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FOURTH ANNUAL

Report of the State Geologist.

TowA GEOLOGICAL SURVEY, 7
Drs MoInEes, December 31, 1895. |

7o (’02)67 nor F; cmlc D. Jackson and Members of the Géologficcgl
Board:

- GENTLEMEN—Pursuant to prov:xsmﬂs of the statute organ-.
izing the Iowa Geological survey I have the honor to report
on the work done by this branch of the public service durmg
the year 1895.

In accordance with the purpose expr essed in the report of
last year, the energies of the survey have been chiefly directed
to areal geology, taking the several counties as the areal
units. The third annual report, issued during the year, is the
first volume devoted wholly to county reports, and it will
serve to illustrate the plan which it is proposed to carry out
in setting forth fully and exhaustively the geological resources
of the several counties of the state. | ,

- In addition to county work there are still, however, a num-
ber of general problems of especial interest to the people
generally without respect to county lines. These general
problems embrace questions relating to water supplies, lead’
and zinc ores, coal, clays, building materials of every kind
from quarry stones to mortars and cements, and these as will
presently appear, have not been neglected.
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The work of administration has been greatly lightened by
the very helpful and efficient aid of the assistant state geolo-
gist, Mr. H. Foster Bain. Mr. Bain has had charge of the
headquarters of the survey at Des Moines. On him has fallen
 the burden of attending to the numerous executive details
inseparably connected with the central office. He has super-

intended the publication and distribution of reports, has cor-
~ rected proof, received and installed collections, and in many
other ways has performed the larger share of the unproduc-
tive administrative work. His thoroughness and efficiency
in discharging all the duties assigned him, whether in the
office or in the field, it gives me pleasure hereby to acknowl-
edgé.
- My own time has been very fully occupied with a great
variety of duties, embracing details of administration and
office correspondence that cannot be assigned to anyone else.
My work in the field during the season was directed to the
accomplishment of three things. First, I have been aware
for some time that the geological maps of Towa, published
some years ago, and which formed in part the basis for our
preliminary map, needed rectification so far as relates to the
eastern edge of the Devonian in Buchanan, Fayette, Howard
and Winneshiek counties. In some cases the margin of the
Devonian was located from fifteen to twenty miles too far to -
the east, while in other cases it was nearly as far out of the
way toward the west.  Bads of Galena limestone on the one
hand, and beds of dolomitized Devonian on the other, have
been incorrectly mapped as belonging to the Niagara series.
My first field work of the season had reference therefore, -
to collecting the data for making the necessary correc-
tions on the future geological maps of the state. The
dolomitization of the Devonian in the northern part of the
state, and the abrupt feathering out of both the Niagara -
limestone and Maquolk- .a shales before reaching the Minne-
sota line are facts of 1o small dégree of economic importance.
Second, it was desired to prosecute definite areal work as
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vigorously as possible. To this end the field work for Jones
county, begun two years before, was completed, some por-
tions of Delaware county were reviewed, and detailed work
in Buchanan and Johnson counties was taken up and practic-
ally finished. The work in Jones county made it necessary
to investigate in some detail certain phases of the LeClaire
and Anamosa limestones in Cedar and Scott. Third, the soils
of Towa, which are among the most important geological
deposits of the state, vary with the nature of the drift and
the modifications to which it has been subjected. In the
northern part of the area covered by the season’s field work,

 there are two drift sheets; in the southern part there is but
one. Some time was devoted to tracing the margin of the
second drift skiect beyond the 11m1ts of the counties under
1mmed1&te mvestlgatlon

Apath from the unavoidable details of administration and
correspondence, the unproductlve work of the office eonsumed
a large amount of time devoted to editing and revising manu-
script reports submitted by other members of the survey.
The more directly productive work was devoted to preparing
for publication the results of inv estigations made in the field.
The report on Jones county is finished and is submitted as
part of the accompanying volume, and reports on the other
counties studied will soon be ready for submission. A num-
ber of articles containing general infor mation on a variety of
subjects, were prepared and have been widely published in
the newspapers of the state. These articles treated on such
- subjects as Natural ‘Gas in Iowa, Uses for Iowa, Chalk and
Coal Slack, Some Towa Building Stones, and the Hlstory and
Genesis of Towa Soils. Besides fu rmshlng articles on subjects
of popular interest to the newspapers, it was deemed worth an
effort to call public attention to Picturesque Iowa, in a,rtleles
contributed to an Towa magazine.

The work accomplished by Mr. Bain is fully set forth in his
administrative report, which is hereto appended.
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Prof. A. G. Leonard has continued his work on lead and
zine. His administrative report shows the progress made in
the investigation of the subjects assigned him.-

Prof. W. H. Norton has spent such time as he could spare
from his duties at Cornell College upon the Artesian Well
report. Very satisfactory progress has been made, and it is
expected that the completed manuseript will be in hand in
February. A full statement of the work undertaken, and the
progress so far made by Professor Norton, appears in his
administrative report.

Prof. G. E. Patrick, chemist to the survey, offered his res-
ignation, which was accepted in May. The board then
authorized the state geologist to make suitable arrangements
regarding chemical work. Satisfactory arrangements have
been made with Dr. J. B. Weems of the agricultural experi-
ment station, and he will in future have charge of this line of
work. But little chemical work has been done this year,
though Dr. Weems is about to undertake the analyses of a
series of artesian waters in connection with Professor Nor-
ton’s work on that subject.

Dr. S. W. Beyer has finished his study of the SlOU_X quartz-
ite and has prepared a very interesting and valuable report
upon this formation and certain associated eruptive rocks.
The report is now being prepared for the press, and will prob- -
ably form a portion of Vol. VI. Dr. Beyer has also continued
~his work on Boone and Story counties. Owing to illness
during the summer months the report on Boone county has
but recently been completed, and the completion of the reports
on Story and Marshall must be 1&ft to a later date.

Prof. J. L. Tilton has continued work on Warren couwty.
His report, which has been submitted and is now ready for the
printer, is particularly interesting in that he has discussed
quite fully the origin of the drainage system. The results of
his work as a whole are of the highest interest.  His studies
of the coal horizons are likely to prove of considerable eco-
nomic importance. Since his sections were drawn, but before
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they were published, a new mine has been opened upon a bed
~ of coal indicated by the sections, though otherwise unknown.
The importance of the study of coal horizons as distinct from
coal beds is emphasmed by this occurrence.

The general preparation of the maps and illustrations has
- been in the hands of Mr. F. C. Tate, of the Towa Engraving
company, under the direction of Mr. Bain. In this work Mr.
Tate has been at times assisted by Mr. C. F. Wilcox, Miss
Charlotte M. King and Mr. James Hedge. The general excel-
" lence of the work is in the main due to Mr. Tate’s skill and
care. Within the year the maps of Allamakee, Keokuk,
Mahaska, Jones, Warren, Boone, Appanoose, Woodbury and
Washington counties have been drawn, as well as most of “he
minor illustrations appearing in volumes IV and V.

" The reproduction of the Allamakee county map by photo-
engraving from a series of tracings thoroughly proved the
capabilities of this method of work. The success which
attended the effort, which was in no small degree due to
Messrs. A. Hoen & Co., who made the reproductions and
- printed the maps, has confirmed me in my determination to
use the process in the future work of the survey. The sav-
ing, as compared with engraviugs on stone, is, as has already
been pointed out, fully 40 per cent. '

Miss Nellie E. Newman has continued to be the efﬁcnent
secretary of the survey. :

Satisfactory progress has been made in the publication of
the results of the survey. Xour volumes have so far been
distributed, and have met with hearty reception. They have
been very favorably commented upon by the leading geolog-
ical and engineering magazines of this and foreign countries,
and have brought to the office of the survey letters of com-
endation from the leading geologists of all countries. The |
statements as to the resources of Towa, as given by the sur-
vey reports, are finding their way into trade journals and text-
books, and thus the reports form the best possible advertise-
- ment for the state. Not only outside, but within the state,
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the reports have received full reeogmtlon. Numerous local
papers have published long extracts from them; and in a few
instances the county reports have been repubhshed entire by
local papers. -

“The four volumes so far 1ssued contain the follomng papers

E VOLUME 1. FIRST ANNUAL REPORT 1892,
CONTENTS:

_Administrative Report of the State Geologlet
Administrative Report of the Assistant State Geologlqt
Geological Formations of Towa; by Charles Rollin Keyes. .
Cretaceous Deposits of Woodbury and Plymouth counties, with Obsei'vatiot;s
on their Economic Uses, by Samuel Calvin.
Ancient Lava Flows in Northwestern Towa; by Samuel W Beyer

Distribution and Relations of the Saint Louls Limestone in Ma.naska County,
-Iowa; by H. F. Bain,

Annotated Catalogue of Minerals;

by Charles Rollin Keyes.

Some Niagara Lime Burning Dolcm’tes and Dolomitic Building Stones of
Iowa; by Gilbert L. Houser.

Bibliography of Iowa Geology; by Charles Rollin Keyes.

~VOLUME II. COAL DEPOSITS.
o BY CHARLES ROLLIN KEYES.
- CONTENTS: : : ) . ‘
. Chapter L Introduction.
Chapter IL Origin of Coal.
Chapter 111 Carboniferous Basin of the Mississippi Valley.
Chapter LV. General Geology of the Coal Region. '
Chapter V Lithology of the Coal Measures.
Chapter VI Stratigraphy of the Coal Measures.
Chapter VII.  The Coal Beds. :
Chapter VIII. Description of the Coal Beds now Operated id North Centra,l B
. Iowa
Chapter IX.. Deacmpmon of the Co:xl Beds in Central Iowa. -
Chapter X. Descmptlon of the Coal Beds of Southeastern Iowa.
Chapter XI. Description of the Coal Beds of Southwestern Towa.
Cliapter XII.  Description of the Coal’ Beds of the Outhers in Fastern Iowa
Chapter XIIT. Composition of Iowa Coals.
Chapter XIV. Waste in Coal Mining,
Chapter XV.  The Coal Industry.
VOLUME III. SECOND ANNUAL REPORT, 1893.
CONTENTS : ' : ‘

Administrative Reports.
Report of State Geologist.
Report of Assistant State Geologist,
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Report of Chemist.

Work and Scope of the Geological Survey; by Charles Rollin Keyes.

Cretaceous Deposits of the Sioux Valley; by H. F. Bain.

‘Certain Devonian and Ca.rbomferous Outliers in Eastern Iowa; by William
Harmon Norton.

Geological Section Along Middle River in Central Towa; by J. L. Tilton.

~Glacial Scorings in Iowa; by Charles Rollin Keyes.

Thickness of the Paleozoic Strata of Northeastern Iowa; by William

" Harmon Norton. o :

. Composition and Origin of Towa Chalk; by Samuel Calvin.

Buried River Channels in Southeastern Iowa; by C.. H. Gordon.

Gypsum Deposits of Towa; by Charles Rollin Keyes.

Geology of Lee County; by Charles Rollin Keyes.

Geology of Des Moines County; by Charles Rollin Keyes.

- VOLUME 1. THIRD ANNUAL REPORT, 1894.
CONTENTS :
 Administrative Reports
Geology of Allamakee County; by Samuel Calvin.
Geology of Linn County; by W. H. Norton
Geology of Van Buren County; by C. H. Gordon.
- Geology of Keokuk County; by H. F. Bain.
~ Geology of Mahaska County; by H. F. Bain.
Geology of Montgomery County; by E. H. Lonsdale.
Volume V, which is herewith submitted, contains, in addi-
tion to the administrative reports, the following:
Geology of Jones County; by Samuel Calvin.
Geology of ‘Washington County; by H. . Bain.
Geology of Boore County; by S. W. Beyer.
- Geology of Woodbury County; by H. F. Bain.
Geology of Warren County; by J. L. Tilton.
Geology of Appandose County, by H. F. Bain.

Volume VI, which will soon be ready for tne prmter will
contam the followmg papers:

The Sioux Quartzite and  Associated Rdcks, With Especial Reference to an
Intrusive Diabase Sill; by S. W. Beyer.

The Lead and Zinc Deposits of Iowa; by A. G. Leonard.
Report on the Artesian Wells of Towa; by W. H. Norton.
- In addition, a number of other papers, by various members
of the survey corps, are in an advanced stage of completion.
‘Since the inauguration of the survey, it has been the prae-
tice to furnish to the newspapers of the state preliminary
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notes on the results of survey work while it was still in prog-
ress. These reports have been quite generally used by the
papers, and have been an important aid in bringing to the
notice of the people of any community the results of the work

in their region. Among the papers so published, in addition

~ to preliminary notes on the reports on the various counties,
have been such papers as,‘‘ The Soils of Northeastern Iowa,’’
“The Essential Properties of Building Stones,” “Some Iowa
Dolomites,”” *‘Geologic Conditions of Economic Miniﬂg in
Towa,”” ‘‘Coal Mining by Machmery in Towa,” and numerous
others. '

During the last two years it has been the policy especially’
to push to as ea,rly completion as might be consistent with
good work, the reports on the various counties. With that
end in view the work has been concentrated in certain coun-
ties. Some of these offered _bp€01&1.faclllt1es for work, by
reason of their easy accessibility or because they were the-
residence counties of local assistants. Inother cases counties
have been selected because their geologic structure furnished
the key to neighboring regions, or because they contained
deposits of prominent and generally recognized economic
importance that seemed to demand immediate attention. So
far reports on eight counties have been completed and pub-
lished, six more are completed and are submitted Wlth this
report, and a considerable additional number are inan advaneed
stage of progress. ‘ :

~ Professor Tilton has the work in Madison county well under
way and will doubtless be able to finish it within the next year.

Dr. Beyer has begun work> in both Ma,rshall and Story
counties.

Mr. Bain has the Work dn Polk county in hand and is, in
addition, engaged in a study, preparatory to finishing up the
work in that area, of the notes which Messrs. Jones and Long- °
dale collected in 1893 and 1894 in Guthrie county.

I have the work in Delaware, Buchanan and Johnson coun-
ties practically finished, and -have made preliminary recon- -
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noissances in Winneshiek, Howard, Fayette, Cerro Gordo,
Cedar, and Scott. :

Building Stones—The collection of materials and notes for
a study of the building stones of the state has been carried
forward. By the co-operation of Professors Ross and Hig-
gins and Mr. H. B. Murray of Drake University, and Prof.
A. Marston of the Agricultural College, it has been possible
to begin the testing of samples of quarry stones. Owing to
the limited time at the disposal of those co-operating with
the survey in this work, it was thought impracticable to under-
take a complete study of the building stones of the state at
this time. A circular letter was, in October, addressed to a
number of quarrymen in different parts of the state, asking
their assistance in the work. The responses have been most
hearty and generous. Itis proposed to collect for immediate
study a series of the typical and better known stones now
marketed from Iowa. These will be subjected to absorption,
compression and shearing tests, and in certain cases chemical
- analyses will be made. With the results of this work as a guide,
later and more elaborate studies may be undertaken.

The work along this line has already begun, and the results.
will be made public as early as possible. Inthe meantime the
‘work of the county surveys is affording considerable material -
for later study, and is pointing out the vast number of excel-
lent ledges not yet opened up. .

During the year a series of short articles ha,ve been fur-
nished to the local press bearing on various phases of the
building stone industry. Among other papersa brief commu-
nication giving the results of work on the several counties
studied, so far as relates to quarry stone, was furnished to the
United States Geological Survey, and published in the six-
teenth annual report of that organization. The undeveloped
and recently developed quarry resources of Towa were by this

means brought to the attention of a larO‘e number of inter-
ested readers.
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Cement—The fact that Iowa contains vast quantities of
material suitable for manufacture into the best grades of
cement is becoming rapidly known, and we may rea,sona,bly
hope to see a large cement industry grow up in the state
" within the next few years The survey has already pointed
out the ready availability of the deposits along the Big Sioux
river, and has, during the year, been called upon to answer
many letters of inquiry regarding them. Anarrangement has
been entered. into whereby Mr. S. B. Newberry, manager of
the Sandusky Portland Cement company, of Sandusky, Ohio,
has undertaken to make for the survey the fullest practical
tests of various cement deposits. Some material has been
shipped to Mr. Newberry, and more Wﬂl be sent as soon as it
can be collected. A’

Coal.—A large share of the energles of the survey durmcr
the period of its existence has been devoted to investigations
on coal. The work of the last year has been no exception;
though in this case the investigations have been carried
on in connection with the county work. Of the fourteen
counties upon which reports have already been prepared,
nine have been in the coal field, and one other has, in the past,
_ produced coal. The effort has been, from the first, to give
that subject the fullest possible consideration. With this end -
in view, the counties which lie along the eastern border of
the coal field have been examined and reported upon first.
Along much of the eastern border of the Iowa coal field the
deposits are thin, and frequently have been cut off from the
 main body of the coal measures by erosion. The entire
region is drift covered, and, hénce, the exact limits of the coal
measures are not easily defined. It is but natural under such
circumstances, that in the past considerable sums of money
have been spent in prospecting areas lying wholly without
the coal measures. For this reason it has been considered
important that the first work of the survey should be directed
to tracing the eastern margin of the coal field, so that the
ground which may legitimately be prospected can be
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known from that which is surely barren. With this end in
vieW',A the maps of Lee, Des Moines, Keokuk, Mahaska and
Van Buren counties have been published, and a similar map
of Washington county accompanies this report.

Tn the course of work in the coal-bearing counties, impor-
tant data relating to the conditions of deposition and forma-
tion of coal, and the methods of working it economically, are
being collected. From time to time brief articles, bearing on
these subjects, have been furnished to the press, and when
the work is completed, the facts will be pabhshed as part of
the final report.

Museum.—In connection with the office of the survey at
Des Moines, a museum has been established which is designed
to show to the best advantage the present material resources
" of the state. This collection is receiving constant additions
through the efforts of the members of the survey corps, and
" the generosity of individual producers. Within the last year ~
several important additions have been made. The collection
of clay products includes samples from every clay-working
~ plant in the state; brick yards, tile yards and potteries being
alike represented. The collection of building stones, while
important, is not yet so complete. The collection of ‘miner- .
als, particularly from the lead and zinc reg'ions, is quite com-
plete, and makes a striking and attractive exhibit.

A few of the larger and more important building stone and -
clay producers have made attractive individual displays, and
room is held fora fewmore. Among those who have recently
installed exhibits are Hon. J. A. Green, proprietor of the Cham-
pion Quarries, at Stone City, the Platt Brick Co., and the
Sargents Bluffs & Sioux City Brick Co. The value of an
attractive display in the capitol building, where it is visited
by large numbers every day, is being recognized, and the
limited space at the disposal of the survey for such pur-
poses will soon be completely occupied.

The collection of photographs grows rapidly. While the
views are taken primarily for the immediate purpose of the

3619
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survey work, they afford excellent illustrations of the natural
features of the state, and can be made of large service in
teaching geography and kindred studies. Recognizing this
fact, and wishing to encourage in every possible way the
movement toward better teaching, a list of the photographs
available was prepared last February and sent with the fol-

7 lowing explanatory letter to such as it was thought would be
interested.

IOWA GEBOLOGICAL SURVEY.
S. CALVIN, State Geologist. % ) o
H. P. BAIN, Assistant Geologist. DEs MoOINES, January 10, 1895.
StR—The law governing the geological survey of this state makes provision
whereby duplicate specimens may be distributed to the various colleges. Itis

believed to be in accord with the spirit of this provision that the following state-
ment is made: :

. In the course of the regular work of the survey a considerable number of
photogr aphlc negatives has accumulated. Some of these views possess more or
less educational value in connection with instruction in geology and geography,
and prints of them are offered at the mere cost of production. The negatives .
will be placed in the hands of a competent photographer, who will fill all orders
at a uniform price of 12} cents each. They will be in part 44x7% and in part 6x8,

with a few of larger size. They will be printed on American aristo paper, and
mounted on heavy white cards 8x10.

The list offered is neither complete nor systematic, but it is hoped it may
prove serviceable. There is a supplementary list of views in the Black Hills,

which are the personal property of the state geologist, and which may be
obtained upon the same terms.

Plea.se order by number, and address all communlcatlons to
SAMUEL CALVIN,
State Geologist.

A cousiderable number of responses have been recelved
and it is thought that, as the offer becomes more widely
“known, it will be taken advahtage of by a larger number of
teachers. :

The museum affords an opportunity, by means of various
special charts and diagrams, to set forth graphically the
various resources of the state. Certain of these charts have
been prepared, and as the work of the survey progresses
these can be made from time to time more exact and useful.
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‘The library of the survey has continued to grow by dona-
tion and exchange. The reports of the various state and cer-
tain foreign surveys, as well as the proceedings of numerous
learned societies, are being regularly received in exchange
for the volumes published by the Iowa survey. These reports,
together with the books afforded by the state library, make a
satisfactory working collection. The liberality of the state
librarian and the board of trustees of the state library, in pur-
chasing the books needed by the survey officers, has made it
unnecessary to spend more than a small sum of money in this
direction. It is a pleasure to acknowledge this hearty and

much valued co-operation.
~ Inthe general conduct of the survey it h&b been the effort
to direct the work along those lines which should be product-
ive of the most practical economic benefits. It has been
recognized that a survey paid for by the state can only jus-
tify its existence in proportion as it is a benefit to the state.
So long as problems of fundamental economic import remain
to be solved, the energies of the survey should be directed to
them rather than to the elucidation of equally interesting,
_ though less directly valuable, problems of pure science. It
should not, however, be forgotten for one moment that the
truest and most practical results are only attained by the
most careful and exact scientific investigation of all the sig-
nificant phases of a question. A right understanding of the
problems of deeper water supplies, and the ability to make
estimates of the distance to water and the rate of its flow to
any point, which the survey is constantly asked to do, can
only be had by a thorough investigation of the character and
stratigraphy of the Paleozoic beds of eastern Towa. One bore
hole, even if driven to China, will not settle the question of
gas or oil supply for the state or any considerable part of it,
and anyone at all familiar with practical prospecting in the
best known portions of the Towa coal fields knows that neither
one nor a ‘dozen deep bore holes will settle the question of
deeper coal seams in the southwestern part of the state. Yet
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careful stratigra,phie studies may, aﬁd ‘doubtless will, shed
much light upon the subject. After these investigations it
will be possible to direct prospecting to the best advantage.
It is the proper duty of the geological survey, as outlined in-
the law under which it was organized, to make these investi-
gations. Yet it must not be thought that the survey is pri-
marily or even principally a ‘‘ bureau of research.” Its duty
has been interpreted by the present corps to be first to find
out exactly what resources of economic importance the state
possesses, and second to make these resources as widely
“known as possible. If the reports of the survey accomplished
nothing but the latter, the return to the state would still be-
large in proportion to the sum spent on the work. - B
Tt is not generally recognized to what an extent the reports
of a geological survey are quoted and accepted as author--
ity. Statements taken from such reports are reprinted in
technical and trade text-books, journals, encyclopedias, etc.
Coming from the state they are accepted as official and hence
carry far more weight than similar statements or statistics
put forth by any other authority. A new geography which -
will be largely used in Towa schools is now being prepared,
and the editor is making use of the reports of the survey in’
compiling his facts. The data collected by the survey are
widely used, quoted and re-quoted. One of our leading coal
companies put on its advertising calendar last year a sen- -
tence quoted from the “report of the state geologist.” A
minor article furnished by a member of the survey corps for -
local publication was copied entire by three of the leading -
trade journals of the United States. Letters of inquiry are
constantly received from all parts of the country, so that as
an advertisement of the.resources of the state alone the
reports have a high value. S
I am glad to believe that the work has other values as Well -
The increased and more exact knowledge of our coal fields,
our zine, lead, gypsum and clay deposits, the better under-
derstanding of our soils, building stones and-water supplies,
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and the discovery of important cement, beds cannot but result
in large economic gains to the state as a whole. A large and
well equipped lime burning plant has been put up at a point
suggested by one of the assistants on the survey. At another
- an important brick plant has been installed after consultation
-with the survey officers. A number of other new enterprises
are known to be under consideration and have only been held

back by the present unfortunate financial conditions of the
country. '
Respecttfully,
‘ SAMUEL CALVIN,
State Geologist,

3 G Rep






. REPORT OF MR.H.F.BAIN:

- Towa GEOLOGICAL SURVEY -
. % 1ES MoINES, December 31, 189:) %

SIR—I have the honor to submit herewﬂzh a report of my
personal work during the year past. :

“The amount of administrative and office work placed in my
charge has prevented the aecomphshment 'of as much in the
field as during former field seasons. Much of the months of
January and February was spent in superintending the print-
ing and distribution of the final-pagesof Volume TIT. March,
April and' part of May were spent in' the preparation of the
manuscript, illustrations and maps appearing in- Volume IV,
which was printed during the latter part of Ma,y, the month
June and the early part of July.

Within this period time was found for a few short field
excursions, one being through Washmgton county, another to
Dubuque, and a third, in company with Professor Tilton, down
the Des Moines river. A short visit was made to Mount Ver-
non and Ames for the purpose of arranging with Professors
Norton and Weems the details of the work on artesian wells.

In July the regular field work of the season was taken up,
some time being spent in Woodbury and neighboring counties.
New and valuable data were collected and incorporated inthe
report on Woodbury county. Later the work in Appanoose
county, originally taken up in 1893, was completed and the
report written out. In September a brief excursion was

made in your company for the purpose of studying the drift
27
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deposits of Johnson and Buchanan counties. A day was also
spent with Dr. Beyer in tracing the moraine in Story county,
another with Professor Leonard in studying the drift of Tama
county, and two days with Professor Norton studying the
drift near Mount Vernon and in consultation regardmg the
artesian well report.

In October and November numerous points of interest in
Polk county were visited, and it is expected that the report
on this county can be eompleted in the spring. Preliminary
to a study of the drift of Polk county visits were made to the
Aftonian deposits lying to the southwest and the moraines
near Valeria and Cedar Falls to the northeast, as well as to
numerous intermediate points.

Since the close of the field season the reports on Washing-
ton, Woodbury and Appanoose counties have been given final
revision, the illustrations and maps for Volume V and a por-
tion of Volume VI prepared, and the manuscript for the for-
mer, as well as a portion of the latter, assembled. .

During the year T have continued to make such notes on
mining methods as was compatible with other duties. The
usual brief communications to geological journals and news-
papers have been furnished.

Respectfully,
H. FosTER BAIN,

. Assistant State Geologist.
-+ To Pror. SAMUEL CALVIN,

State Geologrst.



REPORT OF PROF. W. H. NORTON.

CORNELL OOLLEGE }
M. VERNON, Towa, December 31, 1893
. S1r—TI have the honor to make to you the following report,
of the work done auring—the year just closing and since my
“appointment as special assistant in charge of artesian wells.
- A correspondence necessarily large, onerous and. as yet
unfinished was at once opened with well drilling firms, water
eompa,nies, owners. of deep wells, and with all others who
‘might in any way aid the investigation. Several cities were

 visited personally. The facts thus obtained form the basis

~of a report now approaching completion. Of each of the 100
or more deep wells in the state, all the obtainable data will
be set forth in this report, including the depth, size of bore,
tubing, packing, water horizons, and the tlow, head and
quality of the water from each horizon, together with its

* availability for the various domestic and communal uses.

. Full description will be given also.of the strata penetrated
by the drill wherever drillings have been preserved, and the
geological section of each well will be shown as completely
as the facts in hand will permit.

~ Thus the experience of drillers in all parts of the state aJnd
in the various underlying rocks, and the experience of our
citizens in the use of different artésia'n waters, will be made

a matter of permanent record. . A

In order that this mass of data may be as completely intel-

ligible and as widely available as possible, the entire question
29
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of artesian wells and waters will be canvassed with special
application to the Iowa fields. |

The sources of artesian waters, their chemical composi-
tion, and the conditions of their transmission will receive
deserved attention. Among other topics considered are the
interpretations of water analyses, the adequacy and perma-
nence of artesian supply in lowa, the sanitary and thera-
peutic qualities of our artesian waters, and their availability
for manufacturing and household purposes, including a resume
of recent methods for the improvement of waters naturally
unsuited for these uses.

As the question of artesian supply is directly related to
other possible sources, the general question of water supply
may receive consideration. Statistics have been dollected of
the waterworks of the state and the various sources of their
supply. The purity of our rivers, lakes and shallow - wells,
their adequacy in times of drouth, the- effectiveness and
expense.of methods of purification now in'vogue, are vital
questions which must be considered by every community
which has the problem of public water 'supply under consid-
eration. * Graphic illustrations are in ‘preparation, such as
maps and sections settmg forth the structure of artesian
basins, the character and attitude of the geological forma-
ticns, the position of water-bearing rocks and the hydrauhe
gradient of artesian waters. ' :

It is hoped that nothing may be omitted’ from this- report
germane to its subject and of p1 aeulcal va,lue to the cltlzens

of Towa.
Very respectfully your obedLent servant,

WirriaM HARMON NORTON,:
Special Assistant in char ge of Artesian WZ?ZZS
To ProF. SAMUEL CALVIN, - o S
- State Geologzszi

P



'REPORT OF PROF. A. G. LEONARD.

TowaA GEOLOGICAL SURVEY, }
. Dzs MoiNes, Towa, December 30, 1395.

DEAR SIR—I submit herewith a report of the work intrusted
to my care during the past year.

The field work upon the lead and zine deposits of the state
was begun in the spring of 1894, and occupied a considerable
portion of that year. During the fall and winter, such time
as could be spared from other duties was devoted to the
preparation of the report. In June last some weeks were
spent at Des Moines in preparation of the manuscript, and in
November a brief field excursion was made for the purpose
of noting such new developments as had taken place within
the season just past. Many important items were secured
and have been incorporated in my report, which is now com-
plete and has been submitted.

It is a pleasure to state that the outlook for the field is
encouraging. The rapid introduction of improved machinery
and better mining methods is having an important effect upon
the output of the district. The total production for the year
1895 was 750,000 -pounds of lead ore and 3,500 tons of zmc,
with a total valuation of $42,000.

Respecttully, .
A. G. LEONARD,
Special Assistant ©n charge of Lead and Zinc Deposits.
To PROF. SAMUEL CALVIN,
State Geologist.
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EARLY GEOLOGICAL WORK. 37
INTRODUCTION.

SITUATION AND AREA.

Jones county is in the second tier of counties west of the
Mississippi river, and is partly included in that conspicuous
eastward extension of the state known as Cromwell’s Nose.
A very important area was added to Towa by the deflection of
the Mississippi from its southerly course near the mouth of
the Turkey river, from which point the great stream makes a
broad sweep to the east, and then, bending more abruptly to
the west, returns to the meridian from which it departed,

near Muscatine. A part of Jones county lies east of this
meridian.

~

Clinton and Jackson counties separate Jones from the Mis-
sissippi river on the east, on the north lie Dubuque and Dela-
ware, Linn bounds it on the west and Cedar county on the
south. Jones county embraces sixteen congressional town-
ships, and, making no allowance for convergence of north and

south lines, or for possible errors in surveys, it contains 756
square miles.

PREVIOUS GEOLOGICAL WORK.

The structural features of Jones county, whether consid-
sidered economically or from a purely scientific point of view,
have long attracted the attention of geologists, and much has
been written concerning various phases of the geological phe-
nomena which the county presents. No exhaustive descrip-
tion of these phenomena has, however, been attempted. The
writers on the one hand. have dealt with a narrow range of
geological facts, or on the other hand they have treated the
region in a general way in connection with the counsideration
of some larger area.

Reference .is made to the geology of Jones county in the
following official publications:

1844. David Dale Owen. Report of @ Geological Exploration

of part of ITowa, Wisconsin and Illinozs.
5 G Rep
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The exploratlons reported on were made in the autumn of
the year 1839. In the report, on pages 101-107, the several
townships now included in Jones county are briefly deseribed,
particular attention being given to the distribution of forests
and the quality of the soil. . On the maps following page 64 of
Owen’s report, plates ii and.iii, the region now called Jones

county is embraced in the area occupied by the Coralline beds
of the Upper Magnesian limestone.

1852. David Dale Owen. Report of a Geological Snrvey of
Wisconsin, Towa and Minnesota. No reference is made in the
body of this report to any part of Jones county, but on the
geological map accompanying the report the townships which
now make up the county are included in the territory covered
by what he now calls the Pentamerus and Coralline beds of
the Upper Magnesian limestone. '

1858. James Hall and J. D. Whitney. Report on the. Geo-
logical Survey of the Stateof Iowa. Volume I, Part 1. Geology.

In this report Jones county is grouped with Scott, Cedar
and Clinton, and all four counties are disposed of in the four
pages 278-281. There are only a few references to special
phenomena in Jones. _

1868. Charles A. White. First and Second Annual Reports
of Progress by the State Geologist, Etc.

On pages 27-30 of this report there is a description of some
of the geological characteristics of Jones county, especial
attention being given to the quarry stone near what is now
Stone Ci’by The paper which forms the basis of this part of
the report had been pubLshed in-the Anamosa Eureka in
May, 1366. :

- 1870.  Charles A. Wmt& Reponﬁ on the Geologwal Survey J
of the State of Towa, Volumes I and IT.

In Volume I of Dr. White’s report on the geology of Iowa,
pages 183 and 184, there are some references to geologicdl
phenomena in Jones county; while in Volume II, pages 309
311, the Anamosa quarries, now known as the Stone City
quarries,.are somewhat fully deseribed..
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1886. T. C. Chamberlin and R. D. Salisbury. Preliminary
Paper on the Driftléss Area of the Upper Mississippi Valley.

The paper cited constitutes pages 205-322 of the . Sixth
Annual Report of the United States Geological survey under
direction of Major J. W. Powell. Jones county lies only a
short distance away from the margin of the driftless area, and
while not directly named is included in the region covered by
the general discussion of marginal drift. -Some of the Ssur-
face characteristics of this county are mapped on plate xxvii,
and its indurated rocks are indicated by appropriate colora-
tion on plate xxiv. R o

1891.  W. J. McGee. The Pleiszfocgne History of Norﬂwaszﬂ
ern lowa. ~

McGee’s memoir embraces pages 189-577 of the eleventh
annual report of the United States Geological survey under
the direction of J. W. Powell. In this memoir geological
features in Jones county are frequently referred to, particu-
larly the topographic forms, drainage and surface materials.
An interesting series of Well secflons in Jones eounty is given
on pages 529-531.

Short papers dealing with other facts of interest in con-
nection with the geology of Jones county, such as White’s
deseription of Stricklandinia castellana and Calvin’s note on
the occurrence of Goniophyllum pyramidale, have appeared in
various publications. |

PHYSIOGRAPHY.

TOPOGRAPHY.

Jones county, in its northeastern part at least, is not very
far removed from the southwestern edge of the driftless area
of the upper Mississippi valley, and its physiographic fea-
tures have been determined in no small degree by the heaps
of drift and ridges of loess developed, during various stages
of advance and retreat, along the thin margin of the Towan
ice sheet. While, therefore, over certain portions of the



40 GEOLOGY OF JONES COUNTY.

county the topography is that of the gently undulating drift
plain, only slightly modified by erosion since the retreat of
the glacial ice, there are large areas in which the topography
is that characteristic of loess covered regions in which the
surface is ridged and billowy, with sharply rounded hills sep-
arated by steep-sided, Vv-shaped ravines. There are also

regions in which rather low loess covered hills alternate with

nearly level intervals of drift from an eighth to a half mile in

width. There are one or two well developed alluvial plains

along the principal drainage streams, and there are a few

examples of deep valleys of erosion in which streams flow

between beetling cliffs of limestone.

Drift Plains.—The principal drift plain of Jones county is
continuous with the drift of northern Linn and southern Dela-
ware. It occupiesall or part of Castle Grove, Cass, Monticello,
Wayne and Scotch Grove townships. This plain is terminated
on the south by a large area occupied by loess hills developed
along the Buffalo and Wapsipinicon rivers near Anamosa. East
of Anamosa the loess ridges leave the river and pass north of
the valley of Bear creek through the southern part of Wayne
- and northern part of Jackson township. On the north the
plain is bounded by the irregular topography—at first, below -
Monticello, erosional, but atterward of loess type—along the
south fork of the Maquoketa. Another drift plain begins at
the foot of the loess ridges south of Fairview and occupies
portions of Fairview, Greenfield, Rome and Hale townships.
There is a small drift region known as Bowen’s Prairie north
of the Maquoketa; and more or less isolated areas are found
in Wyoming and Oxford townships. The valley of Bear
creek in Madison township is occupied by drift, though on
both sides of the valleyloess covered hills rise to a height of
30, 40 or 50 feet above the general level of the adjacent drift
plains. Al the larger drift plains are interrupted more or
less by the peculiar morainic ridges covered with loess, to
which McGee has given the name paha.
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Loess Hills.—The fine yellow clay known as loess, often
homogeneous, though sometimes more or less sandy, seems
to be developed in all portions of the county where the sur-
face is particularly broken and rolling. There are certain
peculiarities of surface configuration that have come to be
recognized as loess topography, and yet as noted later on,
nearly all the evidence at hand supports the view that much
of the physiographic irregularity characterizing loess covered
regions was developed before the loess was deposited. The
~ thickness of the mantle of loess spread over the pre-loessian
surface varies from a few inches to ten or twenty or even
thirty feet. It is only where the deposit attains considerable
thickness that the true loess topography appears. The
deposit occurs on high ridges, or wider areas, that overlook
the drift plains or stream valleys. It washes easily, and
sharply rounded hills separated by steep-sided gullies com-
bine to render the surface over the wider loess regions a
perplexing maze of swelling prominences that seem at first to
be arranged without definite order. It would be difficult to
find an acre of level ground in many square miles of such
areas. The hillsides are too steep for cultivation. Roadways
must wind back and forth to follow ridges or descend to lower
levels through tortuous ravines. The topography is a com-
plex affair, partly erosional; but even the essential features
have been largely determined and modified by the original
irregularity of the surface.

‘MecGee in the work already cited calls attention to the fact
that the loess in this part of Towa is found only on the higher
levels and never on the much lower drift plains. The con-
stant relation of drift plain to loess ridge, so far as Jones
county is concerned, is well illustrated on both sides of the
Wapsipinicon river near Anamosa.' Directly north of Ana-
mosa, near the northwest corner of section 2, Fairview town-
ship, the loess ridge rises to an elevation of nearly 200 feet
above the river and overlooks the broad drift plain which lies
still farther north. From the summit of the ridge the road
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from Anamosa to Cass Center descends until, near the south-
- west corner of section 22, Cass township, it reaches the drift
plain. The difference in elevation between the plain and
summit of the ridge is 100 feet. The loess ridges south of
the stream near Anamosa are equally as high as those on the
north. Near the northwest corner of section 16, Fairview
township, the elevation is 230 feet above the -river and the
descent to the drift plain, a short distance south of Fairview,
is more than 100 feet. The river here runs between loess
ridges rising fully 100 feet above the level of the adjacent
plains. There is no better example anywhere of McGee’s
paradoxical streams, running in valleys that cleave high
ridges and separated from each other by low valley-like
divides. ' |

The principal loess areas of Jones county lie along the
two branches of the Maquoketa in the northeastern town-
ships. Here they blend practically into one continuous area
covering all, or nearly all, of the townships of Richland,
Washington and Clay, as well as the northeastern part of
Scotch Grove. The area next in importance is four to sixmiles
in width. It begins at the Linn county line, embraces the
Buffalo and Wapsipinicon to their confluence at Anamosa and
coutinues below Anamosa for a distance of three or four
miles. - A ridge of loess continuous with the Anamosa area.
extends eastward through the southern part of Wayne town-
ship, past Amber, almost to Center Junction. The eastern
end of this ridge, near Center Junction, is broken up into
discontinuous hills; with intervals of drift.

A special type of topograjphy is developed wherever the
loess is so thin as to be easily eroded down to the underlying
drift. In such localities the hills are low with long, sweeping
curves, and the nearly flat-bottomed vales between are rela-
tively broad. The hills are capped with a thin veneer of
loess and the gracefully curving valleys expose the drift.
The areas exhibiting this type of topography are usually
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small, but one such area, several miles in length and width, is
found west of Wyoming and south of Center Junction.

The paha of McGee, the peculiar ridges and isolated ellip-
tical hills that often rise abruptly in the midst of a drift
plain, are striking physiographic features that are intimately
related to the loess hills. The paha are usually heaped up-
masses of drift covered with loess. Numerous examples of
these curious hills and ridges occur in Greenfield township.
One of the most striking, rising to a height of nearly a hun-
~ dred feet above the broad plain at its base, is found in sec-
tion 31. Others are found in sections 17, 18 and 19. In sec-
tion 10 is a broad wooded paha, and a still larger ridge of the
same type, edvergd with primeval forests, extends through -
sections 14, 15, 23 and 24. Almost every township affords a
greater or less number of examples of the same peculiar topo- -
~graphic forms. Two loess covered hills are conspicuous west

of Olin in Rome townshlp The beautiful paha west of the
railroad, a few miles south of \Iontleello have been described
by McGee, but others equally interesting must, for the pres-.
ent, be left undescribed.

Allwvial Plains and River Valleys. ——There are few alluwal
plains in Jones county, and the few there are make but little
impression upon the general topography. Below Newport
the Wapsipinicon escapes from a rather narrow valley and
enters a broad alluvial plain which, however, extends only to
a short distance below Olin. A mile or two below Hale the
valley again widens, and presents the characteristics of a
broad flood plainall the way to the eastern limit of the county.
For a short distance near Monticello the Maquoketa runs .
through a low plain. Klsewhere the three main streams of
the county flow in narrow valleys of erosion. These valleys
are not infrequently 200 feet in depth, and the walls are in
part Tidges of loess and in part cliffs of limestone. The
North Fork of the Maquoketa in Washington township flows
through a rocky gorge that has a depth, measured from the
general level of the loess ridges a half mile back from the
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stream, of 225 feet. The rocky walls immediately bounding
the river channel often rise vertically, or nearly so, for 75 or
100 feet. At intervals these walls are cut by erosion of sec-
ondary streams into a series of jutting prominences, and the
‘lateral wvalleys are often picturesque, deep, rock-walled
ravines, damp and shaded at the bottom, and having the sides
diversified with salient crags, castles, supporting buttresses
and other rock masses that have been wrought by the active
agents of rock decay into all conceivable fantastic shapes.
The South Fork of the Magquoketa flows in a rock-bound
gorge from a short distance below Monticello to the Jackson
county line. The valley, taken as a whole, is wider than that
of the North Fork and the lateral ravines are also broader.
The general features, however, are -the same; and crag and
castle and wooded rocky bluff give pleasure to the general
observer as well as stimulate the interest of the student
of topographic forms. One of the rocky promontories
left between two deeply excavated secondary ravines, is -
locally known as Kagle Rock. Kagle Rock is situated on the
left bank of the stream about a mile above Canton. It rises
to a height of about 150 feet above the water in the channel. -
Its eastern face is nearly vertical, and a short distance from
the river the ravine on its eastern side terminates in a rocky
amphitheater. On the west side of Eagle Rock is a broad
lateral valley carrying asmall tributary stream. Kagle Rock
and its adjacent valleysillustrate the general character of the
topography bordering this river throughout the greater part
of its course in Jones county.. Everything betokens long con-
tinued erosion. At least the period required to produce the
observed effects must antedate both drift sheets and is prob-
ably comparable to the length of time required to produce the
physiographic characteristics of the driftless area. R
The valley of the Wapsipinicon varies from a rather nar-
row and partly rock-walled gorge above Anamosa to a broad
plain, bordered by low rounded hills, between Newport and
Olin, At Stone City the limestone rises in the sides of the
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valley to a height of ninety feet above the stream, while a
short distance back from the river, as, for example, near the
northwest corner of the Nw. I, Nw. qr. of Sec. 15, Fairview
township, the upper beds of limestone have an elevation of
about 150 feet above the water at Anamosa, and nearly fifty
feet above the level of the drift plain on either side of the
loess covered area. Between Olin and Hale the valley
becomes narrow and is bounded by limestone cliffs or swell-
ing prominences of loess that repeat, but on a smaller scale,
the characteristics of the valley above Anamosa. The broad -
plain between Newport and Olin has its characteristics -
repeated in the plain above and below Oxford Mills.

