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GEOLOGICAL SURVEY.

AN ACT providing for the completion of the Geologieal Burvey of the Etate of Towa.®

Broriox 1. Be o enacted by the General Assembly of the State of Jowa, That
for the porpose of completing the Geological Survey of the State, Charles A,
White, of Julinson county, is hereby sppointed State Geologist, and shall hold
Lis office for the term of two years, or until his successor Is appointed.

Sk, 2. The State Geologlst shall be sathorized to appoiot & competint assist.
ant, snd also & skillful apalyticsl and experimental Chiemist, who shall report to
the Btate Geologist the snalysis of such solls, rocks, coals, ores and other mineral
substances, a8 be may sabmit to bim for that purpese.  He shiall also bave power
to employ such farther sssistance as he may deetn necessary to prosecute promptly
and efficiently the field - work connected with the survey. All persons employed
by him shall Le under his direction, and subject to removal by him. All the
specimens of minerals, fossils, rocks, soils, coals, ores or olher geological or min-
eral substances of auy value or interest 1o either the practical or smatenr geolo-
gist, and any drawings or sketches of the same obtained or made by sald State
Geologist, as well as the copy - right of the reports and all books printed there-
from, shall belong to the State, and po specimen copy, drafi or part of the same
shall be given away or £old, or permitied to be earried awsy contrury to the pro-
visions of this Aet; snd the State Geologist, or any of his assistants or employes,
or any other person, who shall viclate sny provision of this section, shall be
deemed guilty of a misdemesnor.

Sec. 8. It sball be the duty of the State Geologist and bis assistants to earry
on, with as mnch expedition as practicable, the Geological and Mineralogionl
Survey of the Siate, including observations and examioations of the sofl for
agricuitural purposes, He may slso include in his report such matters as per-
tain 1o physical geograpby, and such other matters as properly and usually
pertain to a survey of this kind; it being expressly required of the State Geologist
and bis assistants, that these duties be performed In such 8 manver s 10 give to
the people of the State the greatest nmount of practical information in relation
to its resources,

Sre 4. [t shall be the duty of the State Geologist, on or before the first Monday
of Junuary of each year, to prepare a report of said survey and ils progress, ac-
companied by euch maps and drawings as may be necossary to fllusteate the sume
and transmit them to the Governor, who shall lay s copy of such reports before

* Extract of Chapter T2, Laws of the Eleventh Gozeral Assembly.
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the General Assembly. - That the Geologist shall, as far as practicable, use such
words in his reportsss are ln common usé, and that he shall nccompany each
yolame of his reparts with a glossary. It shall also be hia duty to prepare, from
time to (Ime during the progress of the suryey, jcati for publicati
in the newspapers of the State (provided it shall be done without expense 1o the
* State), embodying such information in ref to the cb and quality of
the soil, deposits of cosl, minersls and otlier valuable subatances, 48 he may deem
of general interest und Imporisnce to the public.
€ge 5. It shall be the duty of the State Geologist to cause collections to be
made of rocks, soils, fousils, coals, ores ond other miners) sabstances discovered
or examined, which shall be disposed of s follows, to-wit: All rare specimens,
of which duplicates can not be found and all specimens from which descriptions
or illustrations are drawn for publicstion, shall be jeposited in the cabinet of the
State University, A full series of the best of stich speci as more particularly
exemplily the economic geology of the State, shall be deposited in the cabinet o
the State Agricultural College. Al other specimens shall be distributed to ihe
cabinets of all other organized institotions of learning in the State, giving prefer-
ence to the State University, the State Agricultural College, and the Medieal

College ot Keokuk.

FIRST ANNUAL REPORT

or

CHARLES A. WHITE, M. D., STATE GEOLOGIST.

Towa City, Junuary 8, 1867,
To His Kreellency, William M. Stone, Governor of Iowa:

Bm: In 4 with fon four of chap ~three of U
of the Eleventh General Assembly, I berewith submit wam my ﬂmh:n::l
report of the progress of the Geological Burvey of the State, Upon your appro-
wal of the law referred to, March 30th, 1886, I repaired to the capital for the
purpose of being legally qualified, and then entered immediately upon the duties
of my office. lamwm.cmmmdmmu,nnym.m;
NMGmeo(MMVﬂmmﬁmdthemy
"The first work done was s review of the older rocks of the eastern half of the
State, from thé oldest fossiliferous formations 16 the sub- casboniferous mestones
:;i::? Vmwmb;vmmmmwmmym
hmmmm:mﬁndm.w for study, and
‘The principal object of this review was that we mi obtain as complete
knowledge as possible of the full series of the m“u:!mum:um.mm:
regular order, and thus enable us to study with greater precision the coal-bearing
strata, to which it is proposed :ommmm«édmﬁm
Wmmwmu'nMJnmjbmmeﬁM
examinations of the coal - deposits of the neizhboring States, and also along the
northern border of our owa cosl -fleld. Then preparing an outfit consisting of s
Ppair of horses with s covered wagon, tent aud other necessary articles, we pro-
ceeded to the sonthwestern part of the State by the way of the southern tier of
counties, and subsequently carried ou careful exsminations over the three south-
ern tiers, from the Missouri River lo those counties which border the valley of
the Des Moiues River, comprisiog Decatur, Ringgold, Taylor, Page, Fremont,
Mills, Pottawattamie, Cass, Montgomery, Adams, Adair, Union, Madison, and
paris of Clarke, Wayne aod Appanoose counties. It was considered of great
Importance that we should know the extent of our coal- fleld in that direction, a8
well 88 just to the people of the western part of the State, because the examina-
tions of the previous survey did not reach them. -
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{he General Assembly. - That the Geologist shall, a8 far a8 practicable, use such
words in his reports s are In common use, and that he shall accompany each
volome of his reports with a gloseary. It shall also be his duty to prepare, from
time to {Ime during the progress of the survey, fcati for publieati
in the newspapers of the Siate (provided it shall be done without expense to the
* Btate), embodylng such information in reference 1o the charscter and quality of
the soil, deposita of cosl, minerals and other yalusble substances, as he may deem
of g 1 t and imp 1o the public.

Sge. 5, It shall be the duty of the State Geologist to cause collections to be
made of rocks, solls, fossils, coals, ores ond other minera] substances discovered
or examined, which ehall be disposed of as follows, to-wit: All rare specimens,
of which duplicates can not be found and all epecimens from which descriptions
or illustrations are drawn for publication, shull be deposited in the cabinet of the
State University. A full series of the best of such specl as more particularly
exemplify the economic geology of the State, shall be deposited in the cabinet o
the State Agricultural College. All other specimens shall be distributed to the
cabinets of all other organized institutions of learning in the State, giviog prefer-
ence to the State University, the Siste Agricultural College, sud the Medieal
College st Keokuk.

FIRST ANNUAL REPORT

or

CHARLES A. WHITE, M. D., STATE GEOLOGIST.

Towa Crry, January 8, 1867,

To His Ercollency, William M. Stone, Governor of Imea:

Bin: In d with lon four of chapter seventy -three of

of the Eleventh General Assembly, I herewith submit to"yon my mm:al::l
report of the progress of the Geological Burvey of the State. Upon your appro-
wal of the law referred to, March 80th, 1866, I repaired to the eapital for the
purpose of being legally qualified, and then entered immediately upon the duties
of my office. Tappointed Mr. Chandler Childs, of Dubuque, as my fleld - assistant,
and Prof. Gustayus Hinrichs, of the State University, as chemist of the survey.
mnmvmgdoa'ulmkvdmeddﬂmdmaﬂmmdlh‘
:«.mmmmmummmns-mm
uy:‘:. m“wwﬁdmmmhmn‘mﬂ&
mmmmmmnﬁ!nmkndmmum for study, and
The principal object of this review was that we might obtain ss complete
imhdpupuducdthafqllleﬂunlmtom:?mdm;mlhml:
regular order, and thus epable us to study with greater precision the coal-bearing
strata, to which it is proposed 1o devote the greater part of esch season’s lsbor,
mmmm&uwumdwhmhmm
examinations of the coal - deposits of the neichboring States, and also along the
northern barder of our own coal-fleld, Then preparing an ontfit consisting of s
pair of horses with s covered wagon, tent and other necessary articles, we pro-
ceeded o the sonthwestern part of the State by the way of the southern tier of
counties, and subsequently carried on careful examinations over the three south-
:nmmmlm River 1o those countles which border the valley of
ua Des Moines River, comprisiog Decator, Ringgold, Taylor, Page, Fremont,
s, :uu-mh.mlwm'Mm. Union, Madison, snd
:1- Ch:.:.Wmmmmh Tt was cousidered of great
portance that we should kaow the extent of our coal - ield in that direction, as
well as Just to the people of the western part of the State, because the examina-
tions of the previous survey did not reach them.
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Wishing to accomplish all that was p ible for the de t of Tuel for
our Btale, early in September last I sent my assistant 10 the counties of Fraoklin,
Wright, Cerro Gordo, Haucock, Worth and Winnebago, for the purpose of examin-
ing that region for deposils of peat, while 1 continued the esuminations in relation
10 the coal - field.  Peat will no doubt be found i large quantities in other parts
of the State, but for reasons suggested by the charscter of the surface in relation
10 the strenms of that region, climate, &e., it was thonght 10 be one of the most
(( ble for p t in gati of this kipd; beside which, it is entirely
beyonil the limits of the conl - fleld, and within it vo other fuel excopt wood may
be expected,

My instructi to my sxsistant were that he should report to me at the end of
every week, that I might give the results to the people throngh the public press
a8 s00n us (hey were nscertuined, but I regret to say that 1 have received no report
from hlm for wore than ihree months, in consequence of which 1 have been
obliged remove bim, and bave appointed Mr. Orestes H. St. John, of Waterloo,
Black Hawk county, in his stead, Icontinned my field - work until the 10/ of
Noavember Iast, at which time the weather became too fuclement to proscoute it

" further for the present season.

Tlie more prominent resnlts of tho field- work may be briefly stated ns follows:
That formation known smong geologists as the soal - mensures consisls in our
Btate of & specession of strata of sandsione, limestone, sandy, clayey and car-
bonnceons shales, marls and coal; and is divided into the upper and lower
series, The lower series only is found long exstward and northward of the Des
Molues River Valley, and conslsts privcipally of shales and sandstone, together
with the coal, Very little limestone Ia found associated with them, and that is
always more or less impure. This series contains all the productive conl-beds,
and consequently furnishes nearly all the cosl now oblained in the State. The
npper series Iats priccipally of 1l . with some fine-grained sandsione
and marly shale. Tt is not known to exist at all uorthwnrd and essiward of the
Des Moines River, bitt 1o the southward and westward of that river it reaches &
maximum development of one hundred snd sesenty - five feet fu thickness. There
are &t least two carbonaceona horizons in \his series, one of which embraces the
only bed of coal yet found in the western part of \he State. The other is of
Yimited extent, nsually showing s thin seam of highly carbonaceons mutter, but
1o thie form of shale, and entirely worthless. The hed of cosl referred 1o finds
its grentest development along the valleys of the Nodaways, in the countles of
Adums, Taylor and Page, and is there, st most, only twenly inches in thickness.
Tts horizon has been recognized in most of the counties referred o, hut Ure coal-
bed §s found to Qiminish in thickness to the eastward, westward and southward,
80 that in these directions little is seen except a thin band of carbonaceous matter
of no economic value, as its representative. The strats of this series nre nearly
hosizontal in an easterly nnd westerly direetion, so that one, in passing from
Madison or Olark to Fremont or Potawntsmie counties, would be, in geological
language, constantly upon the live of strike, the dip of all the strata being to the

southward, and nearly coincident with the fall of the streams.
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In all that region of the south-western part of the State, comprising the thirteen
or fourteen full counties, named, the only accesalble rocks are those of the upper
coul- measure saries, Which in \he decper valleyz of Madizon county at lesst, I
found restivg upon \he npper part of the lower series, ns at present understood;
eastward from which poin, the upper series mpidly dissppears, aod the lower,
with its conl, becomes acceasibile.

This determinstion of the relative position of the strats of the western and
central purts of the Btate, which was first made known by my labors during the
past season, becomes a mattor of very greal economic interest to (he people, for
upon it depends the divection of intelligent effort in future investigations for conl,
It is koown that the upper sorles, in the region referred to, contalns oo little coal
for the uses of the inhabilants, but it is uot eontrary to any kamen principles of
goology to expect bo find the lower soriex, with ity coal - baidy, extanding benanth the upper
weries to the western part of the State, by sinking shafts of net impracticalle depth down
to them.

During the progress of the fleld-work, I wrote froquent articles for the public
press, explanatory of Iis results, in sccordance with the law. 1 herewith trunsmit
W you printed coples of the satne, (hlriy-three in number, 18 o part of my report.

The desire on the part of the prine!pal newspapors of the Etate 1o obtain these
communieations hus been so grest that 1 havs prepared from two Lo four mann-
soript coples of ench ong of them, und sunt them slmulisncously to a8 many news-
paper offices for publieation. These have again been coplad lato olther papers of
e Btate: in addizion so which the leading newspapars of the neighboring Btates
have frequently mude copl Lracts therefy "

A large quantity of material Liss been collected, consisting of minerals, fossils,
wolls, clays, fuels, samples of building-rocks, mineral walors, &e, && 1 have not
yet hiad time to Tally investigate aud arrange these caliections, but they are known
2ot only 10 comprise much Uit the State Cabinet ban never befors contained, but
alen & number of species not before found in the West, some of which are yel new
1o sclepce. My first care will be 10 label and arrange theso collectiohs fn such a
manner that a knowledge of thele ownership, geological position and loeation can
not be lost.  ‘Those of which it 15 desirablo to bave chomlcal analyses and investi-
getions made, sre In the haods of the chemist. By referonce to his report, here-
with anpexed, it will bo soen that he has entered upon hls work with an earnest.
ness and eare which give promise of the most satlsfictory results. It Is proposed
to devote u conslderable part of the lime during the winter monihs to the eritioal
inveatigation of \hese collections, and whenever it may bo necessary to secure to
the Biate the credit of priority lu those lubors, the rasults will be published in
some of the selentific perodicals of the country io advance of my finsl report.
After thix has been done, the specimens will be distributed socording 10 law,

The Faculty of the State University have gencrowsly given mo the free and
exclusive use of thelr large eabinet room for an offies, nnd ln which to study and
arrange the collections. The ralirosd-companies of the State give me free acosss
to the records of their surveys, and offer me all facilitles for lovestigation that can
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be desired. I find the people much interested in the progress of the work, and
everywhere kind nnd obliging. As soon as the weather will admit of field
operations in the Spring, it is proposed to take up that work where it was left at
the close of the season just passed, giving especial sllention to the subj of
cosl and peat.

All of which s respectfully submitted.

CHARLES A. WHITE,
State Geologist.

REPORT OF THE CHEMIST.

To Dr. C. A. Wmite, State Geologist

Sir: T herewith submit the following as a report of progress of the chemical
investigations connected with the survey: Up to date, two hundred and lhlrty -
two numbers of specimens have bofm received at the lab y for
many of these bhers repr g dupli The material thus mcumu\n.d
by you during the first season of the survey, is not only large in amount, but also
of great intrinsic value for the sclentific and economic mineralogy of the State,
The specimens have all been Jabeled by numbers, which nre here used
10 dealgnate them.

1. MINERAL WATERS

Have been received from Mit. P (114), Ottamwa (121), Bloomfield (24),and
pear Balt Creek, Davis county, (72); also, water and its peculinr sediment (rom
the Missouri River (187) Of these, ihe first four have been analyzed. These
analyses, together with one of & spring water made for the Iowa Hospital for the
Insane, constitute the only analyses yet made of the waters of the State.

A considerable number have been received. No, 8 from Burlington, Noa, 77
&nd 78 from Madison county, and No. 70 from Adair county, have been examined;
No. 10 from Clarke's quarry, near Iowa City, has been analyzed, and found to owe
its dark color to phosphate of protoxide of iron. As phosphates are especially
fertilizing, it will be important to investigate other rocks in the same direction.
Of soi's, none have heen a3 yet analyzed; such analysis can be more expeditionsly
and accurately made when a larger number of samples shall have been colleeted.

1L COAL AND FEAT.

The analyses of coals made Ly Prof. Whitney, the former State Chemist, have
been discussed. These analyses plainly show, that the combustible part in the
Towa cosls is very nearly uniform, consisting of forty - mnm«m
muwymnm«mm;mmmmbﬂ
difierent coals snalyzed being due to the varying proportions of ashes and
moisture aesocisted with the combustible part. The theoretical besring of (hese
results upon the formation of cosl is apparent. Their practicul importance is
also very plain, for & determivation of the amount of ashes of the dried coal is

2
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equivalent to the more elsborate apalysis. It will be imporiant to make many
farilier snalyses, in order to ascertain whether the same law will hold good for
all fowa conls

Of new analyses, the following have been made: (124) cannel coal from Mt
Pleasant, Henry counly; (1868) coal from Bentonspogt, Van Buren county ; (123)
peat from Solon, Johwson County; (125) peat from Mason City, Cerro Gordo
county; (126) the same condensed.

IV. MINERALS.

Celestine, 'The specimens brought by you frem Fort Dodge proved to be sul-
phate of Strootia or Celestine, which ling to Whitney has not before been
recognized in any locality west of Ohio,.— Wisconsin Repert, page 113.

Giypowm. Nos, 0, 20 and 85, from Dubugue; No. 23 from Fort Dodge; the
lutter white, and almost chemically pure.

Baryles or Heavy Spar. Nos. 4 sod 5, from Bremer county ; No. 7, from Decatur
county; Nos. 40, 42, and others, from Dubnque,

Epsomite or Sulphate of Magnesia. (Nos. 187 and 168) discovered by you some
years ago near Duorlingten,

Cale spar in many varieties, a8 No. 16,  Dog -tooth spar: geodes from Waverly,
Bremer county; No. 17, the same with Brown spar covering; Nos. 83 and 48,
Bpars, and other varieties from Dubuque; Nos, 2 uod 3, Anthraconite in fine
eolumuar masses from Waverly, Bremer county. Nos. 60 and otber, Rock Milk,
from Dubudgue; 177, Dog-towth spar, from lows Falls.

Manganese, has been found in dendrites on elabs from Awamoss, (Nes 13 and
14) op ealearcous spars from Waverly, (No. 17) and lowa Falls, (177.) Ithasalso
been detected as Wad (60, 61, 67) and Pyrolusite (47) from Dabuque,

Zine, lead, and fon ores have been received and determined, but not yet
analyzed,

The fine collection of geodes from Bentonsport has been partially investizated.
The full investigation of this minerslogical treasure will require much further
Inbor.

The specimen No, 121 from Red Rock, Marion county, will probably prove to
be n new mineral species.

A full analysis has been made of clay from Iows Falls; No, 20 is & remarkably
pure marly clay; No. 21, a fire clay coutalning some ferruginous ssud, and well
adapted to various kiods of fine pottery.

From the work slready done, both in regard to the materisl collected in the
field, and the stody in the lab ¥, I may to predict that your final
report will contain a chapter on the scientific and economic minerslogy of Iows,
consisting of the results of investigations, hitherto only barely commenced.
GUSTAVUS HINRICHS,

Chemiat,

POPULAR LETTERS

or

THE STATE GEOLOGIST

FOR 1866.




+ INTRODUOCTORY .

By reference to the law of the El th General Assembly, on the opening
page, it will be seen that provision was made for the publication of newspaper
reporis of the observations made daring the progress of the State Geological
Sarvey.

This provision, although a novel feature of law relating to geologioal surveys,
and adding largely to the labors of those in charge, has nevertholess become
very popular with the people of Towa during the last two years, and it is believed
also that they have been much benefitted by its falfillment. Instead of making
w records of observations to be filed away in the office until a future General
| Ascembly should provide for their publication, and when, through lapee of
time, many opportunities to take practical advantage of such information
would have been lost to our citizens, these results have been made Immedi-
ately available to all by the frequent publication of letters from the field and
from the office, in the various State newspapers. ’

These Jetters were almost always written in “ manifold,” and one copy iava- _
riably sent to the newspaper of the neighborhood where the observations recorded w
wore made; and the others, from two to ten in number, were sent simultaneously
to other papers in various parts of the Stale, amounting 1 all to between furty- |
five and fifly, in all of which they have appesred es original matter. !

Many of those letters were written by the light of the camp- lantern, after the
field - labors of the day were over, and were consequently unsatisfuctory to the
writer, beeanse it wus inevitable that minor errors should be admitted into com-
munications made before the observations were complete.  Again, muny of them
‘having been written for different readers, while the subjects of each were similar,
it was often necessary to repest inone what bad slready been written in asother;
for it was the aim of the writer to present the information contained in those
letters in such a form as to be readily understood by all, and also to present such

Bymaum cmmwﬂﬁ!mmﬂ
errors and repetitions have, to & great extent at least, been excluded, so that
what is sald of many of the counties appears somewhat changed from the form
in which it originally appeared In the newspapers. An exception to the rule of
excluding repetitions is made in favor of what; has been said in refation 1o the
growth of forest trees. This is & matter of o much importavce that 1o+ much
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can not be saud Lo encourage the people to plant largely of all Kinds of our native
Irecs, which it is now known will grow as thrifiily upon prairie euil s suy where
else, Tt s to be regretted thiat time would not allow the arrangement of the mat-
ter contalned in those letters according to the varions subjects discossed. Iostead
of this, the subject matter is left in the order of time in which the observations
were made, or ueoording with the progress of the work.

The scieatific reader will thos understand why it is that official reports of the
survey wre presented In this unasual frm, hut he must not or & moment suppose
Ut muy selentifie principle will be saerificed to popalsr prejudics or preference.
All matters that are more whatraclly scienlific in theilr character are receiving
their full share of wttention as the work progressee, and several papers of this
charieter have Wlready been published in various scientific journals, two of which
nre herein re« printed. It is of conrse expected thst u comprebensive final report
will be published i standard form, in addition to these preliminary papers and
reperts,

Considering the fact that only & few years ago geology was not mude & part of
eyen  liberal education, It is thonght advisable o give a few words of popular
explanation of its principles #o far as relates 1o the geologionl strocture of our
Blate.  All the rock formations of Tows ure stratified ; that is, they have withont
donbt boen formed st the bottom of the ses in more or less regular layers, and
now, kince their elovation from the ses, they extend, s it were, in broad sheets,
lying the ove above Lhe other, beneathy the whole sarface,

Ta Tosa the onder of superposition of the formationa is comparstively simple,
beoaise no great distarbance of the strata has talien pluce here, a5 hds been the
case in some other regions. The ch 78 and oomposition of our rocks are
various, befng limestone, saadstone, magnesian limes ooe, shale, clay, coul, &e.,
for whether bard or soft, geologists eall them all rocks. Even the coal, since it
lies in beds paeallel with beds of roek, s practically itsell a stratified rock,
whethier the theory of its matine origin ad d Ty the chemist in his letters is
the correct one, or not.

Nearly all stratified rocks sre found to contsin fus<il remains, which in ours are
principally shielle sod cornls of many kinds; and by the study of these, gealoglsts
find that cortain sets of strata are characterized by certuin fossils that are found in
them, snd nowhore elae. It is this which gives cullections of fossils their great
valbe, for without e information they thus aiford they would be of po more
W‘Mbmhmuod:ﬂx. By studyiog the fossils of all the formations we nre
‘able to determiae tho relative position of any ons of them, evea If but a small
‘part of & single ons ia found exposed; fir this relation, when ones ascertained, is
found in all cases to be constant and relinble. The sirata thus sindied are divided
mmmmmmhumm of their rela-
Uve nges, ny Lower Silurian, Upper Silurian, Devonian, Carboniferous, &e.; the
lowest in thie suries belng the oldest, and the others successively of later and later
origin. Theatrata of our State do not now lie In & perfectly borizontal position.
1f they did we could find Hitle more hau the upper ones, but by a change in the
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surface which probably sent on slowly whila they wero belog deposited, they
have been elevated 20 that their slightly uplurned edges come to the surface as
oneé goes from the southwest Lo the northeastern corner of the State, where the
oldest, xod geologically the Jowest are fund. It will thus be seen that \he plane
of nny of e geological formations beneath the surfice buve no necesssry relation
10 the plane of thut genersl surface.  For instence, of the rocks exposed slong
e Miwissippl river, those in Alamakeo aud Cliyton countles are the lowest
geologically, although topogruphically the bhighest, and as one goes dowa the Mis-
sisalppi, he goes wp In the geological scale,

Through the politeness of Dr. Mark Ranney, Superintendent of the State Hos-
pital for the Lnsane at Mount Pleasant, Huory connly, who presented a series of”
carvlully preserved specimens of the barings of their Artcsinn well, we oblained
very satisfactory proof of this order of superposition of the steati.

An examination of thess, ennbled us to dentify, by their Hehologioa) characters,
the formations which the drill passed through, because we were previously

q 1 with those ch ters, huving stadied the same rocks ss they snecess-
ively make their appenrance at the surfuce aorthward.

Al the depth of 1125 feet, the bottam of the boring, we identified the rock as
the sarme as that which frms the tps of the bills st Dabugue, more Hhan a
bandred ml'es northward ; and if the boring bad been continued, e drill would
have renched those rocks which eome to the surfacs still further to the northward,
The record of that boring eays that the drill passed through a0 conl.  This conld
huve been predicted, beeause the first rocks pieresd by the drill were those of the
sul-earboniferous lmestone which Is found to form the fovr, 8o Lo ypauk, of the
formation which contsins the coal. If they had commenerd ihis boring in
Jufferson, the vext conuly westward, they would doubtless huve passed through
&t least a portion of the coul-measure siraty before reaching the limestone opon
which they siarted at Mi. Pleasant.  IF they had commencvd theic boring In the
southwestero part of the State they would have been obliged 1o plerce many
bundred feet of barren and probably aleo p i ! strata before
heir drill reached the limestone which is at the surface in Henry eounty where
they begnn 1o bore,  From whal has been said it will be sseo that the general dip
of ull the formatioes 1s to the southward, although b fs so slight 1hat fs not
pereeptilile 1o the eye ; so that the oldest formation 1o In the norihenst corper of
the State, nnd (be newest in the sauthwest corner. This is true with one excep-
tion. A formation newer thaa a1l the others, e Cretaceons, is known 1o oceupy
 largs area fn the northwestern part of (he State, where & large part at least, of
e other formations dip beneath i1 1 the northwestyward.

We have ovidence which is adwitted by all ks conclusive, that afier all the
stratified rocks bad been formed, thero was o lime when the whole northern
hemlspliere, us far sonth at least, a5 the Olio river in our country, wis covered
with lee, as Northern Greenland is at the prosent time. The joe Is belfeved to
Live cxisied ax an nlmost contl gincier, moving with 20 feflubiely slow but
constast wotion to the soutloward, grioding up in its passage 1he surfaco portions
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of the formations upon which it rested into the fine material that now constitutes
onr soil and subsoll, and which now covers those formations like a mantle, %o that
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Jurgest part 1o be fuund in the State. The middle measures contain some works-
ble beds, but the upper series are believed to contaln only one bed of coal, the
lick wf which is ouly twenty inches.

wi seldom sée them in place except when they have been bared by the
while they were colting out their own valleys. The granite boulders and
pebililes 5o common in all parts of the State were brought down from the north
by the same menns, for we have no other granitic rocks within our borders, and
these with the material ground up by 1he glaciérs were mixed into a heterogenous
wass which now occupies the surface every whers, and is called “drift™ by
goologists, Lumps of copper, doubtless from the Lake Superior region, and
mnsses of lend ore probably from the Dubuque lend region are sometimes found
in the drift of the different parts of the State, where they happened to be releascd
by the melting ice as the glacisl epoch parsed nway. In Northern Iowa also,
quite heyond the Uinits of onr eoal - fold, lumps of cosl have been found in the
deift whdch (ke inhabitacis somelimes regard &8 wo iodication of the existence in
their neighborhiood of s bed of coal. Bul these lamps were probably brought
down by Ve lee from & thin bed of cosl which s believed 1o exist in Southern
Minnesotn, aad which belongs to rocks of Cretaceous age, and consequently
haviog no connection with the Towa conl- el The sulject of the drift forma-
tion will be found farther discossed in the following pages under the heads of
“ Dtk phenomena In Southers Lows,” and * Lakes of Tows, past and present.”

The term “ counl " is one Introduced from England, snd simply means
the formation which contains the conl. It was once believed thal all the conl of
ilie earib Is costained In the formetion of that particular geologieal age, but sab-
sequent investigation bas proved thie view 1o bave been incorrect, We have
now much evidence tending lo prove that wll the coal yet lound in the far West,
a8 we in Towa understand those words, is of much luter origin than our own,
and with which ours bas no cospection by continuity of formations.

The coal-messures of lows ure properly separabile into upper, middie nod lower
divisions. The first les wholly to the southwand and westward of the Des Moinea
Hiver, occupying the surface i the southwestern part of the State over an area
eqoal In extent (o thut of the State of Vermont, The second doubtless underlies
the whole of the first, bul it eccuplies the surface ouly nloag ils northern and east-
ern borders, incinding the greatar part of the regios of the Raceoon Rivers, which
region {a more partieularly referred to in Mr. Bt Joln's report, on another page.
The lower coal oceupy the surfics of & large ares, aversging some ity
miles In width, and about one hundred and seventy - five miles in length, through
the middle of which the Des Muines River runs longitudisally in  southeasterly
direction, from a litle nbove Ft Dodge, nearly to Keokuk. Over nearly the
Whole of this large surfuce cnsl muy reasonsbly be sought for. To the northward
and eustward of it, it is useless 1o look for cosl exespt in small “ patclies™ or out-
::'. These are slmost always usprodoclive of a worksble bed of coal; the

ge outlier extending from Muscatine nearly 1o Daven an exception,
‘To We southward and westward of this region it hmequmh
lound by sinking shafts 1o a greater or less depth.

“Phe lower coal-mensures contain ull the heaviest beds of coul, nnd by far the

£
The lower coal measures are made up principally of sandstone, shales, clay and
conl, with very little limestone; the middle, of stmilar materials, but has more
limestone, less sandstone, and less conl, while the upper coal - measures are com=
posed lurgely of limes one, which in Madison connty alope is found to resch a
thickness of more than & hnndred feet, beside the other strats exposed there,

The lower coul-mensures disappear beneath the middle and upper W
the sonthward and westward, but we may eoufidently expect 1o reach the cou-
tinustion of thoee strata by sinkiog deep abufls in the western part of the State.
1t s not absolutely certain that eoal will be found in those strata when they sre
so reached, but when s similar condition of the strats sre found to exist in
densely populated countries, capitalistz do not Lesitate (o invest their movey in
suich enterprises, and (ke lime will doubiless come when It will be done In Western
Towa.

However, since coal-beds are liable W thia out s the distance increases from any
given i polnt of develop and that all formations are expected to be
thinpest at their borders, it will be leas hazardous a8 well as less expensive to
commence such enterprises in the valleys near the castern or nortbern border of
the upper or unproductive coal 4, say in the ties of Dy ", Clarke,
Madison and Adsir; snd if snecessful al those points it would encourage similsr
enterprises still farther and fariher to the westward. Yet we do not kaow that
the maximum development of the coal beds may not be to the westward of the
Des Moines river region.

People throughout the State very ofien usk the following questions by letter
and othierwise :  What relative position does coal liold (o limestone, sandstone or
other strata? What is regarded as “coal - blossom,” or s sure indication of the
preseuce of conl benealh the surface?  The term * coal-blossom ™ is net used by
geologists, but those who nse it appesr to mean the presence of per oxide of iron,
or simple lron-rust ln the water of springy places, and impregnating \he earth
around where Ul lssues. 8o fur as that appesrance is concerned it amounts only
1o this: The strata associated with the eoal, and also the cosl ilself, almost
Invariabiy contain more or less lron, which being oxidized passes out with the
water which finds its way over or through them. Bot while this is true, other
sirata which have uo possible connection with coal, also at times are found to
contaln iron in a similar form, which of course presents similar appesrances at
the surfuce.

As 10 the relative position of coal-beds with other strata, the rule is that & bed
ol elny, commonly ealled fire - clay, widerlies & bed of coal, while a bed of shale,
often called soapstone by the people, almost always overlies it. Bometimes, how-
ever, sandstone, or even limestone, has been found to rest upon, or to underlie, &
bed of coal.

hthamwwhnmswwmhgm o which underlies all the
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coal-measnre sirata, and beneath which it ie ueeless (o search for con). Tils i
the sub-carboniferous limestone, sud is Ny found to belong to that division
which geologisia have named the 8t Louls limestone, because the same firmution
is well exposed near that eity. It s by no meaps meant that limestooe is pever
found sbove the eoal, for the upper conl. are lurgely posed of lime-
stone, and the geseral sppearance of the rogk of these two limestone formations
is often almost jdevtionl, vet when oue is acquaioted with the fossils which chnr-
acterize each, he will know without hesitation whether n given exposure belongs
above or below the productive coal - measures  Binee the lower coal - measires
erntaln almost no limestone, any such roek tound in the reglon vecnpled by that
formntion, a8 for instance along the Des Moioes Hiver, may almost certainly be
referred to the sub- carboniferous formation ; because the streams, o culting out
their own valleys, have bared the limestone after they hud cut clear through the
coal - measpre strats,  From the fact that this llmestone is go olten exposed near
the strenms which rizs through the reglon oezupled by the lower coal - measures,
it is evident that no very deep mining will be requisite in that region, to reach all
the coal that exists thers, beeause all the eoal lying above the limestone will
nsually be obtained by drifiisg loto the edges of the beds which erop out at the
wides of the valleys. Sirletly speaking, there are no indlcations that absolutely
prove ihe presence of conl beneath uny given spot, but elace coal beds are known
to have very considerable extent 1 b the surfsee, and to Me in nearly a uni-
form plane, one may ofien make very salisfactory calculations as to fis presence
or ahsence. Thus, i & bed of coal is frond cropping oul in one side of & valley,
one may expect to find the same bed cropping ont of the other side of 1t; nad if
o similar exposure should be found In another valley a fow miles dlstand, it s
reasonable to suppose, In our eowl- feld ab losst, that the Lwo exposares are parts
of the samo bud, and that it Is continuous beneath the whole jntermediate space,
nad fuarther, that it may be reschiod at an estimated depth by sioking s shafl down
to it from the bigh lsnd between the two valleys, Heslde this, it will be seen
from what has been said that the geologist Is able to deaw o line, at least approxis
wntely, wod say * beyond s e it is oseless o explore for coal, while within it
there is o reasonable proapect of Buding coul ™

Mining fo our State will always be malnly confioed 1o conl, ns will b seen hy
reference to descriptions of the extent and character of the conl-fleld on the follow-
ing prges. Next fo importance cones the losd mines of Dobugue, which slihough
wery important, occupy a very lmited ares. The presest prospect thst other
mineral substunces will be found in paylng quantities is not encouraging. Ocea-
sionnl masses and smail deposits of fron vre are ofien found, but none have yet
heen discovered that will the fon of a furnsce, and eveo §f it were
0, 8 soon a8 our northern and southern railrosds are built, iron from the Iron
Mountain region in Missouri would doubtless be brought here mors chiesply than
‘we could masuficture it from our own scanly ores,

AUTHORSIIE.
The articles on ‘“Sarfuce Geology of the Middle Region of Western Towa, '

|| —
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“The Geology of the Receoon River Region,” and the report which bears his
name, are the work of the Assistant. The articles on * The Fuel of lown,'
“ Watere of Tows,” * Rocks of lows," * Valuation, composition, and proximate
naslysis of coals,” " Mineralogy of Iowa," tog her with the reports which bear
is name are the work of the Cliemist. Al the remaining matier is by the Btate
Geologlet. As usual in such cases, each autbor is o be considered as responsible
for his own work. {




SURVEY OF COUNTIES.

