sections 
and the results are given below. 

1 2 
I 

3 4 5 6 

I --- - -- ----

Silica, . . . .... ... . .... . .. 35 .23 .')4.56 5l. 9?i 0.72 0.63 54 .64 I I 
Alumina .... } 

21.0~ 30.62 { 18,34 0,91 0.71 { 14 .62 
Ferric oxide . . , .. " . 7. 56 

I .. ~~ : ~~ .. 
6.45 

Calcium carbonate,., .. , 32,84 4.10 4,14t 97.48 9.21 
Magnesium carbonate .. , 3,94 ~.13 3. :.'61' 0.99 6.09 
Alkalies as K 2 0 . . . . . .. . .... .. . . 2.32 4.12 . . . . . . . . . 5.89 
Sulphur t rioxide, ...... , 3. ll 2.30 

I 
2.76 0.98 ..... .... ......... 

Com bined water, , .. . . . , 4,26 4.19 7,49* 2.46 . . . . . . . . . 
Moisture ...... . .. .. . .. . 0.12 0 ,30 0,42 0.05 0.51 

* Combined wat er and carbon dioxide . 
t These percentages are of oxides instead 01 carbonates. 

1. Marl from exposure west of fair grounds. 
L. ,G . MICHAEL, Analyst . 

2. Shale from exposure west of fair grounds . 
L. G. MICHAEL, Analyst. 

3. Shale from pit of American Brick and Tile Company. 
J. B. WEEMS, Analyst . 

4. Stromatopora limestone, quarry of Mason City Lime & Cement 
Company. 

L. G. MICHAEL, Analyst. 
5. Mason City White Limestone, quarry of Mason City Lime & 

Cement Company. 
A. O. ANDERSON, Analyst. 

6. Shale from pit of Mason City Brick and Tile Company. 
G. E. PATRICK, Analyst. 

3.74 
0 .85 
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earthy to granular, non-crystalline limestone, oftentimes cav
ernous. Crystalline calcite geodes are not uncommon. Rough 
stone for local use only has been 'taken -OUIt from time to time 
at numerou points in the county, and lime has been burned on 
a small sCiale until recently, in the vicinity of Chickasaw. 

The section loca'ted near the wagon bridge in Chickasaw shows 
twenty-five feet of heavy bedded dolomite, which is much broken 
toward ,the surface on acount of weathering. Lower down the 
beds are illitersected by numerou s joints. A large amount of 
chert in streaks and bands is a striking feature of ,this section, 
and one very unusual in the Devonian. 

A section which occurs about one mile north of Chickasaw, 
illustrates a flaggy facies of the Devonian. The 's,tone a usual 
is highly magnesian and occurs in thin, even lay,er , varying 
from two to six inches in thickness. There are numer'ous calcite 
lined caverns and some very perfect calcareous geodes pr-esent. 

A fairly r€pr esentative section showing the variable ohar
acter 'o.f the Devonian beds as dev,eloped in the county, is ex
posed in ,the s'outheast quarter of section 3, Deerfield ,township. 
The sequence is a s follows : 

7. Loam and drift . .. .. ......... . 
6. Limestone, thin-bedded, earth y and badly weathered .. .. .. . . 
5. Limestone, hard ledge; drab colored, purer and more crystal-

line than 4 and 6 . .. . .. .. .......................... .... . . . 
4. Limestone , thin-bedded; becomes m:uly and concretionary 

on weathering ..... , ...... . .......... . .. . ................ . 
3. Shale, arenaceous, yellow and p lain ly laminated .... . . . ... .. . 
2. Limestone, hard, dark gray, layers six to ten inches in thick-

ness and ROW forms floor of the quarry ................. . . 
1. Limestone, hard, not now exposed, but was quarried 

for lller ly ....... .. .. .... . . ......... .. _ .................... . 

FEET. 

2 
3 

2 
4 

2 

3 

lit is evident from a c3JsUJal in peCltj'on of the above s'ection 
that 'the overburden 'of drift and worthle. s mater~al is practically 
prohibitive. ,Vhile certain ledges at numerous other points yield 
excellent structural materia l and stone of suitable compo.'ition 
for a good <]ualit~c of lime, the high proportion of waste whie h 
mu t be handled makes a large production improbable. 

FA YETTE COUN ry. 

Indurated rocks of the Devonian immediately underlie the 
drif,tover tihe middle and western portions of the count~·, con-
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stituting ,one-half ,of its superficial area. Outcrops are limited 
to the immediate vicinity of the streams on account 'of the great 
thickne,ss of the drift, especially over the west portion of the 
county. 

Quarries have been opened 'at a number of points, notably in 
the t'own 'Of F,ayette, in the northwestern corner of Windsor 
township, near the towns of Alpha and Wauooma in Eden town
ship and near Fairbank and M'aynard in Oran and Harlan town
ships respectively. The quarries are of small capaei'ty and sup
ply only the local demand. 

The Westfield bridge ,seCition, which is located on the north
east quarter of eC'tvon 29 in -Westfield township, is one of the 
most extensive Devonian sections in ,the county .and shows the 
Devonian contact with the Niagara. The ,sequence of beds is as 
f~llows : 

FEET. 

9. Lime tone, much weathered, in thin fragments, fossiliferous. 1 
8. Limestone, yellow, impure, fine-grained; in layers two to six 

or eight inches in thickness. . . . . . . . . . .. ................... 51 
7. Limestone, yellow, impure , in three heavy beds _... .... . .... 7 
6, Limestone, yellowish gray, rather massive, less magnesian 

than num ber 7 above and somewhat broken. .. . . . . . ....... 8 
5. Limestone, argillaceous, light colored, consisting of brecciated 

material in which small limestone fragments are imbedded 
in a clayey shale matrix. . . . . . . . . ... .. . . . . . . . . . . . . . . . . . . . . 7 

4. Limestone, brecciated; composed of dertse, fine-grained drab 
colored fragments of limestone, surrounded with lighter 
colored cementing material.. .. . ... ......... . . .. ........ . . 10 

3. Limestone, yellowish gray, very fine-grained; weathers into 
thin fragments _ .. _ ........ _ ... _ ... _ ... _ ................ _ . . 11 

2. Limestone, yellow, magnesian, in two ledgee, the upper dense, 
rather fine-grained, one foot thick, and the lower softer, 
vesicular, two feet in thickness.... .. . .. . . . . . . ... . ..... . . . . 3 

1. Limestone, yellowish, magnesian, heavily bedded, cavernous, 
cherty and fossiliferous .............................. , .... 22 

In ,the above section numbers 1 and 2 belong to the Niagara. 
The balance of the ecti on belongs to the Devonian. The upper 
beds only are quarried in and about Faye'tte and their equiv
alents are quarried near Fairbanl{ and Maynard, but ·at the 
latter localities the bed have become much less magnesian 
and as a consequence ,do not aflord as durable structural ma;te
rial as the same layers 'aJt Fayette. 
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In the northwest qU'arter of s·ection 6, Windsor township, the 
following beds are available: 

(FEET. 

6. Limestone, residual. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
5. Limestone, magnesian, yellow, in layers' two to six inches in 

thickness. The layers are much shattered. .. . . . .. . . . . . . . . 6 
4 . Lim estone, yellow, fine-grained, earthy, in layers six inches 

to two feet in thickness; somewhat nodular . . .. . . . . . . . . . . . 3t 
3. Limestone, yellow, impure, resembling number 4; in layers 

eight to thirty inches in thickness, somewhat fossiliferous.. 6 
2. Limestone, yellowish gray, in rather indistinct layers which 

are checked by numerous joints, fossiliferous ..... . . . . . . . . . 8 
1. Shale, light colored, containing occas ional fragm ents of lime

stone . Shale fragments become more abundant in lower 
parts; talus covered to bed of stream . . . . . . . . . . . . . . . . . . . ... 7 

Similar sections appear at other points in the neighborhood. 
Beds higher in the series than those in Windsor township 

are quarried in the town of Fairbank in the southwest corner 
of the county. The quarry 'section is ,as follows: 

FEET. 

5. Soil , drift and residual materials..... . ..... . . ... .. . . . . ... . .. 5 
4 . Limestone, yellow, much decayed, in thin layers, fossiliferous 2t 
3. Limestone, hard, gray, in thin layers, fo ssiliferous .. ..... .... 2 
2. Limestone, yellowish gray in rather even layers with oc-

cas ional bands of shal y material; showing numerous spots 
of concentrically arranged lines f iron stains; fossiliferous. 6 

1. Limeetone, gray, massive, conta ining numerous geodes o f 
calcite and bearing but few foss il s. . . . . . .. .. .... . . .. .. . . . .. 3 

Other quarries have been opened in the neighborhood but 
developed nothing new. The quarries in the vicinity of May
nard lare less extensive than tholse 8Jt Fairbank and show no new 
phases. 

FLOYD COUNTY. 

r.Dhe Devonian limestone and ·shales form the country rock 
over the entire county so far as known 3Jt this time. Numerous 
outcrops lappear 'along the Shell Rock river, Floyd creek, the 
Cedar river and the Li,ttle Cedar river. Outcrops of the Lime 
Creek shales are c'onfined to Rockford and vicinity, while all 
of the limestones belong to the Cedar Valley sltage. The lime
stones are prev.ailingly hard, white, compac>t, often lithogr,aphic, 
ev,enly bedded and almost pure calcium carbonate. They are 
often ,associated with or interbedded with magnesian or dolomitic 
layers. ' 
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PLATE XLVII .-a . City quarry. Charles City, Floyd county . Iowa. 
b. Shell Rock river. Nora SprIngs. Floyd county . Iowa . 

• c . Floyd q uarry section. 
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Along the Shell Rock river, sections at Nora Springs, Rock
ford and Marble Rock give the r.ange ,of beds which may be 
observed. At Nora Springs the f·ollowing beds appear in the 
bluff at the f.oundry about one hundred and fifty yards up stream 
fr~m the Milwaukee railway bridge. 

FEET. 

7. Soil and drift of variable thickness.. . . . .. .. . .. . .. . . . . ... . . .. 1-4 
6. Limestone, coralline zone, colonies very much flattened, bed-

ding planes not very distinct... .... .. . ........ . . . . .. ...... 6 
5. Limestone, buff to gray-buff, otherwise similar to number 4; 

bedding planes rather more apparent. . . . . . . . . . . .. . . .. ... . 4 
4. Limestone, white, much shattered, compact and brittle; bed-

ding planes not apparent .... .. .......... '" . ... .... ...... 3+ 
3. Limestone, spheroidal Stromatopora zone; appears to be 

decidedly concretionary where weathered, spheroids up to 
10 inches, horizontal diameter somewhat the larger. . . . . . . . 8 

2. Limestone, gray-buff, evenly bedded, compact to somewhat 
earthy fracture, less brittle than 1, grades upward into white 
limestone. . . . . . . . . . .. ..... . ...... ... .......... .. ........ . 2 

1. Limestone, white, apparently brecciated; bedding planes not 
well defined, cOITlpact and brittle, exposed at this point 
above low water.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

Just belo'w the mill, some 'thr.ee-eighths ofa mile f,artJher up 
stream, several small quarries have been opened. The same 
beds are exposed but show c'onsiderable v,ariations, especially 
in bedding. All of the beds up to number 4 are massive. Num
ber 2 'appears as a single ledge, in places. Although the spher
oidal masses can be s-een, number 4 take on a somewhat shaly 
character -and i,s thicker than at ,the foundry. In places, how
ever, this member ·appears taS a single massive ledge. The beds 
all dip up -stream. The stone derived from tJhese beds is used 
quite generally throughout the town and adjoining country. 

At Rockford, beds higher in ,the 'series appear and only the 
uppermoslt member of the Cedar Valley limestone appears in 
the low escarpment -along the river. Back from the river the 
Lime Creek shale appear. While the aC'tual contact between 
the Cedar Valley and the Lime Creek was not een, the section 
which oan be viewed along the riv,er and in the pit of the Cream 
City Brick and Tile Company is as follows: 
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ROCKFORD SECTIO N. 
FEET. 

10 . Soil and drift, variable in thickness.... . . . . . . . . . . . . . . . . . . . . . 0-2 
9. Marl, blue-gray, oxidizes to a yellowish color, highly foss ili-

ferous .. . ... _ . . ...... . ............. . .. .. ..... . .... . . _ . . . . 12+ 
8. Clay-shale, gray-blue, slightly gritty and more pervious than 

beds below . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
7. Iron-stained zone, containing concretions; of variable thick-

ness ...... . ..... . . .. ...................... . .. 6 inches to 2 
6. Clay-sbale, similar to number 5............................. 6 
5. Shale, gray-blue, slightly gritty . .. .. . .. .. .. . .... .. ...... .. .. 12 
4. Limestone, shaly, exposed but thickness not determined . ... . 
3. Limestone, white, similar to uppermost beds along the river 

itt Nora Springs; coralline, thin ly bedded. . ................ 12 
2. Dolomite, or dolomitic Limestone, brown and porous ... _..... 3 
l. Lilileston8, gray-blue, in medium heavy ledges, exposed.... . 4 

The marls and shales continue more .or less uninterruptedly 
to the" Olay Banks" s'outh of Portland in Cerro Gordo county 
and can be traced slouthward from Rockford two 'or three miles. 
They are not known to occur in any considerable quantl!ty north 
and ea;s,t 'or Lime creek 'Or :vhe Shell Rock river. The marl is 
used to some extent for r.oad work and appears ,to cement welL 
The lower limestone beds have been quarried in a small way 
but are too near the water level in the river to permiJt their ex-

. tensive development. 
At Marble Rock 'a number of quarries have been opened and 

are operated at the present time. About three-fourths .of a 
mile above ihe wagon bridge 'a quarry has been opened 'on the 
east side of Shell Rock river and presents the following beds: 

MARBLE ROCK SECTION. 
FEET. 

5. Soil and drift.... ... . .... ...... .. . . .... .... .... . ... ... . .... . 1-4 
4. Limestone, white, with spheroidal Stromatopora, hard and 

brittle, beds heavy where unweathered; becomes cavernous 
in part and the middle portion is brecc iated, exposed .. _ ... 10-12 

3. Limestone, magnesian or dolomitic, much weatbered and 
stai.ned in places, yellowish brown, evenly bedded, ledges 
shaly in part. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .......... 8 

2. Limestone, dolomitic, shaly, iron-stained... . . . . . ........... 2 
1. Limestone, white, the details are as follows' 

10 inch ledge, lithographic. 
10 inch ledge, brecciated. 
Two 10 inch ledges, separated by shaly parting. 
10 and 12 inch ledges, lithographic in character. 
20 to 24 inch ledge almost lithographic. 
14 inch and 18 inch ledges, separated by shaly parting, 

hard, compact. 
Total .. . ..................... . .. .. ... _ . _ . . . . . . 9 
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PLATE XLVIII.-a. Old lime quarry above Marble Rock, Floyd county, Iowa, showing 
Stromatopora zone and brecciated zone . 

22 

b. Marble Rock quarry sllowing evenly bedded, lithographic beds below , 
and Stromatopora and brecciated zone above. 
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, ,Tlle ledges in number 1 constitute , a compact, hard" brittle 
limestone almost l1thographic throughout, with ,the eX'ception 
of the ledge next to the top of the series, which is di,stinctly 
brecciated. All of the layers are evenly bedded and all but the 
third and four,th layel'is are separated by haly or marly par:t
ings, thus facilitating quarrying by very simple methods. All 
of the lower limestone beds show good abilrty to resi,st wewther
ing infiilences. The lower limestone beds are most highly prized 
for quarry purposes although the do}omrtic beds, when not 
too much weathered, are also used. Both the upper and lower 
limestones are well adapted for crushed ,sltone products. Old 
quarries were ,opened in the upper limestone, which was ,also 
burned for lime. The remains .of an ,old pot kiln may 'still be 
seen in the immediate neighborhood. 

Along the Cedar river and its immediate tributaries an 
abundance of indurated rock is available, often with very little 
overburden. The principal quarries are 10C'ated at Llrthographic 
City, Floyd ,and Charles City. The Interstate Devel'opment Com
pany h&s made extensive opening,s at Lithographic City and is 
planning to 'operate its pr,operty .on ,a large scale in ,the near 
future. Two quarries have been opened. The beds ,exposed 
are as foUows: 

LITHOGRAPHIC CITY SECTION.-

11. Soil and drift ..... . . . ........ . .. .. .. , . . . ................. . . 
10. Limestone, lithographic . . ... . ............ . .. . ............. . 
9. Limestone, yellow-gray, friable, coarsely granular and thin-

bedded .................. ... . . . . ... . ................ . .... . 
8. Limestone, dense, compact, buff to grayish white, thin-

bedded ..................... .. ......... . ...... ... .. . ..... . 
7 . Limestone, lithographic, shattered and unevenly bedded, 

brown, variegated .. . .. . . . . . ..... . ..... . .. . .............. . 
6. Clay parting .... .. ......... . ......... . ..... . ............ . . . 
5. Limestone, compact . . ....... , .......... . . . . ... . .... . . .... . 
4. Clay parting .......................... . .. . ......... .. .... . 
3. Limestone, buff to pink, li thographic .. . ....... . . . ........ . 
2 . Limestone, gray, sllb-crystalline ..... . .... . ...... ........ .. , 
1. L imestone, lithographic, dense, exposed . . . . .... . ..... ..... . 

. ·From notes supplied by Mr. C. L, Webster, Charles City, Iowa. 

FEET. 

1 
5 

3i 

1 
t 

H 
I .. 

Ii 
i 

3 

, . . , 
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An average sample W3;S IS elected from the above section and 
analyzed. The analysis is giv,en herewith: 

Calcium carbonate ... ... . .. . ..... .................. .. .... .... . 92 .85 
Magnesium carbonate...... .... .................... . .......... . 5.31 
Iron and alum ina................ ...... .. .... . ............ .. .. 0 .80 
Insolub le............ .. .... . ........ . ......... . ..... ... . ..... . . 1.60 

A. O. ANDERSON, Analyst. 

The magnesia percentage can undoubtedly be llowered by 
the elimination of number 9 in the above section which lappears 
to be strongly dolomitic. 

A large number lof specimens have been selected from the 
v3.rious beds in the quarry ,and polished. Enough has been done 
to demonstrate thoroughly the superior quality of certain of the 
layers for lithographic purpo'ses. It has also been demonstrated 
that the lithogmphic 'stone can be obtained in large slabs prac
tically free from fractures, calcite balls, clay seams and other 
imperfections. Other beds take a good polish and are of a 
pleasing color. They can be quarried in blocks of almost any 
lateral dimensions and will undoubtedly :find a ready market. 
The waste from the quarries would make an excellent grade 
of crushed ,stone. A large area is available with almost no 
overburden. A short line '0£ railway has been surveyed and the 
company contemplates building in at an early date. 

At Floyd, eXltensive quarrying has been done through a period 
of many years. A quarry just north of town along the main 
roadway shows the f1ollowing beds : 

FBET. 

8 . Driftandsoilupto .............. : .~ ........ .. ...... ... . ..... 4 
7. Limestone, brown, dolomitic. . . . . . . . . . ..... . .. . .... . . .. .. ... . 8 
6. Limestone, white to gray, compact, brittle.. . ............... 3 
5. Limestone, sub-crystalline, sugary, gl"ay to brownish, appar-

ently dolomitic .. .... .... . . ... . . . . .. .. ... .. .. . .. ......... 4 
4. Limestone, gray-white, blue above, compact, weathers con-

cretionary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
3. Limestone, b lue-gray, shaly above ... ... . ..... . .......... , .. 4 
2 . Limestone. brown, vesicular, dolomitic...... ... ............. 1 
1. Limestone, compact, exposed. .. ... . ........ ... ..... ...... .. 3 

Many of the older buildings and nearly all foundations in 
the town attest ,the popular~ty of the stone for structural 
purposes. 
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Charles City is the chief quarry center in the c'ounty. Of the 
numerous quarries which have been opened and operated from 
time to time, :a large q:,!.3;~ry located in 1hesouthwestern part 
of town may be taken as a fair average. The beds developed 
are ,as follows: 

CHARLES CITY SECTION . 
FEET . 

4 . Soil , drift , and terrace materials, the latter constituting the 
larger portion of the overburden. . . . . . . . . . . . . . .. ........ . . 4-8 

3. Limestone, ledge persistent ... . ... . '. . ... . . . ... . . . .. . . . . . . ... 1-2 
2 . Lime'stone , magnesian, light brown, vesicular and sub

crystalline , less evenly bedded than number 1, concre-
tionary in part .. .... . . . . ... . ... .... . . . . . . . . .. . .. . . .. ~ ..... 5-6 

1. Limestone"gray, weathers white , compact and brittle; evenly 
bedded, but beds undulating; comparatively free from 
flaws and remarkably uniform, exposed. . . . . . .. . .. .... .. .. 8 

The layers in number 1 'are separated by thin day ' partings 
which greatly facilitate quarrying ,opemtions. According to 
Mr. C. L. Webster, ,the stromatoporoid zones lie from fifteen 
to twenty feet bel'ow the base of the quarry. Number 1 in the 
above section is the chief quarry rock and has been used ex
tensiveiy in Charles City and the adj1acent country. The M. E. 
Ohurch and First National Bank building.s are among the more 
imporrtJant 'structures constructed from local lI!aterials; rbhe 
former bearing the date of 1854. Both are in good repair and 
the 'stone 'appears :to possess excellent weathering qualities. The 
Charles City Marble Company owned and operated the quarry. 
This company also a'ttempted to cut and polish the stromatopor-" 
oids for ornamental work but with indifferent success as a 
commercial venture, although 'some very handsome pieces were 
turned ,out. 

South of Charles City, quarries have been opened at s'everal 
points. On the south half ,of section 20, township 95 north, 
range XV west, ea'stof the wagon road and nOI'lth ofa small 
creek, the following layers may be seen: 

FEET. 

11 . Soilanddrift,thin , upto ... . .... . .. .. . . .. . .. .. . . . . . . .. .. . . 1 
10 . Limestone, light colored, magnesian , shattered and fossilif-

erous . . . '. ..... . . .. .. . . .. .. . .. . . ... . . .. . .. . . . .... . . . . . . . ... 1 
9. Limestone, nodular, containing many stromatoporoids, 

badly b roken, fossiliferous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4t 
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FEET 

8. Dolomite, b rown .. . . . ..... .. . . ... . .. .. . ... .. . . .. . . . . . . .... 1 ~ 
7. Limestone, lithographic, th inly bedded, where weathered, 

separating into thin p lates. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ., 1-~ 
6. Limestone, compact, brown, becomes thinly bedded below 

in weathering. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ........ 2 
5. Limestone, impure, earthy , forming a re-entrant in cliff face 

and breaking down, on weathering, to a yellow, clayey 
mixture . . . .... . . ·. . .... . .. . .. . . ..... . . . . ... . . . ...... ... . .. t 

4. Limestone, thinly bedded and light brown to bluish in color; 
laminoo separated by bands of weathered clayey residue ... 2t 

3 . Talus s1ope . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
2 . Lim~stone, ledges similar to number 4, but heavier and 

firmer, with fewer clay partings and deeper brown in 
color. ... . . . ... . . .. .... ...... .... . . . . . . . . . .. . . .. .. . . . . . ... 10 

1 . Talus slope to creek bed.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Some quarrying was done f.ormerly 'at this point. An abun
dance of material 'is easily available and under very light over
burden. 

In the ,s-outheastern portron ,of the eounty ,some quarrying 
has been done. The most important opening, the Allen quarry, 
two and three-fourths miles northwest of Nashua, is given here
with: 

3. Drift and soil of indefinite thickness. 
2. Limestone, in thin beds, varying from' one to five inches in 

thickpess, some layers soft and granular, others hard and 

FEET. 

fine-grained. . . . . . . . . . .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
1. Limestone, consisting of the fopowing ledges from the 

bottom upward: eighteen inch, twelve inch, fourteen inch, 
eight inch and five six inch ledges respectively...... .... . .. 7 

The bottom ledge affords stone suitable for bridge work while 
seveml of the other ledges yield s'atisfactory building stone. 

Some lime burning was done in Floyd county, as in the case 
of nearly every other limestone producing county in the state, 
but no lime has been produced du~ing recent years. 

FRANKLIN COUNTY. 

The Owen beds ·of the Lime Creek stage 'outcrop at various 
points along the eas-tside of the West Fork of the Cedar riv,er in 
the northeas't corner 6f Ros.s and throughout its course in West 
Fork township. In .secti1on 7,. West . F'OTk township, a small 
quarry has been opened, fr'om which some rock has been re-
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m6'ved. '.' These beds furnish a supply 01 building "materi'al which 
has been utilized locally at many points. It "is seldom, however, 
that the stone is sufficiently coherent to permit of any extended 
use for structural work. ". 

The quarry 'opening just north of the road along the south 
side ·of s~ction 7, West Fork township, affords the following 
section: 

" r ~. ,- ,) 

2.. Shale, yellow, magnesian, with chert nodules and, near the 
"base, interbedde!i, . "S1;lb-crystalline limestone, apparently 
dolomite. In places, definite bands of chert perm eated 

"with brachiopod impressions, Spi1"if e1" w hitneyi most abun-

FEET . 

dant.... .. . .. . . . .......... .. . . .... .... ... .... . ....... . ... .3t 
1. Dolomite , brown, thinly bedded, fossiliferous, partially cry

stalline; much shattered at top and badly rifted throughout, 
exposed . ... . ... ," " .. " ........ " " ..... " . . . .. " " " ...... " ... .. " 7 

Only tlle lower bed can b e used, and this on a0count of its 
coarsely granular and partially weathered condition, is not a 
dUl'iable material: It has been used to a limi,ted extent for side
walk flagging, and in walls, where :it is fairly satisfactory. 

HOWARD COUNTY. 

Outside ·of two small ,areas marking the extensions of Ordo
vician beds which have been uncovered by the streams into 
Vernon Springs and across Albion township into Forest City 
township,the Devonian covers the entire county. The Devoni1an 
beds are acces'sible at numerous points and have been quarried 
principally at Vernon Springs and vicinity, 'Cresco, Lime Springs 
and vicinity, Chester, Elma ,and in section 33 in Saratoga town
ship. The lowest beds developed may be viewed in the quarry 
loeated on the northeast corner of section 14 :in Forest City 
township. The principal quarry rock consists of a massive, 
rough, rather soft, non-cry,stalline, ve,sricular dolomite. The 
quarry section is as follows : 

FEET. 
5. Limestone, dolomitic, ledges decayed and badly broken up; 

comparatively thinly bedded . . . .. . .. " .. " . . " . .. .. . . " . . ". .. 8 
4; Dolomite, coarse, vesicular , full of fossil casts ... "...... . .... 5 
3. Dolomite, coarse, pitted like number 4 " .. " .. .. .. . "." .... ". . . H-
2 . Limestone, dolomitic, light yellow ... .. " . . . " ." .. .. ....... .. : 3 
1. Limestone, similar to 2 but softer and more granular; in four 

beds which in places appear to be completely blended into 
a single bed. . . . . . . . . . . . . . . . . . . . . . . . .... ... ..... ". ... . . . . . 4 
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Similar sections may be seen at other points in. Forest City 
and Albion townships. 

Beds somewhat higher in the ,series have been quarried at 
Vernon Springs ,and vicinity. The Salisbury quarry, located 
in the southwest quarter of the southwest quarter ,of section 34 
in Vernon Springs ,township may be selected as a fair sample. 
The section is 'as f'ollows : 

SALISBURY SECTION, VERNON SPRINGS. 
FEET. 

5. Black soil mixed with broken rock...... . . . . . . . . . . . . . . . . . . . . 1 
4. Limestone, broken, angular fragments affording an illus-

tration of ho" the stone yields to frost and weather. . . . . . . . 4 
3. Limestone in heavy courses of good building stone, soft, 

magnesian, yellow or brown in color, containing numerous 
spheroidal cavities lined with crystals of calcite, fossils rare 
and represented only by casts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

2. Limestone, softer, more argillaceous, in three or four layers, 
calcite lined cavities numerous. . . . . . ... . . . .. .... .... . . . . . . 3 

l. Limestone, more solid and purer, in courses from one to three 
feet in thickness , fossil shells preserved . . . . . . . . . . . . . . . . . . . . 7 

The most important quarry in the county is operated by John 
Hallman and is located in the northwestern part .of the city of 
Cresco. The quarry pit shows the f.ollowing beds: 

FEET. 

4. Drift and wash ....... . . , .. ...... ...... ....... . ............. 1-4 
3. Limestone, in thin layers but evenly bedded and hard, mag-

nesian.... . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . ... 6-8 
2. Limestone, blue-gray, hard and tough, in beds ranging from 

6 to 18 inches t·hick; works fairly well. . . . .. . ........... . .. 7-8 
1. Limestone, dolomitic, base ledge in northwest corner of 

quarry; weathers brownish yellow, exposed ...... . . . " .... 2 

Numbers 1 ,and 2 contain considerable crystalline calci,te in 
stringers and balls and the entire assemblage of beds is strongly 
magnesian. The quarry beds appear to be much disturbed in 
places, such disturbance being manifested by ('rushed layers and 
slickensided ,surfaces. The products of the quarry include some 
dimension stone, rubble and ordinary range st'one. The principal 
beds are eomparatively ,soft ,and work easily. 

The quarries at Forest Cittyand Chester w.ork beds similar to 
those which have been developed at Vernon Springs. 
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PLATE XLIX-a. City q u a rry abou t one and one-hal! miles north 01 (' re'co . The product 
is a natura l macada m. 

b . Quarry north .. ast 01 E lrua showing flaggy ch"racter o f bed .,. 
C Hallman quarry showing p rin c ipa l quarry beds. Cr~"co. Il oward county. 

Iowa 
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At Elma several quarries have been opened and dolomitic 
limestones have been quarried, which, ,according to Professor 
Calvin, are below the beds ,occurring at Cresco. A quarry along 
the Chicago Great Western railway, north of Elma, displays the 
following beds: 

FEET. 

4. Soil and drift .. , , .. .. ... . ............ .. . .. . . , . , . . . . . . . . . . . . . 0-3 
3. Lim estone, much weathered, bedding p lanes alm ost ob lit

erated, somewhat concretionary in appearance ... . .... . . .. 3-5 
2. Limestone, magnesian, stained yellowish brown " 'here long 

exposed ; breaks up into thin layers a lthough apparently in 
heavy beds ...... . , ...... . . ..... . .. . . .. . .... ..... ,. .. . .... 3-5 

1. Dolomite, brown, sub-crystalline and cavernous, ca lcitic, in 
heavy beds ...... .. .. ........ .. .. . ... . . ... . .. ... ... . ..... . '* 

Small quarries have been opened andoperaied from time to 
time a;t other points but none are worthy of special mention. 

LIME . 

The Devon~an limestones are prevailingly magnesian to dolo
mitic as developed in Howard county and are fairly free from 
impuritie,. They would undoubtedly yield an acceptable grade 
of lime should bhey be used for that purpose. In fact a good 
grade of lime was manufactured from the dolomitic limestone at 
Vernon Springs before the railways brought in limes from other 
cOlmties where j,t coulcl be produced more cheaply . 

.JOIlN~ON COUNTY. 

Rocks of Devonian age immediately underlie the drift over 
more than half of the cOlmty. Numerous exposures occur along 
the Iowa river and its more important tributaries. The beds 
represented are referr'ed to ,three well known sub-sta'ges of the 
Devonian. The lowest belong to the brecciated stage of the 
Wapsipinicon and are ,exposed at only 'a few points in the north
eastern portion of the COlmty. These beds have been quarried 
in a small way at Solon and near Elmira. The layers are much 
shatJtered as a rule, and the blocks obtainable ,are rough and 
poorly shaped for structural purposes. The tone ,supplied 
from these beds is of local interest only. 

The Cedar Valley stage is well developed and affords the 
largest number of outcrops. Quarries have been opened and 
ope:vated at numerous points. A few, only, are given for refer-
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ence. The majority of the openings are without transportation 
facilities but show the latent wealth 'of the c-ounty in structural 
materials. A quarry .open-ed 'south of the old Terrill mill in 
Iowa Oity shows the following succession of beds: 

TERRILL MILL SECTION. 

FEET. 

8. Hard, ferruginous, reddish brown sandstone of Des Moines 
stage, Upper Carboniferous ......... '" . . . .. . . . . . . .. . . .... 6 

7. Limestone , whitish gray, fine-grained .. . . ... .... ...... . .. . .. . 8 
6. Idiostroma beds, containing as usual many massive stromato-

poroids and some coralla of Acervularia . . . . . . . . . . . . . . . . . . . 15 
5. Limestone, heavy, tough ledge. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
4. Limestone, b luish gray, weathering yellow, containing large 

coarse-ribbed Atrypas and the small , branched, small 
celled Cladopora found at same horizon in Eicher's quarry 8 

3. Limestone, bluish gray, in two ledges, first ledge containing 
many crinoid stems . . . . . . . . . . . . . . . . . .... . . . .... . . . . . . . . . . 4 

2. Coral reef .. . ..................... .. .... . ... ... ... . .... . . ' . . 2 
1. Limestone, bluish, with great numbers of broken, crushed, 

det,ached valves of Spi1'ifer parryanus and the robust, large 
celled Cladopora (C. iowensis Owen sp.) described as 
Striatopom rugosa by Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

The coral reef bed is very persistent and constant. The beds 
above the reef vary considerably. In pl1aces they are hard 
bluish gray limestone, in other places, partly on account 'of 
weathering, they are yellow limestone and in still other locali
ties they pr,esent ,the appearance ,of yellow calcareous shales. At 
the old railway quarry on the west bank of the river north of 
Ooralville, the following beds may be seen beneath the :overlying 
loess and 'drift: 

CORALVILLE SECTION. 

FEET, 

5. Limestone , white ....... .... . ............ ,..... . ............ ] 2 
4. Limestone, stratum crowded with casts of Stmpa1'o llus 

cyclostomus Hall .. .................. , . . . . . . . . . . . . . . . . . . . . . It 
3. Limestone weathering into thin fragm ents, containing some 

specimens of Idiostroma and colonies of a cylindrical Favo-
sites ... . . . ... .. . .......... . . . .. .......... ' . .. .. .. , , . .. . .. . 4 

2 . Limestone, gray, crowded with Idiostroma and other stro
matoporoids. This with No.3 represents the Idiostroma 
beds of preceding sections . . . . . . . . . . . . . . . . .. . .. ....... .. .. 8 

1'. Limestone, hard, blue, containing some large coralla of Acer-
vularia.... ...... ... ... .. . . . .. ...... .. . . . . .. .. ... . .. ...... 4 
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These beds were formerly worked by the Railroad Company 
for crushed stone. A ,sw~tch w,as extended to the quarry and a 
large ,amount of railway ballast produoed. One of the most ex
tensive quarry sections may be observed 'on the east hank of the 
Iowa river in the northwest quarter of section 27, Newport town
ship. The following beds below the loess and drift are exposed: 

9. Limestone, brown, with crinoid stems, 8 Cladopora related 
to the form described by Hall as Striatopom ?·ugosa, but 
having the branches and polyp tubes very much smaller, 

F E ET . 

and a large coarsely ribbed variety of A trypa reticularis. . . 4 
8. Limestone , drab, granular , no fossils. . .. . . . . .... . . .... . . . .. 8 
7. Coral reef composed chiefly of coralla of Ace?·vularia davidsoni I 

E. & H., but containing many coralla of Favosites and 
Ptychophyllum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

6. limestone, moderately hard bed with crinoid stems, Spi?·i fe?· 
parryanus , At?·ypa ?·eticularis, Favosites, Cyathophyllu m, 
Cystiphyllum, etc ..... . .... . .......... .. . . . .. ... . .... , . . . . It 

5 . Limestone, sbaly, with many small crinoid stems, Chonetes 
scitula Hall , Sp1ri fer pa?-ryanus H all , Tentac1llites hoyti 
White, and Monticulipom monticola White... . . ... . . ... ... It 

4. Limestone, hard ledge with many small crinoid stems, Clad-
opora, Ptycbopbyllum and some large coralla of Acervularia 2 

3. Limestone, yellow sbaly bed with Atrypa , Ortbis, etc . ... . ... 2 
2. Limestone, yellow and gray, sbaly, without foss ils. . .. .. .... 13 
1. Limestone, moderately hard , intersected by a number of 

oblique joints, ligh t colored , laminated, with many stem 
segments and some perfect calyces of Megistocrinus and 
other species characteristic of the Megistocrinus fauna. 
Megistocrinus beds ..... . '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

The quarry north of the iron bridge in section 25, Jefferson 
township, shows some modifications of .the succession of strata 
oocurring farther down the river. The section is as follows: 

FEE T. 

10. Loess . . .. ............. . ... .. ..... . . . .. . . ..... .... . . .. .. .. .. 2-10 
9 . Pebbly drift, Kansan.. . .. . . .. . ...... .. .. . . .. . ...... . . . .. . . . 3 
8 . Limestone, decayed, with bowlders of disintegration embed-

ded in highly oxidized dark reddish brown residual clay... 3 
7. Limestone, light colored, evenly bedded, fine-grained. . . . . . . . 10 
6. Coral breccia, composed of coralla of AcerVularia, smllll cylin

drical Favosites , a peculiar Diphyphyllum, a very elongated 
Cyathophyllum, Idiostroma and massive stromatoporoids 5- 8 

5. Reef of closely crowded masses of Acervularia . ... ... . . . . ... 2 
4. Limestone, regular beavy layers of fairly good quarry stone, 

containing cor alia of Acervularia and Favosites sparsely 
distributed.. .. . . .. . . . . .. . . .... . ..... ... .. . . ... . .. . ..... . . 5 
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3. Limestone, blue, in layers from 6 inches to 2 feet thick, com
posed of fragments of crinoids and broken shells of brachi-

FEET. 

opods...... ..... . .. .. ............ . ...... . ...... ...... ... . 7 
2. Shale and shaly limestone.... .. . . ... . .. .. .. . . . . ... .. . . ..... H-
I. Limestone, heavy, blue, with concretions of pyrites .... . . . . . . 2 

N early all ·of the beds given in the rabove -sections supply mate
rial,s suibable for foundations and rough masonry and have been 
so used to some extent at one t1me or another. 

The uppermost member of the Devonian ,as developed in the 
county has been named the State' Quarry Limestone by Profes
s·or Galvin, and is not known to occur in 'any other county in 
the state. The formation 1s assigned to ,the Upper Devonian and 
attains a thickness of fiorty feet, and while ,it has been recognized 
art a number ·of points in the county, it is typically developed rat 
the State Quarries, or North Bend quarries, in 'sections 5 and 8 
of Penn township. On fresh fr.acture the 8tate Quarry rock is 
li~ht gray in color. In texture it varies somewhat in different 
beds but near the middle of the formation it is composed of 
coarse, imperfectly comminuted fmgments of brachiopod shells 
cemented together, ,the spaces being filled with interstitial cal
cite. The shells, ,or fragments of shells, making up the limestone 
are not embedded in a matrix but are ,simply piled on each ·other 
and cemented. 

N ear the middle ·of the formation the rock consists of thick 
ledges which, ,some years ago, were worked extensively. From 
these beds came ,the large limestone blocks used in the founda
tion of tte new state 'Capitol. Although the ledges show no defi
nite l.amination, 'and ,split as readily in one direction a;s another, 
the weathered surfaces ,on opposite sides of the numerous joints 
often show obscure ,signs ,of ·oblique bedding. The chief quarry 
ledge is five feet thick ,and rests ,on a four foot l,edge which is 
not used. The nex,t usable ledge in ascending order is als'o five 
feet in thickness 'and is separated from ,the first by ,two or three 
feet of talus. Tille fourth ledge is f.our feet thick and is very 
fine-grained. Above this the beds range from six inches to two 
feet in thickness; these beds are made up wholly ')f crinoidal 
remains. 'Below the first heavy ledge mentioned ,he r,0ck is 
thinly bedded. 
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While there is still a large amount of exceUent materi'al for 
bridge work and massive masonry available the lack of proper 
tr,ansportation facilities has oaused the temporary abandonment 
of the quarry. 

LIME. 
~ 

The LeClaire beds afford excellent ma'terial for strong, slow 
slaking .and slow setting lime, . but they hav,e not been used for 
that purpo,se in the county. Lime h3!s been burnt fr·om the more 
highly calcareous beds of the Devonian but not being able t,o 
compete with the better limes from other counties, the industry 
has been abandoned. 

LINN COUNTY. 

The Devonian limestones cover about two-thirds of the super
ficial area of the oounty and are quite generally exposed along 
the principal streamways, but notwithstanding ·these facts, com
paratively little dimension ,stone is deriv·ed from any of the beds. 
The Anamosa beds of the Niagara pr,actically have a monopoly 
of the commercial building .stone trade in this part of the state. 
All of the members ·of the Devonian represented in the oounty 
furnish ,some ,S'tone suitable for structural purposes, especi'ally 
crushed stone. 

The Goggan beds of Norton, formerly referred to the Niagara 
but at pr,es·ent included in the Devonian, are dolomitic, heavy
bedded, destitute of l,amination and often por·ous and hi~hly 
vesicular. When sufficiently oompact, the S'tone is well adapted 
for bridge work and other heavy masonry. A quarry ne.ar the 
railway station at Coggan giv,es a fair idea of 'the beds and is as 
follows : 

COGGAN SECTION . 

4 . Soil , loess and drift of variab le thickness . 
3 . Lime~tone, gray, hard, compact , sub-crystalline, magnesian; 

layers from one to four inches thick , weathering into b lock-

FEE T . 

chipstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
2. Limestone, m assive, pale buff, magnesian, moderately hard , 

granular , sub-crystalline ; porous or vesicular , with a few 
irregular cavities about an inch in diameter ; in layers 
eighteen to twenty- four inches t hick . In places the rock 

23 
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weathers jnto chipstone, and is a brownish buff, semi
earthy, semi-crystalline limestone. (Exposed to quarry 

FEET. 

floor) . .... . . .... . ...... ... . ..................... . . . . . . . . . 8 
1. Slope to water in river, elsewhere seen to be occupied by 

ml\ssive limestone as above . . ... ... . .. .. ........... . . : . . . . 6 

The beds exposed here are quite variable texturally and in 
color. They vary from a compact, subcrystalline limestone to 
a highly vesicular to earthy material almost pumaceous in char
acter. The full thickness ·of the Coggan beds i,s displayed a short 
dis'tance above the dam at Central City. 'Dhe sequence is as 
follows: 

CENTRAL CITY SECTION . 

6. Soil, loess and drift, variable thickness. 
5. Limestone, even-bedded, non-magnesian above, becoming 

more and more magnesian below, and so graduating by 
thin layers into the beds below that the line between them 
is somewhat arbitrarily drawn (Otis Beds) . . .... " ... . . .. . 

4. Limestone , magnesian, light buff, compact, granular .. . . ... . 
3 . Limestone as above, darker, also non-fossiliferous excepting 

some minute vermicular cavities; in three layers . ........ . 
2 . Limestone, massive, buff, magnesian; with moulds and casts 

of fossils, as at Coggan; porous and vesicular; upper layer 
cherty, with dark nodules forming in places a continuous 
band. The layers from above downward are respectively 
one foot, five feet and ten inches, eleven inches, and four 
feet ten inches in thickness ... . .......... . ................ . 

1 . Unexposed to river .... .. . . ..... . . ... .. .. .... . . . . ... ........ . 

FBET. 

12! 

1 

• 6 

1::l-t.-
10 

Numbers 2, 3 and 4 of the above belong to the Coggan beds. 
These beds maintain their level to a :fine exposure on the left 
bank of the river, two miles northwest of Centr,al City, at 
Granger's old quarry. 

The Otis beds of Norton have been expl,oited more extensively 
for crushed stone than any other. 8everal large crusher plants 
are located in Cedar Rapids and vicinity and furnish stone for 
street and r·o,ad work, concrete arid railw,ay ballast. The prin
cipal plants are located east and south of town on either side of 
the Cedar river. One of the large1st plants running at the present 
time is operated by J. J. Snouffier, Jr., and is located along the 
Chicago, Rock Lsland and Pacific railway in the south part of 
town. The beds exposed are approximately 'as follows: 
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FIG. 25-Snouffer quarry. Cedar Rapids. Linn county . Iowa. 

FEET. 

12. Loess stripping...... ... .. ... . . . ... . .. . ... ... .... ...... .... 12-20 
11. Thin bedded, shelly, weathered limestone, for the most part 

worthless; portions of lower ledges usable in crusher...... 11-12 
lO. Light brown, saccbaroidal limestone, heavy ledge, contain

ing cavities and masses of crystalline calcite, in places, 
contains numerous fragments of ·soft yellow limestone, 
prominent in face of quarry. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

9. Similar to No. 10 but more distinctly laminated and sepa-
rates readily a long bedding planes. . . . . . . . . . . . . . . . . . . . . . . . 2 

8. Laminated, soft magnesian limestone, sandy to the feel, 
porous; thin bedded and breaks well both horizontally and 
vertically, contains occasional small calcite cavities. . . . . . . 4 

7. Limestone, dense brown, non-crystalline ledge...... . . .. . . . 21 
6. Ledge, dark brown in color, including in places thin layers 

of black, carbonaceous clay.... . . . . . . . . . . . . . . .. .... . .. .. . It 
5 . Limestone ledge, light drab in color, has suffered shattering, 

cut by thin, irregular veins of crystalline calcite; close 
texture and conchoidal fractu re. . . . . . . . . . . . . . . . . . . . . . . . . . It 

355 
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FEET. 

4. Dark- brown limestone, in large part coarsely crystalline; 
hard and breaks very irregularly.. .. .. . . . . . . . . . . . . . . . . . . . Ii 

3. Hard, close textured limestone, has apparently been 
shattered and recemented by numerous veinlets of calcite; . 
displays fine wavy laminations .. : . . . . . . . . . . . . . . . . . . . . . . . . . 2i 

2. Shale, black, carbonaceous and contains -fragments of lime
stone, in places soft and plastic. . . . . . . . . . . . . . . . . . . . . . . . . . i-i 

1. Sugary brown dolomite in layers from two to six inches, 
alternating laminre of varying shades; the darker weather
ing to a residue of dusty sand; breaks irregularly except 
along planes of stratification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Thi,s quarry is located in close proximity to .the Chicago, Rock 
Island and Pacific tracks. At present the total output is crushed 
stone. The crusher is located 'on the railroad ,and the stone 
hauled by horse and cart up 'a low incline. Four grades of 
crushed pr,oductare put on the market, viz. : No. 1 ranging in 
size from 1 to 2% inches; No. 2 from % to 1 inch, No.3, % to 
%"and No.4, below 1,4 inch in diameter ,and termed" rock dust. " 

The upper beds IOf the Wapsipinicon are quite generally brec
ciated and as ,a consequence have been but little quarried. These 
beds have b:een developed in a small way 'at Marion, and in the 
vicinity :of Cedar Rapids and Flemingville. 

The Cedar Valley beds are often too shaly to be of much use 
for building or crushed stone purpos'es. As developed in Linn 
county, they break up readily under the action of frost and are 
not evenly bedded. The best quarries are in the vicinity of Gen
ter Point, T'oddville ,and Troy Mills. At best the stone produced 
is not to be recommended for important structures. ' 

MITCHELL COUNTY. 

The Cedar Valley limestone of the Devonian forms the country 
rock over the entire county. Excellent ,sections may be seen 
along the principal S'treams, especially along the Cedar river 
west of Osage. PI'Iactically the entire series of beds known to 
occur in the county 'appear in a ,single section aggregating about 
eighty-five to ninety feet. According to Professor Calvin in his 
admirable discuslsion of the Geology of Mitchell county the de
tails of one .of these standard sections are as follows: 

The Chandler Cliff Section, located on the east side of the 
river on the ,southeast quarter of the southeast quarter of section 
21, directly west of Osage: 
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FiG. 26-Cliff below the wagon bridge in the northeast quarter of section 28, Osage township . 
There are folded and brecciated beds at the base of the cUff ; the Uthographic limestone 
appears at the top . 

26 . Residual clay .in which thin, weathered slabs and flak es of 
limestone are em bedded, part of mantle of waste ... . .. ... . 

25. Limestone, coarse-grained, rough, weathered, magnesian .. . 
24. Limestone, firm, fine-grained, lithographic ledge, somewbat 

concretionary and containing imperfectly preserved stromat-
oporoids ... . ....... . .. ... ... ............... . ............ . 

23 . Limestone, partly decayed and partly shaly layer ..... ... . .. . 
22. Limestone, fine, light colored, lithographic bed. The bed as 

usual shows two divisions which are separated by a peculiar 
suture-like joint due to the interlocking of small promi
nences from the apposed surfaces. This interlocking joint 
is seen in all the exposures of this vicinity . The interlocking 
denticles show stylolitic structure . . ... . . . .. .. ... . ........ . . 

21. Shaly parting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ... .. . ... . 
20 . Limestone, lithographic, in three parts; upper part as u sual 

very fin e-grained and homogeneous .... . ... .... .. . .... .. . . 
19. Shaly parting ...................... ...... . ............. . .. . 
18. Limestone, lithographic, fine -grained ..................... . . 
17. Limestone , coarse, dolomitic ...... . ....... . .. ... ... . .. .... . 
16. Limestone, fine-grained, laminated ............ . ........... . 

FEET. 

4 

i 

1 

2 
1 

TI 

l 
6 

1 
1 
1 
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4. 
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FEET . 

Dolomite, coarse, granu lar, in beds ranging from six inches 
to a foot in thickness. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Shaly parting .. ..... . .... . . .. . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ! 
Limestone with lithographic nodules embedded in granular 

matrix... . ... ...... .. ...... ... .. .. .. . ....... . .......... It 
Limestone, heavy layer which is dolomitic below and partly 

lithographic above. The lithographic portion is joined to 
the coarser dolomite by a wavy and irregular line . . ... . .. . It 

Shaly band, variable in thickness, averaging about.... . . . .. . ! 
Dolomite, heavy layer, sub-crystalline. . . . . .... . ... . . .... ... . H 
Shaly parting. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . t 
Limestone, thick layer, coarse and granular at the base, up-

per six inches partly lithographic . . . . . . . . . . . . . . . . . . . . . . . . . H 
Limestone, hard, light gray, lithographic stone .... . .. ... . . .. 1,'2 
Limest.one, shaly, decayed... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Limestone, light gray, crystalline, good building stone. . . . . . . It 
Dolomite, evenly bedded, yellowish, good quality, quarried 

for building stone at many points in the county, layers 
ranging up to a foot or more in thickness, no fossils....... 9 

Dolomite, irregularly and indefinitely bedded, much checked 
and cut by joints, carries numerous casts of Athyris vittata 
and other species characteristic of the same horizon. This 
member will be referred to hereafter as the Athyris zone. . . 12 

2. Limestone, two heavy, irregular, non- laminated, dolomitic 
beds, contain ing many shapeless cavities lined with calcite 5 

1. Limestone, magnesian, partly dolomitic, in regular layers... 15 

For oonvenience a generalized section may be <lomposed from 
the abov;e section and one or two others in the immediate neigh
borhood. The following is believed ,to clos'ely approximate the 
truth: 

GENERALIZED DEVONIAN SECTION. 

FBBT. 

8. Magnesian limestone above the lithographic zone, represented 
usually by weathered chips. . . . . . . . . . . ... . ... . . . . . .. . . . . . . . 6 

7. Lithographic zone...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
6. Assemblage of variable beds between the lithographic zone 

and the evenly bedded quarry stone. .... ..... . .... .... . .. . 15 
5. Quarry stone, No . 4 of the Chandler cliff section . . . . . . . . . . . . . 10 
4. Athyris bed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
3. Coarse, vesicular bed with calcite- lined cavities. ... . . . . . . . . . . 5 
2. Regular bedded dolomite at base of Chandler section. . . . . . . . 15 
1. Folded and brecciated zone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

Number 1 in the general section may be seen one-fourth mile 
below the electri<l power plant just below the wagon bridge di
reotly west of Osage. The upper portion of the section clo·sely 
resembles Chandler's Cliff. 
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The principal ,streams in the county are strike streams and 
the general slope is paraUel with the dip south an::l west. The 
beds which are quarried at St. Ansgar are essentially the Slme 
as those quarried at Orchard, and those being developej in the 
vicinity of McIntire find their counterparts in the quarrie"3 al'ong 
Rock creek. 

In the vicinity of Osage quarrying operations are limited al
most wholly to the lithographic beds. Near Mitchell and St. 
Ansgar, and 'along the Little Cedar from Stacyville to Brown
ville, the regu}arly bedded dolomites, correspon:1ing to number 
4 in the Chandler ,section, are worked. At McIntire and along 
Rock creek the lrthographic zone is the one mainly utilized. At 
Otranto the Athyris bed is work,ed and it would appear that 
number 1 of the Chandler se0tion ought to be within working dis
tance of the surface. In order that the debils may be hetter 
unders tood and the l,wtent resources of ,the county mor'e fully 
appr'eciated, a detailed quarry section from each of the more 

FIG. 27-The Lewis lime quarry, in the southeast quarter of section 27 , Osage township, one 
and one-half miles snuthwest of Osage. 
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important districts i:s given below. A considerable number of 
quarries have been opened along Sugar <meek slOuthwest ,of 
OSfl,ge. One of the most important of. these is known 'as the 
Lewis lime quarry. The section is as follows: 

LEWIS LIME QU ARRY. 

10. Dark brown residu al clays with some granul a r, calcareous, 
residual material res.embling fine sand, and many weathered 
chips of limestone . . . . . . . . . . . . . . . . . . . . . ...... . ... . .. .... . 

9 . Limestone, firm , whitish, fin e-grained ledge of concretionary 
lithographic stone containing a number of obscure stromat-
oporoids .. .... . . .. .. ... . . . . .. ............ . . . . .......... . . 

8. Limestone, shaly, fossiliferous, fossils mostly in the fo rm of 
comminuted brachiopod shells .............. .. ........... . 

7. Limestone, hard, fine-grained, lithographic, with lamination 
planes well defin ed in some places , less perfectly defined in 
others , and with a tendency to split up into individual 
layers of varying degrees of thickness .. . . .. . .. . . ........ . . 

6. Shale , marly ... . . ......... ... . . ... ...... . .. . .. .. . ...... . . . . 
Ii. Lim estone , heavy ledge of fine-grained lithographic stone 

dividing into two parts, the upper ten, the lower seventeen 
inches in thickness. The lower five inches is very fine and 
h omogeneous in texture and tends in places to separate as a 
distinct layer . ..... . . . .. . .. . ......... .. .. ..... .. . . . . .... . . 

4. Thin shaly parting . . , . . . . . . . . . . .... . .... . .... . ........... . . 
3. Limestone, ledge of fine-textured lithographic stone in three 

parts, eight, seventeen and one-half, and three and one-half 
inches respectively . ... ... .. .. . .. ... . ... .... .. ... .. .. . . . .. . 

2 . Shaly parting . ..... . . . " ....... . ......... ... .. . ... .. . ... . . . . 
1. Limestone, coarser and less perfect lithographic stone, in two 

parts eleven and nine inches thick .. . . . ... ... ...... . ...... . 

FE E T . 

4 

• .. 

2i 
1 

12 

2t 
1 

1 2 

Beds 3, 5, 7 ,and 9 are fine-grained and li~ht colo'red, break 
with conchoidal fracture, and would 'all be dass-ed as lithographic 
limestOille. It is the upper eight inches of No. 3 and the lower 
five or six inches of No. 5 .that are fine enough and homogeneous 
enough ,to give promise of possessing commercial value as serv
iceable lithographic s,tone. All the beds are checked and jointed 
on an extensive scale, and this refhders it difficult to obtain blocks 
of usable size for lithographic purposes. 

' The lithographic beds are quarried at an opening on the land 
of Dr. W . H . Gabl'e in the northwes.t qU!al'lter ·of the southeast 
quarter of ,section 27 about half a mile northwest of the Lewis 
quarry. The lithographic beds here, as elsewhere, are remark-
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ably durable as evidenced alongnaturel fis-sures. Detached 
blocks which bB'ar evidence of long exposure, ring when struck 
with ,the hammer and show 'slight indication of surfac'e softening 
and d~sintegra:tion. An average 'samp~e was taken from the 
Gable quarry and analyzed. The r,esults were as f.oUOWS: 

Insoluble ........ , . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . .. ........ .. .. 2.21 
Iron and alumina.... . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.82 
Oalcium carbonate . ......... . . .... . . '" ....................... 90.17 
Magnesium carbonate...... . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. 1.03 
Moisture and organic matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2.63 

99.86 
A. O. ANDERSON, Analyst. 

The sectionsexpos'ed ,alt St. Ansgar and Mitchell show no new 
facies. The dolomitic beds are worked the most though the 
lithographic beds are available 'at ,the 'lat,ter place. At OtraniJo 
only the lower beds exposed in the Chandler section are known, 
while along the L~tUe Cedar the middle Ito }ower beds are 
availlaMe. 

Near McIntire the following 'section expos'ed near the mill 
southeast ,of the town may be taken '8!S ,a fair average. The beds 
expos'ed are as follows: 

FEET . 

5. Loess and soil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
4. Limestone, decayed, magnesian, granular.... ... .... ... ...... 2 
3. Limestone, laminated, lithographic stone . ... .... .... .... .... . 3 
2. Limestone, solid, granular and fossiliferous.... .... .. . . .... . . H-
I. Limestone, thin-bedded, partly lithographic stone, variable.. . 2 

In the bed 'of the sma'll creek between the quarry and the mill, 
there are firm dolomi,tic beds below the }evel of Ithe ,above section. 
'Dhe entir,eassemblage of beds in this part of the county ar,e sup
posed to be the ,equivalents of those exposed near the top at 
Osag,e 'and Orchar,d. 

Notwithstanding [the abundance of exceHent structural mate
rials aVlailable none of the quarries are of more ,than local im
portance. 

LIME. 

Two small kilns still exist southwest of Osage along Sugar 
cr,eek. Lime is not regul'arly produced, however, as the kilns 
have be'en idle for several years. The lithographic beds were 
llitilillJed and a good grade of white lime was produced. 
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MUSCATINE COUNTY. 

Whil,e stratified rQcks Qf Devonian age are believed to. fQrm 
the cQuntry rQck immediately under the glacial debris Qver the 
larger PQrtiQn Qf the cQunty, eXPQ,sures 'are practically limited 
to. Mo.sCQw, Sweetland, and MQnrt;pel~er ,tQwnships. UnimpQrtant 
QutcrQPs are also. knQwnvQ QCcur in the cityQf Muscatine. The 
IQwest limestQne beds eXPQs'ed are prevailingly brecciated in 
char.acter, and carry 'a high percentage -Qf calcium carbQnate, 
being almQst pure limestQnes, 'and are nQn-fQssiliferQus. The 
upper limesltQne beds are rich in Qrganic remains and Qftentimes 
al'e magnesian ,to. dQlQmitic in charaoter. Quarrying QperatiQns 
have been carried Qn Qn Qnly a 'small scale, save near the Missis
sippi river where CQnsiderable material has been used fQr Mis
sissippi river imprQvement wQrk by the Federal GQvernment. 
A -CQmpO' ite sectiQn cQmpiled frQm the QutCl~QP in the vicinity 
Qf MOSCQW is 'abQut as fQllQws: 

FEET. 

6. Drift and surface detritus of variab le thickness. 
5. Limestone, hard, gray, in rather irregular ledges, fossiliferous 

and somewhat brecciated; mixed with the rock below. . . . . . 5 
4. Lime tone, softer than above, mostly concealed, with freq uent 

crinoid stems above; blue and fine-gra ined ledges farther 
down, slightly crushed or brecciated in the lowest part; 
fossiliferous. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 29 

3 . Limestone, strong, gray, in moderately heavy and regular 
ledges, sl ightly broken or brecciated in a few p laces, fossiJjf · 
erous ............... ....... . ................... ......... _ 8 

2. Limestone, coarsely brecciated, emitting a faint, bituminous 
. odor under the hammer. .. . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . 4 

1. Limestone, white, evenly bedded, in th in layers. . .. . . . . . . . . . . 4 

Numbers 1 and 2 ,are exposed Qnly alQng Sugar creek nQr,th
east Qf MQSCQw, while ,the upper members appear west Qf the 
tQwn. Quarries have been Qperruted frQm time to. time at several 
PQints. 

NumerQus QutcrQPs Qf DevQnian limestQne 'sQmewhat higher 
in the series than thQse abQut MQSCQW may be viewed alrQng 
the Mississippi river 'and its immediate tributaries frQm the 
eastern bQrder Qf the cQunty itO. the city Qf Mu catine. The 
best develQped andle'aJst Qbscured sectiQns Qccur in the vicinity 
Qf MQntpelier and along Pine creek. 
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. Along Sulphur branch, a cr'eek which ·enters ,the Mississippi 
abourt <one mile east of Montpelier, ,the following beds appear: 

FEET. 

7. Drift and soil, of variable thickness. 
6. Limestone, weathered ledges, with scattered casts of cup corals 2! 
5 . Limestone, black, carbonaceous, with Stromatopora.......... 1-
4. Limestone, bluish, dolomitic, thick-bedded, with fossil casts . . 9 
3. Shale, soft, fossiliferous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
2. Limestone, in thin hard ledges, with small, kidney-shaped or 

cake-like Stromatopora.. . . ... ... . .. . . . ... . .. ... . . .. .. . . ... 2 
1. Limestone, dolomitic, bluish, finely granular; fossiliferous, 

exposed ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................ 4 

Nearer town number 1 in the above section is seen to res,t on 
a bluish clay of unknown thickness. The upper beds have been 
quarried, number 4 having been quarried rrno~t extensively. 
These l'edges exhibit some of the coorncteristiCis ·of a "free
stone," breaking almost as readily in one direction as in another. 
The bedding planes 'are ev'en and wen marked. The lowermost 
l'edge ·of number 4 is two feet in thiclmes's. When ,subjected Ito 
weaJthering influences, the beds tend to become clayey. 

N e,ar the center of section 21 in Montpelier township, large 
quantities of ml1!terial have been obtained for ,the construction 
of wing~dams farther down Ithe river. The section exposed at 
this po·jnt and ne,ar vicin:iJty is as follows: 

FEET. 

8. Drift and soil, variable thickness. 
7. Limestone, hard, brown, weathered, apparently somewhat 

brecciated and containing fragments of Stromatopora...... 4 
6. Concealed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5+ 
5. Limestone, weathered, apparently brecciated, with a large 

Stromatopora above a dark carbonaceous layer near the 
base, carrying casts of an Amplexus.. .. . . . . . . . . . . . . . .. .. . . 4 

4. Limestone, dolomitic, almost white, bluish, finely granular 
and evenly bedded; in heavy ledges, the lowermost nearly 
four feet thick, rapidly turning darker blue and yellowish on 
'exposure; oblique, curving fracture in some places, fossilif-
erous ....... . .... ... . .. . .... .... .. . . .... .... ...... .... .... 8 

3 . Limestone, hard, in thin layers and rough, but straight layers 
above; fossiliferous........ ... ......... ..... . . . . . . . . . . . . . . . 2t 

2. Concealed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
1. Limestone, dolomitic, bluish or gray, with Cystodictya .... ... 2 

Number 1 di1s:appears under the creek and also under the 
water in the river. 
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Sootirons al'ong Ithe lower course of Pine. creek lare pmc,tically 
the S1ame <as the one juslt given. Higher up the stream beds 
lower in the series 'appear. Possibly the mo'sit ·extensive succes
sion may be ,studied in an old quarry in the south bank . of a 
small tributary of Pine creek in the northeast quarter of the 
soU!therust qUJar,ter of section 4 in Montpelier township. 

CARPENTER QUARRY SECTION. 

8. Drift and soil, of variable thickness. 
7. Limestone, much decayed and appears to be a yellow clayey 

material; fossiliferous ................ .. . .. .... ...... ..... . 
6. Limestone, hard, solid ledges, a foot in thickness, in places 

highly fossiliferous ....................................... . 
5. Limestone, fine-grained ledge, cut by a net-work of vertical 

plates made up of material like that in the ledge above .... . 
4 . Marl, earthy .... .......... ....... . .......... . .... ...... ... . . 
3. Limestone, fine-grained, gray, thin-bedded above, thicker 

bedded and dolomitic below, Gomphoceras and a reniform 
Stromatopora in upper part, Cystodictya below ...... . . ... . 

'2 . Concealed .................................................. . 
l. Limestone, gray, in somewhat irregular ledges, fossiliferous, 

exposed .................................................. . 

FEIIT. 

7 

3 

1 .. 

2 
6 

3 

Numbers 3 Ito 6 lar·e the beds developed in the above quarry 
and in the immedilate vicinity. 

From the mouth of Pine creek, crops of Devonian limestone 
co.ntinue to the city of MUs.Clatine, but none <are o.f sufficient im
Po.rmne·e commercially to merilt individual mention. 

The upper Devonian beds exposed in the Co.Ulllty constitute the 
Swem.land Creek beds of Udden. They <are pr·evailingly 'argil
laeeous in cbiamciter, although they co.ntain certain hard mag
nes·ian to. do.lomitic layers belo.w.The well indUI'lated beds are 
neither sufficient in quantity nor sufficiently acces'sible to be 
worthy of considerrution. Ce~tain of the 'shal'e members are 
highly bi1tuminous while others 00ntain a considerable percentage 
of lime phosphate. 

SCOTT COUNTY. 

Dev'onian lime-wones ,hiav·e been quarried erlensively fro.m 
PleruSiant Y-a1ley to Buffialo ,al,ong the Mississippi riv'er. The 
most eXltensive quaTries are loeated at Bettendorf eaSlt -of Daven
pont iand 31t Linwood near Buff:al'o. Several companies are oper
ating near Bettendorf, crushed stone being the chief pro.duct. 
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PLATE LI.-Clark quarry, near Buffalo, Scott county; upper view showing trackage arrangements 
leading to incline, lower view showing irregular beds and large amount of shaly talus. 
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rnhe Grommoll quarry is }ocated east of Bettendorf and s,outh 
of the elledric railway tracks. The pit section aggrega,tes lten to 
twelve feet. The upper six Ito eight feet is compos'ed of a thinly 
hedded, hrittle, wbillte lime:stone while the lower f.our feelt de
veloped comprises heavier heds of gray 'to huff limes,tone. The 
upper beds in ,their entirelty aLong with the spalls f.rom ,the Lower 
heds, are put through the crusher, while the lower beds supply 
some rubble stone. The sl1Jone is hoisrtled by derriclm and dropped 
diI'ectly into a BI'ennan crusher (Blake type, jaws in IthI'ee paI'ts 
working sepanaltely). The crushed produclt is eleva ted to a 
cylindrical screen and si7Jed, Ithe screened product f:alling direc.tly 
into storage bins from whi'ch it is 103!ded into cars. The output 
is used to a large extent locally. 

The LeClaire Srtone Company has a plant just west of the 
GI'ommoll quarry. The pilt iha;s been opened ,to a depth of ahourt 
twenty feet. The 'section is the s'ame ,as the preceding, save th3!t 
the lower heds lare more importaIDlt and furnish a good grade of 
rubhl'e and ·s,ome I1ange 'stone. The heds are gray-blue in c010r 
and range fr,om eight to ,siXiteen inches in thickness. The bedding 
pI-anes are not very apparent. The plant is equipped with s:team 
drills, steam hoists, and 'two Gates crushers. Both plants pro
duce a super~or grade of crushed s'tone, and prac1tically no strip
ping is requiI'ed at eitther pllallit. 

At Linwood, east of Buffalo and nOI'th IQf the railroad tracks, 
the Linw,ood Quarry Company illistalled 'a crusher pI-ant a f,ew 
years ago land is producing crushed 'stone only. The pit shows 
much shalttJered beds of white to shaly limesrtone. In places the 
co}orof ,the ,stone :Us somewhat variegalted. 'The plant is equipped 
w:uth a Bl'ake crusher and a number 5 Austin crusher, 'and the 
neces's'ary traclm:ge and derricks. A small amount of rubMe is 
prodUiced. 

A new crusher pLanJt }}las heen opened recently just wes,t of 
BuffaLo on :the Clark farm. The stone developed i,s similar ,to 
th3!t at Linwood hut 'appear,s to be lelss shaly. The pliant is one 
of the largest in the slta:te, having a capacrnty of 100 yards per 
hour, ,and ~s equipped with a numher 71j2 'and 'a number 5 Austin 
crusher. The plant is well housed and is supplied with a full 
compLement 'of up-to-date machinery. The ,sttione is loos-ened by 
drilling ,and heavy charges of dynamite. Oompressed air is 



368 GEOLOGY OF IOWA QUA RRY PRODUCTS. 

used in drilling. The srtone is lo'aded into cars having a capacity 
of two yards and drawn by la rope up an incline <to the crusher. 
M'Oslt of the ,output ~s 'taken by the Chic:aglo, Rock Island and 
Pacific Railway for bal~aslt. 

The Wapsipinicon stag'e 'of ,the Devoman h3JS produced 'and is 
capaMe of producing 'SIOme very g,ood dimension Istone and 
dressed stone, especially Tlock-fa<lled ,rushlar. TriniJty church, 
Dav'enpoI'lt, is ,an example .of the stone obtained from the upper 
Davenport beds, while Ithe cruthedral 'of the Protestant Episcoplal 
Church W3JS bui~t from stone obtained fI'lom Ithe Lower Daven
por,t beds. 

The Middle Dev.onian beds 8!S represented by the Cedar Valley 
limestone, are for the most paI'lt too 'argilLaceous <to 'afford build
ing ,stone of good qU!ality. Sev'era:l :of the Lowe,r Layers furmsh 
stone of falir qualilty ,and several quarries have been opened to 
develop Ithem, the most impoI1tani ,of which are Loc'Med near Buf
f,aLo. One 'of ,the most extensive quarries i,s loooted on the soutb.
weSit quart-e'r of ,s'eetion 13, Buffialo township. The beds work'ed 
are a;s follows: 

PERT . 

2. Limestone, hard, gray, sub-crystalline, fossiliferous, in hori-
zontal layers ranging from four to nine inches in thickness . 7 

1 . Limestone, argillaceous, blue weathering buff, upper nine 
feet highly encrinal, main joints run north, 35 degrees east 
and do not continue upward into number 2. .. . ........... 14 

The other quarries of Ithe rtJownship preserut v'ery similar sec
tions. M'ost of the 'stone quarried was uood for river improve
merut work by the government. Borne h3JS been used for road 
work 'and ,rough masonry. 

LIME. 

The LeClaire b~ds of ,the Siluri'an aff,ord ,an 'almost inexhaust
ible supply IQf m!ruterial suitable for lime burning ,and are ex
tensively developed rucross the river from LeClaire 3Jt POTlt 
Byron. .Alt the present Itime this mo'slt excellent limestone is nOlt 
being used in ,the county. Some lime burning has been done near 
Dixon and Gilbert, but white Devonran limesrtone,s have been 
used. The ,annual outPUIt is small. 
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WORTH COUNTY. 

LimeSltones 'Of the Ma80n City sub-st'age IOf the Cedar Valley 
stage ,outcrop in the banks of both the Shell Rock river and 
Lime creek and ,their chief tribUJtaries. The ,strata a,re 'Similar 
in ,every way Ito their equiva1lents in the Mas'on City ;sections in 
Cerro GordlO county. 

On the Shell Rock la maximum thickness of 'twenty feet of the 
\ 

limestone beds may be observed at the railroad bridge in section 
1 of Lincoln township. 

The fol1owing secti.on 'rut Foster's mill in the northe1ast COorner 
Oof ,section 30, Uni10n 'township, is 'typical fOor the Cedar Valley 
beds: 

FBBT . 

4. Weathered limestone, crystalline, and containing numerous 
calcite cavities ... . . . . ..... .. . .. . .. . .. . . . ... . .... . . .. . . .. . 10 

3. Compact, light colored, dolomitic limestone , h eavy bedded . .. 4 
2. Very close textured limesto.ne, lithographic in appearance, 

hard and breaking with conchoidal fracture. Has a very 
characteristic ring when struck with the hammer . . .. . . . . . . 3 

1. Argillaceous, bluish dolomite layer, exposed to water helow 
dam.. . ... .... . . .. . . . . . .. . .. .. .. .. .... . . .. .... . .... ... .... 1 

No. 4 is the StromaJtopora zone which chamcterizes thi,s stage 
rut nearly every expo,sure. It 1s the ,equivalent 'of the beds that 
are to be ',employed foor the manufacture of POI'!Uand cement a.t 
the M'8Js,on mty plant, in the adjoining county tOo the S'outh. 

Near the 'south edg,e of ,section 12, LinclOoln township, i,s a 'Small 
quarry from which eru,shed 'si'one has been taken for road mate
rial. The middle lJay'er of the Foster mill section is the 'one used. 

Beginning in the northwest quar,ter ofsec!tion 1, Lincoln town
'ship, is a continuous 10utCI'lOP for about 'one-third ofa mile where 
Shell Rock riverfiows clOose to the west edge .of its valley ,and 
at the foot 'Oof the exposur'e. F r om 'a short dist'ance below the 
railroad bridge ilt eXitends northward 'aero,ss ,the line into Kensett 
township . . The f'o~j.owing is thesomewhrut generalized section: 

F EET. 

5. Bowldery d rift . . .... . .. . .. . ...... . .. . .. '" . . .. . .. . ... . ... . . 2 
.. L Badly weathered limestone, rusty r,ed in color , no fossils, nod .. 

ular in appearance, beddin g obscure on account of disin .. 
tegnition .. ... . , .. '.':; .... . ... . . . . . ... , .... . . . . ... . . . .. . . . . 6 

24 
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3. Fine textured limestone of light color, non-fossiliferous and 
containing much interstitial crystalline calcite, heavy 

FEET 

bedded......................................... .... ...... 3 
2. Slightly argillaceous magnesian limestone, grading downward 

into the darker variety, breaks with earthy fracture, but is 
very hard, bedding 8 to 12 inches ......................... 2 - 3 

l. Argillaceous dolomite, that portion not adjacent to joint or 
bedding planes a dark blue, good building stone, to water . 6 

No.4 of ,this section is the equivalent of the upper member in 
the F'O'Siter mill secti'On. Below the railroad bridge a layer of 
calcareous slandstone eight inches :thick 'appears between No,s. 3 
and 2. This is ve,ry suscep'tiMe ,to the weathering agencie's, and 
its breaking down forms a re-entrant in ,the quarry face. 

A small qnarlY has been opened in the northern part of sec
tion 14, Kensett townsihip, and some stone .removed to supply 
a local demand f'or the purpose of rough masonry. The argil
}aceous dolomite ha's here been qUJarried Ito 'a depth 'Of ,six feet. 
A rthin layer ·of sandy, shaly and weruthered limestone occurs 
between strata of the dolomite. All the layers shown art; this ex
posure have suffered more ,or less fr'om weruthering ,and are 'Of 
litU,e value as building material. 

At Fertile an outcl'lOp in the south bank of the s,tream, bel'Ow 
the wagon bridge, gives ,the foUowing section: 

F8ET . 

3. Hard limestone, badly shattered into small blocks by weath-
ering.... ..... . ..... . ...... . .. . .... ... .... ................ 41 

2. Arenaceous shaly limestone, very slight effervescence with 
dilute HCI .. .. . . .. . ... ..... ...... ..... .. ... .. . .......... 8 

l. Heavy bedded , sub·crystalline, dolomitic limestone, to water 
level... . ..... .. ........... ... .... .. ....................... 5 

Bed No.2 gives way much more readily to wea;ther~g than 
the other members and is conspicuous 'as a re~enJtrant along the 
face of the expo,sure. A small 'amount ofsrtone has been quar
ried at the east edge of the Itown in 'a low terrace to the no:r:th of 
Lime creek. 

The qUJarry indusrtry of Worth county has been developed only 
to the extent of supplying a local demand in ,the immediate vi
cinities of the exposures of the limestone beds. Practically all 
that has been used for building purposes has been from the com
pact, light colored stratum and the underlying dark magnesian 
layer giv,en in the sections along the Shell Rock. The former is 
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well suited for road m3Jterial and concrete work, while the latter, 
whi!ch is the equiVialerrt of rbhe Mason Cirty dolomite, is considered 
one ·of the best land most durable building stones taken from tJhe 
several quarries in Cerro Go·rdo '0ounty. This ,stone is well 
exposed ,to a thickness of ten to twelve feet in the northern part 
of Lincoln township, where the Chicago Great ,Vestern cros'ses 
Shell Rock river, land in a location where conditions are fav·or
able ~or development. 

These limestones also bOlth produce an excellent qualilty of lime 
as demo,n.strated by their l'ong continued use for this purpo,sea;t 
Mlason City. The aolomiJtic stone gives a stronger lime than 
the white 'and one which deterior3Jtes less rapidly by air slaking. 
The white lime, however, is eminently suited for use in the 
manufacture of sand-lime brick besides V'arious morbar purposes. 
In this pha;s'e of the qUJarry business, Worth county has resources 
equal to any of its neighboring c;ouruties. 

The Kinderho ok. 

The Kinderhook is typiclally developed in the vicinity ·of Bur
ling torn in Des Moines county and comprises a Iseries of shales 
below and limestones above, separated by finely arenaceous de
pos~ts. The s'hales const~tute the mo,st extensive member a;t 
Burlington, exceeding 'one hundred feet in thickness but thinning 
nomhwestward along the line of sltrike, while the limes,tone 
member 'becomes relatively more imp 0 I"tJant. The medial sand
stone is fairly pers]sltent bU!t becomes less important nOI'lthward. 
The cal0areous member shows a decided tendency to bee'ome 
oolitic and rangels in Itex'ture from a compaot brittle limestone 
to sub-crysltalline and .oolitic char:a;cters. H is 'eqUially varilable 
in compositi'on, showing lall gradations from a pure limestone, as 
the o'olite ill Marshall coUlllty ood the whilte limestones in Hardin 
and Humboldt counties, to rthe sugary brown dolomite of Hardin 
county. The quarry stone c;omes from the upper member, which 
has been extensively exploited in Marshall and Hardin counties. 
The shales are 'of interest a;sa possible ,source of Portland ce
ment materiJals. They 'are extensively developed at Hannibal, 
Missouri, by the Atlas Portland Cement Company. The sand
stone is not being developed at the present time 'although it has 
been quarried in 'a small way in Mal'shallamd Tama counties. 
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DES MOINES COUNTY. 

The Kinde:r:hook beds lare believed ,to form the country rock 
under ,the Mississippi borbtom lands along the entir,e e'ast from 
of the county. Theyappe'ar near the base of the bluff.s, overlain 
by the heavy Osage, or Augusta limeS'tones, £or practically ,the 
sam.e dilSitarrrce 'MId f.or about six miles up the Skunk river. They 
present ,their maximum exposure in the city of Burlington aJt 
Prospect Hill, ilIDd 'at Cascade in the bluffs and in the pit of the 
G:r:anite Brick Company. According 170 Keyes, and Weller, the 
Kinderhook s'ection at Prospect Hill is as follows: 

SECTION AT PROSPECT HILL, BURLINGTON. 

12. Loess ..................................................... . 
11. Till; yellowish brown clay, with pebbles and small bowlders. 

FilET. 

15 
8 

10. Limestone, white, thinly bedded .. 00 . . . . . . . .. . . . . . . . . . . ..... 10 
9. Chert and siliceous shales with thin, irregular limestone 

beds, white and red in color. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 
8. Limestone, brown an,d white, rather heavily bedded, coarse

grained, sub-crystalline; becoming more thinly bedded and 
cherty above. . . . . . . . . . . . . . . . . . . . . .. .... . ..... . ...... . .... 25 

7. Soft, buff, gritty limestone. . . . . . . . . . . . . . . . . . . . . .. .......... 3-5 
6. White oolitic limestone.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2--4 
5. Fine-grained, yellow sandstone..... . . . .. . . . . . . . . . . . . . .. . . .. 6-7 
4. Fine-grained, compact, fragmental gray limestone 00 00 00 00 0012-18 
3. Thin band of hard, impure, limestone filled with Chonetes; 

sometimes associated with a thin oolite band ............... i-i 
2. Soft, friable, argillaceous sandstone, sometimes harder and 

bluish in color, filled with fossils in the upper portion, the 
most abundant of which is Chonopectus fischm·i. . . . . . . . . . . . 25 

1. Soft blue argillaceous shale (exposed)... . .. . ...... .... ..... 60 

Number 7 is ,s'omewhaJt eaI'lthy and magnesian and ordinarily is 
not sufficiently indurated to be used la's a quarry rock. In the 
Government quarries below Cascade it has been taken out for 
use in the river improvement work. The ,oolite is not constant 
in ,thickness but r;anges from one and one-half to flOur feet. It 
is usually fairly massive and compact 'and when properly selected 
has proven Isatis£actory as a dimension stone. It appear,s to be 
persistent 'as ilt h3JS been seen 'al,ong Flint riv,er and south as far 
as p.atterson. Numbers 2 ,to 4 inclusive are usually not suffi
ciently indurated to be used 'as quarry stone. Number 4 especi
ally is oftentimes very friable 'and is ,to some extent a source 
of build[ng 'and molders' sand. The slhale is by far the most im-
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PLATE LII.-a. Section at Union Depot in Keokuk showing chert beds. 
b. North end Of Government quarries below Burlington showing the 

Kinderhook limestone. 
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porbant member from a geological and aliso from an economic 
standpoint. lit is 'a massive deposit ramging from blue to blue
gray in oolor, a.lmosit gritles's. The beds are almost non-fissile, 
high in siliCia and C'omparatively low in alumina. They show an 
incr'ease in silica upward and grade almost insensibly into a 
soft argillaceous sandslbone above. The shale showls a maximum . 
exposure of sixty feet and is known to extend at least one hun
dred fee,t below Ithe wwter level in the riv'er. Average samples 
were selected fI"om the upper 'and lower por,tions as exposed in 
the pit of the Granili;e Brick Oompany at Oascade. The re'sults 
are given belo,w: 

Top of Pit . Bottom of Pit. 