The valley of the Buffalo so far as its course lies in Jones
county, resembles that of the Wapsipinicon near Anamosa.

The valley of Bear creek is at first a broad shallow depres-
sion in the drift plain, with some loess-capped hills rising
above the plain at some distance on either side. Below
Wyoming, however, the stream enters a narrow rock-bound
valley bordered with wooded hills that exhibit the typical
loess topography; and these characteristics persist to beyond
the Jackson county line. ‘

There are some minor topographic areas, but the whole
topography of the county, over larger and smaller areas alike,
is to be interpreted in the light of effects of aqueous and
glacial action produced along the attenuated and much
lobed and incised border of the Iowan ice sheet, the whole
modified more or less by subsequent erosion. Over the
larger drift plains erosion has produced scarcely any effect
since the Iowan glaciers retreated from the region. Over
areas deeply covered with loess, erosion in combination -
probably with wind action has given rise to the rounded
hills and gully-like ravines that divide the surface into such a-
tangled topographic maze. The drift deposited by both
Kansan and lowan ice sheets was in some places very thin
and so it has been possible for both branches of the Maquoketa,
and probably the Wapsipinicon above Anamosa, to return to
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their old channels, and by a little scouring to restore some of
the features of the preglacial topography.

DRAINAGE.

The drainage of Jones county is quite as unique as the

topography. Like the topography it has been determined by
the anomalous distribution of drift and loess along the lobed
border of the Iowan ice. The Wapsipinicon is the largest
river, and it pursues a much longer course within the limits
of the county than any other stream; but thb area it drains,
so far as relates to Jones county, is less than that drained
by the South Fork of the Maquoketa. Apart from the Buffalo,
which hrings drainage waters from Buchanan, Delaware and
Linn counties, the Wapsipinicon receives from the north no
_tributaries of sufficient consequence to be worthy of name.
The natural drainage area of the river is encroached upon by
Bear creek, an affluent of the Maquoketa. The valley of
Bear creek is mnearly parallel to that of the Wapsipinicon;
for a long distance the streams are not more than a few
miles apart, and so the drainage area tributary to the Wapsi-
pinicon is reduced on the north side to a narrow belt only a
mile or two in width. The portion of Jones county south of
the Wapsipinicon, as far east as Olin, is drained by Walnut
creek, but below Olin the streams entermg from the south
are insignificant. v

Bear creek is also nearly parallel to the Maquoketa, but
the distance between the two streams Wwill average ten or
twelve miles. All the Valle'y of Bear creek and all the inter-
vening region drains into the Maquoketa. This intermediate
area is traversed by Mineral creck, which joins the primary
stream a few miles below Canton. Kitty creek flows into
the Maguoketa near Monticello. TIts valley is for some dis-
tance nearly parallel to that of its primary, but its flow is in

the opposite direction. Grove creek drains the northwest
corner of the county, and Farmers creek in the northeast
passes down through the center of Washington township
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to join the Maquoketa near Clay mills. Farmers creek
encroaches on the area belonging to the North Fork of the
Magquoketa as Bear creek encroaches on that of the Wapsi-
pinicon, and reduces the surface tributary to the North Fork
to a strip a mile or two in width. The Makoqueta proper
receives the dramacre of nearly three-fourths of the entire
county.

The North Maquoketa and White Water creek, with insignifi-
cant tributaries that flow ‘only when recent rains or melting
snows furnish favorable conditions, drain a small area in the
northeastern corner of Washington township.

- STRATIGRAPHY.
General Relations of Strata.

The geological formations of Jones county represent three
systems. Only two systems, however, are developed to an
extent that would command general attention, and they are
widely separated from each other in point of time. The indu- -
rated rocks belong chiefly to the Silurian system; the super-
ficial deposits belong chiefly to the Pleistocene. Belonging
to the indurated rocks are some inconspicuous fragments of
Carboniferous strata, and among the superficial deposits are
beds of residual clay or geest of pre-Pleistocene origin, but
referable to no particular series.

The Silurian strata, while exhibiting many stratigraphic
and local variations, are all lithologically and paleontologi-
cally intimately related. Throughout the whole thickness of
the beds exposed in this county the rocks are dolomitic lime-
stones, and the fossil fauna, however much it may vary in
different localities and in different beds, is always and every-
where characteristic of the Niagara series. The lower beds
contain such forms as Halysites catenulatus Lin., Fowvosites
Javosus Goldfuss, and Pentamerus oblongus Sowerby. The
uppermost beds of Niagara seen in this county have so far
furnished no fossils, but the Anamosa quarry stone lying next
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below them has yielded specimens of Dalamites verrucosus
Green, and Calymene niagaransis -Hall. This last species
. occurs in the Williams quarry in the northeast corner of
Fayette county only a few feet above the Maquoketa shales,
while at Stone City, in Jones county it is found, though very
sparingly, in the building stones which lie at least 250 feet
higher in the geological column. The whole assemblage of
strata between the top of the Maquoketa shales and the base
of the Devonian is referred to the Niagara.

The taxonomic relations of the geological deposits of Jones
county, as provisionally adopted, are shown in the following
table.

GROUP. SYSTEM. SERIES. " STAGE. SUB-STAGE.
Recent. Alluvial.
. ) . Loess.
Cenozoic. | Pleistocere. Towan X
Glacial. ) Second Till.
Aftonian? | Buchanan gravels.
. i Kansan. First Till.
e Upper .
-Carboniferous. Carboniferous. Des Moines
Bertram.
Paleozoic. Anamosa.
Silurian. Niagara. -
Le Claire.
Delaware.

Geological Formations.
NIAGARA SERIES.

Though the great beds of dolomite, which may be referred
to the Niagara series, represent deposition during a single
geological epoch, and so in a certain sense constitute a single
stratigraphic unit, they are yet divisible into four more or
less perfectly defined stages.
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DELAWARE STAGE.

The lower stage of the Niagara has a thickness of about
900 feet. Pentamerus oblongus, Halysites catenulatus, Favosiies
Fawosus, Plychophyllum expansum, Strombodes mamillaris and
a large number of other species, are the characteristic fos-
sils. Halysites catenulatus begins near the base of this stage.
At first the corals are all small, a few inches only in diameter,
and the individual corallites rarely have a diameter exceeding
one-sixteenth of an inch. Among the residual products of
erosion derived from other phases of the Delaware stage
there are, on section 6, Scotch Grove township, weathered
fragments of coralla of this same species five feet in diameter,
three or four feet in-depth, and made up of corallites meas-
uring fully one-eighth of an inch. Pentamerus crowds the
beds at various levels and shows a great number of interest-
ing variations. The strata through which these fossils range
compose the coralline beds of the Upper Magnesian cliff
limestone, as that term is used in Owen’s report on work
done in the fall of 1839. They cowprise the coralline and
Pentamerus beds of the Upper Magnesian limestone, as indi-
cated on the map accompanying the report of the same author
in 1852. This division is the equivalent of the Niagara lime-
stone of the report of Hall and Whitney, but it embraces only
part of the Niagara of Dr. C. A. White.

Prof. A. G. Wilson has recently written on the Upper
Silurian in Northeastern Iowa*, arranging the strata of the
formation considered in five divisions. Divisions one to four
of Professor Wilson’s paper, collectively, make up the lower
stage as here defined, a stage that embraces all the sediments
lying between the summit of the Maquoketa shales and the
top of the Pentamerus and Coralline beds that furnish Strom-
 bodes mamzllaris Owen, Strombodes pentagonus Owen, Strom-
bodes gigas Owen, enormous coralla of Halysifes catenulatus

Linneeus, and equally ponderous masses of Diphphylivm mul-
ticaule Hall. .

*American Geologist, Vol. XV, p. 275.: 18%.
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There is no one locality where all the phases of this lower
division of the Niagara may be seen in a single section, but
all may be studied within the limits of Delaware county, and
for this reason it is proposed to call it the Delaware stage.
The four divisions of Professor Wilson, so far as they can be
delimited, may rank as sub-stages. The Delaware stage con-
tains large quantities of chert, and silicification of the corals
is very general while silicification of the brachiopods is not
infrequent. =

' LE CLAIRE STAGE.

The second stage of the Niagara is represented by the

Le Claire limestone of Hall, and may, with propmety, be
- called the Le Claire stage. Strata of this stage are well
developed at Le Claire, in Scott county. They are seen in
the same stratigraphical relations at the lime kilns on Sugar
creek, and near the quarries at Cedar Valley, in Cedar
county. They occur beneath the quarry stone at Stone City,
and near Olin and Hale, in Jones county, and they are also
seen at many points west of the Jones county line in Linn.
Indeed, they are somewhat generally, though by no means
universally, distributed in the east central part of Scott,
southwestern parts of Clinton, western Cedar-and the south-
ern parts of Jones and Linn. They seem, however, to be
limited to the southwestern. corner of the Niagara area,
There are no indications of them in the northeastern part of
Jones. A line drawn from the mouth of the Wapsipinicon
" through Anamosa would mark approximately their northeast-
ern limit. | |

‘The Le Claire limestoné is generally a massive or heavy
bedded, highly crystalline dolomite. It contains searcely any
chert, and in its lower parts there are very few fossils. There
are occasionally a few specimens of Pentamerus of the
P. occidentalis type, and the principal coral is a. long, slen-
der, tortuous Amplexus, which is represented only by casts
of the vacant or hollow parts of the original corallum. On
account of the complete solution of the original structure the
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spaces occupied by the solid parts of the coral are now mere
cavities in the limestone. In the uppev part of the Le Claire
stage, small braehiopods abound. They belong to the genera
Homeospira, Trematospira, Nucleospira, Rhynchonella, Rhyn-
chotreta, Atrypa, Spirifer, and probably others. In most
cases the fossils have been dissolved out, leaving numerous
cavities. The calcareous brachial apparatus of the spire-
bearing genera is often perfectly preserved, and is the only
portion of the original structure represented. No statement
can well give any idea of the numbers of these small shells
that crowded ‘the sea bottom near the close of the Le Claire
stage, nor of the corresponding number of minute cavities
that are now, so characteristic a feature of this portion of the
Lie Claire limestone. In some localities in Cedar county, the
small brachiopods of this horizon are represented by very
perfect casts that were formed by a secondary filling of the
cavities left by solution of the original shell. The external
characters are thus fairly well reproduced. .
Compared with- the beds of the Delaware stage, the Le
Claire limestone as a rule lies in more massive ledges, it is
more completely dolomitized and its fracture surfaces exhibit
a more perfectly crystalline structure. - It contains an entirely
different fauna, ‘a fauna in which, small rhynchonelloid and
spire-bearing brachiopods are conspicuous. Its fossils are
never silicified, and in marked contrast with some portions of
the Delaware, its upper part at least is notably free from chert.
The Le Claire limestone is the lime burning rock of Suga,r
creek, Cedau Valley, Port Byron and Le Claire. Wherever it

est quahty of lime.

The Le Claire limestone i is, in some respects, unique among
the geological formations of Towa. In the first place, it
varies locally in thickness, so much so that its upper surface
is exceedingly undulating, the curves in some places being
very sharp and abrupt. In the second place, it differs from
every other limestone of Towa in frequently exhibiting the
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peculiarity of being obliquely bedded on a large scale, the
oblique bedding often affecting a thickness of fifteen or twenty
feet. (Plate i.) The phenomena suggest that during the
deposition of the Le Claire limestone the sea covered only the
southwestern part of the Niagara area; that at times the
waters were comparatively shallow, and that strong currents,
setting sometimes in one direction and sometimes in another,
- swept the calcareous mud back and forth, piling it up in
the eddies in lenticular heaps, or building it up in obliquely
bedded masses over areas of considerable extent. The oblique
beds observe no regularity with respect to either the angle or
direction of dip. Within comparatively short distances they
may be found inclining to all points of the compass. Again
the waters at times were quiet, and ordinary processes of depo-
sition went on over the original sea bottom, the beds produced

} -
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F1G.1. Inclined, undulating beds of the Le Claire stage near Newport, Jones county, Iowa.

under such circumstances conforming to the undulating sur-
face on which they were laid down. In some cases these beds
were horizontal, as in the upper part of the section illustrated
in plate i, while in other cases they were more or less flexu-
ous and tilted, as seen in the left bank of the Wapsipinicon
above Newport.
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TILTED SILURIAN STRATA.
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Professor Hall accurately describes some of the variations

in the inclination and direction of dip in the Le Claire lime-

- stone, as seen at Le Claire,” but he assumes that the inclina-
tion of the beds is due to folding and uplift subsequent to
their deposition. On this assumption, the Le Claire lime-
stone would have a thickness of more than 600 feet, whereas
_the maximum thickness does not exceed eighty. feet, and the
average over the whole area is very much less. Prof. A. H.
Worthent studied this limestone at Port Byron, Illinois, and
Le Claire, Towa, and describes it as ‘‘presenting no regular.
~ lines of bedding or stratification, but showing lines of false

| —

' F1a 9. Expoéure of gently folded Le Claire limestone below bridge southeast of Ha.lé

bedding or cleavage at every conceivable angle to the hori-

»” e assigns to these beds a thickness of fitty feet, but
offers no explanation of what he calls false bedding or cleav-
age. In White’s report on the geology of Towa,} the oblique
bedding seems to have been taken as evidence that a line of
.fdisturbanee crossed the Mississippi river at Le Claire with a
direction nearly parallel to the Wapsipinicon valley. This
ilwea. Suarv. of the State of Iowa, Hall and Whitney, vol. I, part L, pD. 73—7i

+Geol. Surv. of 11, vol. I, p. 130, 1866.

tRe{gféﬂi{ on the Geol. Surv. of the State of Iowa; Charles A. Whlte, vol. I, p. 183, 1870,
€D
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apparent disturbance was last recognized about three mlleb

west of Anamosa. The angle of dip, it is said, reached in

some plaees twenty-eight degrees with the horizon. McGee,
in discussing the regular deformations of northeastern Towa;*
quotes Dr. White on the Wapsipinicon line of disturbancs, and
“accepts the observations on which the statement is' based as
evidence of a synclinal fold extending from Le Claire to Ana-’
mosa. - White’s observations appear to have been made. only
‘at"the two points mentioned. At both places the strata seem
‘to be inclined at a high anglé. -On the assumption that the
inclination of the strata indicates orogenic disturbance; the
conclusmn that the disturbed beds -were parts of the: same
fold was very natural. There is, however, no fold, nor is
‘there any line of disturbance.  In the whole: Niagara area
:southwest of the line which marks the linit of the Lie Claire
;hmestone, the phenomena seen at Le Clalre and West of
&na,mos& are repeated scores of tlmes and -n" Ways that defy'

‘ arrangement The beds , c;hné ab aH a,noles fromv 3

‘along:the Ceda,r rlver above Roehester at. Cedar Valley, as
z_‘wpll as vany mtermedlate pom ts (hqtmbuted p1 on:useuously
' %;throughout ‘the area of the Le Clane hmestone, the beds
‘stand at a hlgh a,ngle and the multlphelty of dlrectmns in
Wthh they are inclined, even in exposures that are relatwely
. near together, is wholly inconsistent with the idea of orogenic
‘deformation. The beds are now practmally in the pos1t10n in
which they were laid down in the tumultuous Ni lagara sea.
The prme1pa1 dlsturbances they have suffered have been the
results of epeirogenic movements which' affected equally the
“whole region over which these limestones are distributed, as
"Well as all the adjacent reglons of the M1851s51pp1 valley

*Plelstocene History of Northeastern Iowa,, p. 340. 1891, ‘
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The Le Claire hmestone is sharply set off from the depos—
its  of the Delaware stage by its hard, highly crystalline
structure, its freedom from chert, its easily recognized fauna,
and its record of anomalous conditions of deposition. In the
field ‘the distinctions between the Le Claire and Anamosa
~ stages are even more easily recognized, though faunally the
two stages are intimately related. In the Anamosa stage

oblique bedding is unknown; lithologically the rock is an
| e_arthy_, finely and perfectly laminated dolomite, not highly
- crystalline in its typical aspect, and too impure for the manu-
faeture'of lime. It may be quarriedin symmetrical blocks of
any desired dimensions, while the Le Claire limestone breaks
into shapeless masses wholly unfit for building purposes.
The quarry beds of the Anamosa stage are quite free from

F1G 3. Top of chff at Clay Mills, llluatra.tmv character of bedding below the building
“ LT ) : stone layers of the Delaware‘stage. )

fossils, but along the’ Cedar river in Cedar county, the brac-
thpOd fauna of the upper part of the Le Claire reappears in
great force in a stratum four feet in thickness, up near the
top of the formation. The beds of the Anamosa stage are
very undulatmg and dip in long graceful, sweeping curves in
every possible direction. The knobs and bosses and irregu-
lar’ undulatlons developed on the sea bottom as a result of
the pecuhar conditions prevailing during the Le Claire age,
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‘persisted to a greater or less extent after the age came to an
end, and it was upon this uneven floor that the Anamosa lime-
stone was laid down. The puzzling flexures of the Anamosa
limestone and the puzzling variations in altitude at ‘which it
occurs were largely determined by irregular 1t1es in the upper
surfaee of the Le Clalre formatlon

ANAMOSA STAGE

The typical phase of theAnamosa Stage is well illustrated
in the beds that furnish the quarry stone at Stone City.
Deposits of this stage, however, were first noted in Towa at
Le Claire and were correlated by Hall with the Onondago
Salt Group of New York.* Since Hall’s work in Jowa was
completed these beds have been studied by White at what is
now Stone Oity,f by Houser at various localities in Scott and
'Ceda‘r countiest and by Norton in Linn county.§ . MeGee’s
" description of the building stones from the N iagafa of Towa
appliés in part to the Anamosa limestone.| = All the writers
mentioned, exeept Professor Hall, refer the Anamos& beds to
the V1a,g ara.  The rocks of this stage, excepting a few
fa,v01ed loeahtles such as Mount Vernon and Cedar Valley,
are remarkdbly destitute of fossil remains. At Le Claire
recognizable fossils are practically wanting and Hall made
his determination of the age of the formation on hthologlbal
grounds alone : o

The quarries at Stone City are about four miles West of -
Anamosa. When they were first opened Anamosa was the
- nearest railway station and on this account they became gen-
erally known as the Anamosa quarries. The stone was shlpped
- to many points in Towa and even beyond the limits of the
state, and became known among architects and engineers as
Anamosa limestone. Under this name it was discussed in trade

*Rept. on the Geol. Surv. of Iowa; Hall and Whitney, vol. I, pé.rtI Dp. 76-80. 1858,
tRept. on Geol Surv.of the State of Towa, vol. I, p. 184; vol 11, pp. 309-311, 1870
$Iowa Geol. Surv., vol. I, pp. 203-207. 1893.

8Ibid., vol IV, pp. 127, 130, 184, etc., 1895. In the text of Prof. Norton’s report on Lin ount;
these strata are cﬁled the Mount Varnon beds. i froounhy.

%0 3%T618]§3h Census of the U. 8., vol. X, Building Stone, p. 263, 1883. Iowa.Geol Surv, vol. I, pp
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jOurnals_ as well as in the newspapers wherever reference
was made to the product of these quarries. The name has
“also been used in some of the minor publications of the sur-
vey. While therefore the beds of this pa,rticula,r stage do not
occur at Anamosa, it seems best to retain a name so long and
- so firmly established, a name that has a definite meaning over
an area as wide as that in which this quarry stone finds a
market; and therefore it is proposed to recognize these beds
as the Anamosa stage of the Niagara series, and to call the
rock belénging to this particular horizon, wherever found, the
Anamosa limestone.
The Anamosa limestone varies 10(33,113" but in general 113 is
composed of evenly bedded, perfectly laminated layers of

FIG 4. _Beds of the Ana,mosa, stage in the western part of Champion quary at Stone City,
) _ showing the moderately strong eastward dip at this 1oca,hty

rather impure ‘dolomite that in eolorf ra,ngeszthrough shades
of buff, to gray on the one hand, and almost white on the
~other. In many cases the beds are practically horizontal,
but they more commonly exhibit long sweeping undulations
- due to the uneven character of the floor upon which they were
deposited. At the Penitentiary quarry the strata dip to the
northwest at the rate of 100 feet to the mile, and at the west
~end of Champion quarry No. 1, the beds for several rods
incline to the east at even a greater angle. Furthermore the
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same bed varies in thickness, the variation ranging from six
- to elghteen inches in less than a quarter of a mile. In gen:
“eral, however, the -curves of flexure are so gentle and the

cha,nges in thickness of individual beds so gradual that within

the dimensions of any block of stone that may proba,bly be
called for or could poss1b1y be handled, the 1am1nat10n planes
are true and parallel. - = : :
" The planes of lamination are at the same tlme the beddmc
planes of the Anamosa limestone. The formation as seen-in
Jones county is not divided into definite layers separated by -
partings of clay or softer limestone, but for a thickness of
many feet the rock presents all the appearance of a single -
finely laminated bed. Such a bed, however, is not through-
out of uniform bexture, but is made up of paraliel bands differ-
ing from each other in minor characters. ‘There are eertam
planes along which the union of eontlguous lamine is weaker
than elsewhere, and it is along these weaker planes that the
rock tends to bpht when it is. oucu‘rled The quarrymen
recogmze these particular planes and divide the quarry some-:
 what arbitrarily into beds varying from three or four tor
thirty-six inches in thlekness Tt is sometimes poesﬂole to .
work two or more of the beds recogmzed by quarrymen,

togetner when blocks thicker than either bed alone are -

wanted and on the other hand any of the beds ma,y be- spht
or “capped’ when stones for ﬂao‘gmg or thmner slabs for
any other purpose are desired. .
At Stone City this limestone has a thickness of sixty feet,
and is divided by a POTOUS, - Worthless ledge into two ‘nearly
equal parts. The lower thirty feet is known as the ‘“gray
limestone;” the beds in the upper half of the formation are
described as the ‘‘white limestone.” The most valuable
‘quarry stone comes from the lower or gray limestone. In the -
upper beds the cleavage along the lamination planes is 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 1ong
exposure to the weather reduces it to chip stone. The
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unweathered ledges of this upper limestone, while unsuited
to many architectural purposes, serve well for. ordinary
masc_jnry, for, if the blocks are properly quarried and are laid
in the wall on the ‘“‘quarry face’” with ouly the edges of the
laminae exposed to the weather, they will last indefinitely.
On the other hand the lower beds furnish excellent material
for almost. any kmd of structure in:which stone may be
~ employed. There are ledges that will furnish massive blocks
suitable for bridge piers; and there are beds eompact “fine-
grained, and 1mperfeet1y laminated that afford dlmensmn .
stone suitable for cutting into forms beﬁttmg the hlgher
_'gra,des of-architectural work. =

- In the lower division of the formation there are some planes
along which the rock is'vesicular, the cavities’ though rather
indefinite in shape, bemg ewdently produced by solutlon of
small brachiopods similar to those eharacterlstle of the Le
Claire. Occasionally there are cavmes of lar ger s1ze, one,
two or three inches in diameter. Some of these are lined
with crystdls of calcite, some are studded with minute crys-
‘tals of quartz and there are others in which both' minerals
“occur. The upper white limestone furmshes ma,nv mterest-
1ng, almost agate-hke concretions of chert.

~ Joints at intervals interseet the beds of the Anamosa lime-

stone, but on the whole they are few and distant.. They occur
more frequently in some quarries than in others; and as a
rule they cut through the whole thlckness ‘of the forma,tlon
in a nea,rly vertical direction. "These joints facilitate the
- work of quarrying, in many cases rendermg the use of a ¢han-
nelier unnecessary, and yet are not so numerous as to inter-
fere with the getting out of blocks of any desired dimensions.
There are some indications that the joints are not all of the
same age. Those of more recent origin are still but a frac-
tion of an inch in width and have the walls undecayed; in
- those that bear signs of greater age the. fissures have been
widened by water and other agents chemically active in rock
destruction, the walls show decay for some distance from the
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vertical surface, and the sp&ees are occupied with a ferrugm-
ous residual clay which the miners of lead regions recognize

as ‘‘crevice dirt,”” but which in some recent geologmal 11ter-
ature is known as geest.

BERTRAM STAGE.

Above the perfectly stratlﬁed beds of the Anamosa stage
there occurs an irregularly bedded, non-fossiliferous rock of
unknown thickness, which may be correlated with the Bert-
ram beds described by Professor Norton®. The Bertram
limestone is a yellowish dolomite without lamination planes,
and quarrying in shapeless masses of no possible utility.
‘“‘Bastard stone” is what the quarrymen call it. At Stone
City it appears at the top of the Anamosa quarries belonging
to Mr. John Ronen. A greater thickness of it is exposed in
the same relation to the quarry stone in the quarry known as
Champion No. 2, belonging to Hon. John A. Green. In Sen-
ator Green’s Champion No. 1, some beds of this stage have
been exposed by recent stripping. As the work of quarrying
progresses the exposed thickness of the Bertram beds is cer-
tain to increase. -At Champion quarry No. 2, for example,
the upper surface of the Anamosa 's'ta,ge rises about fifty-five
feet above the level of the Wapsipinicon river, but the bluff
at the foot of Whleh the quarry is opened, has an altitude of
180 feet above the same level. While the bluff is covered
with a thick mantle of 1oess, there is yet room for a hundred

feet of indurated rock above the level of the Anamosa lime-
stone. o e e
'OARBONIFEROUS SERIES.
DES MOINES s'i'AGE. - o

Tn the southeastern part of section 24, Fairview township,
a great many loose fragments of coal measure sandstone were
found in the side of a small ravine. The sandstone was not
seen in place, although it was evident that the original ledges

were not very far away. The region is thickly covered with
*Jowa Geol. Surv., vol. IV, p. 135 et seq. '
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loess and drift;-it is also wooded and densely overgrown with
~ underbrush; the geological structure is quite effectually con-
cealed. The blocks of sandstone were associated with expos-
‘ures of tile clay that were manifestly secondary deposits
derived by ordinary erosion or by glacial action from beds of
Ca’rboniferous shales. McGee mentions a bed of pebbly fer-
ruginous sandstone three miles northeast of Oxford (probably
~ Oxford Junction), in Jones county.®* The relations of the
“deposit are somewhat uncertain, although it is quite probable
that the bed in question belongs to the age of the Iowa coal
measures. Outlying fragments of coal measure strata are ‘
not uncommon in Jackson, Cedar, Linn, Johnson, Secott and
- Muscatine eountles :

During all the t1me represented by the Devonian and Lower
‘Carboniferous beds of Towa, Jones county was dry land. The
- forces. that elevated the continental masses had lifted this
'pa,rt of the strata above sea level. The shore line at first
passed through the southeastern palt of Cedar, the north-
eastern part of J ohnson and the eastern part of Linn. The
‘sea, however, gradually retreated toward the south and west,
~ the shore liné became more and more remote from Jones
~ county, until, toward the close of the Lower Carboniferous,
probably the whole of what we now call Jowa had become a
part of the continent. About the time the coal measure epoch

was inaugurated the whole southern and western portions of
~ the state subsided and were largely covered by the encroach-
ing Carboniferous sea. This sea spread sandstones, shales
and_ conglomerates as far north as Rockville in Delaware
county. - Such Carboniferous deposits were spread over the
whole of Jones, but the deposits were thin, the sea soon again
retreated and subsequent erosion has removed nearly every
Vestlge of these later sediments. Notwithstanding the lack
of evidence from direct observation, it is still very prob-
able that numerous outliers of Carboniferous strata are con-
cealed beneath the superficial deposits of this county.

fPleisfocene History of Northeastern Towa. Eleventh Ann. Rep. U. 8. Geol. Surv., D. 305,
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GEEST.

The superficial deposits of Jones county fall naturally under
~two heads, (1) geest and(2) Pleistocene beds. The geest is a
produect of secular rock decay. In this county it is composed -
o’hieﬂjfof the insoluble constituents of dolomitic limestones,
- though it may contain some residual material derived from
the’ decav of Carbomferous sa,ndstones and shales. Neglect-
ing the small portion of- possﬂ:)le Carboniferous origin, the
h1etory of Jones county geest may be briefly summarlzed ‘
At -the close of the Silurian or early in the Devonian the
region, which had previously been covered by the sea, was
elevated above tide level. The surface layers of limestone
were promptly attacked by the ¢ weather.”’ M01sture, atmos—
pheric gases, and all other agents that work silently and
unobtruswely in causing rocks to crumble, combined to bring
about disintegration of the exposed beds. Surface waters
carrled away the soluble constituents, and the insoluble
clayey and ferrug'moue portions, reduced to an 1neoherent
layer of soil, remained. Exeeptmg the - short perlod 1epre-
sented by the invasion of the Carboniferous sea, the work of
 rock dlsmtegl ation and removal of soluble eonbtltuents has
progressed uninterruptedly from the ﬁrst elevatlon of the-
region till the present. This work was. interfered with ‘more
or less by the incursions of Pleistocene ‘ice and the conse-
~ quent distribution of a protectlve covermg of drift; but in
some localities it is progressing to-day as rapldly as ever.
Geest cannot be referred to any particular geologic age. :

The geest of Jones county is a dark colored ferruginous
- clay, which usually contams fragments of chert. In places it
is largely made up of chert, for the finer clay is more easily
removed by ordmary erosion, and so has been carried away
by the mechanical effects of water, while the chert fragments,
too large for transportation, have been left. At times the
geest contains many silicified fossils, and the most satisfac-
tory specimens of corals and brachiopods are often derived
from this source. All the fossil remains found in the geest,
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- as well as all the chert which it contains, were originally
distributed through beds of limestone that have slowly dis-
appeared as a result of ceaseless energy on the part of agents
concerned in ‘producing rock decay. A typlcal example of
'fossﬂ-bearmg geest occurs on the land of Mr. James Delay,
‘in section 3 of Castle Grove township. The residual material
is here only about a foot in thickness, but it abounds in ‘well
p‘ré_served silicified specimens of Pentamerus oblongus Sowerby,
- Stricklandinia castellana White, Zaphrentis stokest Edwards
and Haime, and Favosites (Astrocerium) hispidus Rominger. In
the road that runs north and south through the middle of
this section the geest is exposed in rain cut channels at the
sides of the driveway, and contains a few specimens. of
 Pentamerus oblongus mingled with great numbers of angular
fragments of whitish chert. In section 6 of Scotch Grove
- township the residual products resulting from the decay of
beds of limestone of unknown thickness contain three species
of Favosites, two of Lyellia, two or three Heliolites, one
Syringopora, three .Strombodes, many Stromatoporoids,
gigantic coralla of Halysﬂ;es and Dlphyphyllum, together
with beautlfu]ly preserved specimens of Cladopora, Gonio-

phyllum Amplexus, Zaphrentls and a- Very large explanate.
3 Streptelasma ' :

PLEIST_OCENE DEPOSITS.
~ The superficial deposits of Pleistocene origin are somewhat
complex. They embrace (1) two sheets of till known respect-
ively as the Kansan and Iowan drift; (2) some beds of water-
laid sands and gravels that are probably mterglacna,l or Afton-
ian in age; (3) beds of loess clays and associated sands that
overlie both first and second till and are connected genetlcally
‘with events taking place between, and in front of, theice lobes
developed along the attenuated margin of the Towan glaciers,

and (4) alluvial beds of clay, sand and gravel of more recent
origin, deposited on the flood plains of the streams.
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The Kansan drift is quite generally concealed by the newer
till. - It is seen, however, in a few natural exposures where
rain wash has cut thrOugh‘ the thin Towan drift, or in places
‘where the second drift has been bodily removed. The newer
till, if present at all, is very inconspicuous ar_ound Center
Junetion, and there are here many characteristic exposures
of the lower or Kansan drift. The Kansan drift is funda- -
menta_;lly a blue clay, but its upper surface, as seen near
Center Junction, is dark reddish-brown, the color being due
in part to the oxidizing effect of the atmosphere, and in part
to the effect of growth and decay of many successive genera-
tions of plants. Below the superficial oxidized portion the
blue color predominates. The boulders of the older drift are
~small, usually are striated, and consist largely of greenstone.
All the distinguishing features of the Kansan drift are well
seen. in railway cuts and in channels by the roadsides; not
only. in the region indicated, but at many other points. in
Jones county. '

~The Kansan drift varies in thlckness from Zero on bald '

rocky prominences to more than. 200 feet in old pregl&ela,l -

valleys. While fundamentally a blue clay, it contains many-
‘bands of sand and gravel which possess no small degree of
economic importance since they are the source of water sup-
‘ply in wells of moderate depth. Near Center Junction the
drift is more than 200 feet in thickness, but usually farm wells
reach a supply of water in gravel beds seventy-five or eighty
feet beneath the surface. :

In all surface wells of any conmdemble depth the blue clay
of the Kansan drift is reached, and it is from wells that the -
facts relating to its distribution and general eharacterlsmes
have chiefly been learned. A short distance west of Amber
the railway cuts through a hill of superficial depos1ts W}neh
- show the following section. ,
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3 TL08SS oo e oo e 4to 5
2. Yellow till with rather large pebbles and small
~ boulders (Towan drift) - oo ooioliaolis 10
1. Blue clay with small pebbles, clay somewhs.t strati-
. ~ fied (Kansan drift). ..ol 12
- The sec_tlon is instruective as .showmg the ,_str_atigraphic
relations of the three prevailing types of superficial deposits.
At the same time it shows the usual characteristics of the
Kansan drift. In the central part of the cut the clay is blue,
- imperfectly stratified and is charged with rather small, fine-
grained, greenish colored boulders. Toward the sides of the
cut the Kansan drift comes near to the surface. Itshowsthe
effect of oxidation in its dark brown color. Itsmaterials have
- been mingled more or less with the lower portion of the over- _
A rlymg thin layer of Towan drift, so that it becomes impossible
to draw a definite line between the newer and the older
deposits. - The mingling of elements of the two tﬂls along
their line of contact is, as mlght be expected, a very common
occurrence. - ' >
- A shallow Well near the center of sectmn 90 in Fa1rv1ew .
~township may stand as the type of a very large number dis-
“tributed throughout the drift covered portions of the county.
‘This well was dug just outside the margin of the loess which

Cis developed along the Wap81pmleon river. It shows the fol-
| 10W1ng section: ’

5. Black loam‘or vegetable mould._._ .. _____________ 1
4. Yellow cldy of Towan stage. . ..._________._.._.____ 8
3. - Dark brownish band, upper portion of Kansan stage. 4
2. Blue clay, unoxidized portion of Kansan stage._____ 12
1. . Sand in which occurs an abundance of water ____:_ 11-

Below number 1, a test with an auger shows a recurrence of -
blue clay. The Water—bearlng sand is interbedded with the
characteristic clays of the Kansan stage. No. 3, is quite fer-
ruginous and hlghly oxidized at top. Lower down it passes
into the blue clay of No. 2. In many wells the yellow till of
Towan age has a thickness of fifteen to twenty feet. Between
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the two tills the well-diggers often encounter trunks and
branches of trees, the remains of an old forest that occupied
the region during the long interval which separated the two
glacial periods recorded by the Kansan and Iowan drift.

‘The Towan till is superficial over the larger part of the

drift ‘plains already noted in describing thie physiography of
the county. Its thickness rarely exceeds twenty feet, and
usually it is much less. Compared with the Kansan till it
presents the following differences: (1) Tt is very”mﬁch thin-
ner. (2) Itis yellow in color, while ‘the Kansan clays are
blue. (3) ‘Tt contains 1arge boulders: Boulders exceeding
‘afoot in diameter are rare in the Kansan drlft In the Towan
- drift boulders six or eight feet in diameter are common, and
great masses: measurlng twenty feet in some" of their dimen-

sions, are not ‘infrequent. (4) . The Iarger and more charaé-

teristic boulders of the Towan drift are composed of coaisely
ciystalline, light colored granite; the characteristic boulders
of the Kansan drift are fine-grained, dark colored greenstone.
(5) The small boulders of the Towan drift are less frequently
str ia,téd than in the Kansan. (6) The second till contains a
much smaller proportion of fragiments of local origin. (7)-
" The Towan ice sheet rode over the older surface materials
: w1thout disturbing them to any consﬂerable extent; the Kan-
san ice sheet cut down to bedrock and recorded the direction
of its movement in strise engmved on the native limestone
ledges.”
~ Between the two drift sheets in Buchanan county there are.
occasionally beds of ye]lovvlsh stratified, generajﬂy Cross-
bedded sands and gravels that may be Aftoman in age. Itis-
“proposed to call them the Buchanan gravels.* Yellow stmtl-
fied sands and gravels of similar appearance occur at many
pomts in the Plelstocene deposats of Jones county. They
may, possﬂoly, be referable to the same age as those of Buch-
anan county, but thelr rela,tlons to the sheets of till have not

s The Buc?um(m Gravels An Intergladml Deposit in Buchanan County, Iowa, by Samuel
Calvin. -Am. Geologlst vol. xvii, p. 76.. 18%6.
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been definitely determined. Typical exposures of such Pleis-
tocene sands are seen along the border of the ‘‘second bench”
or upper flood plain of the WapSipinieo‘n river in the Ne. qr.
of section 14, Fairview township. Wherever these gravels
occur they furnish the best of matemals for the improvement
- of clay roads. : '

- The loess is a fine yellow clay haying nearly the same color
as the Towan drift. It is fairly homogeneous in composition,
the differences which it presents being due to»va;ryi'ng' propor-
tions of sand mixed with the clay. Loess contains neither

pebbles: nor boulders, a fact which distinguishes it from the
yellow clay of the second till. Tt is one of the most impor-

- tant Pleistocene deposﬂ;s of Jones county, for fully half the

area is occupied by beds of this peculiar formation. The
' zlamgest._eontmuous loess covered region occupies a space of
- more than a hundred square miles in the northeast corner of

‘the county and ~embraces- ail of Washmgton and Clay town-

ships with- portlons of Richland, Scotch Grove and Wyoming.
" The area next in importance has a width of from two to four
miles on both sides of the river at Anamosa. Ridges of loess
extend with some interr uptions through the southern part of |
‘ <Wa,yne and the northern part of Jackson and Madison town-
ships, and connect the Anamosa with the northeastern area.
In the central and southern parts of Jackson and Madison -
-townshlps narrow ridges of loess alternate with flas bottomed
intervales covered with Iowan drift. Southeast of Hale is a
loess area embracing quite a number of square miles; west of
Olin there are high ridges covered with the same formation;

o Whﬂe in' Greenfield township there are numerous conspicuous

paha ridges capped with loess. The northwestern part of
Jones county is comparatively free from loess. The gently
| undulating surface studded with conspicuous boulders of gray

granite, announcing as it does the universal presence of the
Iowan drift, is, even here however, oeeasionally broken by
- loess covered paha ridges. Such a ridge, having a length of
several miles, crosses obliquely the north line of Cass
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township in section 4, .and McGee’s Monticello paha occurs

~in the south half of section 33 of Monticello township. -
McGee has called attention to the peculiar. hypsographic
_ distribution of the loess in this part of Towa.* It not-only
overlies the drift, but it seems preferably to be distributed on
plateaus, crests of rock, and morainic ridges of till that rise -
conspicuously above the level of the average drift plain. Ref-
~erence has already been made to the fact that the summits
of the loess covered ridges on.both sides of the river near
 Anamosa, rise to a height of onehundred feet above the level
- of the adjacent regions which are covered with Iowan drift.
All the isolated, loess-capped paha ridges have an elevation
of from forty to sixty feet above the nelghbormg boulder-dot-
ted plains, and the large loess area in the northeastern part of -
the county is a plateau having an average elevation of sixty
or seventy-five feet above the drift covered areas that mter-
- digitate with its lobed or sinuated margin.

In the case of isolated ridges and minor areas-of loess there
is evidenee that many of the peculiarities of the present topog- |
raphy were -developed. before the loess was deposited. -
Around Anamosa-there are ridges of limestone that would
rise above the level of adjoining areas if all the loess were -
stripped from their bummltb As McGee has pointed out, the
river flows in a gorge which cleaves a rocky ridge, and the
presence of this ridge seems to have been an’ important fac-
tor in bringing about the deposition of the loess. The Monti-
cello paha is simply a mantle of loess spread over a prominent

crest of rock that, before it was concealed by the fine yellow
loess silt, stood out consplcuously above the general level.
At the northwestern end of the paha the rocks are still
exposed in a number of* bold precipices twenty to twenty-five
feet in height. A short distance southwest of the main paha
ridge there is a second rocky crest, but smaller and lower than
the first. This crest is bare even of drift for alength of thirty
rods, but at its southeastern end it passes under a veneer of

* Pleistocene Hist. of Northeastern Ibwa, Eleventh Ann. Rept. U. 8. Geol. Surv., p. 301.
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loess which eventually blends with the‘ ioess of the larger
ridge. Within the distance of half a mile to the southwest
there are many less prominent knobs and bosses of rocks

which are bare toward the southwest but covered with soil on
the southeast. They were not prominent enough to bring

-about the conditions necessary for the deposition of loess.

A typical illustration of loess distribution may be seen one

_and a half miles south of Center Junction. The surface is
ridged and rolling, and superficially the rldges, particularly
‘on their summits, are made up of loess. But the roadway is
cut into some of the ridges far enough to show that the loess

is 1ns1gn1ﬁcant in amount, and that it forms only a thin veneer

~ over the summit of ridges of drift. The drift is mainly of the

- Kansan type, with browmbh ferruginous clay contammg

many sma,ll ‘dark green, fine-grained and usually striated
boulders. The rldges, however, were present before the
loess was laid down. The loess’ snnply accentuates some
features of a pre- ex1st1ng topography:

That the major topographic features of Jones eounty Were'

- developed before the deposition of the loess is well shown at

- anumber of points. Even the river channel between Stone’
* City and Anamosa, which is cut 120 feet below the average
~ level of the drift and 220 feet below the. summit of the loess

that crowns the walls of the valley is not only.pre-loessal, but

is preglacial. Both loess and drift, in beds undisturbed since
first depos1ted come .down: on the sides of the valley practic-
ally to the present level of the water. At Senator.Green’s
Champion quarry No. 1, undisturbed loess overlies a thin-bed
of Kansan drift. Near the fair ground, northoa,st of Ana—
mosa, and about 40 feet above the river there are exposures
of drift. Three-fourths of a mile north and 65 feet higher,
the loess has been eroded down to the drift, and exposes a
large gray granite boulder of the Iowan type, and yet

- thispoint is 120 feet below the summit, which the road finally

surmounts near the southwest corner of section 30, of Wayne
township.