BLACK HAWK AND BREMER COUNTIES,
HYDRAULIC CEMENT.

In April of 1866, while making the examinations referrad to in
the preceding report, & communication was sent to the Waterloo
Courier, which contained the following paragraphs :

“Throughout the northeastern portion of the State, the pre-
vailing character of nearly all the formations is magnesian lime-
stone, which character extends to the Devonian rocks of your
county, aulthough the same formation in Johnson county, and else-
where in the State, is but very slightly magoesian. Tt is o well
known fact that roeks quite varions in their chemical composition
will nevertheless make, when properly prepared, excellent hydraulie
gement, and among the rocks from which this cement is prepared
are the very kinds of magnesian limestones which are found in the
northeastern portion of the State. Those of your own vicinity are
as well worthy of a trial for this result as any known to me in the
Mississippi Valley, and specimens were collected from various quar-
ries in your region with a view to baving them analyzed and tested.
Tt must be remarked, however, that the only relinble tests are those
which may be made at an ordinary lime - kiln, by properly burning
the rock, and afterward grinding it very fine, snd then by practical
trial of the substance produced. When it has been determined that
any rock will make the cement desired, the necessary skill can be
readily acquired by any one for producing it in any quantity.

“JTpis the intention of Mr. Mclsane, of Waterloo, to make some
practical tests of the magnesian limestones of your vicinity to which
I have referred.”

Within the last two months, Mr. Mclsaac informed me thatalthough
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a press of business had prévented him from making the proper experi-
ments, Mr. Robert B. Brown, of Waverly, Bremer county, had been
conducting n series of experimonts with evident success. A short
time afterward Mr. St. John called on Mr, Brown, and obtained for
the State collections a full suite of specimens illustrating his experi-
ments, and from which it seems almost certain that he is just upon
the eve of complete suceess in the manufactare of hydranlic cement
of excellent quality, although the practical test of its use must be
made before such n decision ¢on be given. In view of the energy
with which Mr. Brown is conducting his experiments, we may hope
to know the full result before the close of the present year.

Similar references were made to the magnesisn limestones in the
vicinity of Cedar Falls, in a communication sbout the same time to
the Cidar Falls Gazeits.

Very little timn was spent in Black Hawk county, but it was seen
to be well supplied with building -stone, brick - clays, forest - wood,
excellent water, almost unlimited water - power, and as to its seil, it
is already high praise when it is said that it is o part of the Valley
of the Cedar.

HARDIN COUNTY,

Crosping from the Cedar to the Towa river, the extreme northeast-
orn corner of the coal -field was visited, in the vicinity of Eldora,
Hardin county. Commencing examinations at Towa Falls in the
northern part of the county, the following was soon after communi-
cated to the lowa Falls Sentinel ;

The rocks exposed along the river near Towa Falls belong to the
lower portion of the sub - enrboniferons group, and are consequently
older than, and below the coal. Standing at the mill in the village
and looking ncross the river, you will see that the strata dip from
that point both eastward and westward, their most olevated point,
which geologists call an anti - clinal axis, being just where you stand.
The castward dip does not probably extend far, before the strats
gradually rise again. The westward dip is so great that a little above
Talbott's mill, three miles from town, all the strata which you can see
in the village have passed nearly out of sight beneath the river, and
begin there to reccive the coul - measure deposits upon them, but that
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any coal exists among them, remains to be decided by boring or
digging. My opportunity for examining this locality was not satis-
factory, but judging from the fact that it is just upou the border of

the coal - field, and in a local depression, since the Iowa Falls strata

rise and appear again at Alden, the prospects for obtaining coal in
paying quantities at or near Talbott's mill, are not believed to be
promising.

The close proximity of the Eldora coal, however, and the existence
of the large body of timber westward of Towa Falls, give you a great
advantage over many other towns of the State, in a plentiful supply
of fuel. Considering the large tracts of country on which no stone,
certainly no limestone, is to be seen, you possess another great
advantage in the large exposures of excellent limestone, which, figu-
ratively speaking, nature seems to have lifted out of the earth just
ot that point for your especial benefit, but in doing this she deprived
you of the coal which was bestowed upon your neighbors of the
southern part of the county. All the strata exposed along the river
in the village are composed-of a good and comparatively pure lime-
stone, all of which will make good lime, and many of which farnish
excellent stone for dressing. The rough, fragmentary stone of a

yellowish color, seen in the hills around, and to the southeastward of

the village, are magnesian limestone, although they look like, and are
frequently called sandstone. This stone is probably useless except
for the roughest masonry, but since good stone is so abundant, this is
not needed,

The following is a part of a communication to the £ldora Ledger,
communicated June 6, 1866 :

The rocks exposod along the river at Iowa Falls, as do also the
rough fragmentary layers in the hills around, and southeastward of
the village, which overlie them, all dip to the southward, in which
direction the lower ones soon disappear, but the upper portion, which
is highly magnesian and at Hardin City, contains considerable iron
and some sand, can be traced as far as the village of Steamboat
Rock, where they suddenly disappear and the coal-measure sandstone
as suddenly makes its appearance.

Within a mile of this first appearance of the sandstone, it presents
a perpendicular front of some seventy - five feet on the left bank
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of the Town river; and within two miles on a straight line from the
locality where the coal-measure rocks first appear, they reach a
development of nearly or quite two bundred feet in thickness, as
scen in the hill, and by the boring at Buckner's coal mine. This is
a very remarkable development of strata so near the well defined
border of the coal-field, and causes some hesitation in giving a
positive opinion as to the relative position of the underlying rocks
of the immediate neighborhood, before a very careful examiuation is
made. And there are also evidences of a slight local and irregular
dip of the whole region, to the sonthward, Just at Buckner’s mine
there seems to be a local longitadinal depression, extending thenee a
little east of south, so that the strata probably dip slightly both
cast and west toward the axis of it. Along this axis the bed of coal
appears to bo below the level of the river, but elsewhere it is
doubtless above it.

Exposures of coal-measure strata were observed in the region
surrounding Buckner's mine indicating that they underlie a surface
of some two square miles, and doabtless move, but how far the bed
of coal now worked extends, snd what is its thickness, in continua-
tion, hus not been determined, except at the few points where it has
been mined. To prove this I have suggested to some parties
interested, to bore down to the coal in various places us the only
practicable method of determining the facts, and one that will be
decisive.

Experience has shown that the quality of a bed of coal is generally
better benesth a high unbroken hill, than where the overlying
material is thin and uneven. Tn view of this, and the fact that the
coal-bed seems to thicken to the northward at Buckner’s mine, I
have suggested that several borings be made on the hill in different
directions and at various distances from the mine.

It is equally desirable also, to prove in the same manner, the
region to the westward and southward to the distance of about a
mile in each diroction, and it is not at all improbable thut a bed of
conl may be found beneath Eldors, but if so, it will be ut a con-
siderable dopth. If one exists there, nothing can be known of its
character without boring.
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Judging from the indications observed, I was led to believe that
the best prospect for obtaining coal in this region, is found along the
left bank of the river, from n point somewhat west of Buckner’s
mine, to about a quarter of a mile below it; but boring at various
points from a mile below Steamboat Rock, to the mouth of Pine
Oreek, may reveal as gosd or better indications elsewhere.

Mr. Buckner is now boring for a lower bed of coal at his mines,
having reached a depth of nearly a hundred feet below'the bed he is
now working. The drill has passed most of the way through a blue
shale common to the conl-measures. Should the drill reach limestone,
the boring ought to be stopped at once, for there is no doubt that it
would prove to he sub-carboniferous limestone, below which it is
useless to look for ecoal.

The quality of the cosl at Buckner’s mine, the only one now
worked, is fair, and if properly separated from the sulphuret of iron,
it is as good as Western coal will average. About a foot of the
lower portion of the bed is very good, and earefully selected, will be
suitable for working iron, and the preparation of illuminating gas.
The bed is four feet in thickness and the working is now done along
two narrow passages which have not yet penetrated far into the hill.
It is the intention of those who are conducting the operations to
carry the work in the same divection all along the inner side, thus
proceeding beneath the hill, letting most of the roof fall in behind
them as they remove the temporary supporting-posts. This plan
gives them an opportunity to assort the coal in the mine, and throw
the refuse behind them. They can also remove the conl more
expeditiously and cheaper in this way than in any other.

Within a few days after the foregoing communication was pub-
lished, Mr. Buckaer resumed his boring, and his drill soon reached
the limestone referred to, when he promptly stopped the work with-
out finding any coal beneath the bed he was then working.

The advantage possessed by the owners of the Eldora coal mines
is very great, from the fact that they are situsted in a prominent
angle of the coal field, which gives them an unusually extensive
market. Besides these coal mines, Hardin county has a_plentiful
supply of wood for facl also. Upon the sandstone cliffs in the
vicinity of the coal mines, the white pine and white birch are both
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observed, which are very unusual in this part of the State, and is
believed to be the southern limit, at least of the birch, Hon. C. F.
Olarkson has successfully transplanted quite a number of both of
these trees to the grounds around his residence, a few miles away,
where they are growing thriftily upon prairie oil, and where he has
already proven, if proof be nesded, that all kinds of our indigenous
trees will thrive upon our prairies, if they are protected from the
annual fires,

HAMILTON COUNTY.

Proceeding westward, the next exsminations were made along
Boone River, in Hamilton county. Tt was desirable that the expo-
sures of coal along the northern border of the coal-field should be
oxamined, for the purpose of comparison with those of the southern,
central and western parts, the better to understand the character of
the different beds, and their mode of occurrence. Our conl-field is a
very large one, and it is intended to devote the greater part of the
field-labor of the mext two years to its examination. The results
of that trip wore quite satisfactory, because a better development
of the cosl-measure strata was found along the northern border of
the coal-field, and the coal found to be more abundant and of better
quality than might reasonably have been inferred before examina-
tion. While at Webster Oity I was informed that a thin bed of coal
had been found a few miles north of town, but no examinations were
made in that direction. Tt is not impossible that eoal shonld be
found there, but since the sub-carboniferous rocks, below which no
coal can be expected, are seen in the river banks half a mile below
town, and the general dip of the strata being to the southward,
Webster ity is evidently very near the northern boundary of the
coal-ficld, and consequently a large expenditure of money in the
search for coal in that direction could not be recommended.

To the southward, however, along Boone River and some of its
tributary creeks, the ease is quite different, for here large quantities
of coal exist, a8 may be seen by any one who will take the trouble
to go to the localities, where it is to be seen in natural exposures in
the hill sides.

4
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Going down Boone River, the first exposure seen was on the right
bank, in the hill side, about four miles from town. The coal is of
good quality, hss been worked to & considerable extent, and the bed
is said to be four feet thick, which no reason was seen to doubt.
Between this point and Sternberg’s will, which is six miles from
town, the same bed of bituminons coal again appears, as docs a bed
of cannel coal, two feet in thickness and of fair quality. The latter
bed lies several feet beneath the former, and is, of course, no way
connected with it. Near Sternberg’s mill and also at various points
for o number of miles below the mili, the eoal makes its appearance
in the banks where they are rendered steep by the washing of the
river. These beds are doubtless continuous in broad continuous
layers beneath the surface, over a large ares, and have beeome ex-
posed to view in places by the decpening of the river valley by its
own stream. They way doubtless be reached with comparatively
little labor from the gentler slopes of the river valley, and when the
demand will warrunt it, as it probably will in the future, they may
be mined by sinking shafts to them from the higher lands away frem
the river. As much attention as possible was given to the quality of
the coal, and the conclusion arrived at is, that the coal along Boone
river is fully equal to the average of Western coal. None was seen
in this region which contains so much sulphur and other impurities,
as many beds do which are profitably worked in other places. It
was noticed that very few of the inhabitants were using coal for fuel,
but this was fully explained by the fact that no regular system of
mining is adopted, and the supply is consequently too uncertain to
be depended on.

This supply is ulso at present rendered somewhat unnecessary by
the abundant growth of excellent timber which the region affords,
but with its present rapid settlement, and the prospect of the early
extension of the Dubuque and Sioux City Railroad, the ease will soon
be different, and large quantities of coal will then be demanded for
the regions eastward and northward of Webster City. This want
must be supplied in great measure by the Boone river coal - mines,

WEBSTER COUNTY.
After going down Boone river about twelve miles from Webster
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City, wo crossed over to the Des Moines, examining a number of coal
exposures slong that river and its tributaries on our way up to Fort
Dodge. Near this place the coal and gypsum were briefly examined,
but since the region was subsequently examined with more care, a
faller aceount of its resources will be found on another page.

One can not visit the valleys of the rivers referred to in the pre-
ceding pages without being impressed with the fact that they are

destined to be soon filled with a wealthy and prosperous population, .

and to be the seat of thonsands of bappy homes; and there seews no
reason to believe that future bards may not arise to sing the beauties
of the Cedar, the Iowa, the Boone and Des Moines, since many a
stream has become famous in song which does not possess half their
native beautics.

Returning to prepare the outfit for the work in the western part of
the State, a short time was spent in

JONES COUNTY.

Time would not permit the full examination of Jones county at the
time it was visited, but the long and favorably known quarries near
Anamosa received an examination, and the following account of them
was sent to the Anamosa Eureka in May, 1866 :

Although Jones county is entirely beyond the limits of the great
Towa conl - field, yet the large bodies of timber along the Wapsipincon
snd Maquoketa rivers will yield a plentiful supply of fuel for all time
to come. The supply is now more than sufficient, and the tendency
of the forests to encroach upon the prairies where the fires are kept
out, is npparent to every one, 5o that the increase in this respect will
supply the demands of sn increasing population.

An oxamination of the brick of several houses in your place shows
that you have a supply which is good, snd no doubt abundant, of this
indispensable building material.

The soil, as far as seen, is a rich dark loam, containing just enough
sand to make it warm and mellow, without approaching barrenness ;
and that much of the material having a sandy appesrance, is really
not silicious in its eomposition but results from the disintegration of
the magnesian limestones which underlie the county. -

Thoss who have visited the lead mines of Dubuque, have seen
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large quantities of material thrown out of the diggings near the
surface, which has the sppearance of sand, but in reality contains
noue at all; for it is composed of the disintegrated rock from which
the lead ore is obtained, which is also a magnesian limestone, although
it belongs to a different geologi'ul period from that which underlies
Jones county. Some of your readers, who learned their mineralogy
from Comstock’s mannal, will remember that under the head of
Magnesian Limestone be has the following paragraph: “Where
magnesia exists in considcrable quantity in the soil, it wholly destroys
vegetution.” This statement is now known to be entirely without
foundation in fact, of which the people of the northwestern part of
our State have the fullest evidence from the fact that, although their
goil is almost entirely underlsid by, and largely derived from
magnesian limestone, it is nevertheless, as a whole, as productive as
any with which a beneficent Creator has spread the earth. However,
since the world owes so much to the labors of scientific men, we
ought in justice to forgive their occasional errors and strive to
correct them.

Nearly all the rocks of Jones county, belong to the Upper Silurian
age, and those in the vicinity of Anamosa are believed to be geo-
logically the highest of that age occurring in the State, but T had
not time to satisfy myself fully upon these geological questions, and
consequently felt constrained to devote all the time at my disposal

' to matters of immediste practical importance to the people. The

beds of rock exposed along the river in your city, are thought to be
continuous with those at the quarries three miles distant, although
the stratification is quite different. Notwithstanding this difference,

. the chemical composition and eontained fossils are nearly or quite

the same, and the peculinr stratification which is g0 valuable a
character at the quarries, seems to be confined, so far a¢ could be
ascertained, to un area not much, if any, more than three miles in
extent.

Although this area is thus limited, the supply of excellent stone
is practically unlimited, It would surprise one who knows the
reputation that this stone has already obtained abroad, to visit the
quarry and learn the fact that all the stone which Las yet been taken
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out for the home and distant markets, las only just opened one
quarry to a degree that lays bare the best and most profitable layers,
and two or three others which can hardly be said to be yet opened.

This principal quarry is now owned and worked by Messrs. Haines
& Co., and is generally known as the “ Anamosa Quarry.” Two
and a half miles northeast of this point, Mr. John Burbam has long
had a quarry in operation, but I did not get time to visit it.

Messrs. Parsons & Webb Lave just commenced opening n quarry
one and a half miles west of the “ Anamosa Quarry,” adjoining the
railroad, with good indications of procuring a large supply of exeel-
lent stone. These gentlemen have also commenced the ercction of a
large kiln for the manufacture of lime from their broken stone.
Samples of mortar prepared from lime made from this stone were
seen which were equal in quality to any. It isintended to have
some of the layors tested for the purpose of learning whether it may
be used for the preparation of hydraulic cement. It will be
remembered that some of the best of these cements are prepared
from magnesian limestone.

For a description of the character of the Anamosa stone, I shall
be obliged to confine myself to that of the quarry of Messrs. Haines
& Co., because it is the only one which has been worked to a sufficient
extent to diselose the full value of the material ; yet there is every
reason to believe that at almost any point in the bills in the imme-
mediate vicinity the same quality of stone will be obtaired, for the
Isyers extend horizontally irrespective of the unevenness of the sur-
face, the only questions to be decided are as fo the amount of lsbor
required to remove the superficial material, and the convenience of
shipping the stone when quarried,

The eommon character and appearance of magnesian limestone in
8 natural exposure, of whatever geological age, is rough and pie-
turesque, like the exposure seen on each side of the Wapsipinicon
jut.bolov’muilh; but the stone of the quarries, although mag-
nu.tla.hsmhuupdan in its stratification. It is fine
grained, evenly and horizontally bedded, some of the Inyers splitting
readily intolhhffo-hﬂ!uinchmmc\vo,thuwfomm

iului?ku-,ndddm any desired size ; many of which are as
even in (hickness and surface as a board from a planing muchine
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The surface of a few of the layers is slightly rough, but they are
very uniform in thickness. Some of the layers will furnish blocks
four feet in thickness if desired; and from very many of them are
obtained almost perfeet ashlars for caps and sills, water - table, store-
front columns, &e. The bedding surfaces are so smooth and true in
mony instances as not to require to be touched with a chisel.

The whole front exposed at this quarry is sbout ninety feet above
the river, giving just room enough for the railroad between it and
the quarry. From fifteen to twenty feet of the lower beds are more
porous in texture than those above, but they are Larder, heavier, and
doubtless fully as durable. The stone of the upper layers is rather
soft when firat taken out, but in a couple of days it becomes quite
hord aud firm,

The weight of a cubic foot, as given me by Mr. Philip Haines, is,
when quite dry, 140 Ibs. for the upper layers, and 160 1bs. for the
lower.

Of the present and prospective value of these quarries, it is not
casy to form a correct estimate, but there is little danger of placing
it too high. The present market for dressed stone and slabs extends
from Codar Rapids to Dubugue, and also so far as Independence in
Buchanan eounty ; and as the population increases the demand will
be more extended and much greater than now, for there are no simi-
lar quarries within a long distance from this, if any others exist in
the State.

The broken stone for common walls finds a ready market at the
various stations along the whole length of the Dubuque Southwestern
Railroad, although the ordinary rough stone can be obtained at those

ints.
w!‘ho;rm advantage of these stones for cellar walls is that they
can be readily joined so closely that rats can not burrow through
them; they require less wortar to bed them, less labor to lay them,
and make a firm and stronger wall. The broad slabs make the best
walks that can be desired, and will outlast brick for that purpose.

BURLINGTON AND ITS VICINITY.

The name of Burlington will be known wherever American geology
is studied, beeause the “Burlington limestone ™ has produced a greater
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varicty of interesting fossils than any other known locality in the
world. OF erinoids alone, more than three hundred species as at
present elussified have been found in the limestones of that viein-
ity. Besido this, more than one hundred zpecies of other fossils
have been obtained frow the strita which underlie the Burlington
limestone st the same loeality. The rocks which constitute the
framework of the high bald hills around Barlington belong to the two
lower members of the sub-earboniferous groap, namely, the Kinder-
hook series, and the npper snd lower Barlington limestone. The
former consists of five or six distinet beds of limestones and fine-
grained sandstones, none of which are of much economie value.
The two groups of strata composing the Burlington limestone contain
material of the greatest value in building the city. The Kinderhook
serivs here reaches a thickness of about one hundred and forty feet,
sixty feet of which was ascertained by boring, while the limestones
rest upon it and form the bold exposures which constitute so promi-
nent a feature of the scenery around the city. The Burlington
limestone, as well as a part of the series beneath it, ure to be seen
in the blufiz across the river in Illinois, and with which those of the
Town side were no doubt e ntinuous before the river had cut its
valley down (o its preseut depth, and to a width of six miles at this
point. At the buse of the lower Burlington limestone is a bed of
light gray limestone, about four feet in thickness, which upon close
inspection will be found to be composed of minute rounded grains,
and is called in geological language oolitic limestone. Tt is quarried
and wronght with facility, and has a good sppearance when out, but
it is as worthless for any purpose, exoept the preparation of lime, as
the friablo sandstone beneath it; for it is sure to disintegrate rapidly
and completely upon exposure to the frost. It has so good an
appearance when taken from the quarry, and ean be obtained in such
desirable shapes, that it has been used for paving and curbstones in
various parts of the city, as well as for eapping ombankment walls,
&e., and in every instance it has been broken up and destroyed by
the action of the frost alone within a year or two,

The heavy beds of limestone at the brow of the bluffs furnish s
great part of the paving and building stone used in the city. It is
unlimited in quantity, is not affected by the action of the frost, and
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is a good stone for ordinary purposes, but the upper beds of lime-
stone which overlie this, although they do not sppear at the brow of
the hills within the city limits, furnish so much fine material for
hewn stone that the former is not so often used for that purpose as
it otherwise would be. These upper beds are seen to cap the bluffs
below the city a few miles, but many of the guarries opened in them
are in the southern snd western part of the eity, and also beyond
its limits in those directions. This stone, when hewn, closely resem-
bles ia eolor the worthless limestone before referred to, but close
exsmination will show that it hns nope of that peculiar structure
resembling the roe of a fish, which the worthless stone has. The
stone of these upper beds is of n pleasing appearance, as durable
us the everlasting hills, and unlimited in quantity.

The quarry of Me. Nat. Trvin, in these beds, hes farnished a large
quantity of excellent hewn stoue, and those of Mr. Peter Swith,
farther to the southwest in the same beds, are noted for the excel-
lent quality of lime obtained from them. The quarries of Mr. Parr,
a few miles below the city, are in the lower beds of limestoue, con-
tinwous with those at the brow of the bluffs, within the city limits,
the lime from which has had a first-class reputation. But good
stono is so abundant here, and qusrries so numerous, that it is un-
neceasary to make more definite reference to them. The brick - clays
upon the hills are sbundant, and of as good quality as any to be
found in the State. Aside from the materials wentioned, there ia
little probability that mineral substances of economic value will ever
be found here. .

Sines the rocks of this vicinity are older than the coal - measures,
and consequently geologically below them, there is no hope of finding
conl here, but in both an easterly and westerly direction they pass
beneath the surfuce, and have received the coal - measure deposits
upou them, und it is in these directions that one must go to procure
a supply of coal.

The coal - measure rocks do not appear until Skunk river is passed,
going in o westerly direction, but other higher members of the sub-
earboniferous group are fonnd to lap on to the Burlington limestone
as one goes in that direction. The Keokuk limestone is next in the
series abeye the Burlington limestone, and on Long Creek, soven
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miles west of the eity, some important quarries in that limstone are
worked. The principal quarry is located near the mouth of a small
branch which empties into Long Oreek, a fow hundred yards north
of the ford, and consists of throe or four massive layers from six or
oight inclies to two or three feet in thickness. Both above and below
thosa layers other stone is seen, but it is of little or no economic
value. Althongh the stone of these quarries is so different in litho-
logical ehuracter and appearance from the Keokuk limestone, as seon
at Keokok and Nauvoo, they are nevertheless a part of that formn-
tion which, extending northward from the places numed, laps npon
the Barlington limestone, a3 the latter formation dips beneath it to
the southward and westward, its nearest approach to Burlington
being on the Poor- [ouse Farm, four miles from the city. It is
quite different, also, from that of the same beds in the immediate
vicinity, which, although continuous, present a marked change within
a few rods. While in the city, a few weeks ago, I procured a speci-
men of the rock and had it analyzed. Prof. Hinrichs reports it to
be highly magnesian. It is much moare so than any rock of the same
formation in this vicinity or elsewhere, but less so, however, than the
dolomites of northeastorn Towa; while at the typieal localities of the
nm; formation, Keoknk and Nauvoo, it contains little, if any, mag-
nesia.

This stone has been introdused within the last few yoars, and has
been found to withstand the sotion of frost better than any other
stone obtained in this vicinity. It presentsa plenssnt appearance in
a building, and is much used for caps, sills, water-tables, store - fronts,
&e. It is hewn rather moro easily than the light grey stone of the
quarsies in the upper portion of the Burlington limestone, before
mentioned, and which has heretofore furnished the best acesssible
materinl for such purposes, It is generally of u uniform texture, and
without doubt & durable and valuable stons, perhaps the best yot
found near the city. Yet it has ocoasionally, but not frequently, soft
placos in it, which should be avoided in howing, aa it will ultimatoly
crumble in these places and thus deface and injure the structure.
Although the exposures of stone of this peculiar character ure limited
in extent, yet they will farnish large quantities of excellent material

,hrmngﬂmwoom.
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We are acoustomed to regard limestone as one of the most inde-
strnetible of all our building materials, which it doabtless is, yet the
best limestone is subject to more or less erosion by “the tooth of
time,” which popular expression the chemist takes the poetry out of,
by telling us that it is caused by earbonic acid taken out of the
atmosphere by the falling raing, coming in contact with the limestone,
which is a proto-carbonate, constantly changing minute quantities of
it to a bi-carbouate, which is soluble in cold water, but the lime
becomes precipitated agnin as a proto-carbonate, or common limestone,
when exposed to the atmosphere, or to an elovated temperature. We
find it thus deposited as stulactites, and stalngmites in caves; as a
rough porous limestone where some springs issue from the earth
and also often forming u keavy white lining to our tea - kettles, Thus
it will be seen that whon even the rocks are disintegrated they sre.
not destroyed, but new combiuntions are formel from the same
materials. Tt ig not in the laboratory alone that chemical changes
are produced, but they are constantly going on around us, and it is
always interesting, and sometimes profitable to trace them.

Those who are scientifically or ouriously inclined may observe
gome interesting results of such chemical changes in nature, beneath
the overhanging bluffs at Starr's mill, three miles northwestward
from Burlington. Thast portion of the strata which iz scen to be

more rapidly disintograting than the other, and leaving the solid

limestone projecting above containg considerable quantities, both of
carbonate of maguesis and sulpharet of iron. The oxidation of the l
sulphar produces sulphuric acid, which uniting with the maguesia by

displacing the carbonic acid, forms native sulphate of magnesia.
This substance is, no doubt, formed in other places, but being very

goluble it is usually carried off by the rains, and thence by the {
streams to the sea, the waters of which are known to contain large
quantities. But here the overhanging cliff prevents the rain from
reaching it, beneath which it is found as a white encrustation upon
‘the stones among the fine substance resulting from the decomposition
of rock. By re - dissolving some of this native sulphate of mugnesia,
and allowing it to crystalize, as fine n sample of epsom salts was
produced as can be purchased at any of our drug stores. It is
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praper to say, however, that this substance is obtained so cheaply
by artificial means, that small quantities of it may be regarded only
as interesting specimens in mineralogy.

Des Moines county is abundantly supplied with building - stone
which erop out in almost one eontinuous exposure along the Missis-
sippi river Dlufis, from the northern to the southern line. Also
searcely less abuudantly, along Skunk and Flint rivers, Brush,
Spring and Long ereeks.

Its other advantages are too well known to need mention here.

DAVIS COUNTY.

Davis and Appanoose counties received only partial exnminations
at the time they were visited, because the plans adopted for the season
contemplated the special examination of the southwestern portion of
the State first.

Upon Salt ereek, near its jonetion with Soap ereek, where the
Bloomfield road crosses the former, there are several “ galt - licks ™ or
springs, from which samples of the water were obtained for analysis,
In consequence of previous continued rains they were flowing freely.
Therefore the water was proportionally less saline than ususl. Mr.
8. D. Wells afterward sent samples from another spring on his land
in the same neighborhood, (Section 15, 70, 18,) and the following is
the result of & preliminary examination by Prof. Hinrichs, a fuller
account of which will be found in the Professor's report on another
page: )

The water of the first named spring was found to eontain coda,
potassa, lime, iron, alumina, and a little magnesia; also, chlorine and
sulphurie acid. These substances of course exist in combination
with each other, and the water may, from present indications, be
regarded as common spring water, containing common salt, alum, a
little copperas, and, as is usual with nearly or quite all the spring
waters of the State, s considerable proportion of lime. ’

The spring on Mr. Wells’ farm was similar to the other, in the
character of its water, except that it did not contain so great a pro-
portion of the substances named, particularly of potassa, whilo the
presence of iron and magnesia were not detected in it.

These waters have some characters in common with those of some
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of the mineral springs resorted to for medicinal purposes, but in
detail they vary considerably from those commonly used. The spring
on Salt ereek eontains a considerable propertion of salt, but probably
not enough to make it valuable for that purpose.

The springs, like many similar ones in other parts of the coal - field
of the State, issue from the shales, limestones and clays asgociated
with the coal,

These springs are a favorite resort for eattle and horses, which
drink the water with n grest relish, The early settlers of Davis
county nsed to shoot wany deer here, where they came in great
numbers to drink, and doubtless long departed generations of Indians
did the same.

It ig commonly believed that springs which snimals resort to with
unusnal avidity always contain s considerable proportion of salt.
But this is not the case, for many springs are known which contain
an amount of sulpburetted hydrogen that renders the water quite
disagreenble to most persons, but no galt; yot animals become very
fond of such water, snd drink with as much eagerness and evident
relish ns they do saline water.

Davis county is known to contain large quantities of excellent
coal, but the only exposures seen were one nearly four feet thick a
fow rods below the spring before mentioned on Salt Creck, and
another half a mile sbove the mill of Mr. Peter Hendricks, on Soap

crock.

A foot or two above the bed of coal at this loeality, s four foot bed

of compact, bluish limestone is found, from which Mr. Hendricks, i

some years ago, manufuctured considerable quantities of hydraulic
cement. Some of this cement was used in the construction of the
Jocks o the Des Moines River, and is said to be satisfactorily tested.
No definite analysis of this rock has yet been made, but it is sup-
posed that its hydraulie property is due to alumnia and not to mag-
nesia, like that of the northern part of the State.

Beside an abundance of coal, Davis county is bountifully supplied
with fuel in the form of forest trees. .

PETROLEUM.
Daring the year 1865, and also n few previous years, there was.
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much excltement and speculation throughout the eountry in relation
to petrol This excit t extended even to our own State, and
resulted in much useless expenditure of money in the search for oil.
In reply to numerons inquiries concarning the probabilities of finding
petroleum in Iown, the following article, slightly modified in tl;e
wording, but not in charactér, was sent to three or four of the news-
papers of the State on June 15, 1866 :
“ With the successful boring of the first well for petrolenm in
Titusville, Pa., a spirit of speculation was aroused, or rather was
given a new direction, which went on increasing as one success fol-
lowed another, in that and adjoining States, until it has extended not
only over those portion& of our country where the search for petro-
lenm was likely to be attended with success, but also to regions
where suecess could not possibly reward those who expended their
money and and labor in such enterprises. Some of our own eitizens
cauglhit the same spirit, and commenced the search for this valuable
product, but thus far with invariable failure, so far as the ultimate
result hos been learned. In view of theae facts my opinion has been
often .solicited as to the probubility of finding petroleum in paying
quantities in onr own State, which I now take this public method of
stating, together with the ressons for entertaining it.. The impor-
hnc.e of this question, as well as of the responsibility which m
:tﬂieml position imposes upon me, are well considered ; but it is Bu!-
lieved that the true interests of the peopls of Towa are pe well
nr::d by i:;?r;:iug them where it is useless to expend their fnnnay
as they wou irecti i £
oy L “mcnu'by directing them to opportunities of waking profi-
“The great mujority of the men engaged in the search for petro-
!enm, havo commenced the enterprise in good faith, hut in too many
instances with their visions blinded by bright hopes of sudden wealth;
honestly inducing others to join in the expense and share with ﬂwﬁ;
the great profits which they believed themselves sure to obh‘fn But
:ﬁx is not the worst feature of these profitless enterprises. Duign-
ing men have induced others to furnish capital for prosecuting the
development, or purchase of reputed oil lands which perhaps they
themselves had “salted,” or rather oiled; or coneerning myﬂ;
value of which they had obtained & report from some geologist of
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casy virtue, or one who was better known for his conneation with
such schemes than for his scientific attainments.”