Rilica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 77 .39. . . . . .. 71. 78 
Alu mina ...... .... ....... . ................. . .... .. 5.16 .... .... 11041 
F erric oxide... .. . . ... . . . . . .. . . . . . . . . . . . . . .. .. ... . 2.40 . .. ... .. :~ . 35 

Lime.. ................ ......... ............... .. . 3.65 ........ :US 
Magnesia . .. . ........... . . ... .. ......... . ... . ..... a.13 ....... . 3.S0 
Potash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.44 ..... .. . 0.86 
Soda.......... .. . . ..................... . .... ...... 2.79 . ... . ... 0.78 
Sulphur trioxide ..... . . , . . . . . . . . .. . . . . . . . . . . . . . . .. 1.30 . .. . .... 1.21> 
Loss on ignition . .... ... .. . : . . . . . . . . . . . . . . . . . . . . . . . 2.90 ........ 3.69 
Moisture at lOOo C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.1:~ ..... .. . 0.42 

At Hannibal, MiE"3 0uri, the Kinderhook shales are used exten
sively in the manufac,ture of P.ortland cement, and Ithere is no 
good reason why the beds in the vicinity of Casoade are nOlt 
suitable for the same purposes. Tl1eir area of outcrop above the 
river flood pua.in is very limited, butocc'asi onal are1as, such as 
along the lower course of Flint river, are a.vaila.ble. 

The non-res~S'tant cha.mc-ter of the Kinderhook beds is in very 
large measure responsible for the steep bluffs which face the 
Mis,sissippi river and larger tributaries. 

FHANKUN COU.\TY. 

The Carboniferous rocks present in ,the county belong to the 
Kinderhook stage. In the ea.stern portion of the county, beyond 
the border of ,the Wisconsin driflt, Kinderhook rocks are exposed 
along the channels of ,all the principal ,sltreams. The rocks of 
this stage consist in this oounty of limestones and sha.les, the 
former varying from 'soft, ma.rly, argillac,eous beds containing 
large quantities 'Of chert, t'o compact, partially crystalline, fossil-
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iferoUJs or se'll1i-oolirtic d010mi,te. The shales :rtange from mag
nesianand ealoareous beds which. in many instances represent 
the firmer lime'stones in ,a state 'Of decay, to rtypi0al yellow or 
bluish pl1as<tic clay,s. 

Weathered Kinderhook limesltone appears al'ong Bailey creek 
in Richland township. Alrong Otter creek these beds are al,so 
exposed almost continuously from ,se0tion 30 of Ross to i,ts union 
with Ha:rttgrav'e creek in Ingham town~hip. One mile west of 
Chapin at the ,southwest corner of section 29, limestone is quar
ried. The :DoHowing ,section may be viewed : 

FEET. 

3. Thin drift soil .... . .. .. ......... , . .. ............ ... . . ...... 1 
2. Bad ly weathered and iron stained a rgi ll aceous limestone.. . . . 7 
1. Hegularly bedded blue-gray to sugary-brown dolom itic lime-

stone, containing Orthot,hetes, related to U. inequalis Hall , 
and Orthis (?), exposed... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Th.i,s quarry is worked by Mr. Wm. Low. A quarry face eight 
to ten rods in length is open. The usable por,tion of the secti'On 
i,s covered by six to eight feet of argilliaceous werutnel'ed rock 
which must be removed by stripping. The lower beds are regu
lar and rthe ~ndividl]la11ay,ers Vlary from six Ito eighteen inches in 
thickness. The stone is granular and fossiliferous and ranges 
from bl'own to blue-gray in color. It yields re8idily to shaping 
for dimension work and aff'ordlS the moslt durable building s,tone 
no·w produced in the county. A modeI'I3Jte local demand is sup
plied, none as ye,t being shipped. 

Ledges of this l~ock form the era t boundary ·of Otter creek val
ley and appear for some disrtance hoth north and south on both 
sides of the Htream. Olltcrops are ,to be f'Ound in the vicin:iJty 
of Bufflalro cr,eek inse0tiron 36 of Richbnd township, and section 
31 of Ross; irt i·s also found along the weSit side of seotion 6, and 
across sections 5 rand 4 of Mott township, where 'the bordering 
hiUs are all supported by ihe limestone, which 'srlJands twenty
five feet above the stream. Throug}}lout the remainder of its 
cours'e in Motrtand Ingham 'townships, 'Otter creek valley is 
hounded by lime tone walls, and evideH'Ce,s of the presence of 
limestone are rto be seen, aside from nrutural 'Outcrops and hill
side talus, 'on nearly every s-ection l,ine where the publ ic high
way crosses this creek. 
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Limestone ~s lalslo flound along Spring creek in sections 21 and 
22, and along SqUJaw creek in the city of Hampton. Stone has 
Long been quarried in :the nOl'th part of the town. A poor grade 
of limes,tone i$ now being used fl'oma new opening a few hun
dred Ylal'ds wes1t -of Ithe cemetery. This opening shows the f'Ol
lowing secti'on: 

FEET . 

3. Earthy, shattered and iron stained limestone with numerous 
hands of chert ........ .. .. . . ....... . . . ....... :. . . . . . . . . . . . 5 

2. Thin-hedded, earthy limestone permeated with chert in hands 
and irregular concretions; somewhat cavernous, brachiopod 
impressions preserved in chert. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6i 

1. Heavier beds (6-8 inches) and less chert, caverns lined with 
botryoidal calcite.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

The rock is wealthered 'and contains intermittent bands ' of 
chert, which cause it to break very irregularly. It is us-ed for 
only the rougher masonry work and would nOlt give s'atisfaction 
in exposed posit~ons. 

There are innumerable exposures of Ithe lower limestones, and 
occasionally of ,theshaly beds, not in the immediate vicinity ,of 
the streams, in ,the north-central part of Ingham and in the cor
ners of MOltt and Ros,s townships, where ,the main features of the 
bopographyareexpressed in these older rocks. In the northeast 
quarter of section 28, Ingham ,township, south of the railroad 
track, a small quarry is opened on the land of D. W. Mott. The 
seq uence IS : 

FEET. 

3 . Soil and decayed limestone .............. _ . .. .. . _ ... .... . _ . . 4 
2. Plastic, light blue shale with very thin bands of limestone. . . 2 
1. Fostiiliferous, crystalline brown dolomitic limestone, exposed 8 

The beds are much riflted horizontally and fraotured by verti
cal joint pl,anes. 

On Mayne creek, ,the grerutest thickness of beds is to be seen 
near the north side 'of section 21, Reeve township. The section 
is partially obscured by talus mruteria1s, but it is approximately 
as follows: . 
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FEET. 

8. Drift... . ........ . .......... . .......... . . .... . .............. 8 
7. Thinly bedded shattered limestone with lJIuch chert in oval 

nodules and more or less persistent bands . ... ...... ...... 14 
6. Heavier bedded , arenaceous limestone, carrying chert as 

above, and occasional caverns and calcite geodes. . . . . . . . . . 6 
5. Shaly limestone with bands of firmer rock .. ... . . . . . . .. . . . . 12 
4. Compact, resistant ledge of limestone .... . . . . . . .. .. . . . .. . . . . 1 
3. Argillaceous limestone containing some chalky appearing 

chert nodules grading into No.2.. .. . . . .. . . .. .. . ... . . . .... 2 
2. Firmer but weathered and iron stained lim estone. . . . . . . . . . . . It 
1. Compact, evenly bedded dolomitic limestone.... . . . . . . . . . . . . 3t 

Judging from its lithologic character, No. 1 appears to be 
equiv:alellit to the rock quarried one mile west of Chapin. In the 
southwest quarter of the southerusit quarter of section 10, Geneva 
1iownship, just eas,t of the wagon br~dge over Mayne creek, is a 
quarry bel,onging ,to Mr. Oren Benson of Geneva, which exposes 
beds as fo Hows : 

FEET . 

4. Soil.. .. ..... . .... . . .. .. . . . . .. ..... . ... . .. .. .... ...... . . .. . . It 
3 . Weathered magnesian limestone with abundant small flint 

nodules.. .. .. .. .. ... . . .. . . ..... . ... ...... ...... .. .... .... 5t 
2. H eavy bed showin g no lines of separation; brow n wh ere 

weath ered and fossiliferou s ( Productu s bearing long Slvnes 
being very abundant); interior of large blop.k~, Ii ghtin colo r 
or mottl ed by pink interstitial calcite, distinctly oolitic in 
texture. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 10 

1 . CalcareouE shal e resting on limestone. ... . ... . . . . . . . . . . . . . . . 1 

A few fe-et below 'the ba;se ·of thi,s quarry and eight feet above 
the WMer in the creek !the ,top ,of the impervious shales is 
marked for some distance eastward along the south side of the 
valley by a line of springs. The drift covering is very thin and 
the limestone forms a ridge extending eastward into sections 11 
and 14. Ina quarry near the nor,th boundary of seotion 14, on 
the land -of Mr. H. H. Andrews, the same succession of strata 
may be observed 'as noted ,above in 'section 10. The beds are here 
brok,en by vertical join,ting which in pla;ces has produced open 
fissures six Ito eight inches in width. Unweathered samples of 
the lower s,tratum show an abundance of crystal'S of iron pyrite. 
The limestone rests on yellow shale which is exposed in the 
trench cut by a small stream a few hundred ·yards from the 
quarry. 
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The Kinderhook limestone is removed for local use at a large 
number of other points in Ingham, Geneva and Osceola town
ships, but at ,the above mentioned two lo'calities- only have quarry 
openings been mad€ of sufficient extent to 'show ithe nature of the 
unweathered rock. Away from the weathered parts ,the rock is 
light in color and compact, and resembles in general app€arMlce 
the Bedford stone. In natura~ outcrops this bed s,eparates into 
numerous laminre, each a few inches thick, but where newly ex
posed, 'slabs 'of almost a;ny desired size can be obtained. 

A small amount 'of 'stone is removed each year from1Jhese 
quarries. It is believed ,that continued deve'lopment might open 
up unwea;thered portions of the bed which would furnish very 
good building stone. It seems likely 'also on .accoun't of the ex
treme thinness of 1Ihe drif,t that prospecting ,along Mayne creek 
in this vicini,ty would dis00ver places where iJt would be possible 
to obta;in desirable ·stone ,thiaJt is not buried benea'th so great a 
thickness of weaJthered residuum which must be removed. 

GRUNDY COUNTY. 

Grundy coun'ty is covered by a thick manti'e of glacial debris 
and the only expo'sures of indurruted rock kno,wn appear along 
Wolf creek near rthes·outhern border. The only quarry worthy 
of the name is l,ocated just :south of the Chicago and N orthwest
ern Railway depot in Conrad, on the south bank of Wolf creek. 
The following ,seCJtion is expos·ed: 

CONRAD SECTION. 

FEET. 

5. Drift (modified Kansan probably).. .. ... . .... .... .... .... ... [) 
4. Limestone, residual, consists chiefly of cberty concretions 

embedded in a matrix of greenish clay streaked and mottled 
with ferruginous and marly materiaL.. . . . . . . . . . . . . . . . . . . . 3 

J. Limestone , slightly oolitic, composed essentially of a shell 
breccia almost identical witb No.1, in tbe Eagle City section 
in Hardin county . .... .... .... ...... ..... ... ........... .. 4 

2 . Limestone, hard, sub·crystalline, containing numerous brach-
iopod casts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

1. Limestone, typical oolite in heavy beds; a StraparoJ]us and a 
turreted form of gastropod were noted, also numerous 
brachiopod casts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

The base of the ,sec17i:on is about four feet b~low the Chicago 
and Northwes,tern railway troack ,and 1,010 feet above tide. 
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The beds exposed here may becorrelaJted with the upper oolite 
in Ithe Mar:shall lcoUJJJty sectionsexpo,sed in the quarries at Rock
ton, Quarry, LeGrand and Timber creek, and also in the Eagle 
City section in Hardin county. The Conrad quarry has been 
oper:atfied more 'Or less continuously for a number ,of years. The 
limited outcrop and r:apid thickening of the drift oompels one 
to conclude tha;t .the quarry indusltry wi'll never attain much 
development in the OOUll'ty. 

HARDIN COUNTY. 

While the Kinderhook beds ar'e ,supposed t'o comprise the 
country rock over a considerable portion of the surface in Hardin 
oounty, go'od exposures are confined ,to the immediate vicinity of 
the Iowa river from Gifford south to !the county line, and from 
Eagle City to Alden. Quarries have been opened at several 
points, notably at Gifflord, Eagle mty, Iowa F 'aIls and Alden. 
Only those at 1fu:e :two labter pl'aces :are, or promise to be, of more 
than local importance. The beds exposed exhibit two well 
marked frucies; Ian upper brown, earthy to sugary dolomite, and 
a lower white 10 gray lime'stone. The Ia!mer 'of,ten contains layers 
semi-oolitic in charaCiter above .and argillaceous to arenaceous 
below. At Iowa Falls there appears to be a decided arching up 
of theS'trata and a maximum section of eighty feet is exposed in 
the river gorge. The limes'tone beds are known Ito rest on shales 
or ar,ell!aceous s'hales believed to be oontinuous with ,those which 
outcr'op along the Miss]ssippi river 'at Burlington and which 
underlie the limeg,tone series in Mm'shall C'ounty. The section 
exposed along rbhe river and along Rocky run, its leading tribu
tary, a,t IOWla Falls, is giv,en below and comprises one of the mosi 
imporbant Kinderhook secti,ons in centml I 'o:wa. 

IOWA FALLS SECTION . 

6. Drift, reduced to a heterogeneous mixture of bowlders and 
fragments of country rock at the face of the escarpment but 
thickens greatly in the hluffs . Considerable areas are 

FEET. 

practically without a drift covering .... . .. , . . . . . . . . . . . . . . .. 0-80 
5. Dolomite, brown, saccarhoidal, heavy-bedded helow, but 

thinner-bedded and much shattered above; often exhihits an 
earthy fracture when weathered. Numerous casts of 
Straparollus obtusus present in places, .. , . . , , . , ........... 20-30 
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FEET . 

4. Limestone, light gray, composed largely of shell breccia and 
containing a brachiopod fauna; has a m ealy appearance, 
but on close inspection is found to be but slightly oolitic... 5 

3. Limestone, gray-brown, is finer textured, more compact and 
evenly hedded than the above . . .. . _ ...... _ .... _.. . .. . .... 3 

2. Limestone, light gray; weathers white and so appears in the 
gorge walls, exhibits a conchoidal fracture and is heavy-
bedded .... . ............... _. . ................. . ........... 5 

1. Limestone, shaly to slightly arenaceous in certain layers, in
places forms a slight re-entrant in the cliff walls; exposed 
above water level ............... . ...... _ . . . . . . . . . . . . . . . . .. 5-10 
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The most important quarries rare situa:ted east 'Of town 'On .the 
river. The Ellsworth Btone Company is ,0peI1ating a quarry on 
the northeast side of the river, which was formerly known 'as the 
Biggs quarry. The sequence of beds is as f'Ollows: 

THE ELLSWORTH STONE COMPANY'S QUARRY SECTION . 

FEET . 

6. Drift, very thin; consists chiefly of a bowldery gravel.... . .... 0-3 
5. Dolomite, brownish buff, much weathered in places and pre-

sents an arenaceous or earthy facies .. . _ . . . . . . . . . . . . . . . . . . . 4 
4. Limestone, white, oolitic, fossiliferous.. . .. . ....... . ... . .. .. . 6 
3. Limestone , blue, compact, of firm texture and very brittle... 3 
2. Limestone, white, lower three feet very compact and brittle; 

fracture conchoidal to uneven, contains numerous blebs of 
crystalline calcite; almost lithographic in texture .... . . . . . . 5 

1. Limestone, gray, dolomitic, very slightly arenaceous to argil-
laceous, exposed .. . ..................... _. .... . . . . . . . . . . . . 5 

The usual method of quarrying is ,to drill deep holes vertically 
nearly pamllel .t'o the bee of ,the cliff, and then to use heavy 
charges 'Of explosives to shoot loose the ledges. An 'Ordinary 
churn drill is used with ;a Itraction engine for power. This leads 
to great slhai'tering,andsc'arcely m'Ore than thirty per cent of the 
entiresecti'on can be uS'ed for dimension ,sltone. A }arge propor
tion 'Of the remainder was formerly considered to be waste mate
rial ,and was ,thrown into the river. This W3iS true 11'0t only of the 
quarries here, but of tho'se near Alden. At the present time la 
llarge crusher of the Grutes type has been installed 'and the entir'e 
assembLage 'of beds is utilized. In fact, dimension stone and 
rubble stone a re only inciderutal products in the production of the 
various grades ·of crushed sione. 
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Southwes,t 'Of ,the EUsworth plant, on the opposite side of the 
river where the river turns toward the east, ,the Barber Asphalt 
Company has opened a quarry and ins,talled a modern crusher 
plant. The beds developed are simiLar to those in the preceding 
section, but higher in the series. The principal part of the sec
tion being developed at the present time eonsj.sts of earthy 
jolomi,te which affords ,an inferior grade of crushed stone. 

West of I'owa Falls the Lower Carboniferous rocks are much 
more rifted and sha,ttered than ,to the east'ward, a~d the lime
sltone layers become sub-crystalline in 'texture. The st'One takes 
a good poli.sh, possess'es la pleasing c'olor, and if Large blocks 
could be ohtained, ,the rock would possess great value for orna
mental and structural purposes. Unfortuna,te it is that the same 
ag,ency which produced the part~ally crystalline stru0ture, so 
essential in marbles, 'W,as also responsible f'Or the shatite'ring and 
rifting of ,the beds. In fact the m'arbleiza'tion was raJtller a result 
of the rough usag,e to which the beds were subjected. The beds 
continue shattered and ,sub-crysltalline in tex,ture to Ithe point of 
their dis1appearance bene'31th the drift 'at Alden. F ,ormerly the 
Ivanhoe QUiarry Company put in aste1am crusher and operated 
quite eXltensively near 'the C. 'and N. W. railway tracks on sec
tion 16, in Harrlin to "'."mship. The building containing the ma
chinery burned down, and the plant has long since been dis
mantled and abandoned. The beds exposed at this point are as 
foll'Ows: 

IV ANHOE SECTION. 

FEET. 

3. Drift (of great depth in the bluff) .... .... ..... . .... ...... .. . 0-3 
2. Limestone, grayish white, sub-crystalline, very hard and 

much shattered; thinly bedded. . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Appm'entlya local unconfonnity. 

1. Limestone, much disintegrated and cavernous. In places a 
residual clay appears between 1 and 2. Surface very 
uneven, exposed..... ....... . ......... . . .. .. ... . ... . ... . .. 6 

Westward from the Ivanhoe quarries to Alden, the river flows 
between low limestone w:ans Vlarying from ,ten to thirty feet in 
height. These limesltone barriers are almost cut out in one 'Or 
two plac'es by GOlal Measure 'Outliers. In Alden the beds greatly 
resemble a portilon of !the Ivanhoe sec,ti.on. The beds ar,e as f'Ol
lows: 
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ALDEN SECTION. 

PEET . 

3. Drift , as in previous· sections, is thin at the face of the 
scarp; a number of large granitic bowlders were noted.... . 3 

2. Limestone more or less evenly bedded, appears to be litholog
ically the same as No.1; a marly or shaly band separates 1 
and 2 generaJly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

1. Limestone, light gray, hard, sub-crystalline and oolitic in 
texture. The lower four fcet show marked cross-bedding; 
false beds dip to the southwest; the upper surface is some-
what undulating and dips gently to the south ..... '" ..... . 5 
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Here, as in ,the preceding exposures, the beds are much rifted 
and shattered. Individual l'ayers rarely exceed four or five 
inches in tbickness, and two well developed ,series of fi'ssures are 
visible. The fissures ·of the major series 'trend north 'and s'Outh, 
and are apparently parallel to ,the corrug,ations, while those of 
the minor series stand approximately at right angles to the 
fiolds. Genettically the two series probably form but one grea't 
sys'tem and were formed rat the time of rock crushing. 

N'Orth ·of Alden, ,the indura'ted rocks dip !'Iapidly and were no't 
observed beyond the corporate limits 'of the 'town. 

Easltward ,of the FlaIls limes,tone ledg,es are more or les's con
tinually present ,to Eagle City where the following section is 
exposed: 

FEET. 

5. Drift, exposed . ......... ........ ...... . .. . .............. .... 5-10 
4. Dolomite, yellowish brown, much shattered where viewed; 

contains a few siliceous nodules ........................... 10-25 
3. Limestone, gray, sub· crystalline and semi-oolitic . . . . -........ Ii 
2. Dolomite, yellow to gray, sugary.... ... ... ... ...... ... .... .. 3 
1. Limestone, gray , oolitic; very similar to the Bedford oolite in 

texture, and also to the oolite exposed at Conrad, in Grundy 
county.... .... ....... .... . ........ ... ................ . ... 4 

The base of the section is about five feet above l'Ow water in 
the river. These indurated beds support a bench which rises 
forty or fifity feet above Wlater lev'el l3ind continues s'ome dist3lnce 
on either side of -the Wlagon bridge. Beyond Eagle City, the beds 
disappear rlapidly and the surface outcrops 'of the Kinderhook 
beds are almost entirely obscured by glacial debris and Coal 
Measure talus. A,t Hardin City, SteambOiat Rock land 'One or 
two points be,tween, No.4 'Of ,the Elagle City section is visible and 
rises some six or 'eight feet above the water level. In all cases 
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it is greatly weaJthered and sbia,ttered, making its identity difficuH 
to. esrtablish. BOOWieen s>teamb'O'wt RQck land EldQra, the Lower 
OarbQnifel"ous passes entirely belQw the stream channel, but 
rises again immediJa:tely ,south 'Qf the wag,Qn rQad bridge at 
EldQra. GQing dQwnstream frQm the EldQra bridge a weathered 
dQlQmite lappears in ,the Istream-bed and :also in the right bank 
abQut ,sa.ty r'ods bel'ow the r,ood cro,ssing. The ledges rise eight 
feet above the water and 'appear to be rdenticlal, both lithol'og
icallyand faunally, wiJth the upper member at Iowa Falls. These 
beds appear more or less interruptedly from this point to 
Union, forming low benches on one or both ,sides of the river. 
At X.enia, ,and again between Giff,ord land Union, the white lime
stone member is vi.sible. The maximum exposure is south of 
Giff.ord, near a small stream which enters the Iowa from the 
we Sit. The beds exposed Ito view are: 

FEET. 

4. Drift and wash. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0-3 
3. Limestone, light gray; white when weathered. .. ... .... .... .. 0-3 
2. Dolomite, yellowish brown, much shattered and unevenly 

bedded .. . .............................. ..... ... .. ........ 6-8 
1. Dolomite, red-brown, heavy but unevenly bedded, exposed.. 4-6 

NumbeI's 1 and 2 are, in a 'sense, complementary. Where Qne 
thins the other thickens and the two aggregia:te twelve f,eet ex
posed. N otthe slightest trace of organic remains could be found. 
Southward and s'outheasltWiard the beds are cut 'Out within 100 
yaI'ds by the Coal Measure ,shal,es only to oome into view again 
a quarter of a mile down 1Jhe branch on the terrace of the Iowa. 
Beyond Union the Kinderhook beds 'are clarried below the river, 
but reappear west of Liscomb in Marshall county. 

HUMBOLDT COUNTY. 

The Kinderhook limestone beds outcrop near the Minneapolis 
and 8aint Louis railway in the southern part of the city of Hum
boldt and present an almost continuous exposure 'on the river for 
mor,e than fa mile. The same beds oUJtcrop near the Chicago and 
Northwes,tern I1ailway noI1th ,of fthe dty, and near RuU,and about 
five miles to ,the northwest. The section exposed below the dam 
in Humboldt is given below: 
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FEET. 

4. Alluvial wash, variable in thickness; on top of terrace about 3 
3. Limestone, oolitic, rather coarse· grained, gray to white. .. ... 10 
2. Limestone, compact, gray-white, a gradation from No.1, 

but fewer fossils present and apparently less brecciated. . . . 2 
1. Limestone, brecciated and filled with casts of fossils, chiefly 

brachiopods, very compact and brittle in outcrop; bedding 
planes not apparent; exposed above low water ......... _.. 4 
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The section rises toward the town and the o6l~te probably 
shows a grea;ter thickness than is indic.a;ted in the above s'ect~on. 
All of the beds dip perceptibly up stream. An average ,sample 
Wlas :taken fl'lom ,the .above ,seotion and ,analyzed. The l'esul1t is 
given below: 

Insoluble........ . .......................................... .. 0.50 
Iron oxide and alumina.......... ...... .... .. . . .. ...... ........ 1.1~ 

Calcium carbonate .... .... ..... . ............................... 97 .20 
Magnesium carbonate ........... . .. . ... . ................. . , . .. . 2.00 

Total. ....................................................... 100.82 

Analyzed by A. O. Anderson, from sample collected by C. M. Morgan. 

At RuHand, along the south bank of the river, is one of the 
mo·st conspicuous rock exposures in iflhe county. The seotion 
exposed here is correlruted by Macbride with the Lower beds in 
the Humboldt seClhon. The ledges are ne'arly in horizontal posi-

F IG. 28. - Shows "chipstone" weathering characteristic of the compact layers in the 
Kinderllook limestone in Humboldt county. (Photo by Macbride). 

25 
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tion,a'ttaln a maximum 'of ,twenty feet in thickness, and oan be 
traced about one mile east where they disappear. Westward 
they give pl8!ce to Ithe Bai'll!t Louis in ,section 23 in Avery town
ship. Outcr'ops appar~ntly referable to ,the same horizon are 
known 'at ,other points in Rutland township. The bedding planes 
in ,the Rutland limestone are not v,ery 'apparent. The rock breaks 
up into irregular sharp ,angled ,spalls 'and is very hard. 

The Kinderhook limestone 'Was used formel'ly in Ithe manu
fa.oture -of lime for local use, but no lime is produced at the 
present time. 

MARSHALL COUNTY. 

The Kinderhook immedia'tely underlies the drift over the 
northeast 'one-third ,of Marshwll county, land 'ex,tensive outcrops 
may be viewed along the Iowa river in the vicinity of Quarry 
and LeGI'Iand, along Nicho,lson creek at Rockiton, and on Timber 
creek, about two land ,one ... half miles -s'outhwest of Quarry. All of 
the leading exposures are near the trunk lines 'of r,ailway which 
cross ,the county, ,and 'all are eonnected byswitche,s extended 
from ,these lines. 

In the ,southeastern portion of ,the state, ther,e are extensive 
outcrops of the Kinder-hook, notably at Burlington, which con
sist of 'shale, fine-grained sandstone, and sub-crys'talline lime
stones, of which the :fir,st 'and last membeI's are the most im
portant. In Marshall 00unty, the caloareous beds gre'atly pre
dominate. Five fairly well de:fin~d divisions can be recognized 
readily, the lowes,t member of which is -a shale which re'sembles 
the shale member in the pillt 'of the Granite Brick Company, at 
Burlington. This is overlain by a fine-grained, blue ,to gray C'al
careoUis sandstone which is in turn followed by beds of oolrte. 
Above the ,oolite, cherty magnesian limestones are presant in 
considerable thickness, and completing the section are the brown 
to gray sub-cr~,sltal1ine limestones. 

The Kinderhook shwles are not 'exposed in Marshall county, 
but ar,e present in well sections whieh penetrrute the indurated 
rocks. The baslal member exposed is the fine-grained sandstone 
which iappeaI'sonly in the e,aS'tern portion 'Of the county. The 
leading quarries develop the ooMe and ,the magnesi'an limestone, 
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~lthough all 'of the members above the shale have been exploilted 
to some eX'tent. The most ,e~tensive sect~on in the county is ex
pos~d north of LeG!'Iand, ne'ar the Iowa river. The following. 
sequence of beds may be observed at this point: 

FEET. 

18. Loess, interstratified sands and silts below . .. ..... ...... . . .. 16 
17. Bowlder clay oxidized a deep brown and e.ontaining bowl-

ders much decayed ............ . ... ' ................. . ..... 5-10 
16. Limestone, sub-crystalline, pebbly .. . ... ~ 'r . .... " ..... , ... '. . 3 
15. Oolite fine-grained, with many brecciated grains... . . . . . . . . . 4 
14. Limestone, gray, slightly oolitic... . . . .. . . . . . . . . . . . . . . . . . . . . 2t 
13. Limestone, gray above and yellow below. . . . . . . . . . . . . . . . . . .. 2 
12. Limestone, buff, magnesian, rather heavily bedded, bisected 

by chert band about four feet from the base.... . . . . . . . . . . . 9 
11. Limestone, mixed gray, blue and buff, ,breaks very irregu-

larly ("Brindle" of the quarrymen) really an intra-forma-
tional conglomerate. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 3t 

10. Chert . ....................................... . ............. t 
9. Limestone, soft , yellow, arenaceous; in thin layers; eartby 

in places . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2t 
8. Chert. . ....... .... .. .. .... ... ...... ... ...... ..... . . ....... 'It 
7. Limestone, blue, variegated to yellow-brown. .. . .. . . . .. ..... 6 
6. Cbert . . .......... .. .... .. . ...... .. .... .' ........ ... ........ . ! 
5. Fossil-breccia witb lenses of crystalline calcite. . .. ... . ...... 1 
4. Limestone, buff, magnesian , fine even texture and massive; 

cberty concretions scattered promiscuously throughout. 
One quite persistent band of chert about four feet from the 
base... .. .. ........... . ... .... .. ... . . . . ................ . . 12 

3. Limestone, blue, variegated to brown, hard, conchoidal frac-
ture, in heavy layers . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3t 

2. Oolite, in layers 14, 12, 8, 9, 6, 36, 26, 2-! and 42 inches in 
thickness. . . . . . . . . . . . . . . . . . . . . . . .. ... . . . . . . . . . . . . . . . . . . . . 15 

L Sandstone, fine-grained, blue, calciferous, in part shaly, ex-
posed...... . .......... . ............ ... ............ ..... .. 10 

The beds dip gmdually to the southwest, and as the ground 
rises in that direction, :are soon carried below 11he surface of the 
river. N ear Indian T,own in T,ama county, the base of the oo,hte 
lies more than twenty feet above tihe wruter lev,el. At the north
east qUJarry labove LeGmnd, i,t ~s ,about ten feet above the wla;ter 
level, while in the west quarrie,s, huth the oolite and the sand
s'tone lie below the bed of .the river. At the west quarry, the 
upper members in the above seotion are better developed. Num
ber 16 ,shows a ,thicknes's 'of about ,twelve feet. At Rock,ton only 
numbers 14, 15 'and 16 lare exposed, and the beds are more shat-
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tered and weathered than their equivalents in the LeGrand 
quarries. The section exposed near ,the Iowa Central railway is 

. second only in importance to the Quarry and LeGrand sect10ns. 
The beds exposed are as follows: 

FEET. 

8. Loess, sandy below ... . ,. . ... ............ .... ............... 10 
7. Bowlder clay (Kansan) ... .... ..... . .... .................... 6 
6. Limestone, brown, sub-crystalline, thinly bedded, and rubbly 

above, heavier below. . . . .. ..... . .... .. ... ..... ... ..... .. 8 
5. Limestone, yellow, brittle, with occasional small caverns dec-

orated with concretionary calcite. . . . . . . . . . . . . . . . . . . . . . . . .. H 
4. Limestone, blue, hard, brittle.... .. . .. .. .... . .. . . . . . . . .... .. 2 
3. Oolite in three layers, 8, 22 and 6 inches respectively . .. . . . . . . 3 
2. Limestone, gray· brown, with layers of blue, Bub-crystalline 

limestone interbedded. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
1. Limestone, gray-blue, close textured, soft when first exposed, 

weathered portion, yellow; layers vary from 6 to 18 inches, 
very evenly bedded, magnesian. . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

The oolite in the Timber creek seeti'on is undoubtedly the 
equivalent of the o'olite exposed at Rockton, and the upper oolite 
of the LeGrand seetion. Numbers 1 to 6 in the Timber creek 
section find their counterparts in 12 to 16 in the LeGrand section, 
with the pos,sible exception of Number 5, which W3!S not certainly 
recognized farther north and east. 

The differences in physical pr,operties and coloration are 
largely if not wholly due to differences in the weathering. The 
Timber creek beds are in large part below the w3!ter level, and 
the pr,evailing colors of the beds developed are shades of blue 
and gray, while the tones of yellow and buff which prevail in the 
east quaries at LeGrand are believed to have been brought 
about through the action of weathering agencies . The hardness 
of the Timber creek stone increases mate6ally on exposure. 

Kinderhook beds are alslo exposed northwest of Liscomb, near 
the center of seetion 2. 

QUARRY INDUSTRY. 

The Kinderho,ok beds have been exploited mainly in the vicin
ities of Quarry and LeGrand, and Timber creek. Quarries were 
operated formerly 'a:t Rockton, but have been abandoned for some 
years. Stone has also been taken out along the river, near Lis
eomb, for local use only. 



J'~ATE LIlI- Typical section in quarry of LeGrand Quarry Company . Quarry . Marshall cou n ty. Iowa. 
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LE GRAND QUARRY COMPANY. 

Tlhe pioneer in the quarry indus'try, .as weill as ,the largest com
pany 'operating in the county lart the present time, is the Le Grand 
Quarry Company, with its centml 'Office in Marshalltown. The 
company owns and operates quarries at Quarry and 'Timber 
creek. 

Quarry. Three quarries are connected with the C. & N. W. 
railroad, by branch lines rut thi'S point. Active 'Openations were 
begun as early ,as 1860, when a limited quantity of building stone 
and lime wrus produced. Tw'O year,s vater the railway tracks 
were extended into the quarries, and rthe company has operated 
c'ontinuously ever Isince. The manufacture 'Of lime was discon
tinued some years :ago. 

The quarry plant is pr'Ovided throughout with the most ap
proved machinery. The equipment consists of a steam crusher, 
gang mills, ,steam drillts, derricks, ltathes and planers; .and quar
rying and stone working .are carried 'on 'according ,to modern 
methods. The LeGrand beds in ItJheir entirety have been ex
ploited to Stomeextent, though the position lof the blue sand
stone renders it almost unav:ailabie lat present. (See LeGrand 
section.) The oolite and upper magnesian limestone layersaf
ford the mMt v:alU!ab'le p r,o ducts , 'although the cheI'lt beds and 
shaJttered limestones along wrth the debris consequent to quarry 
operartions, are worked up into riprap, ooncrete, railway ballast, 
etc., and constitute 'an important source 'Of revenue ti'O the com
pany. 

The chief building stoQnes put upon the market are known com
merciaHy as o.olitic limestone, Iowa marble, Iowa caen stone, 
and blue limestone. 
~he basal blue 'sandstone has not been 'sufficiently explored and 

tested to warrant definite ,statement 'as tio its merits asa struct
ural material. Small qua;ntities of the stone have been re
moved from the east quarries and used as paving in the streets 
of Mar,shaUtown with 's,ome promise 'of satisfactory results. 

There .are two grades of oolitic limestones. The lower la;yer 
measures three and one-half feet in thickness and is coarse 
grained. The upper twelv,e feet is of finer texture and consists 
,of layers of tbhe following thicknesses, respeetively, from below 
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upwards: 24, 26, 36, 6, 9, 8, 12, and 14 inches. The oolite is 
quarried only at the Itwo eas't quarries, Ithe dip of the beds and the 
&Jope of the river carrying ,the layers below the bed ,of the stream 
before the west quarry is .reached. Formerly, the coarse, heavy 
bas[l)l lay'er was used for constructional purposes, but of recent 
years, experience has demonstra'ted tha,t it suffers disintegra
tion when exposed for a season to a;tmospheric conditions. The 
fine-grained layers are close, even-te~tured, and stand the test 
of time well. This is shown not only in artificial 'structures where 
the blocks have maintained their 'a;ngularity against sunshine 
:md 'storm for more than a qUal~ter 'of a century, but better 3ti il 
in the na'turoal exposures where ,these layers stand 'Out in bold 
relief. The oolite is composed of small, rounded, concretionary 
calC'areous grains embedded in 'a semi-crystalline matrix of 
cementing material of ,the same composition. Many of the con
cretions contain small angular sili'ceous grains. The unal,tered 
rock is of a gray~blue color, while ,the weathered pOlihon assumes 
a yellowish hue. Certain of the layel~s 'are highly fossiliferous, 
and take a high polish. This variety is known commercially a's 
fossilite marble, and is much prized for interior decorative pur
poses. Such slabs need to be selected with some care, for small 
grains ·of ir·on pyr.ute are often present and produce brown 'stains 
when exposed to the wea:ther. 

The upper portion of the magnesian limestone furnishes both 
the Iowa " marble" and the Iowa carbonate "caen stone," the 
former containing a higher percentage of magnesia than the 
latter. The Iowa marble 'occurs in heavy beds from two to 
three and a half feet in ,th~ckness . The unwea;ther,ed or slightly 
weathered pOI'hons are plain, light buff in 'Color, while Ithe weath
ered layers are of a deeper color and beautifully veined with 
iron oxide. The stone receives a high polish, but like ·other lime
stones, does not retain it when exposed to a'tmo.spheric agencies. 
It is used extensively for paneling and all sorts 'of inlaid wo,rk, 
and gives good sa1tisfaction when kept dry. It also makes :a 
firs,t class dimension stone. 

The caen stone is similar in color to the marble, but it is 
softer, more tenacious and of lower specific gravity. It is es
pecially adapted for Clarvings and moldings. 
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A ledge of blue limest'One lies between Ithe chert beds and the 
oolite and a similar ledge immediately overlie.s the chert beds. 
This limestone is very hard, compact and s'omewhat irregularly 
bedded, which renders quarrying and working mther difficult. 
T,he s!tone is used to some extent as a coursing st'One and is very 
durable, but :i<ts iIJItrac,table character renders its production ex
pensive, and it is used mainly for hallas,t and 'concrete. 

The br'Own sub-crysltalline limestone with £ts interstratified 
oolitic layers affords some good dimension stone and would be 
considered desiDable for foundations in regions where building 
stone is scarce, but by far ,the greaJter quantity is transported to 
the crusher. 

Timb er Creek. The LeGrand Quarry Company has also de
velopedan extensive quarry in Timber <creek. Aside track is laid 
in from the Iowa Central railway land the plant is well equipped 
wi,th modern machinery. The beds worked are the same as those 
at Quarry, from the magnesian limestone upwards. As has been 
mentioned, ,the magnesian limes,tone here differs in color from 
its homologuea:t Quarry and LeGrand. At ,the latter places 
shades of buff prevail, while a 't the Timber creek quarries the 
chief beds are a gray-blue with occasional layers in part light 
yellow. The faCIt is emphasized ,tha,t the predomina;ting color in 
the unaltered LeGrand beds rs a gray-blue, which is changed 
to tones of buff and yellow through weathering agencies. Here 
as in other p}aces, the magnesian l,ayers succumb less readily to 
disintegrating forces than the a'ssociated beds, 'and as a conse
quence s,tand out prominently in natuDal quarry faces. 

The upper 'Oolite and brown sub-crystalline limestone are of 
more importance here than 'at the exposures along the Iowa 
river. 

TESTS OF THE LEGRAND STONE.' 

The principal varietie3 0f the LeGrand stone were subjected 
to three series of tests, viz.: 

1. Strength and ra1tio ·of ahsorption ,to de,termine the com
padnessof the stone, and hence its ability to withstand the 
rutmospheric agencies. 

*'rhe mechanical tests were made in large part by Messrs. G. W. Zorn and J. W . 
EllIott under the personal supervision of Prof. ~. Marston, in the department of Civil 
Engineering of the Iowa State College. The chemical analyses were made for the Survey 
by Prof. G. E. Patrick. 
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2. Freezing ,and thawing altermvtely, and carefully noting 
the loss in weight and srtren~th; and hence determining the 
tendency of the stone to disintegrate 'or weaken under the acti'on 
of frost. 

3. Chemical analyses to deiermine the relative amounts Df 
desirable and deleterious c,onsti1tuents present. 

The two-inch cube was used throughout because Df its con
venience in handling and as it is the unit generally adopted 
by inves,tigators along this line. Great care wa;s exercised in 
the prepara;tion of the cubes in ,order ,to guard against the pro
dU0tion of incipient fraJCtures through the impact of tools and 
the consequent lessening 'of the ,strength. The bl-ocks were s·awed 
out with the di,amond saw and Ithen reduced to the proper dimen
sions by grinding. The results are tabul'ated in the subjoined 
tables. 



TABLE I. 
MECHANICAL TESTS. * 

'" Breaking Load Per .:: 
.S Load in Lbs. Square Inch 

Q) '" ..0 .:: 
Q) 

Kind of Stone 
::l 8 '" '" 
<) Remarks 
'0 ;.a ..0 ..0 

... Q) bD bD 
Q) ..., 

;.§~ 
Q) 

;.§~ 
Q) 

..0 ,.Q <) ... ... 
bD c:l c:l E E 8 ..... ~bD ~bD '0; ... Q) 

'0;1 '0;1 ::l p ... P< P< 
Z t:q rf1 ~ rf1 f.l:< rf1 ~ 

to.olite , fine-grained, northeast quarry .. 2.03 1. 98xl. 99 3.94 46,680 . ..... 11,600 Failure accompanied by much ...... shattering . 
4 do heavy bedded ................. 2.02 2.00x2.00 4.00 47,500 53,800 11,875 13,450 do 
5 do " " 1.97 2.00xl. 98 3.96 54,000 59,300 13,636 14,900 do .. ... ............ 
6 do thinly bedded ................. 1.96 1. 96xl. 96 3.84 39,400 39,400 10,260 10,260 do 

22 Oolite, light, southeast quarry ........ 2.05 2.00x2.04 4.08 42,000 52,000 10,280 12,740 do 
23 do ............ .. ........ . ..... . . . . . . 1.97 2.00x2.00 4.00 57,000 57,000 14,250 14,250 do 
43 do heavy bedded ................. 2.00 2.00x2.00 4.00 38,000 53,000 9,500 13,250 do 

tIowa marble, plain, west quarry ...... 1.98 1. 98xl. 97 3.90 ...... 47,120 12,080 All samples of the Iowa marble 
16 do ........... .. ....... .. .. ...... .... 2.00 2.02x2.04 4.12 60,500 63,300 14,685 15,120 broke in such a way as to show 

much elasticity. 
tIowa marble, colored ..... .. .......... 2.00 2.02x2.01 4.06 . .. .. . 37,060 ...... 9,128 

27 Blue limestone, northeast quarry ...... 2.00 2:02x2.02 4.08 .... .. ... . .. .. . . .. ...... 63,000 lbs. applied, no effect . 
24 do ........ .. ................ .. ...... 1.99 2.00x2.02 4.04 ..... . .... .. ...... . ..... 63,000 lbs. applied, no effect . 
11 Fossiliferous limestone, N. E. quarry .. 2.00 2.00x2.00 4.00 42,000 ...... 10,500 ..... . Sustained 65,800 Ibs . without 

12 do .................................. 2.00 2.00x2.00 4.00 63,300 1,582 
further rupture . 

.... .. ...... Beyond capacity of machine to 

15 do .................. southeast quarry 1.99 2.00x2.00 4.00 43,700 10,925 
crush. 

...... .. ... . Sustained 65,800 Ibs . without 
26 do '" .................. . .... . ....... 2.00 2.00x2.02 4 .04 58,300 66,400 14,430 16,435 further rupture. 
28 do .................... .. . west quarry 1.97 2.00x1.98 3.96 38,700 38,700 9,773 9,773 
33 Blue limestone, Timber creek ......... 1.98 1.98x2.00 3.96 28,000 34,500 1,070 8,712 
34 do ............. ..... .. .............. 2.00 1.98x2.00 3.96 29,000 33,200 7,320 8,383 

~ -

* An Olsen testing machine was used in making these tests . The specimens were placed between two steel plates, the upper being fixed, 
while the lower was free to oscillate In a hemispherical protuberance, which fitted accurately in a well lubricated socket, thus distributing the 
pressure equally when the parallelism of the cube faces was imperfect. The load was applied at a uniform rate. 

tTests made under the direction of Prof. G. W. Biesell, Dept. of Mechanical Engineering, I. A. C. 
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TABLE II. 
FREEZING TESTS.* 

ttl Breaking Load Per 
.S >:l Load in Lbs. Square Inch .8 

ttl "'" 0) 
1=1 ..<:I 

..0 0) b1) 
::l 8 

'" '" 
'@ 

Kind of Stone c.> R emarks .... ;a ..0 ..0 ~~ 
0 ... 

0) bD bD .:;0) 

'" "'" 1=1 0) 1=1 0) 
..0 ..<:I c.> ... ... .~ c.> 

0:: ::::~ .~ 1=1 .... 
8 bD .... 0:: -0:: B ::loj B "'0) 

::l ~ I 
.... 0) 

5.bD '<Ii 5.bD .; ~p.. ::l " Z rn. ~ rn R [J] R H 

20 Oolite, fine-grained, N. E. quarry .. 2.05 2.00x2.08 4.16 55,700 56,400 13,390 13,558 0 .0014 Loud report. 

21 do .............. . ...... ......... 2 .08 2.00x2.08 4.16 26,000 ..... . . 6,250 14,280 0.0013 Sustained 59,400 lbs. Very slight 
spall at 26,000 lbs . 

38 Oolite, fine-grained, S. E. quarry .. 1. 99 1.97x2.00 3.94 50,000 60,000 12,690 15,230 . .. ... Loud report and cube much shat-
tered. 

44 do ........... ...... . .... .... .... 2.00 2.00x1.96 3.92 34,000 55,700 8,673 14,210 .. .. .. do 
46 do .... ..... .. .. ... .. ............ 2.02 1.97x1.97 3.88 50,000 56,500 12,890 14,560 . .. .. . do 
19 Iowa marble, west quarry . ......... 1. 96 2.02x2.02 4.08 50,000 56,500 12,255 13,850 0.0007 Broke with a loud report. 
17 do ................. . . .. .... ...... 1. 92 2.00x2.00 4.00 42,600 52,700 10,650 13,175 0.0008 do 
18 do ................ ... ........... 2.00 2.04x2.02 4.12 38,000 51,700 9,225 12,550 0 .0009 do 
14 Blue lim estone, northeast quarry ... 2.00 1.98x1.97 3.90 ...... . ...... . . . .... . 15,360t . ..... 59,400 lbs. applied without effect . 
3 Fossiliferous limestone, N. E. quarry 2.00 2.00x2.02 4.08 14,5601' 59,400 lbs . applied without effect. 
2 do .... ..... ......... .. .......... 1. 98 1.97x2.00 3.94 55,600 14,035 14,900t 59,400 lbs. sustained. 

29 Fossiliferous limestone, west quarry. 1. 98 2.0+X2.02 4.12 35,900 40,000 8,715 9,710 Weak report. 
30 do ... . ...... . ..... .. . ......... .. 1. 97 1. 99x1.96 3 .91 30,500 35,000 7,800 8,950 do 
32 Blue limestone, Timber creek .. .. .. 2 .00 2.0-!x2.01 4.10 28,000 36,300 6,830 8,850 ...... Slight report. t 
45 do . .. ............... . ........... U)6 1. 98xl. 96 3.88 32,700 32,700 .... . . . 8,-130 . ..... 

* The cubes were placed in distilled water until completely saturated, alter which the speCimens were encased in cotton batting saturated 
with distilled water and placed lu wooden trays, eight by eight inches and two inches deep, provided with wire bottoms. The trays after 
being securely packed were placed in the refrigerator and kept at a temperature of from 17° to 19° F. for 48 hours . Then they were removed 
from the refrigerator and subJected to a temperature of 70° F. for twenty-lour 11Ours. This process was repeated six times. The specimens 
were afterward subjected to refrigeration and thawing ten times; but the conditions were less constant than in the first six. In the la ter 
series the minimum temperatures ranged from 21° to ~2° F . 

tThe above table shows that the blocks suffered no appreciable loss in weight or strength during the investigation. It is highly probable 
that lower temperatures would have given very different results. 

t In spite of the apparent weakness, low specific gravity and rather high percentage of absorption, the quarry face along natural fi ssures 
Ilhows this stone to be one of the most durable quarried in the county. 
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TABLE III. 
ABSORPTION AND SPECIFIC GRAVITY TESTS. 

Loss of Quarry Water Water Absorbed After 

Through Drying- Immersion, Expressed 
in Percentages, over Weight in Gs . Dry Weights 

N arne of Stone 
'" '" 

<Il ... 
4) <Il ... <Il <Il ... ::l 

..0 
, ... ... ... ... ., 

0 

S 
., ., ., ::l ., 0 ..c: 0 0 0 0 0 ..c: ., ..c: ..c: ..0 ..c: ..c: "" Z '" '" 0 ..-< >C ..-< c¢ C"I ...... 

20 Oolite, fin e-grained, northeast quarry ... 350 .90 350.70 350.58 0.85 1.59 2.66 2 .75 
21 do ................................... 348.91 348.79 348.63 1.56 3.26 3.95 4.05 
38 Oolite, south quarry ... ....... ......... 335.03 334.99 334.97 1.20 1.50 2.50 2.61 
44 do .... .. . ... ...... ......... . . .. . ' ..... 333 .90 333.79 333.63 0.71 1.85 2.11 2 .20 
46 do ........... . ....................... 326.90 326.30 325.63 1.50 1. 96 2.55 2.64 
19 Iowa marble, west quarry .... .......... 323.10 327.70 322.47 2.83 3.02 3.60 3.87 
17 do .............................. '" .: 309 .40 309.00 308.01 1.81 2.43 3.31 3.57 
18 do ........ .. .. . . . .................... 320.90 319.20 318.20 2.31 3.06 3.97 4.37 
10 Blue limestone, northeast quarry ....... 348.70 348 .21 348.19 0.48 0.86 1.86 2.02 
3 Fossilife.rous limestone, northeast quarry 344.00 343.78 343.52 0 .72 1.01 1. 72 1. 79 
2 do ........ .... .. .... . ... . ..... ....... 353.86 353.40 353.20 0 .22 0.50 0.70 0.77 

30 Fossiliferous limestone, west quarry . ... 311.00 310.90 310 .87 0.06 0.84 1.65 1. 79 
29 do ..................... . ............. 340.91 340.46 340.38 0.22 0.84 1.64 1.79 
32 Blue limestone, Timber creek .......... 320 .76 320.36 320.00 2.03 3.01 3.17 3.36 
45 do .................... .. ............. 285.74 285.36 285.15 4.00 4.67 5.41 5.65 

- ------- -
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TABLE IV. 

CHEMICAL ANALYSES OF LEGRAND STONE. 

'<:\ 05' 05' 
ai Ol ::0 ::0 ::< d> ::< .... 

a ~ 
::< .; . 8 . Ol 00 '<:\0 

Constituents. 00 • Sci Ol "" .... Ol . ~ Ol uOl S .... <.::<gj b.().~ -~ oOg ~';;a 0 
d> Z OlO 00- ~8 
~ o E ~ 1::"" g"A 1:: 8 ~;.:: 
~ 

0'" 0 "" ~ H H H rn 

Hygroscopic water (loss at 100° c.). 0.03 0.09 0 .06 0.04 0.06 0.04 
Combined water (expelled by igni-

tion)....... ... ... ...... .......... 0.13 0.21 0.15 0.19 0.12 0.12 
Silica and insoluble .. ............... 0.77 0.96 1.2-! 0.80 0.89 1.22 
Carbonic acid (C0 2 ) ...... . ........ 43.62 cl3.30 43.79 44.85 4'*.76 cl3.85 
Alumina (AI203)...... ............. 0 .05 0.07 0.18 0.14 0.1.5 0.14 
Iron (Fe 2 0 a ) ...........••..... . ... . None None 0.15 0 .15 0.31 0.26 
Iron (FeO).... ................. .... 0.09 0 .27 0.09 0.19 0.10 0 .09 
Lime (CaO) ........................ 55 .05 54.85 50 .56 45.+2 45.39 50.42 
Magnesia (MgO).... .. . .... ........ 0.28 0.28 3.70 8.21 8.28 3.96 
Manganese oxide (Calc. as MnO) .... .... .. . 0.08 ....... Trace 
Phosphoric acid .. . .. . .. . . . . . . . . . . .. ....... ..... . . Trace Trace ..... . . . . . ... . 

Totals .... ...................... 100.02 100.11 99.92 99.99 100 .06 100.10 

PROBABLE COMBINATIONS . 

Water . ..... .. ... .. ... .... .. .... . .. 0.16 0.30 0.21 0.23 0.18 0.16 
Calcium carbonate (CaCO o) .. . .•.. . 98.30 97.95 90.28 81.11 81.05 90 .04 
Magnesium carbonate (MgCO o) .•..• 0.59 0 .38 7.77 17.24 17 .39 8 .08 
Silica and silicates .... .. .. } 0 .95 1.37 1.74 1. 42 1.38 1.72 Alumina, iron oxide, etc. . . . ... .. 

------------------
Totals . .. ... .. . ........ ... ...... 100 .00 100 .00 100.00 100.00 100.00 100.00 

TAMA COUNTY. 

While the Kinderhook beds are helieved to lie immediately 
beneath the drift 'over pr,actically the entire oounty, outcrops 
are limited io la comparatively small area along the middle west
ern border. 

Essentially the same members which have been noted in the 
better se0tions ai Quarry and LeGrand in Marshall county ar,e 
exposed in ~ama county, but in Tama they are more weathered. 
The Stevens quarry near the southwest oorner of section 8 of 
Indian Village township, about one and one-four,th miles west of 
Butlerville, may be taken as fairly typical. The section rs as 
follows: 
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FIG .. 29.-View in the Stevens' quarry in section 8, Indian Village township . The thin 
layers at the very top are limes tone. The sand and impure limestone layers between 
contain numerous nodules of chert. 

STEVENS QUARRY SECTION, BUTLERVILLE. 
FEET . 

15 . Gray crinoidal limestone which weathers into thin pieces.. 1 
14 . Crinoidal limestone, gray in color, with num erous fossil 

fragm ents. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . t 
13. Fissile limestone in thin layers, few fossils. . . . . . . . .. . . . . . . . . 4 
12. Brown magnesian limestone with layer of chert nodules two 

inches in thickness at the top . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t 
11. Bed of rather soft, friable sandstone, much water seamed 

and containing numerous chert nodules, fossi ls few... . .... 7 
10. Arenaceo-magnesian limestone, fine-grained and quite hard, 

brown in color, layers 8 to 12 inches in thickness; contain
ing casts of a species of Chonetes, Productus, Rhynchonella 
and Spirifer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

9. Bed of incoherent, brown, fine-grained sand. . . . . . . . . . . . . . . . It 
8. Band made up of chert nodules. . .. . . . . . . . . . . . . . . . . . . .. . . . . ! 
7. Impure arenaceo-magnesian limestone, few fossils . .. . . . .... l itr 
6. Bed composed largely of nodules of chert carrying a layer 

of sand, 3 inches in thickness.... . . . . . . . . . . . . . . . . . . . . . . . . .. 1 
5. Magnesian limestone containing some fine-grained yellow sand 1 t 
4. Bed similar to number 5 above .......... . . . . . . . . . . . . . . . . . . It 
3. Layer of massive oolite weathering into small bits and bearing 

numerous fossils among which appear Orthothetes crenistra, 
Spirifer biplicatus, Spirifer cr. extenuatus and Straparollus 
latus... . . . ... . . . .. .. . . ... . .... .... .. . .. .. . .. . .... . . .. .... 7 
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FEET. 

2. Layer similar to number 3 above in lithological characters 
and fossil contents. . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 4t 

1. Layer of light gray oolite similar to numbers 2 and 3 above 3 

The 'Oolite rests on ,the argillaceous sandstone exposed in o,ther 
seetions in ,the vicinity and 'at .the base of the northeast quarry a,t 
LeGrand. The beds here ,exposed correspond to the eoarse-and 
fine-grained oolite and the magnesian limestone beds of the 
Marshall eounty ,sections. 

West 'of Montour in ,the southwest corner 'Of section 21, In
di'an Village township, there are exposed in a small ravine: 

FEET. 

3. Reddisb brown clay, pebbly........... ...... . . .. ....... ... . 4 
2. Oolite, light gray, fossiliferous. ......... ... ....... . .. .. ..... 6 
1. Oolite, similar in every respect to number 2 above...... .... 3t 

This is the abandoned quarry of the Oxfmd Lime Company. 
The oolite was formerly used in ,the manufaeture of lime and 
considerable quantities were made at this place. 

'Other sectj,ons appear along the Iowa river toward LeGrand, 
and alOlig Sugar creek in Carlton township and Deer cr,eek in 
Spring Creek township. No new f.acie,s are presented. 

WASHINGTON COUNTY. 

The upper magnesian layers 'of the Kinderhook outcr,op along 
South Englis'h river and its immediate tributaries, but they have 
little to commend them for structural purposes. They have been 
developed, however, ,to a limited ,extent near Riverside and Was
sonville, and have been used for rough foundation work, well 
curbing 'and even fm bridge stone, ordinary dimension stone 
and caps andsiHs. The s,tone is rruther soft and not pleasing in 
appearance. 

The Osage Limestone. 

The Osage limes,tone occupies a triangular area in ,the south
eastern portion of Iowa, the base of the triangle resting on ,the 
Mis'sis'sippi river from Louisa to Lee counties, and the apex ex
tending to Ithe nor,thwestward, reaching Keokuk eounty. Beds 
referred to this 'stage of ,the Lower Carboniferous are most 
extensively and typically developed in Des Moines county and 
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especially in the vicinity of the town of Augusta. Five fairly 
well defined sub-stages may be recognized ,and 'as all are well 
represented in Des Moines county, Itheir detailed descriptions 
appear in the discuss~on for ,that eounty and ,a repetition is un
necessary here. It may be said, however, that the indurated 
beds are chiefly limestones and that these supply the mos,t im
pOlltant quarry rock in ,the southeasltern por,tion of the state. 

DES MOINES COUNTY. 

Limestones and shales which have been referred to the Osage 
stage of the Lower Carboniferous immedi'ately underlie the 
drift over by far the larger portion ,of the 00unty. The lime
stones greatly predominate, although the shales become prom
inent near Ithe top of the series. 

For con~enience of discussion the Osage, as developed in 
Des Moines county, may be div~ded into five fairly well defined 
members: ,the Lower and Upper Burlington limestone; the Mon
trose cherts; the Keokuk limes,tone, and the Keokuk and War
saw shales. 

The limestones are prevailingly pure, crinoidal and cherty 
throughout. The first and fou:vth members are heavy-bedded and 
coarse-textured, while ,the second and third are generally thinly, 
often irregularly bedded limestones. 

Tohe two divisions of the Burlington are the most conspicuous 
formations in the county, and form ,the 'steep bluffs which face 
the Mississippi, and its leading tributaries for a short distance 
above their debouchures, along the entire length. of the county, 
and the Skunk river across ,the larger portion of the county's 
width. 

The Lower Burlington occupies about fifty feet in vertical 
section, including about twenty feet of calcareous shales at the 
top. The limesltone is coarse-grained, sub-crys'talline, varying 
from pure white Ito brown or rusty in color, and occurs in rather 
heavy beds, especially near the base. Normally the rock is gray, 
the rusty brown beillg due 11;'0 water staining. It is often qu~t8 
c'avernous. The upper shaly horizon carries. much chert in con
cretions and bands and some calcareous ledges. The limestone 
is su~table for structur,al materials throughout, while the shale 
j s practically wor,thless. 

26 
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The Upper Burlington lies in thinner beds, and is more cherty 
and more shaly throughout -than the lower member. 

The most ,typieal section of the Upper Burlington is shown in 
the Miller quarry, just above Cascade. 

SECTION AT THE MILLER QUARRY. 

FEET . 

8 . Loess....... .. ......... .. .............. . .. . ................ 12 
7. Drift .... ....... . ............... . ....... ........ ............ 3 
o. Limestone and cbert..... . ..... . .... .... .... ... . .. .... ..... . 8 
5 . Limestone, brown and white, banded with ebert, tbinly bedded 6 
4. Limestone, gray and white, heavily bedded............... .. 10 
3. Shale, blue, argillaceous, fossiliferous... . . . . . . . . . . . . . . . . . . . . 2 
2. Limestone, heavily bedded, wbite .... .......... . .. . .... .... 5 
1. Shale, blue, exposed.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

The majority of the quarries in the county are developing the 
Upper Burlington limestone. Quarries may be opened at almost 
any place in the faces of the bluffs fronting the larger streams, 
and excellent transportation facilities both by rail land w,aJter are 
often available. Some of the more representative quarry sec
tions are appended herewith. 

CITY QUARRY, NEAR MAIDEN LANE AND SEVENTH STREETS . 

FEET. 

6. Loess ..... ........... . ..................................... 12 
5. Drift. ... . . ... ... . ... ... .. .. .. . ... . ...... ............. . .... . 2 
4. Limestone, white, rather brittle, thinly bedded. . . . . . . . . . . . .. 3 
3. Limestone, yellowish, beavily bedded.... . ... .... ........... 5 
2. Limestone, poorly bedded, with considerable sandy clay and 

chert ........... . ..... .... ........ . .................... '" 2 
1. Limestone, white, solid bed. .. .. .. . . . . . . ... ... . .... . ... . . .. 6 

The quarry supplies stone suivable for curbing and other 
dressed stone from numbers 1 and 3. The waste from ,these layers 
and fr,om numbers 2 and 4 can be used f,or macadam and o,ther 
crushed stone purposes. 

Extensive quarries were oper,ated by the government at Picnic 
Point .about two miles south of Cascade. These quarries are 
now idle. The quarry ·sectionexposed is as follows: 

PICNIC POINT QUARRY SECTION. 

FEE1'. 

7. Loess and drift up to.... . .. .. . .... .. . .... .. .. .... ... . . ... . . 15 
6. Limestone, very cberty, brown, sub-crystalline, chert weathers 

yellowish .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
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5. Limeston e, brown , encrinital , sub-crystalline, chert mainly in 
two zones ; much weathered and cavernous in places ..... . 

4. Limestone, oolitic, somewhat sbattered . ... .... ..... ..... . . . 
3. Sandstone, argillaceous and calcareous, heavy-bedded when 

fresh; weatbers decidedly shaly above; occasional large 
cherts in upper portion .. . . .. . ............. . .. ........ .. . . 

2. Limestone, concretionary zone, white and blue limeston e, 
weathers yellow, and breaks up into thin, irregular layers .. 

1. Sandstone, argillaceous, white, washes on exposure, and ap
parently is pyritic; has a decidedly sulphurous odor, ex-
posed ......... .. ... .... . . ... ................ .. ......... . 

403 

FEET. 

10 
It 

5 

9 

]0 

About one and -one-half miles bel-ow the Government quarries, 
some quarrying is being done. Lime was burnt here and two 
kilns in a fair state of preservation still mark the site. The beds 
exposed are pmctically the same 'as Ithese at the Picnic P -oint 
outcrop. 

North :of Burlington good outcr-ops ,are of somewhat, less 
vertical extent, but equally numerous. In Flint River township 
a quarry 'on the northwest quarter of the southeast quarter of 
section 25 may be taken as 'a 'type and is given below: 

LOFTUS QUARRY SECTION. 

FEET. 

6 . Loess .......... , .... ......... .. .. ,...................... ... 4 
5. Drift. .... .... . . .. . ... . .... .... .... .... . . ....... . .......... . 10 
4. Limestone , thinly bedded, with considerable chert.. . . ...... 8 
3. Limestone, sub·crystalline, irregular, heavily bedded.... .... 10 
2 . Limestone, white , solid bed................................ 6 
1 . Limestone, dark gray, somewhat irregularly bedded, exposed 4 

All of 'the indurated rocks may be referred too the Upper 
Burlington. The beds may be viewed still farther -to the north
west in Pleasant Grove township. In an old quarry -on the north
west quarter of section 12, the following beds may be made out: 

PLE ASANT GROVE SECTION. 

FEET. 

9. Loess and drift. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
8. Limestone, h eavily bedded.... ... . .. .. ... . .... . .. . .. .... .. . 6 
7. Limestone, rather brittle and poorly bedded. . . . . . . . . . . . . . . . ~ 

6. Limestone, whitp., heavily bedded ..... . .... ..... . .... ..... . 6 
5. Shale, yellow, or calcareous sandstone. . . . . . . . . . . . . . . . . . . . . . 2 
4 . Limestone, gray, irregularly bedded. . .. ... . . .. . .... .... .... 4 
3. Chert ...... .. ...... . .............. ,...................... .. 1 
2. Shale, or yellow sandstone, calcareous... ... . . ... ... ...... . . 2 
1. Limestone, thinly bedded.. . .. . .. .. .. .. .. .. .. .. .. .. .... .. . .. . 3 
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SIt'one is supplied to Pleasant Grove, Wasihington, and a large 
part ·of Yellow Springs and Franklin townships from these quar
ries. The s'tripping increases rapidly back from ,the £ace of ,the 
bluff,and quarrying 'has been and is carried on in a very desul
tory manner. 

The Montrose chel'\ts while presen1t in numerous outcrops do 
not contribute materially t 'o the natur·al wealith of the c·ounty. 
Oommercially they are su~tableonly for crushed Istone pr·oduCJts. 
They are best exposed al'ong the Skunk river. The cheI'lt beds 
rise to the north and only rather unimportant detached :areas are 
known. 

The Keokuk limestone occupies a broad belt across the south
west pOI'ltion ·of Des Moines county, covering 'about one-fourth 
of ~ts superficial area. This limestone is distinguished from the 
Burlington, lithologically, by its prevailingly blue color, less 
crystalline texture, ,and greater compactness . . 

The Keokuk limestone is .a heavy-bedded, reasonably pure cal
cium cmrbonate well adap.ted for ,structural purposes. It is les's 
quarried than the Burlington,on account of greaJter overburden 
and po·or transpoI1tation facilities. 

A representaJtivesection may be viewed in the vicinity 'Of 
Augus,va, where bo,th the Montr'ose cherts and Keokuk beds are 
well shown. The sequence is as foHows: 

AUGUSTA SECTION . 

FEET. 

4. Drift .. .. . .............. ...... . .. ...... ................ ..... 8 
3. Limestone , bluish, encq~ital in places, clay partings, often 

highly fossiliferous (Keo kuk ) .. .. . . . .... . . . . . . . . . .. . . . . . . . 20 
2. Chert, white, thinly bedded , with thin irregular bands of 

limestone (Montro e) .. . .. ...... . .. ... .... ... .. .. ......... 30 
1. Limestone, white, coarse·grained, encrinital (Upper Burling-

ton), exposed. ... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

]1aI'lther Up the Skunk river ·the Saint Louis limestone and Coal 
Measures come in, and the Keokuk beds dip below the level of 
the stream. Small quarries hav·e been worked fI'lom time to 
time in Danville and Union ibownships, but these were of 10001 
interest only. In many ,of ,the outcrops, cherty material is 'So 
abundant thaJt the stone is praC'tically worthless save for crushed 
Istone purposes. 
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KEOKUK COUNTY. 
I 

The Osage limeSitone is helieved to ·occupy la .triangular area 
in the northeast c'Ornerof the county :and several pa,tches are 
known to occur in .the interior 'of the county. ~he most im
portantoutcrops may be se'en along Rock creek and Skunk river 
north ·to northweslt 'of Ollie. The forma:tion rises forty feet 
·above the river. The stone varies from ligbJt brown or white to 
gray in color. It is medium to coarse-grained, ·sub-cry,stalline 
and lies in led~es usually three Ito ten inches in Ithickness, sep
arated by clay and chert bands. It is highly fossiliferous, 'Often
times c~msisting llargely of a shell breccia and fragments 'Of 
crinoid stems. The most extensive section occurs in the vicinity 
'Of Manhattan Mills. The following ·sequence was determined by 
Bain: 

FEET. 

7. Soil and drift of indefinite thickness. . . . . . . . . . . . . . . . . . . . . . .. 2-40 
6. Sandstone, quartzose, in part calcareous, soft, yellow. . .. ... It 
5. Limestone, finely brecciated. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
4. Limestone, compact, gray, cherty. ... . .. . .. ... . .... .... . ... 20 
3. Limestone, earthy, brown, containing numerons chert nodules 15 
2 . Limestone, coarse sub-crystalline, blue and gray in color, 

fossiliferous, in ledges 9 to 20 inches thick, separated by 
shales 6 to 8 inches in thickness; bands of chert nodules 3 
to 10 inches thick near the top. . . . . . .. . . . . . . . . . . . . . . . . . . . . 26 

1. Limestone, as above . . .... ........ . . . . . . . . . . . . . . . . . . . . . . . . . 14 

Numbers 1 and 2 in the above section belong to the Osage, the 
first being exposed in the Weber quarry near ·the mill, while num
ber 2 eomprisesthe chief formation in the Cook quarry. Number 
3 is referred ,to the Springvale beds, and outcrops above the 
quarry tracIDs, while numbers 4 to 6 inclusive bel'Ong to the Verdi 
beds of the St. Louis -stag·e 'a:nd are expo·sed along the old right 
of way leading to the Cook quarry. 

The railway switch has long 'since been 'abandoned and :the steel 
remoVied. Quarrying is carried on only to supply the local de
mand. In a 10'cal qU3irry ,sltill in operation, the following beds 
are displayed: 

FEET. 

4. Loess, waste and drift.... .. . . ... .... .... .. ...... ....... .... 1-5 
3. Limestone ledge, similar to number 1...... ...... ...... .... . Ii 
2. Limestone, thinly bedded, concretionary and cherty; shaly 3 
1. Limestone, blue-gray, evenly bedded, about five ledges ex-

posed, varying from 6 to 12 inches in thickness; sometimes 
there is a shaly parting near the middle; fossiliferous..... 3 
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Numbers 1 and 3 afford :a good quality of stone for 00ursing 
and rubble work. The several other exposures of 'Osage lime
stone presenJt no new :Deatures. 

LEE COUNTY. 

The Osage limesltone comprises a very considerable port~on of 
the country rocl~s in Lee county and forms the greater part of the 
vertical extent ;of Ithe bluffs on all of ,the streams bordering the 
county. In the interior it is largely overlain by Ithe Saint Louis 
and the Goal Measures. 

It. includes quite a div:ersity of beds whieh f'or oonvenience in 
d~scussion.are divided into three groups of limestones which are 
sepamted by shales 'and chert beds. The 10wes1t member is gen
erally known as the Burlington, which many investigators have 
divided into Upper and Lower Burlington. This is separated by 
chert beds from ,the middle member, the Keokuk limestone, which 
in turn is separwted by shales and geode beds from the upper
mos.t member, known as the \lV arsaw. 

The Lower Burling'ton, while compo'sed in part of heavy beds 
of sub-crys11alline limesltone, is lmimportant in ,the present con
nec:tion as i,t comprises only a narrow strip along the base of the 
Skunk river bluffs north of Wever and a few miles east of the 
town of Augusta in the northeastern pm'i of ,the county. 

The Upper Burlington is very similar in charaoter to the Low
er Burlington, but usually occurs in thinner beds and clarries a 
greater labundance ,of chert in irreguLar nodules and Ithin bands. 
The Upper beds are bes t exposed in the bed of Slumk river at 
Augusta. The flinty beds of ,the Upper Burlington are sometimes 
called 11he Montrose cherts. They appear along Ithe Mississippi 
river fr'om Montrose Ito Keokuk. Between these points they con
stitute the bed of the river and cause the ,obstruction to naviga
t~on known as the Des Moines rapids. W:hile both members of 
the Burlington ,aff,ord good mruterial for constructional purposes, 
neither is sufficiently laccessible to merit ex'tended notice. 

A quarry has been opened in the Burlington limestone, weist 
of Wever. The beds worked are as follows: 
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FEET. 

5. Soil and drift. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
4. Limestone, brownisb, thinly bedded, with some chert, en-

crinital ... .... . . . .... ........ .. .. .............. .. .. . . .... It 
3. Limestone, white , rather soft, somewhat cherty in places.... t 
2. Limestone, yellowish.... .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 2i 
1. Limestone, hard, brown, encrinital, heavily bedded, exposed 2 

Other openings have been made in the near vicinity but while 
the stone is durable and pleasing in appearance, Itheaggregate 
annual ,output has never be-en large and is practically nil at this 
time. 

The Keokuk beds are typically developed in Lee county, but 
at the same ,time their surface area is relatiViely small. These 
beds 'occupy the larger portion of Denmark township and a part 
of Washington. In addition thin beds are exposed in the bluffs 
facing all of the larger 'streams. Along the Des Moines river, 
while the Keokuk is present above ,the water-line, it is largely 
obscured by heavy Italus slopes. In general the f'orma;tion con
sis,ts -of twenty-five to forty fe-et of coarse-grained, bluish, often 
crinoidal limestone, overlain by rather more than thirty feet of 
shales, generally known as ,the geode beds. Chert is qurte prev
alent through the limestone, while some beds are s'omewhat 
argillaceous and from the'se two causes, many of the layers are 
unfit for dimension stone; but are serviceable for crushed stone 
purposes. The best layers for dimension stone are known as the 
"'White ledge" which is quarried in Keokuk and vicinity. The 
heaviest Ibeds arrd ,thinnest partings are near the base, while the 
beds become thinner and more argillaceous in character near the 
top, grading into the geode beds above. 

The geode beds are of small importance in ,the discussion of 
"quarry products" ,save as a possible source 'of shales suitable 
for use in the manufacture ,of Portland cement. ' The lower half 
is made up largely of more or less indufi3!ted calcareous shales 
with some chert :and ,occasional bands of limestone, graduating 
downward into the limestone below. The upper half is more ar
giUa0eous, sometimes slightly arenaceous and Jess calcareous 
'and 'Slakes more readily unde-r weathering influence than the 
lower portion. The siliceous and calcareous concretions give 
name to the formations and are quite generally, although not 
universally, present in sOl1'thea stern Iowa. 
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The Keokuk limestone has always .been a large contributor to 
the stone output of the county. Numerous quarries have been 
opened, and it is ,this horizon which affords the greater portion 
of the quarry rock in, the vicinity of ,the city of Keokuk. As a 
rule the formation is compact, ra'ther hard, 'OHen ·sub-crystal
line rock, ,of an 'ashen or bluish gray color. It presents an even 
t,o conchoidal fradure. 

The Wiarsaw beds comprise 'a buff magnesian limes,tone a,t the 
bruse, in ;a massive layer often .ten to twelve feet in thickness; 

. blue arenaceous shales with intercalated limestone,s in thin bands, 
and at the top a buff, sandy limestone locally called" sandstone." 
These beds are ,typically developed a,t W,ars1aw, .a town five miles 
below Keokuk on the Illinois side of 'the river. 

The quarry rock 'Of the Warsaw is chiefly 'a magnesian lime
stone containing some sand and small pebbles. It is generally 
called sandstone. The principal quarries are located at Sonora 
on the east ,side of the river. The rock ,occurs in a massive layer 
ranging from six to twelve feet in Ithickness, is bluish ,to yellowish 
in color when firs,t ,taken out of the quarry, but, on exposure to 
the weather for some time, it changes to a buff or brown. The 
stone has been used in ,the building 'of ,the locks and many of the 
most important structures in the city of Keokuk. It has also 
been used in pier and bridge work. It is very durable and highly 
prized for 'all grade's of dimension and cut stone work. The 
principal quarries in the county are 100ated near ,the city of 
Keokuk, wi,thin half a mile 'Of the milway bridge cros'sing the 
Des Moines riv·er, 'and near Ballinger, above the city along the 
Mississippi river. 

Of the numerous ,sections of Osage available, ·only sufficient are 
selected to illustrate ,the principal ferutures of ,the beds. There 
is an almost eontinuousoutcrop 'of these beds in and about the 
city of Keokuk and facing the principal streams 'On the three 
sides of ,the county. 

The Tigue quarry, a short distance west 'of the Rand lumber 
yard, is one of ,the oldes,t openings in the vicinity. It hrus been 
in operation for more than forty years. The section is as fol
l'Ows: 
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FEET . 

4. Soil and drift...... . ... .. ... . .. .... ...... . .. .. . . .. . . . .. . ... . 8 
3. Limestone, thinly bedded, with considerable calcareous shale 6 
2. Limestone, more massive than 3.... .... .. .. .. . ... ..... . ..... 9 
1. Limestone, rather sandy, with shaly partings, exposed to rail-

way track. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 14 

In ,the wes:t part ,of the city of Keokuk, 'along Soap creek for 
a distance 'Of fully one mile, quarries have been 'opened at a num
ber of points. The section exp'Osed near the mouth of SOlap creek 
is given bel'Ow: 

FEET. 

8. Soil and drift of variable thickness. 
7. Shale, cherty.. ... . ... ... ....... ... ..... . .. . .. .. .... ..... .. . 6 
6. Shale, calcareous, with intercalated bejs of limestone; some 

geodes present. . . . . .. ... ................ . . . .... ... ...... . 8 
5. Limestone, drab, impure, heavily bedded, shaly below.. .... . 12 
4. Limestone, light colored, with nodular masses of chert; the 

"white ledge" . ..... . ... . ... . . .. .. . . ..... . . . . . . . .. .... .... 3 
3. Limestone, argillaceous and massive, with spheroidal masses 

of calcite, sometimes carrying millerite. .. . . . . . . . . . . . . . . . . . 5-6 
2. Limestone, coarse, gray, encrinital, cherty.... .... . . ..... . ... 3 
1. Limestone, with cbert in irregu lar beds .• exposed.. . . . . . ... . . . 5 

NOI'lth of the city about one-:bourth mile north of Ballinger 
station on the C. B. ,and Q. Railway, ,the Tucker ,and McManus 
qu:arry display,s the f'Ollowing beds: 

7. Soil, loess and drift ., . ... . .. . .... .. .. . ... . ......... ... .... . 
6. Limestone, weathered, soft, yellowish above, blue-gray be

low; yields some rubble where protected; somewhat 
cherty ................. . ............... .. .. .. ... . ...... . 

5. Limestone, shaly ..... . .. ......... .. .. ... .... .......... .. . 
4 . Limestone in two heavy beds, the upper about three and 

the lower three and one-half feet in thickness, separated 
by a one foot shaly parting; fossi liferous and sub-crystal-
line ............. ... ....... . ......... .... ........ .. .... . 

3. Limestone, cherty, sub-crystalline, similar to 1, somewhat 
irregularly bedded; where sufficiently free from chert yields 

FEET. 

0-10 

10-15 
1 

good rubble stone.. ... . ...... . . ........ .... ... . .. ...... 8 
2. Limestone, evenly bedded, gray-blue , sub-crystalline . . . . . . . H-
I. Limestone, chert present as bands and nodules, irregularly 

distributed throughout, exposed... . .. . . . .... ........... 6 

In this quarry the beds dip to the northwest. Numbers 2 and 
4 furnish the best dimension stone. Only hand methods are 
used in quarrying, although a steam drill i,s emp10yed. Power 
f'Or drilling is supplied by an ordinary tra0tion ,engine. The 
waste ,stone 1S loaded in cars with removable beds. The car 
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beds are swung up to 'a Gates crusher by means of :theonly der
rick used in the plant. All.of the 's,tone below the weathered 
:Gones is utilized. The crushed ,stone is graded by being passed 
through a cylindrical screen. Storage 'hins are provided for the 
larger sizes. The dUBt is removed by a belt conveyer and 
dumped 'on ,the ground. In addition to crushed ,stone, rubble 
and dimensi'On 'stone are produced. This is the most important 
quarry in the county 'at this time. 

LOUISA COUNTY. 

The underlying, indurated rocks that are exposed in Louisa 
county belong almo>sltexciusively to the Kinderho'Ok and Osage 
stages of ,the Mississippian. The Kinderhook beds consis,t chiefly 
of soft clays and impure limestones, withocc.asional strata of 
sandstone. The Os'age is represented by the heavier, more dur
able beds ,of the Burlington limestone. Exposures are found in 
the southern and southwestern portions 'of ,the oounty. They 
appe!ar to best advantage in the bluffs west 'Of the Mississippi 
and ,south of the Iowa river in Elliott, Wapello and Morning 
Sun townships. Outcrops are also oommon along the s,treams in 
Oolumbus and Elm Grove townships. 

The bes1t 'stone comes from the Upper Burlington beds and all 
0'£ the present working quarries make use of these ,strata. The 
lower beds were formerly work'ed ,on the property of J. D. Ander
son, just south of Elrick Junction, but this rock is usually too 
much weathered t'o furnish durable building material. The prin
cipal qU'arries are 10C!wted near Morning Sun on Honey creek and 
on Long creek and its tributaries. 