7G Rep
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'Beds of alluvium or river sﬂt have been deposﬁ;ed on the
ﬂood plains of all ‘the streams. In the table of geological
formatlons on. page 48 alluvmm is referred to the:recent
epoch The formation has been in progress of deposition
‘ever since the withdrawal of the second ice sheet. Some of
it dates only from the latest overflow, but by far the most
important part of it is but little, if any, younger than the
loess. The flooded streams carrying torrents of water from
meltmg glaciers carried also enormous loads of gravel sand
and ﬁne glacial silt, and these materials, deposited upon the
overflowed plains, ful nished tho 1amger portlon of the p1 esent

- a,lluvmm ,

‘Bodies of alluvium of sufficient 1mportanee to deserve spe-
cial notice are found at only a few points in the county.
Montmello has been buﬂt on the margin of an alluvml plain
that extends up the valley of Kitty creek for some distance
on the one hand and up the Valley of the Maquoketa to beyond
the Delaware county line on the other. The thickness of the -
-deposit vames from a foot or two at the margins to more than -
thirty feet i in the axial parts of the valleys. - At the‘base the
“deposit is-composed of gravel. This is covered by sand; and
‘on the sand rest beds of stratified clays ‘of excellent quajhtv"
for the manufacture of brick and tile. The broad flood plam
‘that extends from Newport aﬂ.most to- Hale is ‘occupied with
alluvml deposits. These- depo&.lts are often very sandy, but
in the neighborhood of Olin they contain tile clays of demon-
'th‘éted excellence. Oxford Mills and Oxford. J unetlon stand
in the midst of a plam eovel ed with alluvium.

Typ1cal Exposures

A large proportwn of the rock exposures in Jones eount ¥
~ bélong to the Delaware stage of the Niagara. The charac-
‘teristics of the different beds of this stage are, however, very
“inconstant; and the strata of the same horizon vary locally to
‘such an extent as to make the correla,tlon of the several
exposures exceedingly difficult. The contact of the Niagara
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with the underlymg Maquoketa was not seen. The lowest
beds observed lie at least sixty feet above the line of junction

‘between the two formations. At thislowest observed horizon

the dolomitic limestone is sometimes crowded with casts of
large 1nd1v1d11als of Pentamerus oblongus Sowerby. In the
valley of the North Magquoketa near Cascade, a few feet above
the level of the river, there are Pentamerus beds with cherty
partmgs in which the fossils are unusually perfect. As a

result of conditions somewhat unusual in our Towa dolomites,
many of the individuals retain portions of the original shell.

Pentamerus beds, alternating with some coral-bearing and
ma,ny»unfoséﬂiferous layers, are found in the bluffs up to a
height of sixty feet above the level of the river. The horizon
of small silicified colonies of Hualysites catenulatus and Syrin-

‘gopora nitella oceurs below the middle of this section, and the

corals named range through ledges. that together have athick-
ness of eight or ten feet. The coral beds are followed by

‘one foot of Pentamerus-bearing limestone and twelve feet of

coarse limestone without fossils. Higher up is a third Pen-

‘tamerus bed, above which the rock becomes massive for fifteen

to twenty feet, and shows no fossils. Above these massive
beds the strata are again crowded with Pentamerus, but the
individuals are smaller, and many belong to the species Pentam-
erus pergibbosus Hall and Whitfleld. Associated with 2. per-
g@bbosns are Ceriopites dactylioides Owen, Caryocrinus ornatus

- Say, and Leptena rhomboidalis Wilckens. In other portions

of the county there often occur, above the horizon of Cerion-
ites, massive barren ledges of variable thickness, followed by
some twenty or thirty feet of evenly bedded building stone.
The for'gbing,fa,cts are not derived from any one section.
They are offered as a generalized statement of what may be
learned by combining the observations on a number of differ-
ent exposures. They illustrate the succession of beds for

‘the lower 200 feet of the Delaware stage. The difficulties in

the way of correlation of the numerous outerops of this stage
arise from the fact that, during the progress of . deposition of
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- the limestone, the 'ty‘pes of life were not uniformly distributed
over the bottom of the Niagara seas. At any given time
there were areas supporting vigorous colonies of certain
species, but the assemblage of species differed more or less
in different localities, and there were at the same time inter-
vening areas over which living forms were very sparsely dis-
‘tributed,. or from which they were entirely absent.

.. - The exposures of Le Claire hmestone in Jones county are
1nelther numerous nor conspicuous. -Isolated masses of this
limestone, when free from.fossils, and so situated as not to
show its relations to the Delaware and Anamosa stages, can-
not be distinguished from certain heavy bedded, highly dolo-

mitized, unfossiliferous portions of the lower stage. Beds of |

the Anamosa stage have pronounced lithological characteris-
. tics ‘which render them easily recognized, but the Bertram
-beds can only be distinguished by their stratlgraphleal rela-
tions to the Anamosa.

Without in all -cases entermg mto detaﬂs of &,eetlons,
which -would; not be instructive, or attempting to correlate
the several exposures which would often be 1mposs1‘ole, the
more important and instructive of the rock exposures in the
several townships may be br1eﬂy noted

CASTLE GROVE TOWNSHIP.

Characterlstle exposures are foundin Castle Grove township,
- along “Grove creek, Silver creek and West creek. In the
northeast quarter. of section 3, the soil is thin in pla,ceb_,,

- and on the north side of.?_Grovevcreekg‘weathered ‘masses of

- dolomite belonging to the Delaware stage appear on the sur-
~face. South of the creek, in the same quarter section, a
quarry was -formerly worked, and furnished a fairly good
quality of stone for ordinary purposes. Interbedded, with
the limestone in this quarry are many bands of -chert. Over-
lying the quarry stone is a layer of dark, ferr_uginous', resid-
ual clay, or geest, resulting from secular decay of overlying
- beds of limestone. This geest contains beautifully preserved
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silicified specimens of Pentamerus oblongus subrectus Hall var.,
Stricklandinia castellana White, Fowosites (Astrocerium) haspr-
dus Rominger, and Zaphrentis stokest Edwards and Haime. At
the. point where the quarry is opened the soil is composed
wholly of geest, with a thin layer of vegetable mould. Till
seems to be entirely absent, and yet lying on the surface of the .
geest or partly imbedded in it, there are a few rather small
erratic boulders. The amount of detritus left by the ice
sheets was in many places exceedingly small.
North: of Grove creek, in the southwest quarter of section
- 2, the scant soil is insufficient to conceal a great number of
‘dolomitic lédges which crop out on a gently sloping hillside
~ facing the south. Some of the badly weathered masses are in
place, but many seem to be strewn irregularly over the sur-
face. The most conspicuous fossils here are very large inter-
nal casts of P. oblongus sinuatus McChesney var.  Some of
the beds at this locality when first laid down included glgan-
tic coralla of -a  slender stemmed Diphyphyllum. The’ coral,
: however was not subsequently silicified, and it hag been
entirely removed by solution leaving sinuous, anastomosing,
closely crowded, tube-like channels which pass vertically
through ledges many inches in thickness. . About fifteen feet
below the level of the large sinuated Pentamerus the beds -
‘contain silicified fossils; and Pentamerus of the ordinary type,
.~ together with Alveolites interstinctus, Lyella americana, Favo-
- sites niagarensis and other corals, occur in cherty masses
“upon the surface. Stricklandinia is present in beds immedi-
ately beneath the coral- bea,rmg horizon. Other exposures in
thls_tpwnshlp are found in section 24.

MONTICELLO TOWNSHIP

In section 19 of Monticello township-there are outcrops of
the Delaware stage, the chief interest of which liesin the fact
that a stratum about twenty feet in thickmess, made up of

cemented segments of crinoid stems and containing but little -
magnesium carbonate, lies in the midst of unfossiliferous
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dolomité This crinoidal bed SO Strlkmgly dlfferent in. 1ts

~ fossil contents and chemical composmon from any of the ordi- -

“nary phases of the Niagara, ocgms in adjacent sections of
Monticello and Castle Grove townships and in section 4 of
Wayne, but was seen nowhere else in the county.

. In sections 32 and 33 of Monticello township, rough, Jagged

worn masses of Niagara illustrate in a typical way the effects
of weathering on this formation. Around the northern foot
of the Monticello paha the exposures assume the form of
weather-corroded cliffs, twenty-five or thirty feet in height.
Southwest of the paha the rocks project above the general
level in the form of sharp ridges, trending southeast, and
probably ten feet in height. - West of the road which runs past
the foot of the paha a few small quarries have been worked to
supply loeal needs. - The rocks here are generally without
fOSQﬂb Specimens of a small tubed Vame’w of Fawosites favo-
sus, “an ‘unrecognizable silicified Stromatoporoid and rocks
containing tube-like channels, from which stems of Diphyphyl-
lum ‘have .been removed by solution, occur very sparingly.
The'rock generally has an earthy fracture quite unlike that
‘of the semi-crystalline portlons of the formation eomposed of
pure dolomite. '

In the bluffs that border the river bottom east of the mouth
of Kitty creek, there are exposures which contain a fauna
characteristic of the horizon of Pantamerus pergibbosus. The
rocks are badly weathered, are intersected by numerous fis-

sures, and contain a great many cavities. The fossils, which -
are all in the form of casts, embrace Fawvosites forbesi or a

rvelated spherical species, Halysites catenulatus, a species of
Thecia, Cerionites - dactylioides, Suaccocrinus christyi, another
crinoid related to Héxacrinus, Pentamerus pergibbosus, Spirifer
eudorus; and an-undetermined Orthoceras. From two to three
miles northedst of ‘Mounticello,; in the southeast of sectlon 11
and in adjoining parts of 13 and 14, there are many outcrops;

~ and in the ravine followed by the road running between 11and

14 the P. pergibbosus horizon is exposed. Fossils are more
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numerous than in the bluffs east of Montlcello, and among the
- other forms belonging to this horizon there are casts of Euca-
lyptocrinus crassus. South of the road the hill rises fifty feet
above the level of the P. pergibbosus beds. The surface is
strewn with detached rock fragments and diversified with
numerous small outcrops of ledges in place. The rocks are
- generally barren, but a few colonies of Halysites and Syringo-
pora were observed in the loose masses scattered over the
surface. Near the summit of the hill the evenly bedded build-
ing stone layers of the Delaware stage have been quarried on i
a small scale. - : .
One and one-fourth miles northeas‘r of Monticello a quarry
has been opened in. the quarry stone portion of the lower
~stage. The rock here is rather soft and as usual furnishes
no fOSSﬂS This quarry stone horizon of the Delaware is quite
.constant about 200 feet above the base of the formation, and
B twenty, thirty or forty feet above the beds that furnish P.
- pergibbosus and Cerionites. o )
| Othe1 exposures oceur a,long the Maquoketa in sections 23,
25 and 26 of this townsh1p, and in the southern parts of 35
~and 36 there are many stony hills and outerops the beds of
which furnish no fossils nor do they show any eharaeterlstlcs
by which they could be referred to a definite horizon. -

"RICHL AN D TOW’\TSHIP

Rlehla,nd township is largely covered with loess. The rock
exposures are limited to the bluffs along the Maquoketa river
“in sections 30 to 35, and to the valleys of some small streams
in the neighborhood of Bowen’s Prairie. Along the river
there are cliffs of limestone thirty to forty feet in height,
and composed of massive beds intersected with numerous
joints and fissures. The foot of the cliffs is often undermined
for a distance of ten or fifteen feet, and cavernous recesses
have been excavated, by weathering, in their vertical faces.
Fossils are rare, but the horizon is clearly indicated by the
presence of Cerionites and P. pergibbosus eight or ten feet

above the level of the water.
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: There are some exposures near Bowen’s Prairie; and in the
bed of the small creek east of the schoolhouse and cemetery
the rocks contain many small individuals of Pentamerus
oblongus. 'The horizon is lower than the P. pergibbosus beds.

WASHINGTON TOWNSHIP.

Rocks are exposed in the valleys of all the streams in
Washington township. Along White Water creek and the
North Maquoketa, the sides’ of the valleys are quite precipi-
tous, sometimes standing in vertical cliffs. More frequently,
‘however, they take the form of steep bluffs, that here and
there expose moss-vovered walls of rock, ten, twenty or thirty
feet in height; while elsewhere the rock is concealed by soil -
and talus which support gloomy forests of oak and maple.
Mosses, ferns and traﬂmg vines conceal immense detached
masses of hmestone, that, in the erosion of the valleys,
were undermined and rolled down from some higher levels.
An eprsure typical of a large number along the North
Maquoketa is seen in the walls of the gorge, down which the
road winds on its way to the ford in the northeast quarter of
Section 26. The rocks are not very fossiliferous, but the sec-
tion shows various phases of the Pentamerus and Cerionites
beds up to the evenly-bedded quarry stone of the Delaware
stage which here oceurs 150 feet above the level of the river.
The paucity of corals in this section, and the absence of
silicified fossils of any kind, are in striking contrast with
what occurs in many other places at the same horizons. Even
 Pentamerus is scarce, while only a few miles away there are
beds at the same stratigraphic level composed entirely of
crowded individuals -of Z oblongus. The county furnishes
many equally striking illustrations of local variations in
the distribution of the ’Niagara,» fauna or in the dolomitization
and other processes that have affected the Niagara limestone
- since its deposition.

Exposures of the quarry stone beds on Farm creek, in see-
tion 28, furnished the material used in the erection of Saint
Peter’s church and other buildings at Temple Hill,
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CASS TOWNSHIP.

Cass township has a number of interesting rock exposures

“along Buffalo creek and its tributaries in sections 29-34. The
~ cliffs of massive bedded dolomite are mdstly of the Le Claire
stage, but in section 33 the building stone beds of the Ana-
mosa stage are well developed. T'wo large quarries are opera-
ted near the south line of the southwest quarter of 33. One
is the Penitentiary quarry or State quarry, owned by the state
and worked by convict laborers; the other is the Johnellen
quarry, owned and operated by Hon. J. A. Green. The two
quarries are in fact continuous, and present a frontage of
nearly a quarter of a mile. The quarry face is a curve,
describing the quadrant of a circle, trending at first toward
the west at the east end of the State quarry, and finally
trending north at the north end of the Johnellen quarry. The
strata dip toward the northwest. Fully twenty feet of Le
Claire liméstone are exposed above the railway grade at the
east end of the State quarry, but for a few rods the beds dip
at a steep angle, and the base of the Anamosa stone soon
reaches the level of the tracks. Theinclination is afterwards
more gentle, but at the north end of the Johnellen quarry the
base of the quarry stone is twelve or fifteen feet below the
level of the railway. A short distance northeast of the last
point the upper surface of the Le Claire beds rises even above
the level of the top of the quarries just noted, and the Ana-
mosa stone has disappeared as a result of erosion. The floor
of the sea at the beginning of Anamosa time was exceedingly
uneven. o '

The Le Claire limestone "alohg the Buffalo would furnish
excellent material for lime.

WAYNE TOWNSHIP.

Rock exposures in Wayne township are confined to its
northern part. The central part of the township is occu-
pied by gently undulating drift, and its southern portion is
traversed by morainic ridges capped with loess. There are
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unfossiliferous, characterless exposures of rock in section 1,

but the most conspicuous outcrops occur in sections 4 and 5. -
On both sides of the valley of Kitty creek, in the west half of

- section 4, there is an area, more than 200 acres in extent, over
which the surface is broken and hilly, the depressions are
,oc'cupied by athin soil, and the eminences are in the main pro-
jecting weather-beaten crags of dolomite. The surface is
‘largely strewn with displaced fragments. Similar conditions

prevail in the eastern part of section 5. This area in Wayne

is continuous with the area of rock exposures west and north
of the Monticello paha in Monticello township. The rocks
represent some of the multitudinous phases of the Delaware
stage. In places they are massive.  Elsewhere they lie in
layers thin enough to be easily quarried, but they are ren-
dered almost useless by the presence of large quantities of

- chert. Half way between the center and the northwest cor-.
ner of section 4 the imperfectly dolomotized crinoidal lime-

stone already noticed is exposed. Tubular cavities left by
solution of coralla of Diphyphyllum are seen occasionally in the
dolomitized portions of the exposures. More rarely silicified
stems of Diphyphyllum occur, and there are occasional speci-
mens of Favosites favosus. 'The rock has been quarried at a
few points, and the loose masses with which the surface is
encumbered have been used in building miles of fences.

A small cut on the railway, one mile northeast of Laﬁg-

worthy, shows well one phase of the Delaware stage. There
are no signs of true bedding. The rock is cleft and fissured
in every possible direction and if quarried would come out in
shapeless pieces. Furtherniore the rock is not uniform in
character for any distance in any direction.. A part of a
given block defined by the irregularly disposed fissures may
be hard, crystalline dolomite, while the rest of it is soft, yel-
low, granular and earthy. Fossils are scarce. The few
observed belong to the general Diphy phvllum Favosites
and Rhynchonella
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'SCOTCH GROVE TOWNSHIP.

The whole course of the Maquoketa river, so far as it lies
in Scotch Grove township, is bordered by bluffs of dolomite
belonging to the lower two-thirds of the Delaware stage.
Along the great loop of the river in section 5 the cliffs include
beds containing Pentamerus pergibbosus and Cerionites dacty-
lioides. 'The faces of the cliffs are worn into caverns. There
are re-entrant recesses due to widening of fissures, and there
are threatening masses which overhang the receding, softer
and more easily eroded basal portions of the ledges. -

In the southwest quarter of section 6, and on both sides of
the road that passes diagonally through section 7, there are,
in the thin-soiled, stony fields, many rocky exposures of the
same type as those seen in the adjacent parts of Wayne and
Monticello townships. In general the rock is barren of fos-
sils, but about one mile northeast of Scotch Grove, in section
7, there are masses containing the tubular spaces left by
solution of stems of Diphyphyllum, indicating the growth in
this locality of gigantic coralla many feet in diameter. Along
the west side of section 5, and in the east half of section 6,
the surface is strewn with silicified corals belonging to a
great number of species. The elevation is about the same as
that of the barren, or nearly barren, beds only a mile or two
to the west. Among the silicified corals are enormous coralla
of Diphyphyllum multicaule comparable in-size to the corals
that have disappeared by solution northwest of Scotch Grove,
and doubtless belonging to the same species. In this locality

it seems the growth of corals was very luxuriant and the con-
" ditions for their preservation by the substitution of silica for
‘the original calcium carbonate were usually favorable. In
the other locality, only a mile or so away, life was absent
except in a few favored spots, and the metasomatic or pseudo-
morphic changes essential to the preservation of the skeletal
‘parts failed because the necessary conditions were not pres-
ent. The corals scattered over the surface in the western
part of section 6 are part of the residual products resulting
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from decay of layers of dolomite that have been removed from -
- the region. They are constituent parts of the geest.  Similar
corals are wholly or partly embedded in residual soil, and the
same species occur in silicified condition in the undecayed,
underlying ledges of do.omitic limestone. ‘Along with the
corals the undecayed beds often contain numerous internal
casts of Pentamerus oblongus, some of which are silicified,
though the majority are not. The assemblage of corals in
this interesting locality embraces the followmg species:

Heliolites megastoma McCoy.

Heliolites interstinctus Linnaeus

Lyellia americana Edwards and Haime.

Lyellia, undescribed species.

- Halysites catenulate Linngeus.

Syringopora anmulate Rominger.-

Springopora verticillata Goldfuss.

Favosites favosus Goldfuss.

Fowosites niagarensis Hall.

- Fawosites (Astrocerium) hisingei Edwards and Haime.

Favosites obliguus Rominger
- Alweolites undosus Miller.

Cladopora laqueaie Rominger.

Zaphrentis stokest Edwards and Haime.

Streptelasma patule Rominger.

Amplexus shumardi-Edwards and Halme

Ptychophyllum expansum Owen.

- Strombodes gigas Owen. o
- Strombodes pentagonus Goldfuss.

Strombodes mamillatus Owen,

" GQoniophyllum pyramidale Hisinger.

Besides the species mentioned, there are large silicified
Stromatoporoids, forms related to Dlphyphyhum with stems
three- elghths of an inch in diameter and growing embedded in
Fawosites hisingeri, a very large, wheel- -shaped Streptelasma,
related to 8. patula, half an inch in length, and more than two
inches in diameter, an encrusting species of Thecia, and a
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number of others that have not yet been studied. While
most of the species oceyr elsewhere, no other locality affords
evidence of such luxuriance of coral growth as is witnessed
here. Nearly all the species are represented by coralla of
unusual size. Gigantic masses of Halysites that are evi-
dently mere-fragments of the original coralla, are five feet
in length, four feet in width and three feet in thickness; and
there are many fragments of colonies of Diphyphyllum
equally as large. The conditions favoring the exceptional
growth and perfect preservation of the corals were limited to
a relatively small and sharply defined area. We have here
another striking example of definitely localized conditions.

CLAY TOWNSHIP.

The principal rock exposures in Clay township are found in
the bluffs along Farm creek and the Maquoketa river, and in
the lateral gorges that open into the valleys of these two
streams. At the bridge, a short distance southwest of Clay
Mills, there are massive beds without signs of stratification,
crowded with casts of beautifully preserved, medium sized
individuals of Pentamerus oblongus. The Pentamerus beds
have here a thickness of about thirty feet. They are almost
wholly free from silica, and they contain no conspicuous
corals. Above the Pentamerus beds there are.weathered
ledges of dolomite, bearing few fossils, and having a thickness
of fifty to seventy-five feet. Immediately west of the village
of Clay Mills the dolomitic cliffs have an.altitude of 145 feet,
above the bed of Farm creek, and 150 feet above the Maquo-
"keta river. The lower fifty feet at the base of the cliff,
including the prolific Pentamerus beds seen at the bridge, are

concealed by talus. Above the talus slope the ledges form a
vertical wall ninety-five feet in height. (F'ig. 3.) The structure
~of-similar cliffs may be studied east of the village, along the
road which, taking advantage of a favorable arrangement of
the talus, follows close to the foot of the vertical wall and
gradually attains the summit of the bluff. Pentamerus is
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found sparingly up to fifty or sixty feet above Farm creek;
there are a few traces of feeble colonies of Halysﬂ:es, but
~ fossils of every kind are rare above the horizon of the Pen-
tamerus beds at the river, and none of the species are silici-
fied. At the summit of the bluff, about a quarter of a mile
east of Clay Mills, the road reaches the level of the quarry-
stone of the Delaware stage. The quarry beds, horizontally
and evenly stratified, vary from three to fifteen inches in
thickness, and are much superior in quality to beds of the
same horizon in many other localities. Eagle rock is a con-
spicuous rocky promontory facing the river in the southwest
of section 13. It has an altitude of 150 feet above the water
near its base. It shows essentially the same succession of
beds as seen at Clay mills, and its summit'is capped with
layers of evenly stratified building stone. The road, which
winds diagonally through section 15, follows a deep ravine
with high, rocky walls. The walls exhibit the same charac-
teristics as the sections already noted, and include all the
ledges, from the prolific Pentamerus horizon up to the build-
ing stone beds. But in none of these sections is there any-
thing to correspond to the coral beds of section 6 in Scotch
Grove township. A few small, silicified corals were found
free in the bed of a creek in the northwest of section 15 of
Clay township; but although the creek bed-should have con-
tained residual products from probably 200 feet of limestone
‘removed by erosion, silicified fossils, or even fra,gments of
chert, were so few in number and so small in size that they
could be found only by careful search. This region probably
never supported more than a ‘few feeble colonies of corals at
any given time, and only a small proportion of these was pre-
served by the substitution of silica for the original material.
The exposures at and near Clay Mills and at Eagle Rock
are typical of the majority of exposures occuring in this town-
ship. In the southeast of section 24, however, corals were
more plentiful than near Clay Mills, and some ledges in the
dry bed of an intermittent creek furnish small silicified -
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specimens of Favosites favosus, F. husingert, Lyellia americana,
Heliolites interstincius and Halysites catenulatus. Besides the
speéiés uiiamed there are two species of Zaphrentis, one
Rhynchotreta, the common Pentamerus, and a large species
- of Straparollus more than four inches in diameter. The pov-
~ erty of the fauna at this loea,hty was one of its most striking
ehara,cterlstlcs

FAIRVIEW TOWNSHIP.

Fairview township is the center of the building stone indus-
try for Jones county. The great shipping quarries of this
township are located in sections 5 and 6. The quarries are
worked in beds of the Anamosa stage, and it is in these quar-
ries that the typical exposures of this stage are found. The
original quarry which produced building stone on a commer-
cial scale for other than local markets, was called the Ana-
mosa quarry, and the special kind of rock which it furnished
became known in the building trade as Anamosa limestone.
~ Under this name it is still known, and the name is to be per-
petuated by calling the particular geologic horizon in which
~ these great quarries were opened, the Anamosa stage. The
evenly bedded quarry stone of the Anamosa stage has already
been described. In sections 4, 5, 6, 7 and 8 of this township
it overlies massive beds of the Le Claire. The Le Claire
beds, however, are not very thick and at the mill near Ana-
mosa the Wapsipinicon river has cut down into the thin
cherty beds of the Delaware stage. The bluffs, however,
~ from Stone City to the center of section 13 are largely of Le
Claire limestone. SR

" Gold Hill quarry, the property of F. S. Brown & Co., is located
near the western edge of section 6. All the ledges exposed
in this quarry belong to the Anamosa stage. About eighty
- rods southeast of Gold Hill is Champion quarry No. 1, belong-

ing to Hon. J. A. Green. Mr. Green takes out the laminated
stone down to the massive beds of the Le Claire. Between
the level of the river and the thin layer of drift overlying
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the rock at Champion quarry No. 1, the following section is |

exposed:
FEET.
5. Remnants of a non-laminated, yellow magnesian

limestone, Bertram stage._.....___.._____.____. 2to 3
4, White limestone of the Anamosa stage, much
decayed and broken into small fragments in the

upper part. .. : 30
3. Gray limestone of Anamosa stage_._______ e - 30
2. Heavy bedded limestone, forming in places verti-

cal walls above level of railway track, Le Claire 15
1. Slope from level of railway track to river, unex-

posed L. emmamsmecmcan—- - 25

The Stone City quarry, one-fourth of a mile east of the cen-
ter of section 6, is owned by H. Dearborn & Sons.  The quarry
stone is worked down to the non-laminated Le Claire, which

everywhere forms the floor on which the Anamosa limestone -

was deposited. . The section in its general details is the same
as that on the property of Mr. Green. The upper surface of
the Le Claire, as already noted, is very uneven, and here slopes

to the east. Inthe Anamosa quarries owned by Mr. Ronen,
and located in the western part of section 5, the floor on which

the quarry stone rests descends below the level of the rail-
way tracks, and at Mr. Green’s Champion quarry No. 2, one-
fourth of a mile southeast of Ronen’s, the lower Anamosa beds
‘pass beneath the level of the river. Farther east the Ana-
mosa limestone again rises, and in section 4, to use the quarry-
man’s expression, ‘‘throws itself out of the ground.” The

~ Anamosa stone is seen in its normal relations to other geolog -

ical formatioﬁsat_ a number of points in the walls of the valley
of the small creek which flows through sections 7 and 8.
There are some péculiar phases of the Le Claire limestone
along the river, between Stone City and the east line of the
township. Some of the characteristics are illustrated in the
bold cliff in sections 13 and 24. Near the center of 13 is an
- exposure twenty-five feet in height which, as usual in this
region, shows no definite bedding planes. -The rock near the
base of the cliff is very much fractured, and broken into small,
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an‘gﬁla,r bits in such a way as to impart a close resemblance to
limestone breccia. There are crevices in the lower part of the
i exp()sure, and a large amount of work has been done in devel-
oping and exploring them, in the hope of finding lead ore.
Prospecting for lead has been carried on in corresponding
~ beds in sections 14 and 24. In the upper part of the expos-
" ures the rocks are more solid. The only fossils noted were
the i impressions of a small Zaphrentis, diminutive colonies of
Favosites and a small brachiopod resembling RhAynchonella
whitei. The rocks..are free from chert, and the fossils are
represented by cavitiesleft as a result of solution of the orig-
‘ mal organic struetures | |

J ACKSON TO WNS EIIP

Ledg es of Le Clalre hmestone smaﬂar to those seen in sec-
tions 11, 13, 14 and 24, of Fa1rv1ew, are continued along the
“river in Jackson township, as far as Newport in section 33.
~Above the mill dam, near Newport, the ledges exhibit fairly
~defined beddmg, and may be qua,rrled with some success for
rough masonry.. In the left bank of the river, above the -
~dam, the beds are folded into a 1ong, sweepmg, double curve,
' more than 300 feet in length The steepest part of the curve
dips to the noxtheabt at an angle of twenty deorees

A small area, near the center of section _2, is occupied by
 beds of the Anamosa stage overlymg the Le Claire, and at
- what is called Slife’s ford, in the southwest of 26, the river
~ has cut its channel in the upper 1ayers of the Anamosa lime-

stone. Quaarymg has been done on a hmlted scale at both -
the points mentioned.

MADISON TOWNSHIP.

Madison township has no rock exposures. The entire sur-
face of the township is covered with loess and drift. South
of Center Junction the indurated rocks are eovered with
superficial deposits to a depth, in places, of 200 feet. The

greater part of the township was, in preglaelal times, occu-

pied by a broad, deep valley.
‘8 G Rep .
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. WYOMING TOWNSHIP.

Rock exposures occur in Wyoming township, in the valley
of the small creek followed by the Chicago & Northwestern
railway, in sections 3 and 15. There are other -exposures in
the hills bordering the valley of Bear creek, in the southeast-
ern corner of the township. In the northern sections the

Fi¢. 5. Monument of Niagara limestone, Delaware stage, 80 rods north of southwest corner
of section 35, Wyoming township.

stone is - generally coarse in texture, very Vesic_ular, and
breaks in irregularly shaped masses. - The bedding is not very
definite, and the layers often seem to be more or less flexed
and tilted. In section 9, Ne. qr., Se. %, there are even hori-
zontal beds of quarry stone of the Delaware stage, overlying
“the rough vesicularledges that outcrop lower down in the sides
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- of the valley. In the southeastern corner of the township,
the beds are also of the Delaware stage. Eighty rods north

of the southwest corner of section 35, there are exposures on
~ the hillsides, high above the bottom of the -valley of Bear
creek. - One of the interesting phenomena of the locality just
‘ mentloned is a column of limestone eight feet in diameter,
and rising above the general surface about sixteen feet (Fig.5.)
The soil is thin, but what there is is chiefly drift, and boulders -
‘are scattered over the hillside all around the column. The
column is the result of unequal erosion of the limestone. It
- evidently stood there before the drift was laid down. How
it escaped destruction by the glacial ice that deposited the
boulders now lying-around its base, 1s a question not.easily -
answered. The exposures in Wyoming township belong to -
the upper part of the Delaware stage. Fossils are rare. In
the vicinity of the monument debeubed above, there were
traeeb of Halybltes and. CCBlObPlI‘& v

GRLENFIEL D TOWNS HIP.

There are Vei“y' few rock exposures in Greenfield township.
 The drift is in places more than 100 feet in thickness, and the -
surface, more than in any other township, is diversified with
paha ridges. The rocks, however, come to the surface at a
~ few points along Walnut creek. The exposures seem to be
~ wholly confined to the northwest quarter of section 15. All
belong to the Le Claire stage, and the oblique bedding ‘pecu-
liar-to this stage is one of their prominent characteristics.
Altogether there is a thickness of twenty-five feet exposed,
- and the oblique beds, which are confined to the 'lower part of
the ‘exposure, are inclined to the east at an angle of 28°.
Among the uppermost ledges theére are some that contain
numerous cavities from which small costate, Retzia-like shells
have been removed by solution. The same kind of cavi-
ties is very characteristic of the strata overlying oblique beds-

of Le Claire limestone at many points beyond ‘rhe Liits of
Jones eounty :
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ROME TOWNSHIP

The most important rook exposures in Rome townshlp
~ oceur southeast of Olin in the valley of Sibyl creek.” Mr. A.

- Rummel has opened a quarry in typlcal beds of the Anamosa -

stage, not far from the township line, almost directly east of
the center of section 24. The thmkness of the beds Worked

in this quarry is about thirty feet. The lamination planes

occur as usual in the Anamosa limestone, but there are ho
planes separating the mass of sedlments into distinet layers..

The whole exposure is practically one continuous ledge ‘that

may be spht with almost equal facility along - a,ny one of the
‘numerous planes of lamination. The creek near the base of

the quarry cuts down into non- ldmma.ted beds belongmg to -

the Le Claire stage |
HALE TQWN’SHIR,»

A shOrtvdistanoe'east' of Rumﬁlel’squarry, in section 19 of

Hale townshlp, there are several exposures of Ana,mosa, lime- -
 stone underlain by beds of Le Claire. At two or three points

quarries have been opened, the most extenswe being: that on
the land of Mr. A. J. Dolby The stone ‘is very similar to

fhat in the Rummel quarry in- Rome townshlp, except that it
is more definitely divided into layers, and that nodules of

chert are very numerous. On the slopes below. the level of
the quarries there are exposures of Le Claare limestone con-

taining casts of the species of Amplexus that is so mar ked a

“characteristic of this formation at many of 1ts typlcal loeah-
ties in Cedar and Scott counties. :

There are undeveloped beds of Anamosa hmestone in the

northwest quarter of section 20, and deposﬁss of the same
" stage occur on both sides of the: river near Hale. - The highly
crystalline dolomite of the Le Claire stage, suitable for- lime
burmng, is exposed in a numbet of plaees on the land of Mr.
J. R. Clay in the western half of section 15. At the - brldge
over,theWapsipiniéo‘n southwest of Hale, there are bluﬁj‘s of
massive Le Claire limestone fully twenty feet in height. (Fig. 2.)
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~ The imperfectly defined lines of bedding show the anomalous
folds and dips that so generally mark this particular horizon.
For purposes of lime burning the rocks at this point are unex-
celled, but, although lime has been made here on a small
scale, there is none manufactured at present.

East of Hale, near the center of section 11, the Anamosa
beds are somewhat extensively quarried. The quality of the
stone is better than that near Olin. The beds show the effect
of having been deposited on an uneven floor. The layers are
all somewhat warped. North of the center of the quarry
they slope in all directions from a dome-like arch, but before
reaching the north end of the working the dip is reversed.
On the south side of the dome the dip is steeper than on the
north, and is continuous as far as the quarry has been opened.
The total exposure here has a thickness of about thlrty feet.
The lower beds of the Anamosa stage have not yet been taken
out. -On the south side of the river, about eighty rods east of
the center of section 15, the John Clay quarry exposes from
twenty-five to thirty feet of Anamosa limestone. The quarry -
stone 1s taken.out down to the upper surface of the Le Claire.
Near the middle of the west line of section 14 there is another

quarry beloncrmg to A. Ballou, which affords the following
section:

5. Soil and geest only a.few mches ......................
4. Anamosa stone of usual quality, ledges varying in
thickness from five inches to two or three feet____ 25
3. Unlaminated ledges of Le Claire limestone, nearly
uniform in thickness, good bridge rock ..___.____ 2%
2. Massive coarse Le Claire limestone w1thout partings 8
1. Unexposed to level of water inriver___________. .- 6

A few rods east of the Ballou quarry another opening has
been made and worked on a small scale. The usual features
are shown, the only point of interést arising from the fact
that owing to the irregularities attending the deposition of
the Le Claire, the base of the Anamosa formation descends
below the level of the roadway, a descent of at least eleven
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- feet in as many rods. The last two quarries are opened in
the side of a wooded bluff seventy-five feet in height. The
beds overlying the Anamosa are not exposed, but it ma,y be
assumed that they belong to the Bertram stage and possess
- the characteristics of this formation as developed near Stone
, Clty
A OXFORD TOWNSHIP )

The exposures in Oxford townslnp are not very numerous
The Delaware limestone, with casts of the ordinary type,: of
Pentamerus oblongus, comes.to the surface in the level plain
~ within the limits of the town of Oxford Junction. One and a
‘half miles further north, sixty rods south of the center of
“section 10, and only.a few feet ‘higher than the Pentamerus ',
beds at Oxford J unotlon, there is an exposure of Anamosa,,
.hmestone underlain. bv heavy beds of Le. Olalre

Unconformmes

The peeulla,r condltlons attendmg the depos1t1on of the Le '
.Clalre hmestone, described on preceding pages, have pro-
duced a great number of apparent unconformities. Horizon-
~tal beds of Le Claire seem to rest on the edges of inclined
- strata ofthe same age (plate i), and the 1nequaht1es of the
sea bottom at the close of the Le Claire produced many anom-
alies in the position and relation of the Anamosa beds. ',It’_
often looks very much as if the surface of the Le Claire for-
mation had been deeply eroded before thé Anamosa beds were
deposited. The appearanee is not wholly deceptlve for the -
materials of the Le.Claire were. seooped out in some localities
and were irregularly heaped-up in others immediately before
the opening of the Anamosa stage. The erosion, however, was
not subaerial. - All the observed effects were produced beneath
the water as the result of vigorous currents acting on the
“bottom of a shallow sea.” At many points along the South
~Atlantic coast of the United States analogous effects are now

~ being produced by storm-driven currents acting on submerged '
sands.
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True unconformity occurs between the Niagara and the
Carboniferous. The region was elevated above the sea near
the beginning of the Devonian and was subjected to subaerial
erosion during all the stages of the Devonian and Lower Car-
boniferous. It was not indeed until probably the middle of
" the Upper Carboniferous that the sea returned to deposit a
new series of sediments upon the deeply eroded surface of the
Silurian. The time during which the Carboniferous sea occu-
pied the county was, geologically speaking, very short, and
nearly all the sands and shales which accumulated - above
the Niagara dolomite have been carried away by subsequent
erosion. o S
The Plelstocene deposws rest unconformably upon all the
indurated rocks, the two drift sheets are unconformable, the
‘loess is unconformable on the Kansan drift, and the alluvium

- occupies valleys of erosion that have been cut in all the

deposms preeedmg it in Domt of age..

Deformatlons

That examp1e< of deformatlon of strata ocecur Wlthm the
hmlts of Jones county is scarcely to- be doubted; but if such
do occur; they are: so completely dlsgmsed by the anomalies
of deposition consequent on conditions existing during the
~ progress and at the close of the Le Claire stage, that it has

not been pO\SIble to recognize ‘them with ‘any degree of cer-
tamty :

ECONOMIC PRODUCTS'.

' SOILS. |
 From an economic standpoint the soils of Jones county
easily outrank-in importance all the other geological forma-
tions. - These soils fall naturally into four divisions, namely:
residual soils or geest, glacial soils or drift, yellow clay soils
or loess, and alluvial soils which may consist of ‘clay or sand,

~or varying admixtures of these two materials. - The history,
origin and distribution, and some of the physical characteristics
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of "eaeh of these types of soil have already been discussed.
It remains only to note briefly their 1elat1ve 1mporta,nee,
judged. from an agmcultul al point of view. _ v
The residual soils of the county are eompara,tlvely unim-
portant. The area exclusively occupied by them:is small.
Where they prevail the soil is thin and is usually insufficient -
to eonceal the indurated rocks of the region. Weather beaten
crags project above the surface, and the scant soil is encum-
bered with numerous rock-masses detached by the processes
of disintegration. - Sections 2 and 3 of Castle Grove, 19, 33,
34 and 36 of Monticello, 4 and.- 5 of Wayne, 5, 6 and 7 of Scotch
Grove townskup afford nUmMerous typical 111ustrat10ns of resid-
, ual soils. : '
The drift soils, on the other hand are the most important
and Valua,ble of all the classes named. - In the drift covered
portlons of the county the indurated rocks are usually eﬁeetu—
ally concealed by a mantle of glacial detritus that is, in
places, more than 200 feet in depth. . The efforts of ants, earth-
worms, gophers, and other burrowmg animals, that, dur-
“ing all the years since the retreat of the Towau ice, havé; been
effective in cairrying the fine-grained portion of the deposit
up to the surface, aided as these have been by rains and
frosts and vegetable growth and decay, have resulted in
developmg upon the surface of the drift a mellow loam, rich
in organic matter and so constituted physically -as to offer
a,dvantages of easy cultivation coupled with the assured hope
of generous harvests. . The drift occupies certain plains
already described under the head of physiography. The
limits of the drift plains’ c1reumscr1be the regions in which
"WeaJlth is, on the whole, accurhulating most rapidly with least
effort. The drift covered, regions are everywhere character-
ized by masses of gray ‘granite, and so the distribution of
boulders is practically coextensive with areas marked by the
- highest degree of agricultural prosperity.
‘The loess soils are represented by the surface materials
covelmg the hills of yellow clay, on both sides of the river,
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ne:alr,AhamosaA,. They are illustrated on even a larger scale
in the broken, rolling, hilly regions of Clay, Washington and

~ Richland townships. Before the settlement of the county

the drift plains were prairies supporting annually a wealth of
grass. The yellow loess hills, on the contrary, were wooded,
and supported groves of white oak, basswood and poplar.
The loess washes easily, and the fieldsinto which these wooded
clay hills have been transformed are often deeply gashed and
gullied by recent rains. The soil is poor and -difficult of cul-
tivation, and the farmsteads of loess regions are often sadly
wanting in signs of comfort and prosperity. =

Alluvial soils are found in the river valleys. The areas
occupied by such soils have been described in connection with
the subject of alluvium. Alluvial soils rank, in fertility and
-ease of cultlvatlon with those of the drift.

| BUILDING STONES

Each stage of the Nlagara furnishes constructive materials
- that may be used in some grade of masonry; but the Anamosa
- stage and the evenly bedded horizon near the top of the Del-
- aware, furnish the only building stones worthy of present
consideration. The building stone beds of the Delaware stage -
~ afford some excellent material, particularly in the neighbor-
‘hood of Clay Mills, Canton and Temple Hill. Near Clay
- Mills the ledges vary from three to fourteen inches in thick-
ness. The stone is generally of good color, it is firm, com-
pact, without laminz, and, in the most trying situations, it
resists admirably the"a,ction. of the weather. All the expos-
ures of the Delaware stage building stone are unfortunately
located, so far as relates to facilities for transportation.
Their only use for many years to come will be the furnishing
of building material to supply local demands. Their distri-
bution and stratigraphic position have been already noted.
- The quarry industries of Jones county, so far as these are
conducted on a scale of commercial importance, are all
dependent on-the evenly bedded, finely laminated strata of
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the Anamosa stage. The most important quarries of this
stage are located near the western border of the county; in
Fairview and Cass townships. The several quarries in this
important group were mentioned and some of their character-
istics discussed in the d1scr1pt10ns of the typleal exposures of
the county. - '
The evenly bedded stone in the river bluffs west of Ana-
- mosa early attracted attention. The first extensive use of
it was made by the United Stateb army in eonstruetmg mili-
tary roads while Towa was yet a- territory. Some of ‘the old
~bridge piers built under the direction of the military engi-
_neers, are still standing and bear conclusive testimony to the

'durablhty “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 structures of sufficient
",1mporta,nee to justify such expensive methods of transporta-
~ tion.. In 1852 stone was hauled from. What is now Stone City
to Mount Vernon for use in. construction of one of the first
~ buildings belongmg to Cornell College. L

. Shipments by rail began from this locality in 1859, a,nd since
~ that time the stone 1ndustry of the region has steadily
" increased. From supplying a very restricted local trade,
the business of quarrying -and shlppmg stone has grown untﬂ'
it now reaches markets distributed: throughout Towa,: Tllinois,
Wisconsin, Minnesota, South ‘Dakota, Nebraska, Kansas and
'Missoﬁri. Many. of: - the most : important structures in the
several states named are built of Anamosa stone. It com-
petes in Chicago and vMinneafpolis with the product of quarries
more advantageously located, so far as distance is concerned.
All the important railways of the northwest have used Ana-
mosa Stone in the construction of bridge piers. The stone
- has been used extensively in erecting the shops and other
buildings at the Rock Island Arsenal. - Towa and Nebraska,
have both used it in building hospitals for the insane. -It



IOWA GEOLOGICAL SURVEY ) ) PLATE I,

ENVIRONS OF STONE CITY. VIEW FROM THE NORTH SIDE OF THE WAPSIPINICON, SHOWING SOUTH WALL OF THE
CANYON-LIKE GORGE IN WHICH THE RIVER FLOWS.
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meets the requirements of all grades of architectural work,
from the humblest to the highest. As architects and engi-
neers become better acquainted with its merits, the stone
finds an ever w1den1ng market. From the limited shipments
in 1859 the stone industry of this locality grew until in 1887
nearly 9,000 car loads were sent out. The total shipments
from 1859 to November, 1895, amount to 156,229 cars, which,
at the low average of twenty dollars per car, gives an aggre-
gate value of $3,124, 580. The future of the stone industry
around Stone City depends wholly on the extent of the mar:
kets that can profitably be reached from this as a dlstrlbutmg
center, and on the extent to which stone will be employed in
building the homes and business palaces and new structures
of -every kind that giire tangible expression to the increasing
‘wealth and growing sense of architectural beauty.throughout
this great northwest. No possible demand can ever outrun
the supply. The geological structure indicates beyond ques- |
tion the presence of inexhaustible stores of quarry stone
easily accessible. So long, therefore, as stone is used i in con-
struction, the business of quarrying and bhlppmg from Stone\
C1ty is one of assured permanence.
' ‘GOLD HILL QUARRY

' Gold Hill quarr 7 is situated w1th1n 600 feet of the west hne
of Jones county, in Fa.lrwew townsmp (Sec 6, Nw. qr, Sw. 1).
It belonos to F. S. BIOWB & Co., and is operated in eonmn(;—_
tlon with the Creocent ‘quarry, W]Jl@h belongs to. the _same
company, and is Tocated west of the: line in Llnn eounty
During 1895 the Gold Hﬂl property in Jones county was prac-
tically idle, the company finding it more convement to: fill
orders for the particular grade of stone ealled for from its
quarry in Lmn county. I e
The quarry stone at Gold Hﬂl is overlain by 1oess var, ymg'
from a few feet up to fifteen feet in thickness. Beneath the -
loess is a thin layer of till which contains pebbles and small
boulders of types characteristic of the Kansan drift sheet.
The drift rests on ferruginous residual clay or geest, which
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fills erevices and pockets in the upper weathered portions of
the quarry stone, while associated with the geest are masses
of grayish powder, sometimes several feet in thickness, rep-
resenting an early stage of rock decay when only the cement
which binds together the constituent grainshas been removed
by solution. .