These remarks are not to be understood as in uny respect of a per-
sonal character, but that such practices have been committed, is too
true to be doubted. Neither have I any words of disrespect to offer
concerning those geologists who are in the habit of examining such
lands for the purpose of giving an honest scientific opinion of them,
The world owes much to such men, and their labors are often under-
estimated.

Tirst then, expenditures of money snd labor, should be made with
great caution in our State, because it has been estimated, and I
think with some reasom, that every dollar’s worth of petroleum
obtained in the United States has cost a dollar in its production. Tf
this is true the State at large will be the loser, even if some
individuals are successful, because there is no reason to believe that
our State will produce at best even an average amount of petroleum.
The primary origin of petroleum, is believed to be without doubt in
fossilized vegetable substances,— probably marine — which existed
and accumnlated in the sediment which now forms the rock from
which it is derived. All rocks in which it has its origin as such, are
highly bituminions, or at least carbonaceous, yet it is often obtained
in the more porous rock above that in which it actually originated.

In sll known instances where petroleum has been obwined in pay-
ing quantity in the United States, it has bad its origin in Aeavy
deposits of these carbonaceous strata; no slight deposits having been
known to produce any considerable quantity, even when very rich in
the carbonaceous ingredient. Sometimes the material of these slight
deposits will yield petroleum by distillation, but as anatural product,
the conditions required seem in all cases to be in connection with
heavy deposits of carbonaceous strata, and at considersble dcplh
beneath the surface.

Ammlxll the illuminating oil formerly obtained by the distillation
of coal is the same in its chemical composition as that obtained from
petroleum ; and sometimes petroleum is found in a natural state
sssocinted with coal -bearing strata, yet in the great majority of
instances it has in its origin no connection whatever with coal. In
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the United States far the greatest amount of petroleum has its origin
in strata of Devonian age— the age preceding that in which the
conl was formed. It has in several instances been found in rocks of
more sncient date than the Devonian, but in those carly ages it is
not probable that vegetation existed in sufficient amount to produce
the carbon which is believed to have been necessary to give origin to
large quantities of petroleum.

Now, in applying these general remarks upon the origin of petro-
Jeum to our State, it is not forgotten that it has not yet been care-
fully examined in all its parts, but enough of its general geology is
known to decide the fact, with scarcely n doubt that we have no heavy
deposits of carbonaceons strata, except the coal, underlying its sur-
face which precludes the probability of obtaining petroleum beneath
our surface.

Aguin, when it has been found in connection with coal, it has heen
with cannel, and not bituminous coal. We have a fow beds of cannel
coal in Towa, but the greater part is bituminous. Althongh we haye
coal enough in Towa to serve a crowded population for many genera-
tions, yet the development of our conl strata is not thick enough nor
rich enough in carbonaceous matters, I think, to produce petroleum
in paying quantities. That what are usually regarded as favorable
indieations, and that small quantities of it have and may yet be
found, there seems no reason to doubt. Mr. H. T, Woodwan, of
Dubuque, has shown me zome light - brown carbonaceous shale from
the Lower Silarian rocks (Trenton limestone) near Dubuque, and
also gome similar shale from the same beds at Shullsburg, Wisconsin,
which will burn with a fame equal to the best cannel coal. Similar
shale is also found in the northeast portion of the State in the so-
called Hudson River strata, but thess are of 100 slight developiment
to yield any considerable amount of petroleum. Both of these de-
posits doubtiess extend beneath the surface of the State to the south-
ward and westward, where they may probably be reached by boring,
but it is not believed that any petrolenm would be obtained from them
if they were reached, because the carbonaccous deposit, if it exists
there, is doubtless too light to have developed it. ﬁmc,nﬂ,
farther eollection of facts, way cause a change in the opmiqnlpg
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expressed ; but with the possession of present information, I am not
disposed to encourage the search for petroleum in Towa.”

The excitement in regard to petrolenm was decreasing when the
foregoing article was written, and now nothing is known of its exist-
ence anywhere in the West.

APPANOOBE COUNTY,

The geology of Appancose county may, for my present purposes,
be summed up in these few words. It lies wholly within the great
Towa and Missouri coal - field; the coal, limestones, sandstones, and
clays of which, underlie a drift deposit of varying depth, from
twenty to perhaps fifiy or sixty feet upon the higher lands; upon
which the beautiful and fertile soil is spread, and through which the
streams have eroded their way down to the series of coal - measure
rocks just mentioned.

The rocks exposed near Centreville are believed to belong to both
the upper and middle series of coal-measure strata us sub-divided by
some geologists, the limestones belonging to the former, and the
coal and its associated shales, to the latter. TIf this is,the ease, more
coal may be expected to exist beneath the bed now worked by Mr.
Talbot at his mill a mile from town. It may also be reasonably
sought for on the lower slopes of the Chariton valley, particularly in
the northern and northwestern parts of the county.

Coal has been mined from a three-foot bed at several points in the
vicinity of Centreville. The only mine visited waus that at Talbot's
mill, the coal of which was found to be of superior quality.

Appanoose county is well supplied with everything nocessary to
make » community prosperons and wealthy, such as wood, conl,
building - stone, brick - cluys, and, fortile soil. The Iatter seems to
have been largely free from the blighting curse of non-resident
land owners.

. WAm COUNTY.

Those whose homes are in less beautifal lands than [owa, and who
desire to understand in all its broad expansiveness, the meaning of
the word “Prairie,” should visit Wayne county, for here these benutiful
linoaments in the features of our mother carth are to be seen in all
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their loveliness, It is difficult for ove who has never seen them to
form & correct idea of their character, and indeed to do this, one must
see them in many different regions, for they vary much in this
respect, althongh in general appearance they are so much alike.
Soientific men have entertained various opinions concerning their
origin, many of which were circumseribed by their want of opportu-
nity to observe all their varicties. Those of Towa are nearly all such
as are known as * rolling prairies,” and yet those of the northern
and western parts of the State differ from each other in character.
This difference is due, in part at least, to the more complete drainage
of the southern portion, and this drainage is due to the deeper erosion
of the river valleys than those of their tributaries farther to the
northward. When the continent was finally raised from the dilayial
sea, that portion of it which is now our state doubtless presented o
sarface which was only elightly undulating, the longitudinal depres-
gions of which were in the gnme dircotion of, and gave origin to the
course of the rivers and streams.

Wayne county presents an excellent example of a well- drained
prairie region, lying as it Joes whore the Medicine, and the South
Fork of Chariton rivers take their rise. As one stands npon the
prairio in the central part of the ocounty, its rolling character is
somewhat obsenred by the distant view whieh is only broken by lines
and groves of forest trees that revesl the presence of the etresws
into whieh tho surface waters are gathered by the multitude of gently
sloping and gradually deepening ravines which give the prairies of
the region their characteristic rolling appearance.

The fact that this connty lies about the hiead waters of the streams
indicates n considorablo elovation, but this is not definitely known,
That of Corydon, however, is probably not far from the same ns
Ohariton, the county seat of Lucas county, which is, sccording to
More Thielson, five hundred and twenty - four feet above the level of
the Mississippi at low water at Burlington. This, added to four hun-
dred and eighty - six feot, the elevation of that point sbove the Gulf
of Mexico, would give to Corydon, in round numbers, an eleyntion of
about one thousand feet above the level of the sea. The soil of
Wayne county iz of execellent quality, and it is doubtful if an equal
area wﬁu be found any where having so little waste and untillable
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land. The only elements of prosperity wanting here are a sufficient
supply of stone and timber. The heavy deposit of drift, which
underlies the deep soil, renders the beds of stone inaceessible, which
no doubt exist at too great a depth to be profitably quarried. This
want must be supplied from other places, and by the manufacture of
brick.

Timber can be profitably enitivated, as is being demonstrated very
extensively, in different parts of the State; besides which the natural
growth of forest trees will rapidly encroach upon the prairies as soon
s the fires are kept out. Conl of good quality has been found in
the northeastern part of this county, and a few exposures of stone
are also seen in Wright, and Soath Fork townships, but depending
on these alone, little could bhe said of its geology, except that it is
known to lie within the great Iowa and Missouri coal-field, as do also
all of those which surronnd it. This renders it entirely reasounable
to prospect for eoal by boring ut almost any point within it. Owing
to the small nnmber of exposures of the series of strata which are
generally found associnted with the beds of coal, little more can be
suggested, than that berings might be made in almost any part of the
county with the reasonable hope of finding coal within two or three
hundred fect if they are commenced in the deeper valleys. It is
probable also that the upper beds of coal may be reached within one
hundred nnd fifty feet. In case such borings are undertaken, it is
probable that a considerable thickness of limestone would be passed

through.
DECATUR COUNTY.

Passing westward from Wayne to Decatur county, one observes
a marked change in the general aspect of the country, which is
due to a greator proportion of timber in the latter, together with
the existence of more numerons and larger streams. Some portions
also of Decatur county are more uneven, but this unevenness is
principaily confined to the wooded lands in the vicinity of the rivers,
while much of it is covered with prairies of that peculiar beauty
which characterikes Wayne,

The same geological formations also underlie both counties, but
in Deeatur the rivers have eroded their channels deeper into them
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than they have in Waytie, where the streams aro comparatively small.
Tt is this ulone that has produced the difference in the charucter of
their surfaces.

All the rocks of Deeatur county, at least those above the level of
Grand River Bottom, are understood to belong to the upper orunpro-
ductive coal-measures, Thus far no coul has been found in this county,
but there ure good geological reasons for believing that it does exist
there at considerable depth beneath the surface. Should explorations
be made, it shionld be done by sinking shafts, These ought to be com-
menced in the deeper valleys, for it is believed that the igher strata
do not contain any coal ; and since the strata of the county ure prac-
tically level, by commencing in the valleys the labor and expense of
digging through the upper strata, which are largely composed of
limestone, would be avoided. The apper coal - measure limestone just
referred to affords s great abundance of excellent building - stone,
more particularly along Grand River snd its tributaries. Should
coal never be found in Decatur county, its inhabitants will never
want for fael, because it is well supplied with a thrifty growth of
forest trecs.  The county is well watered by its springs and nume-
rous streams, and its sdil has no superior for fertility.

Little has heretofore been said of the natural beauties of the regions
thus far passed through. It is not because they were found below the
sverage in this respect; but upon this bright June morning, in our
journey down the west side of the valley of Grand River, our eyes
bave been resting upon views of impressive loveliness. The wooded
hillsides, sloping down to the river from the prairied highlands ; the
bottom prairie, level as a floor; the belts of heavy timber skirting
the stream, are characters in the landscape peouliar to the West, and
around which the affections of the children reared amid these scones
will cling ns long as memory lasts.

RINGGOLD COUNTY,

Wayne bas been described as a prairie county, while Decatur,
adjoining it on the west, is found to possess a well - proportioned
diversity of prairie and timbor land. Proceeding still further west-
ward, Ringgold county again presents us with extensive and almost
continuous prairies whiol, however differ somewhat in character from
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those of Wayne; in consequence of the difference in the drainage
gystems of ench, and not to any material difference in the character
of their formations.

The drift - deposit in Ringgold county is very thiek, and its distine-
tive topographical features are produced by the great depth to which
its streams cut their valleys into that formation,

Wayne county is drained in almost all directions from its central
portions, by the upper branches of Chariton und Medicine rivers,
most of which pass out of the county before they have increased to
any considerable volume, and before they have eroded their valleys
to so great a depth that the tops of the trees which skirt them ean
not be seen peering above the general surfuce as one stands upon the
higher prairie levels.

The streams of Ringgold county, however, pass through it from a
northerly to a southerly direction, having ot the northern border of
the county already attained considerable size, and in their passage
through it, have eroded their valleys so deeply that the full - grown
forest trees which akirt their banks can not'be seen from the higher
prairie surface. Indeed they eould not be thas seen in many cases
if they were three times as high as they are, for the valleys are
usually narrow, with somewhat abrupt slopes to the prairie level, and
from one hundied to two bundred feet deep.

Timber is usnally scarce in this county, but along the Platte, and
East and West Grand rivers there are considerable bodies of forest
trees consisting of onk, elm, maple, linden, cottonwood, hickory,
buckeye, black walnut, box elder, &o,

Most of the ronds are excellent, being located upon the * divides,”
and as the traveler passos over them there is very little upon which
« the eye can rest to relieve the monotonous expanse of prairie ; and
if a stranger he is quite unconseious of the prosence within the
range of his vision of these deep valleys with their wooded bauks,
until he eppronches to eross them, which being done they are again
hidden from view, and the course of the valley itself obscured by
the general undulatory character of the surface,

It is difficult, if not impossible, to nmscertain socurately the
depth of the drift deposit in this county, but it is probably not less

p
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thian one handred and fifty feet deep where none of it has been
rvemoved by erosion. Indeed it can not be cortainly known that it is
not fully as deep as the full depth of the valleys before mentioned,
for no other material appears upon the slopes, and the only
exposures of rock to be found in the comty ave a few small quarries
of upper conl - measure limestone nesr the Missouri border, en
section 10, township 67, range 20, together with & fow similar
exposures in the extreme northeast corner of the county. There
are.at leust five hundred and fifty square wmiles of this county upon
which no rocks appear except the very few boulders sssocinted with
the drift, It will be thus seen thut a geologieal examination of
such a county uslone, disconnected from adjoining territory would
give very unsalisfactory results, except of the charscter of the
surface. In view of this a detonr was made to the northward into
Union, Madison and Adams counties, thence southward into Taylor.
Examinations there, together with those within the county, leave no
doubt thut the first stratified rocks beneath the drift - doposit in
Ringgold are the upper coal - measure limestone; the inference from
which is that if coal is ever obtained here, it will be found at
considorable depth below the surfsee. It is not at all improbable
that ane or mors beds of coal underlie the county, but if so, further
and more extensive examinations are needed to give even an
approximate estimate of the depth at which it may be found.

The county is so well drained that hardly a single pool ean be
found within its borders, yet water is abundant in the streams, and
also ensily obtained at a modevate depth anywhere upon the high
lands except upon the narrow ridges, and immediately upon the
slopes. The prairies are eoverod with o luxuriant growth of wild

grass, nnd tho eultivatod varioties sucoeed admirably, Consequently

thiis is destined to be an important one for stock -raising s well as
for purposes of general farming.
TAYLOR COUNTY.

Taylor county is similar in the goneral character of its surface to
those which adjoin it. It has rather more timber than Ringgold, but
not so much of either timbor or stone as Decatur county. The
streams” flow to the southward through it as in Ringgoll, but they
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will not average quite so large, and their valleys are consequently
not quite so deep nor their slopes so abrupt. The county is pev-
fetly deained by its rivers and erecks, so that not a marsh nor pond
was anywhere seen.  These streams afford good water for stock, and
springs are not uscommon in depressions upon the prairies. Exoel-
lent watar is also readily obtained snywhere upon the prairies ata
very molerate depth,

Timber enongh for present use can be found in the vicinity of the
streams, which rapidly eneronches upon the prairie whers the fires
are kept ont.  These trees also grow rapidly when planted upon the
prairies. Ion. L. W. Hillyer, of Plattville, has some cottonwood
trees about his residence which he had planted five yesrs ngo, and
which measure twenty - three inches in circamference ot the root.
Mis method of propagating them is so peculisr and ful as to
deserve particalar mention, and thorough trial by others. He
procured freshly cut poles of that wood from the timber, chipped
them with an ax at short intervals, and then planted them, end to
end in shallow trenches. Vigorous sprouts soon sprung from each
of the chipped places which grew much more rapidly than the young
trees which were transplanted with their roots at the same time, and
doon exceeded them in size. They have slso o muck more healthy
and thrifty appearance, Whether other trees may thus be propa-
gated, remaing to be tested. Tt is very desirable that other trees,
particalarly the White Maple, which grows vigorously, should be
extensively propagated, but the eottonwood grows more rapidly than
any other, and is consequently sooner svailable as fuel, although the
quality is not 80 good as that of most others, Mr, Hillyer thinks
that i he had planted ten meres in trees at the time he planted his
grove, hs might now have deswn all his supply of fuel from that
source.

Considerable portions of this county, particularly the northeaster
and southwestern parts are destitute of stone. Beveral g
quarries are opened in the upper coal - mensure limestone on the
hundred -and - two river in the vicinity of Bedford, There are
o fow exposures of the same rock along the river between Bedf
sad the southern boundary of the State. Tu the northwestern pas
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of the county, on several points on the Bast Nodaway, above where
that river enters Page county, a blue argillaeeous limestone is found,
and beneath it a fiftoon -inch bed of eoal is being worked on Tand of
Mr. J. R. Foster, section 20, townskip 70, range 356, which is thus
far the only bed of eosl worked in the county. Tt was at first
believed that this bed of coal belonged to the upper part of the
lower gonl - mensures, but subsequent examinations leave no doubt
that it belongs quite within the upper series and is believed to be the
only bed which that series containg. Conneeted with this chunge of
opinion is also the belief that although other beds of qnal muj ba
expected beneath the one now worked, they lie at considerable
depth.

The conl of Mr. Foster's mino is of good gnality, and having o
laxge market for it, he finds it profituble to have it mined although
the bed is 8o thin.

Mr. Edwin Ilouck is meking a good quality of lime from his
qnarvies at Bedford, for which he finds a ready market, as well as
for his quarry - rock.

The soil of Taylor, is of the same excellent quality as that found
in the counties before named.

The marketable products of ite citizens consist at present of live
stock, for which buyers reach them from both the castern and
western borders of the State,

PAGE COUNTY,

Within the memory of some now living the growing wheat erop of
the Genessee valloy was watohed with lively intorest by the whole
country, beesuse sucoess or failure there sfected the marker far
and noar. This was before the Gront West had begun to send
forward for the world’s consumption, her surplus store wmounting to
willions of bushols of geain every year. That vallay, is still furtile
and Loaatifal, but now, in the growing greatness, of our country, it
has dwindled into insignificance: compared with the fame it once
possessed.  Ocher valleys have been sottled and cultivated as the

lﬂo of civilization rolled westward, which vie with that in every-
thing that makes a region desirable, but being themselves in th

'
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midst of bouandless prodactivenes, their oxcellence has become
known only to the passing traveller, and to those who dwell there.
There are yot others in our State of surpassing beauty and fertility,
which have only just begun to be settled, and which will'in a few
years prodace more bread, and be the seat of & greater number of
happy homes thun the far famed valley of the Genessee.

Page county possesses oue of these lovely regions in the valleys
of the Nodaways, These streams ought to receive separate names,
but in the meagre nomenclature of the pioneer, each large branch of
a stream retained the name of the principal one, with the distinctive
prefix Bast, West, or Middle, as the occasion required. Thus we
have s multiplicity of Chariton, Grand, One - handred - and - two,
Nodaway, Tarkeo and Nishnabotony rivers. The West Nodaway
stratehes entirely through the county from north to south, n distance
of nearty twenty - five miles, but which is only a small portion of its
entive length, while the East Nodawsy has a length of only about
twelve miles in this connty, having entered it near the middle of the
east line, from Taylor, which received it in turn from Adams: but
more partionlar reference is here made to the West Nodaway. The
charagter of the approaches to this stream is somewhat different from
those which deain the connties to the eastward of it. The stream itself
lies about as far below the general prairie level as those of similar
sige in Tuylor county, about one hundred and fifty feet, but the val-
ley slopes are morve gradual, commencing about & mile from the
stream on either side, These slopes are themselves undulating like
the higher prairies, the drainage system of which is here repeated in
miniatare. Shallow, grassy ravines come down to the stream at
intervals, gradually diminishing branches of which extend outward on
either side and up the slope, multiplying and draining the land com-
pletely, and giving it a very pleasing appearance when viewed from
the opposite side, This is the general character of the valley in its
whole extent through the county, but yet it possesses diversity
enough to moke it pleasant for the eye to rest upon it at every point.
Although the eastern part of Page county contains more timber than
any other of the southern tier, thus far seen west of Deeatur, yet
these approaches to the Nodaway are principally prairie slopes, which
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sllow their features to be zeen with admirable distinctness. Imme-
dintely bordering the stream, more or less timber is always found.
Sometimas, it is true, it amounts to but a very narrow belt, but at
other places it is o quarter of a mile or more in width. Beside this,
where its tributaries mest it, as well as at some other points also, still
Jarger geoves extend upward upon the slopes; and in the space
between the Eastand West Nodaways, opposite Clarinda, there is a
body of timber four miles in width.

At this season of the year (last of July) the ripened heads of one
spacies of prairie grass gives the surface a sere and barren aspect in
the distance, and in looking down upon this valley one sees the
immense fields of green luxuriant corn, and yellow, ripened grain,
standing upon the surface like reotungular oases in a desert of grass.
This desert is one only in appearance, for it only needs the plow to
convert every square rod of it into fields fertile as those which are
pow there smiling with a plentiful harvest.

The other rivers of the county are two small streams, the East and
West Tarkeo, both of which traverze it from north to south ; and the
East Nishnabotony, which crosses the northwest corner. A narrow
belt of timber skirts the latter viver ; o little iz nlso found on the
Bast Tarkeo, but from the latter stream to the west line of the coun-
ty, stretches one almost unbroken, bat deeply undulating prairie, all
of which is o8 fertilo ns any soil in the State, ns oceasional felds of
geain will testify, which are being cultivated wherever a grove of
teoes forms the nacleus for a settlement.

Limestone of good quality for building purposes is quarried at
various points along the East and West Nodawsy, from Hawleyville
in the east part of the county, to the Missouri line; a vory good sup-
ply being obtained within a fow miles of Clarinda. A persistent
ledge of u few layers, of a haed, ponderous, bluish limestone, two or
throe feet in thickness, is found cropping out at frequent intervals on
the prairie - points, and in small streams bordoring the East Tarkeo.
It shows itself a little above the level of the narrow bottom border-
ing the stream, and extends quite through the county from north to
sonth, and dipping to the southward st abont the same rate that the
water falls in the stream, it appears at about the same elevation

y
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aboye it at all points. This stone seems well adapted to all the pur-

poses for which stone s ususlly required, except the manufsecture of
limo. Thus fur efforts with it in this direction have failed, although
it seams to be composed principally, at least, of carbonate of lime,
bles in physieal characters the rock which has

It very much resem
the manufacture of

been successfully used in Davis county for
hydraulic eement.

The only bed of soal yet fonnd in this county is worked at varvious
near Olarinda, and is identioal with the one which is worked

points
and also on Mr. Foster's laud in the

at Quiney in Adams eounty,

northwestern part of Taylor county.
Tho soil is everywhore fertile, and almost everywhere covered with

a laxuriant growth of grass, Along the valleys of the rivers of this

county, the “blug joint,” one of the most nutritous of the wild gras.

8es, is very abundant, making it one of the best nutural stock - raising

regions in the worll. Targe numbers of cattle, horses and sheep are
now raised by the citizons of the county, but thousands of acres of -
this excollent grass dies apnaally, hardly & mouthfal of which is con-
gumed. Tho streams of the eounty afford sbundant water for stock,
and pure cold water can be obtained at a moderate depth almost any-
whore upan the prairies, as woll as in the valleys. Beside which,
excellent springs are not unfrequently found along the slopes of the
streams. 2

FREMONT COUNTY.

This county is more distinetly marked in its surface feab
than any of those between it and the Des Moines river, which
differanen is die to two distinet eavsns not possessed by amy of those.
The first of these eanses is the great Missouri river which courses
along its westorn border, and which, aside from the effects produced
in its own immediate visioity, has also bad s modifying influence upe
the drainage of the county by the Nishuabotany and its tributaries,
Mo second eauso is the existence over o great part of the eounty of
 poculior deposit which forms the soil where it exists, as well 1
amuch of the material heneath it, all resting upon the drift, the
pulverized apper portion of which forms the soil in other portions of
the State.

REPORT OF STATE GEOLOGIST 51

This deposit has been called by Prof. Swallow, State Geologist of
Missouri, ** the blufl deposit, " which term will also be used inbth :
communications from the field. It is composed of ver ﬂn:lu
comminuted silicious matter, with much elsysy and lim Mg mu{ufhl %
part of the latter having formed into stony coneretions, from ‘;ltl
gizo of & nut to n forty pound shot. With the uccph’o’n of Mm:
concretions, which form a very inconsiderable part of it, the !;h 1
moss is very uniform in its color and composition fr;m to o!‘.:
bottom, cven where it is more than two feet thick. Tt is pi' ‘
slightly yellowish ash color where it has not been n-n;lererl dn:k "
by decomposed vegetable matter resulting from the profusion :;
grasses and plante, which grow upon it in every favorable situstion

Resting upon the drift, which it will be remembered mutﬁinl th ;
water - worn pebbles, boulders and sand, it has of course heen formo;
“An;mb‘m’uﬂ?‘ p!:riml. and bears within itself the evidences of jts
origin in a fresh water lal i ‘ i ‘
expansion of the Missouri ri::r.:hmh Ny rar aatl

There is reason to believe that this i
O-QD-thl’d of the Nishoabotanys in Frmo::p::‘n:ﬂd; zu: '::‘“m
Timit in thi‘u direction is not clearly defined, from tho' faot th&:.::
:;:1 ;e::md of the upper portion of the drift forms a wﬂ almost
. in appearance in most places, with that formed by the blaff

posit, supporting the same profusion of grasses and plants, and
presenting but little to the eye of the casual observer topmdfeih
ehange of composition in the soil - materinl. Tt is along “ﬂwﬁlﬂ;
of the Miseouri river bottom, and in exesvations such as collars and
wal‘!a, that the strange peculiarities of this deposit are soen Exea-
::;ns are made in it with less labor than in the drift, t.nﬂ whon
oen ;mcnq man ean thrust & spade into it without difficalty. Yot

ug in it and walled only just above the water line, remain

unchanged for years, the sides showing the spade marks o ; them
#s when they were first dug.  Very good cellare are also mpl:%h‘ﬁ
the perpendicalar bunks of which remain withouta wall or other
mnﬂ:mﬁw even the steps are carved out of it, whicl
m.“‘;“mnmdly. becomes, remain serviceable for  long

LTI
See the article entitled “ Lakes of Tows, Pust and Present, " on anolher

L
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Boridlering the Missouri river bottom — whieh, with- the exception
of a narrow belt of timber along the river, is in this county s nearly
level prairie from three to six miles wide — the blufl’ deposit ends as
abruptly as the rocky clifis of the Mississippi, and viewing the
fantastic shapes into which it has boen carved by fluvatile and
meteorological erosion, one can hardly rid himself of the idea that
these too, are supported by a frame - work of rock, But this is not
the case, for not a stone of any kind is to be found in the whole
mass save the limy coneretions above referred to. Along the base of
these bluffs between the northern and southern line of the county,
ledges of the upper coal - measure limestone and sandstone are found,
resting upon which a comparatively thin deposit of drift is seen
with its boulders, gravel and sand, which in turn bears upon itself
the blufl deposit. This towers up above the drift in some places
more than two handred foet, sand npward of two hundred and Gfty
feet above the general level of the river bottom.

Frequent springs of pure cold water issue from the drift at the
bage of the blufl deposit, and there are alzo evidences of the former
existence of many which have cessed to flow or thut have sought
other channels. These springs have doubtless had some effect in
producing the peculiar outline which the face of the blufl presents,
partioularly in forming the hesutiful little natural ampitheaters,
containing from u few square rods toan acre, covered with box - elder
snd other trees, opening towsrd the river, but nearly surrounded
by high buttresses and undulating precipitous slopes which are
covered sparsely with prairie grass to their tops. From some of

thess, springs still issue, making them delightful nooks in which to
hold pic - nics, or for the matter - of - fact fsrmer to shelter his stock.
In many places the bluffs are so precipitous that they appear slmost
perpendicular, but this is far from being the case, sinco appesrances
of this kitd are always deceptive. The steepest fronts will average
less than an angle of forty -five degrees with the horizon, and the
boldest and most precipitous one we found, upon which the grass
was growing, when tested with the clinometor proved to be only fif
dogrees, There are oceasional places in some of the more promi-
ment frouts where the material has fallon down, which present bared

[aces for o short distance, which are in reality nearly perpendicular,
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and these stand there year after yeuar, with little or no change
becoming 50 dry that no grass can grow upon them, and giving tlm‘
sppearance in the distance of a rocky oliff. There js a peculiar
rounding to the summita of these bluffs many of which resemble the
artificis] mound raised by s departed race of Indians upon those
which border the Mississippi, but their great number would undeceive
one in this respeet il their shapes were not more varied, and their
ridges and slopes also did not partake of the same character.
Being destitute of trees upon their summits, and stretehing north-
ward and southward so far as the eye can resch, they present a
strange and impressive aspect quite different from that produced by
any other formation in the State,

Proceeding inland from the great river, the surface beoomes much
less broken although the material is the same, and n great portion
of that which is not occupied by fertile farms, is covered by a
thrifty growth of timber; and approaching this county from the
prairies which lie to the castward of it, one sees for the first time
since leaving Decatur county, the horizon serrated with forest trocs
growing upon the ligh lands and alopes.

The Missouri river bottom is, in this connty wt lenst, somewhnt
different in ehuractor from that of the Mississippi. Here are none
of the definite terraces which are often seen there, and the whole is
more nearly lovel from the river to the bluff. The greater part of it
18 prairie, and much of it is never reached by the highest floods of
the river, perhaps excepting those which oocur at intervals of many
years.  Tho soil lere is of the most extraordinary fertility. Well
dug in it show a depth of more than ten feot, every inch of which is
as fertilo as that turned by the plow. There are some farms upon
this bottom which have yielded n bountiful erop of corn every yenr
for fifteen yoars, without rotation of crops, without manure, and
slmost without care. The formation of this bottom land was long
subsequent to that of the bluff deposit, from which much of ita
material was derived, which, as already explained, was doposited nt
» period yubsequent to that in which the drift with its own produet -
ive soil wan formed. Thus we perceive that this eounty presents
oxcellent, and, indeed, remsrkable examples of soil of dilavial,
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lacustrine, and flavatile origin, each succoeding the other in order
of time ; 1l of which are also of remarkable fertility.

The northesstern and southeastern portions of Fremont county
are nearly all prairie, but the region along the Nishnabotany and its
tributaries, as well ns o great part of the county west of that river,
furnishes much more than the average amount of timber. In the
deseription of Page county, considerable space wis devoted to a
description of the valley of the Nodaway, bat the great length of
this letter makes it necessary to olose it v.ithout doing full justice to
the valleys of the Nishnabotany and its tributaries. A few words,
however, mast be said concerning its general features, and these will
bo confined to the West river, which extends from the northern to
the southern line of the county, almost direetly through its middle.
Ttis o larger stream than the Nodawny, and its valley occupies a
much wider area, but nearly all that was said of that valley is also
npplicable to this. The approsches to the stream, howevor, are
longer and more gradual; the valley is wider from the highest land
on either gide, averaging four miles or more in width, and then it has
also a distinet bottom, which is not so marked a feature of that of
the Nodaway.

A dwellor by the Mississippi, viewing this valley from the high
Iands for the first time, would be likely to mistake the real character
of its bottom, for itis not in reality so flat as those he is accustomed
to seo there. Far the greater portion of it is never reached by the
highest floods which swell the river in wet seasons. Standing near
the river, and looking townrd the slopes on esch side, the bottom land
will, in most cases, be seen to rise without o terrace towards them, st
the rate of nbout forty feet in the mile, the distance from the foot of
the slope to the river being often as wuch or more than this. There
aro oocasional low places which are veached by the high waters, but
most of them are drained when the waters subside, leaving no pond,
and the surface hecomes covered with grass every year. The soil of
these places, and that closely bordering the stream is composed of
the disturbed material of the blaff Aeposit, while the higher portions
of the bottom land are composed of wnaltered bluff material like the
high lands along the border of the valley and to the westward of it.
The view of this valley from the high lands is everywhere so delightful
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that it is not easy to select any ome region which greatly excels
snother in this respect, bal no person eapable of appreciating the
beautiful can pass over the road from Sidney to Hamburg without
being thaukful that his eyes were permitted to rest upon scenes so
lovely as those which meet his view all the way.

The deep drift fn the eastern part of the county, and the decper
blufl deposit of the middle and western portions have covered from
sight ull, or nearly all the stratified rocks which exist beneath it,
except along tho base of the Missouri river bluffs, the most southiern
exposure of which is scen on the town lot of Mr. Allen near his
saw - mill in Hamburg. This is now nearly obscured by grading, but
enough was seen to indieate several layeis of upper cosl- measure
limestone with marly partings, rosting upon o fine grained, micaceous
sandstone, at un elevation of thirty or forty fect above the general
level of the river bottom. Following up the base of the bluff along
the bottom rond to Plum Creck the exposures, particularly of the
limestoue, become more frequent, and afford good quarry - rock. At
about two miles above Plum creck, and extending thence some two
miles further along the base of the bluffs, there are very full
exposures of limestone, which afford the finest and most extensive
quarrics yet seen west of Madison county. The stone elosely
rescmbles those obtained from the quarries of that county, in quality
as well as in the execllence of its lime. It cun be obtained here
in alwost any desired goantity, und with not greater than the
ordinary amount of labor in quarrying.

Near the residence of Mr. John Wilson, on Section 14, township
70, range 45, this gentleman kindly pointed out a pluce where o ten
inch bed of coal has been exposed by excavation ; an oxamination
of which, together with the strata above and below it, leaves

- but little, if any doubt, that it is a continuation of the same bed

which is being worked in Adams, Taylor and Page counties, It is
hardly probable that this bed will be found thick enough to be prof-
itably worked in this county.

The brick made in this county are of very fair quality, the clay
for whick was obtained from the drift, st the base of the blaff
deposit, ut the only yard where it was examined. The bluff
material would itself probably make very fair brick were it nok
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that the small limy concretions which it contuins, are changed to
to quick - lime when the bricks are burned, and then when exposed
to moistare the slaking of the lime bursts them.