The Chas. B. Wilson quarry, one and one-half miles east of 
Morning Sun in the southwest quarter of section 28, affords a 
characteris,tic sec,tion of the Upper Burlington. The following 
details are based in part on data found in ,the Geology of Lo'ttisa 
County.* 

FEET . 

6. Disintegrated crinoidal limestone, brown to yellow. . . . . . . . . . . 3t 
5. Partially weathered crinoidallimestone containing some chert; 

ledges 4 to 6 inches thick, fair stone. . . . . . . . . . . . . . . . . . . . . . . 2i 
4. White chert, nearly fails in places. . . . . . . . . . . . . . . . . . . . . . . . . . . t 

*J. A. Udden, Iowa Geol. Survey, Vol. XI, p. 76 . 
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3. Yellowish fine-grained limestone, containing open pockets 
often lined with botryoidal calcite or quartz crystals, soft 

FEET. 

and can usually be crumbled to a powder in the fingers.... 1-3 
1. Coarsely crystalline pure limestone, light brown to bluish 

wbite; in ledges from one foot above to massive tbree-foot 
ledges below; stylolitic jointing very common; free from 
cbert.... .... .... .... .. . ... .. .. .. ...... ... . ..... . ... . ... .. 6 
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The quarry base is 'ahout twenty-five feet above low water in 
Honey creek. This depth consists largely of cherty limestone 
in part obscured. A face approximately ,one-fourth mile in 
length has been opened on both sides ·of the stream 'and a large 
amount of stone removed. With the exception of the upper few 
feet, ,there is little worthless material in the secticon, and num
bers 1 and 3 especiallyaff'ord a mo'st excellent stone for any 
of the finer grades 'of work. A considerable acreage is available 
at this point, both to the east and west of Honey creek, over 
which ,there is no drift and little else to require much dead work 
in stripping. 

A similar succession is f.ound a:t the W. C. Bryant quarry just 
south of the Iowa Central track in ,the southeast corner of sec
tion 29. Seven and ,one-half feet of number 1 are quarried, and 
the opening has reached ,sueh a depth that number 2 is quite 
firm and unweruthered. r.t is seen to be a coarsely granular and 
fossiliferous brown limestone simillar ,to number 3, save for the 
presence .of numerous geode cavities. The heavy bed,s furnish 
smtablestone for heavy f.oundations, bridge piers, and other 
masonry work, besides walls and finishings. The white s,tone 
does not, however, split with uniformity in lany direction except 
along well defined lines of stratification. 

The stone is handled in this quarry by derrick ,to wagons and 
some is ,shipped fr'om Morning Sun. 

Number 1 in these quarries is an unusually pure limestone 
as shown by the chemical analysis, given herewith,of a sample 
from the Wilson property. 

Insoluble ...... . ... , . . . . . .. . . . . . . . . . . . . . . . . .. . .... . . ... . . .. . . .. 1.60 
Iron oxide and alumina (Fe20a + A1 2 0 3 ) •••• •••• •••• •••• • • ••• • 1.20 
Lime carbonate (CaCO,.) ......... . : . ............ , ............. 97 .02 
Magnesium carbonate (MgC0 3 ) . ..•.• • •• ••• •.•••.. ... .. •. , .. . .. .32 
Hygroscopic moisture. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34 

Total .. . ..................................... . . . . ... . .. 100.48 
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The very low magnesia content commends the stone for the 
manufaclture 'of Portland cement. It would >also make, without 

. douht, tan ex'Cellent gmde of white lime. 
Both the ,ViIs-on and the Bryant quarries are conveniently 

located for transportation of the output by rail. The stone is 
of high quality and limitless quantities are available. The ter
ritory to be $upplied i. principally ,the counties to the westward 
of Louisa which >are heavily drift lladen and possess no bui lding 
stones of their. own. 

The Ackenbaum quarry is located in the northwest quarter of 
section 27, Morning Sun ,township. The beds here consist of 
ahout three feet of overlying disintegrated crinoidal limestone, 
l!1ssocilwted wi,th the lighter colored heavier beds as exposed on 
Honey creek. The latter are beds coarsely crystalline to sac
charoidal in texture. A styloJi.ticstructure is common but the 
rock splits irregularly 'and with no greater facility along such 
lines of jointing. The stone outcrops for some disbance along 
Gospel run and at the quarry face is cov,ered with but one to 
three feet 'of loess-like soil. Immedirutely hack fr'om the streams, 
however, there is a he>avy drift covering. 

There are >a number 'of small quarries situated along Long and 
Buffington creeks in Columbus and Elm Grove townships re
spectively. The ,old Wasson, now C. J . Gipple, quarry, in the low 
termce along the south bank of the south branch 'of Long creek 
in the northwest corner of se0tion 23, Elm Grove,affords the 
foHowing 'section : 

9. S:>il in small amount which does not thicken materially for 
several rods from quarry face. 

FEET . 

8. Limestone, badly shattered, containing much chert below. .. 7 
7. Disintegrated limestone carrying much chert. Worked back 

in tbe hill, becomes a fairly firm rock of bluish color and 
crystalline texture; separates into ledges of 6 inches to 1 
foot. .... . .. . . .. .. . . . . . . . .. . . . . .. . ..... . .. . . .... ... .... . . . 3 

6. Yellow, disintegrated limestone, in part solid and coarsely 
crystalline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ....... .. . . . . 3 

5. Blue shale, calcareous.. .. . ... . . .... ... . ... .. . .. . . . . . . . . . . . .. 1 
4. Band of chert, fossiliferous, persistent, used for building rock. 

A maximum of ......... . ... , ........ . .......... . ......... 1 
3. Yellow, badly disintegrated crinoidal limestone with geode 

cavities, in part a crumbling brown sand . . . . . . . . . . . . . . . . . . 4 
2. Yellowish, partially disintegrated but usable limestone . . .... . Ii 
1. Crinoidal white limestone, in ledges from 6 to 10 inches. 
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No.1 is not now in sight but has been ,taken out to a depth of 
twelve' feet as the principal quarry rock. r.Dhe base of the full 
quarry bce would therefore, be somewhat below water lev-el in 
the creek. 

These same beds crop 8Jt an indefinite number of points in 
this vicinity 'on.Long creek and in section 14 of Elm Grove town
ship on Buffington creek. 

J. L. Thurston takes out a small amount of stone near the 
northwest corner of section 14, and J . E. Gray and J. M. Mar
shall quarry the same" white" beds in the north part of section 
3, Oolumbus 'township. At the Marshall quarry, oonsidemble 
stone has been quarried in the past and there is less stripping 
needed than ,at -other 'Observed points where quarrying is done. 

Western Louisa county in general, is heavily drif,t laden and 
the rocks are exposed only at infrequent intervals along the 
streams. 

VAN BUREN COUNTY. 

Both the Upper and Lower Carboniferous series are repre
sented in the rocks -of Van Buren county; the former by the 
Lower Goal Measures or the Des Moines stage and the la'tter by 
the limestones of the Saint Louis, the shales and limestones 'of 
the Keokuk and the Montrose oherts -of the Burlington sub-stage. 
Exposures occur chiefly along ,the Des Moine's river and its 
tributaries, although a few outcrops -of the Saint Louis are to be 
seen !along Cedar creek and br;anches, near the 'llortheas't corner 
of the county. 

The beds belonging to the seveI'als'tages and formations bear 
the customary relat~ons to each other. Between the Des Moines 
aIld ,the Saint Louis is a major unconformi,ty and evidences are 
to be -observed of a braale in sedimentation between the Saint 
Louis and the Keokuk beds. A marked :anticlinal with its cre,st 
at Bentonsport brings the Burlington cheDts into view in the 
channel 'of the Des Moines river between Bentonsport and Bona
parte. A maximum ,of forty feet of these beds is exposed, but 
they disappear both ,to the north and s'outh within narrow limits. 
The Burlington consi,sts 'Of beds of chert with occasional bands 
of limestone or clalcareous shale but aff'ords in ,this county no 
quarry products. 
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Keokuk beds :-This member is exposed lalong the Des Moines 
from the mouth ,of Rock creek in Washington township ,to the 
southeas1t corner of the oounty. It is found exposed in only a 
narrow belt along the river, where it is usually overlain by the 
limestones of the Saint Louis. The formations belonging to the 
Keokuk .sub~stage in Van Buren county consist of the Keokuk 
limestone below, the Geode shales and, rat the ,top, ,the Warsaw 
shales. C. H . Gordon writes as follows regarding the Keokuk 
limestone, i,ts distribution and charader: 

"The Keokuk limestone makes its first appearance in the ex
treme southeastern part of ,the county on a small branch on the 
south side of the river. About six or eight feet are exposed, and 
quarried to a limited extent. The next appearance is at the 
mouth of Reed ,creek, where about ten feet of bluish gray lime
stone, co,arse, sub-crystalline rand mostly ,thin-bedded, are ex
posed. As the 'strrata rise toward the west, lower beds come into 
view, and are seen well up in the bluff below Bonaparte, with 
nearly thirty feet 'of the Burlington chert beds below. The lime-

FIG. 30-Davis quarry , west of Bentonsport, Van Buren county. Heavy beds of magnesian 
sandstone (Warsaw Sandsto ne) . 
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stone has been quarried at several places here, but it contains 
large quantities of ehert. Much ,of the rock is also shaly and 
the bedding ·ofthe better quahty of rock is quite var~a:ble. At 
Bentonsport at 'one time, quarrying was carried on quite eX!ten
sively. The principal quarry bed ~s from five to eight feet 
above the base of the division and perhaps repr·esents the same 
ledge as thJa't quarried at Keokuk and there termed ,the "white 
ledge". The upper layers a,t the quarry are thinner . . The 
horizon between the thicker and thinner beds is marked by a 
series of undulations of one of the beds remarkable for their 
regularity. The vertical interval of the unduations does not ex
ceed ten inches, while ,the horizontal interval does not vary much 
from fifteen feet throughout ,the whole extent of the quarry. On 
the opposite side of ,the river the rocks are well exposed for some 
distance up Bear creek, and show essentially the same characters 
as els'ewihere in southeastern Iowa.' ,'J!< 

The limestone has been qu!arried 'at .a number -of points in the 
vicini,ty of both Bonaparte and Bentonsport but most extensively 
at the latter place, where the following is the 'approximate 
section: 

FEET. 

7. Geode shales, at quarry face. .... .... ............. ... . .. . .. . 10+ 
6. Argillaceous limestone, carrying much chert and some geodes 2 
5. Blue-gray limestone in thin ledges with interbunded black 

shale and numerous chert bands.. .. . . . . . .. ... .. ...... . ... 8 
4. Persistent bed, blue, crystalline, fossi liferous limestone with 

usually a band of chert ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11;-
3. Calcareous, dark gray shale .... . .......... . ..... . .......... . 
2. Heavy bed, clean, blue-gray, coarsely crystalline... . ....... . H-
I. Calcareous shale. 

The quarry face is intermittently open in ,the bluffa:bove the 
. town for one-fourth of a mile. The base of the quarry is about 
:Borty feet above walter in the river 'and twenty feet higher ,than 
the r,ailway track wh~ch runs at .the foot 'of the bluffs. Numbers 
2 and 4 'only have been used, and these have furnished stone for 
bridge piers and riprap. The stone has not proved very dur
able in exposed positions. Lt is believed, however, ,that all the 
beds might be used fo-r crushed s,tone 'and ,the si,tuation is suit
able for such ,an industry. The exposures are in general covered 
with the geode shales and heavy drift. 

'Geology of Van Buren County , Iowa Geological Survey, Vol. IV, p. 211. 
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EquiVialent beds have been worked by the Chicago, Rock Island 
and Pacific Railway Company, three-fourths of a mile east of the 
town, but they are no longer used. 

In the vicinity of Honapa~te -the Keokuk limestone is oceasion
ally quarried for local use. The following layers are ,to be seen 
in the southeast quarter ,of the -southwest quarter of section 9, 
Bonaparte township: 

FEET. 

3. Drift ..... . ...................................... . 3-10 
2. Limestone, blue, irregular, thin-hedded; intermixed with 

layers of shale; fossiliferous, cherty. . . . . . .... .... . . . . .... . 7t 
1. Limestone, blue, hard, cherty, thick-bedded, main quarry 

rock; exposed....... .... .... .... ......................... 6 

Far,ther Up Mack creek tihe fine-gmined yellow limes-tone ap
pears and has been quarried at a few points. 

WASHINGTON COUNTY. 

Limestone beds referable to the Os,age outcrop at numerous 
points in la belt which ,c~osses the middle portion of the county 
in an east and west direction. Quarries have been opened nOl"th
west of Wlashin~ton and north of vVellman. The Eckels quarry, 
locwted on the southwest quarter of section 2, township 75 north, 
range VIII west, presents one of the best sec-tions between Wash
ington ,and West Chester 'and is given beLow. 

ECKELS QUARRY. 
FEEl'. 

3. Loess....................................................... 12 
2. Drift....................................................... 6 
1. Limestone, coarsely sub-crystalline, blue, gray and white in 

color, running ill ledges from 3 to 20 inches in thickness... 20 

Other quarries in ,the neighborhood display less extensive 
sections and present no new features of importance. Chert 
bands are quite common in all ,of ,the quarries and in one of the 
quarries an ea~thy to arenaceous bed carrying calcareous 
geodes may be viewed. N OJ~th of W·ellman, near Dayton, an 
old quarry shows the f1ollowing indurated beds: 

FEET. 

3. Limestone, buff, arenaceous..... . . . . . . . . . . .. .. .. .. .... . . . . . . 5 
2. Limestone, brown, coarse, sub-crystalline, fossiliferous. . .. .. t 
1. Limestone, blue to gray, finely sub-crystalline, fossiliferous.. + 

The stone very clo1sely resembles that quarried in ,the Wash
in~ton district. Openings have -been made 'at other points, but 
are of local interest only. 
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The Saint Louis. 

The Saint Louis stag-eof ,the Lower Carboniferous has been 
separwted by Bain into ,three sub-stages. The lowest of 1Jhese, 
the Springvale beds, comprise 'a limestone formation varying 
from earthy or argiUaceous limestones as developed in' Keokuk 
county 3!t the 'type locality to massive limestone beds in Henry 
county. As 'a. rule the beds are not important as ,a 's,ource of 
quarry products. The middle member, or Verdi beds, is exceed
ingly varuwble in composit~on and texture, ranging from sand
stones to shales or limestones. The different kinds of sediments 
give place 'one :to another, horizontally, so that ,a s'tratum that 
is shale in one part of the exposure may be represented by 
sandstone ,or limestone 'at no great distance to the right or left. 
No important quarries belong to ,this horizon. The uppermost 
member, or Pella beds, is the most lmiform in character and is 
fairly persistent over 'Considerable areas. The beds are usually 
quite pure limestones, are of good thickness and evenly bedded. 
The Pella beds eomprise the most important member of the 
Saint Louis s'tage from an economiC' standpoint. 

DES MOINES COUNTY. 

The Saint Louis limestone covers la small area in tJhe southwest 
corner .of ,the county. The principal outcr'ops 'occur in the val
leysof Long and Cedar ereeks and Ithe Skunk river. The beds 
comprise, in descending order, a white cl:ay marl; gray flag-like 
limestone; brown, arenaceous limestone; and a concretionary 
and brecciated limestone. 

The gmy, coarse-grained limestone is regularly bedded, and 
occurs in ,thin, flag-like layers fl'om two to five inches in thick
ness. It is qu~te compact and .outcrops on Long and Cedar 
creeks north of Augusta, where some quarrying has been d.one. 

The brecciated limes,tone is 'a very fine-grained, compact lime
stone, light blue or ,ash-gmy in color, and breaks with a well 
marked conchoidal fracture . The fr.agments are all more 'Or less 
angular and vary in size from micI"Ioseopic particles to blocks 
several feet icn length. They are firmly embedded in a matrix 
of a hard, greenish, calcareous clayey material which wea,thers 
more readily than the limes'tone fragments. A,s far as kn.own 
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the flagsrtone member of the 8aint Louis is the only one which 
has been quarried and 'nhe ,beds 3!S a whole are much less impor
tant from an economic st3!ndpoint than their equivalents in Lee 
county. 

LIME. 

All ,of ,the major divisions of th~ Lower Carhoniferous rocks 
developed in the county contain beds :suitable for the manufac
ture of lime. This isespecrally true ·of ,the Osage stage. Lime 
has been manufactured ,a't a number iof points, notably in ·,the 
vicinity ,of Burlington, Augusta land along Flint river. Two 
kilns, in a fair s'tate of preservati'on, still stand near Patterson. 
No lime was produced during ,the past year. 

HAMILTON COUNTY. 

The Saint Louis limestone comprises the ,only available beds 
in the county which 'are ,sufficiently indurated to be used for 
structural purposes. On account of the distribution of the Coal 
Mea·sures over almost the entire county and the great ,thickness 
of ,the drif,t, exposures are limited to ,the immediate vicinity of 
Bo'one riv,er from a short d1Jstancp. ahovp. Webster CiJty to section 
31 in Independence township. Along a small creek which flows 
into the Boone river just below the mill in Webs,ter City, a quar
ry has been opened and operated more or less continuously for a 
number of years. The section which can be made out is as fol
lows: 

SWANSON QUARRY. 
FEET. 

5. Loam and drift.... ... . ..... . ...... ...... .... ..... . ...... ... 2+ 
4. Sandstone, clayey, fissile, ash-gray in color. . . . . . . . . . . . . . . . . . 2 
3. Limestone, impnre , thinly bedded, much weathered, in places 

altered to a calcareous, arenaceous clay . . . . . . . . .... .. .. .. . 4 
2. Limestone in fairly heavy beds, with occasional quartz geodes 4-5+ 
1. Sandstone, li ght colored, somewhat friable b ut in places hard 

enough to be used for structural purposes, exposed. . . . . . . . 4 

Number 2 constitutes rthe principal quarry rock, 'and was for
merly much used locally, 3!nd is practically the only native stone 
available f.or structuml purposes. It i's a fairly pure limestone, 
of fine, ev·en ,texture, varying from a gray to 'a yellowish buff. 
It shanters when ·subjected to changes of :temperature when .wet, 
but gives good service when put in the wall dry. The upper 



HENRY COUNTY 423: 

members exposed are rather inconstant and in places are absent, 
the drift here resting direeily on number 2. 

While similar 'sections are exposed both up and down the 
river from ,the Swanson quarry, the excessive overburden, the 
small thickness and the indifferent quality of the beds make 
quarrying 'on ,a cormmercialscale impossible. 

The phase ,of the Saint Louis exposed in Hamilton county 
closely resembles its devel,opment in Story county and probably 
represents the Verdi sub-stage, which is ,typically exposed from 
Marion to Washington counties. 

HENRY COUNTY. 

The various sub-stages of the Saint Louis limestone imme
diJately underlie the glacial debris over practic'ally the entire ' 
county. The COla1 Measures fringe the south and wes,t borders 
more or less interruptedly, wi,th small prutehes in ,the interim, 
and two narrow bands of ,the Os'age limestone 'are exposed along 
the Skunk river in the south eentral and southeast pOl"tions of 
the county. 

The lowe'st member, or Springvale sub-stage, is dolomitic in 
charader, occurs in he.avy beds, 'and aff10rds ma:terial suitable 
for heavy masonry. The best sections occur in BaHimore town
ship, and ,t'o ,a less ,e:xrtent inJ ackson and Center townships. As 
a rule, the beds suitable for structural purposes are under a 
heavy overburden and can be quarried only ~t great expense. 
The following sections will serve as fair examples. 

Section about 'one mile east of Lowell, in Baltimore township, 
north of wagon road: 

FEET. 

7. Clay, reddish colored and gravelly..... . . . .. . .. . .. .... . ..... 6 
6. Limestone, impure , rusty brown... . . . . . . . . . . . . . . . . . . . . . . . . . 2 
5 . Limestone, brown, magnesian, similar to 4... ... .... . . .. . . . . 4 
4. Limestone, magnesian, obscurely lam inated.... . . .. . . . . . . . . . 3i 
3. Limestone, brown, magnesian, in layers three to seven 

inches thick... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
2. Limestone, fine-grained, magnesian, brown, in layers one to 

three feet thick. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
1. Limestone, variabl e, partially concealed down to geode beds 

of Keokuk sub-stage.... . . ... . . . .... . ... .... .... ... .. .. .. 9 



43+ GEOLOGY OF IOWA QUARRY PRODUCTS. 

The heavy dolomitic beds would undoubtedly give good serv
ice for heavy masonry, but have been but little developed and 
are not re,adily 'accessible. 

The middle member of the Saint Louis, the Verdi, as devel· 
oped in the county, .is characteristicall y variable in composition, 
texture and structure, and h~s little ,to commend it commerci·ally 
save for crushed stone purposes. It has not up to this time been 
exploited on its own 'account. It has been worked only to a 
limited extent in connection with the beds :aboveand below. 

The uppermoS't member,or Pella beds, is ,the most widely dis
tributed and most generally accessible 'of any ,of the divisions 
of the Saint Louis and has been more extensively developed than 
any other formwtion in the county. 'While Hle quarrying indus
try amounts 'vo but lit,tle at the present time, large quantities 
of stone have been produced by the quarries near Mt. Pleasant, 
along the Keokuk and Western division of the Chicago, Burl
ington and Quincy R'ailway. The old Winter quarry, located 
in the south bank 'Of a small stream emptying into Big cre'ek 
from the nor,th, near the railroa,d bridge in the southeast quarter 
of section 17, Center 'township, shows the following section : 

FEET. 

12. Pri ft, reddish brown..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 
11. Limestone, gray, weathered, shaly ... .. . . .... . .. .. .. .. . .. .. . 6 
10. Limestone, light gray, compact, layers ten to twenty inches 

in th ickness.... . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
9. Limestone, gray, even ly bedded, in layers two to eight inches 

in thickness.... .... . . . . . . . . . .. . .. .. .. . . . . .. . . . . . . ... . . . . . 6 
8. Limestone, gray, flaggy, two to four inches in thickness.. . ... 1 
7. Limestone, fine-grained, in undulating layers one to three 

feet thick .......... . .... ......................... '" . . . . . . 8 
6. Limestone, fine-grained, gray, brecciated, in places much 

shattered ... ... . ... . .... .. ................ " . . . .... ... . .. . 5 
5. Sandstone and shales in lentils and irregu lar beds... .... . .. . . 6 
4. Limestone, li ght colored, arenaceous, in places Aexed and 

often brecciated. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
il. Chert in a band rather than in nodules . . . . . . . . . . . . .. . . .. .... H 
2. Limestone, impure, yellowish; the upper portion in thin 

layers, the lower a single bed three feet in thickness... . . . . + 
I. Laminated beds, one to three inches in thickness, consisting 

of brown, magn~sian layers above, thin layers of oolitic 
lim estone in central portion and arenaceons magnesian 
limestone below . ... ... . . . . . . . . . . . .. .. .. .. . . .. . . . .. . .. .. .. 5 
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The upper surface of number 1 presents numerous dome
shaped elevations ranging frcm two to four feet in height and 
ten to twenty feet in diameter. Both 1 and 2 show well defined 
ripple marks in placei';. 

The Pella beds are exposed at numerous other points, but on 
a less extensive scale than in the above section, and do not pre
sent any new features worthy of mention. 'While quarries have 
been opened and opera ted from time to time in practically every 
,township in the county, those in the vicinity of Lowell, Salem, 
Oakland Mills, and Mt. Pleasant are the most important. 

LIME. 

All of the limestone when burned yields a usable grade of lime. 
In the early history of the country, sufficient lime was produced 
to supply local consumption. In recent years, however, the in
creased cost of wood fuel, the modern plants at olther places, 
combined with chelap freight rates, have conspired effectively 
to put an end to the local industry. 

HUMBOLDT COUNTY. 

The Saint Louis limestone' appears at several points along 
both branches of the Des Moines river and in vVeav·er township. 
It forms a solid foundwtion for a large portion of the city of 
Humboldt, as the cellars of many 'Of the principal buildings were 
excavla,ted in it, and, it is said, pr.oduced enough stone to build 
their own walls. The stripping 'Or overburden of soil and drift 
is so thin in pl,aces that these limestone beds afford a na,tural 
pavement. The Saint Louis overlies the Kinderhook uncon
formably, although good natural exposures showing the contact 
are scarce. The most e~tensive section in the county appears 
along the ea'st bank of ,the river, near the south line of .the county. 
The beds are a's follows: 

FEET, 

9. Drift of variable tbickness . 
8. Sandstone, probably Coal Measnres ......... " . . ........ .... 6- 7 
7. Limestone, in thin layers, arenaceons ............. . ........ . . 6-10 
6. Limestone, beavy-bedded, containing angular fragments of 

lithograpbic stone . . . . . , . . .. . ........ . . ... ....... ....... . . 5- 7 
5. Shale, with pockets of clay; variable in tbickness; a thin part-

ing. ...... . ..... . ............ ....... . ... .......... . .. .. . .. 1 
4. Limestone, hard and dense.. .... . ..... . .. . .. . ..... . ..... . ... 4 
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FRET. 

3. Limestone, regularly bedded, more or less arenaceous, about 2 
2. Tallis to \t ater level. . . . . . . . . . . . . . . . . . .. . . . . .. . . .... . . . . . . . . . 4 
1. Limestone, sort, whitish or bluish in the bed of the river. On 

exposure turns brown or yel low and washes r eadily under 
rain. Occurs in layers six to eigbt inches thick, and is said 
to overlie blue shales. 

Number 1 has been quarried in the bed of the river for lo ~al 
use. Number 7 is the most characteristic and clearly defined 
member of the series. It occurs in layers three to four feet 
thick, is unevenly bedded, more or less brecciated and breaks 
off in large blocks as undermined by er·osion of the thinner beds 
below. This particular horizon ,also outcrops in sections 31 and 
32 in Grove ,township. 

The Bull quarry near the center of Humboldt exposed 1fue 
fonowing section: 

FEET. 

3. Drift and so il. . .. , ................. . .............. . .... , , . . . 1-2 
2, Limestone, thin-bedded, with flinty Ia.yers, passing into beds 

of clay. , .. .. ............... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 
1. Limestone, blue, even ly b!'dded, of var iable texture.... ...... 6 

Number 1 rests unconformably upon ,the subjacent limestone, 
which i'S supposed to belong to the Kinderhook. Other exposures 
of the Saint L'ouis limestone occur at the" Sandstone Quarry" 
in Rutland, and at seveml points in A very and Weaver town
ships. The best beds usually aV'ailable at all 'Of ,these places, 
occur in medium ,to heavy ledg,es, are compal~atively pure cal
cium c'arbonate, and yield ,a fair to superior grade ·of buiLding 
stone, which has been used extensively in bridge piers and abut
ments, foundations and walls -of some of the best buildings in 
the county. 

JEFFERSON COUNTY. 

Jefferson county belongs to the region 'of ,thick drift, which, 
according to U dden, avemges one hundred and fifteen feet in 
thickness 'D,ver the entire county. Bo,th the drift ,and the Coal 
Measures have been completely removed by Ithe principal streams 
in Penn, Walnut 'and Lockridge townships in the northeast, and 
to la less extent in Round Prairie, Cedar 'and Lrberty townships 
bordering on the south line of the county. Numerous outcrops 
of Saint Louis limestone appear in a110f these townships. As 
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a rule, such exposures are of small extent and often much ob
scured by the heavy 'talus almost everywhere present. While 
the county has produced a large quantity ·of 's'tone for loc'al use, 
and is capable 'of producing much more, there is not a single 
worker in the county who depends upon ,the qwarry industry for 
a livel~hood . 

The following sections will give a fair idea of the natural 
resources of the county along ,this line. 

Walgren's Quarry, soutlhwest quarter of the s'outheast quarter 
of section 3, Lockridge township. 

FEET. 

4. Soil and drift of variable thickness. 
3. Clay and marl, yellow. . .... . . . ... . ......................... 3! 
2. Limestone , dark gray, porous, somewhat cherty in places. . . . 7 
]. Limestone, grayish yell ow, exposed. ... .. . . ... .. .... ... ... . .. 5 

Monson's Qua1"ry, northeast quarter of the northwest quarter 
of section 8, Lockridge ,township. 

FEET. 

6. Soil and drift of variab le thickness. 
5. Limestone, compact, fine-grained, almost lithographic in 

texture, pyritic . . . ... ... .. . . . . . . . . .. . . . . .. .. . . . .. . . ... . . . . . It 
4. Limestone, so ft, gray, in thin beds. . .. . . .... ............ .. .. 2 
3. Limestone, gray, in a single ledge... . .. . . . . . . . . . . . . . . . . . . . . . 2i 
2. Limestone, dark gray, compact and sLightly bituminous.... .. ! 
1. Marl, b lue, shaly, exposed. .... . ... ... . ........... . ........ t 

Numerous sections are ,exposed along Walnut ·and Burr Oak 
creeks and their tributaries in the three nor,theas,tern townships. 
The hard beds are quite generally breccia:ted and are a:ssociated 
with marly 'and shaly layers. 

In the southern portion of ,the county outcrops are fewer. 
N ear the south line of R'ound Prairie ,township, a quarry has 
been opened in ,the 80uthwest quarter 'of the southeast quarter 
of section 34. The seotion is given herewith. 

FEET. 

4. Soil and drift of variable thickness . . 
3. Marl, gray, fossiliferous... . ..... . .. . .... . . .................. 2 
2. Limestone, white, with a ledge of very fine, almost litho-

graphic texture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
1. Limestone, gray, in ledges varying from six inches to one foot 

in thickness, with shaly parting near the middle. .... .. .. . . 5 

Other exposures occur in Round Prairie, Cedar ,and Liberty 
townships. Quarrying has also been done to 'the northeast of 
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the center 'of secti,on 10, in Libel'ty township. The beds worked 
are as follows : 

FEET. 

7. Soil and drift of variable thickness. 
6. Shale, green, pockety, belonging to Coal Measures. 
5. Limestone, gray, weathering into rounded bowlders, in places 

with small crevices fi lled with calcite, fossil iferous. . . . . . . . . 4 
4. Marl, light colored, with occasional stone concretions, fossilif-

erous... . ... ............... . . . .... ... . .. ..... . .... ..... . . 2 
3. Limestone, gray. . . . . . . . .. .... .. .... . ... . . . . . . . . . . . . . . . . . . . . t 
2. Marl, similar to number 4................. ..... .. ........... 3 
1. Limestone, gray, pyritic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Prac,tically all good quarry stone belongs to ,the Pella beds, 
and comprises heavy ledges of compact limes,tone, aHernating, 
especially above, with seams of greenish, marly shales. Occa
si'onally the limestone is slightly broken up and brecciated, but 
to a much less extent ,than the Verdi beds below. Some of the 
beds are almost lithographic in charaoter. The beds are usually 
more or less pyritic thrqughout. 

KEOKUK COUNTY. 

The Soaint Louis limestone immediately underlies the drift 
'over three-fourths of Ithe county. While its ,thr~e divisions are 
represented, only ,the Verdi beds are of sufficient importance to 
meri,t oonsideration commercially. The Springvale beds have 
been reoognized at Springvale Mills, in the upper portion of the 
Co-ok quarries north of Ollie, and at one or two other points 
along the Skunk river. These beds comprise a blue, earthy lime
s'tone of marked shaly character, which weathers readily into 
a ·soft, brown to buff limestone. It is magnesian and often pre
sents an arenaceous facies. Clean cut exposures are rare on ac
count of its weathering properties. The beds occasionally pre
sent a pseudo-conglomeratic character as seen in the Cook quar
ries. They rest uneonformably on ,the Osage limestone, and ag
gregate twenty to twenty-five feet in thickness. 

The middle member of the Saint Louis, the Verdi beds, covers 
the larger portion 'of the county, and affords ,the principal lime
stone 'outcrops, and ,the only limestone qUJarries in the county 
with the exception of those northwest of Olli'e. Typical expos
ures may be viewed 'along both br,anches of Skunk river, English 
river, and along the creeks north and west of Sigourney. 
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The beds present compris'e fine-grained, lig,ht colored, calcare
ous sands,tones in bands two to six feet in thickness, inter-bedded 
with the limestone. In places, however, clean sandstones of much 
greater thickness, up to thirty or even forty fee1t, with limestone 
above and below, are seen. The most usual type of limes,tone is 
of ,a light lash to buff color, fine-grained, exceedingly compact and 
hard, almost cherty in chara0ter. This is ,the limestone found 
inter-bedded with the ,sandstone. \.. second equally well known 
type comprises the brecc~ated beds. In these beds, the limestone 
is broken up into irregular fragments ,and cemented together, 
the whole f,orming ra distinct calcareous conglomerate or breccia. 
The usual cementing mwteriral is calcareous, though f erruginous 
material is sometimes present. The rock fmgments appear ,to 
posses's ,the chamderistics .of the S'aint Louis limestone itself. 
They vary greatly in size, ranging from grains a fraction of an 
inch in diameter t'o slabs and blocks f'our feet long ' and six to 
eight inches in thickness. The breccLa,ted bl,ocks -are usually one 
or two inches in diameter. Local unconformit~es, false bedding, 
and other irregularities are no't uncommon stl'uctUl'al features. 

A few of the numerous sections exposed are given below and 
are heliev-ed to be fairly representa'tive. 

The following beds are exposed in 'a milway cut 'about one and 
a half miles west 'of Ollie: 

FEEl'. 

7. Soi l and bowlder clay ......... .... ........................ . 10 
6. Sandstone, cross-bedded, yellow, fine-grained; becoming 

harder for six inches and apparently calcareous below .... . 6 
5. Limestone, compact . . ................. . .... ............. . . . 11-

.1. Marl and limestone . ..... .... ...................... . .....•.. ~ 
3. Limestone, fine-grained, grading into number 2 ..... . . ..... . t 
2 . Lim estone, finely brecciated, in places almost oolitic ....... . 2 

1. Limestone, compact, exhibiting conchoidal fracture, exposed 
to track ....................... . ....... .. .......... .. ... . . G 

Several small quarries have been opened from time to time 
along Sugar creek near Showman station. Here the beds are 
very irregular and fraIse bedding on 'a larg'e scale is well shown. 
A typical section is labout as follows : 

FEET. 

6. Soil and drift of variable thickness ......... . ................ 0-30 
5. Lim estone in fairly even ledges ... . ... .... . . . . .... .... .. . . . . 4 
4. Talus, shale or marl... . . . . . ... . .... . ... ...... . ..... ..... . . . 3 
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FEET. 

3.. Limestone in heavy ledges, shaly below, shows a decidedly 
concretionary facies when weathered..................... 4 

2. Limestone, hard ledge, separated from number 1 by a shaly 
parting, brittle and compact .... :. ... .. . ..... . .... . . ... . . . It 

1. Sand tone, cross-bedded and unevenly indurated, dip of bed-
ding planes . inconstant, but ranging up to 35 degrees..... . 10 

Humber 5 furnishes the principal quarry rock of the neigh
borhood. Number 2 apparently rests unconformably upon 
number 1. 

Numerous small quarries have been worked ,a,t 'one time or 
another north and west of Sigourney. The Miller quarry 10cated 
about -two miles north 'of town may ,be taken ,as an example: 

FEET. 

4. Soil and drift almost nil at the quarry i'ace, but thickens 
greatly in the blnff....... .. .......... . .. . ................ 2+ 

3. Limestone, similar to number 1, with arenaceous to argilla-
ceous partings; less evenly bcdded than 1 and weathers 
concretionary; calcite lenses and nests present.... ... .. . .. 3-6 

2. Sandstone, with shaly partings, fine-grained, and but sli ghtly 
indurated.. .. . .. . . . . .. . . . . . . . . . . . . . .. . .... . .. . ... .. ..... 2 

1. Limestone, hard and compact, gray, even ly bedded, beds 
ranging from 4 to 12 inches in thickness; numerous pyritic 
balls present, mostly weathered to limonite . . . . . . . . . . . . . . . (j 

The beds dip str'ongly ,to the east, and do not appear to be 
persistent in character. The 's,tone crops of the region appear 
t'o rise ,about f'orty feet above the creek. The ,s.andstone as a rule 
is the mostCionspicu:ol1s member, i,s heavily bedded but imper
fectly indurated. 

Outcrops in English river are less common ,than along the 
Skunk, but 'are in a general way, repetitions of those already 
given. 

The quarrie's of the county, while numerous, are small and 
w~thout exception, are 'of local importance 'only. 

LEE COUNTY. 

The Saint Louis limestone comprises 'some of the most impor
tant rock formrutions in Lee county, occupying about 'one-third 
of its superficial area. Numerous :outcrops appear along the 
s,treams in West Point and Fmnklin townships, and in the bluffs 
below Montr,ose ,on ,the Mis'sissippi and along the Des Moines 
above Sand Pnillrie. 
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PLA1'E LVI-a . Abandoned Santa Fe quarry east of Belfast. Iowa. 
b. Principal quarry section southwest 01 Mt . Pleasant , Iowa. 
c. Geode bearing shale , west 0 1 Farmington , Van Buren county, Iowa. 
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According to Keyes and Gordon,the Saint Louis consists of 
a lower magnesian or s'omewha't sandy limestone, grading at 
times into a calcareous blue sandstone and an upper white com
pact or granular limestone. A brecciated zone often separates 
the two members. From ,a study of ,the field relations of the 
above beds and those already discussed under the head of the 
Osage, it would appear thrut the upper or so-called Warsaw beds 
of the Osage are ,the same as the arenaceous member of the Saint 
Louis of Keyes and Gordon. Whatever the taxonomic relations 
of these beds may be, both members of the Saint Louis as given 
above are quarried to some extent, ,the limestone being the more 
highly prized, in the numerous outcrops available . 

. The sections given below give a f air picture of the leading 
characte6stics of the beds. 

A mile west of Sand Pmirie the Saint Louis appears in sev
eral ravines opening into the Des Moines valley, and from these 
some stone has been produced for local use. One-half mile above 
Hillsdale, the Santa Fe Railway worked extensively years ago. 
The section is ,shown as follows: 

FEET 

6. Soil and drift. . . . . . . . . . . .. .... . . . . . . . . . . . . . . . . . . . . . . . . . 6 + 
5. Limestone, brecciated, with pockets of green clay, sometimes 

rudely and coarsely stratified. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
4. Limestone, blue, encrinital . . . . . . . . . . . . . . . . . .. ....... . ...... 3 
3. Shale, blue, calcareous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
2. Sandstone, blue, calcareous, with discontinuous beds of b lue 

sbale; the principal quarry rock.. .. .. . . . . . . . . . . . .. . . . . . . . . 8 
1. Shale, blue.... . . . . . . . .. . .. . ...... .. .. . . . . . . . . . . . . . . . . . . . . . . 15 

The stone was used largely for bridge work; the rubble and 
small sizes were put through the crusher. 

Just below Belfast some quarrying has been done. The stone 
was used largely by the Chicago, Rock Island and Pacific Rail
Wlay for bridge work. The 'section quite closely resembles the 
Santa Fe quarry, though the sandstone horizon was more ex
tensively developed. The section which may be seen at the pres
ent time is as follows: 

28 
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BELFAST SECTION. 
FEET. 

5. Soil and drift, which thicken considerably back in the bluff, 
variable at the face. 

4. Limestone, earthy , yellowish, gray to blue·gray, weathers 
clayey; probably attains much thickness in the bluff, ex· 
posed.... . . . . . . . . . . .. ... .. . ............... . ....... .. .. .. . 4 

3. Limestone, brecciated and concretionary and shaly, in places. 
The concretions appear to be compact, brittle, blue lime· 
stone, uniform neither in thickness nor in appearance. .. . . . 4 

2. Limestone, arenaceous, especially below, fossiliferous; gray 
to blue· gray; thinly bedded, although bedding planes are 
not apparent. . .. .... .. .. ......... . .... . ............... .. . 8 

1. Sandstone, calcareous, or limestone, highly arenaceous, in 
heavy beds up to five feet in fresh exposures; beds rather 
uneven and show some tendency to wedge; cross bedding 
is evident in places, exposed. . .... . ... . . . . . . . ... . . . .. . ... . 12 

FIG. 31.-Section along the C., R. 1. & P. Ry., below Belfast showing Warsaw sandstone 
below and St. Louis limestone above. Van Buren coun.ty , Iowa. 

The base ,of the section is about four feet above the railway 
track. N'o quarrying is being done 'a,t the present ,time. About 
a f'ourth of a mile below the railway station in Belfas't, twenty 
feet of plaSlhc shales 'are exposed along a small creek entering 
the Des Moines from the east. The shale appears to be quite 
unif'orm in character throughout and lies clearly beLow the beds 
in ,the above sec,tions. The 'section continue,s labout 'one hundred 
y;al1ds upstream, where ~t is obscured by talus. Near ,the east 
end of the outcrop, a weathered cap-rock appears at just about 
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the level of the Ch~cago, Rock }sbnd land Pacific railroad track. 
The depth 'Of the shales below the s,tream channel is unknown. 
An laverage sample of the ·shales wa,s C'ollected and analyzed. 
The analysis is las follows: 

CHEMICAL ANALYSIS OF BELFAST SHALE. 

Silica ......... .. . . ...... . .......... ........ ................... 45.00 
Alumina . ... . .... . ' " ......................................... 16.68 
Ferric oxide ..... . .. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3.86 
Lime ................. .. ..... . ..... . ...... . ...... . ............. 10.04 
Magnesia ..................... '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3.69 
Sulphur trioxide. . . . . . . . . . . . . . . . .. .... . ................ . .. ... . 2.26 
Potash. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.96 
Soda.. . .... . ... . . . .... . ... . . . ........ ... . .............. .. . ... 1.16 
Loss on ignition . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15.02 
Moisture.... ... . .... ... .... .... . . ..... . .... . . .. ... . ..... . . . ... 0.48 

Total ...................... ... ... . ........ . .... . . .. ...... . . 100.15 

Exposure's of 8aint Louis continue up the Des Moine's river 
but .almost no quarrying is done 'at -the present time, and no new 
ph3!ses are -shown. 

One of the bestse0tions exposed in ,the interior 'Of Ithe 00unty is 
located 'along Sugar creek .about one ·and a half mil'es eas't of the 
town of F:mnklin. The folLowing beds ,are exposed: 

GRANER QUARRY. 
FEET. 

10. Drift........ .. .. ..... ............ . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
9. Limestone, white, granular, oolitic, even-textured, more or 

lesB distinctly cross-bedded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
8. Limestone, sub-crystalline. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
7. Limestone, blue, concretionary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
6. Shale, blue...... . ............ .. ......... . . . . . . . . . . . . . . . . . . . i 
5. Limestone, granular, oolitic.... . . . . . . . . . .. .... ..... . .... . . . . 6 
4. Limestone, brecciated.... ... ........... . . . .. .. ............ 10 
3. Limestone, brown, arenaceous . .. ....... , .. . .. . . . ... .. .. . . . . 8 
2. Shale, blue................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
1. Shale, blue, with geodes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Beds 5, 7 and 8 dre'Ss well and have been used in making ,tomb
st'Ones. Number 3 has been used for 'all kinds 'Of rough masonry 
and for bas-es for monuments. All the liayers were used formerly 
for manufacturing lime, but number 7 was the best for ,this pur-

LIME. 

While all of the limestone formations of .,the county have been 
used fr'Om ,time to time Qn the manufacture 'Of lime, the Saint 
Louis W'3!S used 'IIlQist eXitensively.The chief lEe centers were 
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the .city of Keokuk, and some localities east of Franklin and 
northwest of Denmark. The industry is pra-ctic.ally e:x;tinet at 
the present time. 

MAHASKA COUNTY. 

All of the more important 'streams crossing ,the county have 
cut through the dffif.t and ·overlying Ooal Measures ,to the sub
j'acent limestone, at least throughout the greater portion of their 
courses. The beds represented lare believed to be equivalent to 
the upper beds in Marion county, which are generally known as 
the Pella beds: Small quarries haV'e been opened from time to 
time a,t a n~ber -of points, mainly along the ,two b:va:nches of 
the Skunk river. Perhaps 'the most important quarry se0tion 
may be viewed in ,the Mayer quarry about two miles north of 
New Sharon near ,the North Skunk. The section is as follows: 

INCHES. 
9. Drift and Coal Measures of indefinite thickness. 
8. Limestone... . . .. . .. .... ..... .. .. .... ..... .... ...... ....... . 6 
7. Limestone.................................................. 5 
6. Limestone... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
5. Limestone.................................................. 14 
4. Limestone ..... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
3. Limestone.................................................. 8 
2. Clay-shale........................... . . . . . . . . . . . . . . . . . . . . . . . 6 
1. Limestone, exposed . 

The stone exposed is fine-grained, compact, ash colored to 
gray limestone, brittle and breaking with a 00nchoidal to uneven 
fracture. The above divisions represent ledges which are sepa
rated by clay partings. Less important exposures occur at Union 
mill and McBride mill on the North Skunk; near Peoria and near 
the Oskaloosa water works on ,the South Skunk; in the vicinHy of 
Bellefountaine on the Des Moines river and along Muchakinock 
creek. The same thin-bedded, compact, brittle limestone char
acterizes all of the leading quarry exposures. 

Lime was burnt in a small way some years ago but the industry 
was never of more than local interest. 
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MARION COUNTY. 

The Saint Lo.uis limesto.ne ,appears o.nly in the eastern half o.f 
the co.unty and there o.nly alo.ng the So.uth Skunk and Des Mo.ines 
rivers and their immedia,te 'tributaries. Only the two. upper sub
stages are 'exPo.sed, .the Verdi bedrsoverlain by Ithe Pella beds. 
The fo.rmer beds are not persistent and co.mpr~se la rather Co.ID
pliCiated series o.f s'andstones, cherty lEesto.nes, clays and shales. 
The upper beds are preViailingly limesto.nes, fairly 1'Olw in mag
nesia and · other impur~ties. While bo.th fo.rma,tio.ns have been 
explo.i,tedto. so.me extent, quarrying 'Oper,altio.ns have been co.n
fined Largely to. the upper beds. 

One o.f Ithe mo.st ,eX!tensive 'sectio.ns eXPo.sed in the Co.unty o.e
CUI"S abo.ut two. miles so.Ulthwest o.f Tracy, ,o.n the 'so.uthe3Jst quar
ter o.f sectio.n 35 in to.wnship 76 north, range XVIII west. The 
sequence ~s las :fo.Ho.ws: 

TRACY SECTION. 

FEET. 

7. Loess and drift of indefinite thickness...... . . . . . . . . . . . . . . . .. 2-10 
6. Sandstone, argillaceous, much weathered and iron-stained... 6 
5. Shale, arenaceous, variable in color and state of induration. . 4 
4. Limestone, argillaceous to arenaceous, weathers decidedly 

shaly ...... . ..... .. . . .......... ... ...... . ...... ... . ...... 4 
3. Limestone, similar to 1, but harder; in a single heavy ledge. . 2 
2. Limestone, argillaceous, but hard and brittle , splits into thin 

layers on exposure; highly fossiliferous above and below... 4 
1. Limestone, gray-blue, in heavy beds, fin ely brecciated, fossilif-

erous and slightly crystalline; in three ledges... ... . . . . . . . . 4 

Numbers 1 to. 4 inclusive are referred to. the Pella beds. 
Numbers 1 ,to. 3 are ,the principal ledges quarried and appear to. 
be well a,dapted :fo.r dimensio.nsto.ne, rubble and Po.ssibly bridge 
stone. Number 2 ~ieldsa fair fiag,s;tone. The individual ledges 
in numbers 1 to. 3 'are unif.o.rm in thickness and lapp ear to. be 
peI"srstent. The layers are fine-grained, 'Oftentimes bluish when 
first exposed, but turn white when lo.ng eXPo.'sed ,to. the weather. 
Number 6 appears ItO. be qu~te co.mpaet when fresh, and l'arge 
blo.cks may be remo.ved. When eXPo.sed to. the ,atmo.sphere, the 
blo.cks d~sintegI'late rapidly to. 'a drab pl"o.duct resem:bling clay. 
It is highly f.o.ssilifero.us thro.ugho.ut. 

A smtch o.f the ChiCiago., Burlington and Quincy milr,o.ad ha's 
been laid into. the quarries. Thes-e have been o.pened up o.n the 
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no~th bank of Oedar creek for a dis,tance of more than ,half a 
mile. 

In the vioinity of the town of Harvey the limestones belonging 
to the Pella beds 'of the 8aini Louis ,and the Lower Coal Measure 
stmta 'are exposed ,at many points in the valley of English creek 
and 'along ihe west bmder of the Des Moines valley. They ap
pear also in the hillsides along the ravine's and small streams 
in se0tions 10 to 15, may township. All of the exposures of the 
Pella limestones observed in this vicinity are covered with a 
greater or less ,thickne's's of ,the Des Moines shales and glacial 
drift. As la rul'e the amount of these materials is 'So great as to 
prohibii the quarrying of the limestone. Pro'speClting has shown, 
however, that there 'are considemble areas in the north part of 
section 15 and ,the south porti'on of 10 where the limestone hes 
from but fifteen to twenty feet below 'uhe surfiace, and where the 
covering is siaid ,to 'Consi,s.t largely of shales. This ass.ociation 
of ,the shale,s and limes'tone is favo:r.a:hle to their use for cement 
manufacture. Near ,thesouthe!list c,ornerofthe southwest quar
ter '0'£ sootion 10, eleven feet of thin bedded white and fairly 
uniform limestone outcrop in an old quarry face. One-eighth 
mile distant ,to the east the stone is seen lat a hi~her elevation in 
the hillside. Test holes are reported to penetI'la'te not over eight 
feet of W'mthless overburden over forty acres 'at ihis place, the 
remaining beds a:bove the 's,t'one being dean shale. The lime,stone 
is reported by ,the driller to extend to a depth of 'twenty-two ,to 
twenty-five feet, which would bring the base of the bed near ,the 
level of the Des Moines flood pl,ain. 

Chemical investi~ations and burning tests of blends of the 
shale and limes,tone prov'e their 'suitabillity for making a good 
quality of Portland cement. A company ,is now engaged in ex
ploiting the deposits and options ,are held on a large acreage 
lying mostly to the south of Harvey hut including l'and also near 
the R'ock Island railway on English creek. It is propo'sed to 
ereC'lt here a plant of large capaci'ty and to make use of the Des 
Moine's shale,s and underlying limestone thai are f.ound in this 
dis,trid. Transportation Dacilihes on Ithr'ee railroads afford 
good outlets f.or the finished product. Ooal is now being mined 
on land optioned by ,the company and prospecting shoW's the 
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PLATE LVII-a. Near view of quarry face, Tracy, Marion county, Iowa, showing Pella beds. 
b . Miller quarry, about two miles north of Sigourney, Keokuk county, Iowa, 

showing Pella beds. 
c. Local unconformity in Verdi beds,near Showman station, Keokuk county, 

Iowa. 
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presence ,of a heavy vein underlying contiguous territory which 
will furnish an abundant supply of a frair graJde of fuel. 

Good exposures of the Verdi ,beds may be viewed along the 
Skunk river in Lake townsh[p, espec~ally in sections 23, 24 and 
26. A composite ,section for ,the diJstrict ,shows the f'ollowing 
beds: 

FEET. 
6. Loess and drift, of variable thickness. 
5. Sandstone, buff, cross-bedded, lower part very soft. .. . . . . . . . 5 
4. Limestone, massive, cherty, breaks irregularly...... ...... .. 4 
3. Sandstone, gray, soft to quartzitic in places. . . . . . . . . . . . . . . . . 3 
2. Limest.one, cherty .. .. ... .. . .... .... ...... . . .. .... ..... . ... . 2 
1. Sandstone, massive, yellow, with interbedded arenaceo-

calcareous bands one-half inch to four inches in thickness. 
These bands are very hard, compact, fine-grained, and are 
more resistant to weathering than the sandstone, so that 
layers stand out 011 weathered surfaces. Occasional irreg
ular fragments of this limestone, 1 to 2 inches in diameter, 
are found in the sandstone; exposed ...... . . . . . . . . . . . . . . . . 20 

FIG. 32-Exposure of Saint Louis limestone, near Harvey, showing Pella beds. 
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Number 4 is quarried to some extent, the product being used 
f.or rough masonry. The heavy overburden and the difficulty of 
producing regular blocks preclude any possibility of its extensive 
use as a coursing 'stone. 

The Pella beds have been quite extensively developed at Dur
ham and between Durham and Flagler; southwes,t of Pell:a on 
the Pella-Knoxville road, and nOl"th of Tracy. The quarry 
opened between Durham ,and Flagl er, be,tween the Chicago, Rock 
Isl,and and Pacific land Chicago, Burlin~tonand Quincy railways, 
shows the folloWiingsequence of beds: 

FE ET. 

5. Loess and drift ...... . ... .. . . . . . .... . .. .. . 3 
4. Limestone, thinly b edded... . . . ...... ...... ...... .... . . ... 6 
3. Limestone, in well defin ed ledges, varying from 6 to 20 inches 

in thickness... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5~ 

2. Limestone, soft, granular, of littl e value for structural purposes g 
1. Limestone, very hard, breaks irregularly.... . . . .... ..... . . . . ::\ 

A twenty inch ledge near tihe middle of number 3 is the princi
pal llayer in the quarry. It is coarse-grained, dark ,colored, but 
weathers white. The vefitical joint planes are a sufficient dis
tance apart to permi1t the removal o~ bj,ocks of large size. Much 
of :the produet fr'om .this quarry and the old quarry northellis.t of 
Durham has been shipped to points along the Chieago, Rock 
Island and P,acific railroad as far east as W'ashington, Lowa. 
Mo,s,t of ,the 'stone used for sh'uctural purposes and flagging in 
Pella has been obtained from two quarries loc'llited about one and 
one-half mi}es sou.thwe,st of thebown on the PeUa-Knoxville r,oad. 
The beds exposed are very similar to ,those whieh are shown in 
the preceding 'se0tion, save that an extensive depolsit of marl 
similar ,to ,that wh~cho0CUI's in ,the Tracy quarries overlies the 
limestone. 

The Durham-Flagler seetion is almost ·exactly duplicated in a 
quarry opened 'on :thesoutheast quarter of section 13, in Clay 
township, about three miles southeas t of Harve~T . The be.ds ex
posed here are as follows: 

FEET. 
5. Loess and drift" o f variable thickness. 
4 . Limestone, thinly bedded , greatly fractured. . . . . . . . . . . . . . . . . 5 
3. Limestone, in ledges varying from 4 to 20 inches in thickness 5 
2. Shale, black above and gray below, soft. . . . . . . ... . . . . . . . . . . It 
1 . Limestone. thinly bedded, crystalline.... ..... . .. . .. . . . .. .. . 1 
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Here as before a -twenty inch ledge jus't below ,the middle of 
number 3 is the principal ledge in :the quarry. It is granular 
in textur'e, with vertical joint planes from :Bour to ten feet apart. 

While the beds which comprise the Pella sub-stage are per
sistent and uniform in tex,ture, and 'of convenient and ,sufficient 
thickness for building and other s,tructural purposes, 'they will 
probably never be extensively developed on 'account of the small 
aggreg,ate thickness of the beds which are usa;ble as compared 
with ,the rumountof overburden and wor,1Jhless lJ.,ay'eI1s which must 
be handled. Some of the upper beds will not stand alternate 
freezing and thawing, and should not be used in permanent 
structures. The principal ledges, however, appear to withstand 
wea;thering indefini,tely 'as indi:calted by ,their fresh appearance, 
both in Dlatural quarry seetions and in waNs which have been ex
posed to the elements for more than twenty years. 

The following tests were made by Pl'1ofessors Marston and 
Weems on 'specimens 'secured from the Tr,acy quarry: 

CRUSHING TEST. 

Cross Sec- Breaking Stress-Pounds 

Height tion Per Square Inch 
Stone In Inches Square 

Inches Spalling 
I 

Failure 

No. 31, Saint Louis Limestone ..... 1.95 4.12 1 7,300 9,500 

No. 32, Saint Louis Limestone . .. . . 2.00 4.20 1 5,200 9,900 

ABSORPTION TE~T. 

Per Cent of Increase 

Stone 
24 Hours 1 Week Total 

No. '31, Saint Louis Limestone . ... . .... . ... 1 2.28 I 0.99 1 3.27 
----------------

CHEMICAL COMPOSITION. 

Calcium carbonate (CaCO a ) ... . .......... .. ... ... . ..•. .. . . . . .. 94.60 
Magnesium carbonate (MgCO a ) . .. ............. . •.....•..•... . 3.17 
Alumina (A1 2 0 3 ) •• •• •• •• •• •• . • •• •• . . •• . . • • . . •• •• •• •• •• .• • • • ••• 0.49 
Iron oxides (FeO+Fe 203)................. . ......... . .... . .... 0.17 
Insoluble.. .. .. .. . . .. .. .. .. .. . . . . .. .. .. .. .. .. . . .. .. .. .. .. .. . . .. l.57 
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Lime was burned in sufficient quantity to meet the llocal de
mand in the early history of the county, but the industry has 
been abandoned. 

POCAHONTAS COUNTY. 

But a single exposure of the indurated rocks is known in this 
eorunty. The Saint Louis ha1s been quarried for a number of 
years two miles north ,and one mile wes1t ·of Gilmore. The quarry 
is now owned and opeJ"l8ited by Andr·ew Bull. The opening is far 
leS's e:1":tensive than formerly, but the fol1owing beds may be 
observed: 

FIG. 33-Saint Louis limestone beds as they appear near Gilmore, Iowa. 
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FEET. 

11. Soil, sand and gravel . . . . . . . . . . . . .. . . . . . . . . . .... . . . . . . . . .. .. 5 
lO. Crystalline limestone, light brown in color; cavernous due to 

weathering, much shattered and of little value.... . . . . . . .. 4 
9. Limestone, light brown, coarse in texture and snb-crystalline , 

splits well with bedding planes, but in an irregular manner 
vertically, heavy bed... . .. ...... . ... ... . ..... .... . . .... . . 3 

S. Ledge, as above, underlain with two inches plastic, variegated 
red and greenish clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H 

7. White to pinkish brown limestone, in part fossiliferous; beds 
broken by vertical joint planes along which water has 
formed many small caverns and on which small pyrite 
nodules and fossils stand in relief. Ledges running two 
inches up to three feet, in thickness. . . . . .. . . . . . . . . .. . . . . . . . 10 

*T. H. Macbride in Geology of HU11'/,boldt County gives the 
following add~tional strata then visible below the above section : 

FEET. 

6. Blue shales, limestone and clay; very fossiliferous. . . . . . . . . . . . . 2 
5. Lithographc limestone, much inclined to angular fracture... H 
4. Heavy-bedded, fine-grained limestone, no fossils. . . . . . . . . . . . 3 
3 . Shaly, thin-bedded limestones, with few fossils.... ..... . .... 1 
2. Coarse-grained, fossiliferous limestone, containing fragments 

of No.1, but separated from it hy a parting of shale..... . 1 
1. Lithographic limestone, fine-grained and very hard. . . . . . . . . . 2 

This author regards the lowest beds as equivalent to those 
quarried at Humboldt in the adjoining county to the east. 

Numbers 7, 8 and 9 constitute the principal quarry rock. An 
analysis made of a slample from these members is given here
with: 

Silica (8i0 2 ) ••. ••.•••••••••••• • ••• • •••••.•.• . •••.••••••••••• • •• 0 .32 
Calcium carbonate (CaCO a) ........... . .. . .....•............... 99.62 
Water and undetermined ...................... . ...... .... ...... 0.06 

J. B. WEEMS, analyst. 

A casual inspection of this analysis shows the limestone to 
be almost absolutely pure and it appears to be of high quality. 

The quarry is located in the lo'west portion of a broad depres
sion which appears to be the site ofa former pond or sinkhole. 
It is a local center of drainage and some trouble with water has 
been encountered. The drif,t ,overburden varies from :five to ten 
feet 'at exposures, but there is a considerable area in which the 
stone probably lies at no great depth beneath the surface. The 
Des Moines and Ruthven division of the Chicago, Rock Island 

* Iowa Geological Su rvey, Vol. IX, p. 132. 
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and Pacific Railway traverses the depression and a switch for
merly extended ,to the quarry. The stone is now hauled one
fourth 'of a mile to the railroad, and alth'Ough the quarry rs in 
constant operation, ,the annual output is small. Excellent di
mension ,stone for aN purposes is afforded. The equipment con
sists 'Of one }arge derrick operated by an engine. The ruins of 
an old lime kiln indicate ,thaJt this industry has formerly been of 
some importance. . 

STORY COUNTY. 

Story county is poorly supplieCi wi,th stone suitable for struct
ural purposes. The Saint Louis limestone affords a limited 
quantity of s'tone adapted to f,ounda60n work and use in the 
rougher gnlJdes -of masonry. The rock is, as a rule, highly ab
sorbent and does not stand frost well. Its earthy buff to gray
buff ,color gives it a dull, somber appearance which increases 
rapidly on exposure 'on account of the readiness with which it 
takes up foreign mrutter. Some quarrying has been done at 
nearly everyone of the outcrops in Ithe county, though in no in
stance does the annual output of 'any single quarry exceed a few 
dozen cords of rough stone. The ledges developed are practi
cally the 'same at all points and are confined to Skunk river 
between B}o'oming'ton and Soper's mill, and ,to Onion creek, a 
tributary of Squaw creek, nOl'ltheast of Ontario. The section ex
posed north 'Of Hannom's mill may be consider'ed a fair average 
:.(or the Skunk river district, and is as follows: 

FEET. 

6. Till, pale yellow; unoxidized and unleached. . . .. ...... ...... 0-6 
5. Till, oxidized to a deep reddish brown and thoroughly 

leached; much weathered limestone and many decayed 
granite bowlders, and numerous, tolerably fresh greenstones 
present.... . ... .... ...... . .... .... .... .... . .... . ..... . .... 1- 3 

4. Limestone, residual; reduced to an iron-stained, cavernous 
chert ..... , '. . .. .. . . . . . . . .. . . .... . . .. . . . . . . ..... . . . . . . . . . . 1 

3. Limestone, arenaceous, where unaltered, a bluish gray, but 
weathering stains it a yellowish brown; not thoroughly 
indurated, though when unweathered presents a massive 
appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

2. Sandstone, bluish gray; shaly, presents a fissile character after 
being exposed to the weather, and forms a marked re-
entrant in the quarry face .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

1. Limestone, impure, buff to earthy-yellow , gray-buff when 
unweathered, heavy-bedded, compact; lithographic in part, 
chief quarry stone; exposed. .. ...... . ........... . ......... 8 
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At the Bloomington quarries more of number 1 is exposed. 
Seveml outcrops of rthe Saint Louis may be observed along 

Oni,on creek in section 32, Franklin [township. The beds exposed 
attain a maximum rthiclrness of nearly thirty feet, but are less 
constant in character than their equivalents along Skunk river. 
A composirte se0tion representing the district is as follows: 

FIG . 34-Representative section of Saint Louis limestone, as it appears along Onion creek, 
about four miles northwest of Ames, Iowa. 

FEET. 

7. Drift and soil of variable thickness, in places reduced almost 
to zero, but thickens greatly in the bluffs . .............. ... 1-70 

6. Limestone, thinly bedded and much weathered, stratification 
planes almost entirely eliminated; in places grading upward 
into a residual clay.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

5. Limestone, impure, yellowish brown, or gray-brown, compact 
to earthy, heavy-bedded. . .. .... ... . . .. . ..... . ... ... . . . .. . 7 

4. Limestone, finely arenaceous . and marly, contains beautifully 
preserved mud cracks and ripple marks in places. . .. . . .. . . 2 

3. Sandstone, white to bluish gray, friable; obliquely laminated 
and fissi le; readily undermined hy the creek; not persistent It 

2. Limestone, cherty and concretionary; contains much limonitic 
iron . ...... . . . ... . ............................ . ..... . ..... 2 

1. Sandstone, argillaceous; becomin g shaly helow, exposed . .... 3 
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Number 5 is the principal bed quarried and is very similar 
to the leading quarry rock developed in Ithe I-lannom's mill and 
Bloomington quarries. 

v AN BUREN CO UNTY. 

Gordon thus described the beds of the Saint Louis stage as 
they occur in Van Buren county:* 

"The Saint Louis limestone cons1titutes the uppermos't division 
of the Mississippian, ... and has the greatest superficial extent 
of any of these members in V frn Buren county. It is generally 
overlain by 'the rocl\ls of the Des Moines stage of 'uhe Upper Car
boniferous .... The maximum thickness in VanBuren county 
probably does not exceed ninety feet. 

In lithological characters the rocks composing the formation 
show great variation. In general ,they present a three-fold divis
ion consislbing of (1) bI'oW'll arenaceous and magnesian lime
stone, (2) brecciated limestone, and (3) grey, compact, and 
granular limes1tone. 

Arenaceo-magnesian Beds. The first of these is exposed at 
many place's along the De,s Moines and is especially well devel
oped in Ithe vicinity of Kilbourn and in the bluffs below Keo
sauqua. It consists 'of fine-grained or vesicular magnesian lime
stone in rather heavy ledges, which grade horizontally into a 
more or less dearly marked arenMeous rock chara0terized in 
plfrces as ,a s-andstone. A large percentage of the rock, however, 
is made up of calcareous mrutter, and hence it is more properly 
designated as an arenaceous limestone. It is well developed on 
Price and Bear creeks where it furnishes a very good quality 
of stone for building purposes, and has been quarried quite ex
tensively for plrutes and sills. This bed represents thrut quarried 
at Belfast and Keokuk. It constitutes the upper member of the 
Warslawas originally defined. The arenaceous character is 
confined generally to the lower part of the beds, but on Bear 
creek as well rus elsewhere, sand forms the larger parlt of the 
formation. The magnesian limestone constitutes the most gen
erally recognized phase of the division in the county. When firs,t 
removed from ,the bed, the rock is of a blue or drab color, but it 
soon changes ,to la rusty brown by the oxidrution of the iron 

*Iowa Geological Survey . Vol. IV. p. 214. 
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which it contains .... The magnesian rock occurs in thick, gently 
undulating beds, ailld is dis,tinguished by a more or less concre
tionary structure . ... In places these beds 'are interrupted by the 
brecciated phase which in ,these instances is in direc,t continuity 
with that of ,the overlying bed. The thickness of the arenaceo
magnes1an beds varies from ten to twenty-five feet. 

Brecciated Limestone is a widely recognized phase of the for
maJtion in Iowa. The bed is made up generally of compact and 
granular, grey limes,tones, in sharp ,angular fragments of various 
sizes cemented together by simi],ar calcareous material." 

Near the mouth of Reed creek, the whole 'of an exposure sev
enty-five to eighty feet in height shows brecciation. The lower 
portion r,epresents the arenaceo-magnesian bed and is composed 
of large fragments of rthis limestone wi,th clay filling the inter
stices, while the upper part is made up of the compaet and gran
ular limestone more completely cemented. In the vicinity of 
Keos,auqua, the upper portion of the bed contains more or less 
arenaceous mruterial. This is well marked on the south side of 
the Des Moines above ,the to,wn, where a brown sands,tone ten to 
twenty feet thick replaces nearly the whole brecciated division 
and is overlain by limestone. Two or three miles below, the 
sandstone varies from five .to 'twenty-five feet in thickness and 
rests upon ,the brecciated bed, while it isovedain by the compact 
limestones as shown in the bluffs opposite Keosauqua. 

Quoting 'again from Gordon : 
"The sandstone at Ke'osauqua is decidedly calcareous in 

places, and some'times includes irregular ledges and fragments 
of limestone . . . . The ,thickness of the brecciwted division varies 
from nothing to seventy-five feet . In general, however, it may be 
said to be from ten to twenty feet thick. 

Compact and Granular Limestone. Overlying the brecciated 
limestone in places, and the Keosauqua sands-tone where thai 
formation occurs" is a compact, fine-grained, grey limes-tone 
characterized by having a concholdal fracture, concretions, and 
a consider,able number of fQssi1s .. .. In 'SQme places the compact 
limestone is replaced by a thin-bedded limerock with a marked 
granular structure of,ten cross-bedded .... The limestone of this 
upper division is well developed along Indian creek where the 

29 
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compact variety is quarried quite extensively. The thickness of 
the bed does not exceed fifteen feet." "It is al so quarried at 
Keoslauqua on both sides of the river." 

As pointed out, ,the Saint Lou~s beds have been more exten
sively quarried than the other formations of ,the county. Near 
the Des Moines river in the northwest qllarter of sechon 31, 
Lick Creek township, the Saint Louis beds were formerly opened 
up for quarrying. A few feet of the upper arenaceous limestone 

. has been quarried at Kilbourn and at other points on Lick creek 
but all these openings have been ]ong 'since ,ahandoned. 

The white limestone has been quarried on Thatcher's cr·eek 
on the southeast quarter of section 2, also on the southeast 
quarter of section 1, Des Moines township. .Jus1t e3Jst of the 
town of Keosauqua near the north edge of section 31, twelve to 
fifteen ledges have long been worked for foundat~on and rough 
building stone. 

The Saint Louis beds have been opened up for local use at 
many places along Rock creek in Washington township. Gordon 
(page 220) gives the following sect~on 'rut the mouth of Rock 
creek: 

RO CK CREEK SECTION . 
FEET. 

6. Concealed.. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 5 
5. Lim estone, compact, grey; breaking with conchoidal fracture; 

contains abundant brachiopod rem ains . . . . . . . . . . . . . . . . . . . . 6 
-1-. Sandstone, brown, quartzose. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
3. Limestone, brecciated, well cemented ............. . ... " . .. . 20 
2. Limestone, hard, b lue, weathering brown; heavily bedded 

and concretionary; sandy at top, at base bluish and 
dolomitic in appearance. . . . . . . . . . . . . . 14 

1. Concealed to river level . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

Total ...... ....... .. . . ... . ........ .. .. .. . ... ... ... . .. . .. . 84 

Number 2 has been quite extensively quarried here for the 
early river improvements. 

Northeast of Bonaparte on Mack creek -and farther south on 
Reed aIIld P'OItter creeks, the sandstone -and brown magnesian 
strruta have been quarried :for use in locks and dams in river im
provement work. The beds 'Work·ed Ion Reed creek afford a s·tone 
which dresses well and has been used also for caps, sills and for 
well and cellar walls. It is said to be much more durable than the 
white limestone under the same conditions. Unlimited quantities 
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of these stra:ta are avaiLable along Potter and Reed creeks, 
where little ,stripping would be neces'sary and the quarries would 
be conveniently 'accessible to the railroad. 

The blue s,and8'tone has been quarried for many years on Bear 
creek in 'section 11, and a more recent opening has been made 
by Perry and Isaac Davis in the northwest corner of section 31, 
Henry ,township. The section 'at ,the latter place is given 
herewith: 

FEET. 

7. Drift, sand and gravel. .................................... :?t-10 
6. Blue-gray' 'soapstone" shale with thin limestone layers in lower 

portion.... ... ... . ...... ..... . .... .... .... ... .. . .. .. ..... . 6 
5. Arenaceous limestone, light brown, to bluish............ .... 2t 
4. Sandy blue magnesian limestone, "sandstone", solid ledge 

which splits readily with chisel parallel to bedding; some 
chert near base. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

3 . Irregularly bedded gray to blue, coarse-grained limestone, 
fossiliferous (bryozoan abundant) . ... . . . . . . . . . . . . . . . . . . . . 5+ 

2. "Soapstone," containing chert, to water in creek............ H 
1. White limestone reported to unknown depth... .......... .... H 

Number 6 is plastic and appears free from concretionary mat
ter. The maximum amount of s'tripping, about fifteen feet, is in
dicated in ·the section. Stone is shipped from this qu:arry but 
must be hauled to the railroad at Bentonsport. The sandstone 
gives good satisf1aclion in walls, and dresses well for use in more 
conspicuous and exposed parts of buildings. J OM Gaston has a 
small opening in the same beds one-fi£th ·of a mile south on the 
opposite side of Bear creek. 

A good development of the "sandstone" occurs also in the 
Price quarry on ,a tr,ibutary of Ohequest creek in the ·southwest 
quarter of section 20, Van Buren iownslbip. 

Section six miles northwest of Keos1auqua along a small tribu
tary of Chequest which enters the larger stream from the south
west: 

FEET. 

7. Drift and loess of variable thickness. 
6. Limestone, much weathered and siliceous, certain layers 

weather shaly and are stained red to yellowish brown ..... 2-4 
5. Limestone, blue-gray, evenly bedded and of uniform texture; 

very hard and tough, beds up to thirty inches in thickness.. 4 
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4. Talus slope. 
3. Limestone, gray, vesicular, coarser textured than number 5 

and fossiliferous, partially obscured by talus slope; t hick· 
ness not determined. 

2. Sandstone in heavy ledges, even ly bedded though beds are 
somewhat nndulating; layers smooth enough to be used for 

FEET. 

dimension stone without tooling ... . . .... ... . ............. 10-12 
1. Shale, calcareous to arenaceous, blue-gray, yellow where 

weathered; said to become more shaly below the bed of the 
stream; exposed. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

The sandstone bed range up to three feet in thickness, al
though blocks more than two feet 'thick were not seen in any of 
the sections exposed. It has been used extensively for bridge 
work and other heavy masonry. This stone was used for the 
piers which ,supportt the wagon bridg'e ,across the Des Moines 
river. It yields ,to any kind of stone dressing, is strong and 
withstands weathering influences well. Blocks put in walls or 
piers more than a half century ago still retain the tool marks, 
which appear ,to be as fresh as when ,the blocks were laid. On 
account of lack of transportation facili'ties almost no stone is 
quarried at the present time. 

FIG. 3S-Saint Louis limestone exposed along creek about thr ee miles west 01 Farm i ngton. 
Van Buren county, Iowa. 
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The Saint Louis limestone is well exposed all ,along Ohequest 
creek from ,the middle of Chequest township ,to Pittsburgh. As 
indicated in the above two -seotions the lower portion of the mag
nesian limestone grades locally into a sandstone. 

'Dhe large propo-rtion of the stone used in the southern pa~t of 
the county has come from :the Indian creek quarries wes't of 
Farmington. Outcrops occur along Ithis stream from near its 
mouth to the quarries on the line between 'sections 5 and 32 of 
Farmington township. The quarry in 'sect~on 5 ~s now worked by 
Cyrus Falker and Mark Hornbaker. Limeburning was formerly 
done here. The strata now visible are given: 

FEET. 

8. Loess and drift.... .... .... . . . ... ..... . .. . ..... . .... .... .... )0+ 
7. Limestone, gray, coarsely sub-crystalline, weatbering to a 

friable condition; thin shaly layer at base.... . .... . .. . .... 2t 
6. Limestone, homogeneous and fine-grained, with conchoidal 

fracture above; coarser and more impure below; separated 
into heavy ledges, the upper one 18 inches thick; stone 
traversed by seams of crystalline calcite which in general 
run vertically . ..... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5t 

5. Obscured.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3t 
4. Soft shale, gray.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
3. Limestone, heavy ledge; gray, compact, fracture conchoidal, 

irregularly shattered by weathering. . . . . . . . . . . . . . . . . . . . . . . 2t 
2. Alternating bands of light blue to brown limestone and slaty 

shale.. . ......... .. .. .... ...... . ... . . . ........ .. .... . ... 2 
1. Thin-bedded limestone, to water. . . . . . .. . . .. . . . .. .. .. . . .. .. . 3% 

Only the members above No. 5 have been used. The upper 
three feet of No. 6 make a flair building rock. It is ha~d and 
weathe~s slowly. Ther'e i,s a considerable area on bolth sides of 
the creek where the stone is available w~thoutan excessive 
amount ·of stripping. The beds would afford a good product if 
crushed. The Chicago, Burlington -and Quincy r-ailroad f-ollows 
Indian creek and would ,afford good transportrution facilities . 

Section one 'and 'a half miles west of F,armington, south of 
coal chUite of Chicag-o, Burlington and Quincy railroad: 

FEET. 

6. Loess and wash, rather sandy and iron-stained and mottled 
throughout. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-20 

5. Shale, clayey, blue-gray .... , ...... ... . .... ...... . ..... .... .. 3 
4. Shale, arenaceous, hard, projecting ledge; variable. .... . .... 1-2 
3. Shale as above. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
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F E ET . 

2. Shale, arenaceous, forms a projecting ledge similar to 4, va-
riable . . . .. . .... .. .. . . ... .... ... . .... . . . . . . . . . . . . . . . .. .. . . 1-2 

]. Shale, somewhat variable in texture, varying from plastic and 
gritless to slightly arenaceous; as a rule becomes highly 
p lastic on weathering; evidently fissile, blue-gray to dark 
blue; occasional concretions and geodes present. Exposed 
above creek cbannel about.. ... . ..... . ... ... .... . . ...... .. 8 

About one-half mile farther west a mas'sive sandstone appears 
in ,a cut along :the railroad and bel,ow the railroad bridge ,the 
heavy bedded sandstone may be seen resting on the shales. The 
undercutting of the creek 'has produced and is maintaining an 
escarpmenrt. The bedding planes in :the 'sandsmone are no,t appar
ent 'and ,the beds in the milway cut 'appear to be disturbed. The 
sandstone and ,shales appear :to be ,the equivalents of those ex
posed ,along the Des Moines river belo,w Bel£a:st. 

The ass'ocration of the shaies ,and limes1tones in ,the above sec
tion and the presence of the laJtter but a 'short distance to the 
eastward is fav'orable to their utiliza:tion in the manufa'0ture of 
Por1;l,and .cement. The chemical composition of an average 
sample of the limestone beds exposed in the Falker and Horn
haker quarry and of the blue shale 'expos,ed near ,the mouth of 
Indian creek is ,shown in ,the chemical analysis herewith: 

LIMESTONE SHALE 

Insoluble ..... , ..... . ........... . ........... , ....... 10.14 
Silica (Si0 2) .......... , ........ ,.... .. . . .... . .. ..... . . ... 35.48 
Alumina (AI203) . .................. . ................ 0.90 15.85 
Ferric oxide (Fe203) '" . . . . . . . . . . .. .... ..... . ...... 0.90 5.43 
Lime (CaO) .............................. . ........ . . 49.67 12.56 
Magnesia (MgO) . . . ........................... . . . ... 0 . 18 6.24 
Potash (!CoO) ...... ... . ..... ..... . .... .... ... .... ... 1.59 
Soda (Na20)........................................ 0.26 
Sulphur trioxide (S03) .. , ....... .... .......... ...... 3.36 
C'arbon dioxide (C0 2) . . ................ . . . ...... ... . 
Hygroscopic water (Hyg. HoO) ... , .......... . .... . ,. 0.15 1.88 
Loss by ignition... . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 17.14 

WAPELLO CO'GNTY. 

In Wapello county :the represenibatives ,of the Saint Louis 
stage ,that are of economic importance belong Ito the Pella beds, 
the upper division of the formation. Exposures are practically 
confined to the nOI1thwestern part. 'of the county where the beds 
outcrop along the Des Moines valley from Eddyville to Ottumwa, 
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FIG . 36-John Lafferty quarry, Eddyville. 

and on the N ortn and Sou1th A very creeks in the vicinity of 
Dudley. 

Limestone was formerly quarried a:t a number of ·openings 
south .of Eddyville, near the mouth of M·iUer cr·eek. The John 
Lafferty quarry is ,the only one now in .operation. It is located 
on Mmer creek in the ,s,outhwe'st qual'1ter of section 7, Columbia 
township. The seCition exposed hel'1e :for a distance of eight to 
ten rods, is as f.ollows : 

FEET. 

7. Loess and river silt .................................. '" . . . . 5 
6. Residual clay, deep red, plastic. . . . . . .. . . . . . . . . . . . ... . . . . . . . 3t 
5 . Residual clay, greenish, calcareous, grading into argillaceous 

lim estone... .. . . . . . . . . . . . . .... . . . . . . . . . . . . . .... . . . . . . . . . .. 3 
-1. Compact limestone of lithographic texture and separated by 

marly partings; on exposure it becomes badly shattered by 
weathering of partings and vertical jointing. . . . . . . . . . . . . . . 2t 

3. I-Ieavy lim estone bed, highly fossiliferous, upper portion COll-

tains cavities lined with calcite and abundant iron pyrite 
concretions; two ledges , respectively 14 and 22 incbes. . . . . . 3 

2. Shell marl, a few inches . 
1. Close-textured bluish limestone in 4 to 6 inch layers, to base 

of quarry . ..... ....... '" .. . .. . ... . ... . .. ... .... . .. ... . . . . 2t 
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Number 3 sha-pes readily and affords excelLent stone for build
ing purposes and for heavy masonry. 

This quarry supplies Sltone which is used in bridge abutments 
in this and a'djoining counties. The stone is handled by derrick 
and loaded on wagons. Oonsiderable quantities have been 
shipped from Eddyville. There is a triangular terrace area here 
of considerable extent lying between the Des Moines river and 
Miller creek around the borders 'of which the stone outcrops. 
The overburden is probably not more 'than ten or twelve feet at 
any place, and an unlimited supply is ,thus available. 
. At Dudley large quantit}es of rock have been removed just 
west of the Ohicago, Burlington 'and Quincy station, both north 
and south of the 'tracks. Stone is now quarried by Andrew 
Lames on the south side 'of the railr'oad. The following strata 
are shown in the quarry face: 

FEET, 

5. Loess-like silt, underlain with a thin bed of iron-stained gravel 18 
4 , Bluish shale in places . 
3. Limestone, compact but shatters readily on exposure, sepa-

rates in 2 to 3 inch laminre ........ ,. . . . .... . . . .. . .... . .... 2t 
2, Limestone, compact, light brown to blue, fossiliferous in up-

per portion, and contains much iron pyrites. . . . . . . . . . . . . . . 9t 
1. Blue limestone in thin layers ................................ 18 ·20 

Only number 2 ,is used for building purposes and it furnishes 
good dimension stone, although not so heavy ,as the correspond
ing layer in the Eddyville section. Much crushed stone is pro
duced, the Railroad Oompany using ,the major portion of the 
output. All work in the quarry is by hand. Stone for 'the 
crusher is loaded on small flat cars and drawn by one horse. 
Stripping is done by means of scrapers. 