The equipment of the quarry includes a steam plant which

is used chiefly as a pumping station to supply water under
necessary pressure for the hydraulic apparatus used in strip-
ping. There are also derricks, horse power hoists, steam
_channelers, and other devices for quarrying and handling
stone. A large force of laborers and stone cutters is con-
stantly employed. Since 1887, when the present company
began operating, there has been shipped a total of about
12,000 cars.  The largest shipmentsin any one year were 2,248

cars in 1890. ‘ : |

'CHAMPION QUARRY NO. 1.

The Champion quarry, No. 1 (Fig. 6), is the ploperty of
“Hon. J. A. Green. Tt is situated a few rods east of Gold Hill,

' Frg. 6. Viewin Champion quarry, Stone City.

and presents essentially the same features as the quarries
farther west. As a]ready noted, the quarrybeds of thisregion
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arenot definitely dividedinto layers. Throughouttheir whole
thickness they constitute practically one layer very perfectly
laminated and capable of being split along almost any one of
the numerous lamination planes. The division into ledges is
‘therefore more or less arbitrary. For the purpose of illus-
trating the manner in which these qua,rrles are divided, the
followmg seetlon from Champlon quarry No. 1 is given:

FEET. INCHES.

26. Loess, varying in thickness, maximum_.___. 20
25. Fine sand associated with loess, the sub-loes-

sial sand of Norton.. ... 2t0 6

. 24. Drift and residual clay. .. ..o_..__._______.__ 1

23. ‘‘Shelly stone,” the partially decomposed beds
of the upper, or white hmestone, broken into

" thin flakes or chips...... i 21010
© 22. ‘“White stone * splitting. readily into smooth _
-surfaced slabs, used chiefly for riprap..... 16

' 21. “Rotten layer,” a soft vesicular ledge of poor
quality which separates the gray from the

. white limestone_ . .. ______._____________ 2 T 4
20 Compa.et ﬁne~gra,med ledge, good building
L stome. . 1 5
19. Same as 20, . . 1 5
- 18. Ledge of good: bmldmg stone .o ... B G
17. Same as 18..___.._.____ UL 1
16. Upper bridge stone, COATSe - ool S 2 6
15 ~Inferior layer containing many small ca.v1tles o ‘
- lined with ealeite. .o oo ... _ ' 10
14 TFine-grained building stone_ . _._._____._____ 1 1

-13. . Ledge. contalmng at. base a thin layer of

~ very fine-grained, compact limestone, which
vcracks into angular fragments under the -

action of frost (the bands of very fine-

B grained limestone differing from the ordi-

nary granular dolomite are called ‘‘flint”’

: by the qua,rrymen)_---_-_----___-----,-____ 1 3
12. Ledge with bands of “flint*’________________ 1 1
" 11. Solid ledge of good building stone__...___:.. 1 - 4 -
10. Compact ledge, best quality afforded by the = T
1010 E: o o R 1.2
9. “Wavy ledge” good for ordinary masonry; ' '
the lamina are more or less undulated____. 24 to 3

8. Good building ledge._... e 11
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o A FEET.  INCHES.
7. “Flint ledge,” compact limestone, breaking
into angular fragments -on exposure to

. weather. _____._ S S dtol 4 ‘

6. Flaggmg ledge, easily split_ . .. ... _... 1 4
5. Ledge containing cavities lined with crystals 1 '
4. TLedge of good building stone_.______________ 11
3. Lower flagging ledge_ . . . ccooo___L_. 2
2. Lower bridge stone ledge, very durable,

though occasionally containing cavities

lined with crystals .. «oooooocoiooooo_ 2 4
1. Ledge that may again be split into blocks

convenient for building purposes--_- e 3

Below the quarry stone there are here, as everywhere in
this region, massive beds of the Le Claire limestone. The
uppermost ledge of the Le Claire at the Champion qua,rrv
ranges from two and one-half to three feet in thickness, and
was formerly quarried to a hmlted extent for use in heavy
bmdge piers. ’ :

The machinery emploved in the Champlon quarry meludes a
steam channeler, a number of horse power hoists,-seven large
~ derricks, circular rubbing beds for dressing stone, a Gates
crusher, steam plant eontammg an eighty horse power engine,
besides a pumping station containing pumps -and hydraulic
engine, used in stripping off the superficial clays and sands.
The hydraulic process of btrlppmg was first employed inthis
region at the Champion quarry. On account of the great sav-
ing effected, the expense of removing a given -number of
cubie yards of earth being less than one-fifth of what it was
by the methods formerly employed ‘hydraulic stmppmg has
been adopted by all the larger quarries.

The Champion No. 1 furnishes crushed stone ‘riprap, rub-
ble, bridge stone, flagging and all grades of dimension stone.
A large force of laborers, maehlnlsts and stone cutters finds
constant employment; the number of employes on the pay-
rolls at any one time has varied from 40 to 460. This quarry
is located almost in the very center of the area ‘which, in this
locality is occupied by the, evenly bedded, 1am1na,ted stone of
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the Anamosa stage. It was opened by Mr. Green in 1369.
During the first year 150 car loads were shipped. In 1882 the
business had grown to 4,801 cars. The total shipments since
the quarry was opened aggregates 47, 618 car loads. A num-

 ber of switches or spurs of railway track lead into the quarry,

making it possfble to load the stone at the point at which itis
quarmed
STONE CITY QUARRIES. v
" The Stone City quarries (Fig.-7) were opened by Mr. H.
Dearborn in 1869. They are now owned and operated by H.

E‘zG 7. VleW in Stone Cmy quarry, Stone C.ty

Dearborn & Sons., They are located near the middle of the
south half of the northeast quarter of section 6, Fairview

- township. The quarry face forms a 1dng sweepi_hg curve
about a quarter of a mile in length and nearly parallel with

the sweep of the Wapsipinicon river that here flows close to
the foot of the bluffs in which the quarries were opened. The -
quality of the stone and the succession of ledges are essent "~
tially the same as at the quarries already described. Ovér:"
lying the stone is a bed of loess, sand and drift, with an aver: -
age thickness of five feet and a maximum thickness of fiffeén
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feet. Some six or eight feet of stone at the top of the quarry
are to be counted with the refuse, the beds being broken into
small angular pieces as a result of weathering prior. to} the
deposition of the superficial drift and loess. These quarries
expose the whole thickness of the ““ gray stone ’’ or lower half of
the Anamosa beds, above which are serviceable beds of the
“ white stone,” or upper half, having a thickness of ten or fif-
teenfeet. The beds are worked out down to heavy ledges of
non-laminated Le Claire. The quarries are capable of furnish
ing dimension stone from three to thirty-three inches in thick-
“ness, and of any desired length and width. Four raﬂwav tra,eks
followmg thecurve of thequarry face, aﬁord faelhtles for hand-
- hng cars. -The equlpment compmses channelerb, derrlcks
- steam and horse power hoists, and steam pumps for use in
. _Zhydrauhe stripping. ‘The men employed melude the ueual '
< grades of workmen, from the common 1aborer to- the most
- skillful. stone cutter, and the number has varled from 20 to
| 100" The number of car 1oads of stone shipped from the time
the. quarries Were opened till N ovember, 1895, amounts to
27,432, In one year, 189 _the shlpment a,m_ounted_ to- 9 ;165
-ear 10ads Al : B

s ANAMOSA QUARRY

The Anamosa, qualry was. the ﬁrst in thls 1oca,1lty to Shlp
. ‘stone abroad, the first ehlpments by rail bemg made in 1859.

The quarry ‘was opened by David Graham, but its. p1esent
owner.is Mr. J. Ronen, who has opreated it since 1881. ' The
Anamosa quairy is located near the northwest corner of the
- southwest quarter, section 5, Fairview township. Mr:. Ronen’s
“quarry is indeed double, forthere are two openings a short
.dlstanee apart. At the first opening the amount of clay strip-
~ ping is very small. - Beneath the clay there are a few feet of
. non-laminated worthless rock belonging to the Bertram stage.

Then in descending order there follow fragmentary beds of

- _the “white limestone,’’ “‘shell rock,”” then the usual succession

Gf ledges down to the lower bridge layer, or No. 2 of the
' C&a&pmn quar ry sectlon Owing to the eastward dip of the
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beds.at this locality, the lower bridge rock at the second
Ronen quarry is t00 low to be worked, the lowest workable
beds being about the level of the ‘“flint ledge,” or No. 7 of
the section at the Champion. Since 1859 there has been
shipped from the Anamosa quarry a total of 28,134 car loads,
of which 20,484 cars were shipped by Mr. Ronen since he took
- possession of the property in 1831.

CHAMPION QUARRY NO. 2.

The Champion quarry No. 2 is now the property of Hon. J.
A. Green. TIts location is near the center of the southeast
quarter of section 5, Fairview township. This quarry was
opened by Crouse, Shaw & Weaver in 1866. In 1872 it was
sold to the state of-Towa, from which date until 1384 it was
worked by convicts from the penitentiary at Anamosa. After-
wards it ' was purchased by the present owner, who ‘works it
ona small scale in connection with the larger quarry, Cham-
pion Ne. 1. At this quarry there are about eight feet of clay
to be removed. The Bertram beds have a thickness of from
ten to fifteen feet. The full thickness of the ‘‘white rock” is
exposed. It is somewhat fragmentary or ‘‘shelly’’ near the
top, but the lower two-thirds is good. The ‘‘gray stone’ is
not fully exposed. - The lower bridge rock lies here beneath
the level of the river, and the quarrying is carried down only
as far as the ‘‘flint ledge,”” No. 7 of the Champion quarry
section. About 15,000 car loads, all told, have been shipped
from this opening. |

GEM QUARRY.

The Gem quarry is a small opening near the northeast cor-
ner of the northwest quarter of section 4, in Fairview Town-
ship. Work was begun here in the spring of 1894. The
quarry is opened in the bluffs on the west side of the Buffdlo
creek. At the foot of the bluff runs a spur of the Northwest-
ern railway, which affords the necessary shipping facilities.
At this quarry very little stripping is necessary; only a thin

layer of soil overlies the quarry stone. In the upper part of
9 G Rep
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the quarry the ‘stone is soft, but near the base the quality is
good, and it shows the usual characteristics of the Anamosa
beds in-this locality. ‘There is very little machinery used
except a derrick and horse power hoist, and only two orthree
men are employed The land is owned by James J oshn, but
‘the quarry is at present leased and operated by James Law-
rence. About fifty cars have been shipped during the two
years that the quarry has been in operation.

STATE QUARRY.

In 1884 the present State quarry, or Penitentiary quarry,
was opened. Formerly the stone for the penitentiary build-
ings at Anamosa was obtained from what is now 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 opereting:,, the present quarry.
The quarry is worked 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 ‘“white stone” of the Anamosa stage.
Lower in the quarry the ledges present the same features as
in corresponding parts of other exposures. The exposure of
Le Claire limestone at the east end of this quarry and the
strong dip assumed by the beds in accommodating them-
selves to the uneven upper surface. of the Le Claire have
been already noticed. Most of the work at this quarry is
done by hand. There are seven large derricks for handling
the stone, but they are aJll operated by hand power. The
stone is shlpped over a spur of the Northwestern railway,
Whlch runs up the valley of the Buffalo and accommodates
all the quarrles in this part of the Anamosa stone basin:
About 15 000 cars have been shipped since 1884.

-

JOHNELLEN QURRRY.

The J ohnellen quarry lies west of the State quarry, in the
Sw. 1 1 of the Sw. qr. of section 33, Cass township. Tt is owned
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by Hon. J. A. Green, who began operations at this point in
1887. The stripping in this quarry consists of loess, drift,
residual clays and decayed fragmentary rock, having an
aggregate thickness of from ten to twenty feet. There is a
great deal of ferruginous residual clay mixed with the frag-
mentary stone near the top of the exposure. The same clay
has worked down into crevices almost or qulte to the top of
the “‘gray stone.” The lower beds, or ‘““gray stone,” are
here of very excellent quality, firm,- compact, of pleasing neu-
tral color, and "capablé of resisting the weather indefinitely.
This quarry is not operated on-a large scale. The present
equlpment and. force are represented by three derricks, two
horse power hoists and half a dozen. men. The thlckness of

the serviceable quarry stone, Wthh exeeeds that of any other

exposure in this region, the quahty of the produet and the -

fact that the beds extend under zaeveml hundred acres belong-
ing to the same owner, make it certam that in the near futiire
the Johnellen will. beeome one of the most# extenswe and
1mporta,nt bhlppmg quarmes in this upper portlon of . the ‘Mis-
sissippi valley. . About 7,000 car- 1oads of stone ha,ve already
been sh1pped from th1s opemng :

o OTHER QUARRES OE‘ THE STONE CITY BASIN

The qua,rmes enume1 ated above are the only ones shlppmg
' stone by rail from the Sto_ne City basin. There are, however,'
a number of exposures of ‘Anamosa limestone in the bluffs of
the small creek that.flows through sections .7 and 8 of Fair-
view township, and some quarrying has been done on the lands
of L. B. Parsons and R. M. Peet. The stone is hauled out by
wagon and supplies the-demand throughout a large and
wealthy farming community, between the Wapsipinicon river
and Mount Vernon.. Only the simplest: processes are used in
these quarries, and, while exact statistics are not at hand, the

amount.and value of the stone produced here is.by no means
inconsiderable.
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ANDREW RUMMEL QUARRY. , ,

Mr. Andrew Rummel owns and operates a quarry near Olin,
in Rome township. (Tp 83 N., R IIT W., Sec. 24, Ne. qr.,
Se. r.) (Fig. 8.) The quarryis opened in the lowbluff on the
west side of the valley of Sibyl creek. The stone belongs to
the Anamosa stage, and except that it is buff in color, it cor-
responds well with the ““gray stone,” or lower portion of the
formation as seen near Stone City. There are no definite
bedding planes, but the rock cleaves readily along any of the
planes of lamination. The surface of the laminae are not so
smooth and true as they are at the corresponding horizon near

F16.8. Viewin Rummels’ Quarry, near Olin.

Stone Clty, but-are 1rregularly indurated, apparently as a

result of wave action at the time the beds were formmg The‘

strata dip southeast at an angle of 5°. '
In quarrv1ng, only- the simplest tools are used. Drills,

crowbars, wedges, picks, shovels and wheelbarrows make up
the eqmpment From two to four men are employed and the

annual output amounts to about 1,200 perch. Some stone is

hauled to Olin and shipped abroad, but the market is largely

local. Very little stripping is necessary. The soil or clay
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overlying the stoneis only a few inches in thickness. For two
or three feet below the soil the beds are broken into chips or
spalls by weathering. With better means for quarrying, the
greater part of the exposure would furnish marketable stone.
The present method of quarrying, however, involves the use
of large quantities of powder in a single blast. Drill holes
are made six inches in diameter and twelve feet deep. These
are filled, 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 shatters the stone badly, rendering much
of it worthless, and leaving even the best of it in condition
suited for use in only the cheaper grades of masonry. Were
the demand such as to justify the expense of putting in
improved machinery, stone of high grade for many purposes
mlght easily be obtained. | |

AL DOLBY QUARRY

East of the Rummel quarry, in Hale township (Tp 83 N.,
R. IL. W., Sec. 19, Nw. qr., Sw. 1), there is a nuarry on 1aJnd
belongmcr to Mr. A. J. Dolby. The beds at present worked
in the Dolby quarry lie above those of the Rummel quarry
and correspond to the upper half, “‘white stone,”” of the Ana-
mosa stage at Stone City. The ‘bedding planes are more
obvious than in the Rummel quarry, and chert nodules char-
acteristic of this upper horizon are very common along cer-
tain planes. The rock heére comes almost to the surface,
there being only an inch or two of soil. The usual effects of
weathering are seen for a few feet below the upper limit of
the strata. A derrick operated by hand power is used for
hoisting, but there is no other machinery beyonu the hand
drills and other inexpensive tools used in ordinary quarrying.
It is likely that, by working down to a lower level, a better
quality of stone than now taken out would be obtained:

' ' . SHOPE QUARRIES. .

There are two small quarries on the land of Mr. E. Shope,
in the forty acres east of the Dolby quarry. One of these is
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continuous with the Dolby quarry, the two quarries together
having a combined front of 300 feet in length. The charac--
teristics of the stone are the same as already desembed in
connection with the quarries of this region.

CARTER QUARRY.

~ About a fourth of a mile north of the Dolby quarry, and in
the same section, Mr. William Carter has taken out stone
from beds of the Anamosa stage. This quarry has not been
worked except on a small scale. With facilities for shipping,
this, as well as all the other quarries of the region, is capa,ble
of furnishing unhmlted amounts of high grade stone.

HALE QUARRY.

N ear. the center of section 11, Hale township, three- fourths :
‘of a mile east of the village of Hale, a quarry has been
worked for some years in beds of the Anamosa stage. The
north end of this quarry is owned by Murray Brothers, while
the south end is on la,nd ‘belonging to Mr. E. Horton. The
stone in the Hale quarry is finer than that in the quarmes‘
near Ohn but it reqembles the 01111 stone in the uneven, wave-
ma,rked sulfaee of the several beds. The stone comes: prac-
tleally to the surfa,ee, theré be1n0' only a few inches of soil
‘ overlymg the upper beds. For about six feet at the top of
the quarry the stone is much broken and d1smtegrated as a
,result of Weather1ng Below the Weathered portion the rock
1s sohd and shows the eharaetemstle lamination of this hor1~
zon Partmgs between the beds are inconspicuous. The flex-
ures of the beds and the dlp in all directions (quaqua,versal
dip) forming a low dome negr the north end of this quarry, have
a,lready been notleed The quarry supphes local trade only

JOHN CLAY QUA_RRY

The J ohn Clay quarry is located on the south side of the
river, near Hale, a short distance east of the center of seet_lon
15. Tt has been worked on only a small scale to supply a lim-

ited demand. The quality of the stone is good, and were there
| better facﬂmes for shlpplng, quarrying mlght be carrled on
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here on a scale that would be limited only by the conditions
of the market. The quantity of excellent stone is unlimited.

BALLOU QUARRY.

‘The Ballou quarry lies east of Clay’s, in section 14. - The
quality of stone is the same as is found generally in the Ana-
mosa stage of thisregion. While there is an unlimited supply,

the demand that can be met by the present conditions of trans-
portation is small. This, like other quarries of the reglon 1s
operated mtermlttently

OTHER QUARRIES IN THE ANAMOSA LIMESTONE.

East of Ballou quarryis a small opening that has furnished
a considerable amount of stone. In sections 26 and 32 of
- Jackson township there are small quarries to which reference
-has been made in the description of the typical exposures, and
the opening in section 10 of Oxford township has also already

been noted.
) LIME.

Lime is not made on-a commercial scale anywhere in Jones
‘county, although beds suitable for its manufacture occur
abundantly in the Delaware and Le Claire stages. Lime was
formerly made at points near Anamosa, Stone City, Olin, Clay
Mills and Hale. There are Le Claire beds near the quarries
on the Buffalo, and there are others near Anamosa and Stone
City capable of furnishing material for manufacture into lime
of the highest excellence. At the points named the facilities
for shlppmg are good. There are many other equally good
exposures of lime burning stone, “but they are less favorably
Sltuated with reference to easy access to ma,rkets

OL AYS.

The clays of Jones county which are available for use in
the manufacture of economic products are loess and alluvium.
Both occur in unlimited quantities. The clay products are at
present limited to common. structural brick and drain tile.
Nearly all the brick made in the county are manufactured
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from loess; for making drain tile the fine alluvial clays are
used exclusively. ,
- OLIN TILE & BRICK COMPANY. _ .

The most important vela;y-w'orking establishment in the
county is that of the Olin Tile & Brick Co., located at Olin,
in Rome township. The clay used is obtained from beds
of alluvium in the low plain a short distance south of the
works. Tt is blue in color, tough, tenacious, and gives best
results when mixed with about one-fifth its bulk of sand.
During 1894 the factory turned out about 40,000 brick and
400,000 drain tile. The plant consists of the necessary build-
ing to accommodate the machinery and workmen in producing
and handling the output, steam-heated drying sheds, and
three down draft kilns in -which the product is burned. An’
H. Brewer & Co. No. 6 A machine is used in making both
~ brick and tile. The sizes of drain tile range from three to
ten inches inclusive. The markets are largely local, but
shipments are made by rail; both east and west, for a dis-
tance of forty or fifty miles.

MONTICELLO TILE & PRESS BRICK COMPANY.

~ The Monticello Tile & Brick factory is owned by Mr.
John Gibson. Tt has been operated for fourteen years. The
product consists of drain tile and end-cut, steam re-pressed
brick. The present annual output amounts to 300,000 brick
- and 250,000 tile. Formerly 800,000 brick were made annually.
Seven sizes of tile are made, the smallest being 2% and the
largest 8 inches in diameter. The machinery used includes a
‘thirty horse power stegm plant, a Brewer & Tiffany tile
machine with a capacity of 10,000 daily, and a Mackenzie
‘brick machine of nearly equal capacity. The brick are dried
in the open air and the tile in a steam heated drying shed.
The drying shed has a capacity of 50,000 tile. It is two
stories in height, a Jeffery elevator being used to lift the tile
dried in the second story. Mr. Gibson has a very ingenious
and -convenient system of tracks and switches on which to
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handle the cars that carry the product from the machine to
the drying shed. The clay used in making brick is a strati-
fied loess. or loess-like alluvium. The bed is ten or twelve
feet in thickness. Its location isabout twenty feet above the
level of the Maquoketa river, at the edge of an old flood
plain where the alluvium blends with the true loess. The
clay is dug within a few yards of the machine that moulds it
into brick.

~ The tile clay is a true alluvium, blue in color, and has to be
hauled from the low plain bordering Kitty creek three-fourths
. of a mile away. _

The clay for both brick and tile needs only to be tempered
with water. Both burn to a deep red color. The tile are
burned in a circular down draft kiln which has a capacity of
17,000 tile of the smallest diameter. A case kiln is used in
burning the brick. The market is chiefly local, though ship-
ments are made by rail to pomts within a radius of twenty-
five to thirty miles.

7 ANAMOSA BRICK YARD.

Mr. B F. Smith operates a brick yard at Anamosa. The
product at present -consists wholly of common, handmade
brick. The common, yellow, loess clay is used, tempered
with water in the ordinary pug mill. About 600,000 brick is
the annual product, and these are all consumed in supplying the
local demand.

O'YHER CLAY-WORKING PLANTS.

Brick and tile works have been operated intermittently or
only for a season or two at other points in the county. The
raw material, especially for brick making, is so abundant
and so generally distributed that there are few points where
some clay product might not be made. A second factory for
the manufacture of brick and tile was operated sometime ago
at Monticello, but in recent years the works have been idle,
and brick were formerly made at a yard, now unused, in
Wyoming.

10 G Rep
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BUILDING SAND.

‘Bountiful supplies of building sand are found in the sand
bars along the streams and in the beds of yellow sand and
gravel that were deposited in connection with the yellow
clays during the time of ice melting at the close of the Towan
period.

v MOULDING SAND.

The sub-loessial sands at Stone City are finer and more
argillaceous than usual, and underneath the yellow clay there
are from four to six feet of material that has been tested and
found to serve excellently as mouldlng sand.

ROAD MATERIALS.

Outcrops of Niagara limestone are so numerous that few
localities are far removed from unlimited supplies of material
that may be converted into road metal or macadam. The yel-
low sands and gravels already mentioned furnish the best of
material for the improvement of clay roads, and all sandy
stretches of road need only a thin layer of the widely distrib-
uted loess clay to render them passable at all seasons of the
year. | _ '

e _ LEAD. .

More or less energy and capital have been expended in
‘Jones county in prospecting for lead ore. The Niagara lime-
stone, which is spread over the entire county, is dolomitic,
and the Towa dolomites are all lead-bearing to a certain
extent. The Niagara limestone, therefore, contains some
galena or lead sulphide, buf. there is no evidence to justify the
‘hope that lead ore, in paying quantities, will ever be found in -
this formation. The ore bodies are all small, aggregating a
few hundred pounds at most, and while interesting from a, sci-
entific point of view, possess no economic value. Some years
ago Mr. James Brown took out 6,000 pounds of ore from a
crevice on section 13 of Fairview township, and in the spring
-of 1895 Mr. W. D. Sheehan obtained 5,000 pounds in section
19 of Jackson township. These bodies of ore are of very
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unusual size for this formation, and would probably not be
duplicated by the most persistent search in many years to

come.
WATER SUPPLY.

The streams of the county furnish a plentiful supply of
water in the regions through which they flow. The surface
wells that furnished water so abundantly some years ago
have very generally failed, and farmers and others have
found it necessary to sink wells to water-bearing strata at
considerable depth from the surface. The well at Mr. Gib-
son’s tile and brick factory is only 46 feet deep, but the sup-
ply seems to be unlimited. The well is bored about 26 feet
in Niagara limestone. Near the center of Greenfield town-
ship it is found necessary to bore 12 to 15 feet into the rock
- and the wells are from 75 to 150 feet in depth. Near Center-
Junction water is found in beds of sand and gravel inter-
bedded with blue clay of the Kansan till, at a depth of from
80 to 100 feet. The deep well at Monticello penetrated to the
Saint Croix sandstone at a depth of 1,198 feet.

The permanent water-bearing horizons of which the wells
of the county furnish evidence are (1) the Saint Croix sand-
stone, which may be reached anywhere in the county at a
depth of from 1,200 to 1,500 feet, (2) the plane of contact
between deep beds of till and the underlying indurated rocks,
(3) beds of sand and gravel at some depth from the surface in
the blue clay of the Kansan drift. The deep well at Monti-
cello gets its supply from the first named source, the wells
- near the center of Greenfield as well as many others through-
out the county draw from the second, and in the region of
very deep drift near Center Junction there are examples of
wells deriving their supply from the third source.

WATER POWERS.

The streams of Jones county furnish abundant water power,
but these sources of energy have not yet been utilized as they
doubtless will be in the future. The saw mills and grist
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mills that were important factors during the period of set-
tlement have largely fallen into disuse. On the Wapsipinicon
river there are mills at Anamosa, Newport and Oxford Mills.
On the Magquoketa the chief water powers are at Monticello
and in section 3 of Scotch Grove township. Walnut creek
once furnished power to a mill at Olin. At Clay Mills there
was a water power on Farmers creek; and the same stream
- supplied the power for a small saw mill northeast of Temple .
Hill, in section 28 of Washington township. These smaller
streams, however, have recently been dry during the greater
- part of the year and the mills operated at all have had to
resort to steam power.

The water powers at Anamosa and Monticello are now used
chiefly in producing electric energy, and itis in this direction
that in the future the permanent water powers will all find
profitable employment.
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INTRODUCTION.

LOCATION AND AREA.

Washington county lies well towards the southeastern cor-
ner of the state, being twenty-five miles west of the Missis-
sippi river and fifty miles north of Missouri. The Iowa river
forms a portion of its northeastern boundary, but with that
exception the county has no natural limiting lines. Towa and
Johnson counties lie north of it, and the latter, with Louisa
county bounds it on the east. On the south it is bounded by
Henry and Jefferson counties, while Keokuk county lies
immediately west.

The area of the county is 570 square miles, being disposed

" in the form of an approximate square having sides twenty-

four miles long. Within this area there is a considerable
variety both in topographical and geological detail.

PREVIOUS GEOLOGICAL WORK.

One of Owen’s field parties under Mr. C. B. Macey in 1849
ascended the Iowa river, but no special observations seem to
have been made in the county. Worthen™ in 1856 made a
geologleal survey of the county which was necessarily of a
preliminary nature only. Whitet referred to the presence of
coal measures in the county, but did not review Worthen’s
work. Calvinf has published an account of the deep well
bored at Washington, and J. Gass and W. H. Pratt§ in 1882

called attention to the discovery of a mammoth skeleton

within the area.

Since the survey carried on by Hall and Worthen a number
of new outcrops have been discovered and considerable
change has been made in the classification of the rocks
exposed within the limits of the county. It was thought
that the relations between the Devonian and the Carbonifer-
ous could be well studied within this county, and the hope of

*Geology of Iowa, vol. T, pp. 239-248. Albany, 1858.

tGeology of Towa, vol. IL, p. 273. Des Moines, 1870.

*American Geologist, vol. I, pp- 28-31 Minneapolis, 1888.

§Proc. Davenport Acad. Nat. Sci., vol. IIL, pp. 177-178. Davenport, 1887
12G Rep



118 GEOLOGY OF WASHINGTON COUNTY.

obtaining information upon this point was one of the princi-
pal reasons for taking up its study at this time.

PHYSIOGRAPHY.
TOPOGRAPHY.

The topography of Washington county is in the main of the
type known as the ‘‘loess drift.” It is characterized by long,
low swells with broad-bottomed, -shallow, grass-covered
swales between. Near the large streams - the country
becomes decidedly rougher. The slopes are -covered with
loess, which merges more or less into the alluvium. Along
English river, Crooked creek and a few other streams, sharp
rocky bluffs are .sometimes found. The bottom lands are
usually broad. Both along the major streams and the smaller
tributaries the present cutting is confined usually to sharp,
narrow channels running. through the alluvium. ~Cutting in
the hills along the rivers is, on the whole, exceptional. The
slopes are usually gentle and are grassed over.
 Away from the streams the normal drift plain topography
is common. Northeast of Washington, around Keota, and
near Wyman, this type of land form is .excellently developed.
The flat, almost even surface, the straight highways, the
black roads and the occasional, but on the whole very rare
boulders, are all characteristic. The stréams, if it be proper
to call them such, which cross such areas show very little if
any eutting. Where Long creek runs over the drift plain
" northeast of Washington, it can scarcely be recognized as a

distinct landscape feature.  Only a low, gentle swale, marked
by bunches of marsh grass and occasional sloughs, indicates
the beginning of the stream. Where the country roads cross
its course the bridges stand up above the surrounding sur-
face and-are reached by long, low dirt embankments. ‘

' These drift plains form flat-topped divides of considerable
breadth between the rivers. Occasionally the minor streams
have pushed back so far into the inter-stream areas thaf little
semblance of a plain remains. The general elevation of the
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upland is about 800 feet in the north and west, and varies
from that to about 750 feet in the south and east..

~ The broad flood plain of the lowa and Mississippi rivers

which forms so marked a physical feature of Louisa county to

‘the east, does not extend far into this county.

Indeed. the

Towa river here flows against its west bank, which is a series

of abrupt drift bluffs 100 to 120 feet high.

The elevations of the principal towns as well as-a- number

of other points are shown in the following table. . .=

L] PO
I R A S P e
STATION. B AUTHORITY.
. < a1
Alnsworth ____ . .. 7041 C,, R L & P. Ry.
Brighton _ ... 752 | C.,, R. I & P. Ry.
Brighton quarries ... . .. 700 | Survey. . :
Cedar creek, near Verdi _______ .. _________. _____. 13 | C., R. I. & P. Ry.
Crooked creek west of Washington_ ... _.___i_____ 684 | C.,-B. 1. & P. Ry.
Crooked creek south of Washington_________________. 673 | C., R. L. & P. Ry.
DaybOn - - o e 823 | survey..
East county line. .. .. 658 | B. & N. Ry.
East county line_____ e e 49 1C., R I. & P. Ry.
"Bastcounty line. ... ...l .. 668 | B.,.C.R. & N. Ry.
English river, Kalona bridge. ... ... ___________. 650 | Survey.
Havre oo oo e 733 | B. & N. Ry.
High land between Verdi and Skunk river ___._______. 38 | C.,, R. I. & P. Ry.
Towa Junetion .. _____.____ . . ... 649 | B., C: R. & N. Ry.
Towa River station ... . ____ . ______ 638 | B., C. R.-& N. Ry.
Towa River bridge - .l .. .. 633 | B, C. R. & N. Ry.
Kalona _ .. .. 665 | B., C. R. & N. Ry.
Keoba o . 803 1C., R. I. & P. Ry.
N oo e 770 | B., C. R. & N. Ry.
North county line . ____. 645 | B.,.C. R. & N. Ry.
Northeast corner of county, on high lands north off [ -~ -~ -
Englishriver ... __________..0 . ___.___. ——--| 10| U. 8. G. 8.
Northwest corner of county, on high lands north ofls B
Englishriver ... ... ....._.1810,0.8.G. 8. '
Riverside__.____________ i 648 | B.,.C. R. & N. Ry.
Skunk river, north of Brighton . ... ______.Z_____.___. 613 | Stirvey. . . -
Stream southeast of Crawfordsville ________________.__ 668 | B. & N. Ry. ;.
South county line. _____ .. . _________ il 703 |'C; R. L. & P. Ry.
Verdi .- 6713 |C., B. I. & P. Ry.
Washington ___. . 769 | C., R. I. & P. Ry.
Wassonvillemill ____________________________ . ___._. 706 | Survey... - .
Wellman .. .. 730 | B.,, C. R'& N. Ry.
West Chester____.__._ .. ... ,C, R I &P Ry.
West county line_. . .. .. 772 B CR & N. Ry.

In the above table the elev&tmns ered1ted to the United
States Geologleal Survey are taken from the topographic atlas
sheets of that organization. Those credited to the different
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railways are from the engineer’s profiles. The elevations
credited to the survey itself are corrected barometric obser-
vations connected with the nearest known point. While not
wholly free from error, they may be rehed upon as approxi-
mately correct. :
A comparison of these elevations gives some interesting
results. Dayton, it is seen, lies on the high ridge between
English river and Smith creek, and is 117 feet above the former
stream and 93 feet above the latter. Wellmanis in the valley
of Smith creek. XKalona, Riverside, and Towa Junctjon are
built on the flood plain of English river. Keota, while
scarcely more than a mile distant from Crooked creek, is yet
built upon the high land, while West Chester, at the same or
slightly greater distance from the creek, lies on land which
has been degraded a few feet. Washington is built upon a
tract of land lying thirty-five feet below the general upland
“level and eighty-five feet above Crooked creek. Ainsworth is
in the valley of Long branch. Havre and Crawfordsville are
on the ridge forming the watershed between the Iowa and
Skunk river systems. Verdi, Brighton, and Coppack are all
within the influence of the Skunk river erosion, while Noble

and Wayland Crossmg are built in the valley of Williams
creek.
DRAINAGE.

The drainage of the county belongs to two systems, the
Towa and the Skunk. The former drains the northern and
northeastern portion of the county, while the southwestern
half, approximately, is drained by the Skunk river tributaries.

The Towa river itself does not flow within the county, but
forms a portion of the northeastern boundary. Itsimmediate
drainage basin is, in {his county, very inconsiderable; the
main portion of the water which reaches it coming rather
from a series of long, non-branching tributaries which flow
almost at right angles to its own course. Of these latter,
English river, Davis and Goose creeks are typical, while Long
creek belongs to a shghtly different category.
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English river is formed near the northwest corner of the
county by the junction of North and South English. It flows
almost directly across the county, with but slight deviation
fromits general easterly course. It is remarkable for its
considerable length in proportion to the width of its drain-
age basin and for the small number of its tributaries. Of

Fig. 9. Drainage of Washington County.

these latter, Smith creek, joining it a few miles below Well-
man, is the most important. It is a representation in minia-
ture of the larger stream. English river, at the point where
the north and south branches unite, is about 700 feet above
sea level. Its mouth is nearly 80 feet below this point, so
that within the county it has an average fall of about 3.3 feet
to the mile. As has been noticed by McGee, the steeper
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slopes and higher bluffs are on the south bank of this stream.
With but one important exception the rock outcrops are con-
fined to the southern slope.

Davls creek, which in its upper portion is called Continue

creék, rises in Jackson township, flows northeast, then east
to Iowa river. It is a narrow stream, with few tributaries,
and has at only one or two points sueceeded in cutting through
the drift. : _

Goose creek rises in nghland township and flows southeast
to the county hne, within ‘a mile of which it is joined by
Whisky run. These streams have cut from seventy to ninety
feet below the upland level, but only expose the indurated
rocks at wide intervals. In general character they 1esemble
English river markedly.

Long creek with its two blanches, _north and south, flows
southeast, reaching the Iowa  river near Bard in Louisa
‘county. It belongs, rather, to the class havmfr many Wldely
branching affluents. :

The Skunk river system includes within the county, the
Skunk river itself, with its immediate tributaries, and the
subordinate System formed by Crooked creek and its branches.
The Skunk entpzs the county about six miles north of the
southwest co* ner, and flows east of south to Coppack, where
it makes an abrupt turn due south and leaves the county. It
is a stream of considerable size and has an average fall of
about two feet. elght inches per mile. Tt has a wide valley,
with broad- bottom lands, and has cut its channel neamly 200
feet below the ge_neral plateau level, the last seventy feet or
more being channelled through the limestones below the
drift. ’ '

This stream, a short distance after it enters the county,
receives Richland creek from the south. A mile or more
below, a second small stream, also from the south, flows into
- the larger river. The principal stream flowing into Skunk
river from the north is Dutch creek, which has a course
almost directly south for some six miles,
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Crooked creek enters the county near Keota, and flows
southeast to about two miles north of Noble; here it turns
directly west, but after flowing five miles in this direction it
turns due south and joins Skunk river near Coppack. In its
upper portion the south bank is the better defined, most of
the tributaries flowing in from the north. Inits lower portion
the reverse is true. Near Washington, Clemons and Cedar
creeks flow in from the west. At the point where Crooked
creek makes its abrupt change, north of Noble, it receives
the East Fork of Crooked creek. Thisis a small stream flow-
‘ing in a rather large valley, which is a direct continuation of
the main- valley of Crooked creek. At one time Crooked
creek probably flowed on up the valley now occupied by its
east fork and over the low divide north of Marsh into Otter
creek, through which it had a direct course to the Iowa. At
the bend north of Noble it then received a tributary from the
west. Near Coppack the Skunk received a similar tributary
from the north, which does not seem to have been a large
stream at that time, but had the advantage of a more rapid
descent and worked its way back till it captured the stream
flowing into Crooked creek. Since the Skunk river is nearly
sixty feet lower than Crooked creek where they are parallel,
the new channel thus opened up afforded a short cut, and what
is now the west fork of Crooked creek began to flow up its
tributary and across the divide, marked now by a cut in the
limestone, into the small branch of Skunk river. The
increase of volume caused the stream to cut down rapidly
into the underlying limestones, and so we have here a stretch
of valley which is not relatively wide, but which is cut well

down into the indurated rocks. In the adjustment, a part of
 the lower portion of Crooked creek was reversed and became
what is now the Hast Fork. This change in the course of
Crooked creek was probably due in part to the incursion of the
ice from Illinois, though there is good grounds for the belief
that it would ultimately have occurred in any event. This
incursion is represented in Iowa by a moraine, traced by Mr.
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- Frank Leverett, which crosses the former course of Crooked
creek, and forms the present divide between the East Fork of
that stream and Otter creek near Morning Sun. This later
cutting gives then, a measure of the stream erosion occurring
after the incursion of the Illinois lobe.

These adjustments were the more easily accomplished as
the region near the great bend is drift covered and easily cut
through. The stream is now wearing on its west bank which
is here composed entirely of drift, and sooner or later it
~ will find a channel across the narrow neck of unconsolidated
deposits. :

Williams creek is a small stream flowing into Crooked
creek from the east. It has a narrow valley and in the lower:
part has cut some twenty feetinto the limestone.

ORIGIN OF THE DRAINAGE SYSTEM.

The drainage system of the county seems to have had its
origin in or immediately succeeding glacial times. The
explanatian given by McGee* for English river, that it flows
along the southern edge of a gently sloping plain, seems in a
general way to be also applicable to the upper portion of
Crooked creek. These streams would then have had their
origin subsequent to the deposition of the drift.