MILLS COUNTY.

The countiea of Milla and Fremont are so similar in geological
charaseter, ns well os in those topographical features which
distinguish them from the counties lying to the eastward of them
that moeh of the description of one would be equally applicable
to the other, In view of this, and of the unusual length of my
letter on Fremont county, some of the topies discussed therein will
be continned in this, and others will now receive attention which
were omitted in that.

Although Mills county seems to contain proportionally a little
less timber than Fremont, yet it has more than the counties east
ward of those on the Missouri watershed will average; the prineipal
portion of which is found in the western half of the county,
Wherever the fires are kept from the prairies the young timber
grows up with great rapidity, so that one frequently sees id
ble bodies of forest trees of the various kinds common to the State,
large enough to use forfuel, which have grown up sinco the conntry
was settled. Theso troes, ss well as the osage orange also, succeed
well when planted upon the prairies that rest upon the bluff deposit,
as well as those which rest upon the drift.

The beautiful and fertile valley of the Nishnabotany extends
through the county from morth to south, and is almost identienl in
character with that part of it lying in Fremont, and the smaller but
no less beautiful valleys of Silver and Keog erecks traverse large
portions of the northern and central parts. These valloys with
their tributary depressions sre not as deep as the valleys of similar
streams wre in some of the counties to the castward and the
approaches to them are so gentle that they can all be as ensily
cultivated ns the more level land, This character of the valleys
began to be distinetly perceptible upon reaching the Nodaway, and
st the smo time, that clearly defind ocean-like horizon of the
prairie lovel observed in Wayne and olsewhere began to be less
distinct, and these changes, particularly the former, are more readily

= i
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recognized, a8 one passes westward into Fremont and Mills oonnties;
the nearest approach to a definits prairie horizon being seen in
the northern part of Mills, The eastorn border of the blaff deposit
was not recognized in this county, and it donbtless extonds over the
whole surface, except where the streams have eroded their valleys
through it, reaching the drift with its gravel sand and boulders
benenth, but by this mesns it was seen to be much thinner in the
western part of the eounty.

The Missouri river bottom extends the fall length of the county
a3 in Fremont, the charactor of it being similar, and the width
sveraging about the same, for the river nowhere approaches the
blaffs in either of these countics. The bluffs of Mills, generally
slope more gradually to the bottom lands, and are more frequently
wooded than in Fremont ; and where the timber does mot exist the
slopes are more thickly covered with grass. This reac;lts, not from
any change in the eharacter of the muterial, but wholly in conse-
quence of the more gradual sloping of the hills, thus retaining the
moisture ; for Where the peculiar material of which they are formed
is exposed in such prominent snd precipitons masses as are some-
times geen, it becomes too dry to support vegetution; yet under mors
favorable cireumstances every part of it, even when thrown out of
deep wells, produces wluxariant growth, both of plants and trees.
Thus many of the bluffs of Mills coanty are wooded upon their
slopes, while their prominent, rounded summits are destitute of trees,
reminding us of the waning locks of our honored sires,

The material composing the bluff - deposit has some physical char-
ucteristic which are very remarkable. One of the most striking of
which is the constancy with which it remains unchanged by ntmos-
phere or frost, in any shape which has been given to it by natural
or urtificial forces, while it can be readily excavated by the spade
alone. Tt is this which maintains the bluffs in their strange snd
peculior shapes a8 unchanged in form as those are in other parts
of the country which are supported by a framework of rocks.
Wolls dug in it do not need walls above the water line; stock
shelters dug in the hillsides are sorviceable for wmony years;
roads upon it become hard and do not wash easily by the rains,

8§
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and thas tho roads of this region are among the best in the
Btate, for there is not a stone to jar the wheels, nor deep ruts to
impede them. It dries so readily that lime snd pottery kilns are

dug out in the prominent peints, and used as well and as long g
without walls, as they can be with them in other places. Aund yet

the soil formed from the same material will endure & drouth as well
s any other, and those who till it eluim that it is better than the
average in this respect. The water of springs and erceks run
perfectly clear upon it much of the time, and where they have finally
cut their narcow channels down, the banks remain precipitous and
the ravines very short heyond the issuance of the Spring.

All that was said of the exeellenee of the soil of Fremont county
is also spplicable to thot of Mills, and the stratified rocks of both
counties bear the same relation to the produstive coal - beds of the
Dos Moines River Valloy. Large quantities of excellent limestone
are found along the base of the bluffs in the nouthwestern part of
the county. The exposures sre almost identical in character with
those in the northwestern part of Fremont, and the quality of the
rock, about the sume. A euple of quarries of limestone also exist
on Silver Creek, in the south part of the conuty, and in the north-
eastern corner, there are considerable exposure of sandstone, some
of which is quarried by Mr. Peter Coopor, and wrought into various
shapes for building purposcs.

Some of the layers of limestone both in Mills and Fremont
counties, closely rescmble, in physical characters, a stone whiceh hag
been successfally used in Davis county for the preparation  of
hydranlio cement, Even if these should be found upon trial to
produce a good quality of that valuable article, any person contem-
plating the manufacture of it, should swiisfy hitself of the existonce
of u large and constant supply of the stons, and also that its
charncter is uniform ; for that of the various loculities which farnish
the best cement, i4 slmost never identical in composition, and some-
times they are widely different in this respect, while furnishing
equally good cement. It thus becomes necessary that the stone of
ench locality should be studied and exporimented with independently
of otliers,

At yarious points along the base of the blufls, both in Mills and
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Fremont countics, where springs issue or have issued in former
times, considerable musses of porons stone wre seen, which are
always of limited extent, and have been formed entirely by the
spring water giving up a portion of its lime upon coming in contact
with the stmosphere. This is found in various parts of the world
snd is enlled caloureous tufa. Another curious fact observed there s Ll;
formation of smull masses of sandstone by the same notural frueeu
the lime from the water forming a cement us it has percolated th;uu h'
the sand often found in the drift, at the bage of the bluffs, .Mg u
point not fur from St. Mary'’s, in Mills county, a mass of natural
s gonerete ' was found, formed in the same manner. This mass was
identical in appearanee with that used in the construetion of ““con-
ercte houses, ”* eo much recommended a few years ago. The granite
and greenstone pebbles it contained, prove it to have been derived
from the drift. DBut these substances are werely curious, and not of
any qcnﬂum;c value, and are only mentioned here to correct the
impression that they are parts of large masses o tending
beneath the uurl‘nue.y E Pagdis

The brick manufuctured in Mills county, are very good, far better
than any seen in the prairie region lately passed over. The material
from whioh thoy are wade at Glenwood, is taken from the base
of the bluff deposit, four or five foct of which, at the base, containa
more cluy than that above. It is the practice there to mix the whole
together, since they find that the upper portion has not ‘eoherenco
enough to hold the bricks together while drying, and the lower
portion eracks by the same process.

POTTAWATTAMIE COUNTY,

The groat thoroughfares of the esrth, around which wealth and
divilizntion cluster, and along which property is slways most valuable,
are not arbitrarily located by man, but their routes arein a great
measure determined by geological features, themselves the result of
goological causes which completed their operations long before ho.
was created. Itis from such causes as thess that the continents
have their outline, mountains range their elevation, the sea its
bounds, and the rivers their volume und direction ; and now, while
the rapid tide of civilization is setting ucross the continent, requiring




60 REPORT OF STATE GEOLOGIST.

the establishmont of new and more artificial lines of intereommu-
nication, similar cirenmstances, rasulting also from the operations of
nature herself, and therefore immutable, are rapidly making Potta-
wattamie county one of the most important, as it is in superficial
area one of the largest counties in the State. The great Missouri
river which flows along its weatern border will never cease to bear
the burthens of its commerce, but the commereial importance of
the river to this county is much diminished by the fact that the
latter lies directly in the course of one of the great lines of railway
which nre soon to connect the Atlantie with the Pacific ovean ; and
the further fact that natural canses will tend to converge some of
the proposed Towa lines of railwsy to a point within it, and near the
Missouri river. The principal of these natural causes —and none
other will be disoussed — consists in the peculiar and deep erosion
of the valleyz of the larger tributaries of the Missouri river which
bave their confluence with it to the northward, which render it nearly
impracticable to build the proposed east and west lines direetly
across them. Upon reaching these from the eastward, they mmst
bend their course southward slong the valleys of these streams in
order to reach the Missouri river with facility, or to conpect with
the great Paciffe railway opposite Council Blufls. These circum-
stances will probably require them all, either to pass into this
county, or to approach it so nearly us to render o connection with
those within it desirable.

These advantages, although remote in their origin aud indireot in
their characters, are of immense importance, and would in time canse
an unfruitful land to be desirable, but in nddition to these, Potta-
wattamie county has fully an average of inherent natural advan-
tages, not the least ol which is the possession of more than half »
million acres of as fertile and tillable soil as ean be found in the
State.

That of the higher lands is composed slmost entirely of the bluf
deposit, which extends nearly or quite to the east line of the county.
The greater part of its surface is prairie, the grassos of whioh are of
the more nutritious varicties, rendering it one of the most desirable
grazing regions to bo found. The beautiful valley of the West
Nishnabotany passes through its eastern portion from north to south,
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which is also the general direction of all the other streams that drain
the county. This is done so completely that hardly o pool of
stagnant water can be found within its horders; yet the smallest
of the streams, even in the present dry season, afford an abundance
of water for stock. Excellent wells can be obtained almost every-
where, except in the immediate vicinity of the bluffs, nnd springs of
pure cold water sre aften found along the banks of the slreams,
although often no tone or tree is near them to mark the spot.

Wood is more abundant in the western than in other parts of the
county, where lurge bodies of young timber are cupidly growing up.

Limestone of good quality for lime, and also for building pur-
poses is found in township 74, range 40, and large quarries of excel-
lent limestone are found three miles eastward, and also six miles
northward from Council Bluffs.

At various places along the base of the bluffs bordering the
Missouri River bottom, large masses of coarse sandstone and con-
glomerate, us well us of light porous limestone are frequently seen,
which appear in some cases to bo parts of regular ledges of rock,
but which are in reality of only limited extent, and haye been
formed Ly the deposition of lime from the spring water which insues,
or 'has issued mear them. The porous limestone hns been formed
wholly from the limy material deposited from the water upon
reaching the atmosphere, and although impure, a similar substaneo
hias been used to make limo in some paris of the country, in the
absence of better material, The sandstone and nonglmmu have
been formed by the percolation of the limy water through the beds
of sand and pebbles belonging to the drift, cementing their particles
together while they remuined in the exact position in which they
were deposited. Thus when these beds of loose material were
deposited in horizontal layers, they retained that position when con-
solidated, and now present the appearance somewhat of rocky ledges.
Bome of these masses are quite hard, but the cementing material
being merely a earbonute of lime, they are probably not so strong
8 the same wmass would in time become if prepared with quicklime ;
for in that case, a part at least of the coment would be a silivate of
lime, which is stronger and more indestructible. -
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The question is often asked by the people, “do stones grow?" or
in other words, “are they now in process of formation by inerease®”
The reply is almost invariably in the negative, for the question is
usually asked in relation to the stones as we usually see them, which
not only do not grow, but like everything else without life have a
constant tendency to disintegration and destruction. Some rocks,
such as some of onr boulders, are believed to have had their origin
as guch by fire when the foundations of the carth were laid, or by
subsequent fusion, but all the strata of roek in onr State at least,
had their origin at the bottom of the sea, ages subseqnent to the
formation of most of the granite rocks, from which the majority of
our boulders are derived. The sea of course then covered the
gronnd where we find them, and similar strata are doubtless now
being formed beneath the ses, but human eyes can never actoally
witness the operation. These mnsses are, however, an exception o
the rule, and are now setually in process of formation henenth our
eyes. None of these adventitious roecks are of any considerable
value, but aro yet very interesting to those who are fond of studying
the operations of nuture,

These springs, although contsining s wuch lime, are novertholoss
quite wholesome, and some of them, two or three miles sbove Council
Bluffs, are among the largest in the State, the waters of which, if
colleeted, might probatily supply the oity until the incressing popu-
lation should render them inadequate for that purpose.

The pecaliar Wiuffs mentioned as o striking a feature in Fremont
and Mills connties alao extend all the way throvgh Pottawattamie
county, bordering the broad river bottom.  The extraordinary deposit.
of which these blaffs are formed reaches its typieal development in
Pottawattamie, and  point near Council Blufls was selected by Dr.
Owen from which to prepare an engraved view of the bluffs whieh
embellishes his geological repork to the General Government,

Fuint traces of glacinl action were observed upon the upper layers
of limestone in the quarry now worked by Mr. Merritt, six miles
north of Couneil Bluffs, but they are not so distinet a4 those seem
in Mills county, and also n mile south of Omaka, sll of which are’
described on other pages.
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Very little can yet be said in reply to the great questions constant-
ly ssked by the people, Have we any coal or other valuable mate-
¢isl benenth our fertile soil ¥ The probability of finding any other
valuable miveral substance besides conl in this eounty is so slight
that little or no especial nttention is given to that branch of investi-
gotion ; and all that can now be suid nupon the subject of coal § in addi-
tion to what has been said in the introductory pages, is that it is bare-
Iy possible that the bed now worked along the Noduway may be
found in the western part of Pottawnttomio eounty ; but if found it
will doubtless be thin pnd of little valne.

MONTGOMERY COUNTY,

Montgomery partukes of the character of both Page and Mills
countieg, which it adjoins, which huve been before deseribed, A part
of its soil is eomposed of the bluff deposit, and & part of it of the fine
material of the drift, The division between these two varietics, seems
to be along the valley of the Nishnabotany. Yet this is always dif-
ficalt to determine feom appearance alone, and in this county at least,
the soil is equally fertile in most cases. All that hes been eaid of
the valley of the Noduway in Page county, and that of the Nishna-
botany in Milis and Fremont is, to o great extent, applicable to Mont-
gomery ; for both of these beautiful valleys extend entirely through
the county from north to south, Tt is well drained throughout its
entive oxtent, like all the region round about it. It is well watered
sleo by its streams, and along the larger ones u congiderable amount
of timber is found, the young growth of which rapilly encronches
upon the prairies that are not aunvally burned. Pure, wholesome
witer is obtained withont dificulty ot a moderute depth almost nuy-
where npon the high lands and in the valleys,

Limestone is found in considerable quantivy st various points along
the Nishnabotauy in townships seventy - two and seventy - throe, from
the quarries of which the country around is supplied with Hma and
building rook. It is also found in a wumber of places in the north-
eastern township of the county. A coal mine hns also been worked
i this part of the connty, the bed being sbout one - and «one - half
foot thiok, and is doubtless the same one which is found near Quiney
in Adams county, which is about ten miles distant from that point.
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The same bed may probubly be found at other points in the north-
eastern part of Montgomery, particularly in the vicinity of the mine
which has been worked. In aneasterly and westerly direction from
that point, it will probably be found not to vary much from a level
with it, but to the southward the dip coincides pretty nearly with the
fall of the Nodaway. Along the slopes to the valley of the Nishna-
botany a heavy bed of sandstone appears at varions points, which is,
however, too soft to be used as stone, exeept in some instances where
iron is the cementing material. In such cases, irregular layers of
very hard, dark - eolored stone are found in it, which will serve a
very good purpose for walling wells, in the absence of better mate-
rial,

Upon the first examination of this sandstone it was found to rest
unconformably apon the upper coal - measure limestone, and was sus-
pected to he of Uretaceous nge, and the provisional name of “Nish-
nabotony sandstoue” was applied to it. BSubsequently it has been
proved to belong to that age by the discovery of charaeteristic fossil
leaves in the exposure within the village of Hed Oak.

At the base of thiz sandstone, as seen on land of Mr, Johnson,
soction 2, township 72, range 38, o bed of clay is found which is a
mixtare of & dark red vehery clay with that of nearly a white color.
The latter has been tested for the manufacture of common pottery
and pronouneed to be the best yet found in the sonthwestern part of
the State, and ju'ging from its appearance, this is probably eorreot.
Clay of a reddish eolor; and doubtless tha same bad, is also seen in
the hillside near Stover’s Mill on the Nishnabotany, o couple of
miles below Red Oak. This clay, with the exception of its ochery
ingredient, is similar to the beds of fire- clay which underlie the beds

of coal in the enstern part of the State, and it is not improbable that '

a thin bed of eoal may yet be found in connection with this, but
there is little hope that it will prove, if found, of sufficient thickness
to be profitably worked. Mr. J. B. Packard, of Red Ouk, exhibited
some muterinl which he had used for paint, having the appearance of
the elay above mentioned, but containing a much greater proportion
of ochre than any before seen. It was obtained from his land near
Frankford, in this county, where it is found in considerable quantity.
It bus been used for painting barns and out - houses for u number of
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years, and seems to give a good body to the paint, and resembles
when applied, the material known as “Blake's fire - proof paint.” I;
is of o dark -red color, suitable for bridges and barns, but is too
sombre in appearance for that cheerfulness which should ;hummri:e
onr dwellings.

The soil of Montgomery county is of that excellent quality which
prevails in this part of the State, and it needs only the extensive
planting of forest trees, and railroad - communication, to make it as
beantiful and prosperous as can be desired, Even now many neigh-
borhoods give evidence of wealth and prosperity in their well -tﬁﬁ-
vated farms, large herds of cattle and comfortable homes.

CASS COUNTY.
t!m(}mmn, alﬁwugl]t only the second county from the Missouri, is yet
mast easterly one of ] i hich is wl
B v &n:ﬁm,, he third tier which is wholly upon the

The East Nishnabotany does not take its rise in this county, but
it nearly loses its identity here by its subdivision into Indian, Camp
Buck, Turkey and Troublesome orecks, while Seven - Mile and Six:
teon - Mile crecks form the head waters of the Nodaway, and com-
plete the drainnge of the county, which is necomplished in the same
thorough manner as that of those which adjoin it.

The Nishnabotany retains its broad, beantiful valley as far up as
the vicinity of Lewis, the county - seat, whore it passes for the dia-
tance of a few miles through a narrow space between the gently.
sloping hills, without the broad bottoms which characterizo it below.
Above this, the valley is found to widen again, and continues thus
88 far up as the sub - division of the river into the creeks before
mentioned,

Interesting as the characteristic portion of the valley of this river
is, the vioinity of Lewis is no less pleasant, with its wooded slopos
and gentle declivities, which, together with the valleys of the creeks
in the neighborhaod, give a pleasing diversity to the soenery around.

”?lw soil of Cass county is of that sbundant and uniform fertility
mwmxz: this portion of the State, and some of it has the

earance o g o little warmer, from a alight admixture of san
doubtless derived from the cretaceous mdmdzf bsfon[z:md ﬁ«:l’

9
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existing in Montgomery county. This sandstone is found at a num-
ber of places along the Nishnabotany and its tributaries, in this coun-
ty. Thus far it has been slso seen in the southeastern part of Pot-
tawattamie and the northeastern part of Mills counties. It seemsto
lie in detached masses, or ontliers, rather than as a continuous for-
mation, and the greatest thickness yet observed is thirty feet. Half
a mile below Lowis, the county seat of Cass county, it is yuarried to
a considerable extent. The stone is soft when first taken from the
quarry, but hardens upon exposure to the atmosphere. It is of a
brown color, and in ordinary buildings presents a sombre appearance.
There are certain styles of architecture, however, in which this eolor
wonld not only be unobjectionable, but agreeable.

The upper coal - measure limestone ia found along the creeks near
the border of Montgomery eounty, and also along the Nishnabotany
and its branches. The supply of limestone in the vieinity of Lewis
is abundant, and the quality good both for building and the manufac-
ture of lime. The western part of the county is quite well supplied
with timber, but there is a deficiency of fuel in the eastern part.

No coal has yet been found in this county, but it is not improbable
that the bed now worked near Quiney in Adams county, and also in
the northeastern corner of Montgomery county, may be found to
exist in this also. Should this be the case it will probably be found
no thicker, if 5o thick us it is there. ;

ADAMS COUNTY.

Adams, like all other counties of the “Missouri slope,” is & well-
drained, yet a well - watered county ; the deainage being effected prin-
cipally by the West and Middle Nodaways and their tributaries, \
which also furnish excellent water for stock; and in addition to this
the two rivers furnish a number of good mill privileges. Good wells
are obtained at & moderate depth in all parts of the county ; it has
fully an average supply of timber, a considerable supply of stone,
snd more eoal which is now accessible than any other county to the
westward of or adjoining it. Tts soil is also of the same excellent
quality which prevails in this part of the State.

1f the county be divided through its center from north tosouth the
advantages of its resources are found to be singularly in favor of the
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western half, for although the eastern balf possesses an excellent sof
a little timber—which is principal!y along the Nodnwnv—uﬁg s
water, yet the western half has, in addition to these ; ve =t
supply of timber, and all the coal and stone yet found'in th phes
s well 25 all the valuable water Power. The valleys of lll: °‘§':;1’
Wways are narrower in this, than in the countjes of l";ygo Ta '; ;
Motugomery, but they are yet beautiful and fertile. 'I"bo t); OP:' “
rapidl; encronching upon the prairies from the borders of the : o
because the inhabitants keep the fires ont in protection of their ;ﬂmul
Sl‘une, good enough for ordinary purposes, is found in ever t. g
ship of the western half, and coal is mined at intervals alon lly :Vn.
I:mhway from Harader’s Mill, three miles north of Quincfr t:nb:::
the ; '
= :;n:;::i;:::‘: below the town, on lund owned by the Drs. Raw-

Near .the middle at the crossing of the river, two miles westward
from Quincy, several openings have been made and considerable coal
taken out. Near this place Messrs, Barnett and Smith have sunk
shaft to a depth of about forty - five feet below the bed of coal th
are now working with the hope of finding a still lower bed. Th.’
l{.n for the present discontinued thoir work upon it with the inw:’
tion of resuming it. Such an enterprise is not unreasonabl ]
..uhough .underhken withont any previons experience in that dire:-'
tion in this part of the State, for the bed they are now working is th
same ono which is worked in Taylor, Page and Montgom nsm:
ties, and the only bed yet discovered upon the lﬁnou:iqllo "
south of the north line of the third tier of counties. This bed of Pe:,ql
also, as 'well 88 all the other strata which appear in Adams coun
belong l.ngbor. in the series than the productive coal - beds alon gﬂ'

Des l.lome- river.  As yet, however, we have had too little "K ori-

enee i our own coal - field to give positive encouragement to :;mu

gentlemen to_eondnnc their work, although it would be perfectly in

“mmnm ;d':ﬁ the principles of geology to do so, taking the hazard

se beds having thinned out before reaching 8o far westward.

Should these lower beds exist there, it is not believed that they lie

at an impracticable depth, but this js & question which must be deci.

ded after farther investigation. i

The people of this county give evidence of much thrift and public
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spirit, and even the eastern half possesses many bright spots, made
so0 by the strong hand of honest toil, the society of which would shed
lustre and benefit on any part of the older States. i

ADAIR COUNTY.

Adair County lies directly upon the dividing ridge between the
watersheds of the Mississippi and Missouri rivers. It is in this
county that Grand, and the East, and Middle Nodaway rivers have
their rise; and North and Middle rivers are small prairie streams
where they enter its borders. The surface of the county is almost
entirely prairie, for its streams are all small, although called * rivers,”
and as is ususlly the case with small streams in this part of the
State, very little timber is found along their borders. There is,
however, a sufficient supply of fuel of this kind for the present
inbabitants.

The drainage of the county is perfect, and yet there is no diffi-
culty in getting water for stock from the numerous streams, and for
domestic use, from wells and springs. The surface is more deeply
cat by the streams and their tributary branches and ravines than
one would expect to see in a regions lying upon a * divide,” which
gives an unevenness of surface, which near the streams is too great
for convenient farming.

The soil however, is everywhere good, as in the neighboring
counties, and this broken region will afford excellent pasturage for
sheep, either with the wild, or cultivated grasses.

The only stone found in the country — except the drift boulders
— appear along Middle River, at frequent intervals from about three
miles south of the northern boundary, to where the river enters

Madison county, about the middle of the east line of Adair. At
various points near the river in township 76, range 30, almost any
desired quantity of limestone can be obtained, which for making
lime, and for the purposes of ordinary masonry, is very good. Nesr
the lieads of Grand River a number of large boulders, quite large
for this latitude, are to be seen, the home of which, as almost
one knows, is far to the northward.
On section 22, township 25, range 32, a dark carbonaceous matter
was found by the citizens exposed in & small branch of the Middle
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Nodaway, i
o lh’ b::;l a shaft of a few feet in depth was sunk down to it
This, at the time of my visit, was pa. i
work having been discontinued. By bsﬂir:';i:ﬁ 2:‘: :'riltl: a'l:w;' -
view of the bed was obtained and some specimens secured fo n:nr:lt; “
examination. It has the appearance of impure coal, but I:ch t:r
characteristic angular fracture of bituminous coal, ko speci "
have yet boen obtained beyond the action of the atmos :“""e"‘
frost, and when worked farther beneath the hill it ma rop ":: b’md
valuable article of fuel, particularly in a region whe{epti '; -
oy mber is so
It is possible that this is the northern extension of the bed
worked at Quincy and elsewhere. If 80, it may prove more nlu::l'
than present appearances would indicate, beside whicl, it is thick :
here than the Quiney bed has yet been found, g "

UNION COUNTY.

With the exception of half - a - dogzen 8 i
northeast corner of Union, which are dn?nn:.ih:;h&::ti.’:m
Middle river, du whole of Union county lies upon the l('unn:i
v'unnhod', and is drained principally by Thompson’s fork of Grand
river, ng'lll?d, near the center of the county, is the highest land
between the Mississippi and Missouri rivers on the line of the Bar.
li.ngton and Missouri River Railroad, being twelve hundred .lll‘.
eighty - seven fect above the lovel of the Gulf of Mexico, and ej
Imnd.red and one feet above low water in the o rinr‘::
Ba'rlmgtou. The county is of the same size and shape as Adam
which borders it on the west, nnd if divided through the centor f; .
torth to south the west half would be found in all respects lil?l’:
to the eastern half of that county in its prairie surface, being
;:uely supplied with timber, and also in containing no qulrr'y rock.
o castern half contains a considerable amount of timber along

nd river and its tributaries, and from the vieinity of Afton to the
m:!nmt cornsr of the eounty, good quarry rock may be readily
obtained ut frequent intervals, This rock is of good quality for
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of the neighboring counties obtain their supplies from this. The ;
soil of Union is excellent, and practically identical with that of all |
those which adjoin it upon the southward and westward, being coy-
ered like those counties with a heavy deposit of drift material.

All the stratified rocks found in this county belong to the upper
series of coal - measure strata, so that there is little hope of finding
a workable bed of coal above the level of its deepest valleys, unless
the bed now being worked in Adams county shall be found to extend
into this. Even then it would probably be found to be very thin,
There is hope, however, that coal may yet be found at an available
depth beneath the surface.

It was observed that fruit-trees grow thriftily in this county,
wherever they have been planted, and Mr. John C. Wicks, who lives
a few miles south - east from Afton, has succeeded admirably in cul-
tivating the principal fine varieties of grapes, of which he hass
flourishing little vineyard,

‘This, like the neighboring counties, beside being well watered by
its streams furnishes wells of pare, cold water, wherever the neces-
sities of the inhabitants require them to dig one.

The number of inhabitants is rapidly increasing by settlement,
attracted hither by the natural advantages which the county affords,
and also those in the immediate future to be derived from the carly

completion of the Burlington and Missouri River Railroad, which is
to psass westward nearly through its centre, and will soon place its
inhabitants in direct communication with both the Atlantic and
Pacific sea - boards.

MADISON COUNTY.

The upper coal - measure series of strata are more fully developed
in this, than in any other county yet examined, and in the deep:
er valleys. The general dip of all the strata is found in the southern
part of the State, to be nearly or quite coincident with the fall of the
streams. But in the “Three - river country,” as that region has been
called, which is drained by South, Middle and North rivers, the
drainage is to the eastward. Consequently in that portion of the
region toward the drainage of the Racoon fork of the Des 8
one would expect to find the lower series of coal - measure :

REPORT OF STATE GEOLOGIST, 71

nearer the surface than they are farther to the southward. This ;
actually the case, und although along Middle river from t'h ':;d“
to the western part of the county, the upper series is in f ;ln;'l 1
before reaching the north -eastern part of it, they have : lom'
quite disappeared, and the strata of the middle series onl :ru .
These well - developed features of the geology of Madison io °l T
not only of great interest within its own borders, but lhem;xz'l:"
afforded here for observing so complete a series, necessaril red
itllm r.uulu.of :.mch observations the standard of ::ompnriao:x i'o:‘:ik:
“::‘n.nveaugluons over the whole region o¢ pied by corr

The subject of eoal in this county has receive i
as it was possible to bestow upon it, the rnnludo;‘w:?::l::n::n
far, been only partially satisfactory. From the mud - gill of Comu
ton’s mill on Middle river, one and a half miles southward from W‘P.
terset, to the level of the town plat, is about two hundred and Al
feet in perpendicular height. The upper fifty feet of this i:hm’
posed of soil, sub - soil and drift material, The remainder, u“n.
the stratum upon which the mud - sill of the mill rests is u,pr::::
ull referred to the upper cool ~measures, the lowest stratum probably

belongs to the middle coal -
st R measures, although at first supposed to

The following is a section of the rocks i
exposed in the valle
small creek a little southward from Winterset, numbered ﬁo‘:ld&:

top downward, omitting the fifty feet of drift which covers
and which forms the surface deposit of the region around, s

ponding

;-tsk:;

No. 6. Gray limestove with
%o :Mmmxo.::?.??:... 2

1
4
1
o
2
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No. 10. Limestone of varying quality —in some parts siliceons and i
same of the interestitial material micaceous and finely 1

BTEDACEONS, . o oo vovessnssss TR R SR Y 164 foot
No. 11. Impure coal.......o «oies ceneisersesnbeeacsransasansiaras ¥Fe i
No. 12 Lightblue marlite. ... covviiiiie ans snvnranionsacaas g 4«
No. 13, Bluish, concretionary limestone, breaking readily into small
CARMEIS o . - i thasnan shsamanss: s asnsadsrsmncane,
No. 14. Bluish and reddish cISys. .. .. civeescass soran. soversnnnes 8
No. 15. Sandy, micaceous shale, with fine gruined micaceous sand-
stone in thin layers of blulsh and greenish eolors....... ... n-+«
No. 16. Bluisk, shaly, impure limestone seen in the bed of the river at
Compton's Mill.. e onvvniisscrsmnnsrssssnsn mavsvansoss 8 .
181§ feel \

As one goes from the town to Compton’s mill, on Middle river,
two miles southward from Winterset, he passes down through each
successive stratum, as it were, the small stream along which the road
runs having, in former ages, worn its valley through them, leaving
the edges of the firmer ones sppearing at intervals in the sides of
the hills, while those of softer material are obscured by disinte-
gration.

By digging- down beneath the stratum No. 16 at several places in
the vicinity, a very thin seam of coal was found. Thus it will be
seen that although two coal horizons exists in the series of rocks
exposed here, besides the two beds of earbonnceous shale, there is
little hope of finding a workable bed of coal near Winterset, above
the level of Middle river.

Going twelve miles northward from Winterset, in which direction
n8 hefore said the upper strata disappear, the bed numbered 16is |
found exposed in the right bank of the north fork of North river, =
and thirteen feet of bluish shale underlaid by a bed of coal, all
appearing beneath it.

Working of the coal was suspended at the time the locality was
visited so that only one and a half feet of its thickness was seen.
Mr. George Clarke, the owner of the property, reports the coal to
be two and a half feet thick, which no reason was seen to doubt.
Some twelve miles southward from Winterset, at and ncar Ander-
son's mill, on Clanton's fork of Middle river, the same bed is
recoguized, but it is there only eight or nine inches thick.
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These, so far as known, are the only exposures of coal yet found
in Madison county, but since the productive coal-measnres lie beneath
all the strata found in this county, there is a reasonable hope that
an abundant supply may be obtained by sinking shafts. These
should of course be commenced in the valleys because they are
slready cat out of the strata which must be bored through before
reaching the level of the streams if commenced on the high lands.
1t is believed that coal would be reached within one or two hundred
feet from the valley bottoms, but no exact estimates ean yet be given.

The beds No. 5 and No. 7 being a black carbonaceous shale are
often regarded by the people as an indication of coal, but althongh
they are often found associated with coal - beds, yet their presence is
of no value for such purposes.

At a number of places in the vicinity of Winterset, bed No. 3 of
the preceding seetion farnishes unusually fine, massive blocks of grey
limestone which are largely used in that region for building purposes,
and dressed blocks of it have also been carried as far as the capital
on COMmON Wagons.

The time will s00n come when the counties which adjoin this upon
the south and west at least, will require facilities for obtaining the
stone which is so abundant along all the rivers of this county. The
other beds of limestone beneath the massive one just mentioned also
farnish immense quantities of stone for lime, and for ordinary mason-
ry, while there is enough broken stone in the beds of its streams
alone to MeAdamize all its roads.

Timber of excellent. growth and quality is also so abundant along
the streams as to make it desirable to check rather than encournge
its encroachment upon the prairies. These streams afford good
water, and upon the larger ones are numerous valuable water privi-
leges, many of which are improved by the erection of substantial
woolen, flouring and saw mills.

The quality of the soil is not surpassed anywhere, and the general
aspect of the county is one of unusual beauty. The monotony which
often accompanies prairie views is here completely relioved by gentle
undulatione, and the wooded hillsides and valleys.