The T. L. Stevens 'opening is located on Middle Avery creek 
one-half mile south of Dudley. The same strata are to be seen 
as giv'en in ,the section above. They are covered wj!th loess and 
gravel. The iron sulphide concretions are more conspicuous and 
numerous ,than in ,the Lames secltion. 

The Saint Louis beds in this vicinityaff'ord 'a fair grade of 
crushed stone for ballast. The presence of iron pyrite, which 
rapidly weathers and leaves blotches, streaks of iron rust, and 
small cavities in the stone, is a dr,awback to Ithe ext'ensive use of 
number 2, which is otherwise sui<table for building purposes. 
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Without question there i,s more and better stone available in the 
vicinity of Eddyville than at Dudley, but it is in a less accessible 
Location ,at present for railroa:d transporta:tion. 

Limestone has been quarried at sev,eral points in Ottumwa 
and vicinity. It has for many years been taken from the bed of 
the river at Ottumwa during low wa:ter. A new pla:ce is opened 
up and worked out ,e,a:ch season. That portion of the bed of the 
stream which is to be quarried during the 'summer is enclosed by 
an embankmen:t to keep out the wwter. This is constructed of 
barrels filled with clay against which are piled broken stone, 
gravel and sand, until a subs,tantial barrier is built up. About 
six feet of limestone are removed, the upper layers being thin
bedded and the loower ledges three ,to eight inches ,thiclc 

FIG. 37- Quarry in bed of tb e Des Moines river at Ottumwa . 
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WASHINGTON COUNTY. 

'rhe Saint Louis limes1tone occurs ,over a large ,area in the 
southern portion of the county, c'0mprising a strip ranging from 
about five miles in widt'h, on the east boundary, to eleven miles 
on the west. The most important exposures occur along the 
Skunk river 'and near vicinity, in Brighton and Clay townships. 
The principal quarries are looated in the immediate vicinity 'Of 
the town of Brighton. The most valuable ledges quarried here, 
as well as at other poin:ts, belong to the upper member or Pella 
beds. The overburden is usually heavy, ranging from a few feet 
at ,the f'ace in natural outcrops to fifteen 'or twenty feet ·a short 
dis,tance toward the bluffs. There are two main ledges especially 
suitable for bridge stone whioh range from ,sixteen inches to two 
feet in thickness and rest upon two Layers of flagstone. The 
flagstone layers are in ,turn underlain by heavy beds which were 
at one time worked ,by the Chioago, Rock Is}land and Pacific Rail
way Oompany near Brighton. These lower ledges are more or 
les's water-coursed, and the quarry has been abandoned. On the 
west side of the Rock Island tracks, immediately north of town, 
the following }layers were formerly exposed :and quarried: 

FEET. 

7. Soil and drift, variable, thickening rapidly in the bluff .. .. .. 5-15 
6. Marl...... . ... . ..... . ..... ... ....... . ....... . .. .. .......... 2-4 
5. Limestone, in thin layers...... .... . . . . . .... . . . . . . . .... . ... . t 
4. Limestone ledge, bridge stone ... . ....... . . " . .. . ..... . ..... . H 
3. Limestone ledge, bridge stone. .. . .... .... .. .. .. .... .... .... It} 
2. Limestone, flagging and rubble .. .. ...... .... .... .... .. .... t 
1. Limestone, flagging and rubble.... . . . . . . . . .. . . . . ... . . . . .... ± 

Other quarries opened in the immediate neighborhood show 
essentially the -same beds bult in ,slightly different thicknesses. 

About two miles northwest ·of Brighton, a quarry is being 
operruted on the Whitmore place. The beds developed are as 
follows : 

FEET. 

2. Loess and drift up to . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
1. Limestone, gray-blue, compact, tough, somewhat fossilifer-

ous; in ledges as follows: 
Top ledge, 8 inches ..... l 
Bridge stone, 20 inches .. I 
Bridge stone, 20 inches .. ~ .. .. . . .. . . . .... . ... .. . .. . 5 
Flagstone, 6 inches . .... : 
F lagstone, 6 inches .... . J 
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The upper ledges are very much weathered along the joint 
planes, and in pl'aces the blocks 'are reduced to rounded cores 
practically valueless 'though they appear to be as tough and of 
the same color as the unweathered block~. The ledges work 
readily by the feather and wedge method. The flags are some
what rough but appear to be durable. 

The Chicago, Rock Island and Pacific Railway has used much 
of the stone of the district for bridge purposes. The stone has 
been generally used in the town and county and has been shipped 
in large quantities to adjoining counties. 

The stone quarried in this region is fine-grained, compact, 
breaks with an even to conchoidal fracture, and is of a pleasing 
ash-gray color. It is of good quality, but limited in quantity, as 
only a few ledges are workable, andean be obtained only at great 
expense on account of the excessive overburden. Below are the 
dis,turbed beds of the Verdi which are of little v,alue £or quarry 
purposes. Small quarries have been opened in these beds near 
Verdi, but hav·e long since been abandoned. 

FIG. ~8 - Irregular beds 01 limestone in the Saint Louis, Verdi quarry, Washington county. 
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About three miles south of Wa's'hington on Crooked creek, a 
small quarry has developed the lower magnesian portion of the 
Saint Louis, ,but is of local importance only. 

WEBSTER COUNTY. 

In WebS'ter county the outcrops of the Saint Louis limestone 
worthy of mention are eorrfined to the Des Moines river and im
mediate tributaries, from the no~th line of the county to Fort 
Dodge. A few detached areas are known s'outh of this point 
along the river, and one or ,two small patches occur in the interior 
of the county. The beds comprising the Saint Louis 'are decid
edly heterogeneous in character, varying from a hard, compaC't 
limestone in well developed ledges to ,a structureless, clayey marl, 
and from 'a pure calcium earbonate to a highly magnesian lime
stone. In p}aces a calcareous 'sands,tone appears. The beds 
are usually too deeply buried under the Coal Measures and 
glacial debris to be of interest economically, burt in the vicinity 
of Fort Dodge and northward 'along the river and along So}dier 
creek, considerable areas have been partially stripped of their 
overburden and quarrying made possible. On account 'of the 
lack of persistence and r3!ther indifferent quality of ,the beds, 
quarrying h8!s no:t been, and is not likely to become,an important 
industry in the c'ounty. The stone has been developed at a 
number of points,and a considerable quantity has been used for 
foundations and retaining walls in and about Fort Dodge. A few 
representative sections are given herewith. 

Section 3!t Miller's quarry, near the stone bridge over Soldier 
creek in Fort Dodge: 

FEET. 

7. Soil............. . ..... . .................................... 2 
6. Gravel, fresh, cross-bedded........... ... .... .... ...... .. ... 10 
5. Clay, yeJlow, not jointed, unleached, many limestone pebbles 15 
4. Soil and clay mingled, both unleached, soil dark and contain-

ing many wood fragments... ... .. .. .... .... .... ... ... .. . . Hi 
3 . Sand, uncemented, containing lumps of coal and large pieces 

of wood, in layers varying greatly in color from white to gray 8 
2. Calcareous sandstone, a single layer, very firm. . . . . . . . . . . . . . 1 t 
1. Limestone, layers coarse, often two feet thick, stone of fine, 

even texture, no fossils. . . . . . ..... . . . . . . . . ..... . .... . .. . . . . 25 
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In the creek bed at the foot of this exposure the limestone 
gives place again to calcareous sandstone, the thickness of which 
could not be determined. 

Number 1 in ,the above section is v,ariable, the beds ranging 
from limestone more or less pure, to limestone more or less 
magnesian. The texture also lacks constancy. The terrace on 
the wes1t side of the river from the mouth of Lizard creek 
northward for about two miles is supported by the Saint Louis 
limestone. South of the center of section 7 in Cooper township, 
a go'od 'section may be viewed. The beds are as follows: 

FEET. 

5 . Sand and silt. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
4. Limestone, rather heavy-bedded, \'uriablp, with persistent 

chert band near the top .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
3. Sandstone, cherty in places. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t 
2. Limestone ledge... .... ........ . ....... ....... .... .... . ..... H 
1. Sandstone, to wat,er level ....... . . .. . ...................... '. H 

While the Jimestones continue to the county line, they are as a 
rule too deeply covered and too far removed fr,omtransporta
tion lines, to merit consideration. Below F 'ori Dodge limestone 
outcrops are unimportant. 

PENNSYL V ANIAN SERIES. 

The Des Moines. 

The Lower Coal Measures are not important in the production 
of quarry products. They consist essentially of shales, shaly 
sandstones, sandstones and oceasional thin bands of limestones. 
The sands,tones, as a rule, are poorly indurated 'and not of pleas
ing color. Occasionally they are sufficiently cemented to be used 
for foundations of unimportant structures and for otiher rough 
masonry. Such deposits usually 'assume a lenticular form and 
are exceedingly variable in texture, color and 's'ta:te of induration 
both horizontally and vertically. The most impo:r:tant lenses 
occur in M1arion, Jasper, WapeUo, Boone and W'ebster counties. 
T,he Red Rock sandstone represents, perhaps, ,one of the best 
known examples :and is described later. The beslt eX'amples of 
the po'S'sibil:ities and also of the limitations of this stone may be 
seen in some of ,the residences along West Grand Avenue in the 
ei:ty of De's' M.oines. Less extensive deposi'ts appear in the Coal 
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Measure outliers in Johnson county, where the s,tone was used 
in some of the oldes,t buildings of the district. 

The limestones are usually more or less argillaceous and have 
not proven satisfactory as a quarry stone. The best examples 
may be seen in Appanoose county. These limestones also afford 
material suitable for the manufacture of lime and have been so 
used to a limitecl extent. 

APPANOOSE COUNTY. 

The Des Moines sltage of the Upper Oarboniferous underlies 
the whole of ~ppanoose county, and consists of shales with sev
eml well defined limest'one horizons of small thickness. The 
principal limestone beds are knowna:s the "float rock," which 
varies from Itwo to four feet in thickness; the "fifty-foot" lime
stone, ranging from four to ten feet; the" seventeen-foot lime
stone," or "little rock," running from one to three feet; the 
"cap rock," showing from two to four feet; and finally the "bot
tom rock," wh~chaJttains a thickness of more than three feet. 
One or more of thes'e beds are exposed at numerous points along 
the various streamways, and 'oftentimes are fairly accessible. 
All are essent~ally non-magnesian, reasonably pure, and occur 
in moderately thick beds. They resist the weather as well as the 
av,erage limestone, but on account of Itheir limited occurrences, 
will never lead to the establishment of ,an important quarry in
dustry. Some quarrying has been done in the vicinity of Center
ville, Milledgeville, land Mystic, mainly from the "fifty-foot 
limestone." Lime of good quality has been burned from the 
same horizon, but both industries have been extinct for 'some 
years. 

The Chariton conglomerate has been exploited in a very small 
way in the vicinity of Moravia, but the openings have long since 
been abandoned, and 'promise nothing for the future. 

DALLAS COUNTY. 

'The Coal Measures underlie the entire county, and are made 
up of :a series of shales,sandstones, and oC0as~onal thin lime
stones and thin seams ,of coaL The shales, greatly predominate. 
Good sections are exposed along all of ,the principal streams. 
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The sandstones occur in lenses, and moe be t exposed a}ong the 
Raccoon river. The most important l'enses occur in the vicinity 
of Redfield. As a rule the .'andstones are not well indurated, 
and are of a reddish brown color. At 'a few points, well in
durated beds are available, and have been quarried intermittently 
for more than a quarter of a century. The most important 
quarry sections are given below. 

~ection expos'ed on the southeast quaDter of section 3, Union 
township, about two miles southeast of Redfield: 

FEET. 
5. Drift, of variable thickness. 
4. Sandstone, 80ft, buff, heavily bedded. . . . . . . . . . . . . . . . . . . . . . .. 8 
3. Sandstone, blue, compact, hard..... ............ .. . .. .... .. 7 
2. Clay-shales, sandy, blue .. ....... ..... . , ... .... ... ... . ...... 4 
1. Sandstone, exposed to ri ver ..... . , ........... , . .. . ., . ...... 8 

Number 3 is the only rock quarried. At the quarry it has a 
thickness of seven feet, but it thins out rapidly, and ,about thirty 
rods east, it is only one :£:oo't thick. ' The stone is of excellent 
quality, and is scarcely affected by weathering 'agencies. It was 
used extensively in Redfield, and was shipped to Fonda, Waukee, 
and other points on the Spirit Lake branch of the Chicago, Mil
waukee and St. Paul RailWiay. 

The sandstones have been quarried at other points, notably 
near .the mouth of Bulger creek, where ,a nine foo,t ledge of hard, 
well indurated sands't'one appears. A,t the present time, sand
stone is not used, s,ave loc'ally, and ,then in a very small way. 

The limestone bands make up a very small part of the Co'al 
Measure section, and as a rule,possess no commercial value. 
One exception may be mentioned, where the limestone has been 
quarried quite extensively. The section is given below. 

r:Dalbot quarry, 10Ciated on the soU'thwest quaDter of section 29, 
Linn township, about f'our miles northwest of Redfield: 

FEET. 

11. Soil and drift... .... ..... . .... .. .............. .. . ..... . .... 3 
10. Clay, sandy, buff...... . ... .... . . ..... ................. .... 8 
9. Shale, black, fossiliferous.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
8. Coal, with clay parting..................................... Ii 
7. Fire clay .... .... . . .. . ... ...... .... .. , . . . . . . . . . . . . . . . . . . . . . . 3 
6. Shale, gray, with lim e concretions'.... .... ... ... .... ... .... . 4 
5. Limestone, hard, compact, blue, fossiliferous above, mostly 

in solid ledges .... .... .. ... ... , ........ . . , ............ . , . 7 
30 
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FEET. 

4. Shale, light gray.. . . . .. .... . .. . . . . . . . . . . . . . .. .. . . . . ... . . . .. . 21 
3. Limestone, gray, brecciated above . . .... . . . . . . . . . . . . . . . . . . .. H 
l!. Shales, gray, not fully exposed.... . . . . . .. . . . .... . . . . .. . . . .. H 
1. Shale , black, fissile, coaly below. . .... . ...... ..... ........ . H 

DA VIS COUNTY. 

The streams which traverse Davis county are small ,and have 
accomplished l:Uttle towards ·expolsing the rock strata which 
underlie it. A few feet ,of 'the Ooal Measures are to be seen in 
the valley of S'Olap creek, whose course is entirely 'across the 
north edge of 'uhe county. Goal Me,asure slandstone beds belong
ing to the Des M'oines stage of the Upper Carboniferous appear 
at water level at interV'als along Ithis s,tream in 1'he vicinity of 
Oarbon where it is locally used for foundation ma!tenal. It]S 
of no value for fine work but constitutes, so f.ar as is known, the 
sole building stone reSOUl~ce of Davis county. 

GUTHRIE COUNTY. 

The Des Moines strata furnish some sandstone and limestone 
that aTe found of service locally in 'the eastern part of Guthrie 
county. A gray S'ands:tone belonging ,to ,the Co'al Measure'S has 
been quarried on a 'small sCJale at Panora. The usable beds of 
this stage are thin and s'o 'associ'aJted with argillaceous strata 
that they ,are very seldom worked f'or building lS'tone ,alone. 

HARDIN COUNTY . 

In Hardin county Ithe Ooal Measures are represented by an 
upper heavy-bedded, ferruginous sandstone which often presents 
conglomeratic to concretionary facies land is cross-bedded 
throughout; ,and by a lower shale which carries some coal and 
often contains Ihighly calcareous, fossiliferous ledges. The main 
body of the s'andstone is dissected by the Iowa river, which forms 
a gorge extending fr'om Xeni'a 'to Steambo'ai Rock. The sand
stone reaches its maximum development in 'uhe vicinity of Eldora 
where it attains a thiclmess of eighty feet. The Eld'Ora section 
is 'as f,ollows: 
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PLATE LIX-Des Moines Sandstone quarries west of Amana, Iowa county , Iowa (Calvin). 
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IOWA COUNTY. 

ELDORA SECTION . 

FEET. 

7. Drift (on the face of the scarp) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0-3 
6. Sandstone, weathered and shattered; ferruginous, conglom-

eratic and concretionary; quartz pebbles ranging up to a 
third of an inch are common. False hedded through-
out; some fossil wood fragments present... . . . . . . . . . . . . . . 40 

5. Sandstone, heavy-bedded.................... .............. 10 
4. Talus slope. . . . . . . . . . . . . . . . .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
3. Shale, carbonaceous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 
2. Shale, light colored above and yariegated below. . . . . . .. .... 20 
1. Kinderhook limestone (top about ten feet above the water 

level)... .... .. .... ...................................... 6 
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The Eldora sandstone has been used to 'a certain eX'tent in the 
foundations 'Of numer'ous structures in anda!bout Steamboat 
Rock, Eldora land Xeni'a, but at the present time none of the 
quarries are operated, save intermittently .and then only 'on a 
small scale. The stone is extremely variable in texture, struc
ture, ,and state of indurrutron, and ,these f,actors, taken with its 
dark red-brown to yellow-brown col,or, make i,t certain that it 
never will be popular 'aJS a structural material. Vast quantitieE" 
are available and easily accessible, and when ,the stone is care
fully selected it gives good service in the less imposing struc
tures. Its use might be 's'afely and profitably extended in back
ing walls faced with more expensive ma!terials. 

IOWA COUNTY. 

Small Coal Measure outliers occur in Iowa county, the most 
conspicuous member of which is the usual varrable s,andstone. 
Several decades ago these beds were developed quite extensively 
by ,the several villages belonging to the Amana Society. Some of 
the oldest and most important buildings in these communities 
were constructed ,of ,these variable sandstones. The Amana 
store and the Amana ehurch were built in 1862 llind 1863 re
spectively, using the local stone, and bo,th are in good repair. 
The store front was builtt of ·a red-brown sandstone obtained 
from a quarry about one and a half miles north 'of town, while a 
yellow-brown sandstone, said to have been obtained from a 
quarry ·equally distant northwest of town, was used in the sides 
and back walls. Other quarries were developed to the eas'tw,ard 



470 GEOLOGY OF IOWA QUARRY PRODUCTS. 

and westward 'of these and used in the construction of the older 
buildings. 

While some stone has been produced and used of late years for 
foundations and rough masonry purposes, no stone buildings 
have been constructed of the local m3Jterial during the past 
quarter of a century. Alt the present time the old openings are 
much obscured by talus slopes. The stone avail-able is very simi
lar to that exposed in 'olther border counties belonging to the 
same horizon. It is a sands:tone, highly Vlari.able in color, texture, 
structure and state of induI'3Jbon. The prev'ailing colors are 
shades of yellow and brown combined with red; yellowish and 
reddish brown predominating. Texturally the stone ~s usually 
fine to medium grained, but occasionally shows a conglomeratic 
facies. Stn10turally the stone varies from a thinly bedded sand
stone, with bedding planes fairly well defined, to a massive and 
imperfectly bedded deposit. False bedding ~s oftentimes very 
evident. As a rule it is imperfectly indura:ted, but appears to 
harden considerably on exposure. It varies fr'om a very friable 
to a fairly compa(~t stone. The deeper colored S'tone is usually 
the more highly indura'ted. The dur,aJbility is ,sufficiently 'aJt
tested in the well-preserved buildings, where it has been exposed 
to the elements for almost 'half a century. As in :the cruse 'of other 
Coal Measure sandstones, ilts color is not pleasing, and its other 
properties are not sufficiently constant to commend it to the 
public. In quarrying the stripping increases rapidly from the 
natural 'outcrops ,and the percentage '0:£ usable stone is 'small, 
bOlth of which factors contribute to the expense of production. 
While this v,ar:i!able sands'tone has served a useful purpose in the 
early history of 'the communities, irt ha's been displaced almost 
wholly by st'one from ,other points, notably Stone City, which 
can be more cheaply quarried. 

JASPER COUNTY. 

All of the P,aleozoic rocks exposed in J I3Jsper county belong to 
the Des Moines stage of the Upper Carboniferous series. They 
cover the entire county, with the exception ,of a small triangular 
area of Kinderhook in the extreme northeaS't corner, and consist 
of interstr3Jtified shales, s,andsi;ones, coal and occasional thin beds 
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of limestone. However, their character varies rapidly from p1ace 
to place. The shales are prevailingly sandy and grade laterally 
into argillaceous s,ands-t-ones. The sands'tone layers are in places 
calcareous ,arnd, especially in connection with ce:ri:lain coal seams, 
pass into arenaceous limestones. Lim estones of the darker col
ored v,ariety occur as lenses and concretionary mas'ses in some 
of the coal basins. 

In Jasper county 17he rocks 'Of the Des Moines stage 'are 'almost 
universally covered with drift. Exposures lare not numerous, as 
a rule, but are flound fairly well distributed over the southern 
half of the county. Although It'he best sections lare to be observed 
al'ong stream ways, na'tuml outcrops are not lacking over the 
upllands 'aw,ay from the 'streams. 

Sandstone from the coal-bearing strata 'has been quarried at 
three known localities: section 34, De:s Moines township; in a 
r,ailroad cut in section 30, Fairview; and two miles a,bov'e Lynn
ville, in the valley 'of North Skunk river. A:t the latter pla{',e only 
is qUiarrying at present 0arried on in the county. The exact loca
tion is ;17he northeast quarter 'of the northerus't quarter of section 
34, Richland township. The quarry seetion at tlhis poin1t is as 
follows: 

FEET. 

5. Weathered shale .. .. , . . ..... . ... . . ... . , .. , ..... ... . .. ,...... 5 
4. White sandstone, soft, grading downwards into pink, brown 

and red....... .... ......... ............ ... ... ... ...... .. .. 5! 
3. Plastic, white clay ..... . . . . ..... . ....... .. ... '" ~ " . . . . ... .. ~ 

2. Sandstone, red to brown, compact; containing many small 
cavities lined with plastic clay, or containing pulverulent, 
red ocher. Micaceous, with fossil lepidodendrons ... , . .. .. 15 

1. Carbonaceous shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H 

The total ,thickness of s'alablestone is in number 2, fifteen feet. 
It is evident that considerable stripping of the 'ov,erlying shales 
is required. The quarry is worked by Wimam N OI1thcuut. Three 
hundred perches per year is ,the outpu:t. The stone is dumble, 
and supplies the local demand for cellar and founda:tion wlalls. 

RED ROCK SANDSTONE. 

This formation is included in the Des Moines stage of the 
Upper Carboniferous, but it may be diff,erentiJated from the 
Coal Measures proper bec'ause of its uniformirt;y, and the some
what unique relation which i,t appears ,to bear to the other mem-
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bers of the series. In J1rusper county it occupies a narrow 
elongated area coinciding in direction and corresponding in 
width with the territory coveI"ed by it in Marion CO-TInty. The 
geneml trend is northeast-southwest, and in width it averages 
two and one-half to -three miles, tapering to {the northward. 

Outcrops of ,this rock are to be seen ,at various points near 
Reasnor, on both sides of the Skunk river ; along Buck creek; on 
Elk creek near Murphy; along North Skunk river in the vicinity 
of Kellogg; land 'On Rock creek in se<Ytions 9, 16 and 17 of Rock 
Oreek township. 

Quarrying has been done ,at several points in the cOlmty in the 
belt of Red Rock sandstone, which aff-ords the only extensive 
depos]ts of building stone in {the county. 

In section 17, Rock Oreek township, ,the old M'organ quarry, 
on the ]rand of G. M. Henning, was opened over forty years ago. 
A f'ace twelve feet in height is exposed, consisting of a heavy bed 
of brown stone separated by ItwO feet of shattered rock from a 
four foo,t s,tratum 'Of compact, reddish-bI"own sandstone. Simil,ar 
strata have been worked both above and below this quarry in the 
valley of Rock creek 'and its branches. 

One mile east of KeHogg the brown slandstone has been quar
ried quite extensively in the past by the Ohicago, Rock Island 
and Placific Railroad Oompany. Fifteen feet of the sandstone 
are open to view. Large plans appear to have been made here 
for the development of these quarries, but no work has been done 
for years. 

On the hill slope -a s'hort distance north of the town of Reasnor, 
fourteen feet of the sands,tone may be ohserved in a small 
quarry; the prevailing coIror is brown, approal0hing a red in 
places. The sand grains are 'rut ,times so coarse and irregular in 
size as to give the rock a finel.\' conglomeratic texture. Many 
of the l,argest grains 'are of la jaspery natur-e, ,and some, ap
proaching a pebble in size, ,appear to be fragments 'of an earlier 
sandstone. Oross-bedding is not uncommon. The base of this 
exposure is ,about sixty feet above the flood plain. In detail, 
this section is as follows: 
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FEET. 

7. Loess, becoming fine sand on the hill-top. . . . . . . . . . . . . . . . . . . . . 4 
6. Buff sandstone, micaceous.. . . . . . . . . . . . . . . . . . . . . . . . . .. . .... . . t 
5 . Brown sandstone, cross-bedded........ .. ............ ........ 2 
4. Heavy-bedded sandstone, conglomeratic............. ...... ... 2t 
3. Laminated, red and gray sandstone, cross-bedded.. . . . . . . . . . . H 
2. H eavy bed of brown sandstone, containing fe rruginous, some-

times hollow nodules. . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . 4t 
1. Like No . 2, to base of quarry.. .. .. .. .. .. .. .... .............. 3 

In the norbhwes:t quarter ·of section 21, Buena Vis:ta ·township, 
on Elk creek, there is exposed in two small quarries a 'maximum 
thickness of twenty-Itwo f·eet 'of the slandstone. It exhibits the 
same characters as in former secltions as to bedding and color. 
Some of the red is to be seen but the br-own variety prevail:s. In 
the Lanphelar quarry -the jlaspery, quartzitic bands -are qui'te pro
nounced, las are also the spher'oiJdal nodules. The Latter fre
quently cons]s't 'of 00ncentric, ferruginous -shells between which 
sandstone is intercalated. The gr·e!atest thickness of beds is 
fOlmd in the old Dooley qururry, where Ithe ferruginous bands 
appear -as firm crusts 'of Isiliceous limonite, separating the major 
beds 'of the section. The rock is coarse in texture, fr1able, and 
varies in color fl~om gray Ito deep red. All ;the layers seem to 
be thoroughly impregnated with iron oxide. 

One mile south of Reasnor, at "Slnony Point," the brown 
sandstone hrus been quarried in the prust. 

The most extensive quarrying operations in the county were 
formerly carried on at the -old Kemper quarry in section 8, 
Fairview township. The rock was quite widely known as the 
Monroe red 'sandstone, alJthough both red and brown sltone were 
taken out. Jolin Reinhart t-ook st'one from her-e forty years lago, 
and worked the quarry :l'or twenty-five years. E. G. Kemper 
produced, in seven or eight years of his possession, some cut 
and dressed stone, 'and at one time employed a's many as twenty 
men. Gonsidenable sitone was shipped. The present owner, 
A. Herwehe, has put out very lit:t1e stone in the last two years, 
although Ithere is a fair demand locally. 

Mr. B. L. Miller'~ h:rus briefly described this quarry exposure 
as f,oUows: 

* Geology of Marion county, Ann . Rep. Iowa Geol. Surv., Vol. XI, p. 159, 1900. 
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F IG. 39-Herwehe quarry in Red Rock Sandstone. Northwest quarter of section 8, Fairview 
township, Jasper county, cross-bedding is conspicuous throughout the section. 

FEET. 

4. Soi l....... . ... . ........................... .. ... . .......... . . 1 
3. Weathered, brown sandstone................ ................ . 9 
2. Heavy beds, yellow-gray, variegated.... . . .. ... .... .. . . . . ... .. 10 
1. Dark red sandstone, heavy bedded.. . .. . .. .......... . ..... . . . 8 

Two small quarries ape opened here and both the brown and 
the red stone have been iJalmn out. Cross-bedding is very con
spicuous in the upper pa~t of the section. The change in color 
is gradual from the top downwards, and appears to be due to the 
degree of lelliching and hydraItion 'Which the rock has undergone. 
Chemical teslts of the 'brown sandstone show a loss on ignition 
of 3.8 per cent, 'and 16.27 per cent of iron 'and aluminum oxides. 
The dark variety pulverizes to a deep red 'and 'ocherous powder, 
and anal~vzes 3].5 per cent Fe20~ . Alt 'one point in secti.on 21 
of Fairview township a weathered outcrop of the red s,tone 
occurs from which the resulting ocherous iron oxide hlliS been 
taken for mineral paint. In places in both the red and brown 
sandstone, bands or nodules of a dense, flinty charllicter occur, 
which appear to be (']uartzitic in nature and origin. 



LUCAS COUNTY. 475 

The following description of the sands,tone points out its chief 
characteristics :* 

"It is a moderaJtely coarse-grained ,stone, with some ~ange 'Of 
color and textur,e and corresponds in gener,al with the Red Rock 
stone which has been more widely marketed . As will be 
seen from the test's, it is an eX'cellent 'stone and might be used to 
adv,antage in all structures simil,ar to those in which brown stone 
has been used s'o extensively in the east. Under the microseope 
it ,seems to be made up ,of rwther coarse and rounded grains of 
quartz cemented by a matrix of red-brown, iron-'stained mate
ri.al which, judging from the analysi,s, is l,argely ferric oxides, 
bu1/; contains also some ,aluminous mwterial. The sand grains are 
rarely in c'Ontact; the interstitial :areas being usually as l,arge 
as the cross-section 'of !the individual gmins." 

The chemical analysis 'of this stone as given on page 412 of 
Dr. Bain's paper, is as foHows: 

Si0 2 •••• ••• •••••• •••• •••••••• . •••••••••••••.•••••• •• •• 84.35 per cent. 
AI 2 0 3 •••••••••••••••• , • .•••. . ••. , . , .••••.•. , . •••••• ••• 8.62" " 
FeO+Fe 2 0 3 .. .. .. .. .. .. ...... . .. . .. .. . . . .............. 5.59 " 
CaO .. . ........................... , .... , .... , , . . , .... , . . , .88 " 
H 20+loss ............. .. .... , .. .. .. .. . . . . .. .. .. . . .. ... .43 " 

'rhe Red Rock sandstone constitutes the moslt important source 
of building stone in the county. There are unlimited quantities 
available and it merits a much wider use than it has 'at pr,esent. 

LUCAS COUNTY . 

The country rock 'Of Lucas county belongs entirely to the Ooal 
Measures. The fo'rmrution consi'stsalmost wholly of shales ,with 
seams of co'al and accompanying beds of fire clay. Occasional 
thin bands of dark bluish limestone and modeI1ate thicknesses of 
sandstone are found ,wssoci1aited wiJth the heavy beds of shale . . 

In Pleasant township, near ,the northea&t corner of the county, 
ten to fifteen feet of a coarse, grayish blue 's'ands:tone outcrop 
along Flint creek. Quarrying to any extent has nOlt been done, 
but the beds are aViailable alt 'a number of points along this 
stream and its tributaries. On 'a branch 'of the L~ttle White
breast in the northeas't quarter of Isection 32, English ,township, 

°H. F. Bain: Ann. Rep. Iowa Geol. Surv. , Vol. VIII, p. 398. 
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a so:fit yellow sandstone ,occurs associated with biltuminous shales 
and has been quarried in years past. 

Upper Coal Measure beds may be seen on Long Br,a:nch in the 
northwest quarter of section 3 of English township, 'Where lime
stone quarries were f'ormerly worked. The beds consirst of about 
four feet of light gray overlain with buff limest'one, s'eparated 
in ledges by caloareous ,shaly parting,s. The 'stone is s,aid to pro
duce ,a high grade ,of quick-lime 'and has been used for this pur
pose. Limestone Ihas also been quarried and burned for lime 
on the Little WhitebreaS1t two miles northeast ,of Chariton. 

On the whole, :the building sltone resources of Luoas county are 
very limited, the valuable beds being in general so associated 
with other sedimentary strata as to render their utilization im
possible. 

MARION COUNTY. 

Extensive beds of sandstone occur in the Coal Measures of 
Marion county. The most importtant deposit,s 'are found in the 
vicinity of Red Rock along the Des 'Morines river. One-half mile 
northwest of the 'town a Large quarry has been opened, the main 
face of which is thirty to f'Orty rods in length. There is a maxi
mum Ithickness of 100 feet of beds here exposed. The stone was 
channeled, by which method of quarrying blocks of almost any 
desrired dimensions 'Were obtainable. The sandstone separates in 
ledges five to six feet in thickness. Quarrying operations were 
formerly carried 'on here on an extensive scale. A switch was 
connected with the W,abash ,at CordoVla 'and the product was 
shipped to points along this line from Des Moines to St. Louis. 
The quarries have been worked only intermittently during the 
past ten years and are now practically 'abandoned. 

The sandstone appears to form 'an elongated lens about ten 
miles in length and three miles wide. The 10nger diameter of 
the lens extends in a northeast-southwest dil'ection. From tihe 
maximum thickness of over 100 feet attained by the beds, ,they 
thin rapidly. The higher portions of the sandstone ridge have a 
light ,overburden of loess, but this attains consideraJble thickness 
on either flank. The rock is massive and the heavy beds are 
practically free from joint planes. The sandstone is imperfectly 
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indurated, varying in hardnes's from exceedingly friable to al
mO'st quartzjttie. The color is also variable, ranging from almost 
white <Or pale yellow ,to deep shades of red and brown. In s'ome 
of the beds the coloring matter is irregularly dis,tributed pro
ducing a blo,tchy 'or mottled effect. The prevailing Clements are 
1;Ihe oxides of iron and ,silica, although the upper beds are some
what calcareous. While predominantly soft, the Red Rock stone 
resists weathering well and may be rated ,as fairly durable. 

MARSHALL COUNTY. 

The CO'al Measures in Marshall county consist chiefly of shales 
with occasional beds 'of sandstone. A heavy bed of sandstone 
appears in Timber Creek [towll'ship, ,and has been developed to a 
limited exten:t. Quarries have been 'Opened on sections 8 ,and 9, 
and stone suiJtable for the rougher grades of masonry has been 
produced. The sandstone is reddish brown in color, and appar
ently durable. It exhibits ,a conglomerate f,acies in part. Well 
poli'shed grains of sand and gravel are Ilaid in a matrix of ferric 
oxide. S.ome of the iron oxide is found in the form of small 
noduLes which frequently are hollow and possess the concentric 
structure peculi,ar to concretions. The impre,ssions of trunks 
and branches of 'trees which have retained their woody texture 
in a remarkable degree, aHhough ,their original organic sub
stance has been entirely replaced by mineI'lal ma!tter, occur 
throughout the beds. In some instances, a pulverulent ash sur
rounded by a highly ferruginous shield is all th:~t remains. One 
case exhibited a central core of very hard material, ,almost 
qn:artziJtic, around which was a zone 'Of wood fibre, and 'sur
rounding all, 'a concentric, ferruginous ghield. All of the stems 
are in a recumbent pO'sition. 

At the present ,time only the upper layers have been exploited. 
The lower beds ,are more regular and aff,ord a stone suitable for 
building ,and trimming. 

MUSCATINE COUNTY. 

The Des Moines stage of the Coal Measures occurs in 'a narrow 
outlier along the Mississippi river about five miles in width and 
extending from Sco'tt county ,to ,a point about three miles west 
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of the oity of Museatine. The beds which repr,esent the Des 
Moines :are Largely mechanically depo'sited sediments, ranging 
from co'arse conglomer:ates to fine ,shales land fire clays, with un
important seams of argillaceous limestone 'and cO'ai. The sland
stones constitute the most important beds ,and 'occur in r,ather 
thick lenses. They are v,ariable in texture, colol1ation and state 
of induration. On !account of their inconstancy they are not as 
highly prized for 'sltructural purpo,ses as might otherwise be the 
case. They have been used quite extensively in the pas:t for 
foundations, retaining walls, ;andotherstructu~al purposes. At 
the present ,time, but lrttlesandstone is being quarried in the 
county. The principal quarries 'are located 'on the W,est branch 
of Pine creek in Montpelier township, on section 21 intJhe river 
bluff in Sweetland township, and ,on Lowes river in section 32, 
Blo'omington township. The quarry stone aJttains a thickness of 
sixty feet rin the first quarry, is in heavy beds up to four feet 
in ,thickness, is rather :fine gI1ained, ,and is ,char:acterized by pecu
liar, wavy, ferruginous hands, probably due to infiltration of 
iron. 

In the second quarry, the heds ,area Htltle CQarser in texture, 
but otherwise s,imilar to those in the first, while ,tho'se quarried 
on Lowes river lare less ferruginous and as la consequence, 
lighter in color, with occasional darker Lay'ers. 

POLK COUNTY. 

The Coal Me,asures I3!S developed in Polk county eomprise 
shales, argillaceous limestone, ,sandstone and occasional cQal 
seams. The argillaceous depO'sits greatly predominwte. The 
sandstones are "Usually imperfectly inrdur.ated, while the lime
sltones occur only in thin beds or as "Cap-rock," and neither 
aff'O'rds any <lonsiderable amount 'of ma>terial ,suitable for struc
tural purposes. The ,sands,tones have been quarried to some 
extent but ,are not used in important structures. The sandstone 
beds exposed at the foot of Oapitol Hill have probably been 
more extensively developed than lany other in the county and are 
s'aid to have supplied material for the walls of old F ,ort Des 
Moines. The beds are exceedingly V'ariable in <loLor, 'teX'ture and 
hardneS's 'and a~e easily accessible. The county muslt depend 
upono,ther 'sources f'0r 's,tructur,al matedalls. 
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WAYNE COUNTY. 

Exposur-es of the underlying rocks ,are very scarce in Wayne 
('oun'ty. 'The Des Moines 'stage of rthe Goal Mea;sur'es 'occupies 
the major portion of its area. Stone suitable for quarrying is 
known to occur only along the sourth fork -of the Chariton river 
near the east edge of the county. A 'small ,amount of rock has 
been ,taken out on :the £arm of Mr. 'TIalkington in the northMst 
quarter 'Of the southwest qua~ter 'of sect~on 36, Wright township. 
Four feet of gray fossiliferous limestone are exposed, over1ain 
with fifteen to twenty feet of drift. r:Dhe stone ]s tI'iaversed by 
veinlets -of calcite and separates into thin laminreon exposure. 
The same bed has been w'Orlmd ,a't -a few points f,arther up the 
river and over the line in Appanoose county. It can be of little 
importance except locally. 

WEBSTER COUNTY. 

The Des Moines river and its immediate tributaries have ex
po'sed heavy beds of sandstone at ,seveI1al points in the county . 
.A!s a rule these beds are composed of IDrussive, friable sandstone 
oftentimes 'strongly pyritic 'or maroositic. The presence of 
these ingredients causes the stone to disintegrate rapidly 'On 
exposure while their presence in small quranti,ty in a finely 
divided state produces discoloration of the -exposed ,surface. 

Sever-al quarries have been 'opened and oper,ated -at various 
times. The most important one is 10C!ated in the northwest 
quarter 'Of the nOTltheast quarter 'of section 14, township 88 north, 
range XXVIII weS't. The quarry is located in a small ravine 
where the rock i's naturally exposed. An raverage ,section through 
the quarry race shoW's the following beds: 

FEET. 

3. Soil and drift. . .. .. . . .. .. .. . . .. . . . . . .. .. .. .. . . .. . . .. .. . . 10-15 
2. Shale . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. .. ..... . 2-3 
1. Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

The sandstone is probably much thicker, but it has not been 
quarried below the bottom of :the ravine. It is ferruginous and 
contains many selenite scales which J.ook like mica. Even in a 
given layer the stone v,aries often in color and braI1dness. The 
colors are various shades of red. Some layers are practically 
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useless for building purposes because they contain many small 
iron concretions. At certain points in the quarry the rock at
tains a f.air ,degree of hardness. The layers are of a desir,able 
thicknes-s, varying from six inches to two feet. J ointing is im
perfect, but sufficiently well developed to render quarrying easy. 
Some years 'ago the quarry was well equipped with -s,team der
ricks, and a side track gave good shipping facilities, but at 
present it is not operated. The product is known commercially 
as the Albee sandstone, ,and at one time this was ,the most exten
sive sands,tone quarry in the state. 

Sandstone quarries have been opened at other points in the 
county. In Fort Dodge some stone of fair quality has been taken 
out. North of the city the sandstone layers appear to be better 
cemented but have not been developed to any extent. 

The Missouri. 

The Missouri stage of the Upper Carboniferous is m3ide up 
largely of off-shore deposits in which shales greatly predomi
na;te. Interbedded with the shales are a series of thin limestone 
layers varying from a few inches to twenty or even thirty fee1t in 
thickness, ,and persistent over considerable areas in the south
western portion of ,the state. These limestones are usually quite 
free from such impurities as magnesia and pyrite, but they often 
display 'a decided tendency to become argiUaceous. The ledges 
constituting the more important limestone zones are usually sep
ara;ted by clay partings, varying from a fracti'on of an inch to 
a few inches in -thickness. The mos,t important horizons belong 
to the Bethany sub-stage and are named 'after localities where 
they are typically.,exposed. From the base upwards the princi
pal limestone members ,are as follows: 1, :the Fragmental lime
stone, typically dev,eloped lat Bethany, Missouri; 2, the Earlham 
limestone; 3, the Winterset limestone; 4, the DeKalb limestone; 
and 5, the Westerville limestone, from the town of the same name 
in Union county. 

A sixth limestone horizon f,ar above the strata of ,the Bethany, 
may for pr,esent purpo'ses be designated the Stennett limestone. 
It is typically developed at Stennett in Montg,omery county, and 
is believed to be present in the :adjoining counties. The second 
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,and third members are by far the most important and have been 
extensively developed 'at a number of points, n01tably at Earlham, 
Winterset and Peru in Madison C'ounty. The stone representing 
the diff.erent ho'rizons varies considerably in weather-resisting 
properties but when properly selected, excellent material can be, 
secured for all sorts of structural purposes. 

ADAIR COUNTY. 

Adair county is included within ,the area in which the Missouri 
strata are believed to be the country rock. Cretaceous beds prob
ably overlie in part the Carboniferous rocks in the western part 
of the county but the all but universal eoncealment of the in
durated s,trata by the Loess ,and glacial bowlder cLays renders 
aoouraie data difficult to secure. The shales and more calcareo-' 
argillaceous beds of the Des Moines stage of this series are be
lieved ,also to appear beneath the fragmental beds 'of the Bethany 
at a few points on Middle river,at.ong which the only quarry 
opeDations known in the county are carried on. 

A well marked limestone horizon with associated beds outcrops 
on Middle river and its small tributaries where it crosses the 
northeast corner ,of Brown township. Below Howe, in sections 
11 and 12, on a small branch fr,om ,the southwest, qui,te extensiv'e 
quarrying has been done. The openings are on the land 'of Mr. 
W. P. Perry and stone has been taken out for over twenty years. 
The £oUowing sectron may be observed in the northwe'st corner 
of section 12, close to ,the confluence of the above tributary and 
Middle river: 

FEET. 

10. Soil, loess, and drift conglomerate containing Cretaceous ma-
terials . . . . .. .. .. .. . .. .. ... . ........... . ........ .. ......... 7 

9. Limestone, broken into blocks which are rounded by weather
ing and solution; buff in color, fossiliferous, narrow band of 
chert in residual clay, both above and below.... . . ......... I t 

8. Limestone like No.9 with two inch cherty clay residue below.. t 
7. Limestone, firm ledge somewhat hroken, by weathering; 

marked tendency to separation into hlocks hy vertical joints ! 
6. Shaly limestone, chert bearing, by weathering forms a reen-

trant in the quarry face. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. l-fi 
5. Forms limestone ledge, persistent. . . . . ... . .... . . . . .... . . .. .... t 
4. Shaly limestone, blue to gray where unweathered, but iron

stained at crop; persistent and forms a conspicuous reen-
trant . ... .... .... ...... .... .... . . .... .. . . ... . .... .... ...... Ii 

31 
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3. Limestone, light brown, compact; has tendency to dissolve 
along joints to form caverns. At its base is a heavy band of 
chert which in places is pulverulent and white ........ , .. .. . 

2. Limestone, cavernous, with tendency to jointing, separated as 
a rule by thin shaly partings into three distinct ledges, 5, 10 
and 9 inches in thickness .. ..... . .... ... ................... . . 

1. Regularly bedded, compact, brown to bluish limestone in 6 
inch to one foot ledges, commonly separated by thin, brown 
clay partings, contains occasional chert nodules near the top; 
highly fossiliferous throughout to base of exposure . . .... ... . 

FE IIT . 

7 
f1l 

2! 

5 

Stone has been taken out along a quarry f,ace four to five hun
dr,ed feet in length, the work being apparently limited by the 
heavy stripping. The hase of the present exposure is about 
fifteen feet 'above Middle river. The lowest bed rests on earthy 
and carbonaceous shales, the contact being marked by numerous 
springs and seeps. 

The best stone comes from numbers 8 and 9 near the top and 
from the basal member of ,the section. Number l tespecially af
fords excellent dimension material of any desired thicknelss. The 
output .of this and neighboring quarries 1S used to a large eX'tent 
locally for foundations, and for this purpose it is also naul'ed to 
Stuart and Greenfield. 

To the south of the branch, and but fifteen to twenty rods dis
tant from the foregoing, the same layers are worked. The beds 
.outcrop also west of the road in section 11, where some quarry
ing is done. To the eastward, along the 'south side of Middle 
river, the limestone forms a terrace which is not deeply covered 
and where any quantity of stone is available. 

Stone is als'o quarried in the ,southwest quarter of this s'ame 
section, on the f,arm of Mr. J as. Chambers. In the main the beds 
can ,be correlated with those of the Perry quarry section although 
the overburden is not so great aDJd would prove less of a hin
drance ,to development. 

The Missouri bedsoutcr'op at rare but gradually increasing 
intervals southeas'tward along the Middle river to its exit into 
Madison county. They are quarried lat 'a few points in Harris'on 
townShip. At, and in the vicimty of the mill dam lat Port Union, 
the following succession of 'strata can be made 011t: 
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FEET. 

12. Shelly, fossiliferous limestone to be seen one-eighth mile 
above the dam in the hillside where rock has been quarried. ? 

11. Firm ledges, good building limestone, to be seen at same 
place .......... .... ........ . .... . ... .. ....... .. .. . . .. . ....... 3-4 

10. Limestone breccia, containing angular pieces of compact lime
stone of a maximum :size of 2 to 3 inches; tbere are occa
sional fragments of dark cbert in a soft limestone matrix. 
Conspicuous in billside 20 rods above site of dam. . . . . . . . . . . ? 

9. Ocherous red and purplish weathered sbale, in view.... .... . 2t 
8. Shelly lim estone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ? 
7. Solid ledge compact, durable limestone forming a shelf over 

underlying sbale, at south end of dam at level of water in 
pond .. _0 ..... ••....... . ..... ......... 0 . ...••..• 0.......... ~ 

6. Gray shale with nodules and streaks of hard limestone, cylin-
drical forms, apparently vegetal remains. .. .... .. . .. .. ..... It 

5. Bluish limestone capped with thin layer composed almost en-
tirely of well preserved brachiopod remains . . . . . ...... . .. . . . t 

4. Dark blue, clean shale. . . . . . . . . . .. . . .. ... ....... .... .. .. .... 2 
3. Brownish, cavernous limestone, not persistent... . ... . . ... . .. t 
2. Black, slaty shale ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . It 
1. Shelly limestone, breaking into nodular flakes and lenses on 

exposure; in bed of stream below dam where it cau~es a low 
falls . Known in excavation for mill wheel to consist of two 
12 inch layers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Below is a "gummy" clay or soapstone whicb is practically im
penetrable to tbe churn drill. 

483 

At all points 'Observed, these strata occur beneath great Ithick
nesses of glacial deposits. The limestone members of ,the sec,tion 
have afforded building materi,al but their exploitation is of ne
cessity limited. The beds above the fragmental limestone, num
ber 10, are said to be quarried for local use on the farm of 
Robert Murphy on Middle river near the east county line, and at 
other points in this vicinity. 

The two ,s·ec:tions given Ia:bove 'appear to include the basal mem
bers of the Missouri ,and the upper strata of ,the Des Moines 
s'tage, if regarded alone on stratigraphic position and lithologic 
similarity. There seems little question that number 10 'Of the 
p.ort Union section represents the base of the Bethany 'and that 
the non-brecciated beds ,above 'are the equiV1alent 'Of the Elarlham 
limestone in Maidison county.*' The Fragmental limestone does 
not appear in the Perry section as a distinctly brecciated layer. 
In other respects, the lowest member here visible, No.1, is its 

• Geology ot Madison county , Iowa GeologIcal Survey, Vol. VII. page 611. 
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equivalent, and the underlying shales therefor·e belong Ito the 
Des Moines. 

ADAMS COUNTY. 

The country rock in Adams county is in geneml deeply con
ceal,ed by the glacial deposits and 'outcrops at but a few points 
along 'the Middl,e and Eas,t Nodaway rivers. As in IlJdjoining 
c·ounties, the Missouri rocks consist largely of shales, which may 
beoome highly calcareous and even marly, interstratified with us
ually thin beds of limestone which are in some instances of a 
cbiaracter and eX'tent to be of value. Similar also to bordering 
counties, beds of otherwise valuable s·tone are so deeply buried 
that their utilization is out ·of the question. 

The Upper Coal Measures outcrop at Carbon in Dougla's town
ship, where the Nodaway seam is mined. The "cap rock" is an 
eighteen inch ledge of firm limestone and appears near water in 
the river. lt is quarried for local use here and at interv,als ,along 
the stream to Mt. Etna in W,a,shington town'ship, but it is of little 
importance and is difficult to obtain. 

Stone was formerly quarried at Corning in the banks ,of the 
East Nodaway. Limestone appears at a number 'of places in :bhe 
bed of the river fora few miles southwes,t 'of the town. The 
abandoned French qUiarry is loc·ated south 'of the river in section 
3, J 'asper township. T'alus obscures the old qUiarry face, but a 
few hundred feet to the north in the bottom and bank of the 
river, the fol1owing sequence may be made out: 

F E ET . 

5. Drift.... .. ..... . ........... . .. .... . . . . ... . . . . . . .. . . . . . . . . . . . . 3 
4. Fine sand, iron-stained . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
3. Shale, light blue, plastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5+ 
2. Limestone, hard, compact , gray in color , fossiliferous ; breaks 

easily at right angles to bedding planes and apparently does 
not weather easily on exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

1. Fossiliferous limestone, yellow, weathered, to water leveL.. .. . t 

There is evidence that quarrying has been carried on her·e on 
a scale of some magnitude, and the Corning stone is known ,and 
has been distributed over not only Adams county, but adjacent 
territory as well. The limestone is of good quality, and while 
extensive development is of necessity restricted by the heavy 
stripping, it ,should rank loc:ally las a vlalU!able resource. 
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CASS COUNTY. 

Oass county is ,a's a rule heavily covered with loess and drift, 
and the indurated r'ocks ,appear at interv:als 'only along the larger 
waterways in the 'southern part 'Of [the county. The Missouri 
strata are known to be ,overllain in part with the Dak.ata sands of 
the Cr,etaceous. 

Stone was formerly taken out 'at the 'Old Fox quarries on the 
south hank 'of the West Nodaway in the s.autheast quarter of sec
tion 36, N.able township, ,and just across the road in secti'On 31 
of Edna 'torwnship. The beds in :these quarries belong to the 
same hori2lon as those exposed near Gran't and described under 
Montgomery oounty, although no ac{'urate correlati'Ons of indi
vidual strata can be made. The following section is compiled in 
l'arg,e part from the Geology of Montgomery Oounty:'" 

13. Soil and loess, heavy covering. 
12. Broken limestone, shales and residual clay ..... .... ......... , 
11. Greenish shale, iron-stained .............. .... ....... .... ... . 
10. Limestone, light gray to buff, contains fossils; split by verti-

cal joints into large blocks; two ledges separated by thin 
band of shaly limestone, upper ledge, 2 feet 3 inches , lower, 
1 foot 4 inches .... .. ... .. ... .... . ..... .... . . . . ........... . 

FEET. 

2 
4 

3t-2 
9. Calcareous shale, fossiliferous. . . . . . . . . . . . . . . . . . ............. 1 
8. Limestone, sub-crystalline, gray to brown, in ledges from 9 

to 14 inches; where exposed for only a few years, this stone 
is badly shattered and intervening shaly bands separate it 
into many thin ledges.. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 A 

7. Shale, calcareous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. t 
6. Limestone, brownish, sub-crystalline to dull ................ . 
5. Shale, in part gray, bituminous in lower portion ............ . 
4. Limestone, dark gray, coarse textured .... ... . ....... . . . ... . . 
3. Shale, buff to gray, fossiliferous .... ..... .. ... .. ...... . . . ... . 
2. Shale, variegated , lower part carbonaceous, micaceous, and 

splits into conchoidal fragments. . . . . . . . . . . . . . . . . . . . . . . . . . . 2t 
1. Limestone. 

At the present 'time, no quarrying is done ,at this point, and 
the lower members of the section, 6 ,to 1 inclusive, are largely 
covered up. All of the limestone ledg,es were used in heavy 
masonry work, and blocks of nearly any desired dimensions 
wer,e obtainable. The base of the section is ,approxima;rt;ely 
twenty feet above the river. Coal blossom appears near water 
level in the river. r.Dhe location of these quarries is favorable 
for supplying 'stone to Adams, Cass and Montgomery counties 

• E. H . Lonsdale, Iowa Geol. Survey, Vol. IV, pp . 393 and '35 . 
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but their development has been and 'Will be hindered by lack of 
tl'lansportrution facilities and by the heavy stripping required. 

Limesltone and shale appear at a few points farther north 
a~ong the West Nodaw,ay and its bmnches, but 'always under 
heavy ·overburden. Near the southeast corner 'of section 20, 
Edna township, stone has been r·emoved. The limestone beds 
appear also rut points on Seven Mile creek, notably near Galion 
in Bear Grove township. 

On the East Nishnabotna river near Lewis, ,and on Turkey 
creek, its principal tributary from the east, the Missouri strruta 
appear in places. Stone has been taken from the west hank of 
the river on the farm 'of George Roberts, southwest of the town. 
At present, there is exposed one foot of light gray limes'tone 
overlying eight to ten inches of yellow clay and soft, disin
tegrated limestone. The lower bed is fo,ssilifer·ous, and is ap
proximately thirteen feet above water in the river. The expos
ure is covered with drift ,and loess aggre~ating fifteen to twenty 
feet. 

Two miles north of Lewis ·on Turkey cr·eek, in ,the northwest 
quarter of section 1, Oass township, ten inches of blue, hard, 
partially crystalline limestone outcrop in a l'Iavine a few hundred 
feet back from "Rockyford," where limestone was formerly 
quarried. In the northeast quarter ·or section 1, six f·eet of 
weathered limestone are in view in l'Iavines leading into Turkey 
creek, in places overlain with Cretaceous sandstone and plastic 
clays. Throughout, ,all exposures in this part of the county are 
covered with ten to siJrty feet of superficial materials, which ren
ders utili~ation out of the question. 

CLARKE COUNTY. 

The Missouri underlies practically the whole of Clarke county, 
but good exposures are rare, owing to the heavy drif,t mantle and 
the nonindura:ted character of the stratified rocks. Limestone 
beds outcrop al'ong ·the south branch of Whitebreast creek in 
Green Bay township, about six miles south of Osceola, and nu
merous crops appear along the south branch of Squaw creek in 
Ward township. Several quarries have been opened along the 
creek named, and a large quantity of stone has been quarried and 
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used for foundaHons in the principal residences and many of the 
business blocks in Osceola. Two quarry sections given below 
aff·ord a fair ~dea of the beds of commercial value. 

The Carpenter quarry, located £our and one-half miles north
west of Osceola, and about one-f,ourth mile west of Squaw creek: 

FEET. 

5. Drift, with limestone bowlders, variable in thickness; at-
tains great thickness in tbe blnff, at the face. . .. ......... 2-4 

4. Limestone, hard, brittle; ledges un even, gray to blue, weath-
ers almost white; fossiliferous; 2 to 4 inch clay partings 
near the base. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. ... .. .. 7 

3. Limestone, shaly to clayey, in places clay only ... . ... .. . .. .. 
2. Limestone, hard, tough, fossiliferous; ranges from gray to 

blue . The upper layers are fairly even , and range from 
6 to 8 inches in th ickness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

1. Shale, exposed . ... ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

The following section is taken from the vicinity of Short's 
quarry, which is located in the northwest quarter of the south
eas't quarter of section 2, Ward township: 

FEET. 

7. Drift and weathered limestone . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 4-10 
6. Residual clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . It 
5. Compact, gray limestone in 5 ledges: 8 inch, 14 inch , 2 inch, 

2 inch clay parting, 4 inch, 1 inch clay parting , 14 inch 
ledge. Total..................... . ....... ... . .... .. .. ... 3! 

4. Fossiliferous, gray limestone separated from number 3 by 2 
inches of clay.. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . It 

3. Buff limestone, hard and fossiliferous below, separated by 
thin clay seams. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 

2. Soft, weathered limestone . .. .............. ....... " ....... I 
1. Buff limestone, passing into gray, fossiliferous ledges below. 2% 

Building 'stone only is produced. 
One-half mile farther up Ithis creek at bhe Carter quarry, the 

limestone is seen to rest on a he,avy bed of y,ellow to bluish 
calcareous ,shale, nine feet thick, eight inches of which are 
exposed. 

DALLAS COUNTY. 

The Missouri occupies a triangular area in the southwestern 
corner of Dallas county. Exposures are limited to Adams ,and 
Union townships. The beds consislt of a series of shales and 
limestones, all ,of which belong to ,the Bethany SUb-stage. Two 
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principal limes'tones Clan be recognized and are believed Ito cor
respond to ,the Fragmental and Earlham horizons. The best 
sections appear along Bear <lreek and its tributaries, and a num
ber of the ou'tcrops have been quarried quite extensively. The 
sections given below may be ,naken las la fair ,average. 

An abandoned quarry in the s,outhwest quarter of section 28, 
Adams township, shows: 

FEET. 

9. Drift of variable thickness. 
8. Limestone thinly bedded, slightly arenaceous... . . . . . . .... . . . . 6 
7. Talus slope. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . ..... . ......... 8 
6. Limestone. . . . . . . . . . . .. ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
5. Shales, gray, calcareous. . . . . . . . . . .... . . . . . . . ... . . . . . . . . . . . ... i 
4. Limestone.............. . .... . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . 1: 
3. Shales, gray.. . . . . . . . . . . .. ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
2. Limestone, fragmental. . . . . . . . . . . . .. ...... . . .. .. .. . . . . . . . . . . . 2t 
1. Des Moines series, exposed about. . . .. . . ... . . . .. . ... ........ 60 

In the oper.ation of the quarry, number 4 was the lowest bed 
removed. The quarry is located well up toward the top of the 
hill, and ,the limestone does not appear to 'extend much farther 
t'o the ,east ,and north of this point. The same beds may be viewed 
a10ng the e8ist and west road about a half mile south of the above 
quarry, in section 32. ~he quarry Wl8iS ·oper.ated at one time, a 
swrtch being extended from the Chicago, R'Ock I'sl,and land P,aci:fic 
railway. Large quantities of stone were shipped. Most of it was 
used for railway ballast and construction. 

Brown quarry section located on the southeast quarter 'of 
section 22, Union township: 

FEET. 

8. Drift and weathered material. ......... . .................... 1 
7. Limestone......... . ........... .. .......... .... .. . . .. . . . ..... 10 
6. Talus slope, probably shale. . . . . . . . . . . . . . . . . . ... . . . .... ...... 6 
5. Shale, black, fissile.... . . . . . . . . .. ... .. .... .... ............. .. t 
4. Limestone, blue, compact, exposed.... . ..... .... . ........... . i-
3. Talus slope. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ... . . ..... 25 
2. Lim estone , impure and fragmental below. . . .... . . . . . . . . . . . . . . 3 
1. Shale, calcareous, ferruginous, exposed. . . . . . . . . . . . . . . . . . . . . . . 3 

The above quarry was 'Opened about :fifty years ago, and was 
worked continuously for more than forty years. The rock quar
ried is No.7, which is a blue to buff, compaCJt and evenly bedded 
limestone. The individual ledges vary in thickness from eight 



DECATUR COUNTY. 489 

to ten inches, and 'are separated by shale partings. Chert nod
ules in well defined bands appear 'at certain horizons. 

The upper limes,tone member, N,o. 7, is also weU exposed in a 
quarry on the southwe'st quarter .of 'section 35, just north of the 
Madison county line. It ha's a thickness 'at this place of twelve 
to fourteen feet, and is underlain by blue shales. The quarry 
was opened more than 20 years ,ago, and formerly was con
nected by a switch with the Spirit Lake branch of the Chicago, 
Milwaukee and St. Paul Railway. The rock utilized was the 
heavy bed of rough limestone. Almost the entire product of the 
quarry was used as crushed stone, and Wlasshipped to Des 
Moines, 'and employed in the concr~te foundations of the brick 
pav,ements. The amount of stripping was large, and added 
greatly to 'the cost of quarrying. The quarry has long since 
been abandoned. 

Small quarries have been opened from time to time at other 
points in the Upper Coal Measures in the vicinity of Adel and 
Waukee, but these were operated intermittently, and were of 
loeal importance only. 

DECATUR COUNTY. 

The Missouri stage is represented in Decatur county by the 
Bethany sub-stage, which comprises four, possibly five, well 
defined limestones, interbedded wrth variable shales, in the main 
cal0areous. The basal limestone member represented in the 
county is known as the Fragmental, 'and is typically exposed at 
Bethany, Miss'ouri. Exposures in the county are not important, 
and are usually obscured by the overlying drift and by talus 
from the beds above. Where it is typically developed, it is not 
sufficiently indurwted and uniform in texture to be a desirable 
bridge or building stone. It could be used, however, for ro'ad 
work, concrete, and railway ballast. So far as known, it has 
never been utilized in Decatur e,ounty. All 'of the limestones are 
essent~ally non-magnesian, are of great purity, and as a rule, 
contain little iron pyrite or other ,objectionable constituents. 

The Earlham limestone appears in sections along the Gr,and 
river, in ,the vicinity .of Davis City, and in Burrell township 
'along Pot Hole creek. At both ,of these points, some quarrying 
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has been done, the largest quarry in Ithe county being located at 
Davis City, at which place the Boswell quarry shows the follow
ing section: 

FEET. 

6. Soil and loess . ........ . . .. ... . ... . .. .. ........ . . .... . 
5. Lim estone ... .. . . . ................ . ... . ... ..... . 
4. Rotten stone and shale ....... .......... . .. .. .. . . ... ... . . .. . . 
3. Limeston e, 14-inch ledge overlying a 3-incb ledge . 
2. Shale and rotten stone . . . . ....... . .. .. .. ..... .. ..... . . .. .. .. . 

2-4-
1 
2 

It 
1 

1. Limestone, with wavy bedding, ledges running from 3 to 16 
inches ................................... .. .. .. ........... . 6 

The courses appear to be somewhat persistent, but are variable 
in thickness. A black shale appears below the basal limestone 
and this shale is in ,turn underlain by the FI'Iagmental' limest'one. 
Higher in the bluffs, the Winterset limestone appears. On Pot 
Hole creek, the section given below is exposed and may be taken 
as £airly representative: 

FEET . 

3. Limeston~, ash gray to brown, fine-grained, thin-bedded, with 
courses up to 1 foot in thickness, and shale partings .... .... 6-10 

2. Shale, drab, imperfectly exposed, but showing 1 foot of black 
shale... .... . .. .... .... .... . . .. .. .... ... ... . ... . ... .. . .. ... 10 

1. Limestone, brecciated or fragmental type, firmly cemented 
and apparently non-fossiliferous. . . . . . . .. . . ... . ..... . . . .... 4 

The beds dip ,to the west here, and higher up the stream the 
Winterset appears in the hills. Some quarrying has been done 
on the oppo'site side of ,the river, and blocks of considerable 
thickness still mark the ,site ,of the old quarrie's. It is reported 
that stone from this quarry was formerly dressed and sold for 
monumental work. 

The Winterset limestone exhibits good exposures in the vi
cinity of Lamoni, along Hall and Elk creeks, in Bloomington 
township, in addition to the localities ,already mentioned in dis
cussing the Earlham. One of the best Isections appears ,along 
Pot Hole creek, about five miles northeast of Lamoni, and 1:S 

given below: 
FEE T. 

6. Limestone (Winterset) with Spi1'ifer camemtus, Productus punc-
tatus, Productus costatus, .A thyris sttbtilita, etc. . . . . . . . . . . . . 15 

5. Shale , gray to drab. . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . 3i-
4. Shale, bituminous. .. . .... . . .. .. . .. . .. .. . . .. .. . . . . . ... . . . . . . .. 2i-
3. Coal ................ .. .. ... . .... . ..... .. .. ... ........ . ...... . 
2. Shale, gray.. .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 6 
1. Limestone (Earlham) in bed of creek. 

1 
6 
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FIG 4()-Winterset limestone on Pot Hole creek with sbales below extending down to tbe 
Earlham limestone. 

In nearly all sections of the Winterset, in addition to the 
shales above and below,one ,or more of the other limestone mem
bers of the Bethany sub-stage are present. 

The DeKalb member is exposed both easlt ,and west of DeKalb 
station, and a t numerous other points in the county. The sec
tions given below may be considered fairly representative: 

SECTION EAST OF DE I{ALB STATION. 

FEET. 

0. Stripping, bowlder clay.............. . ................... .. . . 6 
5. Limestone, irregular and waterworn... . . ... . .... . . . . .... . . .. . t 
±. Shale, hard ......... . ....................................... , i-
3. Limestone, irregularly bedded. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . i 
2. Shale or bastard rock. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
1. Limestone in five ledges that are res pectively 9, 12, 0, 18, and 

8 inches in thickness. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ± 
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SECTION ONE MILE WEST OF DE KALB STATION. 

PEET. 

4. Limestone.............. . . . . . . . .. ................... . ....... 1 
3. Limestone......... . ................... . ............. . . . . . . . . t 
2. Limestone. .. . . . .. ........ .. ........................ . . . .. .... t 
1. Limestone. . . . . . . . . . . . . . .. ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . t 

A fifth limestone horizon belonging to the Bethany and present 
in Ithe county was reoognized by Bain, who designated it provis
ionally ;as the vVesterville limestone. It is -typically exposed 
near Westerville, in Union <?'ounty. It has not been quarried 
to any considerable extent in Decatur <?'ounty. It occurs in the 
hills along Sand creek, ,attains a Ithicknes-s 'Qf ten feet and is quite 
readily accessible. It is separated fr-om the De~alb by the 
usual shale l'ayers. An of the limestones represented occur in 
comparatively thin beds ranging from three to sixteen or even 
eighteen inches in thicknes's, are fairly persistent, each horizon 
rarely exceeding fiflteen fee:t in thickness, and are quite uniform 
in composition. They do not resist weathering influences well. 
After undergoing repeated freezing and thawing, they are sub
ject to spalling, -and the ledges break down rapidly on exposure. 
While quarrying operati'ons have been carried on somewhat in
termittently f.or more than half a century, very little ~stone is 
produced at the present time. There is but a single crusher in 
the county and Ithat is located -at Davis Oity. The geneflal quarry 
products consist of rubble, rough stone for foundation -and well 
purposes, ,and crushed stone. In the early hi'story of ,the c-ounty, 
lime was burned at several points. On account of the high per
centage -of c,alcium carbonate ,and the lack of siliceous and clayey 
impurities, the lime was white, -and in slaking, produced oonsid
erable heat, not nece_ssarily objectionable features for some pur
poses, but producing a weaker mortar than oan be secured from 
the magnesi1an limestones. 

Owing to the es,tablis'hment of large plants at Ash Grove, 
Springfield, and ·other points in Missouri, the cost of pr-oducing 
lime was greatly cheapened. The 100al plants were unable to 
compete, ,and were discontinued. 

FREMONT COUNTY. 

The Missouri as exposed in Fremont ·('ounty comprises a com
plicated series of interbedded limestone hands and ·shales. While 
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numerous limes'tone beds are present, and are fairly persistent, 
none are of sufficient thicknes's to merit distinctive names or in
dividual notice. In general the individual beds rarely exceed 
four feet in ,thickness, and ,are almost inaccessible on account of 
the excesrsive overburden. Some quarrying has been done, 
mainly along the base of the Missouri river bluff. A few unim
portant openings have been made in the interior of the county 
in the vicinity of Riverton, and along Plum creek, in Green 
township. The only quarries which have been in operati'on r,e
cently are in the vicinity of Thurman in Scott 'township. The 
limestone beds when first exposed appear to be well indura:ted, 
and the layers range from four to eight or ten inches in thickness, 
occasionally attaining even greater thicknesses. 'The stone is 
used for rough masonry, such as foundations for buildings, well
curbs, retaining walls, and other rough work. 'On exposure to 
the elements, it does not resist weathering well, but rapidly takes 
on a pseudo-concretionary structure, evidently due to its fl1ag
mental character and imperfeot cementation. This effect is well 
shown in the retaining wall north of Thurman along the Thur
man-Bartlett wagon road. All of the limestones appear to be 

FIG. 4l-Retaining wall north of Thurman showing characteristic weathering of ~is8ouri 
limestone as developed in the immediate vicinity. 
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non-magnesi1an; on account of their limited thicknes,ses and 
heavy overburden, ,they are never more than of local importance. 
~he following sections may be considered fairly representative. 

Section in the bluff ne'ar the s'outh line "of section 14, Scott 
township: (. : ~ 

1,1 , \ 

FBBT. 

9. Thick loess cover. 
8. Lim~stone, fi ne-grained, oolit ic texture. . . . . .. ............ . . . . 3 
7. Limestone, impure, fossiliferous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
6. Limestone, gray, m assive, with thin shaly partings . . . . . . . . . . .. 11 
5. Limestone, gray, highly fossiliferous..... . ... .... . . .... .... ... 1 
4. Shale, gray, with black shale partings.................... . ... H 
3. Limestone, bluish, with occasional crinoid stems. .. . . . . . . .. ... 1 
2. Shale.......................... .. ............................ It 
1. Coal reported. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H 

Section on Mill creek, near the center of the southwest quar
ter of section 33, Riverton township: 

FEET. 

10. Drift and loess of indefi nite th ickness. 
9. Shale, weathered, yellow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 
8. Limestone, gray to \"I' hite, with greenish shale partings, some-

what pyritic, small blocks of durable stone obtainable . ... . . 
7. Limestone, weathered, marly, iron-stained ......... .. ........ . 
6. Shale, blue to black, calcareous, with yellow blotcbes and 

small compact concretions, slightly arenaceous ............ " 
5. Talus slope, probably limestone ............................. . 
4. Sandstone, fine-grained, soft ... .... . .. .... .. .. . . .. .......... . 
3. Silt, shaly, and friable ....... ............ . . .... ...... .. ..... . 
2. Sandstone, fine-grained, calcareous, varying in color from blu-

ish gray to brown, well indurated ....... .. ....... . ... ..... . 
1. Shale, bluish gray, with reddish arenaceous seams, and large 

irregular calcareous concretions lodged in the vertical or in-
clined joints ............ . ................ . . .. ............. . 

3 
2t 

4 
2 

2 

1 

" 

8 

Numbers 1 to 4 inclusive, ,appear in the bed of Mill creek but 
are not well exposed. 

GUTHRIE COUNTY. 

Suitabl,e material for building purposes is to be 'had from the 
Missouri, in Guthrie county. St!'lata belonging to this stage are 
known to be present over about one-lihird of Beaver township 
and to occupy essentially the whole of Penn in the ,southeast 
eorner of the county. This stage is represented by the Fr,ag
mental and Earlham limestones of the Bethany ,and by a por.tion 
of the Winterset section. Those rocks appear along ·the lower 

, 
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portion of Beaver creek, Deer creek, Long Branch and South 
Raocoon river, in l'edges varying from six to twenty-four inches 
in thickness and separated by shaly or cl'ayey partings. The 
following typical section ,taken from the Geology of Madison 
County,'" will serve ,to show ,the nature and succes'sion of the 
beds. H is taken from 'along Deer cr,eek, section 19, Penn town
ship. Good exposures ,are laoking as the stone has not been 
quarried ,extensively at 'any point. 

FEET. 

5. Limestone, coarse, gray; with Fusulina similar to that occur-
ring at Winterset.... ...... .... .... .... . ... . . .. . . ... .. ..... 2 

4. Shales, exposed only in part.... .. . .. . ... . .. .. .. . .... . ...... . . 8 
3. Earlham limestone, ash gray , with conchoidal fracture, in lay-

ers two to ten inches thick , separated hy shale partings..... 12 
2. Shale, gray, argillaceous, becoming bituminous and slaty at 

the top... .... . ... ... .. .. . . . . .. ...... ...... ...... .... ...... 10 
1. Limestone, fragm ental, made up of irregular bits of lime rock 

filled in with calcareous clay. In places the rock can be 
picked to pieces with the fingers; elsewhere it hardens up 
into massive layers two feet in thickness ...... .. ... . ....... , 10 

The 10wes1t member of this section rests on sandy shales which 
form the top of the Des Moines stage. Ten to thirty feet of 
loess and drift overlie the exposures along Deer creek, and 
wherever the beds appear along the other 'streams mentioned 
they ar'e also invar~ably buried beneath la heavy mantle of the 
same material. 

HARRISON COUNTY. 

Exposures of formations older than the Pleistocene are found 
in Harrison county 'at a few points along 'the Boyer river. At 
Logan, both ,above and below the mill, limestone ha's been quar
ried at the east side of the river valley. Some six miles farther 
up the river, and two miles below the town of Woodbine, con
siderablestone is said to hav,e been quarried in the lef't bank: of 
the Boyer.t The strata are prevailingly limestone, and belong 
to the Missouri s'tage of 1fue Upper Oarboniferous. So far as 
known, they are the most northern expo,sures of these measures 
in Iowa. 

*J. L. Tilton and H. F. Baln, Iowa Geological Survey, Vol. VII, p. UB. 
to. A. White, Geology of/Iowa, Vol. II, 1870, P. 180. 
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No stone is now taken 'out at either of these localities, and the 
old quarry faces are greatly obscured by rock debds. The fol
lowing section is in view just 'above the mill 'and across the river 
from the town of Logan: 

FEET. 

5. Loess, passing into sands below... . . . . . . . . . . . . . . . . . . . . . . . . . . . 40+ 
4. Sand, cont.aining coarse gravel and bowlders of a variety of 

igneous types, plainly Pleistocene. . .. ............. . ..... .. . It 
3. Limestone, decayed above, and splitting irregularly along bed

ding planes; color buff, contains much crystalline calcite, 
and is fossiliferous. P1'oductus longispinus, P. costatus and 
Spirifm' carneratus are abundant. Ledges are but a few 
inches thick, and but small blocks can be obtained.... .... . 1 

2. Limestone, coarse in texture, composed largely of a shell brec-
cia. Sp'i1'ifer carneratus, A. thyris subtilita and crinoids are 
common. Badly weathered and iron-stained in places, the 
iron frequently distributed in concentric bands, giving the 
appearance of a sandstone; occasional nodules of both light 
and dark chert. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. i-i 

1. Limestone, gray to blue, splitting in ledges a few inches thick; 
highly fossiliferous; said to extend down several feet. 
Breaks into small blocks, but is the principal quarry stone, 
exposed.... .............. .. .... ........ .. . . .... .. . ........ 2 

A f.ace perhaps 100 feet in length is open at ,this point. The 
base of this section is about three or four feet above the water 
in the river, which is but fifty feet distant. While the rock is 
suitable for ordinary rough work, quarrying has been limited 
by the excessive overburden. This same factor determines the 
amount of stone available in the other localities mentioned. 
Since the'oCounty is in general cover,ed with ,a great thickness of 
recent deposits, which require removal, the production of stone 
will 'of neces'sity be very limited in the future. 

MADISON COUNTY. 

The Missouri limestones underlie about two-thirds of Madison 
eounty, :and belong entirely to the Bethany 'sub-stage. The four 
limestone members representing this sub-stage are well repre
sented in the county ,and all may be observed along Middle river 
in Lincoln township. A composite ,section, produced by blending 
the beds exposed along the r:avine in section 22 in Lincoln town
ship with the lower beds which may be seen in ,the locality of the 
Devil's Backbone, is as fol1ows: 
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FEET. 

13. Glacial debris variable in character and thickness. 
12. Limestone, yellow, earthy; thinly bedded, Fusulina zone...... 4 
11. Shale, variable in color and composition, bisected by compact 

limestone and decidedly calcareous above. . .. . . .. .......... 13 
10. Limestone, coarse, with shaly partings. . . . . . . . . . . . . . . . . . . . . . .. 3 
9. Shale, dark, carbonaceous in part and with calcareous, fossil-

iferous bands. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
8. Limestone, blue, fossiliferous, with shaly partings... . . . . . . . . . . 3 
7. Shale, dark above; lighter and calcareous to marly below.... . 5 
6. Limestone, yellowish above, shaly partings below .......... '" 17 
5. Shale, black above; variable, earthy, yellowish, calcareous 

beds below.... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
4. Limestone, with shale partings.... . ... . . .... .. . . . . ... .. . ..... 12 
3. Shale, black above, arenaceous below; the two members sep

arated by a thin band of limestone.. . . . . . . . . . .. . . . . . . . . . . . . 18 
2. Limestone, exhibits 6 nodular structure in weathering; frag-

mental, with shale parting near the middle. . . . . . . . . . . . . . . . . 9 
1. Shale, exposed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
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N-umber 2 in the above section corresponds to the Fragmental 
phase 'Of the Bethany, typi0ally developed at Bethany, Missouri, 
and forms the ledge ov,er which the water falls ,at the Backbone 
milL Number 4 represents the E 'arloham, number 6 the Winter
set, and number 12 the Fusulina or DeKalb phase, according to 
Bain in his Decatur county report. All of the members are com
paratively pure, the limestone being essentially non-magnesian 
and reasonably fr,ee from iron pyrite. The associated shales are 
usually more or less calcareous and often carry considera:ble of 
the iron sulphides. The 'two middle limestone members are 
the ones most widely distributed in the county, and are the 
only ones quarried extensively. 

The Fragmental limestone apparently occurs in heavy beds in 
fresh exposures, but wher,e the beds have been exposed some 
time, they readily show their fragmental charac'ter, and are 
pradically worthless for sitructural purposes. 

The Missouri limestones ar,e responsible for Ia prominent 
topographic feature producing a well marked escarpment which 
crosses the county diagonally in a northwest-southeast direction. 
The principal stre'ams cross the escarpment at right angles and 
the most important outcrops occur where the streams debouch 
on the Lower Co,al Measures. Quarry opening has been limited 
to the streamways which have railway facilities, and three cen-

32 
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ters are worthy of ment~on. These, named in their order from 
northwest to southeast, 'are las follows: Earlham, Winterset, ,and 
Peru. Unimportant quarries have been opened 'and operated 
from time to time a:t numerous other points but lat present do not 
merit individual mention. 

The E'arlham beds 'have been most extensively quarried ,and 
afford a fair gr<ade of stone suitable for dimension stone, rubble, 
and crushed ,stone. N ear Earlham two quarry companies have 
operated ,eX'tensively, and ,are direetly connected with the main 
line of the Rock Island Railway. The first is 'owned and oper
ated by the Earlham Land Company with offices in Des Moines, 
and is located 'about one and one-half miles south 'Of the railway 
s<tation in Earlham, 'al·ong the north branch of North river. The 
section exposed is as foUows: 

EARLHAM LAND COMPANY. QUARRY SECTION. 

FEET. 

4 . . Loess and drift, of variable thickness ... . ... . ................ 10-14 
3. Limestone, in regular beds , with shale parting near the mid-

dIe ............. . .......... . ... . .. ... . ... . ............ .. .. 9 
2. Limestone, less evenly bedded than the above, hard and brit-

tie.. .. ... .... . ... ... ... . .. ............. ........... ........ 6 
1. Sandstone, calcareous and shaly, exposed. 

The seoond is located along the main line of the Chicago, Rock 
lsland and Pacific Railway two miles east of the town of Earl
ham, on Bear creek, and is owned and operated by S. A. Robert
son of Des Moines. The sequence of beds is as follows: 

ROBERTSON QUARRY.-

FEET. 