Skunk river is a large stream and seems to have had a
longer history. In general direction, and in the presence of
the abrupt turn at Coppack, it simulates the Towa, Cedar and
other rivers farther north. It seems probable that its history
may have been much the same as that of those rivers.
Though drainage lines ewdenﬂy existed ‘in this region previ-
ous to the ice invasion, the evidence at hand does not show
any very close connection between the two. Indeed, some
of the present streams cross almost at right angles the older
valleys. There is, at some points on Williams creek and
Skunk river especially, some evidence of the present valleys
being in part drift-filled, but by far the greater portion of

*Eleventh Ann. Rep. U. 8. Geol. Sur., pt. 1, pp 412-413. Washington, 1892,
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stream erosion must clearly have taken place between the
deposition of the drift and the loess. Incrossing the country
exposure after exposure may be seen where the sides and bot-
toms of the small valleys are covered by a thin veneer of loess.
The latter is not usually thick on the upland. Indeed, it can
scarcely be said to occur over the drift plains. Kast of
Bethel church, in Highland township (Tp. 76 N., R. VI W.,
Sec. 30), the wagon road crosses a number of small ravines
which have the relations indicated by figure 10. The drift
may be seen in the cutting at the side of the road in both -

F16. 10. Relations of present to preglacial drainage.

of the outside ravines. The loess follows right down the
slope, veneering the drift. In the middle ravine the road
cuttings have not been deep enough to expose the drift.
Similar relations between the drift and the loess may be seen
north of Riverside and at very many other points. One can
not escape the conviction that the streams made their present
valleys, even in the case of the minor tributaries, before the
loess was deposited, and that the amount of erosion since
that time has been comparatively insignificant. If the corre-
lation of the loess with the later or Iowan ice be correct, it
would follow that the stream erosion took place in interglacial
or Aftonian time, and the relative amount of stream action
before and after the loess would be a strong argument for the
great length of interglacial time as compared with post-
glacial. '

‘While the divides of the county are, as has been said, flat-
topped, and there are regions of immature drainage, the gen-
eral impression which one gains from a study of the streams
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of the county is one of relatively great age. As contrasted
with the areas farther north, now covered by the drift of the
Towan and Wisconsin ice sheets, the amount of erosion is
great. As has been said, there is but little evidence that this
erosion was accomplished in preglacial time. Tt has been
largely, if not wholly, effected since the drift of this region
was laid down—in post-Kansan time. Apparently but little
of the erosion has taken place in post-Iowan.

STRATIGRAPHY.

General Relations of Strata.

The geological formations eomprised within the ecounty
belong entirely to the Carboniferous and the Pleistocene.
The classification of the strata is shown in the following
table. ‘

Classification of Formations.

' GROUP. SYSTEM. | SERIES. STAGE. SUB-STAGE."
Recent. Alluvial.
Cenozoie. | Pleistocene. Towan. Loess.
Glacial.
Kansan. Drift.
Upper Car-
bonifer- | Des Moines.
ous. ‘
7 Pella beds.
Saint Louis. Verdi beds. -
N Springvale beds.
Paleozoic | Carboni .
aleozoic | Carboniferous (Keokuk?)
Mississip- | Augusta. o
pian. Burlington.
Wassonville lime-
7 stone.
Kinderhook. | praple mill shale.
En ghsh river grlt-
stone
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STANDARD SECTIONS.

The following sections may be taken as representative of
the different geological formations of Washington county.

 Together they form a general section of the indurated beds.

MAPLE MILL SECTION.

(Tp. 7T N.,, R. VIII W., Sec. 4, Se. qr., Nw. 1.)

. FEET. INCHES.

4. Limestone, ferruginous, arenaceous in places,
fine-grained, red, containing numerous casts
of fossils and with thin chert layers 2 to 8

inches thick, also fossiliferous. . coccoooo-_ 16
3. Sandstone, or gritstone, very fine-grained,
- white to buff, very fossiliferous___..__.____.. 18
2, Limestone, fine-grained, non-fossiliferous.._. 2
1. Shale, argillaceous, dark blue to drab, becom-
ing almost black in plaeces ... ______ 12

The whole of this section may- be referred to the Kinder-
hook. Numbers 1 and 2 represent the Maple Mill shales,
number 3 the English river gritstone, and number 4 the Was-
sonville limestone. The upper member (No. 4) may be readily
traced up the river to the Wassonville mill where it is some-
what thicker. - At this latter place the Augusta limestone is
seen to lie above it, but is better seen in the following section
on Crooked creek.

ECKELS QUARRY SECTION.
" (Tp. 75 N., R. VIII W., Sec. 2, Sw. qr.)

FEET
3. Lu0SS e e e e 12
2. Loecal drift. . 6
1

Limestone, coarsely sub-crystalline, blue, gray and
white in color, running in ledges from 3 to 20

38 e e e e 20

The stone herebelongs to the Augusta, or more specifically
to the Burlington layers of that formation. The top of the
formation is not seen at this point, nor indeed is the contact
between it and the next upper member, the Saint Louis, found
at any point in this county, though it may be examined at a
number of exposures in Keokuk county immediately west,
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The Saint Louis is excellently shown near Brighton, all the
members being present. The whole formation, however, and
each of its subdivisions, is much thinner than usual, the great-
est diminution being in the middle member or Verdi beds.
A complete section along the small ravine runnmg north from
Brighton to the river is as follows

BRIGHTON SECTION.
(Tp 74 N., R. VIIT W., Sec. 29)

FEET. INC-HES.
17. Clay, purple to brown; full of Saint

Louis fossils, and with irregular pieces
of Saint Louis limestone but no errat-

ics; 8 inches to 3 feet... ... S 2
16. Limestone,gray_ . . ____..______ 8
15. Limestone, fine-grained, compact, ash-

grayin color. .. . ___________ 1 8
14, Limestone, asabove..._ . . ________ 1 6
13. Limestone, gray. .. . -o.o___.______. .- 3
12. Limestone asabove___________________. 3

" 11. Sandstone, with irregular shaly lime-
stone, the two replacing each other in

whole or in part atintervals ._________ 8
10. Limestone, fine-grained, ash-gray, com-
' PACY - ol . 1 6
9. Limestone,asabove._____________._____. 2 6

8. Limestone, as above, water worn and cav-
ernous, the face covered in part by
stalactitic matter

7. Limestone, as above, water worn 7

6. Clay, bluetodrab.__._.__________..____ 3
5. Unexposed talus, of brecciated limestone
- and sandstone._______________________ - 20
4. Limestone, soft, brown, earthy __._.____ 2
3. Unexposed. ... 6
2. Clay, blue to green, soft oo 4 »
1. Limestone, above, thin-bedded, ash-col-
ored, sandy, non-fossiliferous; below,
in bed of river, hard, black, with ob- =
scure fossils___________.______________ 8

This whole section may be referred to the Saint Louis, with
the possible exception, as will be noted farther on, of the
lower member which may represent the upper Keokuk or
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Warsaw layers. Numbers 17 to 13 inclusive may be seen in
the Martin quarry; numbers 13 to 7 inclusive are shown in
‘the Chicago, Rock Island & Pacific quarry now abandoned;
number 6 is not exposed, but was at one time encountered in
working the latter quarry; numbers 5 to 1 inclusive are shown
in the bluff on the Skunk river at the Brighton mill.
The lower four members belong to the series recognized in
neighboring counties as the Springvale beds, but are not
~ typical. The upper six members represent the Pella beds,
while the intervening layers are referred to the Verdi. The
latter series of beds is typieally developed about two and a
" half miles north of here and has probably a much greater
total thickness. The two heavy limestone ledges, numbers
7 and 8, do not appear to extend much north of the railroad -
quarry. In their place, as seen at the mill, is the talus,
which thus probably, in part at least, represents them instead
of being wholly beneath as given above.-
~ As has been stated, there are within the country a few
small coal measure outliers. None of these now exhibit com-
plete sections. At the time of Worthen’s visit coal was being
taken from the outlier west of Verdi. The following section
‘is given by him.* '
A LIEBS MINE SECTION.

(Tp. 4 N., R. VIII W., Sec. 5, Ne. qr., Ne. £.)

FEET. INCHES.

5. Clay, sha_ljf ............................. 3
4, Coal._______._.___ e e 3 6
3. Coal,slaby. oo 2 3
' _ 2. Sandsnone, quartzose, ferrug inous, pa.rtly
exposed - .. . .. ?

1. Limestone, concretionary ... —._..._. 10

The upper four members belong to the Des Moines forma-
tion (coal measures) while the lower is the Saint Louis. The
surface of the limestone is exposed some fourteen feet below
the coal and the interval is probably filled by the sandstone.

*Geology of Towa, Vol. I, p.242. Albany, 1858.
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DEEPER STRATA.

Our knowledge of the strata lying below the Kinderhook
of this county is derived entirely from a deep well put down
at Washington, the record of which has been interpreted by
Calvin. ‘

The strata passed thrdugh may be summarized as follows.

FORMATIONS. - : THICKNESS.
B3] 3§ TS 350
Kinderhook, shales -..-...__. e 82
Devonian limestone. . . ____ ... 68

. Niagaralimestone.________________ ______________. 170
Maquoketashales ... ________ ... ___________:..__. 81
Galena limestone .- ... ... 160
Trenton limestone and shales ... ____._._. 132
Saint Peter sandstone ._______ .. ___________ ———— 100
Oneota, blueshales ____ . __ ____ ___.________ . ?
Saint Croix sandstone ? .

Geological Formations.

The areas covered by each of the different formations
exposed within the county may be seen by reference to the
accompanying map. It will be noticed that in general the
older rocks are in the northeast; each later formation outerop-
ping successively to the southwest. An exception to this
rule is seen in the coal measures outliers which overlap the
earlier beds. The considerable erosion which has taken place
sihce their deposition is evidenced in the small size of the
remnants of this formation.

The limits as indicated on the map are not considered abso-
lutely correct at all points as the mantle of drift which con-
" ceals the beds makes considerable error possible. N

. MISSISSIPPIAN SERIES.

- With the exception of the few areas covered by the Des
Moines formation the indurated rocks of the county belong
exclusively to the Mississippian or Lower Carboniferous series. ,
They are of considerable interest, since within the county all
three of the major divisions of ‘that series found in Iowa, the
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Kinderhook, the Augusta and the Saint Louis, are well exposed.
The Mississippian rocks have heretofore been most exten-
sively studied along the river from which the series takes its
‘name, and the typical outcrops of the major as well as the
‘minor divisions are found along its banks: There are few
points in Towa at least, where the whole series may be found
at a distance from the main river. The rocks of Washington
county form an independent section which might be called
the Central Iowa section of the Mississippian. It is of con-
siderable interest to find how closely this section may be cor-
related with that previously studied. ’

The Washington county section of the Mississippian series
has been studied from an independent standpoint, and the
results reached are not due to simply tracing into the aresz
formations already recognized in the southeast. Rather, such
correlation as has yet been attempted, has been made by
working in the contrary direction and the general agree-
ment arrived at is therefore the more interesting and valu-
able. ‘ . :

KINDERHOOK.

. The beds of this formation which are exposed within this
county, and which here form a stratigraphic unit, are well
shown in the Maple Mill section previously given. The
exposures are entirely confined to English river and its tribu-
taries with the exception of one or two small outerops on
Goose creek and Whisky run.

The members of the section exposed at Maple Mill may be
recognized at several points farther up the river. On the
~opposite side of the river at the head of the big bend (Tp. 77
- N, R. VIII W., Sec. 6, Sw. gr.) the limestone forming the upper
- member (No. 4) of the Maple mill section has been quarried.
The old opening shows the following.- v
N , FEET. INCHES.

10 leestone, earthy, arenaeeous, red fos- , '
“SIFOrouS - s oo 12

9 Chert, in thin layers from 2 to 4 inches
thick; very fossiliferous
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. : FEET. INCHES.
Limestone, as above_ ... ____________ 10

8.

7. Chert,as above ... . oceone. 3
6. Limestone,asabove... ... 1 6
4, Timestone, as above___ . . . ___.___.__. 2 6
3. Chert,as above ... _____________ 2
2. Limestone, asabove. . _______ . ______ 4

1. Unexposed to water.___.____ _.__._____ 4

The above section is typical of this portion of the Kinder-
hook. The lower beds are not seen here, though they are
imperfectly exposed on the opposite side of the river at the
Wassonville mill (Tp. 77 N., R. IX W., Sec. 12, Se. qr.).
Worthen’s section of this point is as follows.*

. FEET. INCHES.
5. Slope with outcropping masses of quart- ’

zose sandstome _________ e e emmdim e s 6 _
4. Burlington limestone. . ______.._________ 3 4
3. Massive, brown, arenaceous, limestone. 2
2. Ash-colored gritstone._____.____._____. 2 2
1. Buff-colored gritstone_____________.___. 6 6

The lower portion of this section is now largely covered,
but enough can be seen to prove the presence of the grit-
stone, which corresponds to number 3 of the Maple mill sec-
tion. At the latter place the two heds (numbers 3 and 4) are
not sharply separated, but seem to merge slightly along the
line of contact. It is of interest to note that at Wassonville
a blue argillaceous shale, similar to number 1 of the Maple
Mill section, at one point occurs interbedded with the lime-
stone. In general the massive brown limestone is similar to -
that in the section on the opposite side of the river already
given. The presence and thickness of the chert layers is the
same. The thickness of this bed as éxposed at the mill is
eonsuiera,blv less than Worthen’s estimate; not more than
twenty-four feet being exposed. The Burlington hmestone
is not seen at the mill but is exposed in some quarries farther
back on the ridge. A careful search has failed to reveal the
coal measure sandstone, though at one point a huge boulder,
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lithologically identical with the sandstone seen at Leib’s mine
‘and elsewhere, was found. Further up the river the Kinder-
“hook appears from beneath the drift at two points, both on
‘thenorth side of the river (Tp. 77 N., R. IX W., Sec. 1, Sw.
qr., and Sec. 3, Ne. qr.). On thesouth side it may be traced
nearly a mile.

- Near Wellman, in the valley of Smith creek, and twenty-
four feet higher than English river at Wassonville, the
Augusta is exposed. At one point west of town (Tp. 77 N.,
R. IX W., Sec. 24, Nw. qr.) the Kinderhook was struck in a4
well, at a depth of eighty-fivefeet. Southeast of Wellman the
creek soon cuts through the Augusta into the Kinderhook.
In section 19 (Tp. 77 N., R. VIII W.)the latter was encoun-
tered in the base of a quarry on a 1eve1 with the stream.

In the old Burhngton, Cedar Rapids & Northern rallway
quarry (Tp. TTN.,R. VIIT W., See. 16) the limestone layers as
exposed are twenty feet thlck with the base: twenty feet
above the bmdge on Smith creek. The stone is of the usual
earthy magnesian character and runs in ledges two to four
feet thick, sepaaated by thin layers of chert. The Augusta
is reported to oecur immediately above the top ot the quarry,

- though it is not now exposed. ‘

On the river, south of Kalona (Tp. 77 N., R. VII W. See
'16), there is an interesting Kinderhook exposure. Near the
river the lower shale member (Number 1 of the Maple mill
section) is exposed with a thickness of twelve feet. In a
-small tributary stream a half mile back from the river the

following is seen.

FEET. . INCHES.
5. Limestone, earthy, soft, reddish-yellow.. 4

4. Chert ... __.__..__ e 4
3. Limestone, as above ... __ . ... __ - 1 4
2. Limestone, as above. ... .....__.___. 1 8
1. Limestone, softer, shaly......______.____ 4

* The beds seen here seem to lie immediately beneath the
drift over a considerable portion of Highland township, out

cropping at several points along the streams (sections 21,
BG Rep
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33and 34.) The heavy drift accumulations prevent exposures
along Towa river and the lower part of Davis creek.

An examination of the preceding sections shows that we
have here three different beds, or series of beds, which are_
referred to the Kinderhook. They are from the top down-
ward:

(1) Wassonville limestone:—An earthy magnesian lime-
stone in places becoming arenaceous, itself fossiliferous, and
with thin chert bands also containing fossils.

Fic. 11. Wassonville limestone on English river opposite Wassonville mill.

(3) English river gritstone:—A fine-grained sandstone, or
gritstone to use Worthen’s name, also well characterized by
fossils. This bed, at all observed points, merges into the
bed above lithologically, though it is quite distinct within a
few feet of the contact. The gritstone is thickest toward
the west and northwest and thins out, finally disappearing,
towards the southeast. .

(3) Maple mill shale:—A bed of argillaceous shale which
is at one point sharply separated from the gritstones above,
while at others it is interbedded with them. - The shale itself
is non-fossiliferous, and its base 1s not exposed. In the
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Washington well a shale very closely resembling. this was
penetrated at a depth of 350 feet to 432 feet. At 458 feet a
light-colored magnesian limestone was encountered contain-
ing the typical Devonian fossils A#rypa renticularis Lin., and
Athyris vittata Hall*. :

The Wassonville limestone and the English river gritstone
are both fossiliferous.. In the gritstone the fossils occur as
molds and, while numerous, are badly preserved so that
identification is difficult if not impossible. A collection made
at the typical locality, the Maple mill northwest of Wellman,
included the following forms as determined by Professor
Calvin.

- Allorisma, Sp.

Awiculopecten, Sp. ' ~

Bellerophon bilabiatus Wh. & Whi.

Chonetes fischeri N. & P. ’

Chonetes, Sp. nov.
- Edmondia, Sp.

Othothetes inequalis Hall.

Orthis, Sp. ‘
 Orthoceras heterocinctus Winchell(?)..

Productus burlingtonensis Hall.

Productus concentricus Hall.

Rhynchonella opposita Wh. & Wh.

Rynchonella pustulosa White. v

Spiriferc, Sp. ‘ *

Straparollus, Sp. -

Terebratula, Sp. -
- The Aviculopecten is the of type A. fusciculatus Keyes,
but is a different species. The Orthis is closely related to
0. impressa- Hall. The Spirifer is doubtless the ancestral
form of S. grimesi Hall. 'There are two species of Straparol-
lus. : |

The Maple mill shale has, within the limits of this county,
proven to be non-fossiliferous, and its age must be determined

*Calvin, Op. cit, p. 29.
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by its relation to the other beds. It is significant that ‘near
Kalona it is found interbedded with the gritstone, the latter
containing the same species of fossils that are found at the
typical exposure of the English river gritstone, and that at
Wassonville a thin bed of gritstone strata'is at one. point
interbedded with the limestone.

The beds which, in southeastern Iowa, are now referred to
the Kinderhook, were first studied by Owen. By him and his
immediate successors they were recognized as of Carbonifer-
ous age. Later, in deference to the published opinion of Prof.
James Hall, they were referred to the Devonian, and were cor-
related with the Chemung. It was in accordance with this
idea that Worthen referred the Wassonville bectmn to the
Chemung™.

Later Meek and Worthent proposed the name Kmderhook
to include all the strata lying between the Burlington lime-
stone and the black slate of the Devonian, and called atten-
tion to the Carboniferous affinities of the beds. Among the
localities given by them as typical for the new formation was
Burlington.

The rocks found at th1s point which are referred to the
Kinderhook are described by Keyes? as follows.

| ' FEET.
6. Rather soft, buff limestone, probably somewhat
magnesian, apparently sandy locally____. _-__. . b
’ 5 Gray oOlite._...__._. e e cmim————————— 4

4. Soft, fine-grained, yellow sandstone; highly fossil-
ferous. .o el 6
3. Gray, 1mpure limestone, fra.umentary, with often
an odlitic band below._ . _________.____. 9 to0.13
2. Soft, fine-grained bluish or yellowish clayey sard- A
' stone passing into sandy shales in places..._20 to 30
1. Blue clay shale, fossiliferous, shown by borings to
extend 50 to 100 feet or more below the water *
level; exposed ... ___. e s 50
* Op. cit., 245. ‘
Am. Jour. Scl, (2), Yol. XXXTI, p. 228. 186i.
Bul. Geol. Sec. Am., Vol. III, p. 285. 1892,
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The Kinderhook, as found at Burlington, has been traced
along the foot of the Mississippi escarpment to the northern
edge of Des Moines county. Abouttwo and a half miles north
of Huron (Tp. 72 N., R. IT W., Sec. 22, Se. qr., Nw. 1), it is
exposed as follows.®

_ FEET
2. Sandstone, friable, argillaceous. ... ... _..__. 20
1. Shale, blue, reported from well. ... _____.____. 4

In Louisa eounty the Kinderhook may be traced along the
bluffs, being exposed north of Morning Sun at several points
on Otter creek. It is here a massive, arenaceous, soft, earthy
limestone, of brownish-yellow color and is underlain by the
usual blue shales.: These exposures have not been directly . .
traced to the Washington county outcrops; but the presence
of Burlington limestone on Long creek, southwest of Colum-
bus City, renders it probable that the brief intervening gap .
may be bridged. There can, however, be no doubt - as to the
- equivalency of the two sections. : "
The upper members of the Maple mill section (numbers.3
- and 4) may be considered as the equivalents of all the layers
above the blue shale at Burlington (numbers 2-6) referred to
the Kinderhook. Worthen considered the magnesian lime-
stone at Wassonville (No. 4) as the equivalent of the odlitic
layers. The English river gritstone occupies the same rela-
tive position as the yellow sand layer (number 2) at Burling-
ton, and the fauna shows close affinities. Number 2 of ‘the
Maple mill section is of local occurrence only. The shale at
both points is undoubtedly the same. Number 6 of the Bur-
~lington section has been correlatedt with the Chouteau lime-
stone of Missouri, and numbers 2 to 5 are considered to repre-
sent the buff sandy shale exposed immediately below the
Chouteau at Louisiana, Missouri, and forming the upper por-
tion of the Hannibal shales (Vermicular shales and sand-
stones of Swallow). The blue shale at the base of the Bur-
lington section represents the green shale at the base of the
Hannibal shales as seen at Louisiana, Missouri. -

*Geology of Des Moines county, Yowa Geol. Surv.; Vol. ItI, p.425. ‘Des Moih_es,_ 1895, .
tKeyes: Bul. Geol. Soc. Am., Vol. ITI, pp. 285-286. Rochester, 1892.
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The exact thickness of the lower bed (Maple mill shale)
is unknown. There is in Washington county a maximum
exposed thickness of about forty feet. At Burlington borings
have shown it to have a thickness of at least 160 feet. In
the deep well at Sigourney 229 feet of shale, which may be
referred to this horizon, were penetrated. A comparison of
the levels of the outcrops on English river with the base as
revealed in the Washington well, allowing for a slight south-
erly dip, gives a thickness of at least 200 feet. ' _,

An interesting question arises as to the base of this lower
member. The exact relations between the Carboniferous and
Dévonian have not been definitely determined in Towa. Meek
and Worthen in defining the Kinderhook included all the
strata between the Burlington limestone and the black shale
which has been found at many points in the Mississippi val-
ley and which frequently contains Devonian forms. This
shale does not occur in Iowa, unless the Lime creek shale
described by Calvin be its representative. Instead we have
at the base of the Kinderhook a heavy shale which in Mis-
souri is underlain by a third member, the Louisiana or litho-
graphic limestone. The Louisiana limestone is supposed to
be of Kinderhook age, though evidence has recently been
produced® suggesting that it may be Devonian. In the
Washington well the shales recognized as Kinderhook were
found resting directly upon limestone from which typical -
Devonian forms were obtained. The Devonian outcrops nearest
to the Kinderhook shales of Washington county are found in
the vicinity of Towa City and Muscatine. The intervening
territory is heavily drift covered so that the exact relations
can not be observed. It is possibly significant that the
- country between the mouth of English river and the Musca-
tine outcrops is a low level bottom land and represents
exactly the lateral enlargement in the Mississippi channel
which would take place during a long period of erosion where
the country rock was a soft shale. There is no topographic
mﬁcaquﬁ‘reologist, vol. X.ipp. 300-384. 1892, o
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indication of any hard beds intervening between the shale and
the Cedar Valley limestones of the Devonian. While the
different members of the Devonian have not yet been defi-
nitely diﬁex_'entiated for the whole state, making it difficult to

‘say just what is its uppermost limit, the Lime creek shale

constitutes the highest member known. Apparently then we
have on the one hand at the top of the Devonian a series of
shales containing Devonian forms, and on the other hand at
the base of the Carboniferous an exactly similar shale inter-
bedded at the top with gritstones eontalmng Kinderhook
forms.

In Washington county the Maple mill shales have not been
found to contain fossils. The beds at Burlington which may
be correlated with it do, however, contain certain forms.
Collections made at the Granite Brick works at Burlington
by Mr. E. H. Lonsdale have been reeently investigated and

“shown to include forms with Devonian affinities.

The sandstones of Muscatine county, which were at one
time correlated with the yellow sand layer at Burlington,

have been shown by Calvin to be of Devonian age, and it
seems not 1mpr0bable that ultimately a considerable portion
~of the beds now recognized as Kinderhook may be proven to

be pre-Carboniferous. Some of the evidence at hand supports
the belief that the shale at the top of the Devonian and that
at the base of the Carboniferous is the same. The difference

- in the fossils in that case would be due to geographic causes.

According to this view, while the Lime creek beds, which con-
tain a prolific Devonian fauna, were being laid down, corre-
sponding sediments were being deposited 120 miles away to
the southeast. The conditions of life at the latter point seem
not to have been favorable, and most of the fauna which wan-
dered so far from the shore perished. The few which sur-
vived became modified in important regards. Among them
is Orthis dowensis Hall var. which shows a marked change

in the muscular scars. In time new Carboniferous forms
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were introduced and in the succeeding deep sea deposits
became supreme. '
ATUGUSTA.

In Washington county, as also in Keokuk county, the lime-
stones composing the Augusta formation, and which elsewhere
are known by individual names, are not separable. There
are slight differences in lithology, more marked, however,
between the exposures of Louisa and Washington counties

F16. 12. Augusta limestone ‘on Rock creek in Keokuk ccunty. .

than between any within the immediate limits of this county,
and a few forms occur at some points which have not been
found at others. The greater number of fossils-found belong
to the Burlington fauna, though a few Keokuk forms woccur.
The formation is however, as a whole, a distinct, well marked,
stratigraphic unit for the region studied. Tt is neither advis-
- able nor possible to divide it into formations which could be
separately mapped. It underlies the county in a broad irreg-
ular band stretching from the northwest to the southeast as
shown onthemap. The area covered by the Augusta narrows
somewhat towards the east. There is also an area toward
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the northwest where the Augusta has been cut out by pre-
glacial erosion and the Kinderhook is shown by well records.
to underlie the drift. This isalso true of Washington. - These
areas are, however, too 1mperfeet1y known to be represented
on the map.

The best exposures of the Augusta are seen on Crooked
creek northwest of Washington. The Eckles quarry section
at this point has already been given. Sections from the quar-
ries in this vicinity exhibit two facies: (1) a hard, heavily
bedded, light gray to brown, sub-crystalline limestone, with
abundant Burlington fossils, and (2) a buff, sandy rock con-
taining small calcite geodes. The main portion of the rock -
belongs to the first type. |

Farther up the creek an 1mperfeet exposure may be seen
‘north of West Chester (T'p. 76 N., R. VIII W., Sec. 20, Sw. qr.)
- where the presence of layers simila,r to those just described is
shown. Tn the region around Keota the limestone immedi-
ately underlies the drift and is usually encountered at a depth
of about sixty feet. In the northern 'portion of Keokuk
county the Augusta appears at one point on English river
(Tp. 77 N., R. IX W., Sec. 16). In ‘Washington county the
‘most northwesterly outcrop is at the Whitstine quarry near
Dayton (Tp. 77 N., R. IX W., Sec. 13, Ne. qr., Ne 1). This is
a small local quarry located on the ridge between. English
river and Smith creek. The following layers are shown.

3. Limestone, buff arenaceous_ .. . . oo ooo._. 5
2. Limestone, brown, cearsely crystalline, fossiliferous %
- 1. Limestone, blue-gray, fine-grained, sub-crystalline,
fossﬂﬁerous-_---__--___--_--__--___-, ____________ 4

The fossils found at this point are Burlington forms, and
in character the layers agree closely with those found at the
Fckles quarry.

- Directly southeast of Wellman on Smith erpek (Tp. 77 N.,
R. IX W., Sec. 24), similar layers are exposed in the bed of
the er"eek and have been quarried locally. The buff,
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arenaceous layer ishere only one foot thick; the white or light -
drab layers beneath are seen at intervals down the stream to
the old railway quarry (Tp. 77 N., R. IX W., Sec. 16), where,
as already stated, they cap the Kinderhook with a thickness
of about four inches. East from this point the Augusta has
not been seen along English river. KExposures, however,
occur four miles south of Riverside on Davis creek (Tp. 77
N., R. VI W., Sec. 31, Sw. qr., Se. ). The stone is seen at
this point in Wingler’s quarry; a small opening supplying the
local stone trade. The rock is a white to light drab, coarsely
crystalline, fossiliferous limestone, similar to that seen else-
where in the county. Only one ledge is exposed. This hasa
thickness of 3% to 4. feet and is covered by 20 feet of drift.
The stone is eXposed along the creek for a short distance -

~only. About four miles still farther southeast similar stone ‘L

is exposed on Goose creek (Tp. 76 N., R. VI W,, Sec. 20). ,

On the ridge .between Goose and Whiskey creeks the |
Augusta seems to have been eroded, and the Kinderhook
immediately underlies the drift. Stone belonging to the
Augusta formation is quarried in Louisa county at a number
of points southwest of Columbus Junction on Long creek.

As has been said, the Augusta is in this county a strati-
graphic unit. The divisions found elsewhere can not here be

traced. The main portion of the stone shows a closer affinity -

with the Burlington layers, though there are beds which con-
tain fossils suggestive gf the Keokuk and the Warsaw.

The actual contact between the Augusta and the Kinder-
hook has been nowhere observed within the county, though
such a contact was formerly exposedin the old railway quarry
near Wellman. At one or two points on Smith creek yellow
magnesian layers, answering in description to the Kinderhook,
have been penetrated in taking Augusta stone from the bed
of the creek. There seems to be no doubt that the coarse,
crystalline limestone of the Augusta rests directly upon the
earthy magnesian rock of the Kinderhook without transition.
beds. The upper limits of the Augusta are even more poorly
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defined. On Crooked creek, between the outcrops of lowest

Saint Louis and highest Augusta, a drift interval of nearly
five miles intervenes; and there are no outcrops by which it
may be bridged. As a result the line between these two for-,

mations can only be drawn on the map approximately and
without detail.

SAINT LOUTS.

 The rocks of the Saint Louis stage cover the southern
and southwestern portions of the county. It will be seen
from the Brighton section already given that they are com-
posed of limestones, brecciated beds, clay shales and sand-
stones. These different beds are shown more in detail in the
- following sections taken from a number of dlﬁerent points in
“the field.

A section on Crooked creek, three miles south of Washing-
‘ton, at the crossing of the Wayland road (Tp. 74 N., R. VII
W., Sec. 5, Ne. qr.), gives the following.

FEET. INCHES.

6. Drift . e 30

5. Shale, blue to green, calcareous...__._._.... !

4. Limestone, earthy, brown______.___________ - 10
3. Shale, similar to No. 5_.__._____ ST S

2. Limestone, earthy brown as above.._.______. 2

1. Shale, imperiectly exposed to water .______. 4

These beds may be correlated with the beds below No. 5
of the Brighton section. They may be traced up the stream
something more than a mile, and are exposed, though not so
- perfectly, near the upper bridge (Tp. 75 N., R. VII W., Sec. 32,
Sw. gr.). Down the stream they may be traced by frequent °
imperfect outerops on both sides, showing the presence of simi-
lar stone, though not apparently continuous with the layers
given, nearly two miles. At one point (Tp. 74 N., R. VIIL W.,
Sec. 4 ?), the shaly member is seen to be covered by the
- usual brecciated beds, imperfectly exposed and rising thirty-

five feet above the stream. Around the big bend in the

stream there are no exposures, the country bemg deeply
covered with drift,
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Almost directly south of the last mentloned exposure'
(Tp. 74 N., R. VIIT W., Seec. 21, Nw. qgr.) limestone is again
found on Crooked ereek The exposure here shows:

FEET.
2. Shale, arenaceous, with thin bands of earthy lime-
SEODE - o oo oo oo e 12
1. Limestone, heavily bedded, dark blue, fossiliferous;
10 Waber- ... 4

A mile or more farther down the stream is the following.

FEET.
1. Shale, blue, clayey and arenaceous; exposed to
Wa.ters edge-_-_---------__-,--.«__-____-___-__-;_ 12

About half a mile east of Coppack, in a cut on the Burling-
ton & Western railway, the following section is exposed.

FEET.
4. Shale, arenaceous, with interbedded sandy lime-

stone layers 2 to 4 inches thick, showing slight,

irregular deformations. ... ______...____________ 8
3. Shale, arenaceous, green--_;-______;____-_.;_----; o120
2. Limestone, soft, earthy, red._ ... ... _______C 1
1. Limestone, soft, earthy red; to track_.__.__.________ 2

The base of this section is about fifteen feet above Crooked
creek, the interval not being well exposed but apparently
being made up of beds similar to number 4 of the above
section. A quarter of a mile up the stream these beds are
seen to be covered by four to five feet of limestone, similar to
that occurring in the brecciated beds, and with thin 1ayers of
- odlitic material interbedded.

With the exception of the limestone just mentioned, all the
beds of these sections belong to the lower portion of the Samt_
Louis and are below number 5 of the Brighton section.

In the hill above the Coppack mill the beds of the brec-
ciated division (Verdi) appear. South of Coppack both these

“beds and the lower division (Springvale) are exposed at inter-
vals along the Skunk river. An excellent section®is exposed
near the mouth of Crooked Creek (Tp. 73 N R. VII W, Seec.
6, Nw. qr., Ne. 1) in Henry county.

*Measured by Mr. Arthur C. Spencer.
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. FEET.
4, L0688 oo d e L 15
3. Sandstone and limestone, irrsgularly alternating

(Verdi beds). oo e 25

2. Shale, light blue, argillaceous (3pringvale beds) .. 26

&

1. leestone, wh11;e, unfonsﬂlferous, seen in bed of

Between 00ppaok a,nd Brighton on the Skunk river there
are NUMEerous points at which the Saint Louis outerops, but
few good clear exposures occur because of the easy disinte-
_gration of the beds. Near a spring in section 27 (Tp. 74 N.,
R VIIT W.) a blue. calcareous shale is'seén at the head of a

- bend in the river. Only a foot or two is exposed lymg about

_ten. feet above: the water.. Above the shale are four feet of
fthm—bedded fine- crra,med hmeetone over “which lie snzteen
.",,,feet of 1mpefeetly exposed hmerook and sandstone The
former is earthy a,nd of a brown oolor Fenestella and other
obsoure ; ossﬂs oceur in blooks of hmestone in ‘the talus: The
_fshale and pos&blv a. portlon of the beds above, apparently
";'represen’c the. Sprmgvale beds, Whﬂe the hlgher bede prob-
'v,vably belong to the Verdi. .- - S

A somewhat mmﬂar, _though better exposed seot1on ocours
M-about a mile farther up- the stream (Tp 74 N., R. VIII Ww.,
"k.Seo 28 NW qr, NW i) T

: : : FEET.,
2 Slope, ta.lus of breccmted limestone and sa.ndstone__ 10

1. Sha.le, blue, arglllaceous non-fossﬂlterous, to water.. '12.‘:";

Between the Brighton mill and the west county line, lime-
stone crops out at a number of points on Skunk river and its
branches, but few good exposures are found. The following
section is one of the best. (Tp. 74 N., R. IX W., Sec. 9,
Sw. qr:). |

FEET.
5. Drifto..ooeeiooeeee- e e 15
4. Limestone, hard, black, nodular__________ e 2
: 3. Shale, blue, caleareouS .- oo omeoooooooooe. 4
2. Limestone, hard, black, nodular_ - ... _____._.__ 2
- 1.. Shale, blue, calcareous; to wabter________ . ___coaaao. 10
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The entire section may be referred to the Springvale beds.
The same beds are again seen above the wagon bridge in sec-
tion 9 (Tp. 74., R. IX W.) where the usual shaly beds are
exposed for a thickness of twenty feet above the water.

About five miles north of Brighton, near Verdi station, the
middle member of the Saint Louis is excellently exposed.
As seen here in an old railway quarry, it is made up of very
irregularly interbedded limestone and sandstone. The lime-
stone is the usual fine-grained, ash-colored, compact variety

F16. 13. Trregular beds of limestone in the Saint Louis; Verdi quarry.

found in the upper layers. In parts of the quarry the. brec-
ciated phase of the rock is particularly well developed. The
_sandstone bands are as much as five feet thick and are in part
fine-grained and white, while in part, particularly in a bed at
the top of the quarry, they are coarse and red. The quarry
abounds with apparent unconformities. The sandstone rap-
idly thickens and thins and contains great blocks of the lime-
stone, occasionally as much as four feet long and six inches
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thick, standing at various angles, some as high as 30 degrees,
such as is shown in figure 14.

‘Since the origin of the brecciation in these beds is a matter
not yet fully explained, it is of interest to note that at this
locality all the phenomena seen are exactly similar to what is
found now at the base of any high cliff on a sea shore.

In Washington and the neighboring counties the Saint
Louis has been differentiated into three members called the .

Fr1c. 14. Limestone block resting on sandstone bands; Verdi quarry.

Springvale, Verdi and Pella beds. All three members of this
series of beds occur in Washington county.

The Springvale beds derive their name from the exposures
near the old Springvale mill south of Delta in Keokuk county;,
and form the lowest member of the formation. In Washing-
ton they are most typically shown in the exposure on Crooked
creek at the crossing of the Wayland road in the section
already given. Their lithological character is well shown in
the various sections which have already been -referred to
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them. It is noticeable that in this county the shaly charac-
ter becomes the more prominent, while to the west the
division is more generally represented by brown, earthy lime-
stones. The maximum thickness is usually in the neighbor-
hood of twenty-five feet. Where the base can be seen the
beds invariably rest directly upon the coarse, crystalline lime-
stone of the Augusta. -

The Springvale beds cover the entire southern portion of
the county. In the middle eastern portion a few feet of thin
yellowish limestone  is frequently encountered in' drilling
wells. This is never of any great thickness and.immediately
overlies the heavy limestones of the Augusta. On Long
creek near Ainsworth there has been quarned on a small
scale a stone which greatly resembles the Sprmgvale beds
and not 1mproba_b1y represents an outher The - beds are
usually non-fossiliferous; the"few forms . Wthh have been
found are imperfectly preserved and are valueless for pur-
poses of correlation. . The determination of the age of the
beds in this region must for the present rest. -upon their
stratlgraphle position alone.’ The lowest portion: of the
formation as seen at Brighton was referred by Worthen to
the “Argillaceous marlites of the Geode bed”’* arld the
. layers above were correlated with-the- magnesian pbrtion of
the formation as exposed elsewhere. The only fossil:noted
by him was Lithostrotion canadense Cast., though it is not
quite clear from which layer it was eolleeted nor does it
appear upon just what decisive evidence his correlation was
based. -

Gordon has recently traced throughout southeastern Towa
a bed apparently occupying the same stratigraphic position
as the Springvale, and strikingly like it in 1ith010giea,1 char- .
acter. This formation he has called the Arenaceo-magnesian
bed* and it is characterized by the abundant presencc of
Lathostrotion canadense. 'The affinities of the Arenaceo-mag-
nesian bed seem to be with the Saint Louis and to that

*Qp. cit., 243,
*Geology of Van Buren county, Iowa Geol. Surv., vol. IV, p. 215, 1895.
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forination it is referred. It seems probable that the Spring-
vale beds may be correlated with the Arenaceo-magnesian
bed, though careful search has failed to reveal at any pomt
the characteric fossil.

The only fossils which so far have been collected from the
Springvale bed came from limestones in the bed of the river
at the Brighton mill, and in the bluff at the spring mentioned
above as located some distance farther down the river.
Apparently the fossil-bearing limestone at the mill was not
exposed at the time of Worthen’s visit.

None of the forms found are sufficiently clear to allow a defi-
nite correlation to be based upon them. The close relation
existing between the shale found along the Skunk river, in
Washington county, and the arenaceous earthy limestone more
generally present at the same horizon in Keokuk county, is in

‘this region apparent. On Crooked creek, south of Washing-
ton, they are interbedded. In Keokuk county they pass by
lateral transition into each other; everywhere it is evident
that they belong together and are simply phases of a varlable
sedimentation.

This series of beds seems, in this 1mmed13,te region, to be
intimately related to the Saint Louis, and to that formation
they have been referred, while the possibility is recognized
that ultlmately it may be neeessary to refer them in part to
lower formations. In accordance with the usage of the sur-
vey, they have been given a local name, Springvale, for
immediate purposes.”

The Verdi beds lie 1mmecuately above the Sprmgvale
Their character is sufficiently shown by the sections described
and is particularly well exhibited in the old Verdi quarries
from which they are named. It has been customary where
this middle member of the Saint Louis has been differentiated
to_refer to it as the brecciated beds. The name does not
seem applicable for the reason that, while the brecciated beds
occur in this formation they are only one phase of it. In

the counties lying farther west of Washington, the outecrops
14 G Rep ‘
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are more frequently of alternating. layers of sandstone
and limestone, as seen at Atwood and many other points in
Keokuk and Mahaska counties. The sandstones often become
very important. At points in southeastern Mahaska county
single beds are twenty-five to thirty feet thick. The brecci-
ation, while usually present, is not always found, and at
many points, well-bedded limestones of considerable thick-
ness ocur. :

The Verdi contains the record of-a time€ of considerable
“disturbance. Shore formations and open sea deposits succeed
each other in rapid alternation. Huge blocks of the previ- .
ously-formed limestone were torn from their beds and buried
in the sands, apparently at the foot of a series of cliffs; or
they were beaten upon each other and reduced, in part, to
fragments of varying degrees of coarseness, and in part to
finest powder that eventually cemented the fragments
together. Considering the turbulent conditions under which
the beds were formed, it is not strange that fossils are rare.-
Such as occur are found usually in the limestone and are the
brachiopods and kindred forms which become so prominent in
the succeeding quieter times when the Pella beds were
deposited. The reference of the brecciation in the formation
to coral-reef structure is untenable by reason of the practical
absence of corals in the region studied. The very few speci-
mens collected from these beds were found in the compact:
limestone and belong to species which are most abundant
in the succeeding strata where there are no signs of breccia-
tion. Furthermore, they are not reef-forming species.

The Pella beds form the upper member of the Saint Louis,
and are marine deposits made in the quiet waters succeeding
the stormy Verdi. They have only been preserved from ero-
'sion in the immediate neighborhood of Brighton, in the bot-
tom of what is probably a broad, shallow synclinal. They
are well represented in the quarries, and the stone taken out
here comes from these beds. As elsewhere, they consist of
compact, fine-grained, ash-colored limestone, breaking with a
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distinet conchoidal fracture, and lying in ledges separated by
thin beds of clay marl completely filled with fossils. The

‘stone is itself fossiliferous, but only sparingly so as compared
with the interbedded clays. The fauna foundis not so notice-

able for the large number of species as for the abundance of
individuals.

UPPER CARBQNIFEROUS.

~ The beds of the Upper Carboniferous series occupy but a

small portion of the county and belong entirely to the lower
division or Des Moines formation.

DES MOINEé.
The deposits of this stage within the county occur in the

form of small outliers. The only one which has yielded coal

to any extent is about one mile west of Verdi. A section of

- the strata here, as exposed at ‘the time of Worthen’s visit,

has already been given. A quartzose ferruginous sandstone,

‘red to yellow in color, is found on Goose creek (Tp. 76 N., R.