10
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SALT,

The following article was written and published in the newspapers
as & reply to numerous enquiries by letter from different parts of the
State as to the prospect of finding salt in Iowa in paying quantities,
particularly in Davis county, where “ saline lands ” have long been
understood to exist:

By the word salt, we invariably mean in common language, what
the chemist invariably mesns by * chloride of sodium,” and no one
misunderstands us. But he uses the same word in a far more exten-
ded gense than we, and makes it signify any substance which results
from the chemical union of any acid with any base. Consequently
he has almost an infinite number of different salts, some of which
readily dissolve in water, but many others are as insoluble as the
rocks themselves ; and a part of these are indeed nothing more or
less than chemioal salts. Thus natare also produces, in her chemical
laboratory, both soluble and insoluble salts ; that is, soluble or insol-
uble in water, The most abundant of the latter is limestone ; of the
former, salt. Further on, water saturating the earth under certain
circumstances will be mentioned. This, all will understand. We
shall also speak of water being saturated with salt. This is the
chemists” use of the word, and signifies in this instance, water having
dissolved all the salt of which it is capable, when any more being
added would fall to e bottom and remain there undissolved. When
water is fully saturated, it contains about 36 per cent. of salt,
whether hot or cold.

In writing upon subjects related to chemistry, one is often obliged
to make use of some of its technicalities; hence these few words of
explanation. The sea, as every one knows, is the great repository
of common salt, but perhaps every one does not know, which is
really the case, that sea water also holds in solution many other
salts besides this, but in very much smaller proportion. These are
almost the sole cause of the impurity of all salt artificially manu-
factured from ses water. When good salt is produced from sea
water, a8 is now the case on Turk’s Island and many other parts of
the world, it is by o natural purifying process of crystalization,
resulting from the slow evaporation of the water by the heat of
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the sun, which affords time for the chemical separation of the
other salts, which is only partially accomplished by the artificial
process. All the salt obtained as such, from the mines of different
parts of the world, are believed to have been originally produced
from sea water by a natural process, similar to the one referred to,
at a time when the place which the deposit now occupies, formed
s broad shallow lagoon near the shore of a then exisung ses, and
with which it communicated st full tide. As the sen receded, by
the ebb of the tide, evaporation of the shallow water of the
lagoon continued without interruption, leaving behind o greater
amount of salt than served to saturate it. This. excess of salt
constantly increased, because nothing but pure water passed off
a8 a vapor, and because every returning flood of the tide brought
more salt as well as more water, until the lagoon was filled with salt,
and wonld receive no more water from the sea. This process may
now be observed in several parts of the world, and should some
geological change of the earth's surface take place, as they have
taken place in past ages, to bury these salt deposits beneath the
earth, the salt there would be in the same condition as that of the
mines of England, Poland, and other parts of the world. Thus we
see that the salt of mines, although deep within the bowels of the
earth, has doubtless been derived from the sea, or from an inland
salt lake where it has sccumulated by a process presentiy to be
described. But notwithstanding this fact, the original home of the
salt is in the earth, and not in the sea, for it is believed that all
the water upon the earth once existed in the form of vapor diffused
in the atmosphere surrounding a red-hot world, and vapor can
contain no common salt.

After the surface had cooled sufficiently to form a crust, the vapor
began to condense; and these first rains were ns fresh, so far as
containing common salt is concerned, as those which fall upon our
heads to-day. The first seas were formed by the rains, in the
depressions which they found upon the surface, and their waters
were comparatively fresh, for nearly all the soluble salts, (of which
aalt is the chief,) or their chemical constituents, were yet dissem-
inated in the substance of tho earth. A still further cooling of the
carth’s crust, and disintegration of its substance, ndmitted free
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percolation of the water which fell upon its surface and which in
ita passage again to the sea, took up the soluble salts with which it
came in contact in its terrestrial passage, in addition to those which
may have existed in the bed upon which the sea was formed. Thus
the sea bas derived all its salt from the earth by a process of leach-
ing similar to that by which the frugal housewife obtains potash-lye
in the domestic manufacture of soap. Thus its waters have constantly
increased in saltness from the earliest to the present time; for the
rivers of the world are even now earrying down salt to the sea,
although the amount of their water is proportionally so great that
it is perceptible only by the most careful analysis. The immense
smount of fresh water constantly poured into the sea does not
diminish its saltness by dilution, but on the contrary, constantly
increases it by addition of salt, while the same amount of water
which the rivers bring, is returned to the earth again by evaporation.

Whenever the relative positions of ses and land have been
changed, and such changes have been many in past geclogical ages,
every lake which may have resulted from the elevation of land from
the bottom of the sea, was as salt when it was first formed, as the
sea from which it derived its waters; but when such s lake had an
outlet, the acenmulation of waters beyond and around its surface by
drainage, soon rendered it as fresh ns the streams which emptied
into it. Bat where such a lake or inland sea has no outlet, the sur-
face would rise or fall ton level at which the evaporation just
equalled the supply of water, which level would have no necesary
relation to that of the great sea, which is also determined by the
same law, Such a lake would incresse in saltness from the same
cause that the sea has done, but more rapidly if the area drained
into it contained more than the average amount of soluble salts.
When the salt in the water of such a lake had increasod to the
degree of saturation, it would commence to be precipitated, and form
upon the bottom, a bed of erystalline salt. This is actnally the case
in Grent Salt Lake, as well as in others. Bt still other salt Inkes and
inland seas have not yet reached this point of saturation, and they
consequently precipitate no more salt than the great sea does.
Should Great Salt Lake is future geological times become buried
under other strata of the earth, its bed would be s subterrancan
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deposit of salt, similar ta some that are now known, which, donbtless,
had a similar origin, if they did not originate in lagoous as before
described. The salt of such a deposit might never have had, either
directly or indirectly, any connection with the ses, any more than
the salt of Great Salt Lake has had.

Although the earth, and not the sea is the original home of the
salt, yet in the various elevations of the land above the sea, composed
of strata which were formed there, or of the muddy sediment of
marshes which existed upon its borders, it was impossible that they
should not have retained within their substance some of the salt of
the water with which they have been constantly saturated, snd in
this sense some of the salt disseminated throughout the substance of
the earth, may be said to have been derived from the sea, Now
when these strata, which are always more impervious to water ver-
tically, than horizontally, were elevated, they were almost never left
in the horizontal pesition in which they were deposited, but in the
movement of elevation were more or less tilted, so that drainage by
percolation could take place throughout the mass in the direction of
the interstices between the layers, and the greater part of the salt
they may have contained was thus really carried back to the sea
again. Bat suppose a series of such strats, composed, as is usually
the case, of material, alternating, more and less impervious to water,
to have been elevated in such a manner that their dip around the
whole area which they occupied should be toward the center, and
they resting upon each other like a pile of saucers in the dish - pan
of the housewife with the water between them. In such a case all
the saline substances they may have contained at the time of their
elevation would remain there just as the water would remain in the
saucers if carefully lifted from the pan. Water would indeed pen-
etrate the moss by pereolation from the surface but find no channel
out, would escape only by the ordinary process of evaporation from
the same surface, leaving all the saline matter behind. Consequently
upon boring down through the mass, water would be obtained in
those strata which are most permeable by it, and this would be found
to be salt water. Such a condition of strata actually exists, occu~
pying nearly the whole southern peninsula of Michigan, as was first
pointed out by Prof. Alexander Winchell, the State Geolugist, to the.

-
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correctness of whose predictions in relation to the abundance of salt
his State would soon produce, every market in the country now gives
ample testimony.

The salt of the Michigan brine may never have existed in the
crystalline form since it was first leached into the sea from the place
of its original distribution, but brine is sometimes obtained from the
earth which hay probably derived its salt from such deposits as have
just been referred to, in its passage through them beneath the earth.
Such deposits are sometimes found containing so much earthy
admixture that to obtain the =.lt in an available form, fresh water is
artifieiaily added to produce s brine, from which it is then manufact-
ured in the vsusl manner. Thus we soe that the present distribu-
tion of salt in the earth has originated from a variety of causes. It,
or its component elements were originally disseminated throughout
the substance of the earth, the greater part of which has been
earried to the sea by a leaching process of nature ; that the stratified
rocks have salt also disseminated through them as a result of satura-
tion by the sen water in which they were deposited; that it exists
slso in the earth as an accumulation of brine; as subterrancan
deposits of orystalline salt derived from ancient lakes, lagoons and
marshes, and finally as brine formed from such deposits by the
percolation of fresh water through them. It is only by the three
latter methods that a sufficient accumalation has taken place in the
earth to render its production possible in sach quantities as our
necessities require.

The question then very naturally arises: bave we in Towa any
evidence of the existence of deposits of ealt, or of & condition of
the strata which would retain the brine of the sea in which they
were deposited? As regards deposits of salt beneath the surface of
our State, while we have yet no evidence that any such exist in the
crystalline form, we certainly have none that they may not yet be
discovered. There are springs in different parts of the State, the
waters of which contain small quantities of salt, but so far as I am
yet aware, those are all confined to those regions underlaid by coal-
measure strata. It is possible that this sait is derived from
crystalline deposits of that material, but we have yet no evidence of
the existence of them. If the coal with some of its associated strata.

REPORT OF STATE GEOLOGIST. 79

were formed in broad marshes in close connection with the sea level,
as is generally belicved, then we may infer that the salt of the coal-
measure strata of Davis county was derived from that which was
then freely distributed thronghout those marshes. Whatever may
have been its origin, the reason that it remains in those strata may
be due to the fact that while the general dip of all the strata of the
State is to the southward; there is also a slight counter dip to the
westward in the southeastern part, forming at least two sides of a
very shallow depression in the strata (not in the surface), which may
have served to esllect the saline matters of the strata there into that
region, of which the northeastern part of Davis county may proba-
bly be a centre. Some of these waters have been snalyzed, and
proving to contain less than one per cent of salt the prospect of
obtaining it in paying quantities is not now encouraging. Yet, as
before intimated, there are no positive reasons why it may not exist
in such quantities in our State.




SECOND ANNUAL REPORT
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OHARLES A. WHITE, M. D., STATE GEOLOGIST.

1o [His Ercellency, William M. Stone, Governor of Iowa :

Sm: Ilerewith transmit to you my second annual report of progress of the
State Geological Survey, togethier with copies of reports of Mr. O. H. St. John,
Assistant, and Prof Gustavus Hinrich, Chemist,

1 also herewith transmit, as a part of my report, coples of fourteen letters in
relation to the geological work, which I have prepared and published from time
to time in the newspapers of the State, in accordance with the provisions of law.
Accompanying these sre also copies of & number of letters prepared and similarly
published by Professor Hinrichs snd Mr. St. John.

Immediately after my first annual report of progress to you, I commenced the
arrangement and study of the collections made during the previous season, and
also the preparution of papers upon subjects connected with the State Geologiea
Survey, for publication in the scientific journals, These were duly credited to the
survey in the imprint of their titles, so that the State should receive credit for
the priority of investigation and discovery, which would otherwise be in danger
of loss by delay of their publication in our final report,

On the 15th of March I was joined and assisted in these labors by Mr. 8t. John,
whom 1 had previously appointed Assistant.

The opening of spring being later than usual, no fleld - work-wasdone until the
16th of April. Intending to devote the greater part of the yeat's labor to the
investigation of our resources for fuel, this work was commenced on that day in
Mabaska connty, and continued until the 6th of May, embracing the examination
of the coal deposits of the greater part of the counties of Mahaska, Monroe, Jef-
ferson and part of Wapello,

It being then necessary to commence field - work in the western part of th
State where it was left at the close of the previons season, preparation
10 proceed thither with the appropriate outfit. At this time I received a proposi-
tion from (he eminent nataralists, Mr. F. B. Meek aad Dr. Theodore Gill, both of
the Smithsonlan Institution, and both also connected with the United | Geos
logical Survey of Nebrasks, to accompany me across our State to
review on the way & part of my last season’s field « t-t.mlnmnl‘.,
Hayden, Director of the Nebraska Survey, at Nebraska City, to cor
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and if possible, to arrive at some estimate of the depth st which the equivalents of
the productive coal - measures lie beneath the unproductive strata exposed along
the Missoorl river. This proposition was very gladly secepted, especially since
the first - named gentleman is probably better scquainted with the geology of the
Missourl river region than sny other person living. -

Accordingly upon the arrival of Mr. Meek and Dr. Gill we all started in cor-
pany from lowa City on the 22d of May, and arrived in Nebraska City on the 6th
of June, where we were joined by Dr. Hayden. We made some satisfactory esti-
mates of the sggregate thickness of the strata exposed within the limits of Towa,
bt judging from exposures found by those gentlemen in Nebraska and Missouri,
it seems probable that there is a thickeniong of the sirata to the westward, which
the Towa exposures do not reveal, so that the equivalents of the productive coal
strata which are seen along the Des Molnes river, lie deeper beneath the surfsce
alopg the Missouri river than would have been inferred by an examination of
Iowa rocks alone,

Circumstances obliged me to suspend the Investigation of (his important sub.
jeet, but I still think it reasonable 1o expect to find coal there at less depth thaa
that st which it is successfully mined in some other parts of the world,

Parting with our distinguished fricnds at Council Bluffs, I placed Mr, St. John
in charge’ of the work in the western part of the State, amsigning to him for
examination that portion of the fourth, fifth and sixth tiers of counties which lies
between the Missourl and Des Moines Rivers. He has prosecuted his labom
with an earnestoess nud zeal which can only be lospired by a love of ecience;
and I am much gratified with the careful and able manner in which he has per-
formed the work assigned him, I respectfully refer you to his report of progres
to me, & copy of which is berewith submitted.

Returing to Towa City, I necompasied Profl Hinriehs to the lead - mines of
Dubugue, for the purpose of obtaining materisl and informstion in regard to the
mode of occurrence of those ores, and the methods in use for smelting them,
Although our siay there was brief, the results obtained were of much iuterest
and value.

Resuming the tuel investigations, T visitod all the oporated mines in the counties
of Maston, Wapello, and Van Buren, sutering sud examining them in person, snd
colleeting anthentic specimens for analysis.

The dryer part of the year baving arrived, T made the necessary preparation,
and in the latter part of August went to the northern part of the Stato 1o examine
the country for peat, directing atlention principally to the eounties of Franklin,
Wright, Corro Gordo, Hancock, Worth, Winvebago and, Kossuth. Very large
quantities of this valuable fuel exist in those counties, as will be seen by refer

* Those examinations were continued until the commencing eold westber made
1k hazardous to health, when, returning by way of Ft. Dodge, Tmet Mr, St. John
there with his camp, and together we spent the greater part of two weeka in the.
examination and mapping of the large gypsum deposits of that region, v

‘Pleasant weathet continuing later than nsual In the sutuma, both Mr. t. Joba
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and mysell wade frequent excursions to such pointg as it
to examine. Among theso excursions were visig 1o iﬂipomxj“:m m@t dﬁ!mhle
eounties of Museatine, Lion and Cliston Pest marshes in (e

The usual winter work is 50w in progress, tha

' results

of Increasing interest and Importance, of whieh promise to be

I beg to call your especial atlention to that portion of th

. 0

in which o describes his methods i the i mdy;hns:" of the c‘hom]u
claims to be new and eminently practical, coals, which he

It will be seen that thus far the work of the surve:

£ Y bas been

réconnoissance rather than of detailed feld - investigation, nag "::m':.r ?ml
general work yet remalos to be dope. hhnmm-uy»m ascertain the geol sl
structure of the northwestern portion of the State, = 'm geologieal
examinations in the coal and peat regions. Afjer this the &

y etail,
should be fally iuvml’lgned; especlally should we know with n.::f ;:.r-"f:::
sible y the mncu}n of our coal - field, for up«;n this

knowledge depends the lnl:iligu:l pr of mi dithe
, an

consequent avoidance of uieless expendi S
e : penditures of money snd labor which wil

Awn:;anq will be made to the Twellth General Assembly for s suflicient
pprop ; lo pros the work to o suceesstul completion. The people
ﬂeryw:hm evince a lively iaterest in the suceess of the survey, and their
brmhmdnallomoﬂunhlmmntmmnfmhdm. ¥ -
Vn-ymmhny.yowobdl-tm
CHARLES A. WHITE,
State Geologist,

Towa Crry, lowa, Junuary 8, 1868,
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0. H. ST. JOHN, ASSISTANT STATE GEOLOGIST.

To Dr. C. A. WimTe, State Geologist /

Dear §rx:  In accordance wilh your instructions, 1 have prepared and here-
with sabmit the following report of prog of the field - investigations under my
charge during the past season.

In compliance with your instructions, on the 13th of June last I began the pre-
liminary survey of that portion of (e State comprising the fourth, fiflh and, in

{he sixth tier of connties Iying between the Des Moines and Missourl rivers.
Oue of the principsl objecis of this i was 1o ascertain with s much
accuracy as possible in &0 shorl Lime, the extent and charseter of the cosl-field
in the region embraced in this geologieal district, With this view, T made s jour-
ney from Council Bloffs up the valley of the Missourl, through Harrison, Monons
and Woodbury eounties to Sioux City ; thenoe we passed into Crawlord, Shelby,
Audubon, Curroll and the southern portion of 8ac county. The sbove enumerated
counties, with the exception of the eustern portion of Carroll and Sac counties, lie
wholly upon the Missouri waler - shied, and present avarioty of physical features
which one would hardly suspect from s casual glance.

Few rock exposures occur in the above -named counties; however, there are
Jocalities which supply s very fair quality of stone for all the ordinary porposes
of construction, Tt Is believed, further, that the manufecture of bricks for bufld
ing may be successfally undertaken in almost all Jocalities; so that, after all, the
senrcity of good building - stone in most places will scarcely be noticed, much Jess
can it ever bave a detrimental influence in & region o highly favored ln other

Teapects.

h‘mmbnlbwtﬂlnnalymodqmm&hohhhdmmm
mmamwmmmmum;unmmmyw@
Mbmﬂﬁu\h-mmwkwmngmw-“
wa&.mmmumuuhunm In the fmme
dlate & of Soux City, st Bargeat's Bluffs, and at Bruguler's Blafk,
g&Mum‘ﬂ(mmm.m'mmmdmm
MWMuumManuﬂdeu e
mmm-mmhmvmmu-gumm :
a--ﬁwummmnmmmm On
m.hmmy.mumdm“uhm p
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conl - mensures also outerop, and are quarried to syme extent in th
Reel’s mills, on the line of the Chioago & Northwestern R-ilmu: “ﬁlﬂ;)"h':
points in Harrison and 3 les, & tufuceous deposit occarring nosr he
base of tie  blufl formation,” affords a durable material for underpinning, &e.
Also in otbier parts of these counties (he modified drift affurds limited ex )m’ res
of a more or less coarse ferruginous | ale, and iderab) A ith
of lower Silurian boulders, gnelssoid and qoartzose hon:d:;ll
with, particularly upoa the broad upland ridges in Jda, Crawfo e
B rawford, Carroll and
Whint most strikes the observer, traveling over thess
prairies, is th
development of the post - tertiary depasits, affording Lim one of :I:e v:n:n:::d
esting fields of research. An ostensive and istimate knowledge of thess | l:
geological deposits —comprising the glacial drift, the sands sod conrssr mlt:ulr
of the modified drift, the fine class of the binf and Goally the thick neem h.
tion of soil st (ke surfice — would have the most direct and pnﬁlul be:: .
apon (he development of the agricultural resources not only of this pm‘n 4
section, but of the 8aie generally.  Throughout this region the soil hﬁwcnrpum‘;
jn fertility, snd the very numerous waler - course affords a porfect system of drain-
age, thus furaishivg & satiafsctory explanation for the kab) infrequ:
wet, untillable land. -
The beavy deposits of drift, &c., which so extensively
and
extent copeenl from view the uaderlying rock wmﬁmm eonnﬁum s
toned Tn briel above, offered S5 viwncien o i el el
ation of the carboniferous strata which are supposed to underlio a large portion
of that section of the conntry. Therefore it became a matter of greatest Impor.
tance to explore the country lylng to the eastward, or belween the grand divide
and the Des Moines river, that the necessary data might be sought by means of
which ts enable us to arrive al some satisfactory fus ding the nature
of the strats in the region Lo the westward, Com! “;M.h
Qreen county, I first made a tolerably detailed examination of bvﬂlﬁrdﬂu
North Coon, snd subsequently its two principal tributaries, the South and Middle
Coon rivers, and their sumerous affluents in Guibrie, Dallas and Polk counties,
The first » ot unequivoeal coal strata is found in the south.
:-un part of Green county; and thence along the North Uoon to the confluence
the Boutl Coon, the biuffs which continuously border either margin of the
walley, afford quite extensive and very satisfactory exposures of the cosl- meas.
ures, conslsting of sandstones, arensceous snd shales, occasional
layers of limestone, sud two o three thin beds of cosl, which latter are being
muammumm. e
wldu bordering upon the lower reaches of these streatns, we recognized a set of
whbhm-gﬁdnuﬂmm huandred feet, and which hold & positon
uwm © between the coal -bearing strata, of the Des Moines river rogion
upper coal - measures, which latter sories you saw-sdmirably :
during your investigations the first year of the stirvey in Madison county and
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the southeastern portion of the State. This middle series of strata is composed
of thin beds of sandstone, sandy shales and varleguted claye, impure limestones
alwuys in comparatively thin bands, and sometimes wanting wholly, carbon-
sceous shales and cosl. There are three distinet and stant coal horizons,
which separate or sub - divide the lines isto as many lithologically well - marked
groupe.  But the palssontological characters bind the whole together, as it was,
and indicate a nearer alliance to the lower cosl - measures — 88 we al present under-
stand that series — than they do to the upper measures, from which latter it is quite
distinet in its lthological festures also, TEe three beds of coal above mentioned
are mined with considerable success at the present time in both Guthrie and
Dullas connties, and the quality of the eoal is usually excellent, although
the beds are very thin, possessing an aggregato thickness not above foor feet,
The produetive or Jower coal-measures lie beneath at variable depths, and can
be hed, doubtless, by ordinary shafiing al most any peint in these counties st
s depth of two hundred to three hundred feet, and in valleys at a much les
distance below the surfice. Indeed, st Redfield, in Dallas county, where n bed
of coal nesrly three feet thick, which outcrops in the banks of the Middle Coon,
and Is overlaid by a thickness of at least forty - five feet of sandstone, and which,
it is believed, is equivalent to the coal scen at Des Moines. This bed has, there.
fore, been upraised #0 as to occupy about the same elevation sbove the level of
the Middle Coon st Rediield as it does above the level of the Des Moines river at
the Capital.  And the intervening country forms a broad, shallow synclinal, the
axis of which liss apparently a northerly and soatherly direction. Hence itis
that st the South and North Coon rivers, there occur beds which belong pretty
well up in the middle series, or 1o its middle groups of strata.

As we ascend all three of the Coon nvers, o the northward, we encounter

sandstones and clays, and ferroginons grits, in Guthrie, Carroll and Greene

counties, the equivalency of which have us yet not been satlsfactorily determined.
Aod In carrying on these examinations np the besutiful liwtle valleys of the
tributaries of the Bouth Coon, in the southern portion of Guthrie eounty, the
westward dip of the strats has brought down the lower wembers of the upper
coul - mensures almost on & level with the valley of Deer creek ; but before we
have gained the headwaters of Beaver creek, whose course is nearly parallel with,
auid only two or three miles north of the former stream, the strata have again been
upraised, 5o that in the vicinity of Mr. Mann's and Mr. Cleman's, in Townships
78 and 79, Range 81, W., we are agsin brought in contact with familisr horizons,
long since recoguized al Vanmeter's, u fow miles above the mouth of South Coon,
nnd also nexr Adel, on the North Coon,&o.  We need no more conclusive evidence
tw prove the irregularly and geotly - undulating character of the strata in Uhis
section. The most ensterly indication of one of these broadly swelling - anticinals,

in connection with the middle serles of coal - measures, s seen in the bluffs which
border the north side of the Coon river, o few miles above Des Moines, and in the

region to the southward, in Warren county, Beyoud this line of onterop— east~
ward — 00l & vestige of Use midd’e series has thus far been detected.

The

importance, I may say the necessity, a-m-«nn-mhj, i
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exploration of (he area occupled by this most important mineral product withig
our horders, must be spparent to every intelligent person; for, I believe, we shall
be able, when once the delails of the structure of onr coal- measures shall have
been fully worked out, ss bas been done in other states, 1o estimate the depth st
which a certain bed of coal may be found at any given point, with almost as great
sccuracy as we measure up the bared fuce of a river bluff in order to nscertain
the thickness of the strata therein exposed. However, much still remains 1o be
sccomplished in this section of the State, before the work shall liave uldm that

degree of perfection which shall contribute largely 10 the economic int s of
the Btate, sod merit the commendation of the publie.

Durisg the summer my friond Mr. J. A. Allen, of the Musuem of Comparative
Zoology, Cambridge, joined my party, with the view of studying the Natural
History, particalarly the Ornithology and Botany of the State; and to this end
he made valusble collections of objects of natural bistory, and I doubt not he will
cheerfully, at the proper time, prepare his observations in & form which shall
receive the highest approbation of our people.

It would be superfluous to extol the merits of a region so well and favorably
known already, s that comprising the four or five eastern counties of the district
mrmuh:aed. And itis with grateful acknowledgements I return my sincere

for (e many courtesies
s e i my party received at the hands of gentlemen in all

On mn&hdm.mmnw:mmmmmlmmmﬂowﬂ

in the counties west of the Des Moines, and joined you on the 10k, st Fort

Dodge.
Very sincerely and respectfully,
Your obedient

ORESTES H. Sr. 4
Towa Crry, 28th Dec., 1867,  daiti
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SURVEY OF COUNTIES.

MAHASKA COUNTY.

The principal object aimed at in these partial examinations of
Mahaska, Marion, Monroe, Wapello, Jefferson and Van Buren coun-
ties, was to place before the public reliable information in relation
to the mineral resources of those regions, that those who were con-
templating the investment of capital in public improvements, manu-
factories, or other enterprises, might know the advantages our State
affords.

The largest part of the labor performed was in the examination
of the mines and outcrops of coal. The mines were all entered and
examined in person, specimens from different parts of the bed col-
lected for analysis, and notes taken of its thickness and general
character.

The St. Lonis limestone (sub - carboniferous) is found cropping out
near the bottoms of the valleys of the Des Moines and Skunk
rivers, as well as some of their tributaries. Thus it is known that
all the coal of the county, which is immense in quantity, will be
found in the high lands above the level, at least of the Des Moines
river, because it is useless to search for coal beneath the limestone
of this region; so that no very deep mining will be necessary to
reach all the coal that the county contains. That which is now
mined is reached by drifting into the sides of the valleys of the
rivers, creeks and ravines. :

In the north part of the county, near the confluence of Buck
ereck with the north branch of Skunk river, several mines have been
opened in a four- foot bed of coal, and many more may without
doubt be opened there whenever the demand will warrant it. Along
Spring creeck, from near its confluence with South Skunk river to
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within a mile or two of Oskaloosa, several mines have been opened,
the conl of which ranges from four to upward of five feet in thick.
ness. On this creek there is reason to believe that two good beds
of coal exist, the one beneath the other. There is no doabt that
large quantities of coal exist along this croeek, which may be readily
mined by drifting into the beds at their out-crop or approach to the
surface on each side of the valley.

Around the outskirts of Oskunloosa several mines were visited the
beds of which varied from three and a half to five and a half feet in
thickness, and there is no doubt that the whole city is underlaid by
s good bed of coal at a moderate depth. At Oskaloosa Station, on
the D. V. Railroad, two and a half miles from the city, the thickest
bed of coal is worked yet known in the State. It measures from
five to mearly ecight feet thick of solid and good coal. Messrs.
Roberts & Co., and the Towa Coal Company of Keokuk, both haye
mines in operation in this bed near the station, and the coal in their
mines will probubly average six feet in thickness, and in several
places it reaches seven and a half feet thick. They are conveniently
ocated in relation to the railroad, having car - tracks laid from the
railroad platform all the way into the roows where the mines are
working. The coal cars are drawn all the way into the mines by mules
of ordinary size without dificulty, Two thousand five hundred
bushels daily are shipped from these two mines, beside a consider-
able quantity of coke, of good quality, which they have lately
commenced preparing for shipment.

Several other openings have been made within a fow miles of
these, and the coal found to be as thick as in the two mines just
mentioned. All along the line of the Des Moines Valley Railroad,
and of the proposed Towa Central Railroad, between Oskalooss and
Eddyville, there is an abundance of coal which may be readily made
accessible for shipment upon those roads, both near their main tracks,
and by ruoning branch tracks up the branches of Muchekinock creek,
and opening mines on each side of them by drifting into the hill-sides.

There is no reasonable doubt that the whole ridge between the
creck bofore named and the Des Moines river is underlaid by st
least one good bed of coal, and indeed it is quite as conclusive that
the higher lauds of the greater part dmmv»munduﬁv_ rlaid,
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The St. Louis limestone furnishes a good supply of building - rock
v c

and lime, the brick - clays are of average quality and timber is more

plentifal than is nsual in Towa.

MONEOE COUNTY.

Along all the creeks and streams of Monroe county, coal is to be
found, but the lower and better bed is reached only in the deeper
creck valleys, because the eounty, lying upon the divide between the
drainage of the Mississippi and Missonri rivers, is rather higher than
those adjoining it, and the material above the conl is consequently
thicker. It is probable that large quantities of coal way be obtained
by sinking shafts down from the high lands to a depth not exceeding
two hundred feet. Along Miller's ereck on the line of the Tows
Central Railroad there have been a number of mines opened, and
much cosl may doubtless be obtained there by the usual process of
mining. On Bluff ereek, from four to six miles northward from
Albia, seversl mines are opened, and many more may be. On Cedar
creck, in the northwestern part of the county there is a bed of coal
exposed in the bed of the creek which has been found to be nearly
seven foet thick at that point,

On Coal ereek, three miles westward from Albia, & bed of conl
only thirty inches thick but of excellent quality is worked. At this
mine, upon the clay floor of an abandoned opening n quantity of an
effforescent astringent substance was found which the chemist reports
0 be native alum. Standing in little pools around the mouth of
the mine, and more particularly near a mine on Bluff Creek in the
north part of the county, a deep -red eolored water is found. This
the chemist reports to be u solution of the per - sulphate of iron,
with eulphuric acid in excess, as well as a little free phosphoric acid.
On the lino of the Burlington and Missouri River Railroad, near
Clillicothe, along Avery's creek in the east part of the county, Mil-
ler’s creek in the northeastern part, and along Cedar creck in the
north western part, this lower and thicker bed of coal has been
worked, affording an abundance of good coal. The upper and
thinuer bed, from two threo feot in thickness is opened at numerous
loealities along the valleys of the smaller streams in varous parts of
the county, porticularly in the viemity of Albia. The quality of




=
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this upper bed of coal is equal to that of the lower bed, which is
worked in the creek valleys before referred to. The sub - carbon-
iferous limestone is found near the mouth of Miller’s ereek, at which
point alone it has been seen withiu the county, the other streams, so
far as known, not having cut their valleys down so deeply as to
expose it.

Along many of the creeks of this county there are exposures of
sandstone which furnish s very good materisl for common masonry,
it being harder and firmer than the coal - measure sandstone usually
18,

The limestone referred to, without doubt extends bemeath the
whole connty, forming the floor of the coal - measures, and if this
Jimestone is reached in boring or digging for coal, the work should
be stopped, for there is no hope of finding coal beneath it.

Timber is sufficiently abundant in Monroe county to furnish fuel
for its inhabitants, even if they had no coal, and the abundance of
the lutter fuel will slways keep the former at a reasonable price for

. those who prefer to use it.

JEFFERSON COUNTY.

Jeferson county has been known longer perhaps than sny other
connty in the State as a eonl region, and many years before any
railrond hod reached Towa, Fairfield coal was carried in wagons to
the Mississippi river towns, snd was in high repute among black-
smiths.

The Burlington & Missouri River Railroad has since been built
near these mines, which are now worked by two parties, Mr. Heron
and Mr. Richardson, who ship the greater part of their coal to Bur-
lington.

At Coalport, ten miles eastward from Fairfield and on the line of

the same railrond, a four-foot bed of coal is worked by Messrs.

Brown & Co., from which large quantities of coal are also shipped
to Burlington and intermediste points. These mines are nearly s
wile to the north of the railroad, snd the coal is brought to it on &
wooden side-track. There is good reason to believe that the land

between thiese mines and the railroad, as well as the land adjoining
these tracts, is underlsid by as good a bed of coal as that which
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Brown & Co. are now working; so that considerable supplies may be
e:peclcnl here in the future for shipment and local use. No statis-
tics of tho amount of coal shipped from the mines of this eounty on
the Burlington & Missouri River Railroad have been obtained, but
this trade is one of considerable importance.

From six to eight miles northward from Fairfield, on Walnut
ereck, there have been quite a number of mines opened in a four-
foot bed of coal, and many more may be opened there whenever the
demand will warrant it.

There is so little demand for coal from these Walnut creek mines,
except in winter, that only one was found in operation. It is owned
sad worked by Mr. Shaw, who was conducting the work in a very
creditable manner, and he will soon be able to supply a large
amount of coal.

Along Cedar creek, a few miles southward and southwestward
from Fairfield, several mines have been opened and many more may
doubtless be opened along the creek for several miles. Messrs.
Young & Stubbs have a good mine in operation four miles south of
Fairfield, in s bed which measures from three and a balf to nearly
four feet thick. There is slso another bed of coal overlying the
main one aimost twenty feet. This bed being a little less than two
feot thick is thought to be unprofitable to work in view of the
sbundance of coal in the county. It may be that this bed will be
found of profitable thickness elsewhere; indeed it is not imprabable
that the mine worked by Messrs, Heron & Richardson, may prove
to be in the same. If 8o, it is probable that another bed exists
beneath it. At Read's mill, three miles southwestward from Fair-
field, & good mine is in operation, and the coal is taken out from the
pit by the machinery of the mill. Along Walout creck in the
northern part of the county there have been a number of mines open-
ed in a four-foot bed, and many more may be opened there when
the demand will warrant it. o -

Qur coal region needs long and careful study before any definite
estimate can be made of its productiveness, but the following are
some of the conclusions arrived at after the limited examinations thus.
far mnde. The larger streams have generally cut their valleys down
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to the limestone which forms the floor of the coal -measures, beneath
whieh no coal may be expected. Thus no very deep mining will be
necessary in the region named. The larger streams have cut down
their valleys to, and through the coal beds, and nearly all the mining
is now done by drifting into their edges from the side of the valleys,
There is no doubt that the coal -beds sre continuous beneath the
bigher lands, and that they may be reached by the more expensive
method of shaft-mining whenever the demand will warrant it

The beds of coal lie so nearly horizontal beneath, and irrespective

of the gemeral surface, that very safe caleulations may be made in

the vicinity of those worked upon opening other mines at about the
same level in the neighboring slopes.