7. Loess and drift, variable .... . , ............ , . . ... . . . . . . . . . . .. 2-8 
6. Limestone , gray to buff, evenly bedded . .. . .... .... ...... .... 2 
5. Limestone , irregularly bedded, with some cherts.... . . . . ..... 3 
4. Limestone, evenly bedded, becoming shaly near the middle... 4 
3. Limestone, shattered, unevenly bedded, cherty. . . . . ... .. .... It 
2. Limestone, rather evenly bedded above, and unevenly bedded 

below. Hard and compact, but in thin ledges. . . . . . . . . . . . . 6 
l. Sandstone, calcareous and shaly, exposed. 

* At the present time owned by the Iowa Portland Cement Company and will 
supply the raw materials for their Des Moines plant. 



PLATE LIX-S. A. Robertson quarry. Earlham . Madison county. Iowa. showing the principal limestone beds with their characteristic clay partings. 
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A composite sample was selected from the Robertson quarry 
and analyzed. The result ,of the analysis is given below: 

Insolu ble .. , , , , , , . , , , ....... . , . . . . . . . . . . . . . . . ..... .. . ....... . . 
Iron oxide and alumina ... ....... " ............... ... ..... .. . , 
Calcium carbonate. , , ... .. ......... .. ............... , , . ...... . 
Magnesium carbonate ..... .. .. . ............... , , , , ........... . 

7,85 
1.00 

91.15 
0 ,61 

L, G, MICHAEL, Analyst. 

The beds lie almost in horizontal position, aJlld have little 
overburden. Most of the quarrying here is done by hand meth
ods, although the plant is equipped with steam power, tram 
cars, and rope haulage. The product consists of dimension 
stone, rubble, and crushed stone. Practically all of the waste 
resulting from the quarry operations is sent to the crusher, the 
plant being equipped with a Gates Gyratory crusher, an elevator, 
and revolving screen. While the plant 'has a capacity of 200 
ya~ds o.f crushed stone per day, it is 'Opemted only intermittently. 

The quarry of the E,arlham Land Company has also been 
worked 'Only intermittently during the past few years. The 
amount of 'overburden is rather greater than at the Robertson 
quarry. The equipment 'and quarry methods employed and 
products put upon the market are practically the same at both 
quarries. 

The Winterset limestone has been most extensively developed 
in the vicinity of Winterset. The stone used in the Madison 
county court house was obtained from the local quarries. The 
building was erected ahoutthirty years .ago, bearing the date of 
1876, and lall parts are in an excellent state of preservation save 
some of the stone steps, and 'One or two of the large columns, 
which 'show signs of failure due to selection of, poor materials. 
One of the porch columns has become roughened owing to the 
presence of "clay balls" which appear :to be one of the most 
serious defects in the stone but could be avoided by careful 
selection. Several of the steps have been replaced while others 
show signs of weakness. The failure in this instance was due 
to spalling and opening of cracl\Cs along bedding planes. The 
most of ,the materials used in the court house were obtained from 
the quarry in the northwest quarter of section 12 and the" Back
bone" quarry, both in Lincoln township. 
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A good section showing the Winterset beds may be viewed 
within the city limits ,about a half mile southeast of court house 
square. The sequence is as follows : 

FIG. 42-Winterset quarry located about one-half mile southeast of the court house, Winterset, 
Madison county, Iowa. 

FEET. 

7. Drift and soil (thickens greatly in the bluffs) . . . . ... . . .. . . . .. .. 3 
6. Limestone, disintegrated, uneven on the upper surface and 

probably thickens toward the bluffs, exposed .............. " 3 
5. Limestone, gray, heavy-bedded, somewhat porous and fossilif-

erous...... ...... ...... .... ...... . . .... . . .... . . .... ..... ... 3 
4. Limestone, fossiliferous and presents a concretionary facies; 

decidedly argillaceous. . . . . . . . . . . . . . . . . . . . . . . .. ............ It 
3. Limestonli, gray to buff, hard, brittle and fossiliferous; un

evenly bedded, top and bottom layers thickest, slightly con-
cretionary . . . . . . . . . . . . . . .. ................................. 8 

2. Limestone, shaly, gray to yellow, highly fossiliferous . . . . .. . . . . It 
1. Limestone, buff to gray, somewhat unevenly bedded and 

slightly clayey; massive in unweathered sections, exposed.. 4 

The base of the above section is about sixteen feet above the 
r03idway, which follows the ravine down to Middle river. A 
black shale band appears in the bluff about ten feet above num
ber 6 in the section. 

Although important shales are not exposed in the immediate 
vicinity, an abundance of shale occurs within easy re'ach, but is 
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usually more or less obscured by the heavy talus from the 
superincumbent deposits. East ,of Winterset, in the pit of the 
'Winterset Brick and Tile Plant and in the cut along the wagon 
roadway leading north from the plant, the following beds may be 
viewed : 

FIG. t3-Quarry near top of hill southwest of Winterset, showing limestone above the black 
shale which appears well up in the ravines south of town . 

Roadway and piit section of the Winterse't Brick and 'Tile Com
pany: 

FEET . 

7. Drift and soil, oxidized a deep red below the soil zone; lower 
portion contains lime concretions ....... . ............ .. .... 0-10 

6. Limestone, blue-gray to iron-stained yellow; beds exposed 
along roadway; do not run more than six inches in thick
ness. Occasional shale partings ranging from a few inches 
to more than a foot in thickness appear throughout the sec-
tion . . . . .. . .............. , .................... , . . . . . . . . . . . . 25 

5. Shale, black, carbonaceous. . .. . . .... .... . . ... . . . . ... .... .. . .. 2 
4. Talus slop~ (prob/lbly shale, in part at least) .................. 20-30 
3. Shale, plastic, gray-blue . ............. . ....... .. ............. 10-15 
2. Shale, arenaceous . . .. . . . . . . . . .. . . .... . .. .. . . . . . ............. 10 
1. Shale, plastic , variegated, blue-gray to red. ... ... . ........... 8 

The lower shale members, numbers 1 ,and 2, have been sampled 
and analyzed. An ,average sample was ,selected from the Winter-
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set quarries 'and analyzed. The results of bo,th sets of analyses 
are given herewith: 

1. 2. 
Silica (SiO .) .... .. .............................. . ..... 64 .74 26.72 
Alumina (AI 2 0 3 ) ••• •••• •• •• • • ..•• •••••••• .. . ... •• • • ••• 18.07 3.83 
Ferric iron (Fe 20 3) .... .... ..... . . .. . . . ... . .... .... .... 6.90 3.11 
Lime (CaO).. . . .. .. ... . . . . . . ... .... .... .. ... . .... .... 1.2.5 3H.08 
Magnesia (MgO ) .... ' . .. ...... : .... . . . ... . ... .... .. .. .. 1.30 0.48 
Potash (Ie.O).... . . .. ... . . ... . . . . .. . . . . . . .. .. . . .. . . ... 1.09 1.12 
Soda (Na 20).... . . . ... ..... . ... . .. .. . . . . . . .... . . . . .... 0.41 0.]8 
Sulphur trioxide (S03) .... . . .... .... .. .. .. .. .... . ... .. 0.15 0.22 
Moisture. ... . . . . . . .. . . .. . . .. . .... . . ... . . . . .. .. . . .. . . . . 1.99 0.55 
Loss on ignition... . . . . . ... . . .. . .. . . . . . . . . . . .. . . . .. .... 4.15 28.40 

Totals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 100.0!) 100.69 

A. O. ANDERSON, Analyst. 

Number 1 represents an ·average sample taken from the pit 
of the Winterset Brick 'and Tile Company. 

Number 2 represents the clayey partings In ,the Winterset 
limestone . 

.A nalysis of Wintm'set limestone se lected fTOrn City quarTy. 

Insoluble. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... .. ..... 12.63 
Iron and alumina.... ... . ... . . . . . ... . .. .. .... .... ... . . .. . ... . .. 1.18 
Calcium carbonate .. .... ... . . ... . . . .. . . . ... . . . ...... . . .. .... . . , 84.34 
Magnesium carbonate . ... ______ ... ....... . . ... . ... . . .. .. . ... .. , 2.19 
Moisture. . . . . . . . . . . . . . .. .... .. ...... ........ . ..... . .... . . . . . . . 0.02 

TotaL ............. ... ............. . ................... .... 100.36 

Similar limestone deposits are to be found along the Chicago 
Great Western railway at Peru. According to T. E. Savage, 
the beds ,exposed at this point .are as follows: 

FEET. 

10. Yellow colored loess. . . . . . . . . . . . . . .. .... ... . ...... ...... ..... i)-8 
9. Drift , reddish brown above grading down to gray below; con-

taining numerous bowlders in the lower portion ............ H Ii) 
8. Gray or yellowish limestone, argillaceous, fine-grain ed; in 

three layers respectively 15, 18, and 12 inches in thickness. 
Much stained in upper part. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . H 

7. Bluish colored shale, with a band of limestone 1 to 5 iTIches in 
thickness near the middle portion. . . . . . . . . . . . . . .. .... .. . . . . l l} 

6. Dense, gray limestone, in layers 16, 24, 6 and 16 inches in 
thickness. . . . . . . . . . . .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

5. Band of gray shale .... . , .. . . . . . . . . . . . . . . . . . . . . . .... . . . . .. . .. . ~ 

4. Layer of gray limestone, crinoidal in lower portion. . . . ... .. ... 2t 
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FEET. 

3. Ledge of gray limestone similar to number 4 above, in two 
layers respectively 12 and 30 inches in thickness. . .. ........ 3f 

2. Band of grayish blue shal e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. l~ 

1. Talus slope with occasional outcrops of limeston e, to level of 
flood plain. .. . . . . . . . .. .. . . . . . . . . . . . .. . . . . . . . .. ............ 20 
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The principal product of ,the quarry at ,the present time is 
crushed 'Stone, which is used extensively in and about Des 
Moines. 

According to Mr. Savage the bluff continues a distance of one
half mile along Clanton creek. A composite ·sample was selected 
from the limestone members of Ithe above section and analyzed, 
and the results of the lanalysis are given below: 

Silica .... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 17.16 
Iron oxide and alumina ............... . .... ______ ............ . 2.64 
Calcium carbonate ... . .......... " . . . . . . ... . . . . . . . . . . . . ... . . . . 72.76 
Magnesium carbonate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.86 
Sulphur trioxide. . . . . . . . .. . ... . . . . . . . . . . . .. . .... . . .. ..... .. ... 0.95 
Moisture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... .. . . . . . . .. ....... 0.30 
Combined water.... .. . ... . . .... . . ... . . . . ... ...... .... ... . .... 3.12 

Analy7.ed by L. G. MICHAEL . 

Lime of acceptable quality was formerly burned at several 
points in the county, viz., Winterset, Peru, and in Jeffers'on and 
Madison townships. The industry never a;ttained any consid
erable importance, and was abandoned on the introduction from 
other districts of limes which were of better quality 'and could be 
produced more cheaply. 

MILLS COUNTY. 

The constitution ·of the Missouri in Mills county is almost an 
exact duplicate of the stage in Fremont county to the south. 
The shale members greatly predominate, and 'as hef'ore, the ex
posures of the indumted beds are limited almost wholly to the 
bluff,s facing the Missouri river. A few exposures are found 
elsewhere, especially along the Nishnabotna river and jots imme
diate tributaries. 'While the limestone ledges appear 'at a con
siderable number of points, quarrying operations have been car
ried on at a very few, and the probabili'ties are that the indus,try 
will never attain any importance in the county. The leading 
sections 'are given below. 
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Section in the bluffs in the southeast quarter of section 16, 
Lyons township : 

FEET. 

13. Loess and drift of indefinite thickness, which reach great 
depth immediately back from quarry face, average . ......... 18 

12. Limestone, oolitic above and compact below. . . . . . . . . . . . . . . . . . 3 
11. Shale, gray, with two calcareous stone layers about 3t and 4t 

feet from tbe upper surface, fossiliferous througbout...... .. 6t 
10. Limestone... . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. ........ ... 1 
9. Shale, gray, calcareous and fossiliferous............ .. .. .. .. .. 1 
8. Limestone with a band of chert.... ...... .... ... ...... .... ... H 
7. Shale, gray and black, slightly calcareous, with occasional 

streaks or pockets of coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 t 
6. Limestone, compact, white, breaking preferably along vertical 

planes . ...... ..... ___ ___ . ..... ...... ...... .... . .... .. . .. .. 1 
5. Shale, varying from slightly to bighly calcareons. . . . . . . . . . . . . . 2 
4. Limestone, gray, fragmental, some of the fragments clean and 

some covered witb oolitic crust, all imbedded in a fine-
grained matrix...... .... . . .. .... ...... ..... . ...... .... .... 3t 

3. Limestone, sbaly, grading into 4.... .... . ... ... . ............. 1 
2. Limestone, yellowish gray, in heavy ledges, showing a tend-

ency to wedge out, shale partings present .. " ... ........ .. 4 
1. Shale, bluish gray to black, and talus, . . . . . . ... . . ....... . .. . . . 8 

The above is the moS't importan:t section in the -county, and 
continues along the bluff for about half a mile. Extensive 
quarrying w,as carried on formerly, but the industry has been 
practically abandoned. Number 2 appears to have furnished the 
most imporbant quarry S'tone. A small quantity of -stone is now 
hp.rned for lime at this place. 

Section formerly expos€d in the quarry near ,the Missouri 
river bluffs, at Mills station: 

FEET. 

6. Loess and drift of variable thickness ....... . . ..... ........... 50-60 
5. Disintegrated limestone containing F~tsulina cylindrica... ... t 
4. Yellow shale or disintegrated lim estone containing Fusulina 

cylindrica ......... ....... ..... ......... ........ ____ .... .. 2t 
3. Limestone, decayed and yellow above, gray and sound below, 

containing numerous nodules of fossiliferous chert.... . .... 3 
2. Concealed, probably shale. . . . . . . . . . . . . . ...... .. .. . . . ....... 2 
1. Bluish, dar!;: gray limestone ...................... , . . . . . . . . . . 1 

Only No. 3 is now visible in above section. The same stone 
appears in the stream channel south of the railroad. 

Section in the quarry at Henton: 
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FEET. 

5. Loess and drift of variable thickness. 
4. Shale, gray, with thin calcareous layers and occasional small 

calcareous concretions. . . . . . . . . . . . . . . . . . . . . . .. .... . . . . . . . . . 2 
3. Limestone, gray or yellow . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . H 
2. Limestone, gray to cream colored, with dark cherty concre-

tions several inches in diameter, somewhat pyritic. . . . . . . . . . I 
1. Limestone, light bluish gray, in heavy ledges with some shale 

partings, and irregular nodules of chert; fossiliferous... . . . . 3 
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Several small quarries have been opened in this vicinity. 
Quarrying operations have, however, been carried on only inter
mittently, and then in a dilatory way. Away from the Missouri 
bluffs, very few quarries hav'e been opened, although the lime
stone members are occasionally exposed. The section given be
low shows more limestone than the avemge. 

Section near the banks ,of Silver creek, one-third of a mile west 
of 'the center of s'ection 5, White Cloud townsihip: 

FEET. 

7. Loess and gravelly drift..................... .. ......... . .... . 17 + 
6. Shale, marly... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ....... i 
5. Limestone, grayish yellow, in three or four heavy ledges, 

cherty and cavernous. . . . . . . . . . . . . . . . . . . . . .. .... .. ........ 6 
4. Limestone, grayish blue, compact ........ - _. ... ...... .... . .. i 
3. Talus slope.... . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 
2. Limestone, yellow, fragmental.. . . . . . . . . . . . . . . . . . . . . . . . . 2 
1. Limestone, formerly quarried, but now concealed to water 

level of Silver creek, about .................... . ........ '" 3 

These beds are much obscured, the ·outcropping edges of No.5 
being the only stone visible in place. Quarries were formerly 
operated in section 36, Rawls township, the upper ledge being 
striated. Stone is no longer quarried in the vicinity. 

MONTGOMERY COUNTY. 

Strata belonging to the Missouri stage of the Upper Carbonif
erous underlie the whole -of Montgomery county. They 'are cov
ered in part by Cretaceous beds, but are exposed at a large num
ber of pl1aees along the principal streams. Carboniferous strata 
are the country rock of alllow}ands, where the drift or alluvial 
beds rest directly upon them. 

The principal exposures of economic importance occur along 
East Nishnabotna river and Walnut creek in the western half 
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of the county, and on the lower course of Tarkio river and the 
upper course of the West N odawlay in the eastern part of the 
county. The quarry industry is not at present in a very flourish
ing condition, but stone suitable for common building purposes 
has beennaken out at times from a se,ore or more of different 
p1aces. Many of the quarries ,that were formerly worked on a 
scale of some magnitU'de are now abandoned 'and good, unob
scured sections are somewhat difficult to find. 

The town 'of S:tennett in the southern part of Sherman town
ship is the center 'of what has been the most extensive quarry 
operations in the county. Lonsdale'" records in his report on 
Montgomery county in 1895, nine working quarries in this dis
trict. Some dressed stone was produced 'and 1arge quantities 
were shipped. At present stone is being taken from but one 
opening, the W. Stennett quarry, and this is sold locally. The 
section here as given by Lonsdale is as follows: 

FEET. 

12. Soil and loess ...... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
11. Clay, residuary, red to brown in color..... . ..... ... .. . ....... H-
10. Limestone , weathered.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
9. Shale, argillaceous .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t 
8. Limestone, hard......... . ...... ......... . . . . . . . . . . . . . . . . . . . . H 
7. Shale, clayey, buff to gray.... .... .... .... . .. . .... . . .... ...... 3t 
6. Limestone, earthy, in part ocherous. . . . .. ... . ... . . . . ... . . .. .. 2t 
5. Limestone, shaly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
4 . Limestone, impure, earthy.... ..... . ..... . .. . .. . ... ... . ..... . 1 
3. Limestone , bard, sub-crystalline. . .. . . .. .. . . . . . . . . . . . ... . . . . . . i 
2. Limestone, contains much dark chert. . . . . . . . . . . . . ... . . . . . . . . t 
1. Limestone , in thin layers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

Number 8 is persistent in all expo'sures in the vicinity, and 
is one of the principal ledges used. It is hard, blue in color, 
and a very good building stone. As observed in the quarry, the 
other beds appear less stable under weathering influences. Oc
casional thin bands of shale separate the limestone ledges in most 
exposures. An overburden of two to eight feet of soil and loess 
is usually present, and thi,s, along with on an average of five 
feet of worthless stone, must be stripped. 

The principal quarries that have been worked here 'are located 
in 'sections 22, 26 and 27, of Sherman township. There are con
siderable lareas in this vicinity in which the limeS'tone is not 

*Iowa Geological Survey, Vol. IV. 1894 . 
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far beneath the surf'ace, and where it would be available without 
an excessive amount of stripping. N ear the southeast eorner of 
section 21, and in section 22, along a small tributary, is exposed a 
thickness of some twenty-six feet of limestone stmta, the prin
eipal layers of which are 10wer than the Stennett quarry section 
given. A maximum depth of twenty feet of loess 00vering is 
present a little back from the present face. 

Following is the section at the old McCalla quarry, in the 
southwest quarter of the southeast quarter of section 23, Sher
man township: 

13. Soil .............................................. . 
12. Limestone, decomposed, Fusulina-bearing ........ .. ....... . . , 
11. Clay, for the most part residual. ............................ . 
10. Limestone, hard, light to dark gray ......................... . 
9. Limestone, with black flint, hard in central part; many Fusu-

lina present throughou t ................................... . 
8. Limestone, buff to brown in color, Fusulina irregularly distrib-

uted ................................ . .. ............. .. .... . 
7. Limestone, light, 12-inch ledges; weathered...... . . ..... .... . 
6. Unexposed, probably similar to No.9 .................... ... . 
5. Limestone, thin layers, shaly partings ..... . " .... . .......... . 
4. Limestone, hard, grayish brown; concretions of dark flint dis-

seminated in central portions. . .. . . . . .. . .................. . 
3. Limestone, earthy .......................................... . 
2. Shaly partings ......................... , ............. ... .. . . . 
1. Limestone, buff, earthy .......................... .. . ... .... . . 

FEET. 

1 
It 
H 
t 

6 

1 

It 
4 
5 

1 .. 
1 

Several ledges of usable stone ,are here available, and the cov
ering is not thick. 

Limestone has been quarried along Walnut creek, in the east 
half of section 1, Walnut township. The following section was 
formerly exposed: 

FEET. 

6. Soil and residual material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
5. Shale, buff to gray.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . t 
4. Limestone (decomposed), and shales. . . . . . . . . . . . . . . . . . . . . . . . . 5 
3. Limestone, flint-bearing. . . . . . . .. . . . . ... .... .... ..... . .. .. .... It 
2. Limestone, hard, grayish, in two ledges; very fossiliferous, 

dimension stone.... . . . . . . . . . . . . . . . . . . . . . .. ............... 1 ~ 
1. Limestone, "blue layer," dimension stone.... . ... . . . .. . . . . . .. H 

N ear Climax in the southeast quarter of section 19, West 
township, some ten feet of the Missouri s'traiJa under a heavy 
overburden were formerly quarried. They were: 
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FEET. 

7. Soil, loess and drift ........ . . . ............ ,..... ..... . ... . .. .. 18 
6. Limestone, hard, drab, finely textured, not fully exposed.... . 1 
5. Limestone and shale, marly.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
4. Shale, argillaceous, gray. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
3. Limestone, bluish, dull, earthy.... . . . . . . . .. . . . . . . . . . . .. . . . . .. 1 
2. Shale, argillaceous, gray...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
1. Limestone, light blue, hard; dimension stone. . . . . . . . . . . . . . . . . H 

'Two or three small quarries hav·e been worked along the 
Middle Tarkio river and its tributaries in section 20 of Scott 
township, and stone has been taken out at other points northwlard 
to Stanton. 'The stone used eame from !two ledges, each about 
one foot thick, and s-epal'lated by ,six inches 'of marly shale. The 
upper layer is a yellowish gray, earthy limestone; the lower, a 
hard, grayish blue limestone, containing particles of iron pyrite 
whieh are often oxidized to the brown hydroxide or iron rust. 
Both strata 'are ,suited for undressed dimension stone and for 
foundation work. 

A small !amount ·of 's'tone has been removed from an opening 
one and one-half miles east of Villi sea. But one bed of value 
occurs here, and it is covered with several feet of .shales. From 
this point northward, the Upper OO'al Measures oan be traced 
along the West Nodaway to ·the north county line. 

Suitable s'tone for quarrying is found in the vicinity of Grant 
(Milford) in Douglas township. Her,e 'a number of quarries have 
been worked, but fr-om o-my one is stone now being removed. The 
section is almost entirely l,imeS'tone, and the ledges v1ary from a 
few inches to more than three feet in thickness. The old Fisher 
quarry, located near the south edge of section 3, ,and west of the 
river, is now worked intermittently by Mr. Richard Berry. The 
strata now exposed are: 

FEET. 

6. Soil, loess, oxidized drift, sand and gravel.... . . .. .. ... . .. . .. .. 5 
5. Shale, plastic, gray to yellow.. ... . . ............ . ........... H 
4. Shaly limestone, fossiliferous, thinly laminated and of no value 1 
3. Shale, soft, yellow ........ . .......... .. .... ........ .. . '. . . . . .. 1-2 
2. Weathered limestone, nodular, yellow, marly texture; flint in 

lower portion, distinctly separated from No.1.... . .. .. . . ... H-
I. Limestone, filled with Fusulina which stand out on weathered 

faces. Many small and large flint nodules often including 
the Fusulina; yellow to gray in color, numerous cavities 
lined with calcite. One solid ledge and apparently of a fair 
grade...... .. ............... .... .. .... ... . . . .. ............ 3t 
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The rock is exposed a t the mill dam at Grant, and at other 
points up the river into Cass county. It has been quarried di
rectly across the Nodaway from the Berry opening. No stone 
has been taken out for some time, but there is an old face some 
600 feet in length along the hill-side. The covering is not ex
cessive. 

PAGE COUNTY. 

The strata belonging to the Missouri stage in Page county 
are composed very largely of 'argillaceous beds, varying from 
typical shale to marly clays, and clayey limestones. Relatively 
thin beds of limestone are found in most 8xposures, alternating 
with much th~cker beds of shale to such an extent as to make 
economical quarrying 'of the limestone impo,ssible. 

Two distinct 'horizons of Miss'Ouri limestone 'stmta are ,exposed 
in the county, one along the E 'ast and West Nodaways, and the 
other principally along the Middle Tarkio river. StIlatigraph
ically the latter come above the beds exposed 'On the Nodaway 
rivers, and are considered by Oalvin to be the equiv,alents of the 
limestones quarried at Stennett in M'ontgomery 'and near Mace
donia in Pottawattamie oounties. 

FIG. 44-Exposure of the Forbes limestone near Hawleyville, Page county 
33 
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Lime8'tone has been quarried at Coin in the southern part of 
Lincoln township, and the same str.ata have been .worked at in
terva}s al'Ong the Middle Tarkio to the north line of the county. 
In most places the outcropping ledges are displaced and weath
ered, and a section 'Of any considerable thickness is seldom seen. 

A new quarry opening on the farm of Mr. Burns near the 
southeast corner of the southwest quarter of section 22, Tarkio 
township, affords the following section: 

FEET. 

5. Drift . .. . ..... . ........ ... . .. .. .... . ........... .. ... . .. .. ... . 10 
4. Fusulina limestone... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
3. Yellow shale.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
2. Limestone, soft, yellow.... . .... . . . . . . . .... ....... .... ....... i-
1. Blue, fine-grained, hard limestone, breaking at right angles to 

bedding planes into excellent blocks for building purposes. 
Fossiliferous, and contains occasional sphalerite grains. . . . . . It 

Professor Calvin"" gives a compo'site 'section from a number 
of openings in this same region and in section 27, which includes 
the following members, coming below those just given: 

FEET. 

4. Shale ...... ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
3. Limestone, soft, but of fair quality ... .. , .. . . . . . . . . . . . . . . . . . . . It 
2. Shale............. ... .... . ............... . ................... 3t 
1. Limestone ......................... .'................... . ..... 2 

No. 1 is a.n excellent stone for a variety of purposes and is 
the ledge chiefly sought in all ,of the quarries . . H is durable and 
the most important building stone in the county. 

The next good exposure i,s to be seen in 'section 18, Douglas 
township, on a small tributary to the Tarkio : 

FEET. 

5. Drift, maximum of ..... , . . . . . . . . . . . . . . . . . . .. .......... 20 
4. Fusulina limestone cap above quarry ledge . . . . . . . . .. ... . . . . . . i-
3. "Blue ledge" lim~stone No.1 of Burns' quarry section. ... . . . 1+ 
2. Calcareous and fossiliferous bluish shale . .. ...... ... : . . . . . . . . . 7 
1. Yellow, marly clay, apparently weathered limestone... . ...... It 

As 'stated, the "blue ledge" is ,the one s'ought at 'all of the nu
merous sman quarries ,aJ.ongthe Tarkio,the associated strata 
being almost universally of too incoherent a nat~re to be of 
value for building purposes. This ledge lies ,about eight feet 
above the water in the Dougl1as township exposures while in 

• Geology of Page county, Iowa Geo!. Survey, Vo!. XI, p. ~30. 
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Tarkio and Lincoln townships it appears twenty to thidy feet 
above the stream. Although it crops out in both sides of the val
ley 'at intervals for miles, the heavy drift covermg and its asso
ciation wi'th worthIes,s argillaceous beds that require removal, 
render very limited in extent the quarrying possible at any 'one 
plant. From itJhe natural outcop it is 's'eldom possible, with the 
present hand methods 'Of quarrying, to work back over twenty 
feet befor,e the overburden becomes too heavy. Locally, how
ever, this stone has been and will continue to be a very valuable 
resource to the county. 

On a small bI1anch of the Eas't Nodaway, three-quart,ers of a 
mile above Hawleyville in N ebDaska township, there is an expo
sure of some magnitude, composed of strata which lie, geolog
ically, below the T'arkio beds. The section comprises :al,ternating 
bands of calcareous ,and argillaceous ma'terial. The individual 
members are seldom more than a foot in thickness, and it is not 
probable that any of them will ever possess more thana very 
limited l'ocal value for building purposes. Similar beds are ex
posed below. the mill at Br,addyville in section 31, Bu~hanan 
township. At both localities ,the Missouri beds are overlain by 
heavy deposits of loess and drift. 

POTTAWATTAMIE COUNTY. 

With the exception of small iareas near the eastern edge of the 
county,the underlying indurated rocks belong t'Othe Missouri 
stage of the Upper Oarboniferous. These are limestones and 
shales. In general they lie deeply buried beneath the glacial 
deposits and where exposed along 'some of the larger ,streams, 
are usually overlain with gr,eat depths of drift and loess. 

There are but two districts where Missouri stra:ta are ,exposed. 
In Garson and Macedonia ,townships, in the vicinity of ,the towns 
of Garson and Macedonia, several small quarries have been oper
ated. No stone is, however, being taken out at the present time, 
and ,all exposures are gr,ea:tly obscured. 

At the J 'ohn Marten quarry near the northwest corner 'Of 
section 23, M,acedonia township, the main quarry beds are cov
ered with fifteen feet 'of marly ,shales and weaJthered fossilifer
GUS limestone, :above which are 'eigblt to ten feet of drift ,and 
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loess. The layers quarried consist of three ledges of gray, com
pad limestone, each ,about a foot thick -and separated by seams of 
marly material. The upper layer contains nodules of dark 
chert. Below ,the gray stone are three feet of a soft, yellow 
limestone filled with Fusulina cylindrica. Simil,ar strata were 
formerly worked near the northeast corner of ,section 27 in the 
T'ompkins quarry. West of ,the river and opposite the town 
of Carson in section 3 of Oarsontownship, rock has been quar
ried ,at several points along the edge of the valley. The follow
ing section was formerly exposed on the land of Mr. David 
Snapp: 

FEET. 

7. Drift and loess. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
6. Limestone, gray, hard, strong, highly fossiliferous. . .... ... . . . 6 
5. Shale, gray, indurated................ .... .......... ......... .7 
4. Limestone, dark, soft, of fine and uniform texture, gray to 

black, fossiliferous . .... . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . 1 
3. Shale................... . ......... .... .... .. ................ .5 
2. Limestone, dark, impure, fine-grained, soft . ... . ... .... .... ... .5 
1. Shale, greenish gray, exposed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

All of the rock Jedges open to view in this district are much 
weathered, and of a poor grade for building purposes. These 
conditions, along with the heavy stripping that would be re
quired, the thinness of the individual usable ledges, and their 
being interbedded with such large proportions' of worthless ma
terials, are all unfavorable to the development of the quarry 
business. 

The Missouri limestones have been quarried at two other 
points in the county in past years; below the town of Crescent 
in sections 27 and 34, and on Mosquito creek, section 21, Garner 
township. At the former locality, the following strata outcrop 
almost continuously for three-fourths of a mile at the base of the 
Missouri river bluff. 

FEET. 

6. Loess and drift up to... . . . . . . . . . . . .. . ..... ,....... . ........ 100 
5. Limestone, yelJowish to gray, in ledges six inches to one foot 

in thickness, occasionally brecciated and at times having a 
finely oolitic texture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 

4. Shale, yellow... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
3. Limestone, yellowish gray, compact, occasionally oolitic, fos-

siliferous . . .......... . ..... . . '" . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 



r 

TAYLOR COUNTY. 517 

FEET. 

2. Shale, gypseous, highly fossiliferous. .. . . . .. .. . .... . .... .... .. 5 
1. Limestone, massive ledge, fine-grained, oolitic, fossiliferous, 

exposed......... . ........... .. ......... ................... 3 

These strata afford a good quality of building material, and 
lime was burned here many years ago. But the enormous quan
tity of stripping necessary to render any 00nsidemble amount of 
the stone 'available, is a barrier to further development a:t ibh~s 

point. 
The Mosquito creek quarry has long since been abandoned and 

the strata are very meagerly exposed. Here also the extremely 
heavy overburden renders the further working of the quarry 
practically impossible. 

TAYLOR COUNTY. 

There seems little possibility that the quarry interests of Tay
lor county will 'attain any important development. The county 
is univer.sally covered with gl'acial mater~als, and the underlying 
strata, where they do appear, consist largely ·ofshales and shaly 
limestones. Stone has been quarried at but one known point 
in the county, viz., at Bedford. It i,s fifteen years since this 
quarry w,as worked and the ledge is almost entirely hidden from 
view. The stone wa's taken from about water level in East Hun
dred and Two creek at ,a point 100 yards north from the railroad 
station. The main ledge is about ten inches ,thick 'and contains 
abundant Fusulinre. It splits very easily and ~s said to go to 
pieces in ,the weather. These qualities, al,ong with the thick 
overburden, which runs Itwenty to thirty feet, have prevented its 
use. 

Thin beds of limestone have been exposed in the banks of the 
Nodaway in the northwest corner of Dallas township, where they 
occur interstra'tified with much greater thicknesses of argiHa
ceous strata. A detailed section may be found in Geology of 
Page County.* The f'actors just enumerated would prevent the 
utilizati,on of these beds for ' structural purposes. The drift 
covering is more than ten feet in thickness, and the calcareous 
strata ,are ·of poor quality. 

* Samuel Calvin, Iowa Geol. Survey, Vol. XI, p. 423. 
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The Permian. 

In the vicinity of Fort Dodge in Webster county 'a series of red 
cLay.s associated with gypsum occur over a small area and com
prise a well marked formation. In the earlier volumes of the 
present Survey ,these beds were referred by Keyes to the Cre
taceous. The concensus of opinion at the present time favors 
Wilder's reference to the Permian ,and the strata are so con
sidered in this report. 

The only beds sufficiently indumted to merit consideration as 
a possible source ,of structural materi'als belong to the gypsum 
itself. In the early history of the county quarries were 'opened 
in the gypsum beds which outcrop along the Des Moines river 
below Fort Dodge and the natural stone was used for foundation 
purposes 'and even to oonstruct the walls of buildings by the pio
neer settlers 'of the county. Some of these old buildings still 
stand land the walls are in 'a f.air state of repair. It was soon 
found, however, that 'the stone was too s'oft and too easily dis
solved in meteoric water to warrant its general use in important 
structures. At the present time while its use 'as a building stone 
has been ,abandoned it is being developed extensively for the 
manufacture of hard wall plasters, calcimines, Plaster of Paris 
and -as a mineral paint. 

The Cretaceous. 

The Cretaceous system is represented in I'owa by rather 
loosely laggrega'teds,andstones, clay-shal,es and marly limestones. 
The s'andstones 'are prevailingly calcareous. Occasionally they 
are sufficiently indurated to merit consideration as a source of 
structural materials. This is notably true in Woodbury county 
where the stone wa;s devel,oped f'ormerly and sold as "Sioux 
City Granite." No eommercial quarrying is being done at the 
present time on account -of ,the excessive overburden. 

The cal0areous depo,sits have 'been explored to some extent 
but with slight promise of future development. The marl and 
chalk bedsatiracted some attention at 'one time as a possiible 
source of material suitable for the manu:f1acture of Portland 
cement. The thinness and patchy character of the beds, and 
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the heavy overburden are considered sufficient to indefinitely 
postpone the development 'of 'the beds. 

CALHOUN COUNTY. 

Imperfectly indurated beds belonging to the Cr,etaceous are 
known to outcrop along Lake creek, 'about one and a half miles 
northwest of Lake City. Similar beds are reported to outcrop 
along the Coon river in the southwestern portion of the county. 
Near the pl'ant of the Lake City Brick and Tile Company, the 
following ,section may be observed: 

FEET. 

5. Drift and wash ......... .. ....... , . . . . . . . . . . . . . . . .. .......... 10 
4. Shale, some~·hat fissile, grayish blue to dark blue, dries a light 

gray-blue .... : .......................... . ... ,.......... . ... 4 
3. Sandstone, friable, in three ledges of about equal th ickness; 

the lower ledge ferruginous and concretionary; the middle 
layer unindurated, white; the top layer stained a variable 
yellow.......... ... . .... ........ . . .... . . . .. .. ...... . .. . . .. 2 

2. Shale, clayey, mixed, not laminated; variable ........ ,....... 7 
1. Sandstone, ferruginous and concretionary, exposed above bed 

of creek. .... . ..... . .... ... .. . .... . . ..... . ..... . ..... . .... . 5 

Only the concretionary portions of the sandstones ,are suffi
ciently indurated £or structuml purpos,es. The clay-shale is 
rather siliceous and might be used in the manufacture 'Of Port
land cement when blended with limestone similar to that exposed 
in Humboldt and Pocahontas c'ounties. The heavy overburden 
and absence of transportation :facilities detract from its attrac
tiveness as a00mmerc~al proposition. The ,analysis of ,the clay
shale is as follows: 

Silica ... ...... ............. . ... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74.83 
Alumina. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12.20 
Ferric oxide .. , . .. . ........ . ... .. .. ............ .. ............ 1.24 
Lime ......... .. ... , .............. . , ... , ... . .. ..... , . . . . . . . . . . 2.22 
Magnesia. . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. . . . .. . .. .... .. . .. ... 1.08 
Potash. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .32 
Soda ... .. . . ..... , .................... . .. ..... . .... .... . . , . .... ' 1.08 
Sulphur trioxide ............. . .. ... , . . . . . . . . . . . . . . . . . . . . . . . . . . 2.00 
Loss on igniti on .. .. ..... , ., ..... , . .. , . . ... , .... ... . . ...... . .. 5.15 
Moisture at' 100°C ..... .. ......... ... .... , . . . . . . . . . . . . . . . . . . . . . 0.58 

Total . . .............. . .................. . ... ..... ... . .. . . .. 100.70 
J. B. WEEMS, Analyst. 



520 GEOLOGY OF row A QUARRY PRODUCTS. 

CASS COUNTY. 

Although but few exposures are known, the gravels, sand
stones, and clays 'Of the Nislmabotna sub-s'tage of the Dakota 
probably occupy considerable areas in Cass county. The sand
stone is, ,as a rule, friable ,and the grains are not sufficiently 
well cemented to make it of value f,or building purposes. Di
rectly south of the town of Lewis in section 15 of Oass township, 
and to the e'8!st 'of the river, is an outcrop in which the sandstone 
is of a fairly firm texture and from which large amounts have 
been removed, to be used locally. It is composed largely of fine, 
even grains of s,and, with -occasional larger fragments of lime
stone, partially cemented together with iron oxide. Small mica 
sc,ales are scruttered through it. While the stone is tender and 
requires careful handling on first exposure, it is said to harden 
very materially on drying, and with age. The sandstone breaks 
s'omewhat irregularly, but 'as readily in one direction as in an
other. Eight to twelve feet ·of the rock ,are exposed. So far as 
known, this is the only l,ocality in ,the county where the Dakota 
beds afford 'a quarry product. 

GUTHRIE COUNTY. 

Sui,table materials for building purposes are to be had from 
the Cretaceous strata, which supply unlimited qU'ant~ties of 
sandstone and which ,are availruble over the western two-thirds of 
the county. These are, however, fit for loc'al, rough work only, 
as they 'are in general but partially consolidated and will endure 
ne~ther much handling nor ,shaping. The sandstone has been 
quarried on a small scale at many points in the county, particu
larly along the Raccoon and its branches in the vicinity of Glen
don, in Plover township. Both the congloomerate and sandstone 
are quite commonly employed in foundations f,or farm buildings. 

POTTAWATTAMIE COUNTY. 

Strata belonging to the Cretaceous sy,stem underlie portions 
of Pottaw,attamie county e8!st -of the West Nishnabotna river. 
They consist of beds of clay and soft, friable s'andstone, the latter 
~arying in color from whj.te to gray and brown. The entire 
county is deeply covered with Pleistocene deposits and the only 
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evidence of the presence of the Cretaceous comes from deep 
wells ,and 'a few scattering exposures near the extreme southeast 
corner of the coun'ty. 

J. A. Udden* recoI1ds a maximum thickness of forty-two feet 
of Cretaceous sandstone occurring in the northeast quarter of 
section 36, Wright township, as an escarpment over a quarter 
of a mile in len~th, facing the river. It is again seen near the 
southeast corner 'of section 1 of this s'ame township, al,so in 
section 28 of Grove township. In all instances, the rock is of 
uniform fine texture, but the grains of sand are poorly cemented 
so Ithat it will usually crumble in the hand. Bedding is not con
spicuous, great ,thicknesses appearing as one continuous ledge. 
All the exposures noted are heavily cov,ered with glacial deposits. 
Aside from being the source of local supplies of good sand, 
the Cretaceous sandstones of ,this county are of little economic 
value. . 

PLYMOUTH AND WOODBURY COUNTIES. 

The Cretaceous beds in Plymouth and W.oodbury counties 
comprise an extensive and somewhat complicated series of sand
stones, shales and limestones. The limestones often present a 
marly facies and are pra;ctioally confined to the upper porti'on of 
the Cretaceous, the Benton sub-s'tag,e. The principal calcareous 
member ,of the Cretaceous in this locality was named The Ino
ceramus B eds by White.* Later, the beds were r'eferred to the 
Niobrara division of Meek I3nd Hayden, but more I1ecent ,studies 
show that Ithey are to be correlated with The Green Horn Lime
stone, the middle division of the Benton group as it is developed 
in the Edgemont quadrangle, South Dakota. In the vicinity .of 
Sioux City, the ,arenaceous beds are highly indurated in places 
and become quartzitic in character. They have been quarried to 
a limited extent, but the excessive overburden I1enders any ex
tensive dev~lopment of the beds commercially impossible. The 
calcareous beds are best exposed in Cedar Bluff and vicinity, 
near Westfield, and near LeMars. At 'all of the above places 
they are interbedded with shales ,and arenaceous deposits and 
usually ,overlain with a thick deposit of loess and gl'acial debris. 

- Geology of Pottawattamie county . Iowa Geol. Survey, Vol. XI, p. 237. 
-Report on the Geol. Surv, of the State of Iowa, by Charles A. White , M. D., Vol. I, p . 

293; Des MOines, 1870. 
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They attain a maximum thiclmess of a,.bout thirty feet and are 
sufficiently pure to be used in the manufacture of lime and Port
land cement. The f.oUowing partial analyses were made for the 
Survey: 

1. II. 
Calcium carbonate (CaC0 3 ) •• ••• • •••• ••.• •••.•• .•..•• 83 .70 94.39 
Magnesium carbonate (MgC0 3 )...... . . •. . . ..•••••••• 2.48 0.70 

I. Chalk rock from old quarries on Big Sioux river south of West-
field, Plymouth county. 

II. Chalk rock from Deep creek northeast of LeMars, southwest quar
ter of section 2, America township, Plymouth county. 

While the beds were formerly used in the manufacture of lime, 
the introduction of cheap limes of better grade from other lo
calities has caused the ,abandonment ·of the industry. The great 
amount of stripping which must be done in order to develop the 
beds renders them unavailable under present conditions for the 
manufacture of Portland cement. 

SAC COuNTY. 

Stmtified rocks outcrop at but a single point within the con
fines of the eounty so far as known at this time. At Grant City 
the Goon river impinges str-ongly against its sOUith bank and un
coV'ers a series of coarse-grained sandstones, clay-shales and 
chalk depos]ts, the assemblage ,aggreg'1ating forty or fif1ty feet 
in thickness and belonging to the Cretaceous system. Where ex
poS'ed the sands'tone is not sufficiently indurated to be useful las a 
structural material. The clay-shales are of good quality and are 
used in a small way in the manufacture of brick. The chalk was 
used f,ormerly for the manufacture -of lime, an industry which 
long sinee was ·abandoned. The day-shales and chalk blended 
in the proper proportions would probably pr-oduce a mixture 
suitable for the manuf.acture of Portland cement. The small
neS's of the section and the inaccessibility of the beds make 
such use impossible. 
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The Pleistocene. 

The various drift sheets supply a great variety of structural 
materi'als. Practically every great group of rocks s'ave the vol
canic is represented. The granitoid ,and gneissoid rocks are the 
predominant types. The Iowan drift area, especially, is rich in 
gigantic red ,and gray granites which have been and are being 
used extensively for structural purposes with excellent results. 
The high CO'Slt of working the bowlders into shapes suitable for 
building has been the chief factor against their general usage. 
In northwes,tern and wes'tern Iowa bowlders of the pink to red 
Sioux quartzite 'ar,e common, but are usually of much smaller 
size ,than the granites of the Iowan. 
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The Survey is fortunate in being able to include the chapter on 
Power Plants by Professor Bissell, which will undoubtedly 
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The writers have had the advice and ,assistance of the officials 
of the Survey, especially ,the Director. The genera"! geological 
section with notes prepared by Professor Calvin is an important 
contribution 'and aids greatly in understanding the sequence of 
the various quarry horizons. To these and Ito 'all who have in any 
w,ay facilitated the work the authors take this occasion to ac
knowledge their obligations. 
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ANALYSES OF lOW A COALS. 

County 

Adams~ 
Average 6.................. ...... 8. 76 3-1.22 4;).12 11.89 3.(;0 

Appanoose-
Average 12 ...................... . 
Centerville ........... . .......... . 
Mystic ............... . .......... . 

Boone-
Average 6 ..... .... . ... . ......... . 
Crowe Coal Co . . .. . . .. .......... . 
Street Hailway Power Plant ...... . 

Dallas-
Average 8 ................. . . . . .. . 

Davis-

7.211 
]] .·HJ 
]6.21 

6.R2 
4.0;~ 

11.-19 

35.87 
8:~.-I7 
H2.7.f 

40 . $19 
39 .79 
:W.33 

.f7. 67 
-I8 .. ~(; 
46.00 

-14.-11) 
-1R.30 
37.8H 

9 .20 
6 .• 52 
5.0.1 

7.7-1 
7.88 

2-1.36 

3.75 
2.92 
2.6-! 

..LOJ 
a.99 
9.53 

8.2.~ 3':).11 -12.11 H.n -1 . 2-1 

529 

1~681 
12780 

12729 

Average .') ........ ... ' ... . ......... 1 2.$1;) 41.82 H.-17 10. (iu (;.07 
Bloomfield .. ........... .... ...... 1 .,).2-! :~7.00 ·,0.66 7.JO 2.:!,:) 1320-! 

Greene-
Average -I.......... ... . .. . . . .... 9.01 -12.11 -I2.0H 6 .86 3.37 

Guthrie-
Average 7.. ...... ...... ..... . .... 7.-11 05.82 -!2.18 H .':)9 6.08 

Keokuk-
Average 6 ................... . . .. . 

Lucas- I 
Average is .... . . ... . . ............ . 

Mahaska-
Average 7 .. . ............... . .... . 

Marion- 1 

AYerage -! .... . ... ... . ........... . 

Monroe-
Average 8 ........ .. .... . .. ...... . 
Hocking (M in e No.3) ........... . 
H ocking (Mine No.2) ........ ... . 1 

f-lliton. . . . . . . . .. ............. .. . . 
Buxton 1\0. 10 ... . . . .. . .......... . 
Buxton No . 9 ...... ... ... ·.·· . .... 1 

pol~~ .. age 5 ... ......... . . .. . .. . . ... , 
Marq uis ville.. . . .. . ... ... ........ . 

3-! 

6.11 

9.-10 

-1.29 

6.17 

5 -,ifS 
6. ():~ 
5.RO 
6 .. ,1 
fUR 
6 .19 

6. -13 
5.09 

.'\7.0-1 
-I0.-!9 

8D.-I3 

:~7 .65 

-I3 .0-! 

37. 7D 

-10.38 
:~8.37 
-1:2.fi6 
37 97 
31) . .')8 
43.60 

38.~4 
43.30 

-1:1. ]7 
-!6.97 

H.39 

4-1.08 

44 .56 

-!9.27 

4-1.-12 
40.88 
-12 . 71 
4.,.07 
46.07 
42 .30 

H.77 
47 .73 

1l.0S 
7.0D 

10.07 

8 .87 

8.11 

6.78 

9.6,') 
14.12 
9 .03 

10.45 
10.87 
5 .91 

11.96 
3.88 

3.46 
2.91 

I ....... 
J 2J34-

6. H6
1 .... · .. 

:::: I 

....... 1 ........ 

5.21 
(;.92 
3.75 
3.02 
2.06 
3 .4.5 

4.87 
2.60 

12560 
12396 
]2030 

10574 
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ANALYSES OF IOWA COALS-CONTINUED. 

>. 

'" ,:. ~6 
'" C oj .... .... "'00 c.> .~~ County ::l ::::~.D ::l .., 'dC ..c 
'" ~ >.~ "'0 0. o . 
'0 o..cc.> ~.D ..c o;jc:Q 
::g ~ '" ::l 

~ < if.) 0 

Scott- I 
Average 6 .. ... .... . ........ 3.61 39 .95 47.13 9.29 4.71 

Taylor-

V ~lv=l~:e~l~ .... . ................. ' 1 
5.93 36 .17 44..5-1 ] 1.3-! -1.85 

S.10 40.01 47.43 -!.-!5 Average 3 ...... ..... .... .. .. ..... 

Wapello-
Average 11. ... . .... ... . . . ... . .... 5. -12 38.73 45.25 1O.()0 5.85 
Pekay .. ....... ... . ........ . ... . .. 9.98 4] .46 42.21 6.35 2.5:-\ 13050 
Laddsdale ....................... . 4.23 40.92 4.5 .76 9.09 4.75 13141 

Warren-
I I Average 4 . . . ..... .. .... ... . . ..... 10.60 38 .26 -lo3.7.5 7.86 4.H 

Wayne-
Average 4 . .... ...... . .. .... . ..... 9.01 34.48 43.43 13.07 3.8-1 

Webster-
I Average 10 . ...................... 7.83 :)7.23 -!3.42 1] .1')2 5.0S 

Lehigh ... .... .......... , ........ , 17.+7 31. 35 39 .59 1l.fi9 4.87 



ANALYSES OF LIMESTONES AND OHALKS. 
ARRAN GE D ALPHABETICALLY BY COUNTIES. 

Composition 

Location and Descripti on H ori zon 
1 

, , '0 .... 
825 

. ~ I': , e; .... e; 0 ::le; ~ e; o OJ '01': 
825 

._ I': a;> ..... ~ 
:0 ~.- 000 .... OJ ...... OJ 

Authority ::l e;8 ::le; "'.0 ::l'O B ~~ "0 >'1.2 '8 § ...... .c .~ 
bile; '"'~ '8 i5 8 00 oo:\'l c;.c e;O ::;0 

~ .... ~ ~ .... .... 0 U1 
, I 

I 1 

9.90 I 6.40 83.37 Trace ........ 1 . . ... . .. 1 Lundteigen 

BLACK HAWK COUNTY-

ApPA NOOSE COUNTY-
Rathbun ... .... ..... . .... ... .. 1 Des Moines ........... . 

1.92 4.20 63 .59 30.92 ....... . .... .. C. E. Ellis Waterloo ...... . .............. . 

BREMER COUNTY-

Cedar Valley . .... ... .. I 

46.3-! 19 .90 ]8.33 4 .20 (1.01 3.82 Lu ndteigen 
2.25 l. 32 88.65 6.70 0.35 Lundteigen 
7.7-! l.67 86.80 2.35 0. 86 1.08 C. E. E llis 
1. 53 I 0.48 5-! .32 43.41 ... . ... . 1 0.26 N. Knight 
0.71 ........ 96 .57 1.80 ........ 0 .51 N. Knight 
3 .28 1 2.12 1 55.23 1 39.03 0.39 N. Knight 

Waverly ... . .... . ... .. ...... .. . . 
Waverly . .. .................. . 
Waverly ....... . .......... . . . . . 
Section 36-Douglas township .. 
Quarter section run ..... .. .... . 
Section tl-Polk township . . ... . 

Devon!an ..... ... .... .. 1 

Devoman . ......... ... . 
Devonian . . . . .... .. ... . 
Niagara ... . .......... . 
Wapsipinicon .. ..... .. . 
Cedar Valley .... . .... . 

1.52 0. 58 93.61 4.20 N. Knight 
0.86 0.30 96.91 1.93 N. Knight 
OAO 0 .10 78.75 20.16 N. Knight 
0 .12 0. 26 55.76 43. 85 N. Knight 

CEDAR COUNTY- [ 
Cedar county . . . . . .. .. . ....... Otis .. .. ... .. ........... 1 

Rochester . . . . . . . . . . . . .... . .... Lower Davenport ... .. . 
Rochester. .. . . . .. . ..... .. . .... Lower Daven]Jort . . ... . 
Rock Creek .... ........ . ..... . Gower . ............... . 

0.40 0 .70 56. 40 42 .60 N. Knight 
0.60 1.40 55.30 43 .00 N. Knight 
0 .23 0.35 51.27 48.09 N. Knight 
1. 20 0 .90 58.20 39.50 N. Knight 
0.24 0.3.1, 96 .73 2.94 N. Knight 

18.66 2.00 58.21 21.00 N. Knight 

Cedar Valley. . . . .. . .. . . . . . . . .. Go wer ........... ... .. . 
Lime burning { Lime City. ..... Go wer ............ . . . . . 

rock. . . . . .. Cedar Valley . .. Gower . . . . ....... . . . .. . 
Cedar Valley . . .. .. . .... . .... . . Coggan ...... . ........ . 
Cedar county. . . . . . . . . . . . . . . . .. Otis......... ... . .... . 
Cedar county . ... .............. Wapsipinicon ... . . . .. . . 
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U1 
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ANALYSES OF LIMESTONES AND CHALKS. 

ARRANGED ALPHABETICALLY BY COUNTIES. 

Location and Description Horizon 

CERRO GORDO COUNTY-
Mason City ................ . ... Cedar Valley ... ... . .. . 
Mason City ............. . .. .. . . Cedar Valley ......... . 

CLARKE COUNTY-
Carpenter quarry, Osceola. . ... Missouri .............. . 
Carpenter quarry, Osceola . .... Missouri ........ .. .... . 
Carpenter quarry, Osceola .. ... Missouri ...... . .. . .... . 

DELAWARE COUNTY-
Independence. . . . . . . . . . . . . . \V apsipinicon ...... . 

DES MOINES COUNTY-
Burlington . . .. .......... . .... . Osage ... .. .. . . 

DUBUQUE COUNTY-
Cascade ....................... 1 Niagara ............. . . 
Eagle Point-Lime burning rock Galena ............. . . . 
Eagle Point-Non-lime burning-

rock. . . . . . . . . . . . . . . . . . . . . . . .. Galena ..... . ...... . .. . 
Spechts Ferry-General sample Platteville .. .......... . 
Spechts Ferry .................. Platteyille ............ . 
Spechts Ferry .................. Platteville ... . . . . . . . .. . 
Spechts Ferry.. . ... . . . . . . . . . . .. Plattey!lle ............. 

1 

Spechts Ferry ... . ........... , .. PlattevIlle . . ... ....... . 
Spechts Ferry ........... . ...... Platteyille ............ . 

~ 
.0 
o 
"0 
rn 
~ 

H 

0 .72 
0.03 

8.6-1 
8.90 

13.72 

8.H 

5.18 1 

11.34 
2.15 

8.63 
5.00 
8.98 
7.28 
2.25 
7.50 
7.9-1 

03 
-0>= 
~.~ 

03 S 
hE 
003 .... 

H 

O.!ll 
0.71 

1.5-1 
1.20 
1.26 

1.20 

0.87 

0.81 
0.82 

0.85 
2.07 
2.58 
1.27 
1.:l2 
6.17 

12.05 

, 
.... 
03 
0", 

S"'" o g 
22 
03 
o 

9,1 .22 
97.-18 

88 .92 
89 .30 
~2.50 

87.36 

93 .11 

48.53 
54.84 

51.52 
89.6-1 
73.65 
8:\.77 
88.64 
79.iiO 
73.38 

Composition 

a~ .e I:: 
rnO 
"'.0 
~ .... 
bJl03 
030 

~ 

1.32 
0.99 

0.62 
0.06 
2.05 

3.56 

0.84 

37.34-
41.79 

39.52 
1.72 

12.18 
5.42 
6.80 
3.97 
3.52 

, 
.... 
"'" 
.... '" 0-0 .c .~ 
~~ 
o 

if) 

0.98 

... . ····1 

'g . 
03 0 Q) ...... J..I 
.... h'" :g ~~ 
'0 t> s 
~ 

2.51 
0.51 

0.28 
0.59 

0.02 

0.26 
0.02 

Authority 

L. G. "Michael 
A . O. Anderson 

A. O. Anderson 
A. O. Anderson 
A. O. Anderson 

A. O. Anderson 

Geo. Steiger 

L. G. Michael 

........ 1 0.0-1 L. G. Michael 
0" 85 ........ Lundteigen 

. . . . . . .. ........ Lundteigen 
0 .39 , . . . . . . .. Lundteigen 

. . . . . . .. ........ Lundteigen 
1.48 0.15 L. G. Michael 
1. 69 0.10 L. G. Michael 
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Spechts Ferry ..... . ........ . ... Platteville ....... . ..... 10 .71 6.69 78.67 0.28 1. 51 0.15 L. G. Michael 
Spechts Ferry .................. Plattevill e. . . . . . . .. . ... 1l .2-l 6 .31 78.51 0. 2-! 1.58 0.10 L . G. Michael 
Spechts Ferry .... . .. . ..... . .. . . Platteville ..... . ...... . 5. 7-! 6. 69 83.56 0.25 1.77 0 . 10 L. G. Michael 
Near Zollicoffer Lake, north of 

Dubuque .. . .............. ... Platteville . . .. . .. .. . ... 8.28 4.67 80.14 2.37 2.60 0.13 L. G. Michael 
Near Zoll icoffer Lake, north of 

Platteville .. . .. ... . . ... Dubuque .. .. . ...... .. . .. .... 8.02 5.78 77.93 4A3 0.22 0 .16 L. G. Michael 
Near Zollicoffel Lake, north of 

Dubuque .. ... .... ....... . . .. PI atteville . . . . .. . .. .. . . 6.79 -l. 61 78 .24 5.12 l.N O.O-! L. G. Michael 
Near Zollicoffer Lake , north of 

Duhuque .......... .. ... .... . Platteville ........ . .... 3 .85 6.03 8-1 .16 1. 93 0.6-1 l.71 L. G. Michael 
Near Zollicoffer Lake, north of 

Dubuque .... .. ..... .. . . .... . Platteville ....... .... .. 4. 54 2.54 86.33 3 .5-l 0. 22 0.08 L . G. Michael t"' 
Near Zollicoffer Lake, north of I H 

3.26 0 .83 90.20 2.65 l.64 0.06 L. G. Michael ~ Dubuque ....... . .... .. .... .. Platteville ...... . . .. ... trJ 

FAYETTE COUNTY- I rn 
>-3 
0 Clermont. . . . . . . . . . . . . . . . . . . . .. Maquoketa .. . ....... .. 11.95 2.80 8-l .80 0 .-l.5 L. G. Michael Z Wilkes Williams ' quarry, six trJ 

miles south of Postvill e . . .... Hopkinton ... ..... . .. .. 8.65 0.66 58. 13 32. 18 A. O. Anderson rn 
Wilkes Williams' quarry, six 1 >-miles south of Postville ...... Hopkin ton . .... ... .... . 8.50 5.37 -l1.16 45. 18 A. O. Anderson Z 
"\Vilkes Williams' quarry, six t:j 

miles south of Postville ...... Hopkinton ... .. . .... . .. 9.00 3 .00 52.12 36.05 A. O. Anderson 0 
Wilkes Williams' quarry, six ::r: 

miles south of Postville . .. ... Hopkinton ... . . . . .. .. .. 10. 64 l.06 50.03 38.50 A. O. Anderson >-
Wilkes Williams' quarry, six t-' 

~ miles south of Postville ...... H opk!nton ........ .. .. ' 1 9. 52 3.10 52.1-1 1 35. 72 1 .... ... · 1 ........ 1 A. O. Anderwn ~ Auburn ... . .. .. ... .. . . ........ Ilopkll1ton .... ......... 0.68 0. 50 98.52 ........................ L. G. Michael 

HAMILTON COUNTY-
Webster City .. .. ...... .... . ... Saint Louis ... ......... 1 l.60 0. 80 92.85 5 .31 I ........ I ........ I A. O. Anderson 

H UMBOLDT COUNTY-
Humboldt .... . ....... .. .... . .. Kinderhook ............ 0. 50 1.12 97.20 2. 00 I ........ ........ A. O. Anderson 
Near Gilmore . . . ..... .... . .... Kinderhook ... . . . . .. . .. 99.62 . ... . ... J. B . Weems 
Humboldt . . .. .. . . . ..... .. ... .. Saint Lonis ..... . .. .... 0 .91 1.21 97 .98 . .... ... . Murray 

JACKSON COUNTY-
Maquoketa . ..... .. .. . ... . .. .. . H opkinton .... : .... . ... 0. 58 0.36 30.88 21.56 C . E. Ellis 

"" Maquoketa .... ... . ....... . .... Hopkinton ........... . . 0.51 0.47 30 .• 56 21.54 C. E. Ellis 00 
00 



ANALYSE S OF LIMESTONES AND CHALKS. 

ARRANGED ALPHABETICALLY BY COUNTIE S. 
_. 

Composition 

, '0 
M 

8 ~ >:: 01 'i: Location and Description H orizon 01 0 01 
Ol 

'0'" 8~ 
:::101 ~ Q).~ ~ 

:0 .~ >:: 
MOl >::.~ "'0 M >:: Ol Authority :::I 01 8 :::101 "' ,.0 :::1'0 ~c;S~ 

"0 ",..9 . ~ >:: >:: M .... ~ 1;) b.O ~ 00 Mol 0.:'< '0 S 8 '" 001 ~,.o 01 0 :;0 

'" M 0 :'S :'S H H U1 

I I I I 
Cedar Valley. . . . .. . ... 1 3.08 1. 97 89.79 4.66 0.06 ... . , ... Geo. Steiger 

Go wer, Anamosa ..... . 0.97 0 .42 57.19 41.+4 I' ... .. .. .. . . . .. . A. O. And erson 
Gower, Anamosa ...... 2.00 1.20 56.00 40.98 ........ A. O. Anderson 
Gower, Anamosa ... ... 4.46 1. 70 56.08 37 .80 . . ...... A. O. Anderson 
Gower, Anamosa . . .... 0 .20 0 .72 56.57 42 .59 ........ A. O. Anderson 

J 

J 

Gower. Anamosa . .... . l.20 0.50 58.86 39.58 ...... .. .... .. , . A. O. Anderson 
Gower; Anamosa .. ... . 1.88 1.02 51.64 44 . 76 ........ .. ... . . . A. O. Anderson 
Gower, Anamosa .... . . 0.96 0 .72 63.56 34.76 .. ...... A. O. Anderson 
Gower, Anamosa . ..... 0.78 0. 54 52.12 46 .98 . .... .. '1 A. O. Anderson 
Gower, Anamosa ..... . 1.13 1.50 58.21 38 .60 . . . . . ... A. O. Anderson 
Gower, Anamosa ...... 1. 97 0.89 55.68 4l. 53 . . .... ,. A. O. Anderson 
Gower, Anamosa ... . . . 2.05 0.37 54.64 43 .35 . . . . . . .. A . O. Anderson 
Gower, Anamosa . .. ... 1. 70 0.60 55.70 41.74 .......... . . . . .. A. O. Anderson 
Gower, Anamosa ...... l.90 l.43 56.60 39.97 .. . . . . .. A. O. Anderson 
Gower, Anamosa . .. .. . 2 .00 0.40 55.18 41. 70 .. .. ... . ! A. O. Anderson 

. .................... '" 1.60 I l.20 97.02 0.32 . . . . .. ... ... .... 1 A. O. Anderson 
L 

01 
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:MADISON COU:\TY-
Earlham ......... . .... Bethany ............... 7.S.5 1.00 91.15 0.61 I ........ L . G. Michael 
Peru ....... ........... . ....... Bethany ..... . . ........ 17 .16 2.64 72.76 2.86 0.9.') 0.30 L. G. Micbael 
Earlham ....... . ... .. .. .. . ... . Missouri ............... 10 .92 !l.37 S+. 87 1.58 ........ Geo. Steiger 
Winterset .... .. ......... M isso uri... .. .......... 12.03 1.18 S4.3~ 2.19 0.02 A. O. Anderson 

MAHA SKA COUNTY-
Oskaloosa ......... . .. . .. .... .. Saint Louis ...... . ..... 1 4.01 0.!i9 95.30 ........ 1 .. . ..... 

1 

Murray 

MARION C('UNT\,-
Tracy .......... . . ... .. . ....... Saiut Louis ........ . ... 1. 57 0.66 94.60 6.66 Murray 
Pella . ...... . ..... .... .. . ...... Saint I~ouis .......... .. 4.92 3.39 84.39 Lundteigen 

t-' 
MARSHALL COUNTY-

,.., 
Oiilite. Quarry . . .. .... .. .. ,,_ Kinderh ook ............ 0.77 O.IS 9S.30 0.59 O. J(i G. E. Patrick ~ 

t>1 
Blue lim estone. Quarry . .... . . Kinderhook ............ 0.96 O.H 97.U5 0.38 0 .30 G . E. Patrick m 
Iowa caen stone. Quar ry .... . . Kind erhook ....... . .... 1. 24 0.50 90.28 7.77 0.2l G. E. Patrick H 

Stratified limesto ne. Quarry . . Kind erhook .. . .. . .. 1. 2:2 0 .. 50 90.04 S.08 o .Hi G. E. Patrick 0 
Z 
t>1 

MI'l'CHELL COUNT\,- m 
Osage ........ ..... . ... ... . ... . Cedar Yalley. _ ..... . ... 0.7S I 0.12 DS.Ol 0.15 ::::::::1"'0:35' A. O. Anderson > 
Osage ...... ..... .. ..... .. . . ... Cedar Valley ..... . . .. . . 0.12 0.12 9S .01 0.15 A. B. Hoen Z 
Osage ......... . .......... . .... Cedar Valley . .. 2.21 8 .82 90.17 1.03 .. . .. ... 2.63 A. O. Anderson t::' 

0 
MONTGO~IER\' COUNT\,- tr:: 

Stenn ett ...... . ............. .. . Missouri ............... 7.97 1. 26 S9. +4 1.92 A. U. Anderson > 
t-' 
~ 

PLY~IOUTH COUNT\,- ~ 
Cbalk rock, Westfi eld ... ...... Cretaceous .. .... ........ I ........ 83.70 2.-18 O.OS J. B. Weems 
Chalk rock, Le Mars ... . ..... Cretaceous . ..... _ . . . . - . .. ........ 94. 39 0 .70 0.06 J. B. Weems 

SCOTT COUNTY-
Bettendorf ....... . ........... .. 'Yapsipinicon .... ...... 4.46 0.70 79.60 15.+0 C . E. Ellis 
Le Claire Stone Co .• Bettendorf Wapsipinicon .. . . . ..... 2.36 2.20 9-1.57 O.SI O. E. Ellis 
Le Claire Stone Co., Bettendorf Wapsipinicon .......... . 0.54 O.H 98.49 0.72 C. E. Ellis 
Bettendorf ............ .. ...... Wapsipini co n .......... 1.0-1 0.28 00.00 8.36 C. E. Ellis 
Bettendorf .. . ................. Wapsipinicon .......... 8 .-18 0.72 89 .25 1..J-2 C. E. Elli s 
Bettendorf.... . ..... ..... Wapsipi nicon . . .. .. .... 26.40 9.25 4+.S2 10. 84 8.82 C. E. Ellis 
Bettendorf. . '" . .. . . . .... Wapsipinicon .... .. .... 16.0S 3.26 -19.72 2D. 06 1. 86 C. E. Ellis 

o. 
c..o 
01 
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ANALYSES OF LIMESTONES AND CHALKS. 

ARRANGED ALPHABETICALLY BY COUNTIES . 

Composition 

.:.. , -~",-~ ----~ 

... Q) .>:; ~ 

'" ...... ed 
Location and Description Horizon ed 0 ;~ 

~ 
Q) 

"'~ ~~ Q,).;:? ~ 
:0 ~'a 

'00 8 ~Q) ... ~ Q) Autbority ::l - ed Q)..o -'0 ~ ~~ (3 ~..:: 
.8 ~ '" ... ..c ._ 
0O b.Oed PoK '0::; e 00 Oed -..0 "'0 ::;0 

'" .... cd 
~ ~ H H 0 if.! 

:Orf COUNTy-CON. 
Bettendorf. .................... Wapsipinicon .......... 5.98 0.30 90 .01 '2 .77 C. E. Ellis 
Bettendorf. ........... . ........ Wapsipinicon .......... 1.32 0.38 76.28 22.:H 1" .... . .. C. E. Ellis 
Bettendorf. ................. ... Wapsipinicon ... .. ..... 1.10 0.3~ 80 .9.') 17.68 ........ C. E. Ellis 
Bettendorf .. .. ...... ........... Wapsipinicon .... . .... . 1.20 1.08 97.::12 0.76 .... .... C. E. Ellis 
Le Claire Stone Co . , Le Claire. (TolI'er, Anamosa ... . .. 4.76 1.22 58.72 35 .38 A. O. Anderson 
Le Claire Stone Co., Le Claire. Gower, Anamosa ...... 7.+4 1.37 .,)l Ji:3 ~0.86 A. O. Anderson 
Le Claire Stone Co., Le Claire . Gower, Anamosa ..... . 5.60 1.~O 5:~. 90 39.00 A. O. Anderson 
Le Claire Stone Co., Le Claire. Gower, Anamosa ...... 7.08 1.:21 53. l7 35.03 A. O. Anderson 

OUX COUNTY-
Hawarden ....... . . ......... .. . Cretaceous . ........ . ... :H.92 6.68 64.30 5 .38 Newberry 

~YLOR COUNTY-
Fred Andrews, Bedford ........ Missouri ............... 1.80 3.'20 93,.'i6 l..54 A. O. Anderson 
Fred Andrews, Bedford ..... . " Missouri ............... 1.48 0.~8 97.42 1.14 A. O. Anderson 
Fred Andrews, Bedford .... .... Missouri .... ......... .. 1.20 0 .70 96.96 1.28 A. O. Anderson 

AN BUREN COUNTY-
'Vest of Farmington ........... Sajnt Louis ............ ]0.14 0.90 88.73 0.38 0.1,) C. E. Ell is 
Cheejuest creek, Keosauqua ... Saint Louis . ........... :3.12 1.38 9~.81 0.52 0.26 A. O. Anderson 
Upper tll'enty feet of limestooe. 

East of Bentonsport .......... Saint Louis ............ 5.28 0.ii2 93 .34 1.00 0.20 C. E. Ellis 
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WAPELLO COUNTY- I I 
OttuOl"·a .. ......... . ... . . . .... Sai nt Loui s ............ 6.83 1 2.66 1 88.-13 

WINNESHIEK COUNT,\:- \ 
Decorah. . . . . . . . . . . . . . . . . . . . . .. Galena ........ . ... . ... 1-1.53 \ 6.

49
1 

72.89 
Decorah. . . . . . . . . . . . . . . . . . . . . .. Galena . . .............. 3.86 2.5-1 91.19 
Decorah . . . . . . . ... .. .. . . . . . . . .. Galpnll .... ....... . .... 6.87 1.00 88.97 

0.15 I 0.13 I .. ..... 

~:~~ .... O:~~· l 0.15 
0.05 

2.86 .. ...... 0.30 

Geo. Steigel' 

L. G. Michael 
L. G. Michael 
C. E. Ellis 
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ANALYSES OF CLAYS, SHALES AND MARLS. 
ARRANGED ALPHABETICALLY BY COUNTIES. 

I 
Composition 

" 
, 

.~J) 
Locality and Description 0 0 ·c 

Horizon 5 M 

oj .., 
w Cll " 

oj 'w ~~ M 

Cll 

Q 0 ~ c ,... 
·-0 "'~~ CllO ..co o .~ ::I Authority 

oj I=< " Cll ::lOll 'i5.·;<0 '" " c::l JJl "'" 
l5 5~ 

Of: x Q) a ~;E ~~ 
00.-::: en 

~o~ :;ow 'gZ ~ ~ '0 
w ~ ~ ~ :g 'l) ~ w ~ :g 

CERRO GORDO COUNTY-
14 .62 1 5.69 Mason City ............. .. Lime Creek ... 54.64 5.16 2.!J0 . ..... 4.77 1.12 8.54 0.85 G. E. Patrick 

Clay Bank s near Portland. Lim e Creek . .. 49.93 20.23 4.32 6.70 2.79 1.1+ 2.~5 :d. 17 3.29 1. 21 J. B. Weems 
Clay Banks near Portland. Lime Creek ... 50.15 19.68 4.08 9.78 2.26 1.18 L. 62 l.03 0.76 1.00 J. 13. Wee ms 
Clay Banks near Portland. Lime Creek .. . 20.26 11.28 2.76 :n.42 3.44 2.09 1.09 0.50 2.72 0 .7H J. B. Weems 
Clay Banks near Portland. Lime Creek ... 5.36 3.79 1.20 ~ 8. 1 8 2.70 1.02 0. ·106 0.27 0 .17 0.35 J. B. Weems 
Clay Banks near Portland. Lime Creek ... 20.82 11.55 2.76 30.01 4.01 1. 19 1.H 0.72 :~.(j7 0.75 J. B. Weems 
Clay Banks near Portland . Lime Creek ... 7.59 5 .62 l.n6 14 .34 3.22 0.51 0.~8 0.29 :U4 10.68 J. B. 'Weems 
Clay Banks near Portland. Lime Creek .. . 27.26 19.15 -1 .32 16.-17 2.23 1.11 2.20 1.55 2.04 0.93 J. B. Weems 
Mason City .......... . ... . Lime Creek .. . 51. 96 18.34 7.56 4.14 3.26 :2.76 ·L12 7.4!J 0,42 J. B. " 'eems 
Mason City ............... Lirne Creek ... 54.61 1~ .62 6.45 !J.21 6.0!J ...... 5.8!J C:: :: 3.74 0.85 G. E. Patrick 

CLARKE COUNTY-
OscEOla .. ... .............. Missonri ...... 55.52 14 .51 9.09 5 .00 2.60 0.28 l.50 1.32 8 .28 1.39 C. E. Ellis 

I 
CLAYTON COUNTY--

St. Sebald . . .............. Maquoketa .. . 52.29 20.64 li.16 1.89 1.12 ..... . 2.77 8.27 2.76 . .. -, . J. B. Weems 
Edgewood . . ... . .......... Maquoketa ... 44.39 13.72 7.80 7.88 6.05 ...... 1.56 5 .29 0.89 J. B. Weems 
Edgewood, Sperry Twp ... Maquoketa ... 52.29 20.64 5. 16 1.89 1.1 2 ..... . 2.77 8 .27 I 5.17 . .. -, . J. B. Weems 
Edgewood , Newberry Park Maquoketa ... H.39 13.72 7.80 7.88 6.05 ...... 1.56 5.29 12.18 0.89 J. B. Weems 

DALLAS COUNTY-- I Van Meter ................ Des Moines ... 86.6 1 10.92 0.10 . ... . . ..... 0' •••• • •• •••••• • ••• 2.32 1 ...... 1 W. S. Robinson 
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DES MOINES COUNTY-
0.321 0.38 4.97 1 0.22 I J. B. Weems Danville ... ............... Des Moines .. . 74.82 15.54 2.72 0.73 0.45 

D UBUQUE COUNTY-
Spechts Ferry . .... ... .... Platteville .... 54.90 25 .50 O.H 0 .30 9.55 9.10 Lundteigen 
Wcechts Ferry ............ Platteville .. .. 49.32 20.16 8 30 5.33 1.53 4 .68

1 ...... 
4.82 0.72 L. G. Michael 

orth of Dubuque ........ Platteville .... 50 .22 12.45 9.08 7.75 1.40 1.16 5 .23 ...... 3.81 1.71 L . G. Michael 
Graf . . ........... . ...... Maquoketa ... 42.53 16.83 5.66 5.66 4.82 3.70 cl . 10 15.76 J. B. Weems 

FAYETTE COUNTY-
Auburn .... . ......... . . " Maquoketa ... 49 .60 I 6.36 6.25 122.45 0. 20 I ...... 0 .90 0.35 113.56 . ..... 1 L. G. Michael 
Clermont Bri ck & Til e Co. Maquoketa ... 28.82 10.37 3.76 19.14 5.40 5.38 7.41 16.24 0.43 J. B. Weems 

0 
FLOYD COUNTY- t-< 

Rockford ..... .... ........ Lime Creek . .. 50.40 31.22 4.30 2.74 1. 54 4 .96 4.51 0.41 L. G. Michael > ..... . ~ 
r:n -GUTHRIE COUNTY-

Panora .... ..... . ........ Des Moines ... 53.82 17.53 5.65 4.40 2.19 3.34 1.74 1.12 8.29 2.62 C. E. Ellis r:n 
::Ii 

Glendon ...... . .......... Missouri ..... . 48.91 17.66 6.62 8.42 1.90 0.28 2.61 1.44 10.23 1.60 C. E. Ellis > 
Guthrie Cent.er ... . ....... Des Moines ... 68 .62 14.98 4 .16 1 .48 1.09 1.50 1.86 3.55 2.78 G. E. Patrick t-< 

I:<j 

HARDIN COUNTY-
r:n 

Eldora Pipe & Tile Co . . . . Des Moines . . . 72.09 16 .24 1.08 0.48 0.48 0.14 1.08 0.77 5 .18 2 .46 C. E. Ellis > 
Z 
0 

LEE COUNTY-
Belfast ... ... , ............ Osage ........ 45 .00 16 .68 3.86 10.04 3·. 69 2.26 1.96 1.16 15.02 0.48 C. E. Ellis ~ 

> 
MADISON COUNTY-

::d 
t-< 

vVinterset. . . . . . . . . . . . .. .. Missou ri ...... 26.72 3.83 3.11 36.08 0 .48 0.22 1. ;2 0 .18 28.40 0. 55 C. E. Ellis ~ 

POLK COUNTY-
Des Moines ... ... ........ . Des Moines .. . 63.75 19.78 5.75 1.55 1.22 0 .54 1.20 2.92 J. B. Weems 
Des Moines .. ....... ...... Des Moines .. . 61.36 22 .12 6.07 1.90 0.80 1.22 4.52 L. G. Michael 
Des Moines ............... Des Moines ... 55.56 21.33 10.56 1.59 2.9-1, ::::: :I" i:90' 4.65 0 .97 C. O. Bates 
Des Moines .. ......... .. . . Des Moines ... 64.41 20.43 5.88 0.34 1. 71 3.93 1.27 C. O. Bates 

SCOTT COUNTY-
Pleasant Valley ..... " .... Des Moines ... 6+.74- 17.98 5.36 0.00 1 0.60 1 0. 58 1 1.73 0. 45 1 7 .48 1 1.70 1 C. E. Ellis 
Pleasant Valley . .......... Des Moines .. 72.20 15.44 2.10 1.32 0.00 0.55 0 .31 2.83 5.23 0.40 O. E. Ellis 
Le Claire Sto ne Co., Dav-

1.70 1.34 2.68 2.64 Trace 4.23 1 1.10 C. E. Ellis 
<:Il 

enport. . . . . . . . . . . . . . . . . . Des Moines ... 71.90 12.64 2.20 C<> 
<C 



ANALYSES OF CLAYS, SHALES AND MARLS. 
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Ottumwa .. . . . .. . . ... . .... Des Moines ... 53 .86 26.28 +.32 0.12 0.+3 ...... I 2.52 I O. -13 11. 08 1 

WEBSTER COUNTY-
I 

Fort Dodge . . . . ......... . '1 Des Moines . . . 67.96 21.64 1.12 0 .51 0.67 ~: ~~ . i: 75 .[. i:39 ' '3: 70' Kalo ..................... Des Moines ... 70 .20 16.70 +.00 0.28 0.63 
LehighClayWorks,Lebigb Des Moines . . .. 53.08 17.71 8 .6-1 4.05 0.94 . . . . .. 1 . 25 3 . 70 I 9 30 
Fort Dodge Pottery Co . .. 1 Des Moines"' ,6f:i.00 119.32 0.80 2.85 0.54 . . . . .. 1.15 2.49 6.84 I 

Q) ... 
::l Authority .oJ 

'" '0 
~ 

n 

<:l< .... o 

Q 
t::J o 
t' o 
Q 
><1 
o 
"=j 

H o 

~ 
§ 
;;.. 
~ 
~ 
>< 
'i:I 
~ 
o 
t; 
q 
o 
>-:l 
w 



Tests ·of Iowa Building Stones 
BY 

A. MARSTON 





TESTS OF IOWA BUILDING STONES. 

The tests compiled in tables I to VI inclusive include those made 
during the present investigation and also those which appear in 
the earlier reports of the present Survey. In general the materials 
were collected by a member of the Survey, but the majority of the 
tests were made under the direction and supervision of Professor 
A. Marston, Dean of the Engineering division of the Iowa State 
College, Ames, Iowa. Tables I and II include the transverse tests 
made upon much larger blocks than are ordinarily used for the 
purpose. The dimensions and distances between supports are 
given in the tables. The crushing tests recorded in table III were 
made on cubes approximating two inches. The absorption tests of 
the present investigation were carried through a much longer 
period than is usually done although at the end of 700 hours the 
specimens had not yet reached a constant weight. Tables V and 
VI give the results of two investigations, neither of which was car
ried far enough to be conclusive. The only conclusion which can 
be drawn safely is that twenty freezings and thawings have no 
appreciable effect, either in decreasing the strength or in increas
ing the disintegration of the materials tested. 