VII W., Sec. 21), lying above the Kinderhook. It is probably
of Des Moines age A similar stone is found on Davis creek
over the Augusta.

On Whiskey Run (Tp. 76 N., R VI W., Sec. 34, Ne. qr.), a
thin coal seam occurs and was at one tlme mined a little. Tt
varied in thickness between six and t\venty -two inches; it

- was covered only by drift and apparently rested on-clay. In

some of the wells near here a sandstone simila® to that on
Goose creek has been encountered, though it apparently does
not oceur at the old mine Workmgs A similar sandstone has
been reported as occurring near Wassonville, and clay shales
similar to the ‘““‘slate ”’ of the coal regions have béen_ reported
from Clay township about two and one-half miles west of

v Bmo*hton

It must be remembe1ed that this region suﬁered pro-
found erosion both previous to the deposition of the coal
measures and during later periods. The first erosion trenched
the 311rfaee deeply and prepared a series of basins for the
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subsequent deposition of the coal. Later the coal measures
were cut away except only in the most favored of these pre-
viously formed basins. It may even perhaps be doubted if
the coal-bearing strata ever covered the whole of Washington
county. Certain it is that they now cover only a very small
fraction of the territory. Whether this is altogether the
expression of the profound erosion to which they have been
subjected, or whether it is in part the expression of the orig-
inal conditions of deposition is not known. There are some
reasons for the belief that the outliers between the main por-

tion of the ITowa and Illinois field were developed in small
independent basins. ' '

- PLEISTOCENE.

The Pleistocene deposits of Washington county include the
Kansan drift, the loess, certain stratified gravels and sands,
and the modern alluvial deposits. Together they form a-
mantle of unconsolidated beds which spread over and very
largely conceal the indurated rocks. The thickness of this
mantle varies from nothing to as much as 350 feet. The mini-
mum is found only along lines of present drainage, while the
maximum marks lines of former stream action. Over the
smooth, upland drift plains the depth to rock is not always
the same. Near Keota it is usually about sixty feet, this,
seemingly, being less than usual. Near Wellman rock has
been encountered at a depth of about eighty-five feet. The
drift covering the plair around Wyman has been penetrated
by numerous wells. Usually the rock is encountered at a
- depth of seventY—ﬁve to 100 feet. The Edward Umphrey well,
on a level with the railway station, is 120 feet deep, with 100
feet to rock. The Uriah Beachman well, west of town, is 180
feet deep, with 100 feet to rock. Near Havre the drift is
sixty-five feet thick. Northeast of Washington, within the
limits of the Washington channel, the drift is more than 300

feet thick. Near Crawfordsville a well 70 feet deep failed to
reach the indurated rocks. -
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KANSAN DRIFT SHEET.

The drift plains of the county are covered by a very few
feet, two to six, of ‘‘overwash” loess-like material. Below

‘this are the heavy till beds of the Kansan drift. There are
here, as elsewhere, two phases of dirt. The upper is excel-
lently shown on Williams creek, on the north side of the
stream, at Wayland crossing. It is a deep, reddish-brown
color, and contains numerous pebbles including large quanti-
ties of local material. The rocks are very frequently suban-
gular and planed. A large proportion are striated. Granitic
types are common, though greenstones are not infrequent.
All of the material, with the exception of local chert pebbles
from the Augusta, is badly weathered. .Large boulders are
not present. The only noticeable exception is a light-gray
granitic boulder, two and a half - feet in diameter, lying at the
foot of the hill. :

- North of this exposure between Wayland crossing and
Washington, the streams have frequently cut into the drift.
Tt is quite uniformly of the character just described; at some
points the color is a bright yellow beneath the reddish-brown.
At one point (Tp. 74 N., R. VII W., Sec. 27, Ne. qr.), small
lime concretions were found in the t111,, at the same point the -
underlying blue clay in a weathered condition is exposed.

South of Riverside on Goose creek (Tp. 77 N., R. VI W,
Sec. 35), the blue clay is shown in a much fresher condition;

it is here sharply separated from the yellow clay as shown in
the following section: '

FEET.
3. Sand, coarse, yellow, alternatmcr with ﬁne gravel . 25
2. Yellow clay with pebbles

1. Blue clay, plastic, few small pebbles_______._ R 12

. The contact between the two clays is here marked by a
‘row of springs. The presence of the heavier blue clay
throughout the county is attested by well borings, though the
clay is not frequently seen at least in a fresh condition in
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exposures. Its relation to the yellow clay can not be defin-
itely stated further than that it is always beneath, and shows
considerable difference in the variety and character of the
contained pebbles. The two clays evidently represent quite
different conditions of deposition, but it does not seem clear
that they must be referred to two separate ice sheets.

No well defined forest bed which can be traced from pomt
to pomt has been found. In the Wa,shmgton well pieces of
wood and twigs.of trees were. encountered at a depth of 115
feet. Among the remains were a fewsmall cones of the spruce
Abies migra. The significance of these facts, however, as
indicating a well defined forest bed, is impaired by the fact
that the Washington well did wot go through the normal
undisturbed drift sheets, but rather encountered an unusual
phase of the drift. o

Above the yellow clay at the Goose creek exposure is a
series of stratified sands and gravels. Similar beds were at
one time exposed in a stripping at Brighton. Here they
rested directly upon the limestones and were covered, appar-
ently unconformably as shown in figure 15, by loess-like mate-
rial. The age of these sand beds is open to doubt. ’

¥16.15. Sub-loessial sands; >Washing‘bon.

The loess-like material found at Brighton is of no great
thickness, and apparently merges above into black soil and
below into pebbly clay. It should probably be looked upon as
of different origin from the more typical loess found in other
parts of the state. In the Martin quarry a section of the
drift deposits shows the following phases.
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: FEET.
3. Clay, yellow and gray irregularly mingled, sandy
in part; small pebbles throughout, upper and lower
limits more distinctly gravelly; larger erratics

more frequent at the base___.___ .. _____.__._______ 14
Unconformisy.
2. Clay, purple to brown, full of Saint Louis fossils
and limestone bloeks. .. . .. ... 1to03

I. Limestones, Saint Louis

.......................... 44
The clay found here immediately above the limestone is

very similar to the clays and marls found in the upper layers
of the Saint Louis upon which it rests. It has, however, a

- much darker color, and may, perhaps, be not improperly con-
sidered as being to a certain extent residuary in origin. It
cannot be of glacial origin since it never contains foreign peb-
bles, and under it the limestone shows no marks of ‘glaciation,
though where it is absent such marks are found. The pebbly
clay lying above it represents well the general character of
-the yellow clay. It shows a more or less complete merging
into the loess clay above. |

Glacial strie have been noted at two points in the county.

The first of these is at Brighton, where they appear upon the
upper surface of the Saint Louis limestone. The striations
are frequently half an inch deep and ten feet or more long.
They take the directions (corrected)south 4° east and south 6°
east. One shorter irregular groove varied from south 6° west
to 'south 4° east. It was not so well marked as the others. The
planing action of the ice is even better shown in the Eckel’s
quari'y on Crooked creek, where, in 1894, a surface was
exposed showing characteristic ice planing. The direction of
the ice planing at this point was south 67° east (magnetic).

THE LOESS.

While the true nature of the loess-like material occurring
at Brighton is open to some doubt, there are many exposures
in the county which show material which can be definitely
corrélated with the loess of the counties farther north.
Indeed the loess of Johnson county may be directly traced
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from the thick fossil-bearing beds at Iowa City south into
Washington county. Along English river and indeed over
the greater portion of the county the loess is normally found
veneering the earth forms cut into the -drift before its
deposition. ‘ o

The loess of Washington and neighboring counties shows
important differences from the loess of the Missouri river. It
is not porous, but rather the opposite. It does not stand
 long in vertical faces, but ecrumbles readily; it is stiffer, more
plastie, freer from lime concretions, and while better adapted
for use in the clay industry, is not so good a soil material. It
apparently bears definite relations to the lowan ice of John-
son county and probably represents fine water-laid material
washed out from the front of the ice. It is not improbable
that it has been in some regards modified since laid down yand
because of this possibility and on account of the wide differ-
~ ence between it and more typical loess deposits it has been
previously spoken of as the ‘‘altered loess,”” a name which is
perhaps not strictly applicable on account of implyiﬁg too
much. , » '

THE ALLUVIUM.

Alluvial deposits have been developed along the major and
most of the minor streams. They are of the usual black loam
character and resemble in appearance the black soil of the
drift plé:ins. |

Geological Structure. -

The general geological structure of the county is simple.
The rocks have a slight prevailing dip to the southwest, and
have been practically  undisturbed. No regular series of
anticlinals, similar to those traced in neighboring counties, =
has been found. With the exception of one very broad, shal-
low synclinal the rocks follow the prevailing dip. There are,
however, two great erosion unconformities and one overlap
known. The latter exhibits no marked signs of unconformity.
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CROSS SECTIONS.

Skunk River Section. (Plate iii, figure 1.)—The section
along the Skunk river is valuable in showing the general
absence of all undulations in the strata. A short distance
west of the county line the Augusta is exposed above the
river at Manhattan mill, a thickness of forty feet being shown.
These beds do not, however, appear at any point along the
Skunk river in Washington county, though the lowest member
of the Saint Louis is exposed along the entire distance, and
the Augusta can not be very far below the level of the water.
Brighton lies in the base of a very broad and very shallow
synclinal to which fact may probably be due the preservation
there of the Pella beds, while the underlying Verdi forms the
surface exposures over so much of the county both west and
north. The preservation of these beds is also largely due to

the local thinning of the Verdi, allowing the Pelia to be
deposited at a level considerably below its outcrops else-
where. : . _ ‘

Cotters to Keota. (Plate iii, figure 2.)—A- section made
along the line of the Chicago, Rock Island & Pacific rail-
way, from Cotters to Keota, shows excellently the variation
in the topography produced by stream action. 'The abrupt-
" ness of the change from upland to stream bed is greatly dis-
guised, since the railway necessarily follows the easiest grade.
That the upland forms one general plain is, however; evident.
The level country from Keota west to Crooked creek, is
indicative of the small amount of erosion accomplished by
the tributaries of that stream since, for the greater part of
the distance, the railway is within a mile of the main stream.

Brighton to Washington. (Plate iii, figure 3.)—On the
line from Brighton to Washington the deep chanmnels of the
Skunk river and Crooked creek are crossed as well as the
- high lands between these streams.

English River Section. (Plate iii, figure 4.)— The best
~east and west section across the county is exhibited by the
“exposures along English river. This does not, however, show
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very well the dip of the strata as it runs at only a slight
angle with the strike. South of Riverside the Maple mill
shale of the Kinderhook is seen to be covered by the Wasson-
ville limestone. At Kalona, the English river gritstones begin
to intervene. At Maple mill they attain their maximum
thickness. At Wassonville they have thinned and largely
passed beneath the river, while the Augusta appears over the
Kinderhook. Two miles west the strata are cut out, and there
intervenes a broad, deep valley filled in with drift. Some dis-
tance beyond, the Augusta again appears.

EXPLANATION OF PLATE IIL
Geological cross-sections in Washington county.

Figure 1. Skunk river section (a-b).

Figure 2. Cotters to Keota (c-d).

Figure 3. Brighton to Washington (e-f).
Pigure 4. English river section {g-h).

The numbers refer to the formations as follows:

I R 8
Saint Louis—
Pella beds o oo ae el 7
Verdi beds..... m e e e 6
Springvale Deds .. oo 5
CAugusta oo e e e e e ice el 4
Kinderhook— .
‘Wassonville limestone _ . ... .. __.._. .
English river gritstones_ ... .. ... _____ e e 2
Maple mill SHALES — - oo e e 1

~  DEFORMATIONS.

No deformations of any importance occur within the county.
The series of small parallel undulations which are so well devel-
oped in Keokuk county, and which show traces in Mahaska
county, can not be recognized in this area. This is more inter-
esting astheseriesshowa gradually increasing intensity toward
the east. Apparently the culmination was reached in the Man-
hattan anticlinal,
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UNCONFORMITIES.

UNCONFORMITY BETWEEN DRIFT. AND INDURATED ROCKS.

The general unconformity between the indurated rocks
- and overlying unconsolidated beds is particularly well shown
in this county. Just what had been accomplished by the pre-
glacial streams in their efforts to base level the country is not,
definitely known. A reasonably even surface of rock seems
to underlie the drift at a present elevation of 700 feet. At
Keota it is 743 feet which seems higher than usual. Tf, how-
ever, such a surface at one time obtained there is abundant
evidence that at some time preceding the ice age, probably
but a short time before, it was elevated and attacked by vig-
orous eros'ion;v Calvin in 1888 called attention to the remark-
able thickness of drift at Washington and interpreted it as
evidence of a preglacial channel. - The drift here is 350 feet
thick, and the channelin which it liesis cut down nearly through
the Kinderhook, or 285 feet below the nearest outcrop of lime-
stone at Eckle’s quarry on Crooked creek, and 324 feet below
the higher limestone farther west. The width of this old val-

ley, which has been called the Washington channel”, is not |

however known. .

In the northwestern corner of the county similar evidence
of profound erosion is found. The valley of English river
here shows a remarkable expansion on its southernside. The
river has built up a flood plain south of the river a mile and
.one-half wide for a distance of nearly six miles. On the
south this plain is bounded by gently rounded hills of drift,
‘such as are more common on the northern side of this stream
elsewhere, rising sixty to seventy-five feet above the flood
plain, or to an altitude slightly below 800 feet. At its east-
ern limit the plain is abruptly cut off by sharp-contoured
hills of rock capped by drift. Similar phenomena are seen on
the northern side of the river, but are not so noticeable, and
the limits of the expansion'in the valley appear a little west
of that described. It was not a surprise to find here that
" *Proc. Iowa Acad. Sci., vol. II, p. 23. Des Moines, 18%.
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borings on the hills south of the river had failed to reach
rock, though carried to depths of 170 to 212 feet, or more
than 100 feet below the water level of the stream. "‘here is
an old channel here which has cut down at least 150 feet into
“the rock and probably much deeper. Near Deep River in
Poweshiek county, northwest of this point, a channel has
been located cuttmg 250 feet below the level of the adjacent
rock.

Southeast from Washington evidence ofv this channel is
again seen. It has been noted that on Crooked creek there
are no exposures of rock close to the great bend north of
Noble, while west of the bend the exposures begin to appear
at about the same point on both the upper and lower eo,urses.‘
Near the bend the deepest borings carried on, some going to
a depth of 200 feet, fail to strike rock, though carried miich
below the nearest outcrops and much below what can be fairly
attributed to any filling in by the present stream.

In the counties still farther southeast there are traces of
similar channels, but as yet the one found in Washington
county has not been connected with them. The location of
the Washington channel is approximately shown in the sketch
map of the drainage of the country. (Figure 9.)

The depth of this ancient channel gives a measure of the
amount of the elevation of this region preceding the ice
period. It has been exactly measured at Washington only,
where the stream had cut down to 419 feet above present sea
level. The exact figures at Deep River are not known, but
they evidently agree quite closely with these. In Des
Moines county, near Kossuth, a buried channeh has been
encountered which was believed to have cut down to 274 A. T.
More recent evidence renders it probable that these ﬁgures
may not be quite reliable. |

It has been.shown by Gordon* that, preceding the ice inva-
sion, the Mississippi had cut down to about 350 feet above sea
level in the region near Keota. Into that river the st}éeam

*Towa Geol. Survey, vol. ITI, p. 248. 1895,
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following the Washington channel probably flowed. The
small amount of fall ‘which it must have had between these
points accords well with the equally slight grade between
Deep River and Washington, and indicates that the stream,
when it was overwhelmed and buried, was engaged in widen-
ing its channel. This agrees well with the surface indica-
tions of a considerable width near Wellman, though there is
some reason for believing that near Deep River the valley
could not have been wide. A glance at the sketch map will
show that the present drainage has no close connection with
this ancient system. English river flows directly across it
while Crooked creek, after reaching its former channel, turns

abruptly aside and attacks the hard ledges of the Saint Louis.

UI;]'CONFORMITY BETWEEN THE DES MOINES AND SAINT LOUIS STAGES.

The unconformity between the coal measures and the
underlying rocks, which has such weighty economic import in
* the counties to the west, loses here its significance. The
general absence of the coal measures is due, perhaps, most
largely to the vigorous erosion succeeding the period of depo-
sition. The erosion occurring in the long period between
coal measure deposition and the ice invasion cut down far

below the previous plane of drainage, and, while the erosion
between the elose of the Saint Louis and the beginning of the
coal measures must have largely influenced the deposition of
these beds, their probable originally limited extent, and sub-
sequent almost complete removal, reduce greatly the relative
importance of the pre-coal measure erosion.

UNCONFORMITY BETWEEN THE SAINT LOUIS AND AUGUSTA.

White* in 1870 called attention to the overlap of the Saint
Louis upon the underlying rocks. It is of some interestto
study this question in Washington county, as it must have
been about here that the retreat of the sea southward was
checked and the advance of the line to the north began. As
has been shown, in Washington and Keokuk counties -the

- '*Geology of Towa, vol. II, p. 225. 1870.
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Keokuk is not recognizable as a distinct formation. It has
become so merged with the Burlington that its distinctive
characters are lost. The greater portion of the Augusta
seems more closely related to the Burlington, though at a
few points Keokuk forms are found.

Over the Augusta lies the series of shales which show
everywhere close stratigraphic relations with the Saint Louis.
Between these shales and the Augusta limestone there are no
certain evidences of unconformity, though at the contact near
Ollie in Keokuk county, certain obscure phenomena might be

so interpreted.

In the Brighton section the lower member shows close
relations with the Saint Louis, and yet the fossils while
obscure, have a Keokuk facies. On the whole it seems now
‘probable that in this region there is no unconformity of ero-
sion, but rather that sedimentation was continuous, though

" very slight; during the time that the main portion of the

Keokuk and what has been called the Warsaw were bemg |
deposited farther south. :

ECONOMIC PRODUCTS.

COAL.

As has been shown, there are at present no productive coal
areas in the county, though in the past two at least have
yielded supplies of the much coveted mineral. All the known
coal territory in the county has been worked out. While it is
possible that other outliers may occur, the probability is
hardly great enough to warrant prospecting. The discovery
of such beds, if they be present, must be left to chance. So
far, the small outliers seem to have cost as much as they
have been worth. The reported presence of coal measure
sandstone near Wassonville led to the sinking of a shaft
eighty feet deep, in part through the Augusta. Slightly bitu-
minous shales probably belonging to the Kinderhook were
encountered. Altogether a considerable sum has at various
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times been spent in this county in prospecting, with practi-
cally no return.

Even if the coal measures ever covered any considerable
portion of the county, a conclusion not wholly free from
doubt, the very great erosion to which the area has since

been subjected precludes the possibility of more tha,n limited
outllers remaining.

CLAYS.
CHARACTER AND DISTRIBUTION.

Of the five formations exposed in this county three, the
Kinderhook, the Des Moines, and the Pleistocene, may be
considered as clay producers. At present the latter fur-
nishes all the clay used. o s
. The lowest formation exposed within the county is the
* Kinderhook. Tts distribution and the divisions of which it is
-composed have already been given. . Of the three divisions
.present,- the lower, or Maple mill shale, is the only one
important as a clay producer. This shale exists in large
quantities and is at several points Convemently located for

working. It is suitable for both paving and building brick,
~ and probably could also be used for sewer pipe when wisely -
mixed with other clays which are more highly refractory and
~ which have a lower shrinkage.

- So far as known, the formation resting upon the Kinder-
hook, the Augusta, does not yield clays of any value within
the limits of Washington county. The Saint Louis, which in
turn overlies the Augusta, is not usually a clay producer. In
the southwestern part of this county the middle and lower
portions of the formation contain some shale, though, so far
as observed, it has too large a proportion of sand and other
impurities to be available. |

s+ The coal measures, which farther west and south furnish
such a variety and abundance of clay shales, are here almost
entirely absent. As yet but three small outliers have been
located. These are three miles west of Brighton (Tp. 74 N.,
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R. IX W., Sec. 27), one mile west of Verdi (Tp..74 N., R. VIII
W., Sec. 4) and five miles northeast of Ainsworth (Tp 76 N.,
R. VI W., Sec. 34). At each pomt the formation has been at
some time worked for coal, at which time the presence of the
usual fire clay was demonstrated. These deposﬁ:s are not
now of any economic importance.

All the clays at present used are derived from the later or
Pleistocene deposits. Alluvium, loess and drift are here
present and available. The drift is made up largely of
pebbly clays in two well marked divisions—an upper yellow
clay, and a lower blue clay. The latter is freer from impur-
ities and better adapted for use, though hardly likely éver to
be of much value in this connection. The loess deposit
described elsewhere is found covering nearly all the county;
it is the clay most largely used at present and differs in no
regard from that in adjoining counties, showing the same dis-
“position to check upon drying. The alluvium is as usual
developed along the large streams. In the valley of Engdsh
river it seems to be closely connected Wlth the loess.

CLAY INDUSTRIES.
. ) . KALONA. . . .
The Farley Brothers’ plant is located on the hills south of

English river. A drift clay is used and the section is as fol-
lows. ‘ |

3. Yellow, soil-like elay.- - o ... 3%
2. Sand .o e i 2%
1. Clay, drab, plastic, clean_ .. . . ______ 3

The upper and lower clays are mixed together and then
tempered and moulded on a Freese side-delivery machine.
Both brick and tile are made;the ware is dried under closed
sheds and gives very little trouble from checking; only cased
kilns are used in burning. The ware is smooth, hard and of
good color. Experiments show that a hard burned brick
suitable for paving can be made from the clay, though the
Kinderhook shale outcropping near by could probably be
used for this purpose to better advantage.
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RIVERSIDE.

R. L. Swift & Company operate works located in the valley
of the English river south of town. The clay used, which is
carted from a neighboring field, seems to more nearly resem-
ble the loess than alluvium. It is run through a Brewer
crusher and moulded on a Brewer No. 6, new style, side-
delivery: machine. The ware is dried in part under open
sheds, and in part in a steam-heated dry house which has a
capacity of 22,000 brick, and in which the moisture is driven
off in forty-eight hours. = Two round and one oblong down
drafts, and one cased kiln are used. Coal slack is mixed with
the clay—two-thirds of a bushel {01,000 brick, and a consider-
~able saving in the cost of burning is thereby effected.

” * WASHINGTON.

James Eckels owns a tile factory four miles nmthwest of

Washington. - This factory has been in operation several

years. The loess is used, being moulded on a Brewer
“machine’ and dried under closed sheds. Considerable care
must be exercised in drying to avoid cracking. The ware is
burned. with wood in a smgle kiln. .
The F. W. Swift plant is located in the southwestern part ,
- of Washington. The common altered loess clay is used; it is
run through a Brewer crusher and moulded on a Brewer side-
delivery _maehiﬁe. The brick are cut slightly curved so that
~in drying they become straight. Closed sheds are used for
‘summer drying, but for winter use there is a large dry house
‘having steam pipes under the floor. The clay checks as
usual and must be dried slowly. In burning, three round and

one oblong-down draft, and two patent up draft kilns are used.
Both brick and tile are made.

BRIGHTON.

“Andrews Brothers formerly manufactured brick and tile at
Brighton, using the loess and having a well equipped plant.
Work has not been carried on since 1893.

15 G Rep
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WAYLAND CROSSING.

The plant of the Morris Brick, Tile & Lumber Co. is located
directly north of the station in the valley ‘of Williams creek |
The section of the pit shows:

5. Soil,black ool i
4. Soil, ash-colored. . ... . ... ... B S 2
3., GUMDO. .o e e 2

2. ' Clay, yellow, some pebbles--_--___---_-- e 4

1. Sa.nd yellow il

The clay is moulded on a Keﬂs & Son machine, dmed under
closed sheds and burned in two cased kilns. The plant is
new. No tile has yet been made, although the manufactured
brick show that the clay might readily be used for this pur-
pose. ' ' ‘

WAYNE.

The Brown Brothers’ tile factory is situated in the west
half of section 34, Crawford township, about a mile and a

half north of Wayne, a station on the Burlington & Western
railway. Ware was first made on a Penfield plunger, then a

No. 5 Brewer was put in and recently a No. 6 A of the same

make has been substituted. The material i$ run through a
Bennett smooth-roller crusher. Heretofore the output  has
been exclusively drain tile from threes to eights, but to meet
an urgent demand the firm recently turned attention to the
production of brick. The clay used is a yellowish-red loess-
like deposit, from two to five feet thick, and a blue drift clay
of the same thickness. This grades into a more sandy clay
lying above twenty feet of quite hard sand. The exhaust
steam pipes run under the dry shed floor and assist in drying
the green ware. Checking occurs when any considerable
portion of the blue clay is used. Tighily closed sheds are
used to prevent this loss. The yellow clay is ordinarily rpref-‘
erable on account of the ease with which it is handled. Two

round down draft kilns are used in burnmg and from three to -

foul days are required.
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- BUILDING STONE.

Stone of suitable quality for building purposes may be

- obtained from any one of the three major geological forma-

tions. The sandstone of the Des Moines formation is not

altogether unsuitable, but its limited qua,ntlty throws it out of
consideration.
. SAINT LOUIS.

The Saint Louis aﬁords the greater portion of the stone

‘now taken out. The ledges quarried belong to the upper por-

[

tion, and the stone presents the usual lithological characters
which mark it throughout the region. The sandstone of this
formation is not now used, though at the old railway quarries

near Verdi some was at one time taken out. It is, however,

too irregular in bedding to be of value for anything but bal-
last, and is too soft to be of much value for that.
The limestone of the Saint Louis formation are mainly

~ quarried in the vicinity of Brighton. It is here covered by
from two to twenty-three feet of drift, below which there are

two ledges, quarried principally for bridge and dam rock, and
two of which furnish paving flags. Below these latter layers
are the heavy beds once worked in the old Chicago, Rock
Island & Pacific raﬂway quarry. These lower ledges are
more or less water coursed, frequently badly so. It was this’
difficulty which led to the abandonment of the quarry.

The {fieinity of Brighton affords anumber of openings. The
Faber quarry, on the west side of the Chicago, Rock Island
& Pacific railwav, 1mmed1ately north of town, shows the fol-

lowing layers: ,
FEET INCHES.

6. Stripping;.drift . .. _______. 5to 15
Calcareous marl ... __.__._ 2to 4
5. Shell roek ... ... ... SR ' 8
4. Bridge stone ... _.___._._..__._____ 1 3
3. Bridge stoné .____ _______.___ . ___.._. 1 11
2. Paving flags and rubble stone .. ______ 3
- 1. Paving flags and rubble stone__.._...__. 3

The Martin quarry, on the opposfae side of the rallway,

- shows slightly different thicknesses.-
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Strlppmg Drift o ooeciiiiceoaoaoon 23

Calcareous marls 8 inches to. -~ 2
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This quarry is worked principally for the bridge stone, and
supplies considerable quantities for railway use. Equivalent
ledges are woi‘ked at a number of neighboring points. The
Morris quarry is immediately south of the Martin. The
Wood quarry is one and a half miles east; the Lloyd and
Emery the same distance northwest of town (Tp. 74 N., R.
VIIT W. Sec. 28, Nw. qr., Ne. 1),-and the Slater, two miles
northeast (Tp. 74 N., R. VIII W., Sec. 28, Nw. qr., Ne. ). At
the latter point. the stone is shipped by means of a switch
from the Bur lington & Western railway. Both compact and
ﬁnely ‘brecciated layers are represented at the quarry; the
ledges being six to twelve inches thick. The output is small.

The stone qu&rmed in this region is fine-grained, compact
breaks with a conchoidal fracture, and is of a pleasing ash-
gray color. It is of fairly good quality but limited in quan-
tity, as only the few ledges noted are workable. Below, are
the disturbed beds of the Verdi. Formerly the stone was
burned, and made.a clear-white, mild lime. No stone is now.
used for this purpose.

Nea,l Verdi, S.-Richardson 0pe1 ates a local quarry (Tp. 74
N., R. VIII W., Sec. 5, Nw. qr., Ne. 1); also in- the Saint
Louie. The old railway quarries, near this - place, have been
long since abandoned. ' >

About three miles southeast of Washmgton on Crooked
creek is the Jacobs quarry at which stone is taken from the
lower or magnesian portion of the Saint Louis (Sprmgvale
beds). This quarry is worked for local trade only. In the
southeast portion of the county there are no quarries, though °

tone is obtained in the adjoxmng portion of Henry county
north of Winfield. :
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AUGUSTA.

The Augusta formation furnishes the best quarry stone
obtaired within the county and to it must any great expan- -
~sion in the quarry 1ndustry be due. This stone is well shown
in the Eckels quarry section, already given. - In addition to
the Eckels quarry there are two similar openings in the same
vicinity which supply rock. - These are the Thompson (Thp. 7:)
N., R. VIII-W., Sec. 2, Sw. qr.) and the Humpston.

In the Thompson quarry there is an exposed face of about
six feet. The stone is a hard, heavy bedded, light gray to
brown, sub-crystalline limestone with abundant fossils. In
the Humpston quarry the rock is, at least in part, coarser.
It is interbedded with a poorer grade of buff sandy stone con-
taining small calcite geodes. Chert bands run through the
rock at both points. This group of quarries supplies consider-
‘able stone for local trade, nearly all the foundation stone at
Washington coming from here. Near Dayton (Tp. 77 N., R.
IX W., Sec. 13, Ne. qr, Ne. 1) there is a-small quarry in the

Augusta. At this opemng, the Whetstme quarry, the follow-
ing layers occur.

3. Limestone,_ buff, arenaceous..____ __._ D
) Li'me_stone, brdwn, coarse, sub-crystalline, fossilifer-
ous

(54

. leeatone, blue to ‘gray, ﬁllely sub-crystailine, fos-
siliferous .__ s 4

Jed

This stone very closely resembles that found in thefCrooked
creek quarries. Similar stone has been taken from the bed of .
Smith creek 1mmed1ate1y southeast of the Wellman, and
extends down the stream some distance. It has been opened up
at several points. - The Augusta is also quarried at the Wing-
ler’s quarry on Davis creek south of Riverside (Tp. 77 N., R.
VI W., Sec. 31). The ledge opened up is three and one-half

*to four feet thick and covered by twenty feet of drift.
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KINDERHOOK.

The upper magnesian layers of the Kmdel hook (Wasson—
ville limestone) are available over a part of the county but -
are not extensively quarried. South of Riverside, stone has
been taken from these layers and used in the construction of
a mill (Tp. 77 N.; R. VL, Sec. 18, Sw. qr.) and the beds have
also been opened up a ht'tle for local purposes on Goose creek
(Tp. 77 N., R. VI W., Sec. 21, N. 4). Southeast of Wellman
(Tp. 77 N., R. VIII W., Sec. 16) the Burlington, Cedar Rapids
& Northern railway formerly quarried considerable stone. A
working face 150 feet long was opened up. -

Near Wassonville there are many local quam ies ‘which
obtain stone from these layers. Immediately atthe mill is the
Yoder and Pfeil quarry from which stone was taken for the
piers of the bridge and the foundation of the mill. At pres-
ent a small amount of stone is sold. Tt is used for founda-
tions, wells, window sills and wall rock. ‘The stone is rather
soft but frequently is better than first appearance seems to
indicate.

‘ SOILS. .

- The soils of Washington county belong to two general
types; the loess soil and the alluvial soil.  There is a close
‘connection between the two in character, properties and
origin, Both are black, loamy, soils of great fertility, both
are water deposits, and both consist of fine silt-like beds laid
down in quiet water. Indeed, the alluvial soil is at present
receiving direct addition from the loess by the simple process
of wash from the uplémds and re-deposition over the bottom
lands. There are, however, important differences between the
twosoils. The loess soil is formed 4n sitw from the underlying
“loess by changes in thdt deposit. Its subsoil is, therefore,
always the loess, which is usually of considerable thickness.
Over some regions it is thin, and then the drift itself acts, to
some extent, as a second subsoil. |

The alluvial soil is not formed 4n sifw but is derived from
other ready-made soils and may ovérlie anything. It is
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usually of considerable depth, so that the subsoil is the same
as the soil itself, except that it may be coarser. This is not,
however, necessarily true, as the soil covering may be thin
and may have any kind of a subsoil. The relations between

the two types are quite close, and they are in the main adapted
to the same kind of culture.

WATER SUPPLY.

In common with the other counties of the region, Washing-
ton is well supplied with surface waters. The English and
Skunk rivers, with their tributaries, contain an abundant sup-
~ ply for general farm use, which is readily available through-
~ out the greater part_of the county. -

Good wells are rarely difficult to obtain. The drift con-
' tavin_s‘ here numerous lenticular bodies of gravel and sand,
interbedded with more impervious clays, which thus form
natural basins for the collecting and storing of water. Such

layers are found throughout the county, usually within 100
 feet of the surface, though not always so. Immediately
above the indurated rocks is a good water-horizon. - In the
- underlying rocks water may also be usually obtained. In
Des Moines and Liouisa counties the Augusta frequently yields
good water along the planes between the heavy limestone
bands. West of here the Saint Louis is water-bearing in the
middle member and might .be found to yield water in the
southwestern portion of this county.

In the deep well at Washington a good supply is obtained
‘at a depth of 1,611 feet. It probably comes from one of the
upper layers of the Saint Croix, or from one of the sandstones
of the Oneota. The water stands forty-four feet one inch
below the top of the casing and has a temperature of 74°. Tt
has a slight mineral taste, but is well liked. It is pumped at
the rate of ninety-five gallons per minute, the smallest casing
being four and one-half inches in diameter.
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WATER POWER.

The power afforded by the streams of this eounty is used at
' only four points. Two mills are located on English river, one
at Wassonville and one at Riverside, and two on Skunk river
at Brighton and Coppack respec’tively These mills use an

- aggregate of 150 to 200 horse power and there is considerable
room for expansion. : :

"ROAD MATERIALS. |

* The materials which are here adapted to the purpose of road
making consist of gravel, clay and stone. ~ The first occurs in -
~greater or less quantity throughout the drift, but it is only at
afew points that it has accumulated in sufficient quahtity
and purity to be readily available. These points are along the
larger streams. At Coppack there is a gravel terrace from
which considerable material has been taken by the Burlington
& Western railway and used for ballast along its line. The
gravel is rather fine and is mixed with eon51derab1e sand
The output has been decreasing.

~ The number of cars ]oa,ded of reeent years has been as fol-
1ows

_1892......Q_Z........'...........2,100'
1893, . .o e 400
1804, .ot 100

Clay of good quality, such as is elsewhere burned for ballast
and road materials, is everywhere present but has not been
used for these purposes.

Rock suitable both for ballast aJnd general road purposes
occur in all formations: The Saint Louis has been used to
some extent for the- f_ormer' purpose by theChieago, Rock
Island & Pacific railway, and the Kinderhook has been used
by the Burlington, Cedar Rapids & Northern. Rock has not
been used on the common country roads except at local points.

Tt is of excellent quality for such purposes and readily avail-
able. ‘
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INTRODUCTION.

SITUATION AND AREA.

Boone county forms. one of the middle tier of counties,
lying immediately to the west of the center county, Story, of

the state. It comprises an area of approximately 576 square
miles. '

PREVIOUS GEOLOGICAL WORK.

Like that of many other counties of the state, the literature
pertaining to its natural resources is extremely meager. The
first published account of observations made on the geological
structure of the county appears in a report of a geological
survey of Wisconsin, Iowa and Minnesota, and incidentally
of a portion of Nebraska territory, by David Dale Owen.*
This description deals mainly with the general features of the
county, and is accompanied by a sketch of the Des Moines
river and vicinity, with several sections illustrative of the
strata in the southern half of the county. It is based on an

“excursion up the river between the Raccoon and Lizard
forks during the summer of 1849, the primary object being to
determine the delimitations of the Iowa and Illinois coal
area. S

In 1856 A. H. Worthen made a general geological recon-
noissance of the Des/Moines valleyt, and incidentally gives
detailed sections of the strata occurring at Elk Rapids and
Milford, which, with some slight modifications, may be con-
sidered as fairly typical for the southern and middle portions

~of the county respectively. White in his second annual

report, and again in his final reportf, speaks of the coal
industry and definitely refers the strata of the whole county
~to the coal measures.

*Report of a Geclogical Survey of Wisconsin, Jowa and Minnesota, and incidentally a
Portion of Nebraska Territory. By David Dale Owen. Pages 123-125. Washington, 1852.

+Geology of Iowa, vol. I, part 1, pages 172-173. 1858.
¥ Geology of Towa, vol. IT, page 259. 1870.

18 G Rep
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PHYSIOGRAPHY. -
TOPOGRAPHY.

The surface configuration of the county belongs to McGee's

third type, the *Drift Plain” topography*. Under this
- general type three sub-types may be distinguished: the inter-
morainal, morainal and extra morainal portions. The area
lying within the moraine comprises a narrow.tract in the
northern part of the county, characterized by an extremely -
flat surface broken only by occasional small eminences and
depressions. The moraine is composed of a chain of inter-
locking hills having a north of west trend and running three-
fourths of the way across the county. The belt varies from
one to two or three miles in width, and is the most prominent
topographic feature in the region. The extra-morainal area
comprises by far the greater portion of the county. The
general surface of this area is undulating and slightly
inclined toward the south. The land bordering the princi-
pal streams is much broken, and as a rule supports a vigorous
~growth of timber.  The inland portions present a billowy
appearance, the general trend of the corrugatlons being
northwest to southeast.

The watershed between the Skunk and the Des ’\lomes
river has an average altitude of nearly 1,200 feet, this bemg
the most elevated divide in the county. That between the
Beaver and the Des Moines is about seventy-five feet lower.
The sub]01ned table, based upon railroad profiles, gives the
altitudes of some of the most important pomts

Table of Elevations. o

A3

3
[}
© R
= O 1 :
STATION. B> AUTHORITY.
E2%
E38
- < .
Angus - e e 1028 | M. & St. L. Ry.
Beaver Station - ... . 1031 | C. & N-W. Ry.
Boone. i e il 1143 | C. & N-W. Ry
‘Dayton (Webster county)- .o oo 1090 | C. & N-W. Ry
Madrid - e 1006 ' C., M. & St. P. Ry

* BEleventh Am. Rep. U. 8. G. 8., page 367.
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Table of Elevations.

3
o
o ® .
= O
STATION. £39 AUTHORITY.
B2 0
]
Midway oo ooiiciiimicciciiiin iiicoooooo-..-|1086 ) C. & N-W. Ry.
Moingona . - - oo ol 909 | C. & N-W. Ry.
Ogden _ o il e ioo. 1098 | C. & N-W. Ry.
Pilot Mound.. ... 1220 | M. & St. L. Ry.
Stratford (Hamilton county). ... .o .. ... 1120 | C. & N-W. Ry.
Summit between the Beaver and Des Moines .___.__. 1111 | C. & N-W. Ry
Summit between the Skunk and Des Moines ______.__. 1186 ' C. & N-W. Ry

DRAINAGE.

The streams in this region belong to McGee’s* second
class, and their homologues in nertheastern Towa have been
well described by that writer as follows: *‘The most strik-

-ing characteristics of all these streams is their great length
in proportion to their volume, and the striking characteristic
of the basins is their length and slenderness. Moreover
there is a dearth of small tributaries, and so occasional lakes
and ponds, swamps, and extensive sloughs are common.” As
has been mentioned, the general surface inclines gently
‘toward the south and a natural inference would be that the
principal water courses flow in the same direction. This is
true in the main, the streams in the northeast portion of the
county being the exception. The streams belong to two river

‘systems; a major, comprising the Des Moines river with its
tributaries, all flowing nearly due south with the surface
incline and draining the southwest three-fourths of the
county; a minor, drained by tributaries of the Skunk river,
the general trend of which is nearly at rightangles to the sur-
face incline. As a rule all the larger channels of both
systems have deeply incised the county through which they
flow. This is particularly the case with Squaw creek and
the Des Moines river with its short branches.
~ *Tbid, p. 3.
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DES MOINES RIVER.

The Des Moines river enters the county about two and one-
half miles west, and leaves it a little more than three miles
east of the median line, thereby dividing the county into two
almost equal east and west halves. Thevalley formed by the
river varies from a half mile to two miles in width. The
present flood plain comprises about one-third of the area,
though, during periods of ultra high water, at least one-
half of the valley is inundated. The stream meanders from
side to side of its flood plains, but very rarely impinges upon
its restraining bluffs. It has cut through the drift and deep
into the coal measure strata throughout its course jn the
county. The valley is included between precipitous bluffs,
deeply lain with' glacial debris, and the continuity of its walls
is broken only by the incursions of its numerous side branches. -
These mural walls vary in height from rather more than 100
feet at their entrance into, and exit from the county, to a
maximum of 200 feet west of Boonesboro.

Terraces.—Terraces marking distinct stages in the develop-
ment of the river are characteristic features in this region.
The most prominent and persistent terrace appears about fifty
feet above low water and, in the main, marks the limit of the
present flood plain. The valley farms are largely located on
this bench, and amply testify to the value of its soil for agri-
cultural purposes. Another terrace of less. pronounced
character may be observed, at various points, at an elevation
of about 100 feet above the river. _ ' '

The Des Moines basin proper is extremely narrow. The
tributaries which become confluent within the confines of the
county are extremely short. The watersheds between the
Skunk and Des Moines, on the east, and the Beaver and Des
Moines, on the west, average scarcely nine miles apart and
might be crossed and re-crossed without their presence being
suspected. The valleys of the short lateral branches of
this system partake of the general canyon-like character of
the parent stream, and give a very broken aspect to the river
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belt. They possess steep declivities and become torrential
during seasons of high water, but very few flow in extended
periods of drouth. The majority, although they may be
creeks of some importance in their upper reaches, lose them-
selves entirely in the sands of the river flood plain. The prin-
cipal tributaries are Mineral, Honey, Peese and Hull creeks
from the east, and Bluff, Bear, Caton and Preston creeks
from the west, all of which tend to parallel the greater stream.
Age of the Des Moines river.—Sufficient data is not at hand
to definitely determine the age of the river; but several sig-
nificant facts, all of which point toward the youthfulness
of the system, may be noted. (1) The extreme shortness of
its tributaries, taken in conjunction with their high grades,
are indicative of brief careers. (2) The river itself has done
comparatively little lateral corrasion. Only in rare instances
does it impinge on the limiting walls of its valley, and “‘trun-
‘cated salients,’”” which form such a pr ominent feature in the
topography of the Mississippi valley, are almost unknown.
(3) According to data derived from-coal mines and well sec-
tions the position of the stream appears to be out of harmony
with the tOpographic features of the older formations; i. e. the
Des Moines is a superimposed stream, younger than the
~ glacial deposits.

Beaver creck.—Beaver creek, with its long meandering
branches, drains the western tier of townships and belongs to
the greater Des Moines system. It is essentially a prairie
stream of low grade. In fact the northern ten miles of its
course might be more properly denominated a system of prai-
rie sloughs and ponds which become almost impassable during
- prolonged periods of rainy weather, but do not persist during
the dry season. As might be expected from the low declivity
of the stream ways, and the transient character of the water-
flow, the streams have done but little work in channeling or in
valley formation. Only inthesouthern portion of the county,
" after the several branches have become confluent, is there a
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well defined valley. At no place is the superimposed drift
sufficiently removed to reveal the older formations.