A little below Read’s mill, on land of Col. Thompson, there is a
good quarry of limestone from which some large and excellent stone
have been taken as may be seen in the busement wall of the new
building for the High School in Fairfield. Similar stone are als
found in the northeastern part of the county, but there are
comparatively few exposures of it. This is the limestone before
mentioned which forms the floor of the coal - measures, and conses
quently it is useless to seek for coal beneath it; and if in the future
sinking of shafts for coal, this limestone should be reached, she
work should be discontinued.

Overlying the coal at the mine of Messrs. Young & Stubbs, as well
as elsewhere in the county, is s deposit of soft undston'o,n‘
twenty foct in thickness. Most persons would pronounce it to be
100 8oft for use, but the former gentleman has sn out - house hih‘ :
it which has stood unchanged for » number of yenrs, and the hard- |
ness of the stone has much increased upon exposure. 1t will doubt- 1
less serve a good purpose in the more inexpensive buildings, for
which the ease with which it is worked recommends it. 4 J

Fuel is so sbundant in this county that there is good resson to
W"dm timber is now growing faster than.it is being used. m;
excellence of the soil is too well known to need commendation
qﬂﬁu&h@nﬂyuo of the natural resources which the
does not contain.
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DUBUQUE LEAD MINES.

A short visit was made to these mines in July, for the purpose of
eollecting dats and material to supply deficiencies in our for
investigating their mineralogy, and the methods of smelting the lead
ores’; and in some respects we were quite successful.

Some of these results have now a definite, practical value, but
others are, at present, only interesting scientific facts, yet we do not
know how soon they may assume practical importance. Among
the interesting facts which we obtained there, are several that have
long been known to the miners, but have never before been pub-
lished to the world. We are apt to forget that scientific knowledge
is only the knowledge of the few collected, arranged, systematized
and published for the benefit of all; and that the knowledge of the
miner differs from that of the mineralogist only in degree, not in
kind. ;

Capt. Thomas Levin, an old and experienced miner of Dabuque,
who furnished much valuable information for the former Geological
Report, also first called our attention to the well - marked physical
difference betwoen the lead ore of the east -and-west and the north-
and -south lodes. This difference is constant, easily recognized by
any person after his attention has been called to it; and the fact is
a very interesting one, yet it Las never appeared in print before, so

far 98 wo are aware. Prof. Hinrichs is giving this matter its merited
sttention, and hopes to derive some hints from it concerning the
relative difference in the age of the two systems of erevices orlodes,

Mr. R. Simpson, of Rock Dale Smelting Works, also called our
attention to a grey substance in the ore obtained from  limited part
of one of the mines near Dubuque, which he finds to greatly retard
the process of smelting, and to diminish the product of lead. We
subsequently obtained good specimens of this ore at the mine, and
the Professor has already made analyses of the substance referred
to, which he finds to be carbonate of lead — the same in composition
as the grey substance often found coating the common ore, In this
case, however, it is disseminated throughout the wass of the ore, the
small cavities of which are often filled with crystals of the same

substance. The carbonate of lead when obtained in sufficient .
13
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quantities, is an excellent ore if smelted in a snitable manner, but
the process in use for the common ore (the sulphuret) is not suitable
for the carbonate, nnd the presence of the latter with the common
ore, seems to be worse than useless. This arises from the fact that
the carbonate fuses at & much lower temperature then the sulphuret,
flowing over the latter ore in the furnace, and prevents the compus-
tion of the sulphur which it contains and the consequent liberation
of the lead. The only modification of the common process which is
now in use for the smelting of this mixed ore, which he wonld
suggest, is o add small quantities of crashed charcoal at frequent
intervals during the smelting; and even this he thinks of doubtful
value.

Tt seems improbable that large quantities of these mixed ores will
be obtained, and farthermore it is reasonable to expect that the
“grey slag” obtained in smelting it will contain more than the usual
quantity of *slag lead” which will be saved by the second smelting,
and the aggregate product may thus not fall so far short as the
diminished product of the first smelting would seem to indicate.

From the smelting works before mentioned, we obtained specimens
illustrating every stage of the process of washing and smelting,
including the sediment from the troughs, the different slags from the
furnace, and both * soft” and “elag” lead.

We also obtained specimens of quite o number of other mineral
substances which sre usually associated with lead ore. From these,
and from exsminations of the cabinets of several citizens of
Dubuque, Professor Hinricha was able to make out the order of
oocurrence of nearly o dozen different minerals; or, to be more
explieit, it is known for instance that a certam mineral hlmdkt}
crystalized form upon the surface of the rock, and that upon the
former, erystals of snother mineral will be found, and still othdes
upon the last, &e. It is this order of oceurrence of the different
minerals which is in part engaging the Professor’s attention.

Tt was also our intention to obtain statistical Mnformation in rels-
‘tion to the present and past product of the mines, but we found that

perfectly veliable statistics of this kind were very difficult to cbtain.
Tndeed the oldest aud best informed mining and smelting proprietors
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wera slow to give a definite opinion upon this subject, althongh they
were very willing to comply with.our wishes in this respect as far as
possible. From conversation with these gentlemen I obtained the
following impressions, namely : that lead -mining is now in a toler-
.bly prosperois gondition, but there wore times in its Elfly biuor’
when more ore was raised per man than now. The increased price
of lead makes mining as profitable now as it ever was, although it
requires n greater proportion of labor and skill to obtain the ore
than formerly.

Little or no ohange has taken place in the methods of either min-
ing or smelting during the past twenty years, except the projected
drainage of the mines by means of adit levels.

An enterprise of this kind has been a couple of years in progress
by a New York company, and promises to be very suceessful. A
large arca will be drained by this level when completed, which expe-
vienced miners believe will yield large quantities of lead ore, now
inaccessible on account of the water. Should this enterprise succeed,
there are other regions near Dubuque which may be drained in the
same menner with equally good prospecta of success. A new erain
the history of Towa lead -mining evidently depends upon the success
or failure of the company now operating.

Up to the present time there are no indieations that deeper mining
will be profitable, or indeed in any degree productive in this region.
The thickness of the Galena limestone in the vieinity of Dubuque is
sbout two hundred and fifty feet, nnd the principal portion of the
lead ore is found above the middle of it, very little being found near
ita base or top. The only exception at present known, is shown in
an opening recently made a short distance from the city by Messrs.
McCraney & Hickok. Here these gentlemen have found a lead-
bearing crevice in the extreme upper part of the Galena limestone,
which has no eap - rock, the shales of the so-called Iudson river
group lying immediately apon the top of the fissure. What the
extent of this deposit of ore is, remnins to be proven, as it had been

opened only a few days at the time of our visit, Upon some speci-
mens of lead and gine ores thrown out from this mine, and also some
presented to us by the proprietors, we found numerous emall erys-
tals of native salpbur. Sulphur in ¥he water of springs is of course



100 REPORT OF STATE GEOLOGIS1.

well known, but we believe this is the first discovery of native erys-
talized sulphur yet found in America, and its occurrence here is also
somewhat at variance with opinions which have been entertained
concerning the occurrence of sulphur in nature. Science is pro- :
gressive, and why should not Iowa contribute her share to its pro-

gress?!
MARION COUNTY.

Every conl mine in this county which it was possible to enter, was
visited in person, although to accomplish this it was not unfrequently
necessary to wade in almost ice-cold water, which collects in the
mines when they are not worked. This is the condition of the
majority of them during the summer months, at which time there is
little demand for coal, there being at present no railroad throngh
that portion of this county which contains the largest amount. The
first mines visited were those of Messrs. Roberts, Fisher and Barnes,
near Otley station, on the Des Moines Valley Railroad, about seven
miles westward from Pella. They are situated on the upper branches
of a creek which empties ipto the Des Moines river, the two former
on section twenty - eight, township seventy -seven, range nineteen, I
and the latter on section twenty - one, township seventy - seven, range
nineteen. The thickness of the coal in the mines of Messrs. Rob-
erts and Fisher, is from five to six fect. That of Mr. Barnes’ mine
is four feet thick ; and being evidently in the same bed and nearer
the depot than the others, it has been suggested that the coal prob-
ably thins out in that direction, and that it would not be reached by
sinking a shaft at the depot; but since coal, and probably the same
bed, has been discovered three feet thick several miles boyond the
depot in the same direction, there appears to be no good reason why
it should not be found of profitable thickness by sinking a shaft st
that point. There is evidently a large amount of coal in that part
of the county, a small portion only of which has been fortuuﬂ;
exposed by the erosion of the creck valley before mentioned. Mr.
Nossaman, four miles southward from Pella, has opened a three - w
bed of coal near the left bank of the Des Moines river, which,
those before mentioned, are the only ones visited on the east
the river in this county, At Coalport, some four or five miles from
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Pella, Messrs. Bosquet & Thompson have opened a mine in the face
of the bluff immediately upon the right bank of the Des Moines
river, the coal of which measures from six to seven feet in thickness.
There i a band of cannel coal of several inches in thickness assoei-
ated with the bituminous coal of this mine, but which the water pre-
vented me from seeing at the time it was visited. This bed of coal
appears in the face of the bluff as & broad black band ; and about ten
foet beneath it is a similar band about two feet wide, which repre-
sents another bed of coal of that thickness. Making Knoxville s
point from which to work up the west side of the river, the mine
next visited was that of Mr. O'Neal, about two miles north of town,
on section nineteen, township seventy - seven, range nineteen. This
consists of two beds of coal, cach about two feet thick, with a bed
of shale between them of similar thickness. The evidence that these
are two distinet beds of coal is inercased by the fact that there is
much difference in the quality of each ; that of the upper being the
best, and much csteemed by blacksmiths. Going northward from
here about half a mile on the Red Rock road, we see in the face of
the bluff, composed of sandstone and sandy shale, immediately upon
the right bank of White Breast ereck and near the mill, another bed
of ecal two and a half feet thick. This last named bed is nearly on
o level with the mill-dam there, and probably represents the thick
bed of other parts of the county. The depth at which this lies
beneath those of O'Neal's mine conld not be definitely ascertained,
but it is probably not less than fifty feet. Going southward, imme-
diately at the ontskirts of town, Mr. Brobst has a mine in operation
which mensures four feet thick, and the same bed no donbt underlies
the whole town of Knoxville.

The next mines secn in this direction are upon the banks of
English creek, three or four miles from town., The coal in these
mines measures from three to four feet in thickness. And the coal
is exposed at frequent intervals along the hillsides bordering this
creok, until they merge in those which border the bottom lunds of
Des Moines river. The bed of coal in which the lnst named mines
are opened, evidently thickens in the direction of the course of the
stream, that is, to the esstward, and probably also to the southward.
This is elearly seen in the vicinity of Bussing’s mill, four miles east
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of town, where it has reached a thickness in gome places of seven
feet. The mines which have been opened in the vicinity of this mill,
upon English creek and its branches, have from five to seven feet in
thickness of coal. At the mines owned by Messrs. Sherman, Ney-
man and Ferrin, about a mile southward from the mill, the coal is
from five to six foet thick, and about fifteen feet beneath this, another
bed of coal is seen cropping out in the bed of the small creck, which,
however, is only about eighteen inches thick. Quite a number of
mines have been opened in the hills in the vicinity of this mill, the
conl of which is usunally compact in most of them. While this
charactor renders the mining of it a little more difficult, it will be
more valusble for shipment because it will not erumble so easily;
beside which, the more dense the coal is the more heating power it
possesses if it is pure coal, which this scems to be. When an east
and west railroad is built through this county it will probubly pass
up the valley of this creek, when the coal lands there will be very
valuable, and the supply of coal for shipment will be immense.
Numerous points along White Breast creek were visited where coal
had been mined, which indicated that the supply that may be
obtained along that stroam is very great. A bank was visited some
six miles southwestward from town, near this creek, from which
considerable quantities of cannel coal are said to have been taken,
but not now being worked it had unfortunately fallen in so that only
o few fragments of the coal could be obtained. Although conl may
doubtless be obtained in almost any part of the county, the south-
enstern uarter of it is pre-eminently its coal region. Perhaps,
however, this is only apparently so, and that just as heavy beds of
conl exist in other parts, the streams of which have not cut their
valleys deep enough to expose them as they have in the southeast-
ern quarter, which will be presently explained. Along the hillsides

which skirt the North and South Cedur crecks from their entrance

into the county to where they unite and enter the bottom land of the

Des Moines river, a bed of coal is found naturally exposed at

frequent intervals, which measures from five to seven feet in W
ness and sometimes more. This region has now only a local r

market for its coal, so that little more is yet done in the way of
mining it, thun to dig into the exposures to ascertain its thickness.
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Tho thickest bed of cosl found there, and so far as at present
known, (ke thickest in the State, measures nearly ten feet in
perpemlienllr thickness, the room in tho mino being higher than
many of the rooms of our dwollings. This mine belongs to Mr.
Jaeob Kline, and is located on section twenty - nine, township
seventy - foar, range cighteen.  About three feet from the top
of the bed of coal there is a band of shale a couple of inches
thick, which suggests that there may in reality be two separate
beds which at this point have come together.

Murysville, a cosy - valley village which has been built up by an
intelligent and industrious community, composed pringipally of
Pounusylvanians, since most of our mups were made, is situated upon
the same scction. Here two other mines are opened aad worked
with ouly sufficient foree to supply the neighborhood and the mills of
the village. The first is owned by Mr. John Yenser; and the other
by Mr. D. F. Leiby. A couple of miles below the village Mr. G. H,
Clemons has made an opening in the same bed. The coal at Marys.
ville is seen in the face of the bluff on the right bank of the ereck
in wuch the same position as that at Coalport before mentioned ; and
u similar blufl exposure of the same bed is seen on the right bank
of North Cedar ereck, on land belonging to Mr. A, P, Chambers,
section sixteen, township seventy -four, range eighteen. Farther
down the ecreek, on land of A, B. Lyman, Esqy., there
are other exposures of coal, but the want of a market has
prevonted them from being worked. Beside these and numerous
other exposures of coal along the two Cedar creeks there are,
many others along the hillsides which skirt the bottom land of
the Des Moines river. Mr. Danicl Sherwood, a couple of miles
southward from Attics, is working one upon a branch of North
Cedar, evidently in the ssme bed as the others just mentioned.

Although that member of the sub - carboniferous limestone series,
known smong geologists ns the  8t, Louis limestone ' is found in
the bed of, and skirting the Des Moines river almost all the way
from u fow miles below the state capital to Koosauqua, snd is often
o very good building-rock, yet the same bed, when found in the
vicinity of Pella is somewhat different in toxture from that of almost
all the exposures of it yet seen, At other localitics, althongh often
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in distinct and massive layers, it is usually very compact and brittle,
breaking in such an irregular manner that it is dressed with great
diffieulty, yetin all cases furnishing a superior quality of lime. That
of the Pella quarries is regularly bedded, and is not only wrought with
great facility, being free from flinty material, bat is evidently very
durable as well as of a pleasing appearance when dressed. The
quarries hiave a thickness of from eight to ten feet, the npper half of
which is usually in rather thin layers, which are valuable for lime
and all the purposes of common masonry; but the lower half is
formod of the excellent material referred to, which may be quarried
with comparative ease, in sll the forms and sizes usually desired.

Although the stone varies a little in texture and appearance at
ench of these quarries, there is abundant evidence that they are
portions of the same continnous beds, which also nnderlie the inter-
vening region, although covered too deeply by soil and drift mate-
rial to be accessible.

The texture of the massive layers in the quarries south - westward
from the town is inelined to be oolitic —a term used to indicate a
rock composed of small spherical particles resembling the roe of
fishes — while the snme beds two and a half miles north of town, four
feet in thickness, are made up entirely of the fossilized, cast - off
shells of n minute bivalve crustacean. (Beyrichia petrifactor.)

A mile and & half northward, the same beds, are seen in the quar-
vies of Mr. Phillip Mather, and there present a dense, fine - grained
texture of excellent quality for dressing, and of o lighter grey color
thun the others. From these quarries, beside specimens of each
variety of the rock, a good collection also of the fossils which
characterize this member of the sub - carboniferous limestone series;
were obtained to add to the State Cabinet.

Mr. W. Nossaman has some excellent quarries, both for lime und
dressed stone, slmost four miles south of Pella. His coal mine,
before mentioned, is only a few rods distant from his quarries, the bed
of coal lying some twenty - five feot above the limestone, 0 that he

runs the coal from his mines to his lime-kilns without any further

The limestone, although not the upper member of the full series
of sub - carbouiferous strata, is yot the upper member of that series
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in our own State, and the coal - measure strata throughont the Des
Moines Valley are found resting upon it. Consequently it is nseless
to look for coal beneath this roek, judging from all the experience
which geology has yet furnished us. Thronghout the preater part
of Marion county however, this rock lies so deep beneath the surface
as to give space between it and the surface for those important
deposits of coal before described. The sandstone of this county
belongs to the coal - measures, and of course overlies the limestone.
Much of it is soft, at least when first taken from the quarry, yet it
hardens considerably when exposed for a short time to the atmos-
phere.

Thera are, however, large quantities of this sandstone that is hard
enough for any purpose ss a building material. The prineipal
of these firm exposures of sandstone are found at, and near
the village of Red Rock, on the Des Moines river, although sand-
stone equally good, but of a different color, is found in various parts
of the eounty. This stone at Red Rock assumes the character.of
a elenn grit sandstone, most of which is of a bright briek - red color.
The exposure here is a bold bluff, reaching a height of about seventy
feot. In some few places the stone appears to be soft, but the
greater part of it is quite uniform in hardness, and the layers so was-
sive that blocks of almost any desired size can be quarried. Much
of this stone has already been used in various places, and a part of
that used in the construction of the State Arsenal was obtained from
these quarries. On the opposite side of the river valley from Red
Rock there are similar bluffs of the same sandstone, which presents
nearly the same colors. The same exposare also is seen in a gradu-
ally diminishing bluff bordering the valley along several miles below
Red Rock.

o

Some large and small concretionary masses of what geologists call
quartzite were found st Red Rock and other places in this county,
embedded in, and forming n part of the sandstono - deposit, the lines
of stratifieation running without interrnption through each, showing
that the quartzite is a part of the samo deposit. To produce this
change of sandstone in nature it was once supposed that great heat

14
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was necessary; but we have no evidence that any of the accessible
strata of Iowa lave been altered by hest.

The limestone before described doubtlezss underlies the whole of
Marion county, but only appears where slight undulations have
brought it up, or where the streams have cut their valleys down
to it through the eoal-measure strata. The coal - measures, com- I
posed of sandstone, shale, clay and coal, lie comformably upon this
limestone, and follow it in its dips and undulations. Upon the coal-
mensure strata rests the drift material, a part of which forms the
soil and sub- soil.

The original horizontal position of the limestone and coal -measure
rocks has been but slightly changed in this county, and are quite
independent of any inequalities of the present surface of the earth,
becanse those inequalities are due to the erosion of the valleys by
the streams which run through them, thereby cutting down througl
each successive stratum, the edge of every one of which would be
seen in the sides of the valleys if it were not that they are cov-
ered by the soft material derived from their disintegration. Thus
we find exposures of coal only where they have been cut throagh in
this manner by the streams, and thus the conclusion is perfectly
logitimate that the same beds of coal extend continuously beneath
the high lands, whose edges we see upon each side in the valleys.
The question often arises as to how many different beds of eoal there
aro in this county. This question can - not be answeredin a perfoctly
satisfactory manuer until the whole region bas been zarofully
minutely examined, which will be a work requiring far longer time
to secomplish than can now be given to it. i’

The conelusion arrived at from the partial examination thus fa
made is that there are in Mariun county at least three separate
of coal, the middle one of which is much the most important an
extensive, The others seem to thin entirely out in some plae 1
that it is doubtful whether they would all be pierced by n bor

ade at ony one point; yet there is probably no point upon the I
lands of this county which is not underlaid by more o less coal.
be a little more explicit, it may be stated that the double be
counted ns one —of Mr, O'Neal's, is regarded as the highest,

REPORT OF STATE GEOLOGIST, 107

that the thick one in which the mines of Coalport, English, Cedar
and other ¢crecks are opened, is believed to be the second, and the
thin one beneath the last -named hed, as seen at Coalport and also
a mile south of Bussing’s mill, wonld consequently be the third.
The first occurs appsrently above the principal sandstone horimon,
and the second, a moiu bed, just beneath it. This horison dobs
not always present firm exposures of sandstone, as at Red Rock,
Eagle Rock, Bussing’s mill, & mile above Marysville, &e., but may
be scen in the form of yellow comminuted sandy shale, upon the
sides of the hills in many places —more, perhaps, than where it
appears a8 firm rock. Thus, if one should sink a shaft with a view
of reaching the main bed, afier passing through the upper bed, as
Mr. John Gamble has done in digging a well at his residence just
north of Knoxville, where he found it four feet thick at u depth of
thirty feet, he would then pass through s codsiderable thickness of
either sandstone or sandy shale. If he were seeking the position of
that bed upon the hillside, he might expect to find it near the base
of that ssady borizon, whether of sandstone or sandy shale, The
sab - carboniforons limestone before mentioned can not lie very deep
beneath any part of the county; consequently no very deep mining
will be necessary in any part of it. It is thought that a shaft of two
hundred feet at any point in the county will reach all the coal to be
found. The time will come when it will pay to sink such shafts from
the bighlands to obtain the coal from the extensive beds which are
thus far only very slightly penetrated from their edges.

The quality of the cosl of this county is fully equal to the uverage
of Western conl, and that of many of the mines is in excellent
repute nmong blacksmiths for working iron.

Marion is one of the best supplied counties in the State for
timber. Much of the original forest yet remain along the streams,
sud the young timber is growing vigorously wherever it is allowed
to stand. The prairies are comparatively small, and benutiful s
of native trecs are scattered almost everywhere, giving ::g
pleasing effect to the landseape. The streams being numerons, the
county is well watered, besides which, wells of good water are
casily obtained st moderate depth almost anywhere, some of which
lave penctrated beds of coal. It would be ‘superfluous to add
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anything in praise of the fertility of the soil to those who seo the
bountifal harvest which is now everywhore burthening the fields,

WAPELLO COUNTY.

The examination of thiz county was commenced in the western
part, on the south side of the Des Moines river, and the first ming
visited was that of C. Dudley & Company, on seotisn four, seventy.
two, fiftecn.  Judging from what is now to be seen of this mine jis
coal will prove to be unsurpassed by any other now offered in the
market, and these gentlemen will soon be able to furnish very large
quantities. The bed is fonr fect thick, and very uniform in quality,
They are now constructing a tram road from their mine to the track
of the Barlington and Missouri Railroad, a little less than a mile 1
distant. About half a mile southward, from this mine an o
lias been' made in what appears to be the same bed, but the quality
of the coal now obtained is poor, and I fear the prospect is mot
flattering that it will improve mueh within a short distance, A
quarter of a mile westward of Dudley & Company’s mine an opening
in the same bed is being made with good prospect of finding ]
excellent coal.  The bed in which the last named opening has been
made, as well us that of Dudley & Company, is the second in the
series, as may be seen by going down the creek n few rods, where
the limestone— which, as said in previous letters, forms the floor
of the conl-mensures, and beneath which no coal need be sought
for — s found in the bed of the ereek. About three feet sbove this
limestone is seen & bed of coal which is here only about one and a
half foet thick, and which is of course the lowest in the series. |
Above this bed of coal is a space of about forty-five feet, the
material composing which is partly hidden by the slope of the ill;
and upon this rests the four - foot coal bed of Dudley & Comy B
mine. On the north side of the creek (North Avery) s little
than a mile from the lust named mine, Mr, J. G. Heacock
opened one in a four - foot bed of coal, but sinee the before m
ed limestone is seen exposed in the slope only about five feet bes
the coal there, no doubt is felt that this i the lower bed of e
therefore not identical with that of the mine of Dudley & Company,
but with the thin one which lies forty-five foet beneath it. Me
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Iiencock has only just opened his mine, and the quality does not
seem Lo Le as good as some others, yet it will no doubt make good
fael for steam purposes. It is reasunable to suppose, however, that
the quality will somewhat improve as tho wining proceeds beneath
the hill, but there is also reason to believe that the cosl of the
second bed will be found to be better than that of the first, at least
in this part of the county. Going down the river valley three miles
below the village of Chillicothe, to the mines of Henry Shock &
Company, ou section cight, township seventy - two, range fourteen,
the coal was found to be of good quality, and the bed five feet thick,
These gentlemen furnish s large amount of coal for shipment on the
B. & M. Railrond. About a quarter of a mile further up the small
creek which comes into the Des Moines river there, and upon the
same section, Mr. David C. Evans has just got a mine into good
working order in the same bed of coal, which here also measares five
feet in thickness, and the quality fully equal to that of Shock &
Company. There is no doubt that the high lands bordering this
creek and the adjacent high lands bordering the Des Moines river
bottom are underlaid by as good coul as is seen in the mines Just
wentioned,

In the immediate vicinity of Ottumwa several mines have been
opened, but the beds are rather thin and the quality poorer than the
coal of the county will average, although they farnish a considerable
amonnt of good coal. The first and second beds of coal are repre-
sented in the hills at Ottamwa, but yet it seems probable that the
principal supplies for the city must he brought from mines four or
five miles distant. About that distance to the northwestward from
the city, ou section thirty- three, township seventy - three, range
fourtecn, Messrs. Brown & Godfrey have some mines in operation
from which they are preparing to ship large quantities of coal. Both
the D. V. and B. & M. Railroads run near each otlier within a mile of
Mmh«whﬂvﬂ@n%muuﬂdwhm
coal to various markets on both roads. The quality of their coal is
good, and the bed measures from four to four and & half feet thick,
Northwestward from these mines, and about s mile southward from
Kirkville, several other mines have been opened, all apparently in
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the same bed. Those latterly known as Smith's mines have boeen on
fire for several monthe, probably the work of an incendiary, but aps
now uearly extinguished. The coal of these mines has long been iy
good repute, and Mr. Smith will soon have them in working order
again. Mr. Joshua Marshall has o good five - foot mine in good
condition on section seventeen, township seventy - three, rangs
fourteen, and bas a good local market for his coal. In the immedi
ate vicinity of Eddyville several mines are worked in a bed which
rangoes from three to four and a half fect in thickness. TFrom these
mines some specimens of coal were obtained as fine as any I have
seen in the West.  An exposure of cannel coal was reported to exist
in the immediate bank of the Des Moines river, about half a mils
above the town, but the river was too high at the time of my visit to
see it. From indications observed in the northwestern quarter of the
connty there is reascn to believe that this region will farnish
large quantities of excellent coal for export, which may be read
run down to the railroads by branch tracks lnid along the numerous
emall streams which empty into the Des Moines river. This will
make Wapello one of the prineipal exporting coal counties of the
State; indeed, more coal is now shipped upon the Burlington &
Missonri Railroad from this county than from any other through
which it passes, |
Thus far very Tittle conl has boen found in the southwestern and
northwestern quarters of the county, but in the former, if notalso
in the latter, it is probable that cosl may be found ltnmﬂluﬁk
depth beneath tho surface, but down to which the valleys of the
crecke, being small ones, have not been cut, as has been the case
along the river and the larger creeks. A large amount of
however, is found in the southeastern part of the county, the p

hi nhlhmilhuhgeqmﬁﬁunl'wdfwth.
,Mi&nm‘wdnmbehgl&bpd%

The bed is from four to five feet thick, and
the mine was opened it has farnished about one million bushe
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coal, which is probably more than the product ap to this timo of any
other mine in the State.

The St. Lonis limestone without doubt anderlies the whole of this
county in the same manner that it underlies those deseribed in the
preceding pages. Tt is exposed at numerous points slong the Des
Moines and its tributaries of and abose Ottumwa. It furnishes
exeellent material for lime, and also good building rock, much of
whieh is snitable for dressing.

Below Ottumwa the limestone rapidly dips beneath, so that the
conl - mensure sandstone is seen near the water’s edge, a mile below
town, and just below, Alpine station, eight or nine miles from Ottumwa,
a bed of coal is found in the bed of the river, The sandstone referred
to, is of the same general character as the coal - measare sandstone
hefore spoken of, bat it is not quite so firm, nor so uniform in quality
as that obtained at Red Rock. It will hardly be used where good
fimestone can be easily obtained, but yet much of it will answer well
the parposes of common masonry.

Usually the strata of the Towa coal - field, as well as the underlying
sub - enrboniferons limestone, are very regular and undisturbed, but
commencing n little above Ottumwa and going down the valley there
is seen to be considersble evidence of disturbance of the strata.

This disturbanee has not been violent, but yet sufficient to pass the
limestone beneath the level of the river just below Ottumwa, so that
it does not appear again below that point in this county. At
the Alpine mines below referred to, thé eonl and its associated beds
also partake of the disturbance so that the bed of conl is entirely cut
off at one place within the mine, by what seems to have been a settling
of the superineumbent mass in longitudinal folds, the folds having »
general direction from northeast to southwest. A number of these
folds have been met with in the mine, depressing the roof, but only
ono of them has been found to cut the coal entirely off. Judging
from the character of the others, the miners may expect to find the
now occupies its place. The cause of these disturbances is not at
present clearly seen, from the fact that the effects have not been
traced in o longitudinal direction over a eonsiderable oxtent of
country as they usually may be in such cases. —
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Thus far no similar evidences of disturbances of coal - measyrg
strata have been observed in Iowa, although the older rocks in the
adjoining States are often found disturbed.

No minerals of value except coal, have been discovered in this
county, and it is hardly probable that any such will be found. Smal]
quantities of iron ore haye been found in this, as well as in many
other of the coal counties, It is usually in the form of small,irreg.
ular, lenticular masses, called clay - iron stone, or in still mere irreg.
ular masses of per-oxide of iron, usually called red hematite. The
latter is an excellent ore of iron, but to be profitable it must existin
large quantities and easy of access. One can not fail to see that
these small quantities of iron ore, however excellent, are valueless
when he learns the fact that iron ore is now being shipped from the
famous Lake Superior mines to the furnaces in north - eastern Ohio
and north - western Pennsylvauis, which were built for smelting the
ores of their own regions. Upon the completion of our north and
south railroads the iron region of Missouri will supply us much more
cheaply than we could produce that metal, even if our supply of ore
were many times greater than it is. In the fssures of the clay-
iron nodales found in the dark shale just north of Ottumwa, small
quantities of the sulphuret of zine were found. This discovery is
valuable, however, only as an interesting fact in mineralogy.

Wapello eounty is well supplied with timber, which will always
keep wood at u reasonable price for those who prefer it to coal as 8 m
fuel. It is well watered by the Des Moines river and its numerows
tributaries, as well 8s by numerous excellent springs. Good wells
are easily obtained almost anywhere. It is superfluous to say that
the soil is excellent, for no poor soii exists along the great valloy of
the Des Moines.

VAN BUREN COUNTY.

Van Buren was one among the first counties in the State knows
to contain coal, consequently some of the oldest mines in tho State
are found here, It was quite fully reported upon by Prof. Wi 7
in the reports of the former geological survey; and the
object of my visit there wus only to obtain some more d.ﬁnmlﬂ
in relation to 1ts coal, -,
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Commencing in the morth-western part.of the county, all the
mines were visited in succession whieh were in a condition to enter.
The first was McIlugh's mine, on section seventeen, township sev-
enty, range eleven, a little below the town of Independent. The
bed is about three feet thick, but is not now much worked.

Two and » hulf miles enstward from the last named town, on seo-
tion ton, township seventy, range eleven, Mr. Rodefer has a good
mine in operation, the coul of which is of good quality and the bed
four feet thick. On the same section, and about half a mile farther
up the small ereek upon which the Rodefer mine is situated, there is
another exposure of 4 four-foot bed of coal, the identity of which
with that of Rodefer’s mine seems impossible, as it is evidently many
feet above it.

Upon a branch of the same creek, near the last-named exposure,
another is seen sbout one foot in thickness, which scems to be sepa~
rate from both the others, probably lying between them. Should this
supposition prove correet, there are three separate beds of coal in
this eoynty, all of whichare to be scen upon section 10, township
70, range 11 The thin bed just mentioned is overlsid by shales of
the same character and containing the same species of fossil fish
remaing as the upper bed does in Wapello and Monroe counties.
Half » mile south of Business Corners, Mr. Alexander Findley is
working & mine in a three-and-a-half-foot bed, which has supplied s
large distriet around for many years. About s mile from the Iatter
mine, on lands of Hon. Eliab Doud, at Dond’s Station, several open-
ings were formerly made, and a considerable quantity of coal taken
out. They are now sbandoned, although mueh good conl may doubt-
less yet be obtained here.

At and in the vieinity of Keosauqua several openings have been
worked for a loug time, but to the extent only of supplying the local
demand. The bed ranges from two to three feet in thickuess. These
openings are all npon the right bank of the river, but there seems to
be no good reason why the same bed should not be found beneath
tho higher lands of the great bend in which Keosauqua is situated,
where they are above the level occupied by the limestone.

Coanl has formerly been mined at several points along Chequest
creek, nt operations are now suspended there. N
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A couple of miles northward from Bentonsport, Mr. Carter jy |
working a three - foot bed of coal, and several other openings have
alsp been made in that township.

At Farmington very large quantities of coal were formerly mined
for shipment on the Des Moines Valley Railroad to the Keokuk and
other markets. On the south side of the river there the principal
mines are owned by Messrs. Dibble, Wright & Tattle, and no doubt
they can yet be mude to furnish large quantities of coal whenever
the demand will warrant it.

On the north side of the river, a mile above Farmington, a New
York Company own and formerly worked extensive mines, havinga
branch track from the railroad. In the northeastern corner of the
county, near Hillsboro, several mines have been worked for several
years to supply a local and northward market. Mr. Martin has »
mine on sention fourteen, township seventy, range eight, said tabe
seven feet thick, but learning that it was not in a condition to enter,
it was mot visited. There is evidently much coal in Van Buren
county, but at present it is only worked to supply local demand.