In several of the tables, tests of building stone from other states 
which enter the Iowa markets in competition with the Iowa prod
ucts were included for comparison. 
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TABLE 1. 

TRANSVERSE TESTS* OF ORIGINAL SPECIMEN . 

>:I 
<ll 

8 
'0 
~ Height ·Width Total 

Length 
'" 
'0 
~ 

.Q 

8 
::l 
Z 

: I 
3 
4 
fj 
ti 
7 
I-> 
!) 

]0 
11 
12 
J0 
1+ 
J.5 
Hi 
17 
]8 
lD 

. 20 
21 
22 
23 
24 
2f) 
26 
27 
28 
zn 
30 
31 
32 

I j 11 1 
-------

4.78 1 6 .08 1 24 

4.90 6 .22 24 
4 .1->2 5.90 24 
5.00 i'i . n:2 2.) 
7.18 8.00 :22 .25 
7 .32 7 .:~o :!7 
0.96 1 7.ao 27.5 
7. 20 I ,7.47 28 . f) 
7.24 7.81 :28 
6 .14 7.45 27.75 
7.2:2 6.57 :28 
7.:24 7.6f) 27 
6.86 7 . :32 28. 7,) 
6.71 7.52 2(-j 
6 . 50 7 . 30 26..'i 
lUiO 7.42 2(1 .5 
6A8 7 .:~4 28 
6.40 7 .o:~ 27.5 
6 .. 40 8.17 27 
6 .06 6.86 24.5 
6.li"i 6 .48 25.1; 
7.09 6.90 25.f) 
6.01-> 6.n4 25.5 
7. 13 7 . :~O 2.'l..5 
6.00 6.00 24 
5.98 5.08 24 
5.98 5 .98 24 
5.92 f).90 24 
.5.92 5.9!i 2+ 
5.n6 5.01 24 
6.20 6.20 24 
5.92 5.97 24 

* 18 inch supports. 

Distance II 

of Frac
ture from 

Nearer 
Snpport Description of Fracture 

8.5 
H.75 
8.62 
8 . . 5 
o 
(i . f) 
I.f) 
1.5 
() 

(i.5 
S.7·5 
7.5 
8 
8 
7.75 
lU; 
8.!) 
S.7-5 
8.2.5 
8 .75 
R.5 
8.75 
8 Ji 
7.7 
!1 
8 . . '1 
S.7f) 
S.25 
8.5 
8 
8.5 

I Markeel by crystals of 
calcite ... . . .. .... .. . 

Fa irly regular . . . ..... . 
Fairly regular .. . ..... . 
Very regular .... . .... . 
Very regular . . . ...... . 
Very regular ..... . ... . 
Fairly regular ...... . . . 
Fairly regular . .. " . . . . 
Fairly regular . ....... . 
Fairly regular ........ . 
R egu lar ....... . ...... . 
Very regular ......... . 
Fairly regular . . . .... . . 
Fairly regular ... . .... . 
Fairly regular ........ . 
Fairly regular . . ...... . 
Very regular ... ...... . 
Fairly regular ........ . 

I Fairly regular ........ . 
Very regular ........ . . 
Fairly regular .. . ... . . . 
Fairly regular ........ . 

I 
Very regular .... . .... . 
Fairly regular ........ . 
Fairly regular . . ...... . 

I 
~a~rly regular ... . .... . 
]< alrly regular ........ . 
Fairly regular ...... . 

I 
Fairly regular ...... . . . 
Fairly regular ........ . 
Fairly regular . . ... . .. . 

I Fairly regular ........ . 

Break
ing 

Load in 
Pounds 

:34nO 
3530 
5lJO 

11180 
6480 
5].'jO 
6770 
5880 
4210 
6400 
6730 
.5130 
5910 
8560 
8000 
9110 
7HO 

10480 
8840 
8210 
9090 
88fiO 

10940 
9390 
8940 
8620 
2550 
2720 
5080 
8180 
6100 

Lbs. 
Per 

Square 
Inch 

636 
701 
038 
7:~5 
451 
397 
476 
ano 
409 
.'")08 
457 
406 
475 
754 
69:3 
802 
705 
8.50 
nl)2 
909 
711 
n36 
800 

1178 
1133 
1093 
337 
356 
6.58 
931 
791 

Numbers 1-5 are dolomites from the Wilkes Williams quarry about six miles south of 
Postville, Iowa. 

Numbers 6-14 are from Senator J. A. Green's quarry . Stone City, Iowa. 
Numbers 15-19 are from the quarry of Dearborn & Sons, Stone City, Iowa . 
Numbers 20-24 were furnished by the LeClaire Stone Company, Davenport, Iowa. 
Numbers 25 and 26 represent blue Bedford oCllite and 27 and 31 buff Bedford stone. 
Numbers 28-30 represent Lake Superior in red sandstone. ' 
Number 32 is Cleveland sandstone. 
The same numbers are used in tables II and VI. 
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TABLE II. 

TRANSVERSE TESTS* OF LONGER PIECE OF SPECIMEN A.FTER FIRST 
TEST. 

:::; 
0) Lbs. 8 Per '03 Length 
0) H eight Width Square 0.; of Span 
'" Inch 
'0 Fracture Failure ---
,... --_. <n' 
0) 

'" 

I 

<n 

I 

pO.; 
..0 <n -;2~ 0) 0) 0) 

8 .r:: .r:: ..0 '"0 - p p '-' '-' '-' 00..., 
Ii; 

:::; ::l ::l ;:s H H H 

1 4.78 6.12 10 Marked by crystals of calcite ... .. 65 .. 0 702 
2 +.88 6.22 10 Fairly regular ..... . .. . .... . . . .. . . 8000 811 
3 4.82 5 .88 10 Fairly regular. .. . ........ . ..... . . +800 527 
4 5.00 .5.92 10 Very regular ..................... 10600 1074 
5 7.++ 7.0:3 8 Very regular .. . .. .. .. . ..... . .. . . . 2]520 66-! 
6 7.'25 7.U ]0 Yery regular . . ..... . ............. 17660 680 
7 7.10 7.22 10 Regular ...... ......... . ...... ... 16++0 677 
8 7.26 7.32 10 Large calcite crystals, regu lar .... 177±O (J90 
9 7.16 7.80 10 Fairly regular . ..... . ............ HOOO 52,') 

10 6.10 7.59 10 Very regular ..... " .. __ ......... . J()290 867 
11 6.60 6.81 10 Very regular ......... .. .......... 16200 809 
12 7.14 

I 
7.:31 10 Regular ......................... 18820 757 

13 7.30 6 .53 10 Very regular ..... .... .......... . . 12000 517 
H 7.08 7 ... ;) 10 Very regular . .... . .. . ... ... . ..... 18770 758 
15 6..'i-! 8.18 10 I Very regular ...... .. .. ...... .. ... 18000 772 
16 6.56 7 ... 2 10 Very regular ..................... 2J180 1003 
17 e.5" 7.58 10 Fairly regular .. .. ................ 19180 887 
18 6.,52 7 .19 

I 
10 Regular ....... .. ... . .. .... ..... 17630 865 

19 6.52 8.04 ]0 Fairly regular ............ .. ... .. . 21870 060 
20 6.28 7.06 10 Very regular .............. . ... . .. 17930 966 
21 6.10 6.fi5 

I 

10 Fairly regular .......... . ......... 21380 1312 
22 6.81 7.00 10 Very regular . ........ . ........... 20000 H24 
23 6.12 7.00 lO Regular ............ ............. 22000 ]260 
'2-! 7.1:-; 6 .5 .. 10 Fairly regular .. .......... ,' ...... 17140 773 
'25 6.20 G.OO 10 Fairly regular ....... . ........ . ... 8000 1170 
26 ii .97 IUl7 10 Fairly regular .................. " 1 H950 1054 
27 5 .98 5.98 

I 
10 Fairly regular .................... 13-+70 942 

28 .).HO 5 .80 10 Fa!r1y regu lar ...... . ..... .... .. .. H2O 325 
29 ,') .9 .. ii.Oii 10 Fairly regular ... .. . .... ... ..... . . -!920 351 
30 5.94 5.88 10 Fairly regular .... .... ........... '1 8980 649 
31 6.20 G.'20 10 Fa!r1y regular . . .. . . . ........... . . 1:-;550 853 
32 ii.93 ,~. 08 10 Falrly regular ... _ .. _._._. _ .. _ .... .. .... 10000 713 

-
* 10 inch Btl pports . 



TABLE No. III. 
CRUSHING TESTS OF IOWA BUILDI NG STONES. 

I 
I ,. 

<ll 
... en 

Location of "'<ll 
County Kind of Stone btl-C 

Quarry ~ C) 

I 

.;:; .:: 

...!..G ..... 
.... .:: 
o.~ 

~ 

Dallas .. . .... Van Meter .. ... 1 Sandstone ........... 4.B 
Van Meter ..... Sandstone ....... .... ·1.04 

Hopkinton. . . .. Limestone . . ..... .. { 
4.B 

Delaware .... 4.18 
4.14 

Des Moines .. Burlington .... 

Fayette .. 

Burlington ., .. 
Burlington .... 
Burlington .... 

... [ Six miles south 
of Postville . . 

Six miles south 
of Postville .. 

Six miles south 
of Postville .. 

Six miles south 
of Postyille .. 

Six miles south 
of Postyille .. 

Limestone. . . . .. . . . . 3 .01 
White limestone ... . . 4.00 
Gray limestone . .. .. . 4 . :28 
Blue limestone ....... 3.50 

Dolomite .. . . ... ... .. 4.01 

Dolomite. . .. .. .... .. 3 .80 

DolQmite. . . . . . .. .. . . 3.93 

Dolom ite.... . . .. . ... 3 .98 

Dolomite ..... ..... .. 1 4 .05 

Humboldt ... Humboldt . .... 1 Limestone... ... . I :~.8:2 

Load Per 
Square Inch 

btl 

E <ll ... 
E OJ 'a Po 

J.J ~ 

10,800 11,700 
12 .:200 13.900 

3,600 5,500 
3,650 4,600 
0,377 0,377 

6,500 6,600 
6,800 8,500 
6,700 I 13,100 
6,700 11 ,400 

2,392 4,5:20 

o,625 4. 0:20 

4,270 5,8LO 

1,:207 3,252 

1,198 2,-n0 

ii,500 I 6,200 

I 

I 

Authority Remarks 

C. E. Dept . ........ 1 Seamy, Coal Measures 
do Seamy, Coal Measures 

do 
do 
do 

do 
do 
do 
du 

do 

do 

do 

do 

do 

do 

John Loftu s quarry 
J ohn Loftus quarry 
J ohn Loftus quarry 
J ohn Loftus quarry 

1 

I {
All 

Wilkes Williams sheared 

r q""''Y ",ocally 

J 

Saint Louis limestone 

CJ1 
H>-
0> 

Q 
tz:l o 
t-< o 
Q 
~ 

o 
'Xl 
...... o 
~ 
~ 

~ 
C1 
~ 
~ 
~ 
~ 

'" ~ o 
t:1 
q 
o 
"" w 



Jasper ....... [ Monroe .. . ..... \ Sandstone ......... . . 4.36 3,600 3,600 do } Ooal Mef',sure sandstone 
Monroe. . . . . . .. Sandstone. . ......... 4.57 3,700 3,700 do E. G. Kemper quarry 

Jones . . ..... 1 Hale .......... Dolomite ............ 4.00 2,887 2,887 do Sheared conically 
Hale .......... Dolomite ......... ' " 3.60 2,937 2,937 do Sheared conically 
Hale . . ........ Dolomite . ........... 3.33 3,Ooi 4,375 do Sheared conically 
Stone Oity . . . . . Dolomite . . .......... 3.95 1,519 2,987 do J. A . Green quarries 
Stone Oity . . . .. Dolomite ....... .. ... 3.93 2,150 3,42:2 do J. A. Green quarries 
Stone Oity . .... 1 Dolomite . ..... . . .... 4.00 5,425 ;),425 do J. A. Green quarries 
Stone Oity ..... Dolomite . . .......... 3.82 3,140 3,390 do J . A . Green quarries 
Stone Oity. Dolomite ....... .. ... 3.80 2,053 4,184 do J . A. Green quarries 
Stone Oity. Dolomite .......... . . 3.98 1,785 3,000 do J. A. Green quarries 
Stone Oity. Dolomite .. .. ........ 3.90 2,000 3,775 do J . A. Green quarries 
Stone Oity ..... Dolomite ...... ... ... 3 .93 2,914 3,209 do J . A. Green quarries 
Stone Oity ..... Dolomite ............ 3.90 3,000 3,310 do J. A. Green quarries 
Stone Oity ..... Dolomite ............ 8.79 2,290 3,600 do Dearborn & Sons Q 

Stone Oity . .... Dolomite .... . . .. . ... 3 .88 773 3,090 do Dearborn & Sons ~ 

Stone Oity ..... Dolomite ..... .. ... . . 3.81 3,753 3,753 do Dearborn & Sons 
q 
w 

Stone Oity . . ... Dolomite .. ... .... . .. 3.93 1,880 3,052 do Dearborn & :::;ons ::r:: 
Stone Oity ..... Dolomite ... . .. .. . .. . ;~ .85 2,910 :~, 300 do Dearborn & Sons H 

Z 
Stone Oity .. . .. Dolomite ..... . . ... .. 4.04 . 5,300 0,+00 do F. S. Brown & 00. Q 
Stone Otty . . ... Dolomite .. .. . . .. . ... +.1:2 4,100 6,000 do F. S. Brown & 00. 
Stone Oity ..... Dolomite ...... . .. . . . +.06 6,100 7,400 do l >-3 

trJ 
Stone Oity .. .. . Dolomite . . ...... . . . . 4.08 5,600 7,500 do 

~ J. A. Green {Straw~oard 
w 

Stone Oity ..... Dolom ite ...... . .. .. . +.02 4,000 4,100 do >-3 

Stone Oity ..... Dolomite .... 4.08 5,400 5,+00 do ~ 

Stone Oity ..... Dolomite ..... ..... . . 4.12 5,300 5,700 do J beanngs 
Stone Oity . .. .. Dolomite ....... . .. . . +.02 4,500 5,000 do 
Stone Oity ..... Dolomite ..... . ... . .. 3.92 4,800 +,800 do 
Stone Oity . .... Dolomite . . . . ... . .... 4.06 12,.500 13,+00 do Dearborn & Sons "upper 

I white" 
Stone Oity ..... Dolomite . ........... 3 .98 10,600 11,600 do Dearborn & Sons "8-inch 

bed" 
Stone Oity .. ... Dolomite ............ 4.16 6,700 6,700 do Dearborn & Sons " flag-

ging layer" 
Stone Oity . .. . . Dolomite ... ........ . +.10 12,200 13,200 O. E. Dept .......... Dearborn & Sons, "dimen-

sion sto ne' , 
Stone Oity .. . .. Dolomite . . .. +.20 6,500 6,.500 do Dearborn & Sons, " bridge-

t 

sto ne' , 
0< ... 
" 



TABLE No. III-CONTINUED. 

oj Load Per 

'" Square Inch 
.... UJ 

Location of 
oj", 

County Kind of Stone btl"<:: Authority 
Quarry 1=1 <> btl 

~ '" .~ 1=1 .... 
..!:t::.~ 

E .... 1=1 o;l 
O .~ 0- '8 
~ w ~ 

J Stone City . . . . . Dolomite ....... . .... . . .... .... .... 5,917 Col. D. W. Flagler .. 

Stone City ..... Dolomite ..... . ...... .. . ... . ....... 11,250 Dodge, Minn. Geol. 
and Nat . History 
Survey ........ . ... 

Stone City ..... Dolomite .. ........ . . ..... . ........ 6,750 Dodge, Minn. Geol. 
and N at. History 
Survey .......... . 

Stone City. . . .. Dolomite ....... . . . .. .... . . .. ~',~~~' I 
7,625 Lieut. W. P. Butler. 

WestPoint ..... Brown sandstone ..... 4.00 7,000 C. E. Dept .......... 
West Po!nt ..... \ Brown sandstone ..... ,l.33 4,620 6,890 do 
West Pomt ..... Brown sandstone ..... 3 .80 5,660 5,800 do 

,Vest Point . .. . , Gray sandstone ..... . 3.40 5,830 7,650 do I ' 
West Point . . . .. Gray sandstone ...... 3.80 4,740 6,530 do 

L 

,Vest Point ..... Gray sandstone . . . . .. 4 .04 3,710 7,180 do 

Morning Sun. .. Limestone . ... ... .... 3.61 3,950 3,950 do 
Morning Sun. .. Limestone.... . ... .. . 3.72 3,360 3,360 do 
Morning Sun .. ' 1 Limestone . . . . . . . . . .. 3.61 2,490 2,88u do 

Winterset. . . . .. Limestone.. . .. . . . .. . . ............ . 4588 Rock Island Arsenal l\' 

Remarks 

g q y 

Ol .... 
00 

Q 
ttl o 
r o 
~ 
C 
"'J 
H o 
~ po. 

§ 
po. 
~ 
~ 
~ 

'"d 

~ 
t:I 
g 
1-:3 
w 



Mahaska .. "1 Given . ....... . Limestone .. .. ...... . 3.70 8,500 12,500 C. E. Dept . ......... Saint Louis limestone 

Marion .. .. . . Red Rock ...... Red sandstone ....... 4,434 L. Higgins ........ . . Coal Measure sandstone 
Tracy . .... . .... Limestone ..... . ..... 4.12 7,300 9,500 C. E. Dept .... Saint Louis limestone 
Tracy ........ . . Limestone ........... 4.20 5,200 9,900 do Saint Louis limestone 

Marshall .... 1 Quarrv ..... .. . tOolite . ........ ..... 3.94 11,600 do 

1 F,il"". ~"mp'D;,d by 

Quarry .... .... tOolite .............. 4.00 11,875 1'3,450 do 
Quarry ..... . .. t Oolite . . ............ 3.96 13,636 14,900 do 
Quarry ........ tOolite . ...... ....... 3 .84 10,260 10,260 do 
Quarry ........ Oolite ................ 4.08 10,280 12,740 do j much shattering 

Quarry ........ Oolite . .... .. . ........ 4.00 14,250 14,250 do 
Quarry ........ Oolite . .. ............. 4 .00 9,500 13,250 do 
Quarry ........ t Iowa marble, plain. 3.\)0 12,080 do { All samples of Iowa marble 
Quarry ........ t Iowa marble, plain. 4.12 l-!,685 15,120 do broke in such a way as 
Quarry ........ t Iowa marble,colored 4.06 9,128 do to show much elasticity 0 

Quarry . . ...... Blue limestone ....... 4.08 do 63,000 lbs. applied, no effect ~ 

Quarry ........ Blue limestone ....... 4.04 do 63,000 lbs . applied, no effect 
c:::j 
UJ 

Quarry ... . .... Fossiliferous Ii m e- 4.00 10,500 do Sustained 65,800 lbs. with- ::0 
stone ............... out further rupture >-< 

Z 
Quarry ........ Fossiliferous Ii m e- 4 .00 15,825 do Beyond capacity of machine Q 

stone .......... .. .. to crush 
H 

Quarry ........ Fossiliferous limestone 4.00 10,925 do Sustained 65,800 lbs. with- trJ 
out further rupture UJ 

Quarry ........ Fossiliferous lime- 4.04 14,430 16,435 do H 
UJ 

stone .... ... . ...... 
Quarry ........ Fossiliferous lime - 3.96 9,773 9,773 do 

stone .............. 
Quarry ... . .... Blue limestone ....... 3.96 7,070 8,712 do 
Quarry ........ Blue limestone ....... 3.96 7,320 8,383 do 

Scott . . . ..... 1 LeClaire .. . .... Dolomite ............ 1 4.16 11 ,100 I ........ do i Specimen from F. H. Thiel-
man and stood 12,000 lbs. 
without crushing 

LeClaire ....... 1 Dolomite .... .. . . . . .. 1 4.22 9,900 1 ....... 1 do 1 Specimen from F. H. Thiel-
man and stood 13,300Ibs. 
without crushing 

LeClaire ....... \ Dolomite ............ \ 3.85 2,920 I 7,630 I do I LeClaire Stone Company 
LeClaire ....... Dolomite .... . ....... 3.80 1,965 5,720 do LeClaire Stone Company, 

vertically sheared 
Ql 

t Tests made under the direction of Prof. G. W. Bissell, Dept. of Mechanical Engineering, 1. S. C. ... 
~ 



TABLE No. III-CONTINUED. 

-

oj Load Per 
Q) 

Square Inch ... 
den 

Location of Q) 

County Kind of Stone OJ)..c:: OJ) Authority Quarry .,. <.> Q) 

~.= :§ 

I 

... 
I ~ .S ~ E 

I 0-
.;;; 

w R 

LeClaire ....... [ Dolomite ............ 
3.

86
1 

3,808 5,025 C. E. Dept ......... 
LeClaire. . . . . .. Dolomite ............ 4.00 3,000 7,775 do 
LeClaire ..... " 1 Dolomite . ........... 3.6+ 2,371 3,901 do 

an Buren .. Chequest Creek Gray sandstone ...... 4.20 I 3,740 3,880 do . Chequest Creek Gray sandstone ...... 4.20 5,740 5,740 do 
Chequest Creek Gray sandstone ..... . 3.80 4,630 5,200 do 
Chequest Creek Gray sandstone ..... . 4.18 6,030 I 6,030 do 
Chequest Creek Gray limestone ...... 3.50 8,1-W 1l,4:~0 do 
Chequest Creek Gray limestone _ . _ ... 3.06 3,59(j 8,770 do 
Chequest Creek Gray limestone ...... 3.+3 6,850 7,320 do 
Chequest Creek Limestone .. ... . _ ... 3.76 3,370 -!,520 do 

v 

Chequest Creek Limestone ..... . .... 3.80 2,760 2,770 do 

Chequest Creek Limestone ... . ..... 4.00 1,750 4,275 do 

Remarks 

} LeClaire Stone { Sheared 
Co. . . . . .. ... vertically 

I Price quarry 
Price quarry 
Price quarry 
Price quarry 
Price quarry , "fossiliferous" 
Price quarry, "fossiliferous" 
Price quarry, "fossiliferous" 
Price quarry, , 'dimension 

stone' , 
Price quarry, "dimension 

stone' , 
Price quarry, "dimension 

stone' , 
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TABLE No. Ill-CONTIN UED.-STONE FHOl\l COM.PETI NU LOCALITIES OUTSIDE OF IOWA. 
-

I c; I Load Per 
<ll Square Inch ... 
c;'" 

Location of 
<ll 

County Quarry Kind of St.one ~.g I b.O 
<ll 

Authority Remarks 
.;::: <=I :§ ... 
",.~ 

E -'::0 OJ 

I 
O.~ 

0.. '<ij 

~ I w ~ 

Illinois . ... . Joliet .. . . ... .. . Dolomite .......... .. . .... . ..... .. . H,775 Gilmore ..... . .. ... Average of three tests 
Lemont .. . ... . Dolomite ........ . . . . ... . . . "" ""112

'000 
d o 

Indiana .. . .. Bedford .. .. . . . Blue oo lite ........... 4.07 3,439 4,373 C. E. Dept ..... . ... Stone from Fred Andrews 
Bedford ...... . Blue oo li te . . .. . . .... 8.91 5,026 5,6~6 do Stone from Fred Andrews 
Bedford . ...... Buff oolite. . . . . . . .. . ·L09 1 , ~ 67 5,480 , do Stone from Fred Andrews 
Bedford ....... Buff oo lite ....... .. . 4.12 6,050 6,050 do Stone from Fred Andrews 

Michigan . .. Lake Superior. Hed sandstone ....... 8.89 5,527 5,887 do 
Lake Superior. Red sandstone .... . .. ~ .00 4,400 6,712 do I 

Lake Superior. Hed sandstone ....... 4.08 8,700 9,-!50 do 

Minnesota .. . K asota . .. ..... Dolomite ............ . .. ... ........ 18,500 Giimore . .. ......... 
Winona ....... Dolomite"" .. " "" ...... .... .... 16,250 do 

Ohio ... ... . . Berea ....... . . i::landstone ........... . .. .. . .. . . , .. , 8,222 do A verage of four tests 
Cleveland. .. .. Sandstone .. . . ...... 4.01 6,870 8,350 C. E. Dept .. " .. ". Stone from Fred Andrews 
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552 GEOLOGY OF IOWA QUARRY PRODUCTS. 

TABLE 
ABSORPTION TESTS SHOWING 

Number of Hours in ""Vater 
Location of 

__ c_o_u_n_t_y--;-__ Q_u_a_rr_y_---.!'---_K_i_n_d_o_f_S_t_o_n_e_!...-_1-.;.I_ S-,I:--24 ~1 72 1 14~ 
Sandstone ...... . .. / .... -I- ............. ·1 .... ... . .. Dallas ...... Van Meter ... . 

Des Moines. Burlington .. . 
Burlington . . . 

Fayette .... Williams .... . 
Williams .. .. . 

Gray liI?estone ......... . ............ . ' 1' . ....... . 
Wblte limestone .. ... ... .. .. . . . . ..... . ' 1" ....... . 

Dolomite ......... . 4.32 4.80 5.12 5.-11 5 .70 .... . 
Dolomite .......... ·L71 5.22 5.52 5.82 6 .12 .. .. . 

Williams .... . 
Williams .... . 

Dolomite ... .... .. . 5.18 5.70 5.98' 6.31 6.6S, ... .. 
Dolomite .. ... . .. . . 4 .53 5.08 ,j .33 5 .62 5.92 . .. . . 

Williams . . .. . 

Humboldt . . Humboldt ... 

Dolomite .......... 4.44 4.88 5.26 5.42 . .') . .. 8.4.

1 

......... . 

St. Louis limestone .. ... 

Jasper ..... Monroe ....... Sandstone ........ . 

Jones..... Stone City .... Dolomite . . . 

::5tone City ... . 
Stone City ... . 

Stone City . . . . 
::5tone City . .. . 
Stone City ... . 
Stone City ... . 
Stone City ... . 
Stone City .. . 
::5tone City ... . 
Stone City .. . 
Stone City ... . 
Stone City ... . 
Stone City ... . 
Stone Cit,y ... . 
Stone City ... . 
Stone City .. 
Stone City .. 

Madison .. . Winterset .. .. 

Dolomite ....... ' " .. ... .. . . . 
Dolomite. ... . .. . .. . . .. . . . .. . 

Dolomite ................................... 1 .... . 

Dolomite ....... . .. 10.2010.64 1l.2811.6712.17
1 

.... . 

Dolomite . .... . ... . 8 .94 9.38 9.8410.2010.69 . . .. . 
Dolomite ......... 7.62 8.28 8.72 !).1O 9.54 ... . . 
Dolomite ...... .. . . 10.0610.5511.0711.5012.00 . . .. . 
Dolomite ...... .... 8 .73 9 .08 9.66 \).9810..10 ' .... . 
Dolomite . ......... 9.30 9.72 ]0.2210.6211.10 .... . 
Dolomite ... . . .. .. . 9.49 9.S41i1.4210.9211.37 .... . 
Dolomite. .... . 9 .:-12 9.8310.3210.8311.28 ... . . 
Dolomite .......... 9.:W 9.5810.1510.6710.93' .... . 
Dolomite ...... .. .. 6 .02 1).38 6.81 7.34 7.5.5 " .. . 
Dolomite .......... 6.62 6.92 7.30 7.90 8.08

1
" ... 

Dolomite " .... . 7.58 7.95 8.~6 8 .88 9.32 ..... 
Dolomite .......... 7.72 8.19 8.G.! 9.23 9.59

1
" ... 

Dolomite ..... " ... 1 7.72 8.36 8.82 9.61 9.73 ..... 
I 

Limestone .. 

I 
Mahaska . . . Oskaloosa .... Limestone. 

· .. .. 1 .. .. · 

Marion. .. Tracy...... .. Limestone .. 
Red Hock. ... ::5andstone ... ... .. . 
Red Rock. . .. Sandstone ........ . 

:::: 1:::: 



ABSORPTION TESTS. 553 

No. IV. 
INCREASE IN PERCENTAGE. 

Number of Hours in Water 

/ 
/336 

1

432 
/ / 

Authority Remarks 

108 264 510 700 / Not known 

4.15 .... . . ... . .... . .... . .... . · .... Murray .. .. . ... Coal Measures 

l.87 . . . . . .... . ... . . .... . .... . . ..... do John Loftus quarry 
0.74 .... . ..... .... . . .. . . . ... . · .... do John Loftus quarry 

6.10 6.45 6.53 6.68 6.81 6.88 · .... C. E. Dept. 
6.47 ti .76 6.88 7.06 7.16 7.32 · . . . . do 
i.18 7.44 7.56 7.77 7.89 8.08 · .. . . do 
6.33 6.64 6.72 6 .92 7.05 7.22 · . . . . do 
6.24 6.57 6.66 6.82 6.95 , 7.15 · ... . do 

4 .31 ... . . ... . . . . . . . . ... . . . .. . · . ... Murray .. . ... .. Mastin & Sterns 

8.64 .... . .... . . .... 

.::: :i:::: :1: :::: 
do Kemper, Coal Measures 

7.48 ... . . .... . .... . do Champion quarry, spalls 

I 
from crushing machine 

9.37 .... . .. - .. .... . .. .. . 1 ..... · .... do I Champion quarry 
6.91 .. .. . . . ... .... . 

· .... 1 .. • .. 
· .... do Champion'quarry, dressed 

cube 
.... . .. .. . .... . .... . ... . . .... . 5 .45 G. S. Morrison Champion quarry 
13.07 13.62 13.94 1-1.23 1·1-.;)014. 81 · .... C. E. Dept ..... J. A. Green 
11 .5(j 12.08 12.38 12 .01 12.8113.02 · .... do J. A. Green 
10.39 10.92 11.21 n.46 11 .62111.93 do J. A . Green 
12.80 13.21 13.57 1H./:i8 14 .0314.33 do J. A. Green 
11.24 11. ;57 II .90 12.21 12.4112.75 do J. A. Green 
11.9:3 12 .47 12.71 13.00 13.30 13 .i)2 · . . .. do J. A . Green 
12.30 12.88 13.12 13.-17 13.7114.03 · . . . . do J. A. Green 
12.1U 12.83 13 .08 13 .36 13.66 H.OO · .... do J. A. Green 
11.03 12.34 12.52 12.80 13.04 13.41 · ... . do J. A . Green 
7.98 8.40 8.50 8.72 8.88 9.14 · ... . do Dearborn & Sons 
8.43 9 .29 9.40 9.49 9.70 10.06 · . . . . do Dearborn & Sons 
9.69 10 .57 10.7:3 10.93 11.11 11.44 · .... do Dearborn & Sons 

10 .02 10.82 11.0111.27 11..5011.83 · ... . do Dearborn & Sons 
10 .22 10.92 11.12 11.32 11.56 11.84 .... . do Dearborn & Sons 

'" .. . . . . . - .... ..... -, . . . . . . . . I 0.42 Rock Island 
Arsenal. ..... Bevington quarry 

3.34 - .. " 0' , •• . .... .. . .. .. ... . .... Murray ........ St. Louis limestone 

3.27 ... . . ..... • • • • • j •• • •• . . . .. . .... do Steel, a broken piece 
10.82 ..... 

1 

..... :::: :1: :: :: '" .. ... .. do Dunreith, Coal Measures 
10.82 . . ........ . .. .. . .... do Dunreith, Coal Measures 
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County 

Marshall .. 

Scott .... . .. 

-- --- -------------~~-~-~~-~.~- ~-~~===-~-~==. ==-= .. =-=-====~ 

GEOLOGY OF row A QUARRY PRODUCTS. 

Location of 
Quarry K ind of Stone 

Quarry. . ..... 1 Oolite. . ...... . ... . 

Quarry. Oolite . . 

Quarry. 
Quarry. 
Quarry . 
Quarry. 
Quarry ...... . 
Quarry .. . ... . 
Quarry . . ..... . 
Quarry ....... . 
Quarry ...... . 
Quarry .. . ... . 
Quarry ...... . 
Quarry ...... . 
Quarry ..... . . 

LeClaire ...... 
LeClaire ..... . 
LeClaire ..... . 
LeClaire ...... 
LeClaire ...... 
LeClaire ...... 

Oolite ...... . 
Oolite ........ . ... . 
Oolite . ... . ...... . 
Iowa marble ..... . 
Iowa marble . . ... . 
Iowa marble .... . 
Blue limestone .... . 
Limestone ........ . 
Limestone ........ . 
Limestone .. . ..... . 
Limestone ........ . 
Blue limestone .. . . . 
Blue limestone .... . 

Limestone ......... 
Liruestone . .. ..... . 
Limestone ......... 
Limest,one . .. . ..... 
Limestone ......... 
Limestone ......... 

TABLE No. IV-

Number of Hours in Water 

1 1 8 114 I 48 1 72 1144 

0.85 ..... 12 .66 .... . 

1. 56 . . . .. 3.95 .... . 

1.20 ... . . 2.50 .... . 
0 .71 . ... . 2.11 .... . 
1.50 .... . 2.55 .... . 
2 .33 .... . 3.60 .... . 
1.81 .... . 3.31 ... . .. . ... , 
2. 31 1 .... . 

0.45 . ... . 
3.97 
1.86 

0.72 . . .. . ].72 . .. . . 
0 .221···· . 0.06 .... . 
0.22 .... . 
2.03 . . .. . 

0.70 .... . 
1.65 
1.6-1- .... . 
3.17 ...... . .. . 

4.00 .... . 5.41 ......... . 

. .... 
6.33 6.62 6 .93 7.33 7 .52 
fi.-J.J 5.71 .5.92 6.17 6.28 
7.08 7.31 7.62 8.03 8.28 
6.75 7.11 7.37 7.75 7.92 

2.75 

4.05 

2.61 
2 .20 
2.64 
3.87 
3.57 
·L37 
2 .02 
1. 79 
0.77 
1. 79 
1. 79 
3.36 
5.65 

.... . 

..... 

... -, 
7.27 7 .5() 7.87 8.32 8 ... 9 ..... 

STONE FROM COMPETING 

Illinois ..... Joliet ........ . Dolomite .......... 'I' ... . ......... ·1· .... I .. . . ·1· ... . 
Lemont ...... . 

Indiana .... 1 Bedford ..... . 

Limestone ... . ............ .. . . ... .. . ...... . . .... . 

Oolite ....... .. ............. . .............. . 
Bedford ..... . Blue Oolite ........ 3.-J.7 3.ti6 3.79 4.01 +.OH 
Bedford ..... . 
Bedford ..... . 
Bedford ..... . 

Blue Oolite .... . .. ' 1 3.53 ::l.(i8 3.85 ... 07 ' .. . 09 .. 
Buff Oolite . . .. ... 4..57 -J..76 -J..95 5.19 5.23 .. 
Buff Oolite ........ 4.72 4 .90 5.W .).::'5 6.34 .. 

Michigan .. . Lake Superior RedSandstone ..... 5.91 6.2-J. 6.47 6.92 7.06 .. 
Lake Superior Red Sandstone .... . 6.13 6 ... 6 6.68 7.06 7.28 .... . 
Lake Superior Red Sandstone . . . .. -J.. 79 4.9+ 5.26 5.671 5.70 .. .. . 

Minnesota.. Kasota....... Dolomite ......... . 
Winona.. .. .. Dolomite ......... . 
Pipestone. . . . . Quartzite . ... .. ... . 



ABSORPTION TESTS. 

CONTINUED. 

Number I)f Hours in Water 

168 1 264 1336 1 4321 ; 10 1 700 [ K~~~n 

:::: :1·:>: .... . -:::: :::::1::: :: 
:::::1:::: : 

: : : :: ::::: I::::: :: ::: .... . I ••••• 
. •.• . 1 1 .... . 
i: ~~ . 8: 29 . 8: ~3 1 ' 8: 69 . 8: 831 8.98 .... . 
6.40 6. 83 6.93 7 .03 7. 11 7 . "22 . ... . 
8..')-1 8.97 9.15 9.33 9.40 9.53 . .. . . 
8.28

1 

8 .72 8 .8+ 9.02 9.17 9.30 .... . 
8.88 9 .31 9 . -1.5 9 .65 9.77 9.98 ... . 

LOCALlTIE::; OUrSIDE OF IOWA . 

Autbority 

C. E. Dept. 

do 

do 
do 
do 
do 
do 
do 

C. E. Dept . . 
do 
do 
do 
do 
do 
do 

Murray 
C. E. Dept. 

do 
do 
do 
do 

. . . .. .. .. ·1·· · ...... ·1·· · .. ... .. 1.081 Gilmore 

. . . .. ..... ..... ..... ... . . . .. .. 1.121 Gilmore 

'4:i2 '~:~4 '~ :5i ' ~:57 '4:62 '4: 77 '~:~:I ~.ok~iD~Pt. 
4.25 -1.56 +. 1)+ +.75 +.80 ... 95.... . do 
5 .. 51 5.81 5 .88 6.03 6 .07 6.2-1.. . . . do 
5.78 5.9.5 6 .11 6.23 6.28 6.53 ... . . 1 do 

7.55 8 .13 8.30 8 .53 8.66 8.8l" .. do 
7.93 8.39 8.56 8.80 8.86 9 .16 ... .. do 
6 ... 3 6.85 6.99 7.17 7.31 7.(i:~ ..... do 

3 .57 Winchell 
. . , . . 4.76 Wincbell 

Gilmore 

4.76 Gilmore 
6.89 7.08 7.52 7.63 7.79 8.01 ..... C. E. Dept. 

555 

Remarks 

Fine grained, nortbeast 
quarry 

Fine grained, northeast 
quarry 

Soutbeast quarry 
Southea~t quarry 
Southeast quarry 
West quarry 
West quarry 
West quarry 
Nortbeast quarry 
Fossiliferous, N. E. quarry 
Fossiliferous, N . E . quarry 
Fossiliferous, west quarry 
Fossiliferous, west quarry 
Tim b el' creek 
Tim bel' creek 



TABLE No. V. 
FREEZING TESTS. * 

SAMPLES TAKEN FROM THE QUARRIES OF THE LE GRAND QUARRY CO. 
---- --- ----- -- -- --- ~- - --Q) 

.0 U1 Breaking Load Load Per ,D 
b.O~ ::l .. in Lbs. Square Inch .~ >=I <.> 0 Q)Q) 

'0 'w 1:<.> 

Kind of Stone Q)" b.O>:: I b.O>:: . d ~ Remarks ~ q~ .. 0:: Q) >=I 0:: Q) 
,D ... ... .~ p. 

~ c :::::b.O ::l :":::bJJ ..:l b.O 
~;a 

0:: -Q) -Q) gji::l '@ Q) 0::.0 '@ ~,.o '0; .... 
~ I 

O'~ 

~ w ..: '"' w ~ H 

Oolite, fine-grained , northeast quarryl2. 05 2.00x2.08 4.16 55,700 56,400 13,390 13,558 0.0014 Loud report 
do ........................... .. . .. 2.08 2.00x2.08 4.16 26,000 .. ..... 6,250 14,280 0 .0013 Sustained 59,400 Ibs. Very slight 

spall at 26,000 Ibs 
Oolite, fine-grained , southeast quarry 1. 99 1.97x2 .00 3.94 50,000 60,000 12,690 15,230 ..... . Loud report and cube muc h 

shattered 
do ........... . ......... .. ..... ... :2.00 2.00x1. 9~ 1 3. 92 34,000 55,700 8,673 14,210 ...... do 
do ............................... 2.0:2 1.97x1.9r 3.88 50,000 56,500 12,890 14,560 ...... do 

Iowa marble, west quarry .... . . .... 1.96 2. 02x2. 024.08 50,000 56,500 12,255 13,850 0.0007 Broke with a loud report 
do ............................... 1. 92 2.00x2.0014.00 42,6001 52,700 10,65013,175 0.0008 do 
do .... : .......................... 2.00 2.0.J-x2 .02

1
4 .12 38,000 51,700 9,22512,550 0.0009 do 

Blue limestone, northeast quarry ... :2.00 1. 98x1. 973.90 .............. ....... 15,360t ...... 59,400 Ibs. applied without effect 
Fossiliferous limestone, N. E. quarry 2.00 2.00x2.02cl.08 ......... . .... . ...... 14,560t ...... 59,400 Ibs. applied without effect 

do ............................... 11.98 1.97x2.003.9cl 55,600 ... .. .. 14 ,035 1+,900t ...... 59,400 Ibs. sustained 
Fossiliferous limestone, west quarry. 1.98 2.0h2.0~4.12 1 35'900 clg,OOO 8,715 9,710 .... . . Weak report 

do ...... .. .. .. .. .. .. .. .. .. .. .... 1. 97 1. 99x1. 963 .91 30,500 30,000 7,800 8,950 ... . .. Weak report 
Blue lim estone, Timber creek ...... . 2 .00 2.0h2.014.10 28,000 36,300 6,830 8,850 ..... . Slight reportt 

do ...... .. .. .. .. .. .. .. .. .. .. .. ... 1. 96 l. 98xl. 96 3. 88 32,700 3:2 ,700 .. .. ... 8,+30 ______ _ _ _ 
*The cubes were placed in distilled water until completely saturated, after which the specimens were encased in cotton batting saturated 

with distilled water and placed in wooden trays, eight by eight in c hes and two inches deep, provided with wire bottoms. The t r ays after being 
securely packed were placed in the refrigerator and kept at a temperature of from 17° to 19° F . lor forty -eigbt hours. Then they were removed 
from the refrigerator and sObJected to a temperature of 70° F. for twenty-lour hours. This process was repeated six times. The specimen s 
were afterwards s ubjected to refrigeration and thawin§ ten ti mes; but tbe conditions were less cons tant than in the first six. In the latter 
series the minimum temperatures ra nged from 21° to 32 F. 

t The above table shows that the blocks s uffered no appreciable loss in weight or strength during the investigation. It is h ighly probable 
that lower temperatures would have given v ery different results . 

t In spite of the apparent weakness, low specific gravity and ratber high percentage of absorption, the quarry face along natural fiss u res 
shows tbis stone to be one of the most durable quarried in tbe county. 
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FREEZING AND THAWING TESTS. 557 

rfABLE No. VI. 

FREEZING AND THAWING TESTS. 

-::; "" Number of OQ) .a '0..., ... E OIl Freezings 
Q) . - '03 .25 ..<: 

.a<.l :: 00 OIl Remarks 
S~ ~ .~ 

I 
>. ..., ~ 10 20 ::: 00 .... ~ .-

Z ~ rn 

1 39.80 42.54. 42.45 42.39 Wilkes Williams quarry 
2 39.09 41. 9.5 41.84 4.1.81 Wilkes Williams quarry 
3 42.47 45 .90 45.76 45.79 Wilkes Williams quarry 
4 44.12 47.30 47.15 47.13 Wilkes Williams quarry 
5 45.06 48.28 48.02 47 .96 Wilkes Williams quarry 
6 31.53 36.20 35.69 35.74 J. A. Green quarry 
7 34.35 38.82 38.24 38.23 J. A. Green quarry 
8 31.76 35.55 35.05 35.11 J. A. Green quarry 
9 32.49 37.15 36.74 36.71 J. A. Green quarry 

10 34.35 38.(;0 38.20 38 .05 J. A. Green quarry 
11 33.85 38.43 37.83 

I 
37.71 J. A. Green quarry 

12 34.14 38.93 38.33 38.26 J. A. Green quarry 
13 33.51 38.20 37.48 37.70 J. A. Green quarry 
14 32.81 37.21 36.63 36.82 J. A. Green quarry 
15 41.98 45.82 45.39 45 .37 Dearborn & Sons quarry 
]6 39.59 43 .57 42.85 42.87 Dearborn & Sons quarry 
17 35.11 39.13 38.+4 38.57 Dearborn & Sons quarry 
18 35.77 40.00 39 .37 39.33 Dearborn & Sons quarry 
19 34.45 38.53 37.90 37.74 Dearborn & Sons quarry 
20 3.5 .23 38.39 38.27 38.38 LeClaire Stone Company 
21 39.22 42.05 42.04 4.2.18 L eClaire Stone Company 
22 39.24 42.98 42.67 43 .H LeClaire Stone Company 
23 39.26 42.91 42.75 42.58 LeClaire Stone Company 
2-! 35.34. 38.87 38 .82 38.53 LeClaire Stone Company 
25 -Hi.l3 48 .33 48 .05 48.03 Stone obtained from Fred Andrews 
26 45.64 4.7.90 4.7 .51 47.56 Stone obtained from Fred Andrews 
27 46.4.5 +9.3.5 +9.02 +9.03 Stone obtained from Fred Andrews 
28 30.61 33.33 33 .00 33.05 Stone obtained from Fred Andrews ' 
29 36.70 40.06 39.60 39 .74 Stone obtained from Fred Andrews 
30 40.90 43.97 43 .32 43.4.0 Stone obtained from Fred Andrews 
31 43.02 45.40 45.15 4i.37 Stone obtained from Fred Andrews 
32 36.69 39.63 39.01 39.38 Stone obtained from Fred Andrews 

-





DIRECTORY OF IOWA 

Limestone and Sandstone 

QUARRIES 



DIREOTORY OF IOWA LIMESTONE QUARRIES BY OOUNTIES. 
ALLAlIIAKEE COUNTY. 

Firm Name 

Jolm M. Hartong ... . 
D. Keffeler ......... . 
William P. Truax . . . 
William B. Miller ... . 
Reppe Bros ...... . .. . 

ILocation of Quarryl 
Geological 
Horizon 

Church . .... . ... . 1 Oneota .. . ...... . 
Church .... . . . . . . Oneota.... . .... . 
Harpers Ferry. . .. Oneota ......... . 
Lansing. . . . . . . . .. Oneota . ..... ... . 
Lansing .... . . ... ' 1 Oneota ... . .. . . . . 

Kind of Stone 1 Quarry Equipment 1 

Dolomite .. ... .. .. . . 1 Hand work ..... . 
Dolomite. . .. ... .. .. I-land work . . . . . .... . 
Dolomite ....... .. .. 1 Hand work ... . . . 
Dolomite. . . .. ...... Hand work ..... . 
DolomIte. . .. . ... . .. Hand work . .. . . . 

Products 

Building and rubble 
Building and rubble 
Building and rubble 
Rubble 
Building and flagging 

ApPANOOSE COUNTY. 

William B. Swan .... 1 Plano ... . ... ... ·· 1 Des Moines ..... ·1· .... .. ...... ..... . ·· 1 Hand work . .. ... . . ·· 1 Building and curbing 

BENTOX COUlny. 

Eek Lahne .......... Garrison ......... Cedar Valley ... . 

J . W. Thom pkin ..... Garrison ... . .. . .. Cedar Valley 

Mrs.Margaret Wenn el' Garrison .. . ... . .. Cedar Valley 

M. G. Combes ....... Sh ellsburg ... . ... Cedar Va lley 
J ames Rife . .... .... Shellsburg . ...... Cedar Valley 
John Trinder .. ...... Vinton ...... ..... Wapsipinicon ... . 
Herman W. Kearns .. Vinton ........... Wapsipinicon ... . 

l\Irs. R. H. Quinn .... 1 Vint.on ..... . ..... 1 Wapsipinicon .. . . 

Ephraim Rosenburg .. 1 Vinton ..... '" ... 1 Wapsipinicon .. .. 

H ard, fine-grained, 
white limestone ... 

Hard , fine-grained, 
white limestone ... 

Hard, fine-grained. 
white limestone .. . 

Gray limeston e. . . . . 

Yellow, fine-grained, 
hard, magnesian 
limestone ...... .. . 

Gray, buff, brecciat· 
ed limestone ..... . 

Gray, buff, brecciat-
ed iimeEtone . . . .. . 

Hand work .......... I Rubble 

Hand work ....... "'1 Rqbble 

Hand work .. .... .... Rubble 

Hand work .... ..... . 
Hand work ... .. .. .. . 
Hand work .... .. . .. . 
Hand work .... _ ... . 

Building and rubble 
Building and rubble 
Building and rubble 
Building tll1d rubble 

Building and rubble 

Building and riprap 
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BLA CK J-LI\\,K COUNTY. 

g Owen Drumm ... . . .. Cedar Falls ...... 1 Cedar Valley . ... 1 Varying from pure 
to highly magne
sian lilllestone .. '.' 

If and work .......... '-1 13uilding and riprap 

Houghtaling & Gillan Cedar Falls ...... 1 Cedar Valley .... 1 Varying from pure 1 Handwork ..... . Rubbl e 
to highly magne
sian limestone .... 

J ens Nielsen .. .... .. 1 Cedar Falls .... .. 1 Cedar Valley . . . . Varying from pure Hand work ........ ' .1 Building, dressed flag-
to . hi ghly magne- ging 

E. M. Cuddebeck .... 1 Cedar Falls ...... Cedar Yalley . . 
sian limestone .... 

Varying from pure Hand work 
to highly magne-

I sian limestone .... 
E. J. Buchan ........ 1 Laporte . .... . . ·· · 1 Cedar valley . .. . 

1 

Varyin g from pure 1 Hand work ..... . 
to highly magne

t sian limestone .... 
James F. Camp . . .... 1 Laporte .......... 1 Cedar Yalley .. . . Varying from pure 1 Hand work ..... . 

Building, rubble and 
crnshed stone 

l\'Iac,ldam and rubble 

I 

to hi ghly magne
sian limestone .... 

C. R. Harmon ....... 1 Laporte ... . ..... . 1 Cedar Yalley .... Varymg from pure [' Handwork . .... ..... 1 Building and rubble 
to highly magne· 

I sian liplestone .... I 
A. K. Longaker·.·.· 1 Laporte . , .', .. " 'I Cedar Valley" . ' Varying from pure I Hand work ., .. , ... ,. Building 

to highly magne-
sian limestone .... 

John Mersch ... ,.,' ,I Laporte, .. '" .' . . Cedar Valley,." Varying from pure Hand I\'ork ... ' '.",. Building and rubble 
to highly magne· 

, . 1 sia~ limestone ... , 
John M. Tnp"" . . .. 1 Laporte , . . '" .". 1 Cedar Valley"" Varymg from pure 

to highly magne 
sian limestone, ... 

Hand work, , '. , ... , 'I Building and rubble 

Bartlett & McFarlanei Waterloo., .. , ... . 1 Cedar Valley .... Varying from pure 1 Hand work .... " , .. . Building and rubble 
to highly magne-
sian limestone .... 
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Firm Name 

DIRECTORY OF IOWA LIMESTONE QUARRIES BY COUNTIES-CONTINUED . 

ILocation of Quarryl 
Geological 

H ori7.0n Kind of Stone 

BRDIER COUNTY. 

I Quarry Equipment I Products 

Cedar River Stone co· 1 WayerJy .... ······ 1 Cedar valley ·· ··1 Magnesian limestone I Crus.her plant, steam I Rubble 
drIlls . . .. ... ... ... . stune 

and crushed 

BUC HASAN COUNTY . 

A. B. Kiefer ... . ... . . 1 Coy town ....... , . 1 H op kinton ... . ... 1 Gray and blue , fine- Hand work .... . ... .. 1 Building, rubble , flag-
grained, non-dol
omitizedlimestone 

ging, curbing, etc. 

CEDAR COUNTY. 

Cedar Valley ~tone 
B 'ld' {roUgh, Co . . . . ... ... ..... . Cedar Valley . .... Anamosa .... .. . . Eyenly bedded, ve- Channelers, stea m UI mg.. dressed, 

sicular dolomite . . . drills,crush er plant, bridge, rubble, rip-dressing plant ...... rap, crushed stone, 
etc. 

CERRO GORDO COUNTY . 

The ~arb~r Asphalt I Mason City .. ... . '1 Cedar ' .Talley ... . 
Pavmg Co ........ . 

H. Kuppinger & Bros. Mason City .. ..... Cedar Valley ... . 

White limestone and I Crusher plant ..... "'1 Crushed stone 
sugary dolomite ... 

White limestone and Hand work. . . . .. .... Building and rubble 
sugary dolomite ... 
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Mason City Lime & Mason City . .... . Cedar Valley ... . 
Cement Co ....... . 

Mason City Quarry Mason City . ... .. . Cedar Valley ... . 
Co . ....... ...... . . 

Northwestern States Mason City ..... .. Cedar Valley .. . . 
Portland C em e n t 
Co ............... . 

White limestone andl 
sugary dolomite .. 

White Emestone and 
sugary dolomite ... 

White lirl1 estone and 
sugary dolomite ... 

C. K . Quinby .... . . . . Mason City .. ·····1 Cedar valley ... . 1 White limestone and 
1 sugary dolomite ... 

CHICKASAW COUNTY . 

One kiln . . . . . .. . ..... 1 Lime 

Hand work ....... .. . 

Crusher plant, com
plete Portland ce
ment plant with up
to-date equipment; 
in process of build-
in g . ....... ... ..... . 

Hand work ... ...... . 

Building, rubble, rip
rap , flagging 

Rubble and crushed 
stone at present 

Building, rubble , flag
ging 

L. L. Layton .... ···· 1 Nashua . ...... .. ·1 Cedar valley·· ·· 1 Thin .bedded, mag- I Hand work . .. . 
neSlan limestone .. 

. .. . . . 1 Rubble , macadam 

CLARKE COUNTY. 

Wm. & M. H. Busick l Osceola . . . .. . . . .. !\liesouri .... ..... White limestone .... 1 Hand work . . . . 

.' J. N. DeLong .. .. .. .. 1 Osceola ......... . 1 Missouri . ........ White limestone .... 1 H and work . .. . 

...... 1 Building, flagging, 
curbing 

Building, flagging, 
curbing and ma
cadam 

O. O. Fenn ...... .. .. I Osceola ......... ·1 Missouri. .. .. . . .. White limestone .. " 1 Hand work ... .... .. . 
J. O. Girtboffer . . . . .. Osceola... . ...... Missouri . .. . .. ... White limestone .... H and work 
S. A. Johnson .... . .. Osceola .......... Missouri ......... White limestone .... Hand work ... ...... . 

Building and rubble 

Building, flagging, 
rubble 

Wm. H . Petrie .. . ... / Osceola ... . .. .... Missouri... ...... White limestone ... . 
W. M. Short ......... Osceola .. ... ..... Missouri .... .... . 

1 

White limestone 
Hand work.... Building, rubble 
Hanel work ... ....... 1 Building, flagging 
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DIRECTORY OF IOWA LIMESTONE QUARRIES BY COUNTIES-CONTINUED. 

Firm Name /Location of Quarryl 
Geo logical 
Horizon Kind of Stone 

CLAYTON COUNTY. 

Quarry EqUiPment " I 

Charles Lee ... . ...... , Elkader ....... . .. , Platteville· ....... 1 Thin bedded lime- Hand work ......... . 
stone ............ . 

James G. Cassidy. . .. Elkader.......... Platteville ............................ 1 Hand work ...... ... . 

Curtis H . IYilliam son Elkader .. ........ 1 ..........•..•.... •• ...••••••...•.•.... Hand work 
E . W. & H. D. Kregel Garnavillo ....... 1 Galena ............... ........ .... : .... 1 Hand .work ......... . 

George Kohler .. . .. .. Guttenberg ...... PlattevIlle ....... Gray, fine-gramed l One kIln ...... . 
limestone, some 
magnesian ... .... . 

Gray, fine-grained l One kiln ..... Franz Stoeftier, Sr ... 1 Guttenberg Platteville. 
I Iimestol!e, some 
, magnesIan ....... . 

Platteville. ...... Gray, fine-grained l One kiln .... . Joseph Vogt ......... 1 Guttenberg 
limestone, some 

Products 

Rubble, lime 

Building, lime, 
ging, curbing, 
crushed stone 

ftag-

Rubble, flagging, pav
ing 

Lime 

Building, lime 

Lime, rubble 

magnesian . . . .... . 
Frank T. Boyle ..... ' 1 McGregor . ... . ,. ' 1' Platteville. ··· ··· 1 Blue, fine-grained Hand work ....... ... 1 Building, curbing, 

limestone ........ . 
John Shadle ......... Volga ............ Galena .... .... .... ........ . ... .. .. ... 1 Hand work ... . 

paving 
Building, paving 

CLINTON COUNTY. 

Nelis Kaarde ........ , Lyons 
Geo. H. & Herbert 

Mowry. . . . . . . . . . .. Big Rock ......... 1 Hopkinton ....... 1 Brown to bluish 1 Hand work 
gray magnesian 
limestone ........ . 
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August Kuehl ... .... 1 Big Rock ..... ... . 

Claus F. Lorenzen .. . , BIg Rock .. ..... . . 

Hopkinton ...... . 

Hopkinton . ..... . 

Mrs. Louise Moeller .. 1 Big Rock ......... 1 Hopkinton . ..... . 

S. B. Walker ... ... . . 1 Calamus ......... 1 Hopkinton ...... . 

Thomas Carey & Son.1 Clinton ........... 1 Hopkinton . ..... . 

Thomas Purcell ...... 1 Clinton ....... ~ ... I H opkinton .... .. . 

Albert A. Barber .... 1 Grand Mound .. .. 1 H opkinton . ..... . 

John H. Frederick .. . 1 Grand Mound ... . 1 Hopkinton ...... . 

Anton H. Green . .... 1 Grand Mound .... 1 Hopkinton .... . . . 

J. O. Miller ..... . . . .. 1 Grand Mound ... . 1 Hopkinton .. . ... . 

Brown to bluish 1 Hand work ........ .. 1 Rubble, rip rap 
gray magnesian 
limestone .... . ... . 

Brown to bluish I-land work ... . ... ... Building, macadam, 
gray magnesian rip rap 
limestone ..... ... . 

Brown to bluish Hanel work. . . . . . Rubble 
gray magnesian 
limestone .. . ..... . 

Brown to bluish 1 Hand work 
gray magnesian 
limestone . ....... . 

Brown to bluish Portable jaw crusher .. Building, rubble, 
gray magnesian crushed stone 
lim estone . . .... .. . 

Brown to bluish Hanel work . .. . . ..... Rubble 
gray magnesian 
limestone . ....... . 

Brown to bluish 1 Hand work . . ... . . . .. 1 Rubble 
gray magnt'sian 
limestone .. .. .... . 

Brown to bluish 1 Hand work 
gray magnesian 
limesto ne ........ . 

Brown to blnish I H and work ....... . . . ' Building, rubble 
gray magnesian 
limestone . ... .... . 

Brown to bluish 1 H anel work 
gray magnesian 
limestone ... . . 

DAVIS COUNTY . 

Jeff Carter ... .. .. .... \ Eldon ... ' ... . .... ·1 St. Louis ... . .... J ... .... . ...... . ..... ·t. Hand work 
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Firm Name 

DIRECTORY OF IOWA LIMESTONE QUARRIES BY COUNTIES-CONTINUED. 

jLocation of Quarry! 
Geological 
Horizon Kind of Stone 

DECATUR COUNTY. 

! Quarry Equipment ! 

Davis Cit y S ton e 
Crusher Co ........ Davis City ........ Missouri. ........ White limestone ... . Crusher plant ....... . 

J. W. Valentine .. .... Davis City .. ... ... Missouri ......... White limestone .... Hand work ......... . 
W. E. Lee . ......... . Davis City . ....... Missouri ... ... ... White limestone ... . Hand work ......... . 

John Lovell ... .... .. Davis City ........ Missouri. ........ White limestone .... Hand work ..... . ... . 
J. W. West .......... DeKalb . .. .... ... Missouri. ........ White limestone .... Hand work ....... .. . 
W. H. Campbell. .... Grand River . ..... Missouri ......... White limestone .... Hand work 

DELAWARE COUNTY. 

Fred A. Bort .. ...... Hopkinton ....... Hopkinton . . .. ... Even bedded, fine- Hand work .......... 
grained dolomite .. 

E. M. Loop .. ........ Hopkinton ....... Hopkinton . ...... Gray to buff dol- Hand 1V0rk .......... 
omite . . .......... 

M. L . McGlade ...... Hopkinton .. . . ... Hopkinton ...... . Gray to buff dol- H and work. . . . .. . ... 
omite . ..... . . ... . 

J ames Milroy .... .... Hopkinton ....... Hopkinton ... .. .. Gray to buff dol- Hand work ........... 
omite . . .......... 

F . E. Williamson .... Hopkinton ....... Hopkinton ....... Gray to buff dol- Hand work .......... 
omite ... . .. . .... .. 

Products 

Building, rubble, 
crushed stone 

Rubble 
Building, rubble , 

crushed stone 
Building, curbing 
Building, rip rap 

Building, rubble 

Building, lime, rip rap 

Building, flagging, 
curbing, crushed 
stone, etc. 

Rubble 

Rubble 
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DES MOINES COUNTY. 

Burlington City Burlington . . .. . .. Osage .... .. .... . 
(-iuarry ......... . . . 

E. G. Kemper ....... Burlington ....... Osage .. . ....... . 

Geo . Koeslner . . . .... Burlington .. ..... Osage .......... . 

Albert Mirchner. ..... Burlington ....... Osage ....... . .. . 

John J. Loftus . ...... Burlingt,on." .... Osage . .. . . ..... . 

Henry Magie .. , ..... Burlington"" .. , Osage ..... "., .. 

Matthias Mill er , . . ... Burlington....... Osage .... ' ... , . . 

Horace Patterson ... " Burlington ... , . . . Osage, .. . , .. ... . 

Perry W. Whitaker" Burlington ....... Osage .... . 

C. F . Nagel." ..... "I Picnic POi.nt, , ... ' 1 Osage . . .. , ...... 

P. R. Hartzell ,., .. ,' West Burhngton . . Osage .... , .. 

White, buff, yellow 
limestone . ..... . . 

White, buff, yellow 
limestone ........ . 

White, buff, yello\\' 
lin.estone . ..... , . 

White, buff, yellow 
limestone ... , ... , 

Wbite, buff, yellow 
limestone . . , ..... 

White, buff, ye llow 
limestone . . , .. ,. , . 

White, buff, yellow 
limestone ........ . 

White, buff, yellow 
limestone", ..... . 

White, bull, yellow 
limestone" ..... . 

White, buff, yellow 
limestone .. , ..... 

White, buff, yellow 
limestone . ... , ... 

DUBUQUE COUNTY. 

H. L. Dehner .. , , .... cascade, ......... 1 Hopkinton .... ... 1 Even~y bedded dol-
omlte ....... . ... ' 

M. E. Parker ... , .... Cascade."" ..... Hopkinton .... . .. Evenly bedded dol-
omite . , , .... " ... 

John Becker ......... Dubuque.". ", .. Galena .......... Granular, hard dol-
omite . .. ........ . . 

Byrne & Saul., . .... Dubuque .... , .... Galena .......... Granular, hard dol-
omite ........ , ... . 

Hand work ....... .. . , Building, rubble, 
crushed stone 

Crusher p lant ... ,., .. Rubble, crushed stone 

Hand work 

Hand work, , . , .. Riprap 

Hand work ... , ..... , Building, rubble, rip
rap 

Hand work .. .. ..... , Building, rubble 

Hand work .......... Building, rubble 

Hand work ..... . 

Hand work .. , . .. 

Hand work 

Building, rubble 

Dimension, rubble, 
flagging, curbing 
and crushed stone 

Hand work .......... 1 Building, rubble, rip-
rap 

Hand work .......... Bui lding, rubble, 
crushed stone 

Hand work .... . " ... Rubble, crushed stone 

Hand work. ,.: ...... Rubble 

Hand work .... . , .... 1 Building, rubble, 
crushed stone, rip
rap 
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· DIRECTORY OF JOWA LIMESTONE QUARRIES BY COUKTIES-CoNTI~UED. 

Firm Kame I Location of Quarry l 

Thomas Byrne ....... Dubuque ......... 

T. J . Donahue ....... Dubuque .... .. ... 

Eagle Point Lime Dubuque ......... 
IVorks ... . .. ....... 

Peter Eisbech . ....... Dubuque . ........ 

Gerbard Mersch ..... Dubuque . ........ 

Anthony Siege ... . ... Dubuque ......... 

J ames Street .. .. ..... Dubuque ........ , 

Chas. Brodfield ...... Epll'o rth . ......... 
Fred E. f3efzi k, ...... Epworth . ......... 
B. N. Arquitt & Sons Farley ... . . .. ..... 

Geological 
H orizon Kind of Stone Products I Quarry Equipment I 

- ---'---
DUBUQUE COUN'l'¥-CON'l'IXUED. 

Galena .......... Granular, hard dol· Hand work 
omite ........... 

Galena .......... Granular , hard dol· Hand work Building, rubble 
omite ............. 

Galena .. ...... .. Granular, hard dol· 
omite ..... . . . . ... 

Galena . ......... Granular, bard dol· 

Clki~~~~' .. ~:a.~~, . . ~i~~. 1 Li~e,. crushed stone 
Hand work .......... BUlldIl1g, rubble 

omite . . . ... ..... 
Galena .... . ..... Granu lar , hard dol-

omite ........... 
Galena .......... Granular, hard dol-

omite . ........... 
Galena .......... Granular, hard dol-

Hand lI'ork .......... 1 Rubble, curbing, pav-
ina 

Hand work .......... Building, rubble, curb-
I i~lg,. cr)lsbed stone 

Hand work ... ,.. .. .. BuIldmg, rubble 
omite , . .... .. .... 

Hopkinton .... . .. Dolomite ..... ...... . 
Hopkinton ....... Dolomite .. , .... . .... 
Hopkinton., ..... DololJlite ............ 

H and work .... ...... 1 Building, rubble 
H and work. . .. .. ... . Building, rubble 
Hand work .... . ..... Dimension, rubble, 

crushed stone 
Tibey B1'os .. ......... 1 Julian ..... . ... . ·· 1 Galena ...... ···· 1 Dolomite ..... .. ... ··1 Hand \\'ork 
Frank Heitzman ..... Sherrill. . . .. ... ... Galena .......... Dolomite ............ Lime kiln .. . .. ... .... 1 Lime 

FA YETTE COUNTY. 

J. 1\1. Hicks ......... 1 Arlington ....... . H opkiLlton ...... . Coarse, yelloll' dol-
omite ........... . 

II and work. . .. ...... BLlilding, rubble 

Lew Rittenhouse ..... , A rii.ngton .... ... . 

Bartlett & Bartlett ... Brainard ........ . 

Hopkinton .. . .. . Coarse, ye llow dol-
omite . . ......... . 

Coarse, yellow dol-
omite ........... . 

Hopkinton ...... . 

I-land II'ork 

Hand work 
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J. L. Ishman ........ Douglass . ........ HoPkinton .. ... . . j Coar~e, yellow doJ- Kiln .................. Lime 
omlte .. .... ..... . 

R. W. Helmes ...... . Brainard ... .. .... Hopkinton ....... Coarse, yell 0 '" dol- Hand work .... .. ... . Building, rubble 
omite .. ......... . 

Christian Lortscher .. Elgin ............ Hopkinton ....... Coarse, yellow dol- Hand \I"ork.... Building, rubble, rip-
l om ite...... .... .... rap 

T. J. Miller .. .. ... ... Elgin ...... . ..... 1 Hopkinton . . . .. . . Coal:se, yellow dol- I.-rand work 

I 

omlte ....... ······1 
J. J. Coonrod .. ..... . Oelwein .......... Hopkinton ....... Coarse, yellow dol- Hand work 

omite ............ , 
Wilk es Williams ..... Post\·ill e ......... 1 Hopkinton .... ... l\lassi\"e dolomite .. . Ste~m drills and der- I Dimension stone, rub-

rIcks . .... . . . . . . . . . . ble 

Dorland & Weed ..... 1 West Union ..... . 1 Devonian ........ 1 Yellow, earthy mag- nand work ....... . .. 1 Rubble 
nesian limestone .. 

FLOYD COUNTY . 

I 
Bunn Bros ........... 1 Charles City . . .... 1 Cedar Yall ey White lim estone and 1 Hand work ... . Building, rubble 

dolomitic lim e -
stone .... .. . ..... . 

Ed. Gayther, .Ir .... .. 1 Charles City .... ·· 1 Cedar Valley ... ·1 White limestone and 1 Hand work ..... ..... 1 Rubble 
dolomitic lim e -
stone ............ . 

Geo. W. Kuhnle . .... 1 Charles City ...... 1 Cedar Yalley White lim estone and Hand work .......... 1 Rubble 
dolomitic lim e - t 

stone ... .... ..... . 
Chas. H. Morrison ... 1 Charles City ..... . 1 Cedar Valley .... 1 \Vhite lim estone and I-land work ..... . Rubble, building 

dolomitic lim e -
stone ............ '1 

S. H. ,"Vaddel!. ...... 1 Charles City ...... 1 Cedar Valley .... 1 White limestone and Hand work ... . 
dolomitic I i III e-

Building, rubble 

stone .... . ... . ... . 
N. Rosenkrans ...... 1 Marble Rock ..... 1 Cedar Valley .. . . 1 Whit e limestone, Hand work ... . 

very even ly bed-
Building, rubble 

ded below ... ... . . 
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DIRECTORY OF IOWA LIMESTONE QVARRIES BY COUNTIES-CONTINUED. 

Firm Name ILocation of Quarryl 
Geological 

Horizon Kind of Stone 

FLOYD COUNTy-CONTINUED 

Haynes Bros .. .... .. . 1 Marble Rock . .... 1 Cedar Valley . .. . 

Chas. D. Smith .. . ... 1 Marble Rock .. ... 1 Cedar Valley ... . 

McElroy & Hodge ... . 1 Rockford ..... .. .. 1 Cedar Valley ... . 

Whit e lim esto ne, 
very evenly bed-
ded below ..... .. . 

W hit e lim estone, 
very evenly bed-
ded below ....... . 

W hit e limestone, 
very evenly bed-
ded b elow ........ 1 

GRUNDY COUNTY. 

1 Quarry Equipment 1 Products 

Hand work .. ........ 1 Building, rubble, flag-
ging 

Hand work ... .. . Building, rubbl..: 

Hand work .. . . Building, rubble 

W . A. Conrad ..... .... 1 Conrad ... .... ... ·1 R inderhook ... ···1 Oolite ..... . . ······ ·1 Hand work ··········1 Rubble 

HAMTLTON COUNTY. 

C. A. Swanson ..... . 1 Webster City .... ·1 St. Louis ... . ··· ·1 Eartby limestone · · ·· 1 Hand \\"ork ...... ··· · 1 Rubble 

HARDIN COUNTY. 

N. J. Wbeeler .... . .. [ Alden ............ 1 Kinderhook . . .. .. [ iV hit e limestone, [ Hand work ... ....... 1 Building, flagging 
compact . ...... .. . 
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W. A. Baldcn ..... . . '1 Alden ........... . Kinderhook .. .. .. W hit e limestone, Building, flagging 
Barber Asphalt Pav- compact ....... . . 

ing Co. . . . . . . . . . . .. Iowa Falls ....... . Kinderhook ...... Hard, white lime- Crusher plant ........ 1 Crushed stone 
stone and sugary 
dolomite ......... . 

W. H. Baskerville ... 1 Iowa :Falls ........ 1 Kinderhook.. . . .. Hard, white lime- Hand work ......... . 1 Rubble 
stone and sugary 
dolomite .. ....... . 

V. A. Biggs ..... . .... 1 Iowa Falls ........ 1 Kinderhook ...... 1 Hard, white lime- Hand work ........... 1 Building, rubble 
stone and sugary 
dolomite .. . ..... . . 

Ellsworth Stone Co .. 1 Iowa Falls ........ 1 Kinderhook ...... 1 Hard , white lime- Crusher plant ........ 1 Dimension, rubble, 
stone and sugary crushed stone 
dolomite ........ . 

W. E. Taylor ........ 1 JowaFalls ...... .. 1 Kinderhook ...... 1 Hard , white lime- Hand work .. . ... . ... 1 Rubble 
~tone and sugary 
dolomite ......... . 

HENRY COUNTY. 

Beckwith S ton e & 1 Mt. Pleasant ... .. . 1 St. Louis ....... . 
Lime Co .......... . 

R. Brown & Co . ..... 1 Mt. Pleasant . ... .. 1 St. Louis ....... . 

Daniel Cro~in ....... , i\It. Pleasant ..... . 

James Purdle. . . . . . .. Mt. Pleasant ..... . 

St. Louis ....... . 

St. Louis ....... . 

Ed. M. Masden ...... 1 Salem ............ 1 St. Louis .... .. . . 

Hard, compact lime- , Portable jaw crusher .. 1 Rubble, crushed stone 
stone to magnesian' 
limestone ........ . 

Hard, compact lime- 1 Hand work 
stone to magne-
sian limpstone .... 

Hard , compact lime- 1 Hand work ... ....... ! Rubble 
stone to magne-
sian limestone .... 

Hard , compact lime 1 Hand 1Y0rk . ... ... ... 1 Rubble 
stone to magne-
sian limestone .. . . 

Hard, compact lime· 1 Hand work .......... 1 Rubble 
stone to magne-
sian limestone .... 
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DIRECTORY OF IOWA LIMESTONE QUARRIES BY COUNTIES-CONTINUED. 

Firm Nam e ILocation of Quarr.vi 
Geological 

Horizon Kind of Stone 

HOWARD COUNTY. 

Cresco City Quarry .. 1 Cresco .. .... ..... Wapsipinicon ... . 

John Hallman ....... Cresco ....... .... Wapsipinicon ... . 

John Croft .. .. ....... 1 Elma ............. Cedar Valley .. . . . 
E. E. Evans ........ . Elma ..... ... .... Cedar Yalley . . .. . 

Magnesian, argilla
ceous limestone ... 

Magnesian, argilla-
ceous limestone .. . 

Coarse dolomite ... . 
Coarse dolomite ... . 

Wm. H. Patterson .. . Vernon Sp rin gs ... 1 Cedar Valley .. ... 1 Soft dolomitic li me
stone above, blue 
limestone below ... 

HUMBOLDT COUNTY. 

i Quarry Equipment I Products 

Hand work ........... 1 Macadam 

Hand work .......... 1 Building, rubble 

Hand work .... .... .. 1 Rubble 
Hand work. . .. . .. . .. Building, 'crushed 

stone 
I-Jand \\'ork .. .. ...... Rubble, macadam 

M. L. Peckham & son [ IIumboldt . ... . ... Kinderhook ...... [ Wh.~t~ limestone and I Hand work ......... ·1 Rubble, macadam 
, 1 oohte ........... . , 

JA CKSON COUNTY. 

Fred W. Ernest, Sr,. Bellevue ... , .... . 

C. G. Hyler ....... .. Bellevue ....... .. 

John Keil .. . , .. . ... . Bellevue ........ . 

Building, rubble 

• 
Nfaquoketa ...... . 1 Y~l~~~v~.i.~,l~~~·e, ~i.m~~ 
l\laquoketa and I Impure limestone, 

H opkinton. . . . . yellow dolomite ... 
l\Iaquoketa ....... Yellow , impure lime-

Hand \\'ork .... 

Hand work .... Lim e 

Hand work .. . .. ... .. 1 Building, macadam 
stone. , .......... . 

Frank Sommers .. .. . 1 Bellevue . ....... '1 Maquoketa ...... ·1· ............... ... " 1 H and work 
Levi Beavers ... ..... Maquoketa., .. . .. Hopkinton. , .. ... Massive dolomite .... Hand work 
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drills. . . . .. . ...... . 
Alfred Hurst & Co .. ' 1 Maquoketa ..... . ' j Hopkinton . . ..... Massive dOlomite . ... j Lime kilns, steam j Lime, macadam 

O. W. Joiner & Son .. ::\Iaquoketa ....... Hopkinton· ...... 1 i\Iassil'e dolomite .... Lime kilns ........ .. . Building, lime, ma-
cadam 

Wm. Martin . .... . . .. Maquoketa.. ..... U opk inton. . .. .. Massive dolomite.. .. Hand work 
W. D. Palmer ........ i\laquoketa . ...... Hopkinton ... .... Massil"e dolomite .... Hand work 
James Hoe .. ......... Maquoketa ... . ... H opk int on ....... Massil'e dolomite 
L. B. Stuart & Co .... Monmouth ....... Ilopkinton ... .... Massive dolomite . ... Kilns ...... ...... .... 1 Lime 

JOH NSON COUNTY. 

Ed. L. Crowley ...... ' Iowa 
E. P. I-I utehinso n .... / Iowa 

City ...... "II Cedar \' alley .... '1' ................... . 
City . . .. .. .. Cedar Valley . . . .. Blue and gray lime-

stone ............ . 

Hand work .......... 1 Bu.ilding and rubble 
Hand work . . .. .. .. . BUlldll1g, macadam 

JONES COUNTY. 

James Lawrence ..... Anam osa . ...... . . Anamosa ....... . Evenly bedded, ve
sicular dolomite . .. 

Hand work .......... 1 Building, rubble 

Penitentiary Quarry .. 1 An aillosa . ........ 1 Anamosa ....... . Evenly bedded, ve
sicular dolom ite ... 

Steam drills and der· 

O. J. Austin ......... 1 Hale ........... .. 

Jno. Christopherson. I Hale . .. ......... . 

Geo. Osborne ........ Hale ........... .. 

C. O. Woodard ...... 1 Hale ....... . ... .. 

August Hart,,·ig . .... 1 Olin ..... .. ... ... . 

ricks ........ ..... . . 

Anamosa .... .... 1 Evenly bedded, ve- Handwork ......... . 
sieular dolomite ... 

Anamosa ..... .. ' 1 Evenly bedded, ve- Hand work .......... . 
sieular dolomite ... 

Anamosa... . .. . . Evenly bedded, ye- Hand I\'ork ... , 
sieular dOlomite" ' 1 

Anamosa . ....... [ Evenly bedded, ve- Hand work ... . 
sicular dolomite .. . 

An amosa ........ Evenly bedded, Ye- Hand work 
sieular dolomite ... 

D · . {rOugh, 
Im enSlOn dressed, 
flagging, rubb le, 
curbing, riprap 

Building rubble 

Building, rubble 

Building, rubble 

Rubble, flagging 
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DIRECTORY OF IOWA LIMESTONE QUARRIES BY COUNTIES-CONTINUED. 

Firm Name ILocation of Quarry! 

Lewis Story .... . .... Olin ..... ... .. .... 

H. Dearborn & Sons. Stone City ....... 

F. Erickson & Co .... Stone City . ... ... . 

J . A. Green & Sons .. Stone City ........ 

John Ronen ...... ... Stone City . ....... 

Geological 
Horizon Kind of Stone 

JONES COUNTy-CONTINUED 

Anamosa ........ Evenly bedded, ve-
sicular dolomite . .. 

Anamosa ...... . . Evenly bedded, ve-
sicular dolomite ... 

Anamosa . .. . .... Evenly bedded, ve-
sicular dolomite ... 

Anamosa . ....... Evenly bedded, \"e-
sicular dol omite ... 

Anam osa ........ Evenly bedded , ve-
sicular dolomite .. . 

KEOKUK COUNTY. 

! Quarry Equipment ! 

Hand \I'ork 

Steam c hann e ler , 
drill s, derricks and 
crusher plant ... . ... 

Steam channeler, 
drills, derricks and 
crusher plant .. ..... 

Steam ch anne ler, 
drills , derricks and 
crusher plant ....... 

Steam c hann e ler, 
drills, derricks and 
crusher plant ....... 

John Bitner· ···· ·· ···1 D. elta············· 1 St. Louis ........ 1 Compact earthy lime- ! Hand work 
sto ne . ... .. . . . ... . 

Phelps & Boland . .... Delta . .... . ....... St. Louis ........ Compact earthy lime- Hand work 
stone ............ . 

Products 

Dimension {rOugh, 
dressed, 

bridge, rubble, rip-
rap, crushed stone, 
etc. 

Dimension {~~~~s~d, 
bridge, rubble, rip-
rap, crushed stone, 
etc. 

D' . {rough, 
ImenSlOn dressed, 
bridge, rubbl e, rip-
rap, crushed stone , 
etc. 

D' . {rough, 
IIn enSlOn dressed, 
bridge, rubble, rip-
rap , crushed stone , 
etc . 
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John W. Anderson ... [ H edrick ........ . . St. Louis ...... .. 1 Pure to m agnesian 
lim estones, variable 

B. F . Berry . . . ...... . H edrick .... . ..... St. Loui s .... . .. . Pure to magnesian 

Hand work . . . .. . . " . " 1 Rubble 

Hand work 

I 
limestones, variable 

Chas. G. Sandusky .. H edrick . . . . . .. ... St. Loui s .. . . . . .. Pure to magnesian 
lim estones, vari able 

IV . H. Stevens.. . . . . l-J edrick . . . . . . . . .. St. Louis.... . . .. Pu re to magnesia n 

H and work ..... . . . .. 1 Building, rubble 

limestones, va riable 
Geo. W. Watts . .. .... H edrick ......... . St. Lonis . ..... .. Pure to m agnesian 

A . A. Williams.. .... H edrick . .. .. . .... 1 St . Louis ....... . 

Joseph Ingle . ... .. .. . 1 Ollie .... .. ....... St. Louis . . . .... . 

li mestones, variable 
Pure to magnesian 

limeston es, variable 
Pure to magnesian 

. limestones, variable 
1. M. Walker . . ···· ··1 Ricbland .. .. ..... 1 St. Louis .. . . ··· ·1 Pure to magnesian 

limestones, va riable 
Cbas. H . Miller . . . . . . Sigourn ey . .. . .. .. 1 St. Louis.. . . .... Pure to magnesian 

Hand work 

Hand work 

Hand work .. ... . 