SQUAW CREEK.

" Squaw creek, a tributary of the Skunk, with its long sinuous
branches, amply drains the northeastern fourth of the county.
Unlike the Beaver, this system possesses a higher declivity,
and the several components have cut for themselves well
defined valleys. Furthermore, small lateral branches are
more numerous, and sloughs and ponds less common. The
streams with their flood plains are from fifty to eighty feet
below the general level of the surrounding country. Like the
Beaver, these streams seldom persist throughout the entire -
year. '

- STRATIGRAPHY.

General Relations of Strata.

The geological formations represented in Boone county may
be referred to two systems, an older, the Carboniferous, com-
prising the indurated rocks of the county, and a younger, the
Pleistocene, including the non-indurated beds. The relative

rank of the individual formations is shown in the subjoined
table. ' S

Classification of Formations

GROUP. SYSTEM. SERIES. STAGE. - SUB-STAGE.

-

Recent. : © | Alluvium.

Cenozoic. |Pleistocene. Wisconsin, Upper till.

Glacial. ]
. Kansan. Lower till.
Paleozoie. | Carbonifercus. |Upper Des Moines.

Boone county, so far as now known, lies wholly within the
region of the lower coal -measures, or Des Moines formation.
For many years it has been one of the most important coal
producing counties of the state. The Lower Carboniferous
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formations, while present at no great depth below the surface,
as evidenced by numerous well borings both within the limits
of the area and also in the adjoining counties of Story and
‘Hamilton, are nowhere exposed within Boone county. The
Saint Louis limestone occurs in typical exposure about two
miles from the eastern boundary of the county, on a tributary
of the Skunk river. This is the only outcrop of the Mississip-
pian series in the vicinity. The drift is everywhere present,
varying from fifty to more than two hundred feet in thickness.
It entirely conceals the subjacent formations, save along the
Des Moines river and a few of its tributaries; and even here
talus slopes and landslides of glacial debris largely conceal
the country rock. Inland, there -are no natural sections of
importance; but, fortunately, certain public spirited citizens
have been instrumental in preserving careful records of sev-
eral artificial excavations which give reliable information not

only concerning the coal measures, but concerning the deeper
lying strata as well.

TYPICAL SECTIONS.

The following sections taken from various parts of the
county illustrate the lithological character of the formations
presetnt. -

Traversing the county from south to north along the Des
Moines river a considerable number of sections may be
observed, which may be considered fairly typical of the coal
measure sﬁi’a,tigraphy of the region.

"~ On Preston 'braﬁch, about one mile from its confluence with
the Des Moines, the following sequence of strata may be

observed.
SECTION 1.

(Tp. 82 N., R. XXVI,, Sec. 33, Ne. qr.)

FEET. INCHES.

1. Drift «ceee o oo 20
10. Shale,blue ... 2

9. Sandstone in which plant impressions
are NUMErousS - --_--- e 2

8. Shale, somewhat bituminous below.. 3
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FEET. . INCHES
................................ 2
6. Sandstone, fine-grained; argillaceous

in the lower portion. ... ...._..__. 15
5. Shale, bluish-buff; containing numer-

ous interesting concretions near the

top and one or twe hard bands

toward the bottom ... ... __.._. 18
4. Coal, not persistent_.__._.._________. 4
3. Shale, interstratified with irregular,

friable, sandy bands toward the

~1
Q
)
e
=

2. Sandstone, ferruginous, concretionary 6
1. Shale, blue

The base of the section is at the bottom of the creek. To
show the great variation in details, even in closely situated

exposures, the outerop on the side of the bluff, about 900
yards to the northeast, may be consulered

SECTION If. A
FEET. INCHES.
7. Soiland drift._ .. __________ 10 to 50
" 6. Shale, light blue, iron mottled .. ... 3
5. Shale, compact, brittle; strongly cal-
. careous and highly fossﬂifer'-ous, con-
taining a marine fauna.....__..__.__ 1 6
4, Shale, blue: carbonaceous and fissile
below .. 3
3. Coal (*coal blossom ’* of miners).._.. l1to4
2, Sandstone, calcareocus, deeply bedded. 6
1. Shale, blue (exposed).- ... ... .. 1

The lowest member visible at this point is about seventy
feet above low water in the Des Moines river. No. 2 com-
prises a heavy-bedded calcareous sandstone, dnly the lower
portion of which is thoroughly cemented. The upper layers
take on a variegated appearance due to the anomalous distri-
bution of ferric oxide. This portion contains an abundance
of plant remains, which may have been instrumental in the
removal of calcite and a redistribution of the iron constitu-
ent. False bedding, on a small scale, is not uncommon, yet
the sands must have been laid down with extreme gentleness,
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for in many instances the Lepidodendron stems retain their
~leaves extended, in presumably perfectly natural position.
. In the south central part of the county, the older Carbonif-
erous formations have been cut out and replaced by a younger
massive sandstone. A casual observer traversing the river
valley cannot but notice the sudden change in topographic
form, when this sandstone is reached. The rounded salients
of the coal measure shales and argillaceous sandstones, give
place to mural escarpments and bold buttresses of the
 “Ledge’ sandstone, amply testifying to the change in stratig-
.raphy. This terrain is typically exposed near the mouth of
- Peese creek, a tributary of the Des Moines entering from the
_east. The section exhibited at this point is as follows.
N . SECTION II;Z.

(Tp. 83 ., R. XXVI W., Sec. 33, Sw. qr., Sw. .)

: : . FEET.
4. Drift ... e mmmmein el ---.80 to 100

3. Sandstone, fine-grained: very friable and of & brown-
" ish color; iron-stained .. ... ... _l_________ 50

o

. Sandstone, heavy bedded; containing numerous fer-
. - ruginous and quartzitic (?) coneretions______..... . 35
- 1.- ‘Sandstone, thinly bedded; often showing false-bed-

~ ding

The base of the section is but little above the river level.
The creek valley is extremely narrow and walled in by verti-
cal cliffs, often overhanging ledges; hence the name of the
- formation.

Examples of water sculpture are numerous and beautiful.
The ridges and less precipitous slopes support a luxuriant
vegetation. In short, the inorganic and organic worlds have
conspired to make this one of the most picturesque spots in the
region. This formation presents many interesting lithologi-
cal variations, the manifestation of which, in all probability
is due to, or at least has been accentuated by, the weathering
processes. The second member contains numerous ferrugin-
ous concretions varying in size from a few inches to many
feet in the direction of their greater dimension. Others take
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an almost quartzitic facies and are so hard that they will
strike fire with steel. These nodules are commonly lens-
shaped or spherical, but in some instances are cylindrical.
By reason of their relatively greater refractoriness, they
often project beyond the softer matrices, and closely simulate
the trunks of trees, and they are currently known as such.

Fic.16. Ledge sandstone on Des Moines river.

To make the delusion more complete, these pressed cylinders
weather concentrically and have a striking resemblance to
the truncated bodies of exogenous trees of gigantic propor-
tions. The lower bed of the section shows in many places
cross-bedding the appearance of which is intensified by the
differential corrasive and corrosive effécts of the present
stream. This sandstone is- known to have a thickness of
upwards of 100 feet and has been represented in the sectlon as
oceurring in three stages.

The divisions are arbitrary rather than real; the external
differences being due to accidents of weathering rather than



TYPICAL SECTIONS. 189

to variable conditions during sedimentation. The ledge sand-
stone may be considered as a geological unit representing a
period of continuous deposition. As in most deposits of its
kind it is of limited extent. It thins out rapidly both to the
north and the south. At Bear creek half a mile down the
river it is reduced to forty feet, and two miles in either direc-
tion from its typical exposure it entirely loses its identity,
giving place to alternating sands and shales. One mile and a

¥1G. 17. Differential weathering of the ledge sandstone.

half toward the source of Peese creek the older measures
pass uncomformably under the ledge sandstone. Approach-
ing from the south about one mile below the mouth of the
Bear, two seams of coal are easily seen outcropping along the
river bank, the lower being twenty feet above the water.
Where first observed these coal beds are separated by a con-
siderable thickness of shale and clay. Proceeding northward
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the intervening strata gradually disappear, and before reach-
ing the mouth of the creek the veins themselves end abruptly,
:and the ledge sandstone comes into view. Both stratigraph-
ically and lithologically the ledge sandstone seems to have its
homologue in the massive sandstone exposed in Marion county
and currently known as the “ Redrock sandstone.” *
The Redrock sandstone is indicative of a considerable

oscillation of the shore line during Carboniferous times, by
which the land in that vicinity was elevated, profoundly
eroded and then submerged by gradual tilting of the surface
on an axis more or less parallel to the shore line. This was
a period of vigorous erosion on land and of rapid sedimenta-
‘tion in the area in question. The ledge sandstone was laid
down during this time and was followed by re-elevation.

~ The four following sections may be considered representa-
tive for the central coal- produemg area of the county

SECTION ‘,IV
Honey meek section (Tp 83N R XXVIW . Sec. 7, Se. qr., Ne )

FEET.
. 8. Drift containing an a,bunda,nce of selemte crystals
near the base--,.;_,_-______'_ _______________________ 404+
7. Shale, compact, br 1ttle, calcar eous and highly fos-
Sl erous _ e e 2
6. Shale, bltumlnous _________________________________ 2
5. Coal. oo il Ll e mmmmammeen 2
4. Fire clay and alte1 nating shales . and argillaceous
T sands‘sonei_-_;__j-;v___-_-_____-__'- . 50
3. Shale, black, containing many clay-ironstone con-
- cretions—nigger heads - . ____ . .___.______. 2
2. Coal;-__"_‘_______;--__________-___;_-__-__-.-__.-‘__-_ 2
1. Fire clay fo bottom-of creek..___ S . 1

- No.7 is lithologically and faunally very similar to No. 6, in
Section I1. Both terrains have about the same altitudes and
it is highly probable that they belong to the same horizon.
The following species have been identified from this stratum.

Athyris argentea Shepard.
Discina nitidae Phillips.

*Jowa Geological Survey, vol. I, pp. 9 et seq. " 1803.
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Productus costatus Sowerby.
Rhynchonella wia Marcou.

Spirifer (Martinia) lineatus Martin.
Awiculopecten, Sp.
Clinopistha radialis Hall.
Pleurotomaria grayvillensis Norwood & Pratten.

- Pleurotomaria illinoisensis Worthen.
Soleniscus newberryt, Stevens.

The iron nodules, which oceur so abundantly in No. 3, often
contain well preserved specimens of gasteropods.

SECTION V—MOINGONA.

191

Coal measure strata exposed about one-half mile northwest

of the town of Moingona, along the Chicago & N orthwestem
railway, are as follows.

11.

10.

T o

I

e ov o

L.

1.

7 FEET.

Drlft in the main, a light blue, gritty
~clay, with numerous small lime con-
cretions, extends about fiften. feet
below the road bed __._.___________
Sandstone, shaly, alternating w1th
sandy shales; predominantly ash-gray
in color and calcareous. .._.._______
Shale, blue ..o ... ... ________

Sandstone, shaly and sandstone, com-

Fire elay and shale

.Shale, containing many ferruginous

concretions and stems of Lepidoden—
dra-

Shale, blue- black contam_ng ngu]a
umbonpata Cox, in places

This section extends to the water
According to data derived from the coal shafts in the vicinity,.
a soft sandstone underlies the fire clay at the base of the sec-

tion. About one mile north of this point the following
sequence of strata may be observed

level 'in the river.

INCHES.
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SECTION VI.
(Tp. 83 N., R. XXVII W., Sec. 1, S. 4, Se. £.)

FEET
7. Drift and displaced material . ____ .. ... 40
6. Sandstone, compact ledge __ . .. ..._._____ 1

5. Sandstone, ash-colored, clayey and somewhat fissile; -
state of induration very variable, pockets of fine"
sand occur in the upper portion while the lower

part takes on a coneretionary structure__________ 45
4. Shale, blue-black.. ... e i 2
3. Coal . SIS 2
2. Fire Clay ool eeeailo . 3
1. Sandstone, exposed--------__--; ___________________ 3

Numbers 2, 3 and 4 are undoubtedly the same as 1, 2 and 3
in Section V. Above this point on the river the country rock
is rarely exposed and in no case can more than a partial sec-
tion be observed. .. o ,

At Milford the following section may be made with some
degree of accuracy, the partial natural exposure being sup-
plemented by shafts in the vicinity.

SECTION VII—MILFORD.

FEET.

8 Dt . 100

7. Sandstone, alternating with shaly sandstone_____._ 60
6. Shale, bituminous; containing Lingula and Lepido-

Aendra .o e 10

5. Coal . e e -1

4. Fire clay, sandy shaleand shale___.___.___________ 20

3. Coalatwaterlevel - ... 2
2. Fire clay and shales, the latter often containing

septarian nodules ... ..o _.____ ... 10

1. Coalo oL S 1t04

The correlation of the strata at this poinjc with those of
previous sections cannot be definitely made. It is highly
probable that numbers 2, 3 and 4 are tHe equivalents of 2, 3
and 4 in Section VI. No. 1 in this section may be present at
Section VI, but it has been proved to be absent at Moingona
as the numerous codl shafts in that vicinity attest. Proceed-
ing northward there is an exposure on the west bank of the
river opposite Wilson’s mine (Tp. 85 N., R. XXVII W., Sec.
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22, Se.qr.). Six feet of a micaceous fissile sandstone appears
along the roadside, about thirty feet above low water. A
workable vein of coal is found about ten feet below the bed of
the stream as evidenced by the mine across the river. The
last outerop of coal measure strata in the county may be seen
on the Se. qr. of Sec. 10, same range and township as the pre-
ceding. A twelve-inch seam of coal appears about four feet

. above *phe' water in the river and is capped by a bituminous
“shale which is followed by a shaly sandstone. This vein is

peculiar in that it contains a persistent clay parting.

Away from the Des Moines river and its immediate tribu-
taries natural exposures of the coal measures are wholly
wanting. Our present knowledge of the stratigraphy of the
inland regions of the county isalmost entirely based on drill-
ers’ records. It is very generally admitted that the record

-of a well that has been dug, or of a shaft that has been sunk,

when not accompanied by sample drillings, soon becomes a
matter of legend. Notwithstanding the somewhat unreliable

- character of the data derived from such sources, when minor

details are concerned, the general fact hasbeen quite clearly
demonstrated that the Des Moines strata underlie the entire
county. Of the sections away from the Des Doines river the
well record at Ogden is instructive in giving the depth of the
drift and the general character of the coal measures for the

western part of the county. In sinking the city well the fol-
lowing strata were penetrated.

SECTION VIII—OGDEN.

DEPTH OF

A FEET. SAMPLE.
8. Soil and drift clays .- cooo ccceoeo_- .. 108 108
7. Sand and gravel, water-bearing _________ 2 110
6. Shale, light-colored, sandy .- ._____ 1 117

5. Shale, black; more or less concretionary,

and containing some coal at the base_.. 8 125
4, Fire elay-ocioo oo ommo L 2 127
3. Shale, bituminous - o ... 228
2. Shale and sandstonemized at.__.___.__._ ___ 256
1. Coal, penetrated abt. . - —oooooooo oo oo 270
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"This section gives the thickness of the drift as 110 feet and .
shows the presence of coal under a good roof within a work-
able distance of the surface. The amount of coal penetrated
at this point would not seem to warrant the sinking of a shaft,
but the presence of at least two coal horizons is established,
and further prospecting may develop the fact that coal emsts
in sufficient quantity to be economically important.

- SECTION IX—BOONE WELL.

One of the most important artificial sections in the state is
that atforded by the deep well put down in the city of Boone.*
Here, a magnificent section of 3,000 feet is presented for
inspection. The following sequence of strata, based on drill-
ihgs taken at short intervals is appended. v
DEPTH OF

: , v SAMPLE.
110. Clay, yellow, sandy, variegated ... _____.____. 10
109. Clay, light-blue; mixed with angular gravel

which gives it a gritty character ._.._..._.. 24
108. Clay, light-blue; gravel more conspicuous.-.... 34

107. Clay, yellowish-gray; slightly arenaceous and

containing fragments of wood, closely resem-

bling red cedar; gravel still persists, but is
» less angmlar. . ... 45
106. Clay, gray-blue, more even in texture than the ‘

preceding, but still containing a considerable

" -percentage of arenaceous material; strongly

caleareous - . .. . __. .. 60
105. Clay, yellow-gray, but gradually - changes to yel-

low at 140; even textured, almost free from

gravel, but slightly arenaceous throughout

U 100, 110, 140
104. Clay, grayish-yellow, containing angular sand

and gravel _.___ .. . 150
103. Gravel, coarse; imbedded. in a matrix of blue

clay: composition of gravel; quartzitic, cherty

and of basic rocks: many of the individual.

‘pebblesare faceted I ... ______ .. ____ 155
102. Clay, deep brown ____.___.______ e e 165

*The writer desires to express his obligationsto Mr. E. E. Chandler, chairman of the com-
mittee on water works for the city of Boone, who kindly supervised the collecting of sample
drillings. The writer has been the recipient of many helpful suggestions from Prof. W. H.
Norton, who also has verified many of the above determinations.



101.
160.

99.

08.

97,
96.
95.
94,

93,

91.
90.

89.
88.

87.
86.
85.
84
83

82.
8L
80.

19 G Rep

BOONE WELL SECTION.

DEPTH OF
SAMPLE.
Clay, bluefs' IASSIVE o ecmana 175
Sand, quartz, fine uniform grain and containing
a few grains of calcareous chert___._......__ 185
Gravel, coarse, composed chiefly of granite, vein -
quartz, basic rocks, quartzite and nodules of
- clay ironstone. The latter two bespeak
strongly of a coal measure origin. Many of
. the constituents, by their rounded forms,
bear evidence of prolonged attrition.....__. 195

Shale, . buff arenaceous; . containing a small
amount of fine gravel, probably carried down
from the overlymg strata; slightly calcar-
eous

Shale, blue, compact, brittle

e ea-2..200, 210, 220, 230, 250

270

Shale, blue, containing a small amount of coal___275, 308

Shale, blue, calcareous and slightly arenaceous.
Shale, light-blue, strongly calcareous and more
arenaceous than the preceding .. ..._....__.
Shale, black, bituminous; its fissile character is
‘rendered apparent on exXposure..............
Shale, bituminous, mixed with ash-colored five-
clay, coal, iron pyrites and clay ironstone._..
Shale, black non-calcareous, brittle and contain-
ing an abundance of iron pyrites -....._._.__
Shale, gray blue, slightly arenaceous at 400 but
practically non-calcareous throughout

e em.._.380, 390, 400, 415

325

335

345, 353

365

370

Shale, ash-colored, brittle, calcareous .... .___. 430
Shale, gray, containing a small amount of black

shale and a great abundance of flint which

partakes the geodetic character; alsa, some

limpid quartz .o i 445, 450
Shale, grayish-black, calcareous and arenaceous 455
Limestone, containing rhqmbs of caleite....____ 460
Limestone, slightly odlitic__. ...__-.___470, 415, 490, 500
Shale, blue and strongly caleareous _..___.__b15, 525, 540
Shale, gray-blue, more marly than the preced-

I e cdeeacaes 550
Limestone, bluish-gray, close textured, brittle, ,

drillings sharply angular.._.....ooooo....... 552
Limestone, drillings show conchoidal or hackly

fracture -l oo oo 560
Limestone, an abnormally large amount of chert

is pPresent.coe o oo e 562

195
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8.

1.
16,
5.
4.
13.
2.
1.

0.

69,
68.

- 6T,
66.

65.
64.
63.

62.

61.
60.

59.
58.
51.
56.

55.
54,

53.

52.
51.

50.

48,

9.

Limestone, magresian, buff, saccharoidal

GEOLOGY OF BOONE COUNTY.

DEPTH OF
. SAMPLE.
Limestone o0litic facies, slightly quartzit?c; drill-
ings not angular ... oo, . 580
Sandstone, friable, fine-grained ... ________ 590
Shale, greenish-gray, slightly arenaceous ..___ 600
Shale, slightly calcareous _______.._.. PURI 610, 620
Shale, more marly.____ e e 630
Limestone, gray . ccee oo o coccmmceoone oo - 640, 650
Limestone, gray, marly .. . .. ... _. 660-777
" Limestone, blue, compact, brittle ___..__._._ ___ 790
Limestone, apparently brecciated ...__...___.__ 800
Shale, gray - oo L 805
Limestone, sub-crystalline, gray_ ....._._.____:_ 815, 830

Limestone; containing numerous reddish-brown
spots, probably due to oxidation and hydra-

* tion of iron pyrites . ..o oo aoaolIoll. 840-920
Limestone, magnesian, light-buff ._____________ 930-1,015
Limestone, more or less argillaceous and con-.

taining fragments of a dark colored shale 1,028, 1,040
Shalé, slightly calcareous. ... .._..___.____. 1,050
Limestone magnesian, similar to 930-1,015_._.1,065, 1,070
Shale, gray-blue, similar to 1,050; some sand

present ..l tooo__ ... 1,080, 1,090, 1,100.
Shale, arenaceous,containing a considerable num-

ber of larger-sand grains. .. ________________ 1,120
Limestone, gray, dolomitic...__:_____. 1,130, 1,140, 1,150

RS SR wmmmmmmmem e man=e- 15160, 1,170, 1,180
Limestone, magnesian with some guartz grains. - 1,190

- Limestone, dolomitic, marly._ _._.__.._ ... _....1,200, 1,210
Shale, greenish-gray ... . L . i ___ 1,220
Limestone, dolomitic; similar to 58._.____.__. 1,240, 1,250
Limestone, more argillaeeous.. ... _____ 1,260
Quartz, vari-colored, chaleedonic .....0_________ 1,280

- Clay, residual, ared ochreous substance; charged :

with white, calcareous graii{s .............. © 1,282
Sand, ‘quartz, vari-colored ___:. ... _.______ 1,290
Limestone, crystalline, purplish; some -fissile,
' green shale present ._.._._._____ e 1,298
Limestone, buff, considerable green shale pres-
enb - o il . 1,305
Dolomite, gray, fine even textured, brittle; re- '
duced to a fine sand by the drill .___. _____ 1,315, 1,325

Shale, green, soft, plastic; but slightly calcareous
e e e 1,335-1,385



41,
46.
45.
44,
43.
42.
41.
49.
39.

38.
317,

36.
35.
34.
33.
32.
31.
30.

29.
28,
21.
26.
25.

24.
23.
22.
21.
20.
- 19.
18.

1.
16.
15.

14,

13.
12.
11.

BOONE WELL SECTION.

DEPTH OF
. SAMPLE.

Shale, black, carbonaceous.________________..._. 1,395
Shale, buff, magnesian. ..o 1,405, 1,430
Limestone, argillaceous ... ___ . __._. 1,440
Limestone, gray, magnesian ... .__._____. 1,450, 1,480
Limestone, argillaceous, marly ... _____ ... ____ . 1,490
Limestone, gray, magnesian . - ...._...._.._..1,500, 1,510
Limestone, buff, magnesian, finely granular_._.. 1,537
Limestone, slightly cherty. - .. ... ____. 1,545-1,560

Limestone, buff, magnesian; containing flakes of
gray limestone and small cleavage plates of |

YPSUML . - ool o mcimce e e 1,580, 1,590, 1,600
Dolomite, brownish-yellow, marly .. ____.____. 1,610

Dolomite, becoming progressively lighter colored

________________________________________ 1,620, 1,630

Dolomite, buff . .___....___. el 1,640
Dolomite, sacchroidal ... . _________ 1,650
Dolomite, buff. - .. 1,660, 1,680
Dolomite, shaly . .. ____ 1,690
Dolomite, bluish-gray, marly, argillaceous- ... =~ 1,700
Dolomite, buff ... ... ___. e 1,710, 1,720, 1,730
Clay, residual, with some fine-grained quartz

sand .o . 1,740
Shale, greenish-gray. ... __._____ S 1,750
Dolomite, brownish ... _____ . ... ____ 1,760
Shale, greenish-gray with dolomite sand._.__.__. 1,770
Dolomite, deep brown ____ __________ . ____. 1,780
Dolomite, color gradually changes from buff to

greenish-gray, and texture becomes shaly_1,795—1,'810

Shale, bluish~gray --:co .. oo __:._ 1,830
Shale, green, non-calcareous. ...l __.____ 1,835
Shale, bluish ... .. 1,840
Sandstone, clear-white; grains well rounded.... 1,845
Shale, green, with small amount of sand . .___ 1,850
Shale, arenaceous. ... .. ___..___.______. 1,860, 1,870
Sandstone, clear-white, even grained quartz

sand ._.___.____ t eme mmmmen e 1,880, 1,890, 1,895
Shale, similar to No. 19.____..__ ... 1,990
Dolomite, gray with fine quartz sand__. ______. 1,910
Dolomite, greenish-gray, marly. . .. _____.____ 1,915
Dolomite, same as No. 16; sand finer than in No

18 and much more angular. . ____.________ 1,940, 1,950
Dolomite, cream-colored, slightly shaly.._..____ 1,955
Dolomite, gray, shaly ... ... 1,975
Shale, red, non-calcareous __ ... __.._______ 2,075

197
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DEPTH OF
" SAMPLE.

10. Shale, buff, highly calcareous, slightly arenac-
‘ @OUS _ - oom o mmee e et 2,165
9. Shale, green - _-ioo.ccccoooa. e 2,200
8. Shale, green. .. _.. e m i 2,250
7. Shale, dark-blue and marl, light-gray__._._e____ 2,310

6, Sandstone, highly calcareous, buff, fine-grained
.......................................... 2,510, 2,515
‘5. Shale, yellowish-green, highly calcareous _.... 2,560

4. Sandstone, yellowish, fine-grained; mostly sub-
angular or rounded, many angular grains... 2,585

3. Sandstone, light-buff, grainsfine, mostly angular
.......................................... 2,640, 2,660

2. Sandstone, calciferous, in the mass brown, fine-
grained. - 2,700

1. Alternating bands of shale, red marl, and soft-
-red sandstone, without limestone__._._____ 2\,70(%3,000

The total absence of type fossils renders the interpretation
of the above section difficult. Fully realizing the somewhat
unreliable character of correlations based on lithological
grounds only, the following summary is offered tentatively.

Summary of Formatzons

THICK- |.
NUMBERS. NAME SAMPLES. NESS. DEPTH.
110-99 Pleistocene o oc oo o e 0-200 | 200 200
98-83 Des MOINes oo oo cmae oo e oo 200-460 260 460
82-58 Lower Carboniferous and Devoman -—-| 460-1,210 750 1,210
5749 | Upper Silurian. ... .o ___l__._._. ] 210-1,325 | 115 1,320
4846 Maquoketa shales . o _____ 3)0—1 440 115 1,445
45-22 | Galena-Trenton ... . . . ____ 1, 410—] ,840 | 400 1,840
21-18 | Saint Peter . .. .. 1, 810—1 /895 55 1,890
171 ONEObA oo oo i 1 ,895-2,450 475 2,455
7-1 Saint CLOIX - o oooo oo 2.450-3,000 | 550 3,000

The top of the well has an elevation of 1,140 feet above

tide.

next seventy feet is most anomalous in character.

distinct soil odor and is loess-like in appearance.

The drift is apparently 200 feet in thickness.
It hasa

The

The gravel

present is similar to that in the overlying drift which is
undoubtedly its source. The W. D. Johnson shaft, thlee
miles to the westward, penetrates no strata which can be cor-
‘related with this terrain. Two hundred feet of coal measure
shales follow.
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The data at hand does not warrant the separation of the
Lower Carboniferous from the Devonian, to say nothing of
attempting to delimit the subdivisions of these systems.
The material deposited during these periods are predomi-
nantly limestones, although interbedded with numerous bands
of shale and some sandstone. The odlitic character so well
exemplified in the typical outcrops of the Lower Carboniferous
strata in central and southeastern Iowa may be noted in 85
and 79.

The Upper Silurian possibly begins with 57, which is fol-
lowed by a magnesian limestone similar to 58. This forma-
tion contains a considerable amount of siliceous material.
Sample 54 is composed almost wholly of quartz; the limestone
has been removed probably by washing. The residual material
may represent a cavern or an old surface. The Maquoketa
shales are characteristically developed at this point although
reported absent at Ottumwa and Centerville by Prof. W. H.
Norton*. The heavy deposits of magnesian limestone and
dolomite from 45 to 31 may be referred to the Galena and
Upper Trenton formations. Interstratified dolomites and
shales comprise the Lower Trenton with an easy passage into
the white sands of the Saint Peter. The Oneota and Saint
Croix attain great thicknesses in central Towa, as evidenced
by the lower 1,100 feet of the section.

Geological Formations.

CARBONIFEROUS.
DES MOINES STAGE.

As has been mentioned, the lower coal measures completely
underlie the county. The Des Moines river has cut into this
formation a channel averaging 100 feet in depth, and reveal-
ing a series of sandstones and shales with several veins of
coal, which are interbedded in a most intricate manner. The
following general section, which is to some extent ideal, gives
the most important relations of the strata. It is based on

*Towa Geological Survey, vol. IIL, p. 209.
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the natural exposures along the rivers taken in conjunction

with data derived from coal shafts
and well sections in the vicinity.

Thickness.— The coal measures
have never been entirely pene-
trated save at a single point within
the limits of the county. The
Boone deep well section shows a
thickness of 260 feet. The drift
at this place is 200 feet thick,
while the surface altitude is 1,140
feet. Three miles to the westward,
the drift is but 100 feet in thick-
ness, while the surface elevation
has been reduced but sixty feet.
It is probable that the coal meas-

ures may reach a thickness of

nearly 300 feet at that point.
Whether or not there is a gradual
thickening to the westward must
remain an open question until more
data is at hand. ‘
Lithologically, the coal measure
strata consist essentially of sand-
stone and shales which contain
several seams of coal, of greater
or less extent. The sandstones
and shales are extremely variable,
not only in composition, texture
and state of induration, but alsoin
their lateral and vertical distribu-
tion. The sandstones are com-
posed of fine, rounded quartz
grains which are, as a rule,imbed-
ded in a matrix of calcareous, fer-
ruginous or argillaceous cement.
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The individual sand grains are often coated with ferric oxide,
- which indicates that they were not subjected to vigorous or
prolonged shore action during the period of deposition and
accumulation. In texture, all gradations may be observed
from the massive ‘‘Ledge sandstone,”” where a single layer
may reach a thickness of twenty feet and iskpmétieally’a, free-
“stone, to fissile sandstones which readily sepamte into laminze
less than one-tenth of an inch in thickness. The former
deposfo is indicative of rapld continuous depomtlon, while the
latter predicates rapidly recurring eondmons and, perhaps,
slow accumulation.

The state of induration is most &nomalous Sand frlable
sandstone and compact sandstone,—almost quartzitic in char-
acter oftentimes—rapidly replace.one another. both laterally
and vertically. The prevailing color of the Boone county
sandstones is buff, reddish-brown or a‘_sh-fcolored, _depending
largely as to whether the cement is calcareous, calcareo-fer-
ruginous or calcareo-argillaceous, respectively. .

Theshales are equally as variable as the sandstones. There
~are all gradations from argillaceous sandstones to fire-clays.
The color varies from a gray or ash-color in the leached fire-
clays, through massive blue shales, to the black, bituminous
shales, which usually immediately overlie the coal seams.

The state of aggregation varies greatly from the soft, plas-
tic clays, which may be readily molded between the fingers,
to the brittle, calcareo-argillaceous rocks which emit brilliant
sparks when struck with the hammer. The carbonaceous
shales often contain septaman nodules and clay ironstone con-
cretions.

The coal belongs entlrely to the Vametv known as bitumi-
nous. As a rule, it is composed of upwards of 80 per cent of
oxidizable elements, chief among these being carbon. The
coal will be more fully treated in alater portion of this report.
In addition to sandstone, shales and coal there are certain
bands of argillaceous limestones, which are the most persist-
ent features of the coal measures. Such bands may be
observed near Moingona and on the river west of Madrid.
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- PLEISTOCENE.

 Deposits later than the coal measures and usually desig-
nated by the general term *‘drift,” completely cover the
county save where they have been removed by the present
streams. They cover the underlying deposits unconformably
and may be differentiated into a lower and upper till and
an alluvial deposit. Most of the present topographic forms
find expression in the easily molded materials of this terrain.

The average thickness of the drift in this area is upwards of
one hundred feet. At Zenorsville, in the northeastern por-
tion of the county, it varies from sixty to one hundred and
twenty feet; in the city of Boone it is 200 feet thick; at Ogden,

110, and the coal shafts near Angusreveal a thickness of from
fifty to one hundred feet. A deduction of the thickness of
the drift at certain points from their respective altitudes;
along a line from the agricultural college in Story county, by
way -of Boone,; the Logan and Canfield shaft, Milford and
Ogden to Beaver station, renders apparent an interesting and

FIG 19 Relations of the present and pre-Pleistocene surfaces.

1mportant fact. The surface features at the begmmng of the
Pleistocene must have been less pronounced than at the pres-
ent time. - It would seem that the region had suffered pro-
found erosion during the preceding period and that the area

under consideration was practically base-leveled at the begin-
| ning of the present epoch. The Des Moines river appears to
have the characters of a superimposed stream. Its present
position is clearly out of harmony with the older land surface.
In fact it is highly improbable that any of the streams of the
present drainage systems are coincident with those of pre-
Pleistocene times. |



IOWA GEOLOGIGCAL SURVEY

MAP OF THE

WRFACE DEPOS/TS

BOONE
COUNTY,

BY

S.W.BEYER
1896.

] 5 \i{\ A i 6 5 ¢ 3 2 z 6 5\L 4 3 2 :
F N\ LT [ 7 3
\‘ [ : [=
7 \ 8 9 10 Ir 12 7 9 C z % i 8 9 zo I r2 7 8 ro Ir 2
& R A NT ( g 1 1L :
/ Boxholnj T P = Ridgeport 5 2 ; 5 9= { o -
% == z I 5
18 77 76 5 14 13 18 I5 4 3 .D” C) ’6D é E4 B Mi Lrall‘\{idg (/-3‘ 2
' ] I (1 A\ Tp 85 N.
<
\ O B k 20 2r 2 23 24
19 20 2r 22 23 24 7 it M" ] 23 2¢J ? yo g/\/ﬁ 22 2¢ H A_ R ]d S k
oun
_— = N
~3
204 K.’p 28 27 26 25 Jo ‘g@ /:&\_ 26 25 0 2 28 27 26 \< 30 29 28 27 % 26 25
‘ \f«,
) 4 = :
] \ e Mo
a1 }2 33 # 5 06§ 4l g2 YISV 35 36 I 4 36
\ / =l L~ Creek Q
F e Bacsrea i
3 Fqb‘:"/
6 4 37 2 7 3 S l 5 1 5 ¢ bR, 2 r
D A
7 0 Ir 12 7 8 A\ 7 8 9 0 zZ é i
e &5
\R 13 \ [ TLA IC g
|
18 & M 76 A 14 3 18 17 6 15 74 | 8 1 18 17 16 15 14 13
r . \ Milfgrd
= VL Tp. 84 N.
s a’
/ \m/ﬂ\% s
29 20 1 2 237 24 2r CE) £ b? 20- > et 22 o
I/ / =
f \ S S} onegborough
0 =] 32 =25 =2 28 7aaN o e N
LEER, Midyay /Pj
=S4 mﬁﬁﬂh‘;b&-‘w R‘/LkOAD
3 32 3 PSR b ans
6 5 ¢ 3 2 z
7 8 9 20 Ir 12
18 17 16 75 14 73
C i1 I e
19 20 21 22 23 2¢
Jo 29 28 27 26 25
Z {Luther
3
A% § EX EY 34 s 36
& \\
3 2 o=
=
> I S 6 5 4 < 3 2 b
lj 7 8 9 p¢ 17 72
: 1
b5 84 8 17 16 3 74 I3
HH"dARIDE N
Tp. B2 N.
‘Wheeler (‘:
== 20 24 *\ 2 23 2¢
2 Q
6 ;6 28 3 26 a5
; &t P R w
‘5 =) N Coct AR LY e
M . /) /_ : = /
=JL —p—— 3 E = = 7 55 36 57 \z¢ 35 32 33 4 5 26
% \ L r SHELDAHL
R, XXVIII W, R. XXVII W. R. XXVI W, R. XUV W,

IOWA PRINTING CO.DES MOINES,IA.

LEGEND
GEOLOGICAL FORMATIONS

WISCONSIN DRIFT

GARY MORAINE

INDUSTRIES

COAL MINES
CLAY WORKS
QUARRIES

ol

DRAWN BY F C.TATE




MORAINES. 203

No attempt will be made in the present report to delimit
the subdivisions of the Pleistocene. According to present
data it may be tentatively stated that the county is com-
. pletely underlain by the two drift sheets.

LOWER TILL OR KANSAN FORMATION.

A yellowish-brown clay appears at several points along the
Des Moines, noticeably along road-cuts at about the one
hundred-foot level above low water. The deposit is charac-
terized by a predominance of greenstone pebbles and a con-
siderable number of small sized granite boulders, many of
which are in an advanced state of decay and readily disinte-
grate when removed from their matrices. Occasionally, this
oxidized deposit may be traced downward into a massive blue
clay, of which it is probably the lower unweathered portion.
At the Logan and Canfield shaft, the lower till, as above
described, shows a thickness of about forty feet for the oxi-
dized portion. The Boone deep well gives forty-five and
fifty-five feet for the lower and upper portions respectively.

UPPER TILL OR WISCONSIN FORMATION.

Boone county lies wholly within the outer loup of the ter-
minal moraine which marks the southern limit of the last
great ice incursion. This extension of the great continental
ice sheet is currently known as the ‘“Des Moines lobe,”” and
is bounded by the Altamont moraine. Upham* has shown the
- terminal moraine of the Des Moines lobe to be continuous
with the Kettle moraine, and Chamberlaint has designated
this drift sheet the ¢ Wisconsin formation. ” An inner or
Gary moraine, which marks a stage in the retrogression of
the Des Moines ice, crosses the northern portion of Boone
county in a north of west, south of east direction. TIts most
salient topographic forms are in the vicinity of the Des Moines
river. The most prominent of these are popularly known as
Mineral Ridge and leot Mound. The former is a long r1dge

*Geol. and Nat. Hist. Surv. of Minn., p. 208. 1880,
t+Journal of Geology, vol. I1L, p. 275. 1895.
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rising from fifty to seventy feet above the drift plain, trend-
ing in a north of east, south of west direction through the
town of Ridgeport, and is cut off by the Des Moines river.
Pilot Mound is an isolated spur of the moraine and rises
abruptly some seventy feet above the surrounding country.
The town of Pilot Mound takes its name from this drift hill.
The moraine in this section is rather sharply delimited on its
inner edge, but it fades out gradually into a succession of low
swells peripherally.

Boulders are everywhere abundant and present a fa,mlhar
spectacle in fence corners and along roadways. The prevail-
ing types are granites and gneissoid rocks, with a liberal
sprinkling of the red Sioux quartzite.

- Plate iv shows a large granite boulder in the foreground,
with the ‘‘inner loup”” of the terminal moraine in the back-
ground: (Tp. 85 N., R. XXVI W., Sec. 2, Sw. qr., Sw. ). The
boulder is coarse textured, and is composed essentially of

quartz, red feldspar and hornblende. ' /

Lithologically considered, the upper till is composed of an
incoherent mass of clays, sands, gravels and boulders, which
rarely occur singly but are usually intermixed in a most com-
‘pheaJted manner. In general, this formation, as also the
Kansan, may be subdivided into an upper oxidized and a lower
unoxidized portion. According to numerous natural and
artificial sections in this county, the basal portion of the
Wisconsin drift attains a thickness of from forty to ninety
feet. In color it is a grayish-blue, and contains more grit
and is less massive than its anologue in the lower till. Frag-
ments of wood are not uncommon. On the Steelworth farm,
about two miles south of Boone, large fragments of wood
were uncovered through the lateral corrasion of a small
stream and the consequent caving of its bank. The speci-
mens have the general character of our common red cedar
(Juniperus virginionus 1.). Although the distribution of
woody fragments is general, yet, so far as now known, no
well defined forest beds have been observed in this region,
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It seems highly probable that the erosive agencies were vig-
orously active early in the Wisconsin age, and the upper
portion of the Kansan was thoroughly reworked and incorpo-
rated into the younger drift. The oxidized portion of the
upper till is light yellow in color and averages from ten to
forty feet thick. The Wisconsin formation, as a whole, is
characterized by pebbles and boulders of the quartzitic and
granitic types, and calcareous concretions are conspicuously
present. The boulders are usually much larger than those
of the Kansan dnft and often presen‘s fresh, glassy sur-
faces.

. ALLUVIUM.

Alluvial deposits accompany the principal streams, but they
are of little importance away from the Des Moines valley.
They consist essentially of black, sandy loam, mixed with the
wash from the bluffs. In many instances the humus and river
silt has been removed to a large extent, a,nd a yellowish-gray
Sand results.

ECONOMIC PRODUCTS.
COAL.

Boone county has long been one of the leading coal-pro-
ducing counties in the state. For nearly half a century coal
has been known to exist in this region in quantities of econo-
~ mic importance, and has been long mined to supply local con-
sumption. As early as 1849, Owen, in his excursion up the
Des Moines river, noted the fact that the blacksmiths of the
county obtained coal along Honey creek. Although coal was
thus early known, a score of years elapsed before mining for
export: was initiated. After the advent of the railroad in
1866, mining operations were pursued with vigor, and the
mining industry now ranks second only to that of agmeul—
ture. n

The mining regions of the county may be considered con-
- veniently in three groups; those of the Des Moines va,lley
the Squaw creek basin, and the Angus region.
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DES MOINES VALLEY MINES.

In the vicinity of Madrid local mines have been opened
from time to time along the river south and west of the town,
but all of these have been operated intermittently and only to
supply the immediate neighborhood during the winter seasons.
The more important mines are in the north central portlon of
the county. '

MADRID DISTRICT

Knox Brothers have, for years, operated a mine about four
miles northwest of Madrid (Tp. 82 N., R. XXVI W., Sec. 10,
Sw. qr. Sw. ). The vein worked at this point outcrops in the
side of a ravine, some seventy feet above low water in the
river. The seam averages about twenty-six inches in thick-
ness, is of fair quality, has a good roof and is readily mined
by drifting into the bank. About four miles from the south
boundary line of the county is the Porter slope (Tp. 82 N.,
"R. XXVI W., Sec. 8, Ne. qr., Ne. }). The section near the
coal bed is as follows.

) FEET. INCHES.

5. Limerock, impure, compact, bituminous

“eaprock el
4. Shale, bituminous . ..o ocooo .. T
3. Coalo._....._. e eeeeee 2 6
2. Pire elay - oo 4

F1G. 20.  Coal seam at Porter slope on the Des Moiqes river.
Below Moingona.