Both the magnesian and caleareons members of the St. Louis lime-
stone (sub - carboniferons) are freely exposed along the valleys of the
Des Moines and its larger tributaries.  This is particalarly the case
from Independent nearly to Bentonsport. At the latter place the
Keokuk limestone appears benesth the St. Louis limestone, the latter
there appearing nenr the tops of the hills. The same limestones are
also scen in similar positions at Bonaparte, but upon reaching Far-

again, and MS&.Loniulimhmhmnomyyingapﬂiﬁn

the water level.
1t is alwuys found that when these sub - carboniferous rocks are
elevated, the coal-measure strata which rest upon them are
olevated with them. This proves that the elevation took place
the coal - measure strata were deposited, and since these have o
suffered denndation, it is believed that this was accomplisl
glacial action, and consequently the elevation of the strata too
before the glacial epoch. .
~ In this county the limestones dsoohowaouidmhhm 3
ouly of unevenness of surface at the time of the deposition of the
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coal - measurs strata but also of some disturbance during the time of
its own deposition. This is shown by the brecciated character of
the roek in many places, and also by the evidences of the fracture
and slipping of some portions past the other, producing gomething
approachinz to whet are called fanlts. Thess fractures are always
loeal, and cun not be traced to any considerable distance, as faults
usually ean. Daring the deposition of the rock the disturbance was
often so great ua to break up the continuity of the beds and mix
masses of limestone with the sandstone of the same formation, as
may be seen above Thatches™s mill near Keossuqus.

These disturbanees, together with the erosion which the formation
seems to huve suffered before the deposition of the coal - measures,
left the general surfuce 80 uneven then that it has had the effect of
causing a want of uniformity in the thickness of the beds of coal and
also of their associated strats. Thus in this county, evon where the
continuity of the conl-beds can be made out, they are found to be
in good workable condition in some places, and so thin in others as
to be worthless. Thus the best mines of this county may be expected
to ocoupy limited but not necessarily entirely isolated basins.

The Bt. Touis limestone presents at least three distinet subdi-
visions in Vau Buren ecounty, which sre more distinotly seen in
Keosauqun than elsewhere. ‘The first presents the usual charae-
ters of that limestone; is aboul twenty - five feet thick, and imme-
dintely underlics the coal - measure strata there, ag usual in other
pu'uof the coal-field. The second is o sandstone about twenty
feet in thickness, and is seen well exposed just -bm Thateher’s
Mill, where it underlies the first, This sandstone is sometimes
soft and shaly, but near the residence of Hon. J. Thateher it pre-
sents (quite & firm toxture, and has the general appearance of the
eoal - measure sandstone before mentioned, but is lighter colored.
Most of it will doubtless serve a good purpose for ordinary build-
ings, and being quarried with wuch less labor than the ordinary
limestone, it will probably be found desirable for many purposes.
The third division is magnesian limestone, and is to be seen at the
water’s edge below the dam at Kinnersly's Mill.

Ou Lick croek, near Kilbourne station, on the D. V. Rdlnﬂ,

Messrs. Knapp and Wright, of Keosauqus, own extensive quarries
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of light- brown stone, which belong to th emagnesian portion of the
sub - carboniferous limestone. These rocks were extensively quarried
many years ago for the Des Moines River Improvement. Bridge
abutments built then of these stone are standing now entirely
unchanged, showing that the material iz excellent for *such pur-
poses.

The layers are massive, yet they are easily worked and may be
obtsined of almost any desired size. They ave of two distinet varie-
ties, although both possess nearly the same eolor; the lower layers
being properly magnesian limestone, and the upper layers being
more properly an arenaceons limestone with a little carbonate of
wagnesia. Both derive their brown color from iron. Both varie-
ties will make good building material, but I think the arenaceous
variety n very superior stone for heavy masonry.

The upper limestone also furnishes much good building - rock, and
also excellent lime. Messrs, Castor & Tuttle have a lime - kiln just
opposite Keosauqua, and upon the same ground a cosl - mine, from
which they obtain the fuel for burning the lime,

On the farm of Mr. A. W. Mangum, two and a Lalf miles from
Keosauqua, & good bed of fire-clay is found, from which the prin-
cipal supplics are obtained for the pottery of Mr. R. M. Dickson, st
Vernon. Mr. Dickson employs twenty hands and uses two kilns,
manufacturing all kinds of eommon pottery, and also drain - tiles.

No minerals of practical value, except coal, have been found in
Van Buren eounty, nor does it ssem probable that any such will be
found. Samples of good iron ore —red haematite— were obtained
from lands of Hon. J. Thateher and Mr. Trebblecook, near Keo-
sauqun, but there is no prospect that it will be found in sufficient
quantities for profitablo manufacture. Indeed, the Missouri and Lake
Superior iron regions seem destined to supply the whole West with
iron ; for their ores are now carried long distauces to be smelted
with profit in furnaces which were built for the purpose of smelting
ores from the grounds they stand upon,

Some citizens of Farmington within the last two years have bored
an artesian well to the depth of seven hundred and five foet. It is
now discharging water very freely, althongh the boring is not tubed,
It has been conducted in + tube to  hight of furty feet sbove the
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top of the well, still discharging freely. Thus far no use Las been
made of it. The temperature of the water is much above that of
common well - water, and appears to taste slightly of sulphuretted
hydrogen.

Hon. C. G, Dibble kindly forwarded a quantity of it to the labo-
ratory for analysis, but the vessel containing it was unfortunately
broken in its passage, and no opportunity has sinee presented itself
for obtaining more.

Mr. J. J. Kinersly, in digging a well on his farm a mile northward
from Keosauqus, came down upon coal-measure shale within fifteen
or twenty feet of the surface. Water, presenting no unusual color,
came in somewhat freely, having a very acid and acrid taste, so that
he abandoued the well for ordinary purposes. An analysis of this
water shows it to be very strongly impregnated with proto - sulphate
of iron — common copperas — with some free sulphuric acid. The
substances contained in this water are so cheap in the market that
they may in this case be considered entirely worthless. The deep-
red liguid seen standing in puddles sbout the mouths of coal-mines
is of the same general character as that of Mr. Kinersly's well,
except that the per - oxidation of the iron gives it the dark color.

MARSHALL COUNTY.

The reason why this eounty is so triefly reported upon, or rather
why it is not reported upon at all at the present time, is beeause it lies
direotly in the path which it was necessary to travel to reach that
portion of the State which it was proposed to examine for peat The
immediate surface of the greater part of Marshall eounty is under-
Isid by sub - carboniferous rock, beneat hwhich no coal need be sought
for but upon which the coal -measure sandstone is seen to rest at
same points in the vicinity of Linn creck.

This sandstone and its associated shales has no«mhtnomﬁl&-
able development just beneath the surface drift and soil of the
western and southwestern part, although they may not be exposed
to view. The general dip of all the strata being to the sonthward,
these coal - messure strats would be expected to increase in those
directions, while the sub - carboniferous rocks before mentioned, pass
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beneath them and are seen no more. In defining the borders of a
conl - field, geologists designate a line npon the map within which
those rocks are found exposed that are known to be associated with,
and of thoe same geological nature as the coal, although no eoal may
be discovered by them, or even if none actually exists there. Thus
we know that the border of the Towa coal - field so determined runs
throngh Muarshall county in s southessterly and northwesterly
direction.

Although there sre some instances of a considerable development
of coal within & short distance of the well defined - border of the
coal field as above deseribed, as for example near Eldora in Hardin
connty, yet such favorable exceptions are not often to be expected.
While it is not at all impossible that coal may be discovered in the
western and southwestern portions of the county, yet in view of the
fiscts just mentioned, justice requires that I should not encourage a
large expenditare of money or labor in the search for it

The rocks of the eastern and ceotral parts of the county
have been spoken of as sub - carbaniferons. There are several
distinot formations which constitute the rocks of sub - earboniferous
period, most of which are found in our State. These are first — and
lowest in the series — these rocks and their geological equivalents
which are seen at the base of the exposures at Burlington, and called
by the Ilinois geologists the “Kinderhook group;” next the
*“Burlington limbstone ;" uext the “Keokak limestone : ” next and
highest in the series in our State, the *8t. Louis limestone.” Tt is
the latter that the ooal - measure rocks of Towa are uvsually found
resting upon; but the sub - carboniferous rocks of this county are
geologieally equivalent to the upper part of the Kinderhook group,
and perhaps also to the lowar part of the Burlington limestone.

Consequently the coal - measure sandstone which rests upon the
limestone in this eounty is in geological langusge unconformable to
it, because the upper Burlington limestone, Keokuk, and St. Louis
limestones are ull wanting from their places between the two,

The county is well supplied with stone for building purposes and
for hme, from the limestone before mentioned, and the conl - measure
sandstone is also used for rough masonry to & limited exjent. The
general surface is of o pleasing and gently undulating outline, and
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delightful landscape views are namerous. The soil is everywhere
fertile, but perhaps more especially so along the beautiful valley of
the Iowa river, which runs obliquely throngh the county in the same
general direction as the borders of the geological formations before
mentioned. The whole region iz well watered by springs and
streams of constant and remarkably pure water.

Timber enough for the use of the preseut and prospective inhab-
itants is found in the groves, and in large bodies skirting the streams.
Thus there is no real element of prosperity wanting to make Mar-
shall county one of the most prosperous in the State.

FRANKLIN COUNTY.

Although it was expected from the first that this county would be
found to contain peat, yet it was thought best not to devote time
enough at present to the full examination of it, but to go to the
more northern counties and return to this if time should permit.—
From some knowledge of the general character of the surface, and
from information since received, it is believed that large quantities
of peat exist in the north - western and south - western parts of the

The first peat observed in the connty was in the northern part of
township ninely, range nineteen, a little north of the farms of
Messrs. Smith and Hedge, Tt is found in a grassy slough, is from
two to four feet deep, and probably covers two or three acres. The
peat here is not of the best quality, but will make a desirable fuel
when thoroughly dried. About half a mile north of this loeality, in
another slough, a real mossy peat bog of limited extent is to be seen.
It ocoupies about an acre, and is somewhat peculiar in its secomula-
tion, for it ix raised in a slightly mound - like form above the surface
of the surrounding parts of the slough in which it is located, so that
it ean all be easily drained. A spring evidently comes out here
which affords constant moisture for the of the moss that
forms the peat. This is o good clear article of peat, free from
earthy matter, and is known to be more than seven feet deep in the
center, but thins out toward the edges.

A smull marsh, containing two or three meres, was seen in the
southenstern part of township ninety-one, range twenty. It is
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covered with grass, but the ususl moss is seen to thickly cover over
the surface at the roots of the grass. The peat reaches abont three
feet in depth, and will make a very fair fiel.

Another warsh was found on section twenty - five, township ninety-
two, range twenty, two mlles east of Hampton, the county - seat of
Franklin county. It is estimated to contain twenty acres of peat
which will average two and o hulf feet in depth. Although these, and
other marshes of this county will doubtless furnish large quantitios
of valusble fuel, it can not be too strongly urged upon the inhabitants
to plant largely of our forest trees, for there is no danger that any
of them will not grow to be excellent timber, nor any dsnger that
the supply will ever be too great.

Aside from the comparatively insignificant portion of the surface
occupied by the marshes, there is hardly an acre in the whole county
which will not produce & good crop of all kinds, for the farm ; and a
orop of trees, although slower in bringing a return, will eventually be
found to be as profitable and certain as any other. Beside the
certainty of pecuniary roward for the labor and money thus expended,
there is the consideration of & duty which those owe, who are able to
perform it, to provide this indispensable material for their children’s
use, and also for their own, in the chilling winters of their old age.

Lot those theorize who will, coucerning the origin of the prairies,
but every day’s observation in the whole State from south to north,
and from east to wesl convinces me that there is nothing mare
eertain than the growth of all kinds of our unative troes upou prairie
soil, and their rapid encroachment upon the prairies without further
aid from mun than keeping out the annual fires,

; Extended observation hes also convinced me of the fact that there
18 now more timber growing in Iows than there was twenty - five
years ago,

The immediate surface of this county is underlaid in the southern
Mhqufm-mibmmudh&a central and north-
Western parts, by rocks of Devonian age, consequently the whole
county is beyond the limits of the conl - field. It js well watered,
and the streams and springs are beautifully clear. There is a
sufficient supply of stone for all ordinary purposes of building, and
the manufacture of excellont lime. Tho surface is nearly all beautiful
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aud fertile rolling prairie ; the groves, and strips of timber along the
streams afford sufficient fuel and fencing for the use of the present
inhabitants, the only deficicney being the want of a full supply of this
material to meet the demands of the prospective population of a
region otherwise so inviting.

PEAT.

It was intended that extensive examinations of the northern part
of the State should be made in the search for peat in the antumn of
1866, and in September of that year a brief article was published
by me in several of the newspapers of the State, calling attention to
the fact, and stating at the same time the reasons which induced the
belief that peat would be found there. The substance of that article
is repeated in the following, because there are so many of our
citizens who are unaequainted with that fuel. It may be that the
following deseription of the conditions under which peat is found,
will not fully answer for all the deposits that may be discovered in
the State, for these descriptions were drawn from observations made
principally in the counties of Franklin, Wright, Cerro Gordo,
Hancock, Winnebago, Worth and Kossath.

Peat had its origin in the partial decomposition of vegetable
matter under water, or in a condition of great moisture on, or near
the site of its growth. Ia some parts of the world, having a moist
atmosphere, it is tound oceupying elevated positions; but in our
State it may usually be looked for in low marshes, most of which
have doubtless once been ponds. Wherever a pond has existed,
rank grasses, rushes and other plants, have grown upon its borders,
and the frosts of each returning November laid them beneath its
surface, their comminuted fragments narrowing the area and lessen-
ing the depth of its waters until the surface become the proper
habits of a peculiar moss which continues to flourish upon the
rapidly - decomposing bodies of the parent stems without a proper
root, and which, with the remains of the grasses and other plants
that grew with it, has filled some of them with the carbonsceous
matter thus produced. A few of these ponds we find only purtially
so filled, a large margin of peat marsh surrounding the open water
in the middle.

16
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Agnin, upon the gentle slopes of some valleys, a belt of springy
land often exists, where the water constantly oozes oat along a
cousiderable 7dintmce, and is not gathered into a definite spring
stream, Under such conditions the necessary constsnt supply of
water will be furnished for the growth of the moss and other plants
the remains of which form the peat. In such cases the lccnmnlu!.im;
of peat is pot in the bottom of the valley, but upon its slope
commeneing just where the water begins to issue. Butin a couutr;
80 dry ns onrs, we can seldom expeet to find peat where there have
been no pouds, and consequently it is not to ba expeetad in the well-
drained regions of our State in large quantities.

At the elose of that period in our earth’s history known among
geologista as the glacial epoch, when the eontinents which now exist
h.u& already assumed their present dimensions und shapes, that por-
tion of the surface in which our State is situated was much more
uniform than it now is. Shallow depressions only existed then, and
these gave initial direction to the courses of the streams into which
the surface waters were gathered.

The rains, floods and frosts of the unnumbered years that have
passed singe then, together with the steady flow of the streams, have
worn their channels deeper and deeper, causing the deepenin,g also
of their tributaries us well as the small ravines which lead into thom
Thus wherever the streams are numerous, and their valleys deep, th;
country is perfectly drained ; and consequently few or no yoadu' are

found.  But i a region where streams have their rise the depressions
will, for & part of the year at least, be filled with water, because
there is no accumulation of water beyond to send n cme:n neross
m to cut a channel for their outlet. In the northern portion of
s n::a stresms are numerous, and the region econsequently well

ned ; but many of those streams having their rise in the northern
port of the State, '.'.h physical conditions axist there which are neces-
;:: (] thuﬂmum of peat. It must not however be understood
that peat does not exist elsewhere, for it is well known that many
ml da::lu are Vfonnd, even ss far south as the center of the
- i w : northern portions may be regarded as pre - eminently

The general surface ocoupied by the counties befors named is of a
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more or less undulatory character, and although not possessing very
strongly marked features, its prairies seldom present that well defined
ocean- like horizon which one frequently observes upon the prairies
farther to the sonthward. A very large proportion of the surface is
prairie; that is, it is covered with the usual prairie grasses and
plants; snd being largely destitute of trees, it presents to the eye a
great many glight, irregular, rounded olevations associsted with eor-
responding depressions.  Some of these depressions are occupied by
ponds and lakes becanse they do not communicate with euch other so
freely as the depressions do in well -drained regions; and a part of
these ponds aud lakes have become changed into peat marshes. Why
they have not all become s0 changed is not kuown, but there are a
few pouds and small lakes in this region which show little or no ten-
deney to the formution of peat, even along their shallower borders.
A range of these peatless lakelets, comprising » quite o number,
exists along tie * divide” between the lowa and Boone rivers in the
counties of Hancock and Wright.

They vary from half a mile to a mile and a half across, to some
of which the settlors have applied appropriate names and some bave
none. Indian nemes are sometimes beutiful and perhaps appropri-
ate, if we uew their real signifieation, but Indian names sre not
popular among thaso who have so lively a recollection of the
atrocities of Tukpadutah and his murderous band, und who have
lived so near the scenes of their caruage. 1t is, therefore, thought
not inappropriate to apply the persousl names of Towa's fair daught-
ers to these beautiful lakelets. Thus Lake Cornelia will be found to
lie principally in section sixteen, township minety - two, range
twenty four. Lake Flora is near the sontheast cormer of township
ninety - four, range twenty - five, and Lake Mary is within a quarter
of a mile to the eastward of it. The two lust named, have been
called Twin lskes, but this is an sppellation given in & number of
instanees, in the northern part of the State, to lokes which happen
to lie near each other. Lake Gertrude is about three miles west of
Belmond, lying principally in section twenty - eight, township ninety-
three, range twenty -four. Close to the border of the latter lake is

a small pond which lies five or six feet below its level, and well

{Lam
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illustrates the relation which the peat marshes are sometimes found
holding to each other.

The streams of this region have not those well - defined bottom
lands which are so characteristic of the majority of the streams of
Lowa, but there is generglly a gentle and almost imperceptable
descent fram the higher lands between them, o that one ean not say
where the highland begins and the bottom ends, The whole surface,
from near the streams to the Jow dividing ridges, is undulatory, so
that the appearance of the descent is sometimes obscured. Thus
the peat marshes sre ss numerous among the low knobs of the.
“divides " as they are nearer to the streams,

As before said the common Prairie grasses and plants cover the
general surface, but usnally as spon as the border of the peat marsh
is reached, there is a sudden aud almost entire change of vegetation,
The peat vegotation may be maid to consist of asingle species of moss
and another of a peoulinr grass.  While other plants may, and do
M grow upon, and enter into the composition of peat; mineral
impurities, such as common soil and sand, which form the nataral
habitat of those plants, may, from this circumstanee, be expected to
bave been diffused in the peat through the agency of floads, high
winds, eto.; becanse these mineral constituents of soil seem to be

indispensabile to the growth of these plants, while they do not seem to
be necessary to the growth of the moss and wire- grass. The peat of
marshes near the banks of streams s subject to such impurities,
while that of those marshes which are so sitnated that they can
receive no washings from the surrounding surface, is found compara-
tively pure. Such marshes are covered almost exclusively, with the
o specios of vegetation just mentioned, Thus a verj correet
jud;mcqn may often be formed of the charcter of a marsh, by
secing its. vegetation, without going upon it. It has been noticed
that where the scouring rush grows profusely among the real peat
Vegetation, we do not usually find the peat very thick, nor very
PusR; yet nons of the marshes are entirely free from this rush,
As wo stand apon the higher jand and look oyer one of these
marshies, almost the ouly vegetation growing upou it which meets

the ey is the peculiar grass before referred to, known
inhabitants as wire- grass, Giel's vepe lua
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No specimen of this grass was found in flower or seed, but it is
geen that it inereases and renews its growth by lateral budding near
the roots. These roots form a somewhat loose but very tough sod
upon the surface. The leaves are loug, slender, somewhat rounded
and cellular. Being of nearly uniform length —two or three feet —
the level marsh, stretching sometimes more than a mile away, preaerﬂl
much the appearance of a lake, as the wind blows over the waving
grass. This is the general appearance of the pest marshes, but
there are some marshes presenting this general appearance which
contain little or no peat, although its formation there is probably
in progress. These are generally small and consequently shallow.
Considering the undulatory character of the surface before men-
tioned, it would be expected that the smaller marshes would be
shallow, but this would of course depend in a great degree upon
the abruptness of the undulations. Again, there sre very bx"ond
marsies in a comparatively flat region, the peat of which, for obvious
reasons, is quite shallow.

Those marshes which lic upon the more undulating surfaces m:]n
requently arranged in series, each successively oceupying a little
f::qulev{l than the other; and not far apart, like the pond before
mentioned near Lake Gertrude. In such eases the murshes may be
easily drained from one to another, and finally into the brooklets to
i ive risa.
'h::p:houhmq ﬁ‘:m marsh, we find in most cases, a5 soon as we reach
the moist ground in the vicinity of its border, the presence of grow-
ing moss among the ordinary prairie grass and plants. The moss
increases in quantity as the surface becomes more moist, and upon
reaching the peat surface we usually find it covered with udmk,
soft carpet of moss st the roots of the wire-grass. As we walk
upon the sarface, if the peat is of any considerable depth, we per-
eeive it quaking beneath us, producing the feeling of danger that
we may slip through the loose but tough sod into the soft material
below. mwm-mm.mm and lifting out

8 picce us deep s the spade-blade, we find it a thickly interwoven

mofmmnd;mmuinwllﬂ“ddiw!mhﬂ,

which increases with the depth, so that the lower portion of it may
be casily pulled to pieces with the fingers. This, and all between it

-
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and the earthy muck at the bottom, is peat, yet the sod itself, when
dry, will make o good light fuel.

Peat, in varions parts of the world, differs much in quality — from
a fibrous mass, almost as light as sponge, to a smooth, homogeneons
substance, almost as dense, when dried, as conl. Our Towa peat par-
takes of the fibrons character, but is not of the lightest varieties.
Tt varics considerably in quality, or perhaps more properly speak-
ing, in ripeness, by which is meant the more or less complete
destruction of the vegetable texture in which it had its origin as
a top sod, and which has been left beneath to perfeg ita peculiar
decomposition, by the accumulating growth above, Thos when we
bring up specimens from various depths wo find that the deeper ones
will usually dry into a more compact mass than the others. Thig is
consequently a better fuel ; not that it will burn any more perfoctly,
but being more compact it is more dursble and eapable of producing
8 moro intense heat. Peat in the marsh holds within its substance
almost an incredible amount of water, and where it is of considerable
dopth it quickly absorbs the rain which fulls upon it, the surface
rising and falling to o limited degree as the moisture dries out by
evaporation, or is supplied by the rains; consaquently the surfaces
of the deaper marshes have no water standing npon them daring the
greater part of the year, even when communicating with the open
water of an adjoining pond.

The citizens of Towa are so universally acquainted with the numbers
used in the government land surveys that no explanation is deemed
neceasary to a. list of localities presented in that form. TIndeed it is
the only method by which localities in such a rogion could be defi-
nitely indicated. The marshes indieated in the list wers all visited
and tested by myself in person, but for the numbars indieating them
I am indebted chiefly to the principul inhabitants, who are well

ess i the main corroct. The number of acres given in the table was

Timits of truth.  ‘The depth mentioned, is the grentest depth

eria 57thw%uwﬁﬂwmmuidxhnﬁnmmhhhiﬁﬁﬁ
for that was the length of the probe handle used, snd when s greater
depth was roached, a holo was dug with 8 spade in which to work the
probe.  Towards the borders of the marshes the depth was of course

CERRO GORDO

WINNEBAGO,, .{ ...
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always less than that indicated in the list, but the I:orrler's having less
than two feet of peat were always excluded from the eagimates.
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The foregoing list of marshes is intended by no means to be a
complete one for the region named, the prineipal object being to call
public attention to the fact of the existence of large quantities of
valuable fuel which have thus far been overlooked. All the marshes
known to exist in this region were not visited, and many were seen
that are larger than some of those here enumerated. Besides these,
small marshes containing from ten to thirty acres each, with from
two to four feet of peat,are very numerous. These are not included
at ull, alehongh they will be capable of supplying the persons who
own them with all necessary fuel within their own means. Other
beds, again, it will be seen, are so large that they will supply
material for the most extensive machinery, a8 soon as the demand
will warrant it. Residents of this region have estimated, and
perhisps correctly, that the eounties of Cerro Gordo, Hancock,
Worth and Winnebago, contain four thousand ncres each of good
peat lands.  Certain it is that the supply is so sbundant, and so
generally distributed, that it will be very dificult for capitalists to
obtain a monopoly of it. Kossuih county has been only partially
examined, but it is known to contain some very fine marshes, and it
is expected that its northern part will be found to contain many
more.

In other parts of the world we learn that peat is found having a
depth of thirty or forty feet; but we have as yet no reason to expect
the discovery of any such beds in Jowa. In the region under
discussion, the character of the surface, as before described, forbids
it; the inequaiities are too gentle to leave depressions of that depth
which miglht become filled with peat. The majority of the marshes
have probably less than six feet of peat at their greatest depth ; yet
some are already known to be more than eight feet deep.

So little is known by those who live in the West concerning the
use of peat, that many questions which naturally arise, can not at
present be answered. From the fact that much is said about the
manufacture of peat, and that many machines are offered in the
market, those who find themselyes the owners of peat warshes
earnostly ask the question: “Is it indispensable that peat must
pass through a process of manufacture before it can be burned?  If
50, it is necessary that o cupitalist with §5,000 or $10,000 should
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stand between us and a supply of fuel from our own lw(}.s; or may
we not prepare s good article within our limited means ?

These are important questions and will be answered as clearly as
possilfle, [t is not indispensable that peat should be manufactured
before it is burned, for it has been used in the crude state l'ol" hun-
dreds of years. Drain the marsh by cutting one or wmore ditches
clear through it, communicating with the outlet, and pt?t' a gate at
the outlet that you may protect it from the annual prairie fires by
flooding it. When well drained, strip off the sod with s very nlm.rp
spade. Then with the same spade, or better still, with an Irish
slane, cut the peat into convenient blocks, dry them on tl.ne ground,
and store them in o dry place for use. The slane is an instrument
something like a spade with the blade, which is of thin steel, u?out
sixteen inches long and ten inches wide, bent at right angles h!:o a
carpenter’s corner - chisel, so that the two sides will cut the width
and thickness of the peat block at the same thrust.

This is the simplest method of its preparation, but the same peat
which thus prepared will answer in a satisfactory maaner all the
purposes of ordinary fuel, can be rendered a very superior article,
both for domestic snd manafacturing purposes, by a condensing pro-
cess of manufactare. The adyantages gained by manufacture sre
the reduction of bulk, 0 as to require less storage room, -?d the in-
crease of density enables us to prodnce a hotter fire within a small

nee.

.prhinu have been constructed for compressing peat into blocks
when partially dried, and, although the fuel is nu'h improved
thereby, it has been found that the compressed le quickly disin-
tegrate by absorption of moisture from the atmosphere, and by hand-
ling, 8o as to render it inconveniont m;lxsbbom':”:; is now
generally conceded that a condensing, an A comp! process,
htlup’op«mu be adopted in the manufacture of peat; und
this view is without doubt the correct one. The condensing process
consists i grinding the peat while wet, iu a properly constructed
mill, into a smooth pulp, which is then moulded into convenient
blocks, withont great pressure, and dried for use. While these
fibres of the erude peat, being Lroken up by the grinding process,
Ll
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they shrink into a compact mass, quite unlike the light, ernde peat
from which it was manufactured. When thoroughly ground and
prepared in this manner, it shrinks by the natural process of drying
alone, into denser masses than blocks of the same peat would be
when dry, after having heen compressed by the most powerful
machinery, without previous grinding, when, of course, the violent
compression wonld be useless.

No data have been obtained by which to estimate the difference in
value between the well - manufactured and erude peat, but, judging
from specimens in my possession, it is certainly as great as that be-
tween bass - wood and good hickory.

Well - dried hickory is probably the best fire - wood in use, but,
from the fact that it will float upon water, while pure, dry, well-
manufsotured peat will sink in it, it is evident that the latter con-
tains the greatest amount of combustible matter, bulk for bulk.

There is no doubt of the value of the large condensing machines,
such as Leavitt’s and others, for those who wish to establish a busi-
ness for the manufacture and sale of peat, but a great desideratum
is » small machine which will come within the means of every family
in the peat regions, so that they may prepare their own fuel by their
own labor. Peat being much improved in quality, even by an im-
perfect grinding, it is not improbable that small machines may soon
be introduced that will produce an excellent article of domestic fuel,
in u more convenient form than it usually is when taken from the
marsh without preparation. |

Upon comparing samples of Iowa peat with my specimens from
Ireland, and from various parts of our own country, no doubt is
entertained that ours is all of excellent quality, nor that it will soon
become invaluable in the settlement of the region where it is found.
Estimates have been made us to the value of peat compared with
wood and coal. According to some of these estimates a ton of well
dried, compact peat is equal in heating power to a cord of hickory
wood, but as far as the greater part of the Towa peat region is
concerned, it is perhops, sufficient to say that the results have not
been disparaging to peat, but such estimates are not at all necessary
in this ease, for the real peat region lies wholly beyond the limits of

o
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the coal- field, and the timber althongh enough for the present inhab-
itants, can not supply n tithe offthe fuel which the prospeetive
population of a region so fertile and inviting, will scon demand.
Peat has there a local value which can never be questioned.

Peat may be burned in ordinary fire - places, grates and stoves,
but applisnces, peculiarly econstructed for its use, will doubtless be
found in the market as soon it is generally known that there is a
demand for them, and experionce as to the best methods of its use
will be gradually acquired. Messrs. Mumford & Emsley of Mason
City, are making great efforts to introduce the use of peat among
the inhabitants of their neighborhood and have just started o emall
mill for its manufacture at that place. These gentleman have
resolutely overcome many diffienlties, and the supervisors of Cerro
Gordo connty have very eommendably encouraged them by giving
them a favorable contract for furnishing the county offices with fuel.

The amount of fuel which the marshes of this region may be
made (0 produce is immense; snd yet they are not sufficiently
numercus fo be a reproach, as they are in some parts of Ireland;
nor of such a character as to be an unsightly blemish upon its fair
and fruitfol surface.

The following data are believed to be reliable as to the amonnt of
peat to be obtained from a given number of ncres, and of its value
as fuel ;

Two hundred and fifty tons of dry fuel per acre of well - drained
marsh for every foot in depth; the marsh being estimated to settle
from ono quarter to one third of its original depth by draining.

Thus we may estimate upon the annual allowance of thirty tons
of peat o each family, that one hundred and sixty acres of peat,
four feet deep will supply two bundred and thirteen families with
fuel upward of twenty - five years.

Knowing the rapidity with which our forest trees will grow upon
our soil, this would give ample time to grow a supply of fael to be
used when the peat should become exhausted.

Having necessarily been familiar with the fow disenses provalent
in Towa, I took particular care while in the region of pest marshes
to make inquiries and observations concerning the health of the
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people who live there. The time occupied by my examinations was,
that portion of the year, when malarinl diseases prevail (if they
ever do); but T did not see or hear of a single case of those discases,
nor of any olher. The presence of the peat marshes is evidently in
no way prejudicial to health, from the fact that the profuse vegeta-
tion does not reach a complete state of decomposition, the resulting
peat being itsell antiseptic in its properties.

After the examinations referred to in the foregoing pages were
made, three important marshes in the central parts of the State were
visited, beside one in Whiteside county, Illinois. It has been ob-
served in the northern part of the State that those marshes whose
vegetation is almost exclusively wire- grass and mos: contained the
purest peat, and that those which contained a greater proportion of
foreign matter had a mixed vegetation growing upon them. These
marshes in the central parts of the State all bave a somewhat mixed
vegetation, yet the peat is usually very pare. Whatever may be the
character of the more conspicucus vegetation, the moss is always
present upon all marshes, and always enters largely into the compo-
sition of the peat.

Peat has been manafactured from all but one of these during the
post season, and from these sources some very encouraging data were
obtained concerning its manufacture and the great fayor with which
it is received as o fuel by those who have tried it.

The first marsh visited is situated in Muscatine connty, principally
upon section fifteen, township seventy - seven, range four, eight miles
south of West Liberty, and about twelve miles from Muscatine, It
containg about one hundred and fifty acres of peat, and the depth is
reported to reach thirteen feet in some places, This marsh is on the
line of the Burlington & Cedar Rapids Railroad, three - quarters of
a mile from the right bank of Cedar River, and oceupies an ancient
bed of that river which was deserted as it cut its channel deeper, so
as to leave s pond there which is now beyond its highest floods.

This pond, supplied with a large part of the necessary moisture by
springs which ooze out from the base of a sandy bluff about twenty
feet high which partly encircles the marsh, has become filled with
peat. -
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The reason why other similar depressions left by the receding river
have not become 2o filled, may perbaps be found in the fact that they
do not possess the surroundings that this one does, namely : streteh-
ing away from the low bluff which borders the marsh is a level tract
of Jand which is itself bordered on the west by snother low ridge
having the general direction of the course of the river. Along the
base of this ridge is marshy ground, but it is mot a peat marsh,
although it doubtless occupies a still more ancient bed of the same
river. Betwoen these two marshes the soil and subsoil is sandy, so
that the water which falls upon the level tract quickly pereolates
through to the peat marsh or to the river. The peat of this marsh
is good, and it will be of great value to the region where it is loeated.