Hand work .. .. ... . . . 

Hand work . . . . 

Hand \l'ork ... . 

Frank Manion . .. .. . ' 1 Sigourney . .. .... . 1 St . Louis .. ... . . . 

1 

limestones, variable 
Pure to magnesian I Hand work 

limestones, variable 1 

L E E C OUNTY. 

McManus & Tu cker .. 1 Ballinger Station . 1 Osage ..... . . . .. . 1 Sub-crys talline , gray-I Crush er plant, steam 
isb blu e limestone drill s and derricks . . 

Cameron & McManusl K eokuk .. . . . .. . .. 1 Osage . ...... . . . . 1 Sub-crystalline . gray-I Crusher plan t, steam 
ish blue limestone d rills and derricks .. 

A. L. Carroll ........ 1 K eo kuk ... . .. . ... I Osage . ........ . . 1 Sub-crysta lline, gray-I H and work 
ish blue li mestone 

Building, rubble 

Building, rubble , flag
ging 

Building, rubble , rip
rap 

Building, rubble 

Building, rubble 

Building , rubble, rip
rap , crushed stone 

Building, rubble , 
cl'lnhed stone 

Harrison & Dietz .. .. Keokuk .. .... ... . Osage ... ... . .... Sub-crys ta lline, gray- Hand work . ..... .... [ Building, rubble , rip-
ish blue lim estone rap 

Peter Kelly .. .... . . . . K eokuk .. . ... .. . . Osage .......... . Sub-crysta lline , gray- Hand work 
ish blue li mestone 

W. H . Grah am ...... M o ntr ose a n d 
Gallands ... . ... Osage . .... . ..... Sub-crystalline, gray-I Hand work 

ish blue li mestone 
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DIRECTORY OF IOWA LIMESTONE QUARRIES BY COUNTIEE-CONTIN UED. 

Firm Name ILocation of Quarryl 
Geological 

Horizon Kind of Stone I Quarry Equipment I 
L EE CJ U STY -CO.'<[[:;[ U 8D 

Kennedy & Wardlow. Montrose . . . ...... Osage .......... . 

August Beach ....... West Point .... . .. ::;t. Lou is ....... . 

Geo . E . Craig .. . . ... West Point .. .. ... St. Louis ....... . 

H. J. Neuweg ..... . .. West Point .. .... . St. Lou is . .. . 

Chas. Graner, Sr .. . . Franklin ... . .. " ,I Kincterho Jk 
Henry Graner ....... Franklin ... . ..... Ki-ld e:ho ok 
Fred H ammer . ..... . Franklin ..... . . .. Kin lerhook 
H enry Judy . ........ Franklin ..... ... . Kin le rhook 
F. L. Parclall . . . . . . .. Vranklin . .... ... . K ind Jrh ook 
H enry Sprenger .. ····

1 
Fnwklin ......... 1 Ki nd Jrh Jok 

Sub-crystalline, gray- Hani \l'ork 
ish blue limesto ne 

Blue and brown lime- Hand work . . .. 
stone ...... , ... . . . 

Blue and brJ \\'n lim e- Hand work 
stone. .. . . .. . . . . . . . 

Blue and brown lime- Han,1 work . .. . . . 
stone ......... . . . . 

LINN COUNTY . 

Bess Lime '''orks ... . Cedar Rapids .... Waps ipin icon . .. . Magnesian li mestone 
J. J . Snouffer , Jr ... . Cedar Rapids .. .. Wapsip inicon .... lVlagnesian lim esto ne 
Wesley Lorence . . .... Mount Vernon .... Anamosa ...... .. Dolomite .... .. .... . 

Kilns 
Crnsher plant ... ... . . 

Products 

Building, flag ging, 
rip rap 

Building, rubble 

Crushed ston e 

E. L . Keith . ....... . Mount Vernon . ... Anamosa ........ Dolomite .......... . 

Mt. Vernon Stone Co. ' Mount " ernon . . . . 1 Anamosa ........ ' Dolomite ......... . . 

Jos. Pisny .. : . ....... MO~lI1t YernoIl .... 1 Anamosa ....... Dolomite .. . ....... . 

Hand work 
Hand work . . ... 

cru shed stone 
. ... 1 Building, rubble, 

St~fc7;s.~~i.I~~ .~~d .. C~~ ~-. Building, rubble 

Joseph H oolIk . ... ... PalIsades .. .... . .. AJlamosa ........ DolomIte ... , ..... . 
Hand work 
H and \\'ork .. Building, rubble 
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Viola Lime Works ... V!ola... ....... . . . LeClaire. . ... . .. . Mass!ve dolom!te.. .. Kilns .......... . . .. . . Lim e, rubble 
\Vm. M. PICkerIDg ... VIOla........ . .. .. Gower ........... MaSSIve dolomIte.. .. H and work 

"" 

Michael C. w alker ... [ prairiesburg ...... [ Anamosa . . ...... [ DOlomite··········· 1 Hand work 1 

~ ----------------~---------------------------------------------------------------------------------------
LOUISA COUNTY. 

-------------------------------~--------------------------------~-----------------.-------------------

H and work Mrs. Churchman .... Cairo ... . ..... ... osage . .. . . ....... 1 Gray, sub-crystal-
line, pure limestone 

J. ]\I. Marshall ....... Columbus City . .. Osage ............ Gray, sub-crystal- I Hand work .......... 1 Building , macadam, 
line, pure limestone I riprap 

J. E. G'·ay . ....... ··. 1 Columbus J ct .... Osage ..... . ... . . . Gray, sub-crystal- I H a nd work ... .. .... . Building, rubble 
line, pure limestone 

Jno. A. Hall. ........ Columbus Jct .... Osage ......... . . Gray. Bub-crystal- H and work . . ........ . Building, rubb le 
line, pure limestone 

J. Hayes J ones·· · · · · 1 Columbus J ct ····

1 

Osage .... . ... . ... Gray, sub-crystal- I H and work 
line, pure limestone 

W. C. Bryant . . . ..... Morning Sun ..... Osage ............ Gray, sub-crystal- Hand work 

I 
line, pure limestone 

Hand work W. A. Steele ......... Morning Sun ... . ' 1 Osage ............ I Gray, sub-crystal-
line, pure limestone 

Chas. B. Wilson ..... j Morning Sun ..... Osage ............ Gray, sub-crystal- 1 H and work ... . 
- line, pure limesto ne 

J ohn Ackenbom . .... Newport ... ..... . . Osage . .. . . ... . .. . Gray, sub-crystal- I Hand work .. . 
I . ' line, pure limestone 

MADISON COUNTY. 

Earlham Land Co .... 1 Earlham ........ . 1 Missouri . . .. . ... . 

S. A. Robertson ... .. 1 Earlham .. . . . Missouri ... .. ... . 

Henry Taylor . . ..... . 1 Earlham ...... .. . 1 Missouri .... . ... . 

White to buff, com
pact limestones .... 

'White to buff, com
pact Ii mestones . ... 

Steam derricks, drill s 
and crusher plant . . 

Steam derricks, drills 
and crusher plant .. 

Hand work . . . ...... . 

Building, rubble 

Building, rubble 

Dimension , rubble, 
crushed stone 

Dimension , rubble, 
crushed stone 

Building, rubble 

Barnett Wilson .... .. 1 Earlham . .. ... ... 1 Missouri ........ . 

Whi te to buff, com
pact limestones .. . . 

Wbite to b uff , com
pact limestones, ... 

Hand work . . ...... . . 1 Rubbl e 
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DIREOTORY OF IOWA LIMESTONE QUARRIES BY OOUNTIES-OONTINUED. 

Firm Name ILocation of Quarryl 

J oel Barnett ........ . Earlham ......... 

Oharles V . Brown .... Earlham ........ . 

Mile E. Brown ....... Earlham . . ....... 

F. V. yoke ...... .. .. East Peru .. . ..... 

Benton, Applegate & Winterset ........ 
Son ............. .. 

W. A. Hartman .. ... Winterset ........ 

H. H. Eelwards ..... "Winterset ... ... .. 

W. W. Oassidy & 00. Winterset ........ 

-- - -

T . B. Reese .......... 1 Given ........... . 

Geo. N. Russell ...... 1 Oskaloosa .. .... . . 

Geological 
Horizon Kind of Stone 

MADISON OOUNTy-OONTINUED 

Missouri ......... White to buff, com-
pact limestones . . .. 

Missouri .. .... .. . White to buff, com-
pact limestones .... 

Missouri ......... White to buff, com-
pact limestones .... 

Missouri ...... ... \I'hite to buff, com-
pact limestones .... 

Missouri ......... White to buff, CoOl· 
pact limestones .... 

l\li sso Ul'j ......... White to buff, com-
pact limestones .. .. 

Missou ri ......... White to buff, com-
pact limestones .... 

Missou ri ......... White to buff, com-
pact limestones . .. . 

MAI-IA SKA COUNTY. 

St. Louis. . . . . . .. White to earthv lime· 
stone .. .... .- ..... . 

St. Louis .. _ ..... White to earthy lime-
stone ..... . ..... . . 

I Quarry Equipment I 

l-lanel work 

Hand work 

Hand \\"ork 

Hanel work ..... . . . .. 

H and work .... . .. . .. 

Hand \\"ork.. . .. ..... 

Hand 1I'0rk 

Hand \\"ork . ......... 

H and work ... 

1-1 and work 

Products 

Rubble, crushed stone 

Building, rubble 

Riprap , rubble 

Building, rubble, 
crushed stone 

Building, rubble, flag
ging 
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l\URTON COUNTY. 

John J. Loftus ....... 1 Tracy .... . ........ St. Louis ........ Co;upact, white Stea;u derricks, steam Building, rubble, ma-
llm estone . .. . . . . .. drllls. .... . . . . . . . .. . cadam, nprap 

Hartsham & Garden ~ Tracy .. .. ...... .. 1 St. Louis ... .. ... Compact, white Hand work .... . . .... Building, rubble, rip-
I limestone.. . . . . . . . 1 rap 

MARSHALL COUNTY. 

LeGrand Quarry Co .. Quarry ........... Kinderhook ..... . Oolite, magnesian Steam derricks and 'D' . { rOugh, 
li mestone, sub- crusher plant and llllenSlOll dressed, 
crystalline lime- ail' drills . .......... rubble, riprap, 
stone ............. crushed stone 

MITCHELL COUNTY. 

I 
L. P. Hendrickson ... 1 Orchard .......... 1 Cedar Valley .... . White, compact lime- I Hand work .. .... .... Building, rubble 

Sims Bros ........... 1 Orchard .......... 1 Cedar Valley . . .. . 

Brenner & Rice ...... 1 Osage .... . ....... 1 Cedar Valley .. .. . 

Leander D. Green ... 1 Osage ............ 1 Cedar Valley .... . 

W. J. Wagner ....... 1 Osage .......... .. 1 Cedar Valley .... . 

Baldwin Bros ........ 1 Osage . . .. _ ....... 1 Cedar Valley .... . 

stones to bro\\'n 
dolomites ........ . 

White , compact lime· I Hand work 
stones to brown 
dolomites .. " .. .. . 

White, compact lime- I Hand work 
stones to brown 
dolomites . ... .. . . 

'White, compact lime- I Hand work 
stones to brown 
dolomites . . ...... . 

White, compact lim eJ

I 

Hand work 
stones to brown 
dolomites .. " . . . .. 

White, compact lime- , Hand work 
stones to brown I 
dolomites ........ . 
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DIRECTORY OF IOWA LIMESTONE QUARRIES BY COUNTIES-CONTIN UED. 

Firm Nama ILocation of Qnarryl 
Geological 

Horizon Kind of Stone 

MONTGOMERY COUNTY. 

.J. N. Fat·e. F\ !ic ~t. . . . Mib'b-ouri . ' ...... . 

ias. Devine Stennett ......... , MIssouri . . . ... . . 

O. F. Remmers .. . ... Stennett ..... . .. . . :Missouri ....... . . 

H. P. Light . ... ..... Stennett ......... . :Missouri . .... ... . 

Jno. C. Perry .. .. .... Stennett .. ....... . Missouri ........ . 

H . L . Stennett .... . .. Stennett ..... . .... Missouri .... .... . 

I 

White, compact to 
earthy limestones . 

White, compact to 
earthy limestones. 

White, compact to 
earthy limestones . 

White, compact to 
earthy limestones. 

' Vhite, compact to 
earthy limestones. 

White, compact to 
earthy limestones. 

POCAHONTAS COUNTY. 

Johnson & Freeberg. Gilmore City . .... 1 ................ .. 

A. N. Bull ........... Gi lmore City ..... St. Louis ... .. .. .. 

Bull & Edgington . . . . Gilmore City.. . . . St. Louis .... . ... . 

Compact, white lime-
stone .. ...... . .. . . 

Compact, white lime-
stone . .. ; ... .... . . 

POTTAWATTA~[(E COUNTY. 

I Quarry Equipment j Products 

Band work 

Hand work 

Hand work 

Hand work ........... Building, rubble 

Hand work 

Rand work. . . . . . . . . .. Building, rubble 

Rand work .. .. .... ... 1 R ubble 
H and work 

Hand work 

John S. W' oodburn .. . 1 Macedonia .... . ... 1 Missouri ........ . , Blue limestone ...... 1 Hand work 
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SCOTT COUNTY. 

Geo. W. Randall.... Big Rock . ... . ..................... . 
Linwood Quarries Co. Buffalo .... . . ... . . Wapsipinicon ... . Argillaceous lime-

.. .. .. .. ... .. ........ I Building, rubble 
Stealll drills, derricks Crushed stone, rip rap 

and crusher plant .. . 
l"rank Boland ....... Bettendorf ....... Wapsipinicon ... . 

Gromoll Stone Co . ... Bettendorf ....... " 'apsipini con ... . 

Geo. 'Y. Hutchinson . Bettendorf ....... Wapsipinicon ... . 

LeClaire Stone Co. { 

H enry G. Schmidt. .. 

Bettendorf. ...... 1 Wapsipinicon 

LeClaire ........ . [ Anamosa.' . ..... . 
Davenport . ....... WapSlpII1lCon . . . . 

stone ... ... ...... . 
Hand work . ......... . 

Steam drills, del'l'icks 
and crusher plant . . . 

Hand work .... ..... . 

Compact, white lime Steam drills, derricks 
titone and dolomite and crusher plants .. 

Coa rse dolomite .... Hand work .. . ....... . 

Anamosa .... . ... 1 Coarse dolomite .... 1 I-land \Y ork . ......... . F. G. ~ngelhart""" 1 ~ixon ... . . 

R . WItt "" .... "'" (iamb]']l .. Anamosa ........ 1 Coarse dolomite .... 1 I-land work ....... . .. . 

Morgan Orndorff ... . . 1 Longgro\'c . Anamosa ........ 1 Coarse dolomite .. .. : Hand work 
Rock I sland Crushed 

Stone Company Buffalo ........... 1 Wapsipinicon .. . . 1 Compact, argilla-
ceous limestone .. . 

TAMA COUNTY. 

Steam crusher plant, 
and hoist and ail' 
drills ...... ........ . 

Building, crushed 
stone 

Building, rubble, 
crushed stone 

Building, rubble, ma
cadam 

Dimension stone, rub
ble, crushed stone 

Building, rubble, ma
cadam 

Building, rubble , ma
cadam 

Building, rubble 

Crushed stone 

L ester L. Houghton " 1 Ganyin .......... ' 1 Kinderhook ..... ' 1 Oolitic limestone .. " 1 Hand work 
Cj J ~ Stevens.. . . . . .. l\1ontour ......... Kinderhook...... O?l~t!c l~mestone. . .. I-land work 
v\. ). Ward ... ...... Montour ......... Kmderhook ...... OolitIc lImestone .... Hand work 

..... , Building, rubble 
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F irm Name 

R. N. Greene ........ 

Grant Hanshaw ...... 

W. F. Saltf'r ......... 

Louis Sperbeck ...... 

S. D. Fellows ........ 

W. W. Price ....... . . 

Oscar Dulin .... .. ... 

Levi Parkins ......... 

W m. Mich ael. . ...... 

DIRECTORY OF IOWA LIMESTONE QUARRIES BY COUNTIES-CONTINUED. 

[Location of Quarry[ 

Douds Leando .... 

Douds Leando .... 

Douds Leando . ... 

Douds Lea ndo .... 

K eosauqua ....... 

Keosauqua ....... 

Selma ............ 

Selma ... ... ...... 

Selma ............ 

Geological 
Horizon Kind of Stone [ Quarry Equipment [ Products 

VAN BUREN COUNTY. 

St. Louis White, hard lime- I Hand work .... . ..... . 1 Building, rubble 
stone ...... , ... . . . 

St. Loui s "White, hard lime- Hand work .......... " Building, rubble 
stone .... " ....... . 

St. Louis "White, hard lime- Hand work 
stone " .. . ........ . 

St. Loui s White, hard lillle- Hand work 
stone. " . . ... ..... . 

St. Loui s White , hard lime- Hand work .......... . 1 Building, rubble 
stone ... . . ....... . 

St. Louis White, hard lime- 1-] and \\'ork ... . .... '" Building, rubble 
stone ... ..... .... . 

St. Louis White, hard lime- Hand work 
stone ............ . 

St. Louis White, hard lime- Hand work 
stone ............ . 

St. Louis '''hite, hard lime- Hand \\"ork ........ ... 1 Building, rubble 
stone ............ . 

'VAPELLO COUNTY. 

F . A. Venator ....... Chillicothe .. ... ".. St. Louis ... . ... . [ Hard, compact 
white limestone . .. 

Andrew Lames . . . . . . Dudlev . ....... "." St. Louis. . . . . . .. Hard , compact 
- white limestone ... 

Hand work 

Crusher plant ....... . Crushed stone, rubble, 
riprap 

T . L . Stevens ........ Dudley ........... St. Louis ........ 1 Hard, compact 
white limestone ... 

Hand \mrk .. . ....... " Building, rubble, rip-
I rap 
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W. J . Fr~~ ...... . ... '1 Eddyville. 

J. A . Lafferty ... .. ... EddyvIlle. 

St. Louis 

St. Louis 

C. B. Castle . ........ 1 Ottumwa ... . . .. . . 1 St. L ouis 

Cbarles Chilton ...... 1 Ottumwa . .... .. . . 1 St. L ouis 

IT ard, compact 
\\'hite lim estone ... 

Hard , compact 
w bite lim estone ... 

Hard, compact 
" 'bite limestone ... 

H ard, com pact 
'I'hite lim estone ... 

Hand \I'ork 

Hand work . . . ..... . . . 1 Bui lding, rubb le 

Hand work 

Cm "her plant ... .. ... 1 Building, rubble, 
cru sbed stone 

VVASHINGTON COUNTY . 

Jas . McCreedy . .. . ... 1 Ainsworth ...... . . Osage ..... . . ... . 

Moses Farber . .. ..... , Brighton.. . . . . . . .. St. L oui s 

Lee Morris . ......... Brighton... . ... .. SL Lou is 

W . T. E ckels ........ 1 Washington Osage 

William Hayes .. .... . ' Yashington . , .... Osage . .......... 

J . H. Humston .. . . .. Washin gton . . .... Osage ... . ....... 

R. C. Varney ....... . Washington ... .. . [ Osage ........... 

H . Batterson & corn- , Westch ester ..... . 
well .. .......... . . . 

A. E. Knotts . ... . ... " Testchester . . . . 

Osage 

Osage 

C. C . O\\'en . ..... ... . 1 Westchester . .. . Osage 

Hard , beavily bed- Hand work 
ded, gray limestone 

Fine gra ined, com- Hand work ....... . .. . 
pact lim estone ... . 

Fine-grained, com- Hand 'I'ork . . ........ . 

Rubbl e 

pact limestone .... 
Hard, heavil y bed

ded,gray lim estone 
Hard, headly bed

ded,gray limestone 
Hard , heavily bed

ded,gray limestone 

Dim ension, flagging, 
rubble, riprap 

Hand 'york ....... . . .. 1 Building, rubble 

H and \\'ork .. ....... " 1 Bu~ldin g, rubbl e 

Hand work . ... .. ... . . BLllldlOg, rubble 

Hard, heavily bed- Hand \\'ork .. 
ded,grav lim estone 

Hard, heavily bed- Hand work 
ded,gray limestone 

H arel, heavily bed- Hand work . .. 
oed,grav limestone 

H ard, heavi ly bed- I-Jand 'I'ork 
ded,gray limestone 

Rubble 

Building, rubble, 
crushed stone 
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Firm Name 

DIRECTORY OF IOWA LIMESTONE QUARRIES BY COUNTIES-CONTINUED. 

I Location of Quarry [ 
Geological 

H orizon Kind of Stone 

WEBSTER COUNTY. 

Quarry Equipment ! 

M. B. McBane . .. .... 1 Fort Dodge ....... 1 St. Louis White limestone and I Hand work 
magnesian lime-

John Quinn ......... 1 Tara .. . ... ... ... .. 1 St. Louis 
stone ............ . 

White limestone and I Hand work 
magnesian lime-
stone . ........... . 

WINNESHIEK COUNTY . 

Products 

A. W. Kramer ....... [ Castalia ... . . ... . · 1 Maquoketa ...... 1 Soft, ye ll ow dOlomite! Hand work ........... [ Building, rubble 
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DIREOTORY OF lOW A SANDSTONE QUARRIES BY OOUNTIES. 

C LA YTO N CO UNTY . 

Firm Name ILocation of Quarryl Geological H ori zon I J(ind of Stone 1 Quarry Equipment 1 

Claytor . .. ... 1 Saint Peter . ..... .. .. 1 White sand . . . . ..... 1 Han.d work and 
slUIce-way . . .... . . . 

Clayton White Sand 
Company . . . . ... .. . 

E. W. & H. D. Kregel 
C. G. Stick fort . . . .. . 
Wm. Jones .. . . . .... . 

Garnavillo 
Garnavillo 
McGregor 

John Sherman . ..... . 1 Calam us 

C LI NTON COUNTY. 

DECAT UR C OUNTY . 

Will iam Fox ......... , Davis City . ... ·· ··1 Missonri . . . . .. .. . ... , . .. . .... . .. ... . . . ··· ·1 Hand work 

D ES M OIN E S COUNTY. 

Geo. Gibson ... . . .. . . Danville ... . . .... . Des Moines .. .. .. ... White to yello \y . .... Hand \\'ork 
J. W. Pritchard .. .. .. Danvill e .. . , ... . .. Des Moines .. .. . .... White to yellow ..... Hand work 
Frank Benn er. . .. .. . . Danville .. . . . .. . . . Des Moines . .. .. . ... White to yellow ... . . Hand work 
R. O. Wilson .. .... .. Danvill e . . .. .. .. . . Des Moines ...... . .. 'White to yellow ..... H and work 

--- ----_. 

, 

I 

Products 

White sand 
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DIRECTORY OF IOWA SANDSTONE QUARRIES BY COUNTIES-CONTIN UED . 

Firm Nam e [Location of Quarry [ Geo logical H ori zon J Kind of Stone Quarry EQuiPm ent_ [_ ~roducts 

IlARDI:-< COUSTY . 

Enoch Ansell ... . .. " Eldora. .... . . . ... . Des l\I o!nes . .... . ... 1 Hed sandstone . . . . . . Hand I\'ork . 
Fred Bernlllghausen . . ! Eldora. ... .. ... .. Des MOllles .... . . ... F erruglll ous . ... . . .. Hand work ..... .... H~bbl e and dIm en-

s ion 
Lee B. Marks .. .. . . . Eldora .. . . . ... ' " Des Moines . .... .. . . [ Ferruginous . . . ..... Hand Iyo rk . .. .... . . Hu bble 
Harry Gri eves . . . . .. . 1 Steam boat Rock "

1 
Des Moin es .. . . . . . . . l'erru ginous . . . . . . .. H a nel work . .. . . .. . Rli bbl e 

J ASPE R COUN TY. 

:r:erruginous . .... . .. 1 Hand work . ........ . 
1, errugmous .. . . . . . . Hand work . . . . . .. . . 
Ferruginous . .. . . . .. Hand "'ork .. . .. ... . 

John Dooley . . . . . .. .. [ Nell·ton .... . . ... . [ Des Moines .. .. . . . . . 
E. ~. Lanphier. . . ... Newton . . . .. .. ... Des Mo!nes ... .. . . . . 
Damel A. Mun ger . . . Newton.... . ..... Des l\Iollles . 

J ON ES COUNTY. 

Hoy Rumm el . . .... . . [ Olin 

K EO KUK COUKTl. 

Rubble 
Rubbl e 
Rub ble 

Jno. Crocker. . .... . . [ Delta .... .... .. . . . [ Des l\ loines . ... . ... . 1 Fri able . .. . . ... . .. . . [ H and work . . . . . . . . . 1 Hu Gble 
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LEE O OUNTY. 

Ohas. IV . Deeds ..... Denmark .. .. . .. . . Osage . . ....... .. ... Gray to yellow, mag- I Hand \York ......... Rubble 
nesian ........... . 

Peter Kelly . . . . . . .. .. Keokuk... . . ..... Osa~e .. .... ...... . . Gl:ay to ye llow-b l:o l~n H and work. . .. . . . .. Rubble 
J . P. Kennedy. " .. .. Montrose.... . ... Osaee. . ........... . Gray t,o yellow-bloll n Hand work. . .. .. . .. Rubb le 
Geo. K r Oraig .... . . . . '~est Point. ...... Osage ..... . ... . .... GI:a):toyello ll:-bro'il'nl H and Ivol:k . ........ Hubble 
H. J. Neu\l eg ..... .. " est POll1t ....... Osage . . ......... '" GIa) toyeJloll-brown Hand II Olk . .. .. . ... Rubble 

~----------------

MARS HALL OOUNTY. 

A. E . Judge .... . · ·· · 1 Marshalltown. · · · 1 Des ~Ioines ·· ····:·· 1 Ferruginous··· ····· 1 Hanel work········· 1 Rubbl e 

SCOTT OOUNTY. 

John Kress .......... 1 Buffalo ....... . . . 1 Des Moines ...... . .. [ Gray-white, friable·· 1 Hand work . .. . . .... [ Rubble 

TAMA OOUNTY , 

Albert E. Ooleman . .. Butlerville ........ Kinderkook ...... .. . Gray-b lu e, argilla- Hand work . ... . .... Rubble 
ceous . .... .. .... . . . 

Squ ire Hall. , . . ... , . . Butlervi ll e ... , . . .. Kinderhook .... " ... Gray-b lu e, a rgill a- Hand work ' . .. ... ... Rubble 
ceous., ........... . 

Fetter Hall, ' . . . .. . .. Ga rll"in ...... , ... Kinderhook .... , .. . . Gray-b lue, argilla- H and work. , ... . . . . Rubble 
ceous ., .... .. .. ,., 

VAN B UREN OOUNTY. 

Ira White & Son. ···· 1 K eosauqua .. ·· · · 1 Osage .. , ... . . ... .. , 1 Gray . , ... . ...... ··· 1 Hanel 1I"0rk . .. ... ... Rubble and ashlar 
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DIRECTORY OF IOWA SANDSTONE QUARRIES BY COUNTIES-CONTINUED . 

Firm Nam e I Location of Quarryl Geological Horizon I Kind of Stone I Quarry Equipmen I 

WEBSTER COUNTY. 

Albee Sandstone Co .. Ft. Dodge ........ Des Moines . .. .... . . Gray to red, variable Hand work ........ . 
Geo . M. Kepner .... .. . Ft. Dodge ..... . . . Des Moines . . .. . .... Gray to red , variable Hand work ...... . , 
A. E. Harvey .... . ... Ft. Dodge ... .. .. . Des Moines ......... Gray to red, variable Hand work . ...... .. 
Ft. Dodge Sandstone Lehi gh . .......... Des Moines ...... .. . Gray to red, variable Hand work ......... 

Co . .. .. ........ ... 
J. P. Feller .......... Tara ... . . . ...... . Des Moines .. . .. . ... Gray to red, variable Hand work ... . . ... . 
Jobn F. Gustafson ... Evanston . .... .. .. Des Moines ......... Gray to red, variable Hand work ... ..... . 

---- - . . _----

Products 

Rubble and buildin 
Rubble and buildin 
Rubble and buildin 
Rubble and buildin 

Rubble and buildin 
Rubble and buildin 
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INDE .X 

Absorption tests of limestone from 
Des Moines county, 

Burlington, 552 
Loftus quarry, 553 

Fayette county, 
Postville, 552 
Williams quarry, 552 

Humboldt county, 
Humboldt, 552 
Mastin and Sterns, 553 

Jones county, 
Champion quarry, 553 
Dearborn & Sons, 553 
Green, J. A., 553 
Stone City, 552 

Madison county, 
Bevington quarry, 553 
Winterset, 552 

Mahaska county, 
Oskaloosa, 552 

Marion county, 
Tracy, 443, 552 

Marshall county, 
Quarry, 397, 554 

Scott county, 
LeClaire, 554 

Illinois, 
Joliet, 554 
Lemollt, 554 

IndiaJJa, 
Bedford, 554 

Minnesota, 
Kasota, 554 
Winona,554 

A bsorption tests of limestone from the 
Pella beds, 443 
Saint Louis limestone, 443 
Coal Measures, 553 

Absorption tests of sandstones from 
Dallas county, 

Van Meter, 552 
Jasper county, 

Kemper, 553 
Monroe, 552 

Marion county, 
Dunreith quarry, 553 
Reel Rock, 552 

Michigan, 
Lake Superior, 554 

Ohio, 
Berea, 554 
Cleveland, 554 

Ackenbom, I., quarry of, 414, 577 
Acknowleclgments, 525 
Aclair county, 

Carbolliferous system in, 481 
Missouri stage in , 

Bethany lim estone in, 481 
quarries in, 481 

Aclams county, 
Carboniferous system in, 484 

Missouri stage in, 484 
CO:1! from, analysis of, 529 
quanies in, 484 

Aclel, quarrie~ at 489 
Ainsworth, quarries at, 583 
Alabama, chalky limestone from, analy

sis of, 45 
coal from, tests of, 177 

Albee Sanclsto1le Co., quarry of, 588 
Alclen, quarries at, 570 

section at, 383 
All,ali waste, analyses of, 47 

chamcter of, 46 
use of, in Portland cement, 47 

Alkalis, effect of, on Portlancl cement, 73 
in clays, determination of, 80 

Allamakee county, 
Galena limestone in, 207 
Lower buff beds in, chamcter of, 

20G 
Oneota limestone in, 205, 5GO 
Ordovician system in, 205 
Platteville limestone in, 206 

character of, 207 
Prairie du Chien beds in, 205 
Quarry stone in, 205, 560 
Saint Croix sandstone in, 205 
Saint Peter sandstone in, 205 

Allen quarry, 342 
Alumina in cement mixtures, effect of, 

on burning, 67 
in clays, determination of, 80 
in lim estone, determinaltion of, 77 
in Portland cement, effect of, 72 

Am:1Da Society, quarries of, 469 
American Ch emical Society, cited, 59 
Analyses, interpretation of, 82 
Analyses of alkali waste, 47 

argillaceous limestone, 43, 44 
cement mixtures, 62 
cement rock, 43, 44 
chalk rock, 45, 522, 535 
clays, 46, 79, 538 

(589) 



590 INDEX 

Analyses of coal, 76, 170 
Analyses of coal from 

Adams county, 529 
Anchor coal, 172 
Appanoose county, 172, 529 
Avery, 172 
Bloomfield, 529 
Boone county, 179, 529 
Boone Street Ry. Co., 529 
Brazil, 179 
Bux'ton, 529 
Centervill e, 172, 529 
Colfax, 172, 529 
Crowe Coal Co., 529 
Dakota, 179 
Dallas county, 529 
Davis cOllnty, 529 
F li nt Brick Co., 172 
Gibson Coal Mining Co., 172 
GI'cene county, 529 
Guthrie county, 529 
Heaps & Crowe, ] 72 
Hi lton, 529 
nocking, 529 
Illinois, ] 79 
Indiana, 179 
Inland Fuel Co., 172 
Iowa, 170, 172, 178, 529 
Jasper county, 172 529 
J ohnson Coal Co., 172 
Kansas, 179 
Kentucky, 179 
Keokuk county, 529 
Lac1dsc1ale, 530 
Lehigh, 530 
Lucas county, 172, 529 
Mahaska county, 529 
Marion couuty, 172, 529 
Marquisville, 172, 529 
Missouri, 177 
Momoe county, 529 
Mystic, 529 
N orwooc1ville, 172 
Pekay, 530 
Polk counlty, 172, 529 
Rogers Coal Co., 172 
Ro eland Coal Co., 172 
Scott county, 530 
'['aylor county, 530 
Van Buren county, 530 
Wapello county, 530 
Warren county, 530 
Wayne county, 530 
Webster county, 530 
West Virginia, 179 
Wyoming, 179 

Analyses of lime from Eagle point, 118 
from Maquoketa, 132 
from Mason City, 107, 122, 127 
from Springfield, Mo., 116 
from Viola, 142 

Analyses of limestone, process of, 76 

Analyses of limestone from 
Auburn, 271 
Bedford, 536 
Bentonsport, 536 
Bettendorf, 535 
Burlington, 532 
California, 44 
Cascade, 532 
Cedar Valley, 244, 531 
Clermollt, 271, 533 
Colorado, 44 
Decorah 537 
Dubuqu~, 533 
Eagle Point, 532 
Earlham, 87, 501, 535 
Elgiu, 271 
Farmington, 454, 536 
Gi lmore 445, 533 
Humboldt, 385, 533 
Independence, 532 
Iowa City, 534 
Janesville, 309 
Keosauqua, 536 
LeClaire, 536 
LeGrand, 398 
Le j')lfaI's, 522. 535 
Lime City, 243, 531 
Lithographic City, 340 
Maquoketa, 533 
Mason City, 328, 532 
Morning SUll, 413, 534 
Osage, 361, 535 
Osceola, 532 
o ' kaloosa, 535 
Ottumwa, 537 
Pella, 535 
Peru, 505, 535 
POl-tland , 327 
Postville, 533 
Quarry, 398, 535 
Rathbt1l1 , 531 
Rochester, 531 
Rock creek, 248 
Spechts Ferry, :'32 
Stennett, 535 
Stone Oity, 534 
Tracy, 443, 535 
Tripoli, 236 
Utah, 44 
Waterloo, 306, 531 
Waverly, 309, 313, 531 
Webster Oity, 533 
West fi eld, 522, 535 
Winterset, 504, 535 
Zollicoffer Lake, 533 

Analyses of limeston e fl'om the 
Anamosa, 534, 536 
Bethany, 535 
Burlington, 413 
Oedar Valley, 306, 309, 313, 328, 

340, 361 , 531, 532, 534, 535 
Coggan, 53] 



INDEX 591 

Analyses of limeston e from the 
Cr etaceous, 522, 535, 536 
Des Moines, 531 
Devonia11, 531 
Earlham, 501 
Galena, 532, 537 
Gower, 243, 244, 24 , 531, 534 
IIopkinton. 533 
Kin(lCl'hook, 385, 398, 533, 535 
Lower Davenport, 531 
Maquoketa, 533 
Missouri, 501, 504, 505, 532, 535, 

536 
Niagara, 236, 271, 531, 532 
Osage, 413 
Otis, 531 
Pella, 443 
Platteville, 532, 533 
Saint Louis, 443, 445, 454, 533, 

535. 536, 537 
Wapsipinicon, 309, 531, 532, 535, 

536 
'Winterset, 504, 505 

Ana lyses of l ime~ton es used for cement, 
43, 44, 45 

Analyses of marls, 46 
Analyses of 11atmal cements, 99 
Analyses of sandstone from the Hed 

Hock, 474, 475 
Analyses of shale from 

Auburn Mills, 271, 539 
Belfast, 435, 539 
Burlington , 375 
Clermont, 271, 539 
Danville, 539 
Davenport, 539 
Decorah, 85 
Des Moines, 85, 539 
Dubuque, 539 
]~dgewood, 538 
Bldora, 539 
Elgin. 271 
Farmington, 85, 540 
Fort Dodge, 85, 540 
Glendon, 85, 81, 539 
Graf, 539 
Guthrie Center, 539 
Kalo, 540 
Lake City , 519 
Lehigh, 540 
Lehigh, Pennsylvania, 43 
Mason City, 85, 328. 538 
Mitchell, Indiana, 85 
Osceola, 85, 538 
Ottumwa, 540 
Panora, 85, 539 
Pleasant Valley, 539 
POl'tland, 327, 538 
Hockford, 539 
Saint Sebald, 538 
Spechts Ferry, 539 
Van Meter, 538 
Winterset, 85, 504, 539 

Analy es of shale from the 
Cretaceo LlS, 519 
Des Moines, 538, 539, 540 
Kinderhook, 375 
Lime Creek, 327, 328, 538, 539 
Maquoketa, 271, 538, 539 
Missouri, 504, 538, 539 
Osage, 539, 540 
P lattevill e, 539 
Saint Louis, 435, 454 
Winterset, 504 

Analyses of slag, 48 
Analyses of slate, 49 
Anamosa, quarries at, 284, 573 
Anamosa limestone, 

analyscs of, 243, 244, 534 
charactcr of, 234, 279, 293 
quarries in , 562, 573, 574, 576, 581 
in Cedar county, 239 
in .Tohn on county, 277 
in .Tones county, 278 
in Liun county, 291 
in Scott county, 293 

Anchor coal, analyses of, 172 
fuel yalue 'of, 172 

Anderson, A. 0., analyses by, 85, 328, 
340, 36~ 385, 504, 532, 536, 540 

Anderson, .T. D ., qual'l'y of, 412 
Anderson, .T. W., quarry of, 575 
Andrews, Freel, analyses of limestone 

from, 536 
tests of stone from, 551, 557 

Alldl'ews, II. II., quarry of, 378 
Ansell, Enoch, quarry of, 586 
Anthracite coal, cost of steam from, 173 

fuel value of, 172 
Appanoose coun ty, 

Carboniferous system in, 464 
Des l\ioines stage in, 560 

character of, 464 
Chariton conglomerate, 464 
coal f rom, analyses of, 172, 

529 
fuel value of, 172 

divisions of, 464 
lime from, 464 
lim estone from, analysis of, 

531 
quarries in, 560 

Applegate & Sons, Benton &, quarry of, 
578 

Arcnaceo-magnesian Beds of Saint Louis 
lim estone, 448, 462 

Ar.ey, M. F., cited, 307 
work of, 4 

Arkansas, analysis of chalky limestone 
from, 45 

Arlington, quarries at, 568 
Arquitt & Sons, quarry of, 568 
Auburn Mills, analyses of stone from, 

27], 533, 539 
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592 INDEX 

Augusta, lim e from, 422 
quarries at, 421 
section at, 404 
term superseded, 198 

Aungst Brothers, quarry of, 299 
Austin , O. J. , quarry of, 573 
Avery coal, aualysis of, 172 

fuel value of, 172 

Bain, II. F., acknowledgments, 525 
cited, 195, 214, 405; 421, 475, 495, 

497 
Baldon, W. A., quarry of, 571 
Baldwin Bros., quarry of, 579 
Ballinger, quarry at, 411, 575 
Barber, A. A., quarry of, 257, 565 
Barber Asphalt Co., quarry of, 382, 562, 

571 
Barnett, Joel, quarry of, 578 
Bartlett & Bartlett, quarry of, 568 
Bartlett & McFarlane, quarry of, 561 
Baskerville, W. II., quarry of, 571 
Baskin Creek, section on, 235 
Bates, C. 0. , analyses by, 539 
Batterson & Cornwell , quarry of, 583 
Beach, Aug ., quarry of, 576 
Bealer quarries, 239, 562 
Bearings, self-oilin g, for engines, 175 
Beavers, L ., quarry of, 572 
Becker, J., quarry of, 567 
Becl(with Stone & Lime Co., quarry of, 

. 571 
Bedford, analysis of lim estone from, 536 

quarry at, 517 
Bedford, Indiana, tests of stone from, 

544, 545, 551, 554, 557 
Belden Stone Co., quarry of, 324 
B elfast, analyses of shale from, 435, 

539 
quarry at, 433 

Bellevue, quarries at, 572 
section at, 226 

Belts for power plants, 
leather, 175 
rope, 175 
speed of, 175 

B enner, Frank, quarry of, 585 
Bellson, Oren, quarry of, 378 
Bellton" Applegate & Son, quarry of, 578 
Benton county, 

Devonian limestone in, 299 
Cedar Valley stage in, 300, 560 

quarries in, 300, 560 
Coggan beds ill, 299 

lime from, 304 
quarries in, 299 

Wapsipinicon stage, 560 
B enton sub-stage, 521 

analyses of rock from, 522 
Bentonsport, analysis of limestone from, 

536 
quarries at, 419 

Berea, Ohio, tests of stone from, 551, 
554 

Bcrningbausen, F ., quany of , 586 
Ben ;y, B. F ., quarry of, 575 
Berry, Richard, qnany of, 512 
Bess Lime Works, quarry of, 576 
Bethany sub-stage, 

analyses, 501, 504, 505, 535 
character, 483 
divisions, 

Dc Kalb lim estone, 480, 491 
Earlham limestollc, 480, 488, 

489, 498 
Fragmental linJestone, 480, 488, 

489 
Westerville lim estone, 480, 492 
Winterset lim estone, 480, 490, 

501 
in Adair county, 481 
in Dallas county, 489 
in Decatur county, 489 
111 Guthrie county, 494 
111 Madison COllllty, 496 

Bettenclorf, analyses of lim e tone from, 
535, 536 

qual'l'ies a t, 367, 581 
Bevington quarry, tests of stone from, 

548, 553 
Beyer, S. W ., 

mineral statistics, 13 
tests of Io-wa li mes, 91 
work on quarry products, 2 

Beyer and Williams, 
Materials and Manufacture of 

Portlancl cement, 29 
quarry prodncts of Iowa, 27, 185, 

201 
Big Rock, quarry at, 564, 5 1 
Biggs quarry, 381, 571 
Bissell , G. W., acknowledgments, 525 

Selection of power plants aml 
equipment for stone .quarries, 
]51 

tests of stone by, 395, 549 
Bitner, J ., quarry of, 574 
Black IIawk connty, 

Devonian limestone in, 304 
Ceclar Valley stage in, 304, 

561 
analyses of stone from, 306, 

531 
lime from, 308 
quarries in, 305, 561 

Wapsipinicon beds in , 304 
Blair, cited, 79 
Bleininger, cited, 88, 89 
Bloomfield coal, analysis of, 529 

fuel value of, 171, 529 
Bloomington, quarries near, 446 
Blount, B., cited, 63 
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Boilers, 
chn,racter of, 156 
feeders, 163 
hangings of, 163 
horse power of, 158, 163 
pOwer plants, 156 
setting plans, 163 
size of, 163 
specifications for, 1:59 
type of, ] 59 

Boland, F. , qnarry of, 581 
Boland & Phelps, quan}' of, 574 
Bonaparte, qun,nies at, 420 
Boone county, coal from, 

allalyses of, 172, 529 
fuel value of, 172 

Bart, F. A ., quarry of, 566 
ROS\V0].] qnarry, sect ion of, 490 
, 'Bottom rock," 464 
Boyle, F . T ., qnany of, 564 
Brainard, quarries at, 568 
Brandon section, 317 
Brazil, coal from, n,nalysis of, 179 

tests of, 179 
Breccia, 

Bethany, 483, 489, 497 
Fayette, 299, 300, 331, 347, 356, 

358, 362 
Saint Louis, 42], 426,.429, 449, 

461 
8remer county, 

Devoniall limestone in, 308 
Ceeln,r Valley limestone in, 562 

analyses of, 309, 313, 53] 
lime from, 314 
'qnanies in, 310, 562 

Wapsipinicon limestone in, 308 
analysis of, 309 
quarry in, 308 

Niagara limestolle in, 235 
analysis of, 236 
section in, 235 

Brenner & Rice, quarry of, 579 
Brighton, quarry at, 460, 563 
British thermal ullits of coals, 171, 172, 

177, 178, 179, 529 
Bradfield. Chas., quarry of, 568 
Brodie qnarry, 3] 3 
Brown, C. V., qnarry of, 578 
Brown, M. E ., quarry of, :578 
Brown & Co., quarry of, 571 
Brown limes, tests of, ll8 
Brown quarry, section of, 488 
Bryn,nt, W. C., quarry of, 413, 577 
Buchan , E. .T., quarry of, 561 
Buchanan county, 

Devonian limestone ill, 314 
Cedar Vall ey limestone, 

character of, 315 
quanies i n, 317, 562 

lime i n, 317 

38 

Buch anan county - Continu ed 
WapsipinicolJ limestone in, 314 

quarry in , 562 
Niagara limestone in, 236 

Buffalo, quarries at, 368, 581, 587 
Building stone from the 

Anamosa phase, 562, 573, 574, 
576, 581 

Bethany snbstage, 48], 487, 489 
Cedar Valley limestone, 299, 305, 
30~ 315 , 323, 332, 335, 34~ 
348, 359, 362, 368, 370, 560, 
563, 569. 570, 572, 573, 579 

Chariton conglomerate, 464 
Coggan beds, 299, 353 
Crctn,ceous system, 519 .. 520, 522 

Benton, 521 
Dakota, 520 
Nishnn,botna, 520 

De Kalb limestone, 491 
Des Moines stage, 464, 466, 46!), 

471 475 477 478 479 480, 
560: 585 .' 588' , , 

Devonian limestone, 317, 319, 323, 
330, il62. 569 

Barl bnm limestone, 483, 488, 489, 
498 

Fragmental limestone, 483, 488 
Galenn, limestone, 204, 230, 564, 

567, 568 . 
Gower, 234, 577 
Hopkinton, 234, 278, 562, 566-578 

572, 573 
Kinderhook stage, 371, 372, 376, 

379, 381, 391, 399, 570, 571, 576, 
579, 581, 587 

LeClaire limestone, 577 
Maquoketa stage, 204, 232, 572, 

584 
Missouri stage, 484, 485, 486, 493, 

496, 50~ 507, 513, 515, 517, 
563, 566, 56~ 578, 580, 585 

Niagam limestone, 234, 266, 270 
Oneota limestone, 560 
Osage stage, 401, 405, 406. 412, 

416, 420, 567, 575, 582, 587 
Burlington beels, 402, 406, 412 
Keokuk limestone, 404, 408, 416 
Warsn,w beels, 408, 416 

P entamerus limestone, 265 
Permin,n system, 518 
Pla.tteville l imestone, 204, 229, 

564 
Pleistocene system, 525 
Prairie c1u Chien limestone, 203 
Red Rock sandstone, 463, 471, 

476 
Saint Croix san(l stone, 203 
Saillt Louis stage, 421, 426, 433. 

446, 448, 565, 570, 572, 574, 
576, 578, 584 
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Building stone [rom the 
Pella beds, 424, 427, 436, 443, 

454, 460 
Springvale beds, 423 
Verdi beds, 423, 424, 429, 441 

Saint Peter sandstone, 203, 205, 
214, 585 

Sioux quartzite, 201 
State Quarry beds, 299, 350 
Stennett limestone, 508 
Wapsipinicon, 299, 314, 331, 343, 

347, 353, 368, 560, 572, 576, 
581 

WesteHilie limestone, 492 
Winterset limestonc, 501 

Building stones, tests of, 543 
Bull, Andrew, quarry section, 426, 445 
Bull & Edgington, quarry of, 580 
Bunn Bros., quarry of, 569 
Burlington, lime from, 422 

quanies near, 402, 5G7 
section at, 372 
tests of stone from, 546, 552 

Burlin g,ton limestones, 
aJ1alyses of, 413 
character of, 401 
divisions of, 401 
in Des Moines county, 401 
in Lee county, 406 
in Louisa county, 412 
in Van Buren county, 415 

Burning of cement mL'(ture, 64 
Bllrns quarry, section of, 514 
Burrough quarry, 245 
Busick, Wm. & M. H., quarry of, 563 
Butler, Lieut. W. P., tcsts by, 548 
Butler GOllDty, 

Devoniall limestone in, 
character of, 317 
quarries in , 317 

Butlerville, quarry at, 399, 587 
Buxton coal, analyses of, 529 

fuel value of, 529 
Byrne, Thos. , quarry of, 568 
Byrne & Saul, quarry of, 567 

Caen stone, 392 
analyses of, 398, 535 

Cairo, quarry alt, 577 
Calamus, quarry at, 565, 585 
Calhoun county, 

Cretaceous system in, 519 
analysis of clay-sbalc from, 519 
Portland cement materials from, 

519 
section in, 519 

Califol'11ia, cement rock used in, 44 
limestone used in, 44 

Calorific power of fuels, 171, 172, 177 
Calorimeter tests of Iowa coals, 172 
Calorimetry, see fuel values 

Calvin, S., acknowledgments, 525 
cited, 24, 214, 232, 234, 264, 280, 

329, 347, 350, 356, 513, 514, 517 
Introduction to geology of quarry 

products, 185 
Cambrian system, 193, 202 
Cameron & McManus, quarry of, 575 
Camp, J. F., quarry of, 561 
Campbell, W. H., quarry of, 566 
Candlot, E., cited, 63 
, 'Cap rock," in Des Moines stage, 464, 

478 
in Galena limestone, 223 
in Missouri stage, 484 

Carbon, qu arry at, 466 
Carbon Coal Co., coal of, fuel value of, 

172 
Carbonation, length of time needed, 112 
Carbonation of limes, 103 

of lime mortars, 147 
Carboniferous system, 

Des Moines stage, 463, 466, 469, 
478 
Red Rock saodstoLlc, 463, 471, 

476 
Kinderhook stage, 371, 380 
Missouri stage, 480, 493 

Bethany Sub-stage, 480 
De Kalb limestone, 480, 491 
Earlham limestone, 480, 489, 

498 
Fragmental limestone, 480, 

489 
Westerville limestone, 480, 

492 
Winterset limestone, 480, 490, 

501 
Stennett limestone, 480, 508 

Osage stage, 400 
Burlington beds, 401 
Keokuk beds, 404, 407, 416 
Montrose cherts, 404, 406 
Warsaw beds, 406, 433, 448 

Saint Louis stage, 421, 448 
Arenaceo-magnesian beds, 448 
Brecciated limestone, 449 
Compact and granular limestone, 

449 
Keosauqua sandstone, 449 
Pella beds, 421, 428, 443 
~prin gvale beds, 421 
Verdi beds, l21, 428 

Carey, Thomas, quarry of, 254, 565 
Carpenter quarry, analyses of limestone 

from, 532 
section of , 487 

Carpenter quarry, Muscatine Co., 364 
Carroll, A. L., quarry of, 575 
Carson, quarries near, 515 
Carter, Jeff, quarry of, 565 
Cary quarry, 246 
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Cascade, limestO]l e from, analysis of, 532 
quanies at, 402, 567 
shale from, analysis of, 375 

Cass county, 
Carboniferous system in, 485 

Missouri stage in, 485 
sections in, 485 

Cretaceous system ill, 520 
Dakota stage in, 520 

Nishnabotna sub-stage in, 520 
character of sand,gtone 

from, 520 
Cassidy, J_ G., quarry of, 564 
Cassidy, W_ W_ & Co., quarry of, 578 
Castalia, quarry at, 584 
Castle, C. B ., quarry of, 583 
Cedar Bluff, quarries at, 244 
Cedar Bluff, Plymouth county, cbalk rock 

at, 521 
Cedar county, 

Devonian limestone in, 
character of, 319 
quaries in, 319 

Niagara limeston e, 236 
Gower stage in, 239 

Anamosa phase in, 562 
qualities of, 239 

lime from, 247 
limestone from, analyses of, 

248 , 531 
quarries in, 239, 562 

Bealer quarries, 239, 562 
analysis of stone, 243, 

244, 562 
character of stone, 243, 

244 
equipment, 240 
horizons of stone, 243 
sections of, 240 

Cedar Falls, quarries at, 561 
Cedar Hapids, quarries at, 354, 576 
Cedar River Stone Co. quarry, 310, 562 
Cedar Vall ey, quarry at, 240, 562 
Ceda]· Valley limestone, 

analyses of, 309, 313, 328, 340, 
361, 531, 534, 535 

character of, 299 
distribution of, 299 
general section of, 320, 358 
quarries in , 550-563, 569, 570, 

572, 573, 579 
in Benton county, 300 
in Black Hawk county, 304 
in Bremer county, 308 
ill Buchanan county, 315 
in Cerro Gordo county, 320 
in Chickasaw county, 329 
in Fayette county, 332 
in Floyd county, 332 
in Howard county, 344 
in Johnson county, 347 
in Linn county, 356 

Cedar Valley limestone, 
in Mitchell county, 356 
in Muscatine county, 362 
in Scott county, 368 
in Worth county, 369 

Cement materials from the 
Benton sub-stage, 522 
Burlington lim estone, 414 
Cretaceous system, 518, 519, 522 
Devonian shales, 298, 326 
Earlham limestone, 498 
Green shales, 204 
Keokuk shales, 407 
Kinderhook stage, 371, 375 
Lime Creek shales, 326 
Maquoketa shales, 204, 223, 227, 

271 
Osage stage, 407, 414 
Pella beds, 438 
Saint J~ouis limestone, 438 

Cement mixtures, analyses of, 62 
calculation of, 86 

Cement products classified, 25 
manufacture of, 23 

"Cement rock," analyses of, 43, 44, 271 
character of, 42, 43 
occurrences of, 43, 271 

Cementation index, calculation of, 86 
Cements, complex, character, 33 

di visions, 34 
Cements, hydraulic, character , 33 

divisions, 34 
Cements, silicaJte, character, 33 

classes, 34 
divisions, 34 

Cements, see also Natural Cements, Port
land cements 

Centerville Block coal, 
analyses of, 172, 529 
fuel value of, 171, 172, 529 

Central City, quarry at, 354 
Cerro Gordo county, 

Devonian limestone in, 320 
Cedar Valley limestone in, 320, 

562 
analyses of, 328, 532 
character of, 320 
general section of, 320 
quarries in, 323, 562 
sections in , 323 

Lime Creek shales, 
character of, 326 
Clay Banks section, 327 

analyses of, 327, 538 
Mason City section, 328 

analyses of, 328, 538 
Owen beds, 326 
use in POI'tland cement, 326 

Chalk, analyses of, 522, 535 
see also limestones 

Chalky limestones, percentage of water 
in, 56 
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Chambers, James, quarry of, 482 
Champion quarries, 280 

tests of stone from, 553 
Chandler cliff, section at, 357 
Chapin, quarry at, 376 
Chariton, lime from, 476 
Chariton conglomerate, 464 
Charles City, quarries at, 431, 569 
Charles City Marble Co., quarry of, 341 
Chemistry of lime slaking, 96 
Chequest creek, tests of stone from, 550 
Chicago, Milwaukee & St. Paul Ry. 

quarry, 489 
Chicago, Rock Island and Pacific Ry. 

quarries, 434, 460, 472 
Chickasaw, quarry at, 330 
Chickasaw county, 

Devonian system in, 329 
Cedar VaJley limestone in, 

character of, 329 
qual'l'ies ill, 330, 563 

Chillicothe, qual'l'ies at, 582 
Chilton, Chas., quarry of, 583 
Chimneys, capacities in horse-power, 161 

kinds of, 163 
Christopherson, J., quarry of, 573 
Churcll. quarries at, 560 
Churchman, Mr~., quarry of, 577 
Civil Engineering Dept., Iowa State Col

lege, tests by, 544-557 
Clark quarry, 367 
Clarke county, 

Carboniferous system in, 486 
Missouri stage in, 486, 563 

limestone from, analyses of, 
532 

quarries in, 487, 563 
shales from, aualyses of, 538 

Clarksville quarry, 317 
Clauson, C. C., analysis by, 85 
Clay, determination of hydraulic factor 

of, 83 
Clay Banks, shales at, 327 
Clay in lim es, influence of, 97 
Clay pits in 

Calhoun county, 
Lake City Brick & Tile Co., 519 

Cerro Gordo county, 
Mason City, 328 

Des Moines county, 
Cascade, 375 

Madison county, 
Winterset Brick and Tile Co., 

503 
Sac county, 

Grant City, 522 
Clay production, by years, 13 

classified, 16, 18 
rank of Iowa in, 18 

Clays, analysis of, mmhod, 79 

Clays and shales, 
analyses of, 44, 46, 79, 85, 87, 

271, 327, 328, 375, 435, 454, 
504, 519, 538 

character of, 48 
effect on limes, 96 
im purities in, 49 
origin of, 48 
percentage of water in, 56 
use in cements, 48 

Clayton, section at, 211 
Clayton county, 

Galena limestone in, 
character of, 211 
quarries, 211, 564 
linle in, 252 

Lower Buff beds in, 208 
Maquoketa beds in, 213 
Niagara limestone in, 252 
Oneota limestone in, 207 
Ordovician in, 207 
Platteville limestone in, 211, 564 
Prairie du Chien in, 208 
Saint Peter in, 585 
shales from, analyses of, 538 

Clayton White Sand Co., quarry of, 585 
Clermont, analyses of stone from, 271, 

533 
Clermont Brick & Tile Co., 

analyses of shale from, 539 
Cleveland, Ohio, tests of stone from, 544, 

545, 551, 554, 557 
Climax, quarry at, 511 
Clinker grinding, 09 
Clinton, quarries at, 253, 565 
Clinton county, 

IIopkinton stage in, 564 
Niagara limestone in, 

character of, 253, 254 
quarries in, 253, 564, 585 

Coal, analyses of, 170, 172, 529 
calorific power of, 171, 172, 529 
Iowa, character of, 171, 172 

Coal, ca lorific value of, 
ill producer plant, 177 
in steam plant, 177 

Coal. consumption of, 
electrical power from, 

in producer plant, 177, 179, 181, 
182 

in steam plant, 177, 179 
1,er brake borse-power, 181, 182 
per kilo-watt bour, 181, 182 

Coal, cost of, per brake horse-power, 181, 
182 

per kilo-watt hour, 181, 182 
Coal, cost of steam from, 173 
Coal, production of, by counties, 15 

by years, 13, 14 
rank of Iowa in, 16 
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Coal for burning cement, 
actual amount required, 66 
analyses of, 67 
cost of preparation of, 68 
drying, 67 
pulverizing, 68 
theoretical amount required, 65 
water in, 67 

Coal industry, 3, 14 
Coal Measures, 

absorption tests of sandstone 
from, 553 

crushing tests of lim estone from, 
546 
of sandstone f rom, 547, 549 

distribution of, 198 
see ?lso Upper Carboniferous 

Coalville, quarry at, 348 
Coggan, quarry at, 353 
Coggan lim estone, 

analysis of, 531 
character of, 299, 353 
lime from, 304 
section of, 354 
in Benton county, 299 
in Linn county, 355 

Coin, quarries at, 514 
Coke, fuel cost of steam from, 173 
Cole, Walter B., work of, 2 
Coleman, A. E., quarry of, 587 
Colfax, coal from, analysis of, 172, 529 

fuel value of, 172, 529 
Colorado, cemellt rock used in , 44 

coal from, tests of, 177 
limestone used for cement in, 44 

Colorado stage, beds of, 199 
Colllmbus City, qllarry at, 577 
Columbus .Junction, quarries at, 577 
Combes, M. G., quarry of, 560 
Combustion of fuel, ideal conditions for, 

]74-

Compact and Granular Limestone of 
Saint Louis stage, 449 

Conglomerate, CharitOll, 464 
Conrad, quarry at, 379, 570 
Conrad, W. A. , quarry of, 570 
Consolidated Coal Co., coal of, fuel value 

of, 172 
Conway Coal Co., coal of, fuel value of, 

172 
Cook quarries, beds in, 428 
Coonrod, J. J., quarry of, 569 
Co-operative work of U. S. Geological 

Survey in Iowa, 4 
Co-operative work with Imnois Geologi

cal Survey, 4 
Corey Coal Co., coal of, fuel value of, 

172 
Corning, section at, 484 
Cornwell, Batterson &, quarry of, 583 
Coy town, quarry at, 562 

Craig, G. E., quarries of, 576, 587 
tests of ston e from, 548 

Cream City Brick and Tile Co., pit of, 
335 

Crescent, section at, 516 
Cresco, quarry at, 344, 572 
Cretaceons system, 199 

analyses, 519, 522, 535 
Benton sub-stage, 521 

characters, 518, 520, 522 
Green Horn limestone, 521 

Dakota stage, 520 
Nishnabotna sub-stage, 520 

Inoceramns beds, 521 
Niobrara division, 521 
Portland cement materials in, 518, 

522 
( (Sioux City Granite," 518 
in Calhoun county, 519 
in Cass county, 520 
in Guthrie county, 520 
in Pottawattamie county, 520 
in Plymouth and Woodbury coun

ties, 521 
in Sac county, 522 

Crocker, John, quarry of, 586 
Croft, J. , quarry of, 572 
Cronin, D., quarry of, 571 
Crowe Coal Co., analysis of coal of, 529 

fuel value of, 172, 529 
Crowley, E. L. , quarry of, 573 
Crushed stone from the 

Anamosa limestone, 240, 280, 291, 
562, 574, 576, 581 

Cedar Valley, 310, 349, 369, 561, 
562, 563, 572 

Devonian, 299, 319, 367 
Earlham phase, 501 
Galena, 567, 568 
Hopkinton , 565, 566, 568 
Kinclerhook, 381, 391, 571, 579 
Missouri, 488, 492, 501, 566, 577, 

578 
Niagara, 240, 254, 294 
Osage, 402, 411, 419, 567 , 575, 

583 
Otis beds, 354 
Pella beds, 456 
P latteville, 564 
Saint Louis, 424, 433, 571, 582, 

583 
Wapsipinicon, 354, 576, 581 

Crusher plants in 
Bromer county, 

Cedar River Stone CO.,310 
Cedar county, 

Bealer quarries, 239, 562 
Cerro Gordo county, 

Barber Asphalt Co., 562 
NorthweS'tern States Portland 
Cement Co., 563 
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Crusher plants in, 
Clayton county, 

Cassidy, J. G., 564 
Clinton county, 

Carcy qualTY, 254, 565 
Decatur county, 

Davis City, 492, 566 
Delaware county, 

McGlade, M. L., 566 
Des Moines county, 

Kemper, R G., 567 
Whitaker, P. W., 567 

Dubuque county, 
Arquitt & Sons, 568 
Byrne & Saul, 567 
Dehner, !-I. L., 567 
Eagle Point Lime Works, 568 
Parker, M. E., 567 
Siege, Anthony, 568 

Hardin county, 
Barber As.phaJt Co., 382 
Ellswol'th Stone Co ., 381 
Ivanhoe Quarry Co., 382 

Henry county, 
Beckwith Stone & Lime Co., 571 

Howard county, 
Evans, E. E., 572 

Jones county, 
Dearborn & Sons, 574 
Erickson & Co., 574 
Green & Sons, 280, 574 
Ronen . J .. 574 

Lee COllllty, 

Cameron & McManus, 575 
Tucker & McMaJ1Us, 411, 575 

Linn county, 
Mount Vernon quarry, 292 
Snouffer, J. J., Jr., 354, 576 

Mac1i on county, 
Cassic1y & Co., 578 
Earlham Lancl Co., 501, 577 
Robertson, S. A., 501, 577 
Yoke, F. V., 578 

Scott county, 
Bolanc1, Frank, 581 
Clark quarry, 367 
Grommoll quarry, 367, 581 
LeClaire Stone Co., 294, 367, 

581 
Linwooc1 Quarry Co., 367, 581 
Rock Islanc1 Stone Co., 581 

Wapello county, 
Chilton, Chas., 583 
Lames, Andrew, 456, 582 

Crushing !tests of lim estone from 
Delaware county, 

Hopkinton, 546 
Des Moin es coun'ty, 

Burlington, 546 
Loftus quarry, 546 

Fayette county, 
Postville, 546 
Wmiams quarry, 546 

Crusbing tests of limestone from 
HlllJlboldt county, 

Humboldt, 546 
Jones county, 

Dearborn quarries, 547, 548 
Green quarries, 547, 548 
Hale, 547 
Stone City, 547, 548 

Louisa county, 
Morning Sun, 548 
Wilson quarry, 548 

Mac1ison county, 
Bevington quarry, 548 
Winterset, 548 

Mahaska county, 
Given, 549 

Marion county, 
Tracy, 443, 549 

Marshall coun ty, 
Quarry, 395, 549 

Scott county, 
Le Claire, 549, 550 
Thielman, F. H., 549 

Van Buren county, 
Chequest creek, 550 
Price quarry, 550 

Illinois, 
Joliet, 551 
Lemont, 551 

Indiana, 
Bedford, 551 

Minnesota, 
Kasota, 551 
Winona, 551 

Crushing tests of limestone from the 
Pella bec1s, 443 
Saint Louis limestone, 443, 546, 

549 
Coal Measures, 546, 547, 549 

Crushing !tests of sandstone from 
Dallas county, 

Van Meter, 546 
J asper county, 

Monroe, 547 
Lee county, 

Craig quarries, 548 
West Point, 548 

Marion county, 
Red Rock, 549 

Van Buren county, 
Chequest creek, 550 

Michigan, 
Lake Superior, 551 

Ohio, 
Berea, 551 
Cleveland, 551 

Cuddebeck, E. M., 
quarry of, 561 

Dakota, lignite from, analysis of, 179 
tests of, 179 
stage, 199, 520 
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Dallas, Texas, analysis of chalky lime
tone from, 45 

Dallas county, 
Carboniferous system in, 464, 487 

Des Moines stage in, 465 
analysis of coal from, 529 

of shale from, 538 
characters of, 465 
quarries in, 465 

Missouri stage in, 487 
Bethany sub-stage in, 487 

Earlham lim estone, 488 
Fragmental limestone, 488 

quarries in, 488 
tests of sandstone from, 546, 

552 
Danville, analysis of shale from, 539 

quarries at, 585 
Davenport, analysis of shale from, 539 

quarry at, 581 
tests of stone from, 544, 545, 557 

Davenport beds, 368 
Davis, P_ & I ., quarry section of, 451 
Davis City, crusher plant at, 492 

quarry at, 490, 566, 585 
Davis county, 

analysis of coal from, 529 
Carboniferous system in, 466 

Des Moines stage in, 466 
quarries in, 466, 565 

St. Louis in, 565 
Dayton, quarry at, 420 
Dearborn and SOll,S, analyses of lime

stones from, 534 
quarries of, 283, 574 
tests of stOlle from 544, 545, 547, 

548, 553, 557 
Decatur cOlmty, 

Carbonif erous system in, 489 
Missouri stage in , 489, 566, 585 

B ethany sub-stage in, 489 
De Ralb lim estone, 491 
Earlham limestone, 489 
Fragmental lim estone, 489 
Westervill e limestone, 492 
Winterset limestone, 490 
sections in, 490 

Decorah, analyses of lim estone from, 537 
analysis of shale f1"Om, 85 

Decorah shale, 204 
Deeds, C. W ., quarry of, 587 
D ebner, H . L ., quarry of, 567 
De Kalb, quarry at, 566 
De Kalb limeston e, 480, 491 
Delaware county, 

crushing tests of limestone from, 
546 

lime in, 265 
Niagara limeston e in, 261 

Delaware county-Continued 
H opkintoll stage in, 261, 566 

Pentamerus beds, 264 
quarries in, 261, 265, 566 
quarry horizons in , 261 

Wapsipinicon stage, analysis of 
lim estone f rom, 532 

, ' Delaware" stage, term superseded 196 
Delhi quarries, 264 ' 
De Long, J. N., quarry of, 563 
Delta, quarries at, 574, 586 
Demopolis, Alabama, analys:s of chalky 

limestone from, 45 
Denmark, quarry at, 587 
Des Moines, analysis of shale from, 85, 

539 
Portland cement plant at, 23 
quarries at, 487 

Des Moines Coal and Mining Co., coal of, 
fuel value of, 171 

Des Moines county, 
Carboniferous system in, 372, 401, 

421 
Des Moines stage in, 

analyses of shale from, 539 
Kinderhook beels in, 372 

shale at Cascade, analysis of, 
375 
suitability fo r cement, 375 

Osage lim estone in, 567 
analysis of, 532 
divisions of, 401 

n !rlington lim eston e, '401 
sections in, 402 

Keoku k beds, 404 
:iVIontrose cherts, 404 

Saint L ouis lim estone in, 
character of, 4~1 
lime from, 422 
tests of l imestone from, 546, 

552 
Des Moines ri vcr (listrict, analyses of 

coal from, 170 
Des Moin es stage, 

analyses of lim estone from, 531 
of sandstone from, 474, 475 
of sha les f rom, 538, 539, 540 

cbaracter of, 463, 466, 469, 470, 
476, 478, 479 

Chariton conglomerate, 464 
conditions during, 198 
quanies 'n, 560, 585, 588 
Red R ock sandstone, 463, 471, 

476 
trees, foss il , in, 477 
in Appanoose county, 464 
in Dallas county, 464 
in Davis CO l1l1ty , 466 
in Guthrie county, 466 
in Harc1in county, 466 
i]l Iowa county, 469 
in Jas per county, 470 
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Des Moines stage, 
ill Lucas county, 475 
in Marion county, 476 
in Marshall county, 477 
in Muscatine county,' 477 
in Polk county, 478 
in Wayne county, 479 
in Webster county, 479 

Devine, Jas., qllarry of, 580 
Devonjan limestone, 

analyses of, 309, 313, 328, 340, 
361, 531 

character of, 5, 298 
correlation of, 196 
distribu1tion of, 299 
divisions of, 299 
quarries in, 569 
unconformity of, 197 
in Benton county, 299 
in B lack Hawk county, 304 
in Bremer county, 308 
in Buchanan county, 314 
in Butler county, 317 
in Cedar county, 319 
in Cerro Gordo coun ty, 320 
in Chickasaw county, 329 
in Payette county, 330 
in Ployd county, 332 
in Franklin county, 342 
in Howard county, 343 
in Johnson county, 347 
in Linn county, 353 
in Mitchell county, 356 
in Muscatine county, 362 
in Scott co UTI ty, 364 
in Worth county, 369 

Dietz & Harrison, quarry of, 575 
Dixon, quarry at, 581 
Dodge, J. A. , tests by, 548 
Dolomitic lim es, character of, 96 

slaking of, 101 
strength of, 105 

Donahu e, T . J. , quarry of, 568 
Dooley, J ohn , quarry of, 586 
Dorland & W eed, quany of, 569 
Douds Leando, quanies a t, 582 
Douglass, quarry alt, 569 
Dredging cement materials, methods of, 

52 
Drumm, Owen, quarry of, 561 
Dubuque county, 

Niagara limeston e, 266 
analysis of, 532 
Hopkinton stage, 567, 568 
quarri es in , 267 
quarry horizons in, ?RG 

Ordovician system in, 213 
Galena limestone in, 567 

analyses of, 53::0 
character of, 218 
L ower Buff beds, 217 

Dubuque county-Continued 
quarries in, 217, 267 
sections in, 218 

Maquoketa shales in , 223 
analysis of, 539 

Platteville stage in, 
analyses of limestone from" 

532, 533 
of shal es from , '539 

chara,cter of, 214 
sections in, 214, 217, 218 

Saint Peter sandstone in , 
charact er of, 214 
distrihution of, 213 

Dudley, quarry at, 45G, 582 
Dulin, Oscar, qual'l'y of, 582 
Dumont, quarry at , 317 
Dlmreith, tests of stone from, 553 
Durham-Plagler quarry section, 4 .. : 
Duryee, E., citecl, 63 

Eagle City, section at , 383 
Eagle Point, 

lime fran' 
analyse~' of, 118 
character of, 122 
tests of, 106, 123 

limeston e from, analyses of, 532 
Eagle Poi.nt Lime Works, quarry of, 218, 

5G8 
Earlham, analyses of lim estone from, 

87, 535 
quanies at, 577 

Earlham Land Co., quarry of, 498, 577 
E arlham lim eston e, 480, 488, 48fl, 494, 

498 
analysis of, 501 

East Peru, qnarry a t, 578 
Eastman, C. R, work of, on Dc\'onian 

fishes, 5 
Eckel, E. C., cited, 33, 86, 525 
Eckels' quany, section of, 420, 583 
Economizer, in gas engine, use of, 180 
Economy, rate of, in producer pla nt, 

177, 179 
Eddyville, quarries at, 455, 583 
Edgewood, ana lyses of shales from, 538 
Edgington, Bull &, quarry of, 580 
Edwards, H . H ., quarry of, 578 
Eisheck, P., quarry of, 568 
E ldon, quarry at, 565 
Eldon Coal and Mining Co., coal of, 

fuel value of, 171 
Eldora, quarries at, 586 

section at, 4GG 
Eldora Pipe & Tile Co., analysis of sha le 

from, 539 
Electrical power, procluCitioll of, 

by producer plant, 177 , 182 
hy steam plant, 177 
coal used, 177, 182 
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Elgin, analysis of stone from, 271 
quarries at, 569 

Elkader, quarries at, 564 
section at, 212 

Elliott, J. W ., tests of stone by, 393 
Elliott, quarry at, 580 
Ellis, C. E., analyses by, 531, 533, 535-

540 
Ellsworth Stone Co., quany of, 381, 571 
Elma, quarries alt, 347, 572 
Elrick Junction, quarry at, 412 
Empire cement plant, wet methods of ce

ment manufacture, 61 
Empire Coal Co., coal of, fuel value of, 

172 
Engelhart, F. G., quarry of, 581 
Engineering News, cited, 63 
Engines for power plants, 

foundations for, 175 
power of, 174 
proportions of, 174 
size of, 175 
type of, 174 

Epworth, quarries at, 568 
Eric],soll & Co., quarry of, 574 
Ernest, F. W., quarry of, 572 
Evans, E. E., quarry of, 572 
Evanston, quarry at, 588 
Excaya'tion of raw material for cement, 

methods ancl cost of, 50 
Excelsior white lime, 132, 135 

Fairbank, quarry at, 316, 332 
Falker-TTornbaker quarry, section of, 

453 
analysis of stone from, 454 

Farber, Moses, quarry of, 583 
Farley, quarry at, 568 
Farmingt-on, analysis of limestone from, 

536 
analyses of shales from, 85, 540 
ection near, 453 

Fate, J. N ., quarry of, 580 
Fayette county, 

Devo nian lime tone in, 330, 569 
quarries in, 331 

Maquoketa stage in, 223 
analysis of limestone of, 533 
analyses of shales from, 271, 

539 
Niagara limestone in, 269, 331 

analyses of lim estone from, 271, 
533 

Hopkinton stage in, 269 
quarries in, 270, 568 

tests of limeston es from, 544, 
545, 552, 557 

Feed-water heaters, economy of, 164 
types of, closed, 166, 168 

open, 166 
advantages of, 166 
character of, 167 
economy of, 168 
featnres, 169 

Feller, J. P., quarry of, 588 
Fellows, S. D., quarry of, 582 
Fenn, O. 0., quarry of, 563 
Fertile, quarry at, 370 
"Fifty-foot" limestone, 464 
Firing, methods of, 169, 173 
Fisher quarry, section of, 512 
Fishes, Devonian, work of C. R. Eastman 

on, 5 
Flagler, Col. D. W., test by, 548 
Flint Brick Co., coal of, analyses of, 

172 
fuel value of, 172 

, 'Float rock," 464 
Florenceville, section at, 224 
Floyd. qU:1rry at, 340 
Floyd county, 

Devonian lim estone ill, 332 
Cedar Valley lim estone in, 569 

character of, 332 
lithographic stone from, 340 

analysis of, 340 
quarries in, 336, 569 
sections in, 335 

Lime Creek shales in, 332, 336 
analysis of, 539 

Flues, cleaning of, 173 
Fluxes in l'orth1n<1 cement, 72 
Forbes lim estone, 513 
Fort Atkinson lim estone, 

character of, 232 
quarries in , 232 

FOI.t Dodge, analyses of shale from, 85, 
540 

gypsum at, 518 
quarries at, 480, 584, 588 

Fort Dodge Potteq Co., 
analysis of shale from, 540 

Fort Dodge Sandstolle Co., quarry of, 
588 

Fossil trees in Des Moines sandstone, 
477 

Foster's Mill, section at, 369 
Fox, Wm., quarry of, 585 
Fl'agmental lim estone, 480, 488, 489, 494, 

497 
Franklin, quarries at, 435, 576 
FrankliJ, county, 

Carboniferous system in, 375 
Kinderhook stage in, 

character of, 375 
quarries in , 376 

Devonian limestone in, 342 
Lime Creek beds in, 342 

Owen beds ill, 342 
quarries in, 343 
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Frederic];, .J. 11., quarry of, 565 
Free, W. J., qualTY of, 583 
Freeberg, Johnso n &, qU:J.lTy of, 580 
Freezing and thawing tests of limestone 

from 
Davcnport, 557 
Dearborn & Sons, 557 
Fayette co unty, 557 
Green, .J. A., 557 
.Joncs county, 5:')7 
Le Clairc Stone Co., 55 7 
Le a rand Quarry Co., 396, 556 
:Vrarshall county, 556 
Scott cou nty, 557 
WiLliams, Wilkes, 557 
Bedford, In di all::t , 557 
Cleveland, Ohio, 557 
Lake Supcrior. 557 

Fremont county, 
Carboniferous system in, 492 

Missonri stage in, 492 
sections in, 494 

French quarry, 484-
Frink quarry, 245 
Fuel, properties of, ] '70 

wetting of, ]73 
Fuel and steam, cost of, 173 
"Fuel rcquirements, theoretical, 

for cemcnt burning, 64 
Fuel value of coal from 

Alabama, 177 
Anchor coal, 172 
Anthracite coal, 172 
Appanoosc county, 172 
Avery, 172 
Bloomfield, 529 
Boone, 172 
Boonc county, ] 72, 529 
Boone Street Railway Co., 529 
Brazil, 179 
Bnxton, 172, 529 
Carbo n Coal Co., 172 
Ccntervi ll e, 529 
Centerville Coal Co., 171, 172 
Colfax, 172, 529 
Colorado, 177 
Consolidated Coal Co., 172 
Conway Coal Co ., 172 
Corey Coal Co. , 172 
Crowe Coal Co., 172, 529 
Davis county, 529 
lies Moines Coal Co., 171 
Eldon Coal Co., 171 
Empire Coal Co., 172 
Flinlt BT'ick Co., ] 72 
Gibson Coal Co., 172 
Reaps am] Crowe, 172 
Hilton, 171, 529 
Hocking, 52!) 
Hock;ng Valley Coal Co., 171 
Tllin ois , 17]. 179 
Indian Territory, 177 

Fuel value of coal from 
Indiana 177 179 
Inland Fuel 'Co., 'I I~ 
Iowa, 178 
Jasper county, 17:2, ;)2~) 
.THsper County Coal Co., 172 
Johnson Coal Co., 172 
Kalo, 171 
]{eutucky, 177, 179 
Laddsdale, ] 71, 530 
Lehigh, ] 72 
]~odwick Bros. Coal Co., 172 
Lucas CO llllty, 172 
Lumsden Coal Co., 171 
Mammoth Yc in coal, ] 7'2 
]\[ ::U'ioll county, 172 
Mal'quisvi,]je, 171, 172 , 529 
::\Jissomi, 177 
MOlll'oe county, 529 
::\rystic, 172, 529 
NOl'woodville, 172 
Pekay, 171, 530 
Platt Brick Co., 172 
Po.lk county, 172, 529 
Rogers Coal Co., 172 
'Roseland coal, 172 
Smoky Hollow coal, 172 
S pr:ng Valley, Ill., 171 
Van Mete]', 172 
Wapello county, 530 
West Virginia, 171, 177. 179 
Whitebl'east Coal Co., 171 
Willard, 172 
Wyoming, 177, 179 

Fusulina lim estone. 497, 517 

Gable, W. II., quarry of, 360 
Galena stage, 194 

analyses of limestone fl'om, 532 
character of, 204 
qU3 ni es in , 564, 567, 568 
in Allamakee county, 207 
in Clayton coun ty, 211 
in Dubuquc county, 217 
in Jackson county, 226 
in Winneshiek county, 230 

Gallanr]s, quarry at, 575 
Gambri l, quarry at, 581 
Garden, Hartsham &, quarry of, 579 
OarnayjJIo, quarries at, 564, 585 
Garrison, quarries at, 303, 560 
Garwin , qnarry at, 581, 587 
Gas, natul'al, usc of, in burning cement, 

66 
Gas engine power for quarri es, 176 

tests of fuels for, 177 
Gayther, Ed., quarry of, 569 
« Gecst, " 254 
Geneva, quarry near, 378 
Geological section of Iowa, 193 
German Portland cement , slag used in , 48 
Gibson, Geo., quarry of, 585 
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Gibson Coal Mining Co., coal of, analy- I 
sis of, 172 

fuel valu e of, 172 
Gifford, section at, 384 
Gilbert, W., cited, 63 
Gillan & Houghtaling, quarry of. 561 
Gilmore, Gen. Q. A., tests by, 551, 555 
Gilmore, analysis of limestone from, 533 

quarries at, 445, 580 
Gipple, C. J., quarry of, 414 
Girthoffer, J. 0., quarry of, 563 
Given, quarry at, 578 

tests of stone from, 549 
Glendon, analysis of shale from, 85, 539 

quarries alt, 520 
Gordon, C. IT., cited, 4]6, 433, 448 
Gower limeston e, 

analyse' of, 243, 244, 24 , 531, 
534 

character of, 234, 293 
(1i"is;ons of, 234 
lime from, 247 
quanies ill , 239, 278, 577 
in Cedar county, 239 
in Johnson county, 277 
in Jones county, 278 
in Lillll county, 291 
in Scott county, 293 