The so-called ‘““cap rock” is a bla,ek, very compact and
- brittle calcareous shale, highly fossiliferous and separated
- from the coal by a few inches of dark fissile shale. The vein
of coal is about sixty feet above low water in the Des Moines
river. The seam opened up here appears to be the same as
that worked in the preceding mine. Two miles beyond, near
a short bend in the river, is the Blyth slope (Sec. 5 of the
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same township and range), where two veins of coal are
exposed; the lower one being about three feet above low
water in the river and the other about four feet higherup.
The lower seam ends abruptly toward the southward, being
cut out, and the channel filled with clay. This vein is three
feet in thickness, while the ‘‘upper’ one istwo and one-half
feet thick. The upper seam especially, has a good roof.
Figure 21 shows the above relations.
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Fig. 21. Coal seams at the Blythe mine.

Continuing northward along the river, there are occasional
outerops of coal on either bank. On section 29 (Tp. 83 N.,
R. XXV W.), two veins of coal appear on the left bank
of the stream. The lower of theseis about twenty feet above
water Alevel. The seams are separated by a considerable
thickness of clay and shale which, gradually thinning north-
ward, finally disappears, the veins coalescing. Near the point
of coalescence they are cut out by the Ledge sandstone.
Between this point and Moingona the bluffs form high, mural
escarpments of sandstone, through which deep labyrinthine
ravines have been gouged out by numerous small streams as
they approach their embouchures.



208 GEOLOGY OF BOONE COUNTY.-

MOINGONA. DISTRICT. - _ ;

A mile below Moingona, on the west river bank (Tp. 83
N.; R. XXVI W., Sec. 18, Nw. qr., Nw. ), is the Highland
~ Chief mine which has been in operation for many years. It
is a shaft sixty feet in depth and works the ‘‘ upper vein”’
. which is here from two to three feet in thickness. Near by
is the Moingona Coal Co.’s shaft No. 6, the last mine
opened by the company in the neighborhood. In the vicinity
of the town coal crops out in many places in the sides. of the
Des Moines valley, and along the minor streams flowing into
the river. Directly opposite the railroad station at Moingona
is the White Smoke mine. This is a shaft put down in 1892;
it is about fifty feet in depth and reaches the “upper vein,”’

. which has a thickness of about tWO and one- half feet The
. sectlon 18: '

 FEET.: -_;IN(.}H.E.S.

5. Shaie, bituminous ... ... . .- 4
4. leerock impure, vely eompaet bmum Ce Lo
inous, ferruginous_.__ ... . .. .. » 4
. Coal .l SR 206 )
. Fire clay g S N |
. Sandstoné (exposed ). ooo_____. ... -1

FIG. 22. Vein at White Smoke mine. Moingona.

‘There are several country banks in the vicinity which
furnish considerable fuel for local use. This locality ‘was
formeﬂy an important mining region, but at the present time
comparatively little coal is being taken out. North of Moin-
gona about one and one-half miles is the Clyde mine No. 2

which is now deserted. Still farther northward is the Ogden'
(Tp. 84 N., R. XXVIL W., Seec. 27, Se. qr Ne. 1). '

The eoal mined at the Ogden mine was encountered at a
depth of ninety feet; the mouth of “the shaft is about eighty
feet above the water level in the Des Moines river. ~An
“upper’’ vein exists about seven feet above the lower but is
not worked. A mile north of the Ogden is the Clyde No. 1,
now abandened. This is the southernmost of the more
important mines which dre comprised in the Milford area.
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MILFORD DISTRICT.

The Rogers & Crow shaft (Tp. 84 N., R. XXVII W., Sec.
14, Sw. qr.), is located .on the summit of the bluff and is 206
feet in depth. The drift deposits at this point are 100 feet in
thickness. There are two veins of coal, the ‘‘upper’ being

-about ten feet above the lower; the latter is on an average
three and one-half feet in thickness; it is somewhat irregular,
becoming in places considerably thicker and thinner than the
measurement given; it is wanting at the base of the shaft, but
it was eneountered some ten rods distant towards the north-
east by a lateral drift. The upper vein is somewhat thinner
than the lower, but more uniform in thickness. Thereisalso
a third vein, said to be present about forty feet below the
“lower vein.”” This third vein is not at present of economic
importance at this point. About 200 yards to the northeast-
ward is the Milford shaft which is located at the base of the
bluff. Tt is 100 feet in depth, and also works in the ¢“lower”’
vein, which here has a thickness of four feet. At the bottom
of the shaft the layers shown are:

E = _ : _ FEET.
3. Shale, bituminous, with band of impure nodular
iron-stone atbase ... .. ______. .._. 5
2. Coal il 6
1. Fire clay_--__------_' ______ e e 4

Fia.%. Bobtom of shaft, Milford mine.

The upper seam is ten to twelve feet above this and is three
feet in thickness. Several thin veins were passed through in
sinking the shaft before the upper seam was reached. Half a
mile southeast of Milford is the Boone Valley shaft which is
seventy feet in-depth. The coal is three and one-half feet
in thickness. A second vein is eight feet higher but only
the lower one is mined at the present time.
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Directly to the east are several shafts known as the Marshall
mines. They are all located on the river bottom and work
coal from two and a half to four feet in thickness, presumably
the lower vein.

On the opposite side of the Des Moines river a number of
mines are in active operation, one of the most important being
the Hunt slope (Tp. 84, N., R. XXVII W., Sec. 13, Ne. qr.,
Se. 1). Half a mile to the southward is the Marshall slope,
which like the préceding, mines the “upper vein.”

BOONESBORO DISTRICT.

Ocecupying the amphitheater in the great bend on the Des
Moines river is the Boonesboro area, which immediately
adjoins the Milford region on the east and is only separated
from it by the river.

The W. D.Johnson mine is located on the summit of the bluff
(Tp. 84 N, R. XXVII W., Sec. 24, E. %). It is the oldest and

Fia. 2¢. Top works of the W. D. Johnson mine.

largest mine in the county. It has been operated continu-
ously for more than thirty years. Finch & Company, of Des
Moines, formerly operated it, but for more than a quarter of
a century the mine has been under its present management.
Two workable seams of coal are found, and both are worked
by the longwall method. The following section of the shaft
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was prepared from an examination of small samples obtained
by the foreman at the time of sinking.

20, Soll i iiiiicmieeo.. B

28. Clay, yellowish oo o e . 20

27. Clay, bluish; considerable grit present..._.___.___. 40

26. Clay, yellowish-brown.____ .. ... 40

25. Clay, massive, blue, jointed .._._.__._____ .. ______ g

24. Sandstone, ash-colored, shaly, graduates into 23_____ 9

23. Shale, gray-blue_ ... -3

22. Shale, with ironstone concretions .....______._..___ 3

21. Sandstone, fine-grained, friable _____._____ . __.____ - 12

20. Shale, bluish and drab; containing numerous oxi-

dized iron concretions .. ... 6

19. Sandstone, ash-colored ... .. __ e 12

18. Shale, compact, massive . .1 . _._. -1

17. Shale. light colored (‘‘soapstone’ of the miners).... .5

16. - Sandstone, whitish, argillaceo-calcareous ___....... 13

15. Sandstone, more compact and coarser in texture,

calciferous ... .. LU 8

14. - Shale, black, bituminous, fissile below______________ 3

13. Fire clay and light colored shale____________.______ 9

12. Shale, hard, blue-black ________ __.._____ e -5

11, Fireclay. . . ...___ e meeae e ceea .1

10. Shale, compact, brittle; highly bituminous and often

. fossiliferous ..o . ..o ... 3
9. Coal - i +
8. 'Shale, variegated; arenaceous, calcareous; a parting

between 7T and 9 . ___._____ S e 1
7. Coal, ““upper” vein____ .. ___________ SR .. 4
6. Fireclay . . S 3
5. Shale, variegated, with numerous ironstone concre-

: tions and septarian nodwles_______ . __.___________ 4
4. Coal, “lower” vein ____. el ol 4
3. Fireclay. . o .. B -3
2. Shale.light colored; graduating into the strata below 3
1. Shale, dark, bituminous.. ... _____ 2

The ‘“‘lower’ vein is quite variable in thickness, containing
many pinches and swells and attaining a maximum measure-
ment of five feet. A half mile to the southeastward is the
Heap mine which is a shaft 208 feet in depth. Only the
‘“‘upper”’ vein is mined here; the ‘‘lower’’ being absent. It

appears to be the same as the ‘““upper vein’’ in the Johnson
20 G Rep )
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mine. The coal is from two to four feet in thickness.. A little
more than a mile to the southward is the McBirnie shaft 175
teet deep. The coal seam is from two and a half to three feet
in thickness and has an excellent roof. The strata shown in
connection with the coal at this point are as follows. '

- FTEET. INCHES

_ 7. Shale, black, highly bituminous

6. Coal .ot el 1
5. Shale, bituminous, argillaceous.__.___. 2
4. Limerock, impure, shaly, ‘‘ caprock”_._ - 1
3. Coal, 2 to 4 feet, averagmg _____________ 2 ©8
2, TFire Clay oo oeioiemeeieiia. 5

" 1. "Shale, €XP0S€aA oo aslolocccccocaaoen 1

Fi6. 25. Sec_t‘:ion in McBirnie shaft. Boonsborough.

[ The vein mined probably belongs to the same horizon as the
upper vein in the preceding mines. The bipartite character
of the seam confirms this view. - Opened in the same vein are
a number of other mines, though at present they are not in
operation. Among these may be mentioned the Flock and
Clark mines, and the McBirnie and Nelson shaft. Between
the McBirnie shaft and the Johnson mines two or three mines
have been opened recently. : 2o
The most important of these is a shaft opera,ted by the Zim-
bleman Coal and Mining company. This shaft is located about
one mile from Boonesboro (Tp. 84, R..XXVI W., Sec. 30).
The plant is equipped with modern machinery and mining is
carried on according to the most approved methods. The
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seam worked and its including strata are essentially the same
as at the Heap and McBirnie shafts.

FR ASER DISTRICT.

About three miles north of the Milford area is the town of
Fraser, which but recently has become the seat of consider-
able activity in coal mining. In 1893 the Boone Valley Coal
& Railway company opened a mine (Tp. 85, N.; R. XXVII
W., Sec. 34, Sw. qr.). Several shafts have been sunk in'the river
bottom and mining operations are being vigorously pushed.
The seam worked at this point has a thickness of from two to
three feet and is probably the homologue of the “‘upper’’ vein
represented farther down the river. This seam is popularly
known among miners wherever it'occurs as the ‘“black jack”
vein. This mine is provided with all modern improvements
and finds convenient outlet for its products over a spur of the

~Minneapolis & St. Louis railroad. One mile north of Fraser

~ on the right bank of the river are the Wilson and Zunkle mines
(Tp. 85, N., R. XXVII W, Secs. 26 and 27). These are shafts
50 and 80 feet in depth respectively. They reach the same
vein, which averages about three feet in thickness, and can
probably be correlated safely with the. ‘‘upper” vein of the
Milford-Boonesboro area. The last two minesare only actlve
during the winter months to supply fuel for the immediate
vicinity. Although some prospecting has been done to the
north of this, no mines have yet been opened within the limits
of the county in that-dir eetlon

SQUAW CREEK VALLEY.

~ Considerable mining has been carried on in the vicinity of
Zenorsville, in the eastern part of the county. The principal
mines are three in number. The Hutchinson No. 1(Tp. 84, N.,
R. XXV W., Sec. 12, Se. qr., Nw. 1) is a shaft 125 feet deep
with coal 28 inches in thickness. The section of the shaft is
as follows. '

- 11. Soil, gmy and‘-sandy-_'_ ___________________ S |
10. Clay, joint ool e e 40
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S : 4 FEET,
9. Shale, bluish. .- cccoooeooooo- e 53
8. Shale, light-colored . _.._________ N |
7. Shale, bituminous; fissile below___._______ e 2
8. COBL - o me e e 2
5. Fire clay. oo il 3

4. Sandstone, rather soft and friable. .. ___________._ 2
3. Shale, lighter colored. ... . __._.. 4
2. Shale, dark bituminous. ... ... .. ... . . 3
| T 1

Hutchinson shaft No. 2 is located about 300 yards to the
northward. Tt is on lower ground and is 105 feet in depth.
The coal is nearly four feet in thickness. There is an upper
vein present at this point about six feet above the lower, the
latter only being mined. The section at the base of the shaft
is shown in the annexed figure.

7. Shale, bituminous fissile ... ____.__ ___.__.__ .3
6. Coal, one to three feet, “uppér .V.f_ein”_,.»-_---_.--- 2
5. ‘Fire clay._.. ... SR S, e tdemiiieeeo o B :
4. Shale, bituminous..._._____ [ . 3
3. Coal, “lower vein”,_-,;_--_b.---____.'-.'-_-_-__'____ 4
2. Pire clay ..cooooee.. S .2
1. Sandstone, exposed --- oo comooo oo oooo_. 1

Figure 26. Coal bed in Hutchinson mine, near Squaw creek.. Zenorsville.

Northeast of the Hutchinson mine abouta qu@rter of a mile
are the York and the Clemens mines, which at the present
time are not in operation.

ANGUS MINES.

Tn the extreme southwestern portion of Boone county is a
region- which a few years ago was one of the most important
mining localities in the state. It forms a part of the district
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which lies in portions of three counties; Boone, Dallas and

- Greene. The leading mines, however, were located in Boone.

Altogether upwards of a score of shafts have been operated
here. At the present time only a few are working, the prin-
cipal ones running being the Angus and Dalby mines. Con-
siderable confusion exists as to the exact correlation of the
coal seams. 'There is one which is worked in the Angus mine
and was formerly worked in:the Craig, Ramsey and Panic
shafts. Above thisis a thinner seam which has also been
worked to some extent in the Craig and the Hagger mines.
This is-the same vein which is said to crop out in the bluffs

“of the Raccoon river a few miles to the westward, but there

is considerable doubt as to the correctness of the correlation.
Lower down than the chief bed worked at the Angus mine is
another seam which has been opened in the Dalby shaft.
Beneath the first mentioned seam there has been reported a

~third coal bed, which, though not yet worked, has been

encountered in borings. Other veins are also known to exist
but none have yet been found thick enough for profitable »
working. The “third "’ seamis five and one-half feetin thick-

ness according to the best information obtainable, and is

located at a depth of ninety feet below the bed opened in
the Keystone mine. All the mines are situated southwest of
"the Angus station. Drillings show that the seams extend
~ beneath the town, but they are somewhat thinner and the

roof is poor. A shaft put down east of the place was flooded
after working but a short time.

The Angus mine; one of the largest now in operation, is
located a short distance from Angus station (Tp. 82 N., R.
XXVIIW., Sec. 31, Nw. qr., Nw. ). Itis a shaft fifty feet
in depth, and is thought to be working in the “middle’ seam.
The ooal is from three and one-balf to five feet in thickness,
with an average of about four feet. The section shows the
following beds.
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2. _ Coal

1. Fire clay

Figure 27. Section in shaft in Angus mine. Angus.

The seam is quite ﬁndulatofy. A few faults have been met
with and also several ‘‘horsebacks.” Half a mile south of
the Angus mine is the Dalby. This mine is a shaft 120 feet

deep and works in the ‘“‘lower” vein.

The seam is from

three to four and one-half feet in thickness; the roof is a
hard, black shale and sandstﬁone,l but is in some places rather
poor; the bed is somewhat undulatory, faults are rare. The
bottom of the shaft shows the following beds: ’

5.
4.

FEET. INCHES.

Sandstone, compact, mé’ss'ive; exposed.__. 1
Shale, black, indurated, ‘‘black jack’__.
Coal - il 3

Shale, bituminous . # - .___________

Fire clay, exposed 2

Pigure 28. Coal ked in Dalby shaft. Angus.

5

0o
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In several places a soft fire clay is found pressing up into

the entry forming ‘“creeps,” one of which:is'represented in
the accompanying figure 29.
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Fi6. 2. “Creep”in‘Dal.by mine. Angus
During the summer of 1883 several prospect holes were put
down near the Boone county line in Greene county (Tp. 82
‘N., R. XXIX W., Secs. 10 and 11). The following composite
section represents the sequence of strata.

FEET INCHES]

24. Soil and yellow clay ... 2o .. ___ 14
23: . Clay, blue_...._.____ ccmmmmana e 25
22. Soiland gravel. ..o .. ... 6
21. Clay, argillaceous, blue below .._._.._.... 21
) 20. Sand, water-bearing. .. .. .. ... .. 1
- 19. Shale, lightTcolored . .. . ... 4
18. Shale, dark._ 5 6
. 17. Shale, compact, brittle ... ... . 8
16. Shale, gray, blue; bituminous below .- e 3 6
15. Coal (coal blossom:of miners)..__._ ... 1
14. Fire Clay oo oo e 2
13. Shale, ash-colored . _ ... oaas 7
12. Shale, bituminous, fissile below_.._...... 3
11. Coal, somewhat shaly above.._____.__._ 6
10. Fire clay and light colored shale_....___ _ 8
9. Shale,black . oo ceee oiooon 2 S
8. Shale, brittle, compact oo ouo- 1 6
T. Coal oo . [, 7 .
6. Shale, strongly bituminous, hard_.__..... 3
5. Sandstone.-.-_... e 4 .
4, Shale, ash-colored _ oo oo 3 6
3. Shale, black, bituminous_...... ... - 6
2 "2 Coal o ciceceee- e mmmcm——cmm——mee 1
1. Fire Clay oo cccmmmmccccccmmaaaa 2
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L

Four seams of coal were penetrated in this area, yet none
were of sufficient thickness to warrant the beginning of min-
ing operations.. - .-
SU\/IMARY ,

All of the coal beds now mined in the Des Momes valley in
Boone eounty may., be referred tentatwelv to- three ‘horizons.
The first has an’ elevation of from fifty to seventy feet above
the Water in the Des Moines river, and is s the bed operated at
the Knox and Porter slopes in the southern portmn of the
county, and the drlfts along Honey creek i in. the eentral area.
This horizon is usually overlain by a. ‘¢ caprock” ‘of hard,
brittle, - caleareous shale . Whlch contains in’ abundanee the
remains of a marine faun&—Rhynchonella Discina and Pro-
ductus are the more common genera represented.

- The second horizon occurs some ﬁfty feet below the first
and is the most per51stent seam in the county. It is cur-
rently known'as the *‘upper vein,” or ‘‘black jack.”” The
former name is in contradistinction toa lower vein which some-
~ times accompanies it; the latter name is often applied to it on
account of its semi-lustrous jet-black color and somewhat.
bony character. This seam is operated at the Blyth drift,
and in the Moingona, Boonesboro, Milford and Fraser areas.
It is usually provided with a good roof and carries its. thick-
ness well—two essentials to profitable mining The roof
shale often contains Well preserved spe<31mens of the génus
Lingula. -

The third horizon oceurs from four to twelve feet below the
second and is usually denominated the “lower vein.”” The
distribution of coal in this seam is somewhat anomalous; the -
coal usually occurs in lens-shaped masses (pockets) of lim-
ited extent. The roof is fairly good, but often contains.
numerous septarian nodules and clay ironstone concretions,
which render mining somewhat hazardous unless due precau-
tions are observed. The product of this vein is much sought
for furnace and domestic use and commands the highest
market price. At the present time the production of this
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@zl is almost wholly limited to the Boonesboro-Milford area.

The regions away from the Des Moines afford but little
data for their correlation with the central region. On litho-
logical grounds, and because of the similarity in association
“of strata and of elevations, the seams worked in the Squaw
" creek basin may be referred with some degree of confidence
to the seeond and third horizons in the Des Moines valley,
probablv bemg an eastward extension of that basin. Suffi-
cient data are not at hand to attempt a correlation of the
beds operahed at Angus with those of the above regions.

CHEMICAL ANALYSES OF BOONE COUNTY COALS.

EXperience has shown that it is impossible to formulate the
criteria upon which the absolute value of a coal depends. Cer-
tain properties may not prove detrimental to the use of a coal
for one purpose and yet seriously detract from its usefulness
~ for a,nother Chemically, a coal usudlly is considered desira-

able if it contains high percentages of fixed carbon and of
| hydrocarbons, and low percentages of water, ash and sulphur.
The subjoined analyses® may be considered representative of
the principal Boone county coals.

< o) .

£ g . g

- 53 Q < - <

COAL. — ) O 5 8 o

| 28| < |5 | & |5 | &]a
1 Angus mine average | 8.62|82.75| 8.64|38.33|44.4153.06| 2.59| 0.08
la | Dalby mine average-| 2.84 | 88.36 | 8.1243.08|45.29|54.08! 4.33| 0.14
2 Boonesboro average |12.37 | 81.90 | 5.87 | 48.24 | 43.72|49.41 | _____|..____
3 !'PFraser _..____. ——e 14.77173.71111.48 | 3767 | 36.05 1 47.53 | 2.76! 0.19

'COAL LANDS.

To say that the entire region under consideration is under-
lain by the coal measures does not predicate that coal, in work-
able amounts, is universally distributed throughout Boone
~ county. Sufficient data are not at hand to delimit the known

*Analyses—Nos. 1 and 2 were made by the survey and published in Vol. 11, p. 505; No. 2 is

taken from White’s Report, Vol. IT, pp. 890-391; No. 3 was made by the Department of Agricul-
tural Chemistry of the Iowa Experiment Station.

>
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coal basins, but certain it is that they have a much widdl
range than is suspected at the present time. Systematic -
prospecting has been confined almost wholly to the Des
Moines valley in the north central portion of the county, .
a,lthough the strata have been explored over very limited
areas in the vicinity of Angus and Zenorsville. Fully fitteen-
sixteenths of the area of the county remains unexplored and
offers an attractive field for the prospector. The diamond
core drﬂl would be found a valuable adjunct to the equlpmentj
of the progressive operator, and a. judicious use of this
instrument in the further development of the coal mining

industry in Boone county would, undoubtedly, be rewarded
with adequate returns.

The land now owned or leased by mining companies, and
‘therefore, properly considered as under development are
indicated on the map accompanymg this report. The hold-
ings of the different companies are 1nd1eated by numbers cor-
‘responding to those in the followmg list.

1.. Boone Valley Coal & Ra,ﬂwa,y Co.
Moingona Coal Co. i
Clyde Coal & Mining Co. '
Crow & Marshall Coal & Mining Co.
Milford Coal & Mining Co. '
‘W. D. Jobhnson Coal & Mining Co.’
Garden Hill Coal & Mining Co.
Zimbleman Coal & Mining Co. -
James Wilson.
Mineral Ridge Coal Mining Co
. Joseph York.
Hutchinson Bros. & Son
. ~J. Clemmens. - o
‘W. Zenor. .
‘Highland Chief Mme '
Riverside Coal Co. '
W. D. Morgan.
Porter Bros.
Knox Bros.
Excelsior Coal Co.
Climax Coal Co.
Nerth Angus Town Lot & Coal Co.
Angus Coal Co.
Standard Coal Co.

FEBowmoomee

P G o g S
FEfFProxhookrse
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'BUILDING STONE.

But little has been done to develop the quarry industries
of the county. As a rule the soft, incoherent character of
the coal measure strata does not. warrant the outlay of capi-
tal necessary in opemng up quarries. At two or three points
along the Des Moines river some quarrying has been done
from time to time, the product being utilized in the rougher
grades of masonry in the immediate vicinity. West of Mad-
rid a calciferous sandstone has been quarried intermittently
for more than a third of a century. Some of the stone used
in the construction of the old court house in Dés Moines is
said to have been derived from this source (Seection 11, No. 2).

In the central portion of the county the ‘‘ Ledge’ sandstone
affords an abundance of constructional material which ought
toreceive more attention than has been accorded it heretofore.
In the main it is a soft, buff to reddish sandstone or freestone,
containing large concretions, which are highly refractory and
some of which may be quarried advantageously. That even |
the matrix which holds these ferruginous or quartzitic concre-
tions withstands weathering agencies is abundantly attested
by the mural walls which have resisted the elements for thou-
sands of years. . This rock, when properly selected, will be
found durable for above ground and above water structures,
and its somewhat open texture will hold the mortar well.

Although the older strata furnish some valuable stone for
constructional purposes, yet this is not the most important
source. The great ice incursion made a generous contri-
bution to the building materials of the region. Numerous
boulders, some of which are of enormous size, are distributed
over most -of the county and are especially plentiful in the
morainal area. The prevailing types are gray and red gran-
ites and red quartzites. An abundance of material suitable
for foundations, roads, and monumental purposes is -afforded.
As a rule the economic importance of these stepping stones to
wealth is not appreciated by the inhabitants and but feeble
attempts have been made toward their utilization.
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LIME AND CEMENT.

There are no limekilns or cement works within the borders
of the county. Certain argillaceous limestones are present in -
the coal measures which might be made intoa hydraulic cement

of aeeeptable quality. . Such deposfos are of limited extent and
not; readlly acces&ble ' v :

CLAYS

N o county in the state -is more bountlfully supphed with
clays of good quahty, suitable for structural and ornamental

purposes, than Boone. Clay shales and bituminous shales of R

the coal measures are abundantly exposed especially along -
the Des Moines river and its tributaries south and west of
Boonesboro. To the southward they are cut by the “Ledge”.
~sandstone, but they reappear farther ‘down the river. The
coal measures are overlain by a thick. deposﬂs of glacial debris,
which is eomposed largely of calcareous clays. The upper
~ drift, however, has been altered and the Superﬁelal covering,
to a depth of from two to five feet is now a siliceous, brown
“to grayish, somewhat a,lluvml like soil. :
Along the Des Moines the usual bottom land prevalls
Near the stream the strictly alluvial character is noticed, but
“towards the slopes much of the slightly changed lime-bearing
drift clay mixed with 1oamy mater 1&1 occurs a few feet beneath
-the alluvial surface. .
At the present time the numerous clay- Workmg factorles in
Boone county utilize the alluvium, the drift soil and the coal
measure shales. The first of these has been adopted by sev-
eral of the brick makers at and in'the vicinity of . Moingona.
The drift soil is being extensively used at the yards west and
southwest of Boone, and the shale elays at points east of the
river in the same region. Only common structural brick are
made of the unconsolidated clays, but the indurated beds are
successfully manufactured into different grades of building
brick, fire brick, tile and pottery.
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BOONE CLAY WORKS.

The Boone clay works are located in the extreme south-
~west corner of Des Moines township, about two and one-half
miles from the county seat. This factory was started during
the latter part of the summer of 1889 by J. B. McHouse,
present proprietor. A No. 2 kiln was used the first three
years; at the end of this time the works were enlarged and a
No. I put in. .A dry pan made by the Des Moines Manufac-
turing Co. is used in pulverizing the raw material.

Fr1a. 30. Clay pit of Boone Clay Works.

The coal measure shales are deveioped here; and wrought
into drain tile, sidewalk blocks, structural and fire brick.
The following section is descriptive of the bank exposed.

FEET.

9. Drift o oocee_. e e 154

8, Potters elay oo oo oo e ccme e 13

7. Clay shale, st€el-COLOTOA - ool oo oaeee 2

6. Clay shale, gritty, ash-colored, iron-stained in the
UPPer PaArt - oo 4
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FEET
5. Clay shale, colored red, blue and gray........._... 12
4. Shale, deep red, ochreous band __._______.___._____ 3
3. Clay shale, similar 60 2._____ ... .. ____________. 2
2. Fireclay ... ¢ _____.____ mmeaiol feccmeeoin 13
1. Shale, impure (exposed).__._. ... _.__.____.._.:. 3

The above relations are shownin Fig. 30, taken from a pho-
tograph. The drift clay, which abounds in nodules of lime
- and hard pebbles, must be removed. = Of the under clays, No. 3
is the principal clay used. It is of excellent quality and con-
‘tains sufficient iron to give a good color to the finished pro-
‘ducts. The bottom elay is used in making fire brick. These
‘command a fair price, and recently the output has been
greatly increased. The entire bed is above the water level
of the small branch which flows near by and is entirely avail-
~ able after the stripping is removed. Work at this pdiﬁt is
‘carried on in avery expeditious manner. No lossis sustamed
-.through the ware checking as it becomes freed of its mcnst- :
ure. Drain tile] is the prmmpa,l product

BOONE PAVING— COM:E’A\TY

- The Works of th1s eompany are located on the summlt of
the bluffs a,loncr the DesMoires river, near the’ extremlty of
the Shepardtown switch of the Chleago &. N orthwestern rail-
iwa,y Work was bégun here several yea,rs ago, but through
=1nadvertenee rather than any other cause, the effort was not |
a suceess. During 1891 and 1892 the plant was idle. Since
then the paving company has introduced new machinery, and
at the present time is engaged in the manufacture of pavers
of acceptable quality. The clay used belongs to the coal
‘measures and is taken from a few feet above the river. It is
raised on an incline to the works. The stripping necessitated
is great. Over the clays desired there lies, perhaps, fifty feet
of glacial debris, consisting mainly of sand and sandy clay
abounding in lime concretions. It is impossible to mine the
ciay without rémoving the drift, since there is no adequate
roof. However, the position of the bank renders stripping
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poss1b1e w1th a minimum expendltme of labor. At the base
~ of the drift the section is:

_ FEET.
5. Clay sha,le, gray; rather pure; bituminous........__. 2%
4. Clay shales, gray, rather pure; bituminous parting

at the base._ccae oo [, |
3. Clay shales, upper part white, pure; lower part
; somewhat vauegaﬁed--f_ .......................... 3
2. Limestone, impure fossﬂlferous _____________________ %
1. Clay shales, color tht e R 5

_ All of the abovev beds, exeepting No. 2, can be utilized in-
~ making various products, but at present are used exclusively
in the manufacture of paving brick. The clay is first treated
’by a Des Moines dry pan, then it is transferred to a Frey-
- Sheckler machme The product is burned in a Fudaly kiln,
~ holding 125,000, or in one or two ordmary down draft kilns,
with a capacity of 26 000 each. The brick have been used in
pa,vmg some of the principal streets of the (31ty of Boone.

THE N. W. G—RIFFEE POTTERY WORKS

- This plant is located in West Boone. Pottery making was
‘begun here nearly thirty years ago, and during the last quarter
“ter of a century the factory has been under the present man-
-agement. The raw material is obtained from the east bank

of Diamond Hollow, about one-third of a mile eastward from

the Des Moines river. The bed worked is but: two feet thick.

Thé upper two or thrée inches are of a dark gray color, and

of good quality; under this is a buff, siliceous clay, sandier in
“the lower portion. A mixture of the two grades affords the

best results. Over the clay lies a limestone ledge, which
serves as a roof, the clay being mined by drifting into the
side of the hill. TUnder the clay a sandstone appears. One
ordinary down draft rectangular potters’ kiln is used for
burning. The product consists of the ordinary vessels in
various sizes and shapes, the extreme capacities being one
quart to twenty -gallons. TIn addition to the plain ware,
fancy ornamental pieces and toys are made. A ready market
is found for the finished product at various points along the
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Chicago & Northwestern ra,ilw'ay and branches, between Mar-
shalltown and Council Bluffs.

Other pottery works have ex1sted in th1s 1oealltv, but at
present the plant just described is the only one in operation.

~ THE JACOB YEGGE BRICKYARD. -

This yard is located on the 1eve1 upland, about one mile
southwest of Boonesboro. The ggaterial used is known as
‘“white oak’ clay. On the surface it appears to be a hghh
colored soil, which becomes brownish below. It can be used
to a depth of perhaps two feet. The deposit is followed by a
yellow, jointed, somewhat gravelly clay, which contains
numerous particles and concretions of lime. The brick, the
only product made, are moulded by hand, dried on the yard:
“and burned in cased kilus, the largest kiln holding 442,000
brick. TFour days are required for Weathermg and about five
to burn the brick properly.

In the vicinity of Boonesboro, F. Bowman, Dean & Bowman,
S. Smiley, J. Benson and L. Stephens operate brickyards.
At all of these yards the raw material is of the same char-
acter as that utilized at the Yegge works. The methods
employed in preparing, drying and burning the product are
essentially the same. Moreover, the bricks themselves are
almost identical with those of the Yegge yard. It seems,
' therefore, unnecessary to give separate descriptions of each
plant. . The F. Wilcox yard, between Moingona and Ogden,
may be classed in the same category. T. Franklin started a
small brickyard on the east side of the river and may also
make some pottery. The clay used is the same as at Griffee’s.

THE SLATER YARD

Mr. Slater was the pioneer brickmaker at Moingona. He
opened a plant in the southwestern part of town as early
as 1866. Work has been prosecuted ever since, but, until
six or seven years ago, only sand-rolled brick were made. .
Machinery was then introduced and used for several years,
but at present the greater proportion of the product is made
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by hand. The ‘‘white oak’’ clay for the hand-made brick is

similar to that at Boonesboro, and is taken from the hilltop

just south of the works. A few buff-colored bricks have been
‘made from an almost white shale of good quality, which is

exposed in a ravine near by. The dry-press brick were

manufactured from a red shale. This shale outer ops near

shaft No. 6 of the Moingona Coal company, and varies from
~ three to six feet in thickness. Thls clay burns to a bright

‘cherry-red color. '
. - THE EVERETT YARD.

This comparatively new plant is located just southwest of
the Chicago & Northwestern depot at Moingona. The raw
material is taken from Whatfniight properly be called the
“‘second bottom”’ deposit. The stratum utilized varies from

_one to five feet in thickness and is of a yellow to brown color.

~ In texture it is somewhat sandy, yet rather strong, and grades'
upward into the surface soil, all of which is being ut111zed with
good results.

- There are three other manufaeturers of clay products in
th1s vicinity; two are near the station, the Erickson, and the

 MecCloud & Carpenter, and a third is about a mile and a half
southeast of town on the east side of the Des Moines. The

last named factory is owned by S. Boles, who uses a clay

o ,essentlally the same as that at the Iverett bank. Both of

those near the station use a loamy material. The Erlckson
clay belongs to a more recent deposit and is by no means
_strong. Attempts have been made to use the yellow under
" clay from the second bottom which lies below that used at the
McCloud & Carpenter yard. All such attempts have proved
futile on account of the excess of hme The methods employed
~atthese vards are similar. The brick, which are known as sand-
rolled, are dried in the yard and burned in cased kilns. The
color of the product is almost invariably good. :
Small brick yards have been opened at several points along
the river north of Moingona, but in material used, methods

21 G Rep
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pursued and the final product are Ie‘ssentially the same as in
those just described. '

. G. ECKERT YARD.

In 1893 this small plant was esfablished at Madmd a,nd has
been operated continuously since. It is located about three-
fourths of a mile southwestward from the town. The material
used is a rather sandy drift soil about two feet in thickness.
The brick are hand-moulded and burned in temporary cased
~ kilns. L. L. Wheeler also operates a small yard in this vicinity.

SOILS.

As has been said the drift compl’etély mantles the county
and hence the soil is a heterogeneous mixture of sand, clay
and vegetable humus, and bears no relation to the eountry
rock. Although the surface materials have an extraneous
origin and are of a composite nature, yet several well ’m.'arked
types may be distinguished. The principal streams are
flanked on either side by alluvium, varying from a few inches .
to several feet in depth. The soil contains a considerable
percentage of sand and is a quick, warm soil often highly pro-
ductive. The crests of the bluffs adjoining the Des Moines
valley and an area extending some distance inland are capped
with a gray, ash-colored soil (white oak soil). The timber
limit is almost coincident with the distribution of this type.
The upland region which comprises seven-eighths of the area
of the county is covered with a thick layer of grayish-brown .
to black, sandy loam.

- In many cases, espe<31ally in the western half of the county,
the soil is so heavily charged with humus it attains a jet
~Dblack color and is extremely close-textured. On account of
its great retentive power as regards water, it is often imper-
fectly drained and is not considered arable. Nearly one-
fourth of the superficial area of the county remains untilled
because of imperfect ventilation and drainage. To show
that such soil does not lack the proper chemical constituents,
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but that its apparent worthlessness is due to physical con-
ditions, the following analyses are appended.*

PHOSPHORIC ACID|  pomash. NITROGEN.
P,0; :
g T = o =g
o .t .O e o= 5‘ = '8
ST b 8T | 8° & i
1. Upland, well drained.. 0.20 0.0118 0.27 | 0.0039 0.179 0.0032
2. TUpland, poorly drained- 0.15 0.00235 0.33 | 0.0060 0.301 0.0150

The analyses require but little comment; the relative
value of the two soils represented by the samples considered,
measured in terms of available plant food is plainly evident,
yet sample 2, was taken from supposedly the poorest land in
the region. - |
Whitney has shown that the productiveness of a soil
depends even in a greater degree upon its texture and physi-
“cal. constitution than upon its chemical composition. The
apparent need of a considerable area of the county is the
introduction of tile drains. By such means thousands of acres
might easily be rendered tractable, and would soon become
the most productive land in the region. Tile could readily
be produced in the immediate vicinity, for no county possesses
a greater amount of clay suitable for the purpose.

ROAD MATERIALS.

Sand and gravel knolls are not uncommon over the county
and these taken in conjunction with the stream sands and
gra,vels afford an abundance of road material. The above
sources also furnish an adequate supply of sand suitable for
building purposes.

ARTESIAN WATERS.

The deep well in the city of Boone demonstrates the
1mproba,b111ty of being able to obtain a flow from the great

*The above a,nalyses were taken from a pa,per entitled The Chemical Analyses of Soils,
by Prof. G. E Patrick, Iowa Acad. Sci., vol. II, p. 65. Des Moines, 1895. The samples were
taken in Pocahontas county where the rela.tions are similar to those in Boone.

s
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sandstone formations of the lower Paleozoic. Of the drift
wells, there are two well marked artesian basins represented
‘in the county;the Beaver creek basin and the area drained
by Squaw creek. All of the wells in these two areas afford
but weak flows, yet the amount of water is sufficient for local
consumption. The water is usually highly tinctured with
salts of iron, but not in sufficient quantities to seriously inter-
fere with its use for domestic purposes, and it seems to have
no deleterious effects on stock.” These wells range from 50
to 150 feet in depth. In other portions of the county good
water is generally obtained at a depth of from 20 to 150 feet.

MINERALS.

Pyrite.—The coal measure shales afford an abundance of
pyrite crystals, some of which reach a high degree of per-
fection.” They usually occur as parallel growths and often
form masses of considerable size composed of sub- 1nd1v1duals
The pyrltohedron is the prevailing type.

Gypsum.—Good crystals of selenite are often eneountered
in the lower members of the drift. They usually occur in
seams one or two inches in width, composed largely of “swal-
low tailed” twins. Gypsum is also not uncommon in the coal ‘
measures, filling interstices in shale, and it often appears as
thin, white, semi-translucent partings in the coal itself. v

Calcite.—This mineral in the crystalline form is rarely found
in thislocality. It enters largely into the formation of parti-
tions in the septarian nodules and often occurs in small
amounts in certain sandstones and shales. Omne of the most
interesting forms assumed by calcium carbonate is that popu-
larly known as cone-in-cone. Beautiful examples of this
structure are found in the argillaceous shales along the Des
Moines river near Madrid. This oecurrence was noted by
Owen* during his ascent of the Des Moines riverin 1849. He
describes it as “‘a band of translucent calcareous spar, having
the prismatic structure of aragonite, and the fibrous prisms

*Geol. of Wis., Ia. and Minn., p. 123. ) ‘
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collected, however, inito perfect conical bundles, with the apex
of the cone turned either directly downward, or sometimes
upwards, the external surface of the cones crimped, possessing’
in fact, at the same time, the most perfect tutenmergel struct-
ure, as if produced by some combined process of stalactitic
infiltration and simultaneous crystallization.” The cone-in-
cone seam occurs some twenty feet above low water and varies
from one and a half to three inches in thickness. It is practi-
cally parallel to the enclosing strata and gradually thins out
and disappears laterally. A chemical examination by Prof.

FigG. 31. Undisturbed cones in the lower portion with several detached cones above.

G. E. Patrick proves the substance to be essentially ealeiﬁm
carbonate (C, CO; —83. 12 per cent.) contrary to the opinion
of Dr. Owen who believed it to be the sulphate.
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CHARACTER AND DISTRIBUTION OF FOREST "TREES
'AND- SHRUBS IN BOONE COUNTY

. BY PROF. L. H. PAMMEL.

Central Towa is not covered extensiv ely with forest growth
and Boone county forms no exception to the rule. TIts tim-
bered area is, however, greater than that a,long the Skunk
river in Story county, but fourteen miles: distant. - The tim-
bered portion of Boone county covers an area varymg from
three to six miles in width. It is confined to tne Des Moines
river and its tr 1buta1 1es. -

Two features are especially noteworthy first, the tlmbered
area of-the alluvial and sandy flood plain of the Des Moines
river and its larger tributaries; second, the timber occupying
the hilly country, which consists of numerous valleys, eleva-
~ted ridges and hills. There is usually & sharp demarkation
of the Speejes of the alluvial flood plain and the hilly country. -
The first area is occupied almost exclusively by the white
elm (Ulmus americana) and the common cork elm (U. race-
mosa), soft maple (deer dasycarpum), box elder (4. nequndo),
cottonwood (Poprlus monilyfera), black walnut (Juglans nigra),

willow (Saliz sps.), and green ash (Frazinus mmdzs F sam-
bucifolia).
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Among the hills the dominant trees are red oak (Quercus
rubra), our oak (@. macrocarpa), white oak (. alba), chest-
nut oak ((. muhlenbergii), green ash and white elm less
commonly than along the river, butternut (Juglans cinerea),

“shell-bark hickory (Caryae alba) and bitternut (C. amara).

On steep hillsides facing the river, ironwood ( Carpinus car-
- olintana) and hop hornbeam (Osirya wvirginica) occur. Slip-
pery elm (Ulmus fulva) is abundant. In thickets, Prunus
americana, P. virginiana, Pyrus coronaria, Crotegus mollis,

C. punctata, Cornus alterwifolic and Viburnum pubescens are
also common to the bluffs.

Without doubt. the soil bears an important relation to the
kind of tree or shrub produced, and, to a certain extent, the
soil and geological formation is an index to plant life. Most
- collectors in North America have given this subject very
little attention.

" The appended list of shrubs and trees found in Boone
county, is in part represented by specimens in the Agri-
~ cultural college herbarium. The remaining plants on the
~the list are inserted from obsérvations by the writer, Dr. S.
‘W. Beyer, or Messrs. Sirrine and Carver. In arrangement

and synonomy Gray’s Manual, sixth edition, has generally
been followed.

ANGIOSPERMS DICOTYLEDON.Z.
TILIACEZ.
T@Zm americana L.
Hills and second bottome, abundant.

RUTACEA.
Xanthoxylum americanum Mill.
Abundant in hilly woods.
CELASTRACEA&.

Celastrus scandens ..

Upland woods, frequently climbing over small trees and
‘shrubs; highly ornamental. |
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Euonymus atropurpureus Jacq.
Common in woods and on second bottom.

RHAMNACEZA.

Rhamnus lanceolata Pursh.
Local, in upland woods. (Carver.)

Ceanothus americanus L. - | .
Dry woodlands and along: railroads on the pra,lmeb
- abundant.

C. ovatus Desf.

Probably occurs on very dry drift soﬂs oceurs in Story -
- county.

VITACEZ.
Vitis Mpcm i@ Michx.
Abundant in upland woods and bottoms, ehmbmg over
shrubs and large trees.
Ampelopsis quinguefolia Mich<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>