Graf, analysis of shale from, 539 
Graham, W . H. , quarry of, 575 
Grand Mound, quarries at, 565 
Grand River, quarry at, 566 
Graner, Chas., qu arry of, 576 
Graner, Henry, quany of, 435, 576 
GranHe Brick Co., analysis of shale of, 

375 
Granites, from Iowan drift , 525 
Grant, quarry near, 512 
Grant City, section at, 522 
Graltes for boilers, 158 
Gray, J. E. , quarry of, 415, 577 
Green, A. H., quarry of, 565 
Green, L. D., quarry of, 579 
Green and Sons, 

analyses of stone, 534 
qnarries of, 280, 574 
tests of stone from, 544, 547, 548, 

553, 557 
Green Horn limestolle, 521 
Green shales, 204 

fossils of, 195 
in Allamakee county, 207 
in Clayton county, 211 
ill Dubuqll e county, 214, 217 

Greene, R. N., quarry of, 582 
Greene county, analysis of coal from, 

529 
Grieves, H ., quarry of, 586 
Grommoll Stone Co., quarry of, 367, I 

581 

Grundy county, 
Carboniferous system in, 379 

Kinderhook limeston e in, 379, 
570 
Conrad quarry, 379, 570 

Gustafson, J . F., quany of, 588 
Guthrie Center, analysis of shale from, 

539 
Guthrie county, . 

analysis of coal from, 529 
of shales from, 539 

Carboniferous system in, 466, 494 
Des Moines stage in, 466 

Panora, quarry at, 466 
Missouri stage in , 494 

Bethany sub· stage in, 494 
Earlham lim estone, 494 
Fragmental limestone, 494 
·Winterset lim estone, 494 
section in, 495 

Cretaceous system iLl , 520 
qnarries in, 520 

Guttenberg, quarries at, 564 
sectiO)l at, 212 

Gypsum, addition of, to Portland Cement, 
70 

Gypsum beds of Permian , 518 
age of, 199 

Gypsum production by years, 13 
classified, 21 
diagrams showing pTOduction, 19, 

20 

Hale, quarry at, 290, 573 
tests of stone from, 547 

Hall, Fetter, quarry of, 587 
Hall, J. A., quarry of, 577 
Hall, James, cited, 195 
Hall, Squire, quarry of, 587 
Hallman, John, quarry of, 344, 572 
Hamilton county, 

Carboniferolls system in , 422 
Saint Louis limestone in, 442, 

570 
analysis of limestOl]e from, 

533 
quarries in 422, 570 

Hammer, Fred, quarry of, 576 
Hampton , quarry at, 377 
Hannibal, Mo ., 

use of Kinderhook shales for ceo 
meut alt, 375 

Hanshaw, G., quany of, 582 
Hardin county, 

Carboniferous system in, 380, 466 
Kinderhook limestone in, 570 

character of, 380, 382 
quarries in, 381, 570 
sections in, 380 

Des Moines stage in, 466, 586 
analysis of shale from, 539 
quarries in, 469, 586 
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Harmon, C. R., qllarry of, 561 
Harpers Ferry, qllarry at, 560 
Harrison & Dietz, qllarry of, 575 
Harrison county, 

Carboniferous system in, 495 
Missouri stage in, 495 

Logan, quarry at, 496 
Hartman, W. A., qllarry of, 578 
Hartong, J-ohn M., qllarry of, 560 
Hartsham & Garden, quarry of, 579 
Hartwig, A ., quarry of, 573 
Hartzell, P. R., quarry of, 567 
Harvey, A. E., quarry of, 588 
B'lrvey, cement materials at, 2, 23, 438 

quarry near, 442 
Hawarden, analysis of limestone from, 

536 
Hawleyville, section near, 515 
Hayden, Meek and, cited, 521 
Hayes, Wm., quarry of, 583 
Haynes Bros., quarry of, 570 
Hazelton, Niagara limestone at, 236 
Heaps and Crowe, coal of, analysis of, 

172 
fuel value of, 172 

Heat, losses of, in burning cement, 65 
Hecht quarry, 246 
Hedrick, quarries at, 575 
Heitzman, F., quarry of, 568 
Helmes, R. W., quarry of, 569 
Hendrickson, L. P., quarry of, 579 
Henning, G. M., quarry of, 472 
Henry county, 

Carboniferous system in, 423 
Osage .limostone in, 423 
Saint Louis lim estone i.n, 423, 

571 
lime from, 425 
Springvale beds, 423 
Verdi beds, 424 

Henton, quarry at, 506 
Herwehe, A., quarry se0tion of, 473 
Hicks, J. M., quarry of, 568 
Higgins, L., test by, 549 
High-calcium, white limes, tests, 107 
Hillsdale, quarry at, 433 
Hilton coal, analysis of, 529 

fuel value of, 171, 529 
Hocking coal, analysis of, 529 

fuel value of, 529 
Hocking Valley Coal Co., coal of, fuel 

value of, 171 
Hodge & McElroy, quarry of, 570 
Hoen, A. B., analysis by, 535 
Hoolik, Jos., quarry of, 576 
Hopkinton, quarries at, 566 

tests of stone from, 546, 555 
, 'Hopkinton, " use of term, 196 

Hopkinton limestone, 
analyses of, 236, 271, 533 
character of, 234, 273 
genoml section of, 234 
lime from, 266, 277 
quarries in, 261, 270, 273, 562, 

564, 566, 568, 572, 573 
in Bremer county, 235 
in Fayette county, 269 
in Jackson county, 273 
in Jones cOllnty, 278 
in Linn county, 291 

Hornbaker quarry, section of, 453 
Horse-power, capacities of chimneys in, 

161 
Houghtaling & Gillan, quarry of, 561 
Houghton, L. L., quarry of, 581 
Howard county, . 

Devonian limestone in, 343, 572 
lime from, 347 
quarries in, 343, 572 

Galena-Platteville in, 224 
Maquoketa stage in, 224 
Wapsipinicon lim estone in, 572 

Hudson River shales, 195 
Huehl, F. C., quarry of, 258 
Humboldt, analyses of limestone from, 

533 
qualTies at, 426, 572 
sections rut, 384, 425 
tests of stone from, 546, 552 

Humboldt county, 
Carboniferous system in, 384, 425 

Kinc1Brhook limestone in, 572 
absorption tests of, 552 
analyses of, 385, 533 
lim e from, 386 
quarry in, 572 
sections in, 385 

Saint Louis limestono in, 425 
analysis of, 533 
crushing tests of, 546 
quarries in, 425 

Humston, J. H., CJnarry of, 583 
Hurst and Co., lime of, 132, 135 

quarry of, 274, 573 
Hutchinson , E. P., qualTY of, 573 
Hutchinson, G. W., qllarry of, 581 
Hydrwted lim es, advantages of, 103 

character of, 102 
Hydraulic cements, analyses, 99 
Hydraulic factor in clays, determination 

of, 83 
Hydraulic limes, definition, 34 
Hydraulicity, cause of, 98 
Hyler, C. G., quarry of, 572 

nIinois, 
coal from, analyses of, 179 

t ests of, 177, 179 
limestone from, t ests of, 551, 554 
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Illinois Geological Survey, co·o perati ve 
work with, 4 

Independence, analysis of Ii mestone 
from, 532 

quarry at, 314 
Indian Territory, coal from, tests of, 177 
Indiana, 

coal from, analyses of, 179 
tests of, 177, 179 

oolite from, tests of, 544, 545, 551, 
554, 557 

Ingle, J ., quarry of, 575 
Inland Fuel Co., coal of, analysis of, 172 

fuel value of, 172 
Inoceramus beds, 199, 521 
Inspection and tests of boilers, 160 
Interstate Development Co., quarries of, 

339 
. Iowa building stones, tests of, 543 . 
Iowa caen stolle, 392 

analyses of, 398, 535 
Iowa City, analysis of limestolle from, 

534 
qnarries at, 348, 573 

lowa coalR, analyses of, 170, 172, 178, 
529 

calorific power of, 171, 172, 178, 
5~9 

character of, 171, 172 
Iowa county, 

CarllOniferons system in, 469 
Des ;\I[oi l1es sandstone in, 469 

Amana Society, quarries of, 
469 

character of, 470 
Iowa Falls, quarries at, 571 

section at, 380 
Iowa limestone quarries, directory of, 

559 
Iowa marl),]e, 392 

analyses of, 398 
tests of, 395, 549, 554 

Iowa Paint Company qnarry, 300 
Iowa Portlan(l Cement Co., quarry of, 

498 
Iowa sandstone quarries, directory of, 

585 
Iowan bowlders, building stone from, 

525 
Iron, effect of, on Portland cement, 72 

in cement mixture, effect of, on 
burning, 67 

in clays, cletermination of, 80 
in limestone, determination of, 77 

Iron are, plant for washing, 22 
Ishman, J. L., quarry of, 569 
Isotelus zone, in Whllleshiek county, 231 
Ivanhoe 'Quarry Co., qnarry of, 382 

Jackson county, 
Maquoketa stage in, 226, 572 
Niagara series in, 227, 273 

Hopkinton stnge ill, 273, 572 
analyses of limestone from, 

533 
character of, 273 
quarries in, 273, 572 

Platteville limeston e in, 225 

Jasper county, 
Carboniferous systcm in, 470 

Des Moines stage in, i70, 586 
coal from, analysis of, 172, 

529 
fuel value of, ] 72 

quarries in, 471, 586 
Red Rock sandstone, 471 

analyses of, 474, 475 
area, 472 
character, 475 
mineral paint from, 474 
quarries in , 472 
tests of, 547> 552 

Jasper County Coal and Mining Co., coal 
of, fllel value of, 172 

Jefferson county, 
Carboniferous system in, 426 

Saint Louis limestone in, 426 
sections in, 427 

Jesup, section at, 316 
Johnson, S. A., quarry of, 563 
Johnson & Freeberg, quarry of, 580 
Johnson Coal Co., coal of, analyses of, 

172 
Johnson cOllnty, 

A namosn phase in, 277 
Cedar Valley stage in, 347, 573 

analysis of limestone from, 534 
quarries in, 348, 573 

Gower limestolle in, 277 
Le Clai re linlcstone in, 277 
lime in, 353 
Niagara limestone in, 277 
State Quarry limestone in, 350 
Wapsipinicon linlestone in, 347 

.Joiner & Son, lime of, 132, 135 
quarry of, 573 

Joliet, Illinois, tests of stone from, 
551, 554 

Jones, J. IT., quarry of, 577 
Jones, Wm., quarry of, 585 
Jones county, 

Niagara limestone in, 277 
Gower stage in, 277, 534 

Anamosa dolomite, 277, 573 
allalyses of, 534 
chal'acter of, 279 
quarries in, 280, 573 
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Jones county-Continued 
A namosa district, 284 
Stone City tlistrict, 280 

tests of, 544, 545, 547, 552, 
557 

Hopkinton stage in, 277, 278 
L e Claire heds ill , 277 
lime in, 290 

Judge, A. E ., quarry of, 587 
Judy, IIeory, quarry of, 576 
Juli<.Ln, quarry at, 568 

Kaarde, Nelis, quarry of, 564 
Kala, coal from , fuel value of, 171 

shale fl'om, analysis of, 540 
Kansas, coal from, analysis of, 179 

tests of, 179 
petroleulll from, fnel value of, 172 

I\:asota, ::\'i:innesota, tests of stone from, 
551, 554 

Kearns, H. W., quarry of, 560 
K efl'eler, D. , quarry of, 560 
Keil, John, quarry of, 572 
Keith, E. L., quarry of, 576 
Kellogg, quarry at, 472 
Kelly, Peter, quarry of, 575, 587 
I(emper, E. G., quarry of, 473, 567 

test of stone from, 553 
Kennedy, J. P., quarry of, 587 
Kennedy & Wardlow, quarry of, 576 
Kcntucky, coal from, analysis of, 179 

tests of, 177, 179 
Keokuk, quarries at, 408, 575, 587 
Keokuk beds, 

character, 404, 407, 416 
geode beds, 407 
in Des Moines county, 404 
in Lee county, 407 
in Van Buren county, 415 

Keokuk county, 
Carboniferous system in, 405, 428 

Des Moines stage in, 586 
analysis of coal from, 529 
quarry in, 586 

Osage limestone in, 405 
Saint Louis limestone in, 428 

Springvale beds, 428, 574 
Verdi beds, 428 

characters, 429 
sections in, 429 

Kcosauqua, analysis of limestone f1"0111, 
536 

quarries at, 582, 587 
Keosauqua sandstone, 449 
Kepner, G. M. , quarry of, 588 
Keyes, C. R., cited, 372, 433, 518 
Kiefer, A. B., quarry of, 562 
Kilns, burning, for cement manufacture, 

63, 64 
Kilns, drying, for cemellt materials, 57 

lGnderhook stage, 
analyses of, 375, 385, 398, 533, 535 
cement materials from, 371, 375 
character of beds, 371, 380 
divisions of, 371 
fauna of, 197 
LeGrand beds, 388 
quarries in, 391, 570 , 571, 576, 579, 

581, 587 
section of, 380 
in Des Moines county, 372 
in Franklin county, 375 
in Grundy county, 379 
in Hardin county, 380 
in Humboldt county, 384 
in Marshall county, 386 
in Tama county, 398 
in Washington county, 400 

Knight, Dr. N., analyses by, 248, 531 
Knotts, A. E., quarry of, 583 
Koeslner, Geo., quarry of, 567 
Kohler, Geo., quarry of, 564 
Kramer, A. W., quarry of, 584 
Kregel, E. W. & H. D. , quarry of, 564, 

585 
Kress, John, quarry of, 587 
Ku ehl, Aug., quarry of, 565 
Kuhnle, G. W., quarry of, 569 
Kuppinger Bros., quarry of, 323, 562 

Laddsdale coal, analysis of, 530 
fuel value of, 171, 530 

Lafferty, J. A., quarry of, 455, 583 
Lahne, Eck, quarry of, 560 
Lake City, analysis of shale from, 519 

section at, 519 
Lake Superior, tests of sandstone from, 

544, 545, 551 , 554, 557 
Lames, Andrew, qnarry of, 456, 582 
J.Jamoni, sections near, 490 
Lamp black, fuel value of, 172 
Lanphier, E. E., quarry of, 473, 586 
Lansing, quarries at, 560 
Laporte, quarries at, 307, 561 
II La Porte sandstone," 306 
Lawrence, Jas., quarry of, 573 
T.Jaytoll, L. L., quarry of, 563 
Lead and Zinc, prices of, 21, 22 

production of, 13, 22 
LeClaire limestone, 

character of, 235, 293 
lime from, 235, 247, 290 
quarries in, 577 
in Cedar county, 246 
in Johnson county, 277 
in Jones county, 290 
in Linn county, 291 
ill Scott county, 293 
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LeClaire Stone Co., 
ana,lyses of stone fro lll , 535, 536, 

539 
quarries of, 294, 367, 581 
tests of stone from, 544, 545, 549 , 

554, 557 
LAe. Clms., qual'1'Y of. 564 
Lee, W. E., quarry of, 566 
Lee county, 

Carboniferous system in, 406, 430 
analyses of shale from, 435, 539, 
Osage limestone in, 575, 587 

Burlington limestone in, 406 
Keokuk beds, 

characters, 407 
goede beds, 407 

'Warsaw beds, 408 
S('ctiOllS in, 401) 

Saint J~ouis limesto ne in, 430 
divisions, 433 
lime from, 435 
sections in, 433 

tests of sandstone from, 548 
LeGrand 1 im eston(', 

anaJyses of, 398, 535 
character of beds, 388 
quarries ill, 391, 579 
sections in, 387, 399, 400 
tests of stone, 393, 549, 554, 556 
ill Marshall county, 387 
in Tama county, 398 

LeGran d Quarry Co., quarry of, 387, 
391, 579 

tests of ston(' from, 395, 556 
Lehigh. coal from, a nalysis of. 530 

fncl valne of , 172 
Lehigh, qua1'1'y at, 588 
Lehigb Clay Works, analy. is of shale 

from, 540 
Lehigh district, P eun. , analyses of ce

ment materials from, 43 
Le Mars, analysis of chalk from, 535 

chalk rock near, 521 
Lemont, Illinois, tests of stone from, 

551, 554 
Lenses, sandstone, in Des Moines stage, 

463, 465, 471, 476 
Leslie, R. W., cited, 63 
L ewis, F. !T., cited, 63 
L ewis, quarries Il eal', 486, 520 
Lewis lim e qnarry, 360 
Light, U. P. , qnarry of, 580 
Lignite, Dakota, analysis of, 179 

tests of, 179 
Lime, addition of sand to, purposes, 104 

air-slacking of, 100 
analyses of, 107, 116, 118, 127, 

132, 142 
argillaceous and siliceous, :1Ctiol1 

of, 96 
"burnt,)) 101 

Lime, 

Lime, 
Lime, 

Lime 

Lime 

Lime, 

"a rbonn tioll of, ] Oil 
composition of, })5 
deterioration of, prevention of, 102 
dolomitic, slaking of, 101 
strength of, 106, 109, 119, 150 
water required to slake, 150 
"drowned," 101 
effect of percentages of water on, 

106-150 
effect of sando] ime l'atios on, 106-

150 
expansion in slaking, 101 
from Eagle Point, 118, 122, 123 
from Maquoketa, 106, 132, 133 
from Mason City, 107, 108, 110, 

122, 127, 131 
from Springfield, Mo., 116 
from Viola, 106, 142, 143 
from the 
Benton, 522 
Bethany, 492, 505 
Cedar Valley limestone, 308, 314, 

361, 371 
Oogg:1n beds, 304 
Cretaceons, 522 
Des Moines, 464, 476 
Devonian limestone, 234, 304, 317, 

347, 368, 371 
Galena Platteville, 218, 233, 252 
Gower limeston e, 248 
Hopkinton limestone, 277 
'Kinderhook, 386, 400 
L eClaire limeston e, 235, 247, 251, 

290, 292 
Niagara Jimestone, 233, 236, 247, 

266, 277, 290, 314, 317 
Oneota limestone, 23 3 
Osage. 403, 422 
Pella beds, 436 
Saint Lonis, 422, 425, 435, 444 
function of, in mortar, 105 
high calcium, strength of, 105, 109, 

110, 150 
white, tests of, 107 

hydraulic, definition, 34 
strength of, 104 

in cement mixture, effect of, Oll 

burning, 67 
l~ ime ill 

Appanoose county, 464 
Benton county, 304 
Black Hawk county, 308 
Bremer county, 236. 314 
Buchanan couuty. 31.7 
Cedar county, 247 
Clayton county, 252 
Decatur county, 492 
Delaware county, 265 
Des Moin es couuty, 403, 422 
Dubuqne county, 218 
Floycl county, 342 
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Lime in 
Henry conn ty, 425 
Howard county, 347 
Humboldt county, 386 
Jackson coun ty, 277 
Johnson county, 353 
.Tones county, 290 
Lee cou nty, 435 
Linn COllllty, 292 
Lucas county, 476 
Madison county, 505 
:\Jahaska county, 436 
Marion cOllnty, 444 
lUi tchell cou n ty, 361 
P lymouth county, 522 
Pottawattamie county, 517 
Sac CO llll ty, 522 
Scott county, 368 
Ta llla county, 400 
Winueshiek county, 233 
Worth county, 371 

Lime, Iowa, physici" l tests of, 91 
magn('s i:ln and (lolomitic, tests of, 

]18 
Ohio, tensile strength tests of, 109 
procluctioll of, 18 
proportion of, in mortar, 105, 149 
reaction with silica, 104 
setting and hardening of, 103 
slaking of, 99 
specific gravity of, 103 
tensi le st rength of, 109-150 
watel' rcquil:eel to sl:1ke, 150 
white, Rhl'inkage of, 105 

slaki llg of, ] 01 
"ersns argillaceous and siliceous, 

96 
versus hrowll, 96 

Lime c:ubollate in limestones, determina-
tion of, 78 

Lime-cement series, distinctions of, 98 
Lime City, section at, 251 
Lime Creek shales, 197 

analyses of, 327, 328, 538, 539 
character of, 326 
Owen beels, 326, 342 
in Cerro Gordo county, 326 
in Floyd county, 332, 336 
in Franklin county, 342 

Llme hydrates, pecific gravity of, 103, 
149 

Lime mortal's, tests of, 106 
uses of, 104 

Lime silicate, effect of, on Portlau(l 
cement, 71 

Limestone, analyses of, from the 
Anamosa, 534, 536 
Bethany, 535 
Cedar Val'ley, 122, 531, 532, 534, 

535 
Coggan, 531 
Cretaceous, 522, 535, 536 

I Limestone , analyses of , [rom the 
Des Moines, 531 
Devonian , 107, 306, 309, 313, 328, 

340, 361, :531 
Earlham, 501 
Ga ll'lla, ]] 8, 532, 5R 7 
GOlyer, 531, 534, 5:36 
H opkin ton, 132, 533 
Kinderhook, 385, 398, 533, :535 
Lowpl' Dayenport, 5n 
Maquoketa, 533 
j\fissouri, 532, 535. 536 
Niagara, 236, U3, 2+ .. , 248, 271, 

i531, 532 
Ordovician, 27 1 
O~nge, -H3, 532 
Otis, 531 
Pella, 443 
PI ntteville, 532, 53R 
Saint Louis, 4403, 445, 454, 533, 

:335, 536, 537 
Wapsipinicon , .531, .)3~, 535, 536 

Limestone, dolomitic. limes f rom, 95, 96 
Li.mestone from SpI'iLlgfield , :Dio., analysis 

of, 116 
T"imestone, tests of, from 

Bmlington, 54(j, 552 
Chequest creek, 558 
Davenport, 54->, ;"5-1.5, 557 
Given, 549 
Hale, 547 
Hopkin ton, 546 
Humboldt, 546. 552 
LeClaire, 549, 554 
Morning Slll1, 548 
Oskaloosa, 552 
Postville, 544, 546, 5.52, 557 
Quarry, 549, 55+, 556 
Stone City, 544, 545, 547, 552,557 
Tracy, 443, :549, 552 
WiLlterset, 548, 552 
Bedford, I1ldiana, 54'1. 545, 55], 

554, 557 
Joliet, Illinois, 551, 554 
Kasota, Minnesota, 55] , 554 
T"cmont, Illinois, 551, 554 
Winona, Minnesota, 5:51, 554 

Limeston e, tests of, from the 
Anamosa, 544, 545, 557 
Bedfbrd oolite, 5->4, 545, 554, 557 
Coal Measures, 546, 547, 549, 553 
Hopkinton, 544, 545, 557 
Niagara, 544, 545, 557 
P IYJla beds, 443, 552, 553 
SaiLlt Louis, 443, 546, 549 

Limestolle qllarries, directory of, 559 
Limestone useel in Portland cement, 

allalyses of, 43, 44, 45 
classes of, 43, 44, 45 
cost at mills, 53 
loss 011 burning, 53 
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Limestone used in Portland cement, 
origin of, 44 
percentage of water in, 55 
percentage to be used, 88 
process of analysis of, 76 

Linn county, 
Devonian system in, 353 

Cedar V::lliley stage in, 356 
Wapsipinicon stage, 356 

Coggan beds in, 353 
Otis beds in, 354 

Niagara series in, 291 
Gower stage in, 291, 577 

Anamosa phase in, 291, 576 
LeClaire phase io , 291, 577 

Hopkinton stage in, 291 
lime in, 292 

Linwood Quarries Co., quarry of, 367, 
581 

Lithographic City, quarries at, 339 
Lithograph 'c stone from 

FJoyd county, 340 
Mitchell county, 360 

"Little Rock " 464 
Lodwick Bro~. Coal Co., coal of. fu el 

value of, 172 
Loess, work of B. Shimek on, 4 
Loftus, John J ., quarry of, 403, 567, 579 

tests of stone from, 546, 553 
Logan, quarry at, 496 
Longaker, A. R., quarTy of, 561 
LOllggrove, quarry at, 581 
Lonsdale, E. H. , cited, 485, 508 
Loop, E. M., quarry of, 263, 566 
Lord, N. 'Y., cited, 76, 81 
Lorence, W., Quarry of, 576 
Lorenzen, C. F., quarry of, 565 
Lortscher, C .. quarry of, 569 
Louisa county, 

Carho]liferous system in, 412 
Kinderhook stage in, 412 

Osage limestone in, 577 
Burlington sub-stage in, 

analyses of, 413, 534 
quarries in, 412, 577 
tests of stone from, 548 

Louisville, Ky., analysis of natural ce-
ment from, 99 

Lovell, John, quarry of, 566 
Low, Wm., quarry of, 376 
Lowell, quarry near, 423 
Lower Buff beds, 

in Allamakee county, 206 
in Clayton COUlJty, 208 
in Duhuque county, 217 
in Winneshiek county, 229 

Lower Burlington beds, sec Burlington 
[imestone 

Lower Carboniferous series, see l\1issis
. sippian series 

Lower Coal Measures. see Des Moines 
tage . 

39 

Lower Davenport limestone, analysis of, 
531 

"Lower Magnesian," term superseded, 
194 

Lower Quarry beds, 
in Clayton county, 208, 211 
in Dubuque county, 217 

Lucas county, 
Carboniferous system in, 475 

Des Moines stage in, 475 
coal from, analyses of, 172, 

529 
fuel value of, 172 

lime in, 476 
Lumsden Coal and Mining Co., coal of, 

fuel value of, 171 
Lundteigen, analyses by, 531, 532, 535, 

539 
Lynnville, quarry at, 471 
Lyons, quarry at, 564 

Macbride, T. H., cited, 385, 445 
work of, 4 

Macedonia, quarries near, 515, 580 
Machinery for power plants, 156 
Mallison cOlmty, 

Carboniferous system in, 496 
Missouri stage in, 496, 577 

Bethany sub-stage, 496 
composite section of, 496 
Earilham limestone, 498 

analyses of, 501, 535 
quarrieR in, 498, 577 

Fraglllental limestone, 497 
V\interset limestone, 501 

analyses of, 504, 505, 535 
of shales f rom, 504, 539 

lime from, 505 
quarries in, 578 
sections in, 502, 503, 504 
tests of, 548, 552 

escarpment of, 497 
MagIe, Henry, quarry of, 567 
Magnesia. effect of, on Portland cement, 

72 
Magnesian and dolomitic limes, tests of, 

118 
Magnesium carbonate in lim estones, de

termination of, 78 
Mahaska county, 

Carboniferous system in, 436 
analysis of coal from, 529 
Saint Louis limestone in, 436, 

578 
Pella beds in, 436 

analysis of limestone from, 
535 

quarries in, 436, 57!:! 
tests of stone from, 549. 552 
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Mam moth Vein coal , analysis of, 172 
f uel val uo of, 172 

Man hattan Mills, .'ection at, 405 
Manion, F ., quarry of, 575 
Mankato, Minn ., "na lysis of na tural ce

ment from , 99 
Manufacture of Portlanll ceme nt, meth

ods of, 54 
Maps, topograph ic, in 101Va, il 
Maquoketa, a na lyses of limestone f rom, 

533 
quarries at, 572 

Maquoketa limes, 
ana lyses of, 132 
character of, 132 
tests of, 106, 13:l 

Maquoketa stage, ] 95 
analysis of l imestone from. 5:l:l 

of shales from, 538, 5:39 
quarries in, 572, :384 
structural materials f rom. :!04 
ill layton coun ty , 21:3 
i n Dub uque county, 223 
i n l"ayette co unty, 223 
i n .Jackson coun ty, 226 
i,l W in neshi ek coun ty, ~;; 1 

Mal'hle, 10w:1, 392 
analyses of, 398 
tests of, 549, 554 

Marble R ock, quarries at, 336, 569 
Mar ion county, 

Carhoniferous system in, -±37, 476 
Des Moin es stage in , 476 

coal f rom, analyses of, 172. 
529 
f uel valll e of, 172 

Reel Rock sandsto ne, 476 
tests of, 549, :552 

Saint T~oui s limesto ne ln , .J-:{i, 
579 
lime from, 444 
Pella beds, 43 i 

analyses of, 443 535 
cement materia ls f rom, 438 
character of, 443 
quan ies in , 43 7 
tests of , 443, 549, 552 

V ('I'eli beels, 441 
Marks, L . R , quarry of, 586 
Marls, ana lyses of, 46, :l2 7, :128, :i38 

character of, .J-5 
co mposition of, 4:3 
cost of, at mill , 54 
loss on h urning, 53 
mixture witb clays fO I' cement , 59 
percentage of water in, .56 

Marquisvill e, coal f rom, a na lys.is of, 
172, 529 

cost of steam f rom, 173 
f uel van ne of, ] 71. 172, 529 

Marshall , .T. M., quarry of, 4] 5, 577 

Marsha ll county, 
Carboniferous systo m i n, 886, 47 i , 

Des Moin es san dstone in, 477. 
fossil t rees i n, 477 
quarries i n, 477, 587 

K inderhook li me tone in, 886, 
a na lyses of, 398, 585 
quan y indu stry in , 388, 579 

Le Granel Quarry Co., 39] 
eq ui pment, 391 
prodllct, 391 
tests of LeGrand sto ne, 

398, 549, 554, 556 
Tim ber creek qu arry, 89:3 

sections in. 387 
MarshaHtown, quarry at, 587 
~1arstoll, A ., acknowleclgments, 525 

tests of stone by, 393, 443, 54:1 
Marti ll ,W m. , qua rry of , 57:1 
Masden, E. M., qmury of, 571 
Maso n City, 

li me from, :lllalys('s of, 10 i , 122, 
127 
character of, 12i 
tests of, 106-110, 131 

limestone from , 323 
analyses of, 328, 532 

Portla nc1 cement materials at, 
2, 23, 327 

quarri es at, 562 
bales at, 32G 

analyses of, 85, 32 7, 328, 5:l8 
Mason City beds, 320, 369 
~!faso n City Lime a ni! Cement Co., qua rry 

of. 563 
:\'[ason CHy Quarry Co ., quarry of, 563 
Mastin & Sterns, tests of stone from, 553 
Mat they, II., cited, 63 
Mayer quarry, section of, 436 
McBa ll e, M. B., quarry of, 584 
McCall a quarry, section of, 511 
McCreedy, .Jas., quarry of, 5 3 
McElroy & H Oflge, quan y of, 570 
McFarlane & Bartlett, qua rry of, 561 
McGee, W .J. cited, 194 
McG lade, M. h , quarry of, 566 
McG regal', qllani cs at, 564, 585 
McInt ire, . quarry at, 36J 
McL eoc1 quarry, 245 
McManus & Cameron, qu arry of, 575 
McManu s & ~'u ck e r , qu arry of, 575 

. Meek & Hayden, ci t ecl , 521 
Mel'l'i a m quan y, 262 
Mer~ch, G., quarry of, 568 
Mersch, .John, quarry of, 561 
Michael. L . G., analyses by, 85, 271, 328, 

501, 505 . 582, 533, 53~ 537 
5~ ~ 

Michael , Wrn ., quarry of, 582 
Michigan , t ests of sandstone f rom, 544, 

545, 551 , 554, 557 
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Milesi, Petel', quarry of, 200 
Milford, qual'l'y neal', 5] 2 
Miller, B. L., cited, 4-73 
Miller, C. H., quarry of, 430, 575 
Miller, J. 0 ., qual'l'Y of, 565 
Miller, M., quany of, 402, 567 
Miller, T. J., quany of, 569 
Miller, Wm. B., qual'l'y of, 560 
Mills, G. S., cited, 109 
Mills, grinding, for cement materials, 58 
Mills, qual'l'y at, 506 
Mills couuty, 

Carboniferous system in, 505 
Missouri stage in, 505 

qualTies in, 506 
Milroy, Jas., quarry of, 566 
Milton, N. Dak., aualysis of cbalky lime

stolle from, 45 
Mineral production in [owa, va lue of by 

years, 13 
Mineral watel', production of, 13, 23 
Mining cement materials, reasons for, 51 
Minnesota, tests of limestone from, 551, 

554 
Minnesota Geological Sun'ey, tests by, 

548 
Mirchner, A., quarry of, 567 
Mississippian series, 197 

climate of, 198 
fanna, 197 
Kinderhook stage, 37], 380 
Osage stage, 400 

Burlington beels, 40], 4-:1 3 
Keokuk heds, 404, 4-07, 416 
Montl'ose cherts, 404-, 406 
Warsaw beds, 406, 433, 448 

Saint Louis stage, 421, 4-48 
Arenaceo-magnesian beds, 448 
Brecciated limestone, 449 
Compact and granular limestone, 

449 
Keosauqua sandstone, 449 
Pella beds, 421, 428, 44-3 
Springvale beds, 421 
Verdi beds, 421 

Missouri, coal from, analysis of, 177 
tests of, 177 

Missouri stage, 
analyses, 501, 504, 505, 532, 535, 

538, 539 
character of, 480, 4-93, 496 
conditions during, 198 
divisions of, 513 

Bethany sub-stage, 4 0 
De Kalb limestone, 480, 491 
Earlham limestone, 480 488, 

489, 498 
Fragmental limestone, 480, 

488, 489 
Westerville limestone, 480, 

492 

Missouri stage-Continued 
Winterset lin lcstone, 480, 490, 

501 
Stennett lim estolle, 480, 508 

in Adair county, 481 
in Adams county, 484 
in Cass county, 485 
in Clarke county, 486 
in Dallas county, 487 
in Decatur co llllty, 489 
in Fremont county, 492 
in Guthrie county, 494 
in HalTison county, 495 
in Madison county, 496 
in Mills county, 505 
in Montgomery county, 507 
in Page county, 513 
in Pottawattamie county, 515 
in Taylor county, 517 

Mitchell, Incl., analysis of shale from, 85 
:'1itche11 county, 

Devonian ystem in, 356 
Cedar Valley Ilm estone in, 356, 

579 
analyses of, 535 
lime from, 36] 
lithographic tone from, 360 

analysis of, 361 
quarries in, 357, 579 

Moeller, Mrs. Louise, quarry of, 565 
Monmouth, quarry at, 573 
MOl1l'oe, tests of stone from, 547, 552 
Monroe county, coal from, analyses of, 

529 
fuel value of, 529 

MOlll'oe r ed sandstone, 473 
Monson's quarry, section of, 427 
Montgomery county, 

Carboniferous system in , 507 
Missouri stage in, 507, 580 

amLlysis of limestone from , 
535 

qual'J'ies in, 508, 580 
Montour, quarries at, 400, 581 
Montpelier, quarries at, 363 
Montrose, quarry at, 575, 587 
Montrose cherts, 404, 406 
Moravia, quarries neal', 464 
Mores' quarry, 309 
Morgan, C. M., cited, 385 
Morgan quarry, 472 
Morning Sun, anaJysis of stone from, 534 

quarries at, 412, 577 
tests of stone from, 548 

Morris, L ee, quarry of, 583 
Morrison, C. H ., quarry of, 569, 
Morrison, G. S., tests by, 553 
Mortars, lime, tests of, 106 
Moscow, quarries at, 362 
Matt, D. W., quany of, 377 
Mount P leasant, quarries at, 424, 571 
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Mount Vernon Stone Co., quarry of, 292, 
576 

Mom'y, G. H. & H ., 
quarry of, 564 

Munger, D. A., qualTy of, 586 
Murray, analyses by, 533, 535 

tests by, 553, 555 
Muscatine county, 

Carboniferous system in, 477 
Des Moines stage in, 477 

character, 478 
quarries in, 478 

Devonian system in, 362 
sections in, 362 
Sweetland Creek beds, 364 

character, 364 
Mystic coal, analysis of, 529 

fuel value of, 172, 529 

Nagel, C. F., quarry of, 567 
Nashua, quarry at, 342, 563 
Natural cement, analyses of, 99 

burning of, 35 
character of, 35 
definition of, 34 
differences from limes, 35 
differences from Portland cements, 

35 
magnesia in, 36 
materials used for, 36 
specific gravity of, 35 

"Natural Portlands" of Europe, 39 
Neuweg, H. J., quarries of, 576, 587 
New Process lime, 142 
New Richmond sandstone, 203 
New Sharon, quarry at, 436 
New York State Museum, cited, ll6 
Newberry, analysis by, 536 
Newport, quarry at, 577 
Newton, quarries at, 586 
Niagara limestone, 

analyses of, 236, 243, 244, 248, 
531-534, 536 

characters of, 234, 293 
divisions of, 196, 234 
fossils of, 195 
section of, 234 
use of for structural purposes, 235 
in Bremer county, 235 
in Buchanan county, 236 
in Cedar county, 236 
in Clayton county, 251 
in Clinton county, 252 
in Delaware county, 261 
in Dubuque county, 266 
in Fayette county, 269 
in Jackson county, 227, 273 
in Johnson county, 277 
in Jones county, 277 
in Linn county, 291 
in Scott county, 292 
in Winneshiek county, 233, 298 

Nielson, Jens, quarry of, 305, 561 
Niobrara stage, 521 
, 'Nishnabotany sandstone," 199 
Nishnabotna sub-stage, 520 
N ora Springs, section' at, 335 
North Dakota, analysis of chalb.-y lime

stone from, 45 
North Farley quarry, 268 
N ol,thwe.stern States Portland Cement 

Co., quarry of, 563 
Norton, W. H.} cited, 236, 243, 353, 

354 
work of, on underground waters, 4 

Norwoodville, coal from, analysis of, 172 
fuel value of, 172 

Oakland Mills, quarries near, 425 
Oelwein, quarry at, 569 
Ohio, tests of sandstone from, 544, 545, 

551, 554, 557 
Ohio Geological Survey, cited, 82 
Oil, fuel, use of in burning cemeut, 66 
Olin, quarries at, 290, 573, 586 
Ollie, quarry at, 429, 575 
Oneota limestone, 194 

character of, 203 
quarries in, 560 
in Allamakee county, 205 
in Clayton county, 207 
in Winneshiek county, 227 

Oolite, Kinderhook, 371, 372, 380, 391 
from LeGrand beds, analyses of, 

398, 535 
lime from, 400 
tests of, 393, 549, 554, 556 

Oolite from Bedford, Ind., tests of, 544, 
545, 551, 554, 557 

Orchard, quarries at, 579 
Ordovician system, divisious of, 203 

quarry products from, 204 
in Allamakee county, 205 
in Clayton county, 207 
in Dubuque county, 213 
in Howard county, 224 
in Jackson county, 225 
in Winneshiek county, 227 

Orndorff, M., quarry of, 581 
Orton, E., cited, 196 
Osage, analyses of limestone from, 535 

quanies at, 579 
Osage limestolle, 197 

analyses of shales from, 539, 540 
area of outcrop, 400 
characters of, 401, 406, 416 
divisions of, 401, 406 
quarries in, 567, 575, 577, 583, 587 
in Des Moines county, 401 
in Keokuk county, 405 
in L ee county, 406 
in Louisa county, 412 
in Vall Buren county, 415 
in 'Washington county, 420 
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Osborne, G., quarry of, 573 
Osceola, analyses of limestone from, 532 

of shale from, 85, 538 
quarries at, 487, 563 

Oskaloosa, analysis of limestone from, 
535 

quarry ' at, 578 
tests of stone from, 552 

Otis beds, analyses of, 531 
character of, 355 
crushed stone from, 356 
in Linn county, 354 

Ottumwa, analysis of limestone from, 537 
of shale fl'om, 540 
quarries at, 459, 583 

Owen, C. C., quarry of, 583 
Owen beds, character of, 326, 342 

in Cerro Gordo county, 326 
in Franklin county, 342 

Oxford Lime Co., quarry of, 400 

Page county, 
Carboniferous system in, 513 

Missouri stage in, 513 
divisions of, 513 
sections in, 514 

Paint, from Red Rock sandstone, 474 
Palisades. quarry at, 576 
Palmer, W. D., quarry of, 573 
Panora, analyses of shale from, 85, 539 

quarry at, 466 
Pardall, F. L ., quarry of, 576 
Parker, M. E., quarry of, 567 
Parkins, Levi, quarry of, 582 
Patrick, G. E. , analyses by, 328, 398, 535, 

538, 539 
cited, 393 

Patterson, H., quarry of, 567 
Patterson, Wm. H., quarry of, 572 
Peat, fuel value of, 3 
Peckham & Son , quarry of, 572 
Pekay coal , analyses of, 171, 530 

fuel value of, 530 
Pella, analysis of limestone from, 535 
Pella sub-stage, 

analyses of stone from, 443 
characters, 421, 428, 443 
tests of stone from, 443, 552, 553 
iu Henry county, 424 
in Jefferson county, 426 
in Mahaska county, 436 
in Marion county, 443 
in Wapello county, 454 
in Washington county, 460 

Penitentiary Quarry, 284, 573 
Pennsylvanian series, 198 

Des Moines stage, 463, 466, 469, 
478 

Red Rock sandstone, 463, 471, 
476 

in Appanoose county, 464 
in Dallas county, 464 

Pennsylvanian series-Continued 
in Davis county, 466 
in Gu thrie co un ty, 466 
in Hardin county, 466 
in Iowa county, 469 
in Jasper county, 470 
in Lucas county, 475 
in Marion county, 476 
in Marshall county, 477 
in Muscatine county, 477 
in Polk county, 478 
in Wayne county, 479 
in Webster county, 479 

Missouri stage, 480, 493, 513 
Bethany sub-stage, 480 

De Kalb limestone, 480, 491 
Earlham limestone, 480, 489, 

49 
Fragmental limestone, 480, 

489 
Westerville limestone, 480, 

492 
Winterset. limestone, 480, 490, 

501 
Stennett limestone, 480, 508 
in Adair county, 481 
in Adams county, 484 
in Cass county, 485 
in Clarke county, 486 
in Dallas county, 487 
in Decatur county, 489 
in Fremont county, 492 
in Guthrie county, 494 
in Harrison county, 495 
in Madison county, 496 
in Mills county, 505 
in Montgomery county, 507 
in Page county, 513 
in Pottawattamie county, 515 
in Taylor county, 517 

Pentamerus beds, 
character of, 264 
lime from, 266 
quarries in, 265 
in Delaware county, 264 

Peppel, S. Y , cited, 101, 108 
Permian system, 199 

character of, 518 
gypsum beds, 518 

uses of, 518 
Perry, .J. C., quarry of, 580 
Perry, W. P., quarry section , 481 
Peru, analysis of limestone from, 535 

quarry at, 504 
Petrie, Wm. H., quarry of, 563 
Petroleum, fliel value of, 172 
Phelps & Boland, quarry of, 574 
Phosphorus, effect of, on Portland ce-

ment, 73 
Pickering, Wm. M., qual'l'y of; 577 
Picnic Point, quarry at, 567 
Pisny, Jos., quarry of, 576 
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Plano, quarry at, 560 
Platt Brick Co., coal of, fuel yalue of, 172 
Platteville stage, 194 

analyses of limestone from, 532, 
533 

character of, 204 
quarries in, 564 
in Allamakee coun ty, 206 
in Clayton coun ty, 208 
in Dubuque county, 214 
in Jackson county, 225 
in Winn eshiek county, 228 

. Pleasant Grove quarries, 403 
Pleasant Valley, a nalyses of shale from, 

539 
Pl eistocene system, 200 

character of in Iowa, 5 
Iowan b owlders from, 525 
Sioux quartzite bowlders in, 525 

Plymouth and , .voodbury counties, 
Cretaceous system in, 521 

analyses of chalk rock from. 
522, 535 

character of beds, 521 
divi sions of, 521 
lime from, 522 

Pocahontas couuty, 
Cm'bolliferous system in , 444 

Sai nt J~ollis lim estone i.n, 444, 
580 

analysis of, 445 
quarries in , 445, 580 

Polk county, 
Carboni ferous system iu, 478 

Des Moin es stage in, 4'78 
analyses of shales f rom, 539 
analyses of coal from, 172, 

529 
fuel value of, 172, 529 

Pore space in standard sand, 105, 148, 
149 

Port Union, section at, 483 
Portland, ann,lyses of shales from, 538 

section at, 325 
Portland cement, bnrning of, 37 

calci.um sulphate in , 40 
calculation of mL-xtures, 86 
character of, 37 
clinker g rinding, 69 
coals used in burning, 67 
composition and constitution of, 

40, 41, 71 
actual , 72 
general formula of, 40 
t h eoretical , 71 

dcfillition, 34, 38, 40 
defini t ion of, by U. S. Army, 39 
diagra ms showing production, etc. , 

24 
effect of alkalis on, 73 

of alnmina on, 72 

Portland cement-Continued 

of chemical condi tions of raw 
materials, 75 

of composition of, on bUl'J)ing, 
66 

of gypsum on, 70 
of iron on, 41, 72 
of lime silicate, 71 
of magnesia, 41, 72 
of phosphorus, 73 
of physical cbaracters of raw 

materials, 75 
of s:llphur, 73 

fluxes in, 72 
impurit' es in, 40 
limestone used in, analyses of, 43, 

44,45 
manufacture of, 23 

steps in, 54 
materials and manufacture of, 33 
output from kilns, 66 
prepara tion of mixture for kiln , 55 
sl ag used in , 47 
specific gravity of, 37 
u e of slate in, 49 
use of term, Portla nd, 38 

Portlanel cement materials, 41, 42, 43 
burning of, 63, 64 

kiln u sed, 64 
combinations of, 42 
composition of mixture, 62 
cost of at mill, 52 
dredging of, 52 
drying of, 55 

methods and cost of, 57 
excavation of, 50 
facto rs determining value of, 50 
fineness of, after crushing, 58 
grinding and mi.-ring, 

dry methods, 58 
wet methods, 59 

location of, 74 
loss on burning, 53 
mining' of, 51 
quarrying of, 50 
suitabi lity of, 73 
testing of, 73 

character ·of, 74 
methods of, 76 

water i n, 55 
Portland cement plants, 

at Des Moines, 23 
at Harvey, 2, 23 
at Mason City, 2, 23 

Postville, analyses of lim estone f rom, 533 
quany neal', 569 
tests of stone fro111 , 544, 545, 546, 

552, 557 
Potash in clays, deteT1nination of, 81 
Potsdam ser ies, '193, 202 
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Pottawattamie county, 
Carboniferous systcm ill , 515 

Missouri stage in, 515, 580 
quarries in, 515, 580 

Cretaceous system in, 520 
sect.ion in, 521 

Power house, reqldsites of, 155 
Power plants, requirements for, 155 

selection and equ ipmcnt of, 151 
Prairie du C:licn limeston e, 

l:baractel' of 203 
divisions of,' 203 
use of tel'lll, 194 
in Allamakee county, 205 
in Clayto n county, 207 
inWinn eshiek county, 227 

Pl'ajrjcsburg, quarry at, 577 
Price, VV. W., quarry of, 451, 582 

tests of stonc from , 550 
Princeton, quarry at, 297 
Pritchard , J . W., quarry of, 585 
Producer gas cngine, future of, 181 

installation of, cost of, 182 
tests of, 176, 180 

rates of economy, 177 
PI'ospect Hi ll , srction at, 372 
Proterozoic system, rock of, 201 
Purcell, Thomas, quarry of, 253, 565 
Purdi e, Jas., quarry of, 571 
Puzzolan cements, cbaracter of, 37 

composition, 37 
definition , 34 

Qua .... ies, equipment of, 151 
fowa, directory of, 560 

Qua .... ies in 
Adair county, 481 
Adams county, 484 
Allamakee county, 560 
Appanoose county, 464, 560 
Benton county, 299, 560 
Black Hawk county, 305, 561 
Brcmer county, 308, 562 
Buchanan county, 314, 562 
Butler county, 317 
Cass county, 485, 520 
Cedar county, 239, 319, 562 
Cerro Gordo county, 323, 562 
Chickasaw county, 330, 563 
Clarke county, 487, 563 
Clayto n county, 208, 252, 564, 585 
Clinton county,' 25;), 564. 585 
Dallas county, 465, 488 
Davis county, 466, 565 
Decabr county, 490, 566, 585 
Delaware county, 261, 566 
Des Moines county, 372, 402, 421, 

567, 585 
Dubuque county, 217, 267, 567 
Payette county, 270, 331, 568 
Floyd cou nty, 335, 569 
Frallklin county, 343, 376 
Fl'emont county, 493 

Quarries in 
Grundy county, 379, 570 
Gnthl'ie county, +66, :320 
Hamiltoll county, -+2:!, 570 
Hardin conuty, 381, +69, 570, . 586 
Harrison co unty , -+96 
Henry county, 423, 571 
Howard COllllty, 224, 3+3, 572 
Humboldt county, 426, 572 
Towa county, 469 
Jacksoll county, 225, 273, 572 
Jaspcr couuty, 471, 586 
J'efferson county, -+27 
Johnson county, 347, 573 
Jones county, 280, 573, 586 
Keokuk county, 405, 429, 57+, :58G 
Lee county, 408, -+33, 575, 587 
Linn co unty, 291, 353, 576 
Loui'a connty, H2, 577 
L,lCas CO Ullty, 475 
Ma(liso n county, 498, 577 
Mahaska co unty, 136, 57 
Marion county, +37, 476, 57}) 
Marshall county, 391, 477, 579, 

587 
2IlilJs co unty , 505 
Mitchell county, 359, 579 
:M:ontO'omcry county, 508, 580 
Muscatine county, 362, 478 
Page county, 514 
Pocahontas county, 444, 580 
Polk county, 478 
Pottawattamie cOlfnty, 515, 580 
Scott county, 29-+, 364, 581, 587 
Story county, 446 
'rama county, 399, 581, 587 
Taylor county, 517 
Van B:Il'ell county, -+19, 450, 582, 

587 
WapeIJo cO llnty, 455, 582 
Wash ington county, 420, 460, 583 
Wayne county, 479 
W ebster county, 479, 584, 588 
Winneshiek county, 298, 584 
Worth coullty, 369 

quarry, qn arri es at, 391, 579 
analyse' of lim esto ne from , 3})8, 

535 
tests of stone from, 393, 549, 554, 

5:36 
Quarry produ cts. geo.]ogy of, 185, 201 
Quarry products from the 

Anamosa limestone, 234, 239, 278, 
562, 573. 574, 576, 581 

Denton sub-stage, 521 
Bethany sub-stage, 481, 487, 489 
Burlington betls, 402. 406, 412 
Ccdar Valley stage, 299, 305, 309, 

315, 323, 332, 335, 344, 348, 
3.59, 362, 368, 369, 560-563, 569, 
570, 572, 573, 579 

Chariton conglomemte, 464 
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Quarry p roducts from the 

Coggan beds, 299, 353 
Cretaceous system, 519, 520, 522 
Dakota stage, 520 
Da venport beds, 368 
De Kalb li mestone, 491 
Des Moines stage, 464, 466, 469, 

471, 475, 477, 4 0, 560, 585-588 
Devonian system, 311, 319, 32R, 

330, 362, ~67, 569 
Earlham lim estoue, 483, 488, 489, 

49 
Fragmcnta l limestonc. ,.83, 488 
Galena limcstone, 204, 218, 230, 

564, 567, 568 
Geode I' cds. 407 
Gower stage, 234, 577 
IIopkinton stagc, :234, 273, 278, 

562, 564, 566-568, 572, 573 
K eokuk liJ1J estone, 404, 408, 416 
Kinderhook stage, 371, 372, 376, 

379. 38], ;)91, 399, 570, 571, 
576. 579, 581, 587 

LeClail'c Iimcstone, 2;;,j., 577 
Limc Creek shalcs. 33G 
Maq .lOketa ~tagc , 20'[, 232, 572, 

5 4 
Missom i stage, 48,j.--l8G, 493, 496, 

50:5, 507 , 5]~, 51.5, 517 , 563, 566, 
577, 578, :380, .")85 

Niagara limcstone. 2a4. 266, 270 
Nishnabotna lim cstone, 520 
Oneota phase, 560 
Osage stage. -lOl. 405. 406, 412. 

416. ~20. 507, 'i75, ;i77. 582, 587 
Ot's lim cstonc, 3:3-l 
Owen ll('('\s. 34:~ 
Pella lcc<ls, -l2+, +27, 436. +43, 454, 

+GO 
Pentam C'l"l1S limcstone, 265. 
Permian system , 518 
Platteville limcstone, 20+. 229, 564 
P lcistocene system, 525 
Prairi e au Chien stage, 203 
"Red Rock samlstone, 463. 471, 476 
Saint Croix sandstone, 203 
Sa: nt Lo nis stage, +21. -l26, 445, 

44G, 448, 565, 570, 584 
Saint Petrr san tlstOl' C', 203, 205, 

209, 214. 585 
Sionx <11lartzite. 201, 525 
Spri ngvalc bcds. 42R 
State QualTY heds, 299, 350 
Stennett li mesto]lc. 508 
Verdi beds. +23, +24. 429, 441, 461 
Wapsipinicon limcst011e, 299, 308, 
314. 331. 347, 35~, R(iS , 572, 576, 

581 
Warsaw beds, 408, 416 
·Westervill e li mcstonc, 492 
WiL1tcrset lim estone, 501, 578 

Quarrying cement materials, methods of, 
50 

Quartzite, Sioux, bowlders from, 525 
Quinby, C. K ., quany of, 563 
Quinn, .Tohn, quarry of, 584 
Quinn, Mrs. R. R., quarry of, 3(;0 

Randall, G. W., qnarry of, 58] 
Heasnor, quarry at, 47:2 
Hed Rock, quanies at, 476 

tests of stolle from, 5,.9, ,552 
Red Rock sandstone, 

amdyses of, 474, 4,7:i 
arca, 472, 476 
character of, 463, 475, 47G 
mi neral paint from , ,i7,i 
quarrie~ in, 472, 476 
tests of, 549, 552 

Redfield, quarrics near, 464 
Hesse, 'I'. 8., quarry of, 578 
Heinhart, .John , quarry of, 47:1 
Heinhart, M . .T., cited, 105 
Remmers, O. F., quarry of, 580 
Heports of Jow" Geological 8111"\'('Y, use 

of, in schools, 6 
Heppe Bros~, quarry of, 560 
Rice, Brcnner &, quarry of, 570 
Richland, quarry nt, 575 
Richmond shales, 19;") 
Rife, .T as. , quarry of, 560 
Rittenhouse, Lew, qnany of, 568 
RivcrsidC' , CJuarry at, 400 
Roael materials from the 

Anamosa lim c tone, ~40, 280, 291 
Cedm' Valley lim estone. :no, 368, 

369 
Devonian 1 imcstone, 299 
J~ime Creek shalcs, 336 
Maquoketa stage, 2] 3, 223 
Niagara limcstone, 254. 29+ 
Osage tage, ,.OR 
Otis beds, 354 
Rionx quartzite, 201 
Wapsipinicon limestone, 354, 367 

Robertson. S. A., quany of, 498, 577 
Robinson, W. S. , analysis by, 538 
Rock cemcnts, analysis of, 99 
Rock Island Arsenal , tests by, 548, 553 
Rock Tsland Cr ushed Stone Co., quarry 

of, .')81 
Rockford, analysis of shale from. 539 

qualTy at, 570 
section at, 336 

Roe, Jas .. qua rry of, 573 
Rogers Coal Co., coal of, analysis of, 172 

fuel valu e of, 172 
Roman cements, analysis of. 99 
Ronen, John, quarry of, 284, .574 
Roseland coal, analysis of, 172 

fuel value of, 172 
Rosenburg, E., quarry of, 560 
Rosendale, N. Y., analysis of natural ce

ment from, 99 
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Rosenkrans, N., quarry of, 569 
Rummel, Roy, quarry of, 289, 586 
Russell, G. N., quarry of, 578 
Rutland, "Sandstone" quarry a:t, 426 

sections at, 385 

Sac county, 
Cretaceous system in, 522 

Portland Cement materials 
from, 522 

section in, 522 
Saint Croix sandstone, 193 

character of, 203 
divisions of, 202 
use of, 203 

Saint Donatus, section at, 225 
Saint Louis stage, 198 

analysis of stone from, 435, 443, 
445, 454, 533, 535 

characters, 421, 448 
divisions, 421, 433, 448 
quarries in, 565-584 
tests of stone from, 443, 546, 549, 

553 
in Des Moines county, 421 
in Hamilton county, 422 
in Henry county, 423 
in Humboldt county, 425 
in .Tefferson county, 426 
in Keol<uk county, 428 
in Lee county, 430 
in ]ffahaska county, 436 
in Marion county, 437 
in Pocahontas county, 444 
in Story county, 446 
in Van Buren county, 448 
m Wapello county, 454 
!n Washington county, 460 
III "Webster county, 462 

Saint Peter sandstone, 194 
character of, 203 
quarries in, 585 
in Allamakee county, 205 
in Dubuque county, 213 

Saint Sebald, analysis of shale from, 538 
Salem, quarries near, 425, 571 
Salisbury qnarry, 344 
Salter, W. F., quarry of, 582 
San Antonio, Tex., analysis of chalky 

limestone from, 45 
Sand, effect of, on tensile strength of 

mortars, 106-150 
pore space in, 105, 148, 149 
proportion of, in mortar, 105, 107, 

148, 150 
Sand and gravel prodllction, 13 

classified, 21 
Sand for mortar, 

composition of, 104 
physical condition of, 105 
proportions used, 107, 148, 150 
purpose of, 104 

Sandstone, analysis of, from Red Rock, 
474,475 

Sandstone, tests of, from 
Chequest creek, 550 
Monroe, 547, 552 
Red Rock, 549, 552 
Van Meter, 546, 552 
West Point, 548 
Berea, Ohio, 551, 554 
Cleveland, Ohio, 544, 545, 551, 554, 

557 
Lake Superior, 544,545,551, 554, 

557 
Sandstone lenses in Des Moines stage, 

463, 465, 471, 476 
Sandstone quarries, directory of, 585 
Sandusky, C. G., quarry of, 575 
Santa Fe quarry, section of, 433 
Savage, T. E., cited, 504 
Schmidt, H. G., quarry of, 581 
Scott county, 

Des Moines stage in, 
analysis of shale from, 539 

of coal from, 530 
quarries in, 587 

Devonian system in, 364 
Cedar Valley limestone in, 368 

quarries in, 368 
lime from, 368 
Wapsipinicon limestone in, 368, 

581 
analyses of, 535 
crusher plants in, 367 
Davenport beels, 368 
quarries in, 367, 581 

Niagara series in, 292 
Gower stage in, 293 

Anamosa limestone in, 293, 
581 
analyses of, 536 
intermediate beds, 297 
quarries in, 294, 581 
relations to LeGlaire, 293 

LeClaire phase, character of, 
293 

tests of limestone from, 544, 
545, 549, 554, 557 

Section, general, of the 
Bethany, 497 
Ceelar Valley, 320, 358 
Coggan beels, 354 
Kinderhook, 380 
LeGrand beds, 387 
Niagara, 234, 257 
Osage, 404 
PlatteviJ,Je, 214 
Stennett, 508 

Sefzik, F. E., quarry of, 568 
Selenite in Des Moines sandstone, 479 
Selma, qllarries at, 582 
Setting and hardening of limes, 103 
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Setting per ioci , effect of on mortar, 106-
147 

Seventeen-foot limestone, 464 
Sbadclle, .John, quarry of, 564 
Shakopee limestone, 203 

ill Allamakee conllty, 205 
in Clayto.n county, 208 

Shales, analy es of, 44, 85, 87 
Cretaceous, 519 
Des Moines, 538~ 539, 540 
Kinderhook, 375 
T~ime Creek, 327, 328, 538, 539 
Maquoketa, 271, 538, 539 
Missouri, 539 
Osage, 539, 540 
Plattevill e, 539 
Saiut Louis, 435, 454 
Willter set, 504 

Shales. Iowa, hydrau lic factor of, 85 
Shell Rock, qual'l'ie at, 318 
Shellsburg, quarries at, 303, 560 
Shen nan, Joh n, quarry of, 585 
Sherrill, quaITy at, 568 
Shimek, B., work of on loess, 4 
Sho rt, I'V. M., qUal'l''y of, 487 , 563 
Showman, qua J'\'ies at. 429 
Siege. A ., qualTY of, 568 
Sigourney, qnal'l'ies at, 430, 57.5 
Sili ca, e llect of chemical conditions of, 

on bu rnin g cement, 7.5 
e ffect of physical conditions, 75 

Silica in cement mixture, effect of, on 
bUI'ning, 67 

in clays, (l eterminatiou of, 79 
in limes, i nfluence of, 97 
in lim esto nes, determination of, 71l 

Silicate, lime, effect of, on Portland ce
ment, 71 

Sili ceous matter, lleterlllinat'on of, in 
limestones, 76 

Si lmi an System, see Niagara 
Sims Bros., quany of, 579 
Sioux City, sandstones neal', 521 
"Sioux ity granite," 518 
Sioux count.Y, an(~lysis of limestone fr011l , 

536 
Sioux quartzi te, clescri ption of, 193, 201 

strll ctural materials fl'o m, 201, 525 
Slag, blast furnace, analysis of, 48 

usc of i.n Portland cement, 47 
Slaking of li.m es, chemi stry of, 96, 99 

expansion during, 101 
Slate, analysis of, 49 

use of, in Portland cement, 49 
Smith, Mrs, A ., quarry of, 257 
Smith, C. D., Quarry of, 570 
Smith, .T. L., cited, 80 
Smoky HolJow coal, a na lysis of, 172 

fuel value of, 172 
Snapp, David, sectio]1 on farm of, 516 
Snouffer, .T. J., Jr., crush er plant of, 

354, 576 

Soda i n Clays, determination of, 81 
Sommers, P., quarry of, 572 
Sout h Dakota, analysis of cha lky lilll e

stone from, 45 
Spechts Perry, analysis of limestone 

from, 532 
of shale f rom, 539 
sect'ons ncar, 214, 217 

Specific gravity of LeGrand stone, 397 
Specific gravity of limes, 103, 149 
Sperbeck, L., quarry of, 582 
Sprenger, H ., quarry of, 576 
Spring Valley, Ill., coal f rom, f uel valn e 

of, 171 
Spl' ingfi.eld , -;\1[0., lim e, analysis of, 116 

character, 116 
tests of, 106, 117 

tlp ri nO'vale sub-stage, 
cha.racters, 421, 428 
in Hamilton cou nty, 423 
in Henry county, 423 
in Keokuk county, 428 

Stanger, W. R., citecl, 63 
Stanton, quarries at, 512 
State quarry, Anamosa, 284, 573 
State QllalTY limestone, 197 

character of, 299, 350 
distribution of, 299 
in Johnson co unty, 350 

Steam, fuel cost of per 1000 lbs., 173 
transmission of to eh'ills, 17 :3 

Steam pi pes amI fittings, coveril1g of, 
175 

Steamboat Hock, quanies at, 586 
Steele, W. A., quarry of, 57 7 
Steiger, Geo., analyses by, 532, 534, 535 

53'7 
Stennett, a na lysi of lim esto ne from, 5~5 

quarries at, 508, 580 
Stenn ett, 1:1. L., quarry of, 580 
Stennett , W ., qnal'l'y of, 508 
Stennett lim estone, 480, 508, 513 
Sterns, Mastin &, tests of sto ne fl'OIll, 

553 
Stevens, C . .T., quarry of, 399, 581. 
Steveus, 'r. L., quarry of, 456, 582 
Stevens, I~r . H ., quaITY of, 575 
Stickfort, C. G., quarry of, fi85 
Stoeffler, Franz, S1'., quarry of, 564 
Stokers for hoilers, 158 
Stone, prot"iuction of, by yem's, 13 

classified, 18 
diagram showi ng production, 17 

Sto ne Ci ty, analysis of lim estone from, 
534 

qual'l'i es at, 283, 574 
tests of stone from, 544, 54::i. 547, 

552, 557 
Stony Point, quarry at, 473 
Stookey, S. W., work of, 4 
Story, L., quarry of, 574 



INDEX 619 

Story county, 
Carboniferous system in, 446 

Saint Louis limestone in, 446 
sectiollS in, 446 

Street, Jas., quarry of, 568 
Stromatopora beds, 320, 369 
Stuart & Co., quarry of, 573 
Sulphur in coal, eJT'ect of, 178, 180 

in Portland cement, effect of, 73 
Swan, Wm. B., quarry of, 560 
Swanson, C. A., quany of, 422, 570 
Sweetland Creek shales, 197, 364 

Talbot quarry, section of, 465 
Talkington quany, 479 
Tama county, 

Carboniferous system in, 398 
KinLlerhook limestones ill, 398 

581, 587 
quarries in, 399, 581, 587 

Tara, quarries at, 584, 588 
'l'arkio limeston e, 515 
'['aylor, Henry, quarry of, 577 
'1' aylor, W. E., quarry of, 571 
'['aylor county, 

Carboniferous system in, 517 
Missouri stage i 11, 517 

analysis of coal fro111 , :530 
of lim estone from, 536 

sections il1, 517 
Tensi.le strengths of lim es, tests of, 106· 

1.50 
Test of TOIVa bl1i Icling stones, 543 
'rests of lime from Eagle Point, 11 8 

from Maquoketa , 133 
from Mason City, 106, 107, 131 

process of, 108 
table of, 110 

from Springfield, Mo., 116 
fr0111 Viola, 143 

Tests of raw materials for Portlan(1 ceo 
ment, 73 

character of, 74 
methods of, 76 

Tests of stone from 
Burlington, 546, 552 
Cheqnest creek, 550 
Davenpol·t, 544, .545, 557 
Given, 549 
Hale, 547 
Hopkinton , 546 
Humbolclt, 546, 552 
Le Clair e, 549, 554 
Monroe, 547, 552 
Morl1ing Sun , 548 
Postville, 544, 545, 546, 552, 557 
Qnarry, 395, 549, 554, 556 
Reel Rock, 549 
Stone City, 544, 545, 547, 552, 557 
Tracy. 443, 549, 552 
Van Meter, 546, 552 
We. t Point, 548 

Tests of stone from 
Winterset, 548, 552 
Beelford, Indiana, 544, 545, 551, 

554, 557 
Berea, Ohio, 551, 554 
Cleveland, Ohio, 544, 545, 551, 554, 

557 
Joliet, Illinois, 551, 554 
Kasota, Minnesota, 551, 554 
t,ake Superior, 544, 545, 551, 554, 

557 . 
T~ emol1t, Illinois, 551, 554 
Winona, Minnesota, 551, 554 

'l'ests of stone from the 
Anamosa phase, 544, 545, 557 
Bedford oolite, 544, 545, 554, 557 
Coal MeasUl"es, 546, 547, 549, 553 
IIopkinton stage, 544, 54f>, 557 
Lake Superior sanLlstone, 54.Jo, 545, 

554, .557 
]~eGrand phase, 39:5, 556 
Niagara series, 544, 545, 557 
Pella beds, 443, 552 
Saint Louis limestone, 443, 546, 

549, 553 
Texas, analysis of chalky limestone 

fro111 , 45 
petroleum from, fuel value of, ] 72 

Thicker Qua.ITY beels in Winn eshiek 
county, 229 

Thielman, P. n., tests of stone from, 
549 

'rhin Brittle beds in Winneshiek county, 
229 

1'hompkin, .J. Woo quarry of, 560 
'I'hurman, quarries near, 493 
' I'hurston. J. L. , qual'1'y of, 415 
Tibey Bros., quarry of, 568 
'rigue qualTY, K eokuk. 408 
'l'ilton, J. L ., cHell, 495 
Timber creek, quarry at, 393 

section at, 388 
'I'opographic maps in IOII'a, 3 
Tracy, analys is of limestone from, 443, 

535 
quarries at, 437) 579 
tes ts of stone from, 443, 549, 552 

Transverse tests of limestone from 
Bedford, Indiana, 544, 545, 557 
Payette county, 544, 545, 557 
.Tones county, 544, 545, 557 
Scott county, 544, 545, 557 

'l'ransverse tests of limestone fro m t he 
Anamosa phase, 544, 54:5. 557 
Hopkinton stage, 544, 545, 557 

Transverse tests of sandstone from 
Cleveland , Ohio .. 544, 545, 557 
Lake Superior, 544, 545, 557 

'l"'enton series, character of, 204 . 
(Ii visions of, 204 

(( 'l'renton" lim estone, term superseded, 
195 
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Trinder, John, quarry of, 560 
Trip, J . M., quarry of, 561 
Tripoli, analysis of stone from, 236 
Truax, Wm. P ., quarry of, 560 
Tucker & McManus, quarry of, 411, 575 

Udden, J. A., cited, 364, 412, 521 
Union Park quarry, Clinton, 254 
United States Geological Survey, citeil, 

53, 58, 85, 116 
fuel testing plant at Saint Louis, 

176 
work of, in Iowa, 3 

Upper Burlington beils, see Burlington 
limestone 

Upper Carboniferous, see Pennsy,lvanian 
series 

unconformity of, 198 
Upper Coal Measures, see Missouri 

stage 
Upper Devonian beds, 

analyses of, 327, 328, 538, 539 
character of, 326, 343, 350, 364 
in Ceno Gordo county, 320, 326 
in Floyd county, 332 
in Franklin county, 342 
in Johnson county, 350 
iu :i\i[uscatine county, 364 

Upper Quarry beds 
in Clayton county, 208, 211 
in Dubuque county, 223 

Utah, cement rock used in, analysis of, 
44 

limestone used in, 44 
Utica, ILL, analysis of natural cement 

from, 99 

Valentine, J. W., quarry of, 566 
Van Buren county, 

Carboniferous system in, 415, 448 
analysis of coal from, 530 
Osage stage in, 415, 587 

analysis of shale from, 540 
Burlington beds, 415 

Keokuk sub-stage, 
characters, 416 
divisions, 416 

Keokuk limestone, 416 
quarries in, 419 

Saint Louis limestone in, 448, 
582 
analyses of limestone from, 

454, 536 
of shales fI'om, 454 
arenaceo-magnesian beds, 

448 
brecciated limestone, 449 
compact and granular lime

S'tone, 449 
Keosauqua sandstone, 449 
quarries in , 450, 582, 587 

tests of stone from, 550 

Van Meter, analysis of shale from, 538 
coal from, f uel value of, 172 
tests of stone from, 546, 552 

Varney, R. C., quarry of, 583 
Venator, F. A., quarry of, 582 
Verdi, quarries at, 461 
Verdi sub-stage, 

characters, 421, 429 
in Henry county, 424 
in Keokuk county, 428 
in Marion county, 441 
in Washington county, 461 

Vernon SpI'ings, quarry at, 344, 572 
Villisca, quarry near, 512 
Vinton, quarries at, 302, 560 
Viola lime, analyses of, 142 

character of, 142 
tests of, 106, 143 

Viola Lime Works, quarry of, 292, 577 
Vogt, Joseph, quarry of, 564 
Volga, quarry at, 564 

'Waddell, S. H., quarry of, 569 
Wagner, W. J ., quarry of, 579 
Walgren's quarry, section of, 427 
Walker, I. M., quarry of, 575 
Walker, M. C., quany of, ·577 
Walker, S. B., quarry of, 565 
Wallick quarry, 246 
Wapello county, 

Carboniferous system in, 454 
Des Moines stage in, 

analyses of coal from, 530 
fuel value of, 530 

analysis of shale from, 540 
Saint Louis limestone in, 454, 

582 
analysis of limestone from, 

537 
Pella beds in, 454 

crushed stone from, 456 
quarries in, 455, 582 

IYaps-ipinicon limestone, 
analyses of, 309, 531, 535 
character of, 299 
Coggan sub-stage, 299, 353 
distribution of, 299 
quarries in 560, 572, 576, 581 
in Benton county, 299 
in Black Hawk county, 304 
in Bremer county, 308 
in B uchanan county, 314 
in Fayette county, 330 
in Howard county, 343 
in Johnson county, 347 
in Linn county, 353 
in Scott county, 368 

Ward, W. F ., quarry of, 581 
Wardlow & Kennedy, quarry of, 576 
ViTarren cOllnty, analysis of coal from, 

530 
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Warsaw beds, character of, 408 
in Lee county, 408, 433 

Washington, qual'l' i.es neal', 420, 462, 583 
Washington county, 

Carboniferous system in, 400, 420, 
460 
Kinderhook lim estone in, 400 
Osage limestone in, 420, 583 

quanies in, 420, 583 
Saint Louis limestone in, 460, 

583 
Pella beds in, 460 

quarries in, 460, 583 
Verdi beds in, 461 

Wasson's quarry, 414 
Wassonville, quarry at, 400 
Water, effect of, on strength of mortar, 

106-148 
Water of composition in clays, determi-

nation of, 82 
Water used in slaking lime, 100, 101, 148 
Waterloo, quarry at, 561 
Waterloo Stone Compauy, quarry of, 306 
Watts, G. W. , quany of, 575 
Waukee, quarries at, 489 
Waverly, quarry at, 310, 562 
Wayne county, 

Carboniferou system ill, 479 
Des Moines stage in, 479 

analy is of coal from, 530 
quarries in, 479 

Webster, C. L., cited, 339, 341 
Webster City, analysis of limestone 

from, 533 
quarry at, 422, 570 

Webster county, 
Carboniferous system in, 462, 479 

Des Moines stage in, 479, 588 
analysis of coal from, 530 

of shales from , 540 
quarries in, 479, 588 

Saint Louis limestone in, 462, 584 
character of, 462 
quarries in 462, 584 

PermiaJl system ;n, 5]8 
gypsnm in, 518 

Weed & Dorland, quarry of. 569 
Weems, .T. B., :Jnalyses by, 85, 327, 328, 

443,445,519,533,535,538,539, 
540 

tests by, 443 
Weller, Stuart, citecl, 372 
Wenner, Mrs. M., quarry of, 560 
West, .T. W. , quarry of, 566 
West Burlington, quarry at, 567 
West Point, quarries at, 576, 587 

tests of stone from, 548 
l'Ves t Union, qnnrry at, 569 
West Virginia, coal from. analys;s of. 

179 
fuel value of, 1.71 
tests of, 177, 179 

'Westchester, qual'l'ies at, 583 
Westervi lle Ijmestone, 480, 492 
'WestfieJ(I, allalysis of chalk from, 535 

chalk rock near, 521 
Wever, quarTy at, 407 
Wham1 quarry, 247 
Wheeler, N . .T., quarry of, 570 
Whitaker, P. W., quarry of, 567 
'Nhite, C. A., cited, 195, 199, 495, 521 
White & S011, qual'l'y of, 587 
White Cliffs, Ark., analysis of chalky 

lim estone from, 45 
White lime, tests of, 107, 132 
Whitebreast Fuel Co., coal of, fuel value 

of, 171 
Whitmore quarry, section of, 460 
Wilcox quarry, 261 
Wilder, F. A., cited, 518 

resignation of, 1 
work on coals, 1 

Willard, coal from, fuel value of, 172 
\Villiams, A. A., quarry of, 575 
Williams, Ira A., work of, 2 

Beyer &, 
Geology of Quarry Proclucts by, 

185 
Material s an(I Manufacture of 

Portland Cement, 29 
Quarry Products of Iowa, 27 
Tests of Iowa limes, 91, 525 

Williams, Wilkes, analyses of limestone 
from, 533 

quarry of, 270, 569 
tests of stone from, 544,.545, 546, 

552, 557 
WiJliams and Davis quarry, 271 
Williamson, C. H., quarry of, 564 
Williamson, F. E., quarry of, 566 
Wi.lson, B., quarry of, 577 
Wilson, C. B., quarry of, 412, 577 

tests of stone from, 548 
Wilson, R. 0 .. quarry of, 585 
Winchell. N. H., tests by, 555 
Winneshiek county, 

lime in, 233 
Niagara limestone in, 298 
Ordoyician system in, 227 

Galena limestone in, 230 
,malyses of, 537 
character of, 231 

Maquoketa stage in, 231, 584 
Fort Atkinson limestone, 232 
Isotelus zone, 231 
quarry in, 584 

Oncota limestone in, 227 
character of, 228 

Platteville limestone in, 
character of, 228 
divisions of, 228 
Lower Buff beels in, 229 
'l'hicker Quarry beds in, 229 
Thin Brittle beds in, 229 
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Winona, Minnesota, tests of stone from, 
55], 554 

Wintcr's qual'l'Y, sectio n of, 424 
vVinterset, analyses of limestone from, 

504, 535 
analyses of shale from, 85, 504, 

539 
qllalTies at, 50], 578 
tests of stone from, 5-1-8, 55~ 

Winterset Brick and Til e Co., 503 
Winterset lim estone, 480, -!90', -1-9-! . 50] 

analyses of, 504, 505 
Witt, n., quarry of, 581 
Woodard, C. 0., quarry of, 573 
Woodbine, quarrj)' at, 495 
Woodbul'J), .T. S., qnHlTy of, 580 
'vVoodbury county, sec PI'yI1IO ~lth cOllnty 
" 'Wooclbl1l'Y samlstones and shal es," 199 

' ,Vol'th county, 
Devo nian jimestone i.ll , il69 

Cedar Valley lim estone in , 
lime from, 37] 
Mason City sub-stage, 369, 

371 
sections in, 369 

Wyomiog, coal from, anal'ysis of, ] 79 
tests of, 177, 179 

Yankton, S. Dak. , analy:s of chalk.v 
limestone from, 45 

Yoke, F. V. , quarry of, 578 

hi nc, see lead 
hollicotrer Lake, analyses of limestone 

from, 533 
ho rn , G. W ., tests of stone by, 393 

• 


	Geological Board 
	Geological Corps
	Contents
	List of illustrations
	Administrative Report
	Map showing progress of detailed mapping 1907
	Fifteenth annual report of the State Geologist
	Plate I
	Report of the Assistant State Geologist

	Mineral Production in Iowa in 1906
	Coal
	Clay
	Stone
	Plate II

	Gypsum 
	Plate III
	Plate IV

	Sand and gravel
	Lead and zinc
	Iron
	Mineral water
	Portland cement
	Plate V


	Materials and Manufacture of Portland Cement
	Testing of raw materials to determine availability for the manufacture of portland cement
	Methods of testing
	Analysis of limestones
	Analysis of clays

	Interpretation of analysis
	Determination of hydraulic factor
	Calculation of cement mixtures


	Physical Tests of Iowa Limes
	Contents
	General considerations 
	White versus brown limes
	White versus Argillaceous and Siliceous Limes
	Slaking
	Setting and hardening
	Lime mortar
	Tests of lime mortars
	High-calcium white limes
	Lime from Mason City, Iowa 
	Plate VI
	Plate VII

	Lime from Springfield, Missouri

	Magnesian and Dolomitic Limes
	Eagle Point, Iowa, brown lime 
	Plate VIII
	Plate IX
	Plate X
	Mason City, Iowa, brown lime
	Plate XI
	Plate XII
	Plate XIII
	Plate XIV
	Plate XV
	Plate XVI
	Maquoketa white lime, dolomitic
	Excelsior white lime, dolomitic
	Plate XVII
	Plate XVIII
	Plate XIX
	Plate XX
	Plate XXI
	Plate XXII
	New process lime, Viola, Iowa
	Plate XXIII
	Plate XXIV
	Plate XXV

	Resume


	Selection of Power Plants and Equipment for Stone Quarries in Iowa
	Contents
	Introductory
	Power House
	Machinery 
	Boilers
	Plate XXVI
	Table giving dimensions for boilers
	Specifications for horizontal return tubular boiler
	Alternate specifications for boiler 66 inches by 18 feet
	Alternate specifications for boiler 60 inches by 18 feet
	Table showing capacities in horse-power of chimneys 
	Plate XXVII
	Plate XXVIII
	Boiler feeding 
	Plate XXIX

	Gas engine power for quarries 



	The Geology of Quarry Products
	Contents
	Plate XXX
	Introduction
	Notes on the Geological Section of Iowa
	Geology of Iowa quarry products
	The Proterozoic System
	The Cambrian System
	The Ordovician System
	Plate XXXI
	Plate XXXII
	Plate XXXIII
	Plate XXXIV

	Silurian system
	Plate XXXV
	Plate XXXVI
	Plate XXXVII
	Plate XXXVIII
	Plate XXXIX
	Plate XL
	Plate XLI
	Plate XLII
	Plate XLIII
	Plate XLIV

	Devonian system
	Plate XLV
	Plate XLVI
	Plate XLVII 
	Plate XLVIII
	Plate XLIX
	Plate L
	Plate LI

	Carboniferous
	Plate LII
	Plate LIII
	Plate LIV
	Plate LV
	Plate LVI
	Plate LVII
	Plate LVIII

	Upper Carboniferous, Pennsylvanian
	Plate LIX
	Plate LX
	Plate LXI

	Permian system
	Cretaceous system
	Plate LXII

	Pleistocene system

	Acknowledgments

	Analyses of Iowa Coals, Limetsones and Chalks and Clays, Shales and Marls
	Analyses of Iowa Coals
	Analyses of Limestones and Chalks
	Analyses of Clays, Shales and Marls

	Tests of Iowa Building Stones
	Transverse Tests of Original Specimen
	Transvers Tests of Longer Piece of Specimen after First Test
	Crushing Tests
	Absorption Tests
	Freezing Tests
	Freezing and Thawing Tests