The next marsh visited contains sbout thirty acres, and is sitnated
on section eleven, township eighty-three, range six, shout four miles
west of Marion, Linn County. It is reported to reach ten feet in
thickness, but where it is now worked, it is about five feet deep of
drained peat. Mr. Hoffman and Mr. Cougill are the owners of the
land, but Messrs. Traer and Bundy have leased it, and have com-
menced manufacturing the peat for market, using a machine which is
an invention of the last-named gentleman, It was not in operation
at the time of my visit, but some very good specimens of the peat
prepared by it were obtained for the State collections. This is one
of the best examples of & “spring marsh™ yet seen. It lies wholly
upon the gentle slope bordering one of the upper branches of a
tributary of Cedar River, hardly reaching the branch itself. It is
fod with moisture by eprings which issue along this slope, while
upon the opposite one there is little or no peat, doubtless because
few or no springs exist there. The deposit is so rounded in its
central portions that in general aspect it has very much the sppear-
ance of one of the ordinary elevations of the undulating surface of
that vicinity. The marsh has been eassily drained by cutting a ditch
from its upper to its lower border, in which pure water flows, a

perpetual spring. The ‘above-named firm are producing & good
article of fuel, and will no doubt be able to sapply the demand next

year. :
Another marsh, containing about two hundred and fifty acres, two
hundred acres of which contains peat of good workable depth,
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found in Clinton County, upon section twenty-nine, township
eighty - one, range two, about two and a half miles south of Calamus
station on the Northwestern Railway. A dense fog prevailed
during the whale day this marsh was visited, so that the surrounding
fentures of the country could not be seen, but there are some indi-
cations that it was formerly a pond. The subsoil of the region
around it, however, being sandy, it is quite probable that it has
derived its moisture largely from springs.

A firm have established machinery here for the manufacture of
peat, but the season closed before they were fairly able to introduce
the fuel to the market. Mr. Isaae Heald, of West Liberty, one of
the proprictors, informs me that they expect to prosecute the busi-
neas enorgetically ns soon as the spring opens.

Tn INlinois, ubout seven miles castward from Clinton, there isa
very large peat-marsh where two or three machines have been in
effective operation duriug the past seasen. At this marsh an oppor-
tunity was had to see some very satisfactory results of the manufac-
ture, although none of the machines were in operation. The blocks
of peat manufuctured here are nlmost as dense ss coal, and Mr.
Dodge, one of the propristors, informs me that he has not been able
to supply the demand which already exists for it at seven dollars per
ton. He also tells me thut the cost of manufacture does not exceed
two dollars per ton. Here is a profit, then, which ought to satisfy
any one,

A ton of prepared peat being equal in value to a cord of hickory
wood, and the latter averaging thronghout the State, after being
prepared for the stove, at Jeust six dollars per covd, it is easy to see
that peat will be valuable anywhere. But this is not the only way
to estimato the value of peat to the morthern part of the State.
For instance, if by some possible disaster all the forest trees of a
region dependent upon that source alone for fuel, should be swept
out of existence. The loss would not ve the market value alone of
the fuel destroyed, but that loss would greatly lessen the value of all
the other property of the region thus affected. The converse of this
is nlso true; o region possessing all other elements of wealth, but
Wﬂbw to lack one essential element, receives additional
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value by the discovery of that clement. The sssurance thata g::l‘x-
ient amount of fuel exists in those almost trecless but fertile
e . -
regions of Northern Towa, will canse its settlement nearly a genera

tion before it otherwise would be.
GYPEUM.

cum has been known,to exist in the vicinity of Flt.
DoAdlg‘:u:;g:\gzur county, for more Lha'n h.:enry years, -the I;-“‘::::
have had very little information aux}ce‘;nmsg mu.. nl;f:mzo: ;k‘ -
i i irable to the people of the State, . f
lk::? Ob:;:f:f e::-‘e given to the examination of the region by mys:}l’[
and Mr, St. John, upon my return from the peat region Afuﬂhor nor o;
Although all the exposures of gypsum are found within m.xl area *
six miles in extent, porthward and eoudmn‘rd, 'and three mi ;:: e?
ward and westward, the amount of material is 80 gr?nt that rhu‘
practically inexhaustible, and, withal, it is one of the most remar
ble deposits of this substance yot known. o
The region round aboat hias the generasl prairie furfn;;e .so eh;;:::
teristic of a large portion of Tows, but along the Des Momes e
and its tributaries there s o good supply of timber e.ovmnﬁl‘
valleys and slopes which, with the bold features of the r:;;er vn“y:,f
give many interosting landscape v‘mw‘:, g:: ;‘kj.m 1:::. ,l:,. hg:. :,,,M
the most pleasantly located towns in the ; P
i ey here to a depth of more than one houdred and twenty
l;r::ltlhey general prairie level, and it is along 'tts steep hlubi n::‘ :1:;:
the sides of the ereck valleys and ravines which lead into ; <y
is found. It is exposed in bold qurry-froah, aving :‘
the distance almost the exact appearance of limestone, and X:e »
first finds it dificult to believe that it is any thing else. “:u
exposure on the southwest quarter of section thirty - three, :: o i,;
cighty - nine, range twenty - eight, we measured twenty -eigM o 8
perpendionlar thickness of solid gypsum. There is no douh o
reaches thirty feet in thickness at that plu.,!nlhuh& s
and it is believed to bo equally thick in other places. i:;’:nu'
rests upon shale, which, when exposed to atmosp hﬂ;: —
softens into clay. Upon this, large masses have slidden down .



136 REPORT OF STATE GEOLOGIST.

places from their natural position, inereasing the apparent thick-
ness of the gypsum deposit, but we saw nothing to eonvinee us that
itis anywhere much more than thirty feet thick. The lines of stratj-
fieation are horizontal and well marked, and no doubt is entertained
that the formation is continuous horizontally over a great portion of
the area, and perhaps further, just as limestone formations are.

Gypsum in other parts of the world is often found in irregular
masses iated with shales and limestone, but here the deposit is
one of solid gypsum, not intermixed with layers of shale or any
other substance. It is proper to say, however, that ail we yet know
of this, or other deposits, leads to the belief that ours may not
actually extend much beyond the region in whick it has been dis-
covored. The clearly defined base of the gypsum was several times
found, but the top of it is always indefinite in i of erosion
by water which reaches it from the surface.

The base of the gypsum deposit being 5o well defined wo were
able to clearly ascertain that it rests unconformably upon the strata
beneath it. In consequence of this unconformability and the faet
also that it contains no fossils, we do not know with certainty its
geological age ; but it is probably muoh later than the earboniferous
age, since the strata of that nge are now well understood in the west,
and no true uneonformability has been found to oceur among them in
Town, above the sub - carboniferons. Any one may recognize this
unconformability by going down Two - mile ereek from fhe exposure
Jjust mentioned where the base of the Eypsum is seen resting upon
the coal -measure shales. Following down the creek he sees the
shales, elays and sandstone, as well as s litde coal, exposed at

.intervals along the creck, and the gypsum sbove it all in the sides of

the hills. Reaching the mouth of the creck and going three - quar~
ters of a wile down the river shore he will find a small exposure of
the same limestone formation that is seen in Lizzard and Soldier
orecks sbove town. He will thus have passed down through =
vertical thickness amonnting to about one hundred feet. Now let
him go to Mr. Mitchell’s gypsum quarry on Soldier creek, which is
about five miles to the northward from the last named loeality, and
he will find the buse of it in such position that it must rest almost,
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if not directly upon the limestone which Mr. Commins is quarrying
for his kilns a few rods distant; showing that although some conl
measure shales are exposed on Soldier creek they are wanting at llli.l
particular point. This i= what is meant by unconformability, and it
gives in this case, satisfactory evidence of the want of other forma-
tions between the coal- measures and the gypsum. The limestone
just mentioned is known by its fossils to be the same as that on
Ligzard creek, and also that just mentioned on section five, township
eighty - eight, range twenty - eight. Itis :uh-aarboni‘l'erous limestone,
and although not scen in all places along the river and crecks,
doubtless underlies the whole region at no great depth.

The principal exposures of gypsum are threo or four miles bel::mf
Fort Dodge, but some important ones are almost within the city
limits. Upon sections six and seven, township eighty - eight, range
twenty - eight ; sections one, two and twelve, township eighty - eight,
range twetity- nine, and section thirty - three, township eighty-l:ina,
range twenty - eight, they are very extensive and mﬂy.m;ble.
Very important exposures are slso found on other sections, all of
which have been mapped by us for publication in the final report,
and we estimate that following down all the erecks and ravines in the
rogion, limited as it is, one will find not less than seven miles of con-
tinuous oxposure of gypsum, upon which quarries may be opened
anywhere by a day's labor,

Masses of & fow hundred pounds weight of white gypsum, almost
chemically pare, have been found assoeinted with that of the main
deposit, but so far as observed they seemed to be somewhat concre-
tionary in form, and partially detatched from it. The main deposit
is of a rather uniform grey color, somewhat in shade like :Im. :if n

ted et plaster - of - paris prepared from it is nearly white,
l;?;u u?mzy ll:llod ut the Geological Rooms, and found inferior
to none in 2

It mny mmMm for the benefit of some mdmw
gypenm is a chemical compound of sulphuric acid, lime and water,
It is much softer than ordinary stone, and when crushed and ground
to a fine powder in an ordinary grist- mill, it goes by the common
nume of “plaster,” in which form it is largely and beneficinlly nsed
ns htlmlm. If this dry powder is placed over the fire in an iron

8
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eauldron it boils as if water had been artificially added to it. This
is eaused by the escape of the water before mentioned, which, when
thus chemically combined, althongh nothing but common water, is
just as moch s solid as the lime is with which it combines. When
the boiling has ceased the powder consists of sulphuric acid and
lime ulone, in which form it is called < pluster - of - paris,” and is
used in the arts for stueco work, models, ornaments, statuary, &e.

When plaster - of - paris has been long kept it absorbs water from
the atmosphere, and thus approaches its original condition again. It
can be fully restored to its former quality by re-boiling, of course
adding no water.

The reason why objects formed in plaster - of - paris do not shrink
in the process of drying, as other substances do when mixed with
water, is becauso a large part of the water used to mix the powder
with, enters again into chemical union with it, snd is not again evap-
orated at ordinary temperatares.

The principal uses to which gypsam is applied are those just men-
tioned, but the people of Fort Dodge have been using it in the place
of common stone. Some years ago, Hon. John F. Duncombe bailt
a large, fine residence of it in the city, and he informs me that he
is perfectly satisfied with it as a building material. Several other
smaller buildings have been built of it, and large slabs which some
of the quarries sfford make excellent sidewalks, because they do not

become slippery s stone walks do. We have no information that
gypsum has ever been used as a building stone anywhere else than
at Fort Dodge, consoquently its citizens are us competent to decide
that question as any one, but the following facts are worthy of con-
sideration in estimating its value for such purposes. About three
parts, by weight, of gypsum are soluble in one thousand parts, by
weight, of water. If water which ulready holds gypsum in solution,
rests upon it, it will not be affected thereby, but if it be exposed to
the action of running or falling water, it will be rapidly destroyed.
This effect is often seen whore little rills of water cansed by the
rains, run over the face of an unused quarry, and cut deep grooves
into it, sometimes giving it the appearance of melting ice around a
When built into the walls of & house only a small portion of its
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surface is exposed to oceasional rains, the effect of which must be
very slow, indeed, npon it. This effect can be almost entirely pre-

d by an ional coat of linseed oil, which j«lso impm.w's its
beauty, as cun be seen in Mr. Duncombe’s house. Wooden buildings
require such protection, and even with it are probably no more
durable than those built of gypsam, for those thus far built of the
|atter material show no signs of failure or decay. With the injt'ne-
diate prospect that Fort Dodge now has for railroad communication,
her gypsum quarrics mast become very vnlgnb]e:

By rongh estimate it is calculated that there is now annuslly nxt:d
in our State about seven thousand dollars worth of plaster - of - paris,
for mechanical and artistie purposes alone, all of which is broaght
from other States, and from the province of Nova Scotia; the near-
est of which Tocalities is more distant from our State than Fort
Dodge is from the most remote town within it. Should the manofac-
ture of plaster be commenced at Fort Dodge, the State of Towa
would not furnish the only market for it, but Minnesota, Ne})usk:,
and parts of Missouri, Tllinois and Wisconsin would also ﬁndrn more
convenient to abtain their supplies of this material from Fort Dadge

from sny other gource. v
mm uﬁm’ln does not include fertilizing plaster, which it o
believed will largely benefit even the rich soils of Towa, for it is
doubtful whether the action of plaster upon soil is so much s fer-
tilizer, in the common meaning of the term, as an agent offecting the
retention of moisture. In either case, its effects are beneficial.

Allowing that the gypsum does not extend beneath the greatoer
part of the ares before mentioned, us it is believed to do, but that
it isno more than Bty feet wide from the face of the'upmmu.
and only twenty instead of thirty feet deep, the following ﬁguru
show the supply of material that can be obtained from the estimated
soven wiles of exposure; 86,960,000 cubic feet of material as quarry
rock, or 2,648,800 tons of plaster for fertilising purposes, or
2,002,860 tons of plaster - of - paris for use in the arts. These esti-
mates are based upon the following data: Quarry gypsum weighs
1484 pounds per cubic foot. When ﬁhhwﬁwmvﬂi
of erystalization by heat, it leaves 118} pounds of plaster - of - paris.
These estimates are believed to embrace only s fraction of 4
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amount of material which actually exists there, and are only given
to eall attention to the great importance of that deposit.

Gypsum is much more easily quarried than stone. Instead of
being drilled for blasting, it is bored with an asugur as readily as
wood, and blocks are dressed into any desired shape with common
axes and saws, instend of being done with stone-masons’ tools.
Thus the labor of preparing it for building purposes is much less
than that required for the preparation of stone for the same nses.

Salt is so often found in connection with gypsum deposits, that
the suggestion often arises whether we may not expect to find it in
connection with that deposit st Ft. Dodge. All that can be said
upon this point is that no indication of the presence of salt in that
region hus yet been observed, and that since we are quite well
acquainted with the condition and character of the strata which
underlie the gypsum, the probabilities that a salt deposit exists
there are not encouraging.

COAL, STONE, &c, AT FT. DODGE.

The season being so near its close, very little time could be given
to the examination of the coal - mensure strata in this vicinity ; but
enough wag seen to convinee us that the Ft. Dodge region, as a coal-
producing district, hus been much underrated. There is good reason
to believe that the coal - field does not extend much to the northward
of the city, but there is evidence that up to a point four or five miles
below the city there is a very important development of the produc-
tive coal - measures,

A short time was spent in that vicinity, in company with Mr. Dun-
combe, visiting the mines and exposures of coal. These are princi-
pally ulong Holladay’s creek, and the branches which lead into it,
and also into the river,

We saw evidence of the existence of four different beds of cosl
here, all lying above the level of the Des Moines River, two of which
are very important. One of these beds is known to reach a thickness
atone point of nearly five feet. This is now thought to bethe highest
bed in the series in this vicinity, but we are not fully satisfied upon
this point. It is belicved to be one of the lower beds that is operated
by Hon, Samuel Rees, near the bank of the river, just below town.
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This is evidently not very far above the limestone, and is probably
the lowest bed of bituminous coal in the region. Thomas Sargent,
Esq., has an exposure of coal at his farm on Lizzard creck, some
four miles west of town, which is believed to be identical with the
bed of Mr. Rees' mine, and if so there is probably no other coal
beneath it, unless it be the bed of impure cannel coal which is seen
in the river bank, on section seventeen, township cighty - cight,
range twenty - eight, which bed also probably underlies Mr. Recs’
mine.

The sub - carboniferous limestone, before mentioned as occurring at
the base of the conl - measures at Ft. Dodge, is known by its fossils
and general characters also to belong to the St. Louis division, and
is identical with thut so often mentioned before as forming the floor
(80 to speak) of the coal-measures in Marion, Mahaska, Wapello,
Van Buren, Jefferson and other counties to the southward, as well as
in Hamilton, the next county eastward from Webster. « This lime-
stone seems to nise and disnppear with considerable rapidity to the
northward, after its appearance from beneath the river in the vicinity
of Ft. Dodge. Mr. Cummins mannfactures large quantities of excel-
lent lime from it on Soldier creek, just north of town, and both upon
this and Liggard creck much building stone may be obtained. Along
the Des Moines river for & distance of a few miles there are nlso
large exposures which thus far have remained almost untouched, be-
cause the gypsum is obtained with less labor for the same uses that
common stone is usually applied to.

In some places in the vicinity considerable quantities of the ordi-
nary coal -measure sandstone are to be obtained, some of which
would make good coarse building material, but much of it is poor.

In the spring of 1866, a very small deposit, containing a few hun-
dred pounds of fine columnar sulphate of strontia was found in the
coal - measure strats near Mr. Rees's mine just below town, and at
the top of the gypsum on Soldier creck, s small quantity of the same
mineral was also found. This is believed to be the first instance of
the discovery of that mineral in Towa. It is true it has very little
economic value, except that it is used to produce the ndllghh
fire - works, but it is very interesting to the mineralogist. ¥
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BOONSBORO COAL MINES.

While on the way home at the close of the season a very brief
visit was made to the coal mines at Boonsboro.

These mines are opened at intervals along each side of the valley
of Honey creck, which empties into the Des Moines river near
Boonsboro and also along the hill sides bordering the river; all of
them opening almost direetly upon the Northwestern Railway. Two
beds are now being worked here, one of which is a little over three
feet, and the other two feet in thickness. These it will be seen,
although they furnish large quantities of good coal are not by any
means s0 heavy beds as some others in Towa; and yet there are no
mines in the State which have a greater present, and perbaps I may
add, o greater prospective value, than those of Boonsboro. This
arises from their unusually favorable location, sffording them a good
market at high prices, and also, from the further fact that they are
intelligently and extensively worked. A number of the mines are
in the hands of private individuals, but far the greater part of the
coal Jand is held, and the coal taken out by two companies, the
Northwestern Coal Company and the Moingona Coal Company.
The former company, beside the products of its own extensive
mining, purchase a great part of the coal taken ont by private
parties for shipment with their own. Much the greater part of
the cosl which this company ships, goes to the great Pacific Rail-
way, the Northwestern Railway being supplied principally by the
Moingona Company. From the fact that these two great lines of
railway consume mnearly all the coal of this region as fast ns it is
mined, very little has hitherto been known, by the general public, of
the importance of the Boonsboro mines.

The Northwestern Coal Company nre shipping about one hundred
tons of coal per day, and this is probably not much more than half
of the aggregate amount mined per day in that neighborhood. All
the coal is sold as fast ns it is raised, and the demand is constantly
increasing. The energy with which these mines are worked gives
some faint indication of the immenso quantities of coal which our
mines in other parts of the State will farnish when railroad facilities
and other improvements shall have opened a market for it.

MISCELLANEOUS.

OBSERVATIONSE UPON THE DRIFT PHENOMENA OF SOUTH-
WESTERN 1I0WA.

The following article was first published in the American Journal
of Science and Arts (Silliman's Journal), for May, 1867 :

In the year 1858, I discovered distinct glacial scratches upon an
exposed layer of the Upper Burlington limestone (sub-ecarboniferous),
and made full notes and drawings of the same, which having been

‘unfortunately destroyed by firo within a year afterward, no acconnt
of the observations was over published. No opportunity has sinee
presented itself to vorify those observations, but I think I am not
mistaken in the recollection that there was but one set of scratches,
which were straight, distinet, and rather numerous; having a direction
south, about twenty - two degrees east.  This, so far as I am aware,
was the first observation of glacial scratches upon rocks in eifu in
the State of Towa, although boulders with similar scratehes upon
them are often seen in various parts of the State.

During my official labors last season, although congidorable atten-
tion was given to the drift deposit, no similar traces of glacinl phe-
nomena were ever discovered, until T reached the Missouri River in
Mills county, where, on section sixteen, township seventy-one, range
forty-three, west of the fifth principal meridian, very distinct glacial
soratches were found upon limestone of the upper coal - measures not
far from the middle of the series.

The locality is upon the western abrapt slope of the bluffs which
border the bottom land of the Missouri River. The river being dis-
tant nearly three miles to the westward, the exact hight of the
scratches above it was not definitely ascertained, but it is probably
uot much less then one hundred feet above the ordinary stage of
water. About four feet in thickness of ardinary drift material rest

I8
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upon the straited surface. This had been partially removed by the
quarrymen, exposing the scratches to view. Resting upon this light
deposit of drift, and sloping upward to the high lands, are about one
hundred and fifty feet of that peenliar lacustrine deposit called by
Dr. Owen “siliceous marl,” and by Prof. Swallow the “ bluff forma-
tion,” which deeply covers the drift and underlying rocks of this
region, except where they have been exposed by fluviatile denuda-
tion.

The boulders and pebbles contained in the drift material of this
locality are both granitic and metamorphic. They are well-
rounded and worn, and straited faces were observed upon quite s
number of them, thus as nearly as possible detecting them in the
very act of scoring the rocks in situ.

The soratches here are in two sets, & coarser and a finer; those of
the latter more ‘numerous than the former, but those of both sets
being perfectly parallel with their fellows, distinct and straight. The
surface of the rock had been ground level and smooth, removing all
unevenness of the natural bedding surfuce. The directions of the
strire were determined by a very good pocket - compass, That of the
coarser set (No. 1) was found to be S. 20° E., and that of the finer
set (No. 2) 8. 51° E. No allowanee was made in either case for the
variation of the magnetic needle, which the local surveyers calcalate
at about eleven degrees east of north.

At an exposure of the same limestone one mile below Omaha, the
capital of Nebraska, immediately upon the right bank of the Missouri
river, and ooly some six or eiglt feet above the ordinary stage of
water, other scratches of a similar character were observed. They
were found upon the upper surface of a firm layer, which the work-
men had exposed and were removing for building purposes. Here,
however, there is but one set of seratches, their direction being
8. 41° W, (set No. 8), not allowing for varistion of the magnetic
needle. The surface of the rock is nearly or quite level, but the
roughness of the natural bedding surface has not been entirely
removed, yet the striw were so distinct that no difficulty was found
in ascertaining their true direction.

The drift at this locality is prineipally eomposed of a dark colored,
stiff, cluyey material, intermixed with sand, gravel and boulders, and
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varies from one foot to eight feet in thickness, Upon this rests tha
bluf formation as before deseribed. The fuce of the blufl at the
locality where the Iatter observations were made is nearly at right
angles with the direction of the strize.

Considering that the whole region surrounding these localitizs, snd
for a long distance to the northward of them, is an entirely open
country; that the present prominently uneven features of the region
had their origin at a period subsequent to the drift; and the extreme
simplicity and uniformity of the strats over which the glaciers must
have moved, the direction of their currents which these scratches
apparently indicate seems very remarksble. We not only see at the
Mills county locality that the scratches upon one and the same
surface prove that two separaie currents existed there during some
portions of the glacial epoch, having u divergence of thirty - one
degrees with each other, but also, only about twenty miles to the
northward, we find the evidence that suother current moved in a
direction which formed an angle of ninety - three degrees with one of
those in Mills county.

Since we see no evidence of the cotemporaneous existence of
obstructions which might have deflected the current of a regular
southerly -moving glacier, and thus have produced the scratches in
the various directions shown, it scems necessary that we should seek
for some other explanation of them. Observations thus far made
certainly afford very inadequate data upon which to base a definite
theory coucerning the real direction of glacial currents over this part
of the continent, but the coincidence of the direction of those
scratehes which bave been observed with the goneral course of the
drainage of the region in which they oeecur,is worthy of carcful
consideration. By reference to the mention of the locality, near
Barlington, at the commencement of this article, and to & map of
Io!n._uvm be seen that the direction of the soratches observed there,
coincides pretty nearly with the general direction of the drainage of
the castern watershed of the State. ey

Set No. 8 represents n current coinciding quite os nearly with the
general direction of the drainage upon the western watershed;
sud sets No. 1 and No. 2 respectively represent currents approxim-
un,o%i:w.,-mmmuma&. Missouri and Platte
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Rivers. That the close of the drift epoch left the surface of our
State unmarked by strong features, and with shallow, longitudinal
depressions which gave initial direction to the courses of the
streams, and that these subsequently cut out their own valleys by
erosion, there scems to be no resson to doubt. It seems nat improb-
able, also, that these initinl depressions in the surface, whether
primarily cansed by floxures of the earth's crust, as Whitney has
suggested, or not, may be regarded to some extent as indices of the
general direction of ancient glrcial currents.

There is another interesting matter in conmection with these
observations of drift phenomena along the Missouri River, and the
existonce of the important lncustrine deposit there. The elose of
the drift epoch evidently left a large depression of the general
surface in the region, n portion of which is now ocenpied in part by
the counties of Fremont, Mills, Pottawattamie, Harrison and
Monona. This depression became a large fresh-water lake, the
borders of which have not yet been definitely ascertained, but no
satisfactory evidence of its existence castward of the East Nishna-
botany River hus been observed in Town. The Missouri River
evidently emptied into this luke, and flowed from it, until it became
filled with the peculiar deposit of fine, siliccous, marly material,
known s the bluff formation, the character of which is very much
tho same as that of the muddy material which would now be depos-
ited from the waters of the river if it were possible to throw a
permanent obstraction across it. As the valley of the river was
gradunlly deepened during the Terrace epoch, its waters found no
difficulty in sweeping out the fine homogeneous material which they
bad before deposited, leaving those high peculiar blaffs upon each
side of its broud bottom.” Fresh - water and laud shells of existing
species, principally Gastoropods, are often found in this deposit,
from base to top, and its thickness sometimes reaches more than two
hundred feet above the drift material upon which it rests.

Seventy or eighty miles to the eastward of the Missouri River, in
‘m-onmﬂtiuufmﬁu,mmmoﬁdm-wﬁiiﬁh
reaches o thickness of more than a hundred and fifty feet.
Westward from that region a sensible diminution of its thickness is
mmmmugmnfﬁéwmdmgm
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Missouri river, the drift material i found in all eases comparatively
thin, being thinnest where the blaff material is thickest. .

At the localities where the scratches were observed, the drift
material showed evidences of unusual violence of glacial action,
being, as before remarked, only a few feet in thickness ; and in some
places in the same neighborhood it was entirely wanting, the bloff
material resting directly upon the coal - measure limestone.

An explanation of these facts is naturally sought for. The most
plsusible seems to be, that glacial action extended more deeply
benecath the general surface here than elsewhere, and that the diree-
tion and character of the currents were such that the greater part of
the drift materinl was swept away to other places, leaving the lake
basin to be filled with water at the close of the glacial epoch. Fur-
ther investigations, however, are needed to decide such questions as
these.

It is understood that the most relinble information we can obtain
in relation to the general direction of ancient glacial currents will be
the identification of the transported materials with those st the
placos of their origin. Very few observations of this kind
have yet been attempted in Iowa, and itis but fair to state that
those fow are not now seen to harmonize clearly with the directions
of the glacial scratehes just deseribed. I refer to the reputed dis-
coveries of galena and native copper in soveral of the counties upon
the eastern watershed of the State. The only known localities from
which such materials might have been derived lie to the northeast-
ward, in a direction nearly at right angles with the eastern drainage
linos, Again, profusely scattered over the region between the Mis-

souri river and the middle of the State, so far northward us the
fourth tier of counties and probably much farther, are boulders and
fragments of reddish - colored quartzite, closely answering the
description given by Dr. Hayden of the rock which encloses the
pipestone of southwestern Minnesota, and puspeeted to be of the
same origin.* Should this be the case, it is not easy to seo how
they could have reached their present locations with glacial carrents
in the direction of the drainage of the western watershed, particu-

*see F. V.
Tnauary, '1;,_""‘" on the Geology of Northeastern Dakota; this Jouroal,
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larly if they are of the age to which Dr. Hayden has referred the
rocks of that famous locality ; for in that case they can not be pre-
sumed to have ever existed much farther to the eastward.

The quartzite boulders in the region referred to are promiscously
intermixed with those of other metamorphic and of granite origin,
but those of the red quartzite are everywhere a little less waterworn
ard more angular than the others, suggesting a less distance of
transportation, which would really be the case if derived from the
pipestone region.

INDIAN MOUNDS*.

The whole history of the American continent, previous to its
discovery by Columbus, is so wrapped in impenetrable mystery, that
the least memento of its ancient inhabitants is regarded with unusual
interest, Of the race which cxisted when Europeans first visited
America, and which now occupies a large portion of it, we have
comparatively full information; yet of their origin or sdvent upon
the continent, we know nothing with certainty. |

Notwithstanding this want of kunowledge of their early history, the
evidence scems to be satisfactory, that an aboriginal race more
ancient than they, snd having entirely different customs, once
inhabited the country now occupied by the northern and north-
western States, as well as parts of Canada.

The prineipal features of this evidence within the area named,
consists in the remains of ancient copper- mining in the Lake
Superior region, and the presence of what are commonly known as
Indian Mounds. It is believed that the present race of Indians, at
the time of the first visit of the whites, knew nothing of the working
of any metal, not even of lead, and they also seem to be in as utter
ighorance as ourselves concerning the origin of the mounds.

Thse mounds are ronaded elevations of earth evidently scraped
vp from the surrounding surface; usually small, often scarcely
distinguishable, but occasionally of considerable size. They are
usually circular, sometimes oval, and even in some cases bear a
fancied resemblance in outliné to some animal. They are almost

—_—

* i"'rom the Annals of Iowa for January, 1868,
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invariably in groups, numbering from two or three, to fifty or more.
Sometimes they seem to be arranged on u definite ground - plan, but
are often distributed without order.

Concerning the purposes for which they were constructed we are
much in doubt, but they are uvsuslly regarded as memorials of the
dead. Human remains have often been found in connection with
them, but this is by no means invariable, When such remains sre
found they are usually placed around the base of the mound, where
they arc sometimes marked by the presence of flat stones, but they
seldom if ever oceupy the centre, with the earth heaped upon them.
Rude pottery and other relies are frequently found with these
remaing, to which the present race of Indians seem to be entire
strangers.

The mounds commonly occapy prominent, or otherwise interesting
locations, in the majority of cases being found upon the brow of the
bold characteristic bluffs which border the valleys of our Western
rivers, but are not unfrequevtly located upon an elevated plateau
which is skirted around by a low range of blufis or hills. Standing
among any of these mounds, one finds the surrounding seenery
invariably interesting, and often very impressive, showing that a
certain sentiment guided the builders in their selection of the ground,
but what this sentiment wus, whether of religion, veneration of the
dead, or an appreciation of the beautiful and sublime in nature, we
are lefi to conjecture. They are quite numerous along the bluffs of
the Mississippi river, and the lover of that romantic scenery, huving
sought out some point from which to obtain a view more beantiful
and impressive than the rest, will almost always find himself in the
immediate presence of a group of mounds.

During tho progress of the State Geological Survey, many of
these interesting objects have heen observed, but the press of other
matters has prevented that careful examination of them which the
interest of the subject requires. Along the bluffs of the Towa
River between Towa City and Columbus City, a large numnber of
them have been observed, a very numerous gronp of which oceur

just below the mouth of English River, about twelve miles from
Iowa City. An interesting group is found on the land of Hon,
Eliab Doud, near the Des Moines River in Van Buren County.
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Visiting Sac City, Ssc County, last autumn, I observed several
mounds within the village, and having no time to devote to a careful
examination of these, Mr. D, Carr Early, an attorney of that place
has kindly farnished me with data for the following account of them,
accompanied by a carefully drawn plat, which I regret can not be
published with this article.

Sac City is pleasantly located in an abrupt bend of Raccoon river,
which sweeps around it upon the north, east and south, and rests
upon one of those level, or genily inclined spaces called by the
settlers “second bottom.” They were doubtiess true bottom lands
ages ago, long before the river had cut its valley so deep as it now
is, and long before the mound-builders occupied the ground, but
they are now, and were when the mounds were built, some of the
most interesting and fertile spots, and far above the reach of floods.
On the west the town is bordered by a moderately elevated bluff, and
thus the whole space is surrounded by strongly-marked topograph-
ieal features rendering it one of the most intercsting spots in the
whole region. It is about the centre of this space that we find the
mounds, and doubtless an appreciation of the surrounding features
guided the mound-builders in the one case, and the town-builders in
the other, in tho selection of grounds. The mounds are eight in
number, arranged in o general direction from northeast to southwest,
but without regular order, the distance between the two extremes in
that direction being a little less than six hundred feot, and in the
transverse direction, less than one hundred feet. \

Two of these mounds are oval in outline, and all the others are
circular. The oval ones aro located further to the northeast, and
commencing with the first of these, which is near his residence, Mr,
Early gives their dimensions, as follows, progressing in the order of
their occurrence to the southwest.

No. 1, 96 feet in diameter, cast and west, and 36 feet north and
south, and two feet high.

No. 2, 60 feet in dismeter, cast and west, and 30 feet north and
south, and two feet high.

No. 8, circular, 66 feet in diameter and 5 feet high.

No. 4 = 80 “ “ “ o8 &«

No. " “w 60 “w “ “« 3 “®
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No. 6, cireular, G0 feet in diameter and 8§ feet high.
No. ’[’ “ 30 @ [N i 2} “
No. 8’ # G0 “ “ “ 3 “

It will be observed that three of these mounds are of exactly the
same dimensions, and that the long axes of two oval ones are in an
east and west direction, and not in the line of their distribution.

Nos. four, five and six have been dug through the centre to the
undisturbed earth, the public well haviog been dug through number
five, and the flag-staff set in number six; and nothing of human
remains or workz of art have been discovered.

It is to be hoped that during the progress of the State work
sufficient time may be devoted to the careful examination of these
works of the former owners of our s0il.

LAKES OF IOWA —T'AST AND PRE=ENT.

After returning from the northern peat rogions, I published in
several of the Iowa newspapers an article upon * Walled Lakes.”
Subsequently the following article was communicated to the American
Naturalist, (Sulem, Mass.,) and is inserted here, in place of the other,
because it coutains gome additionn]l matter, and because it is fuller
upon the subject of those lakes:

Within the last ten or fifteen years a number of articles have ap-
peared in the newspapers and periodieals of the country in relation,
more particularly, to two small lakes of Northern Iowa. Some of
the writers bave contented themseclves with merely a deseription of
what they saw, while others have told strange stories in which they
described the * remains of the wonderful handiwork of a departed
race of men.,” While in that part of the State during the pust
season, excellent opportunitics were had of examining both of the
lakes just named, as well as others of the same character, fourteen
in number, of which the following is a list:

1. Clear Lake, Cerro Gordo county.
2. Rice Lake, Worth county.

8. Silver Lake, Worth county.

4. Bright's Lake, Worth county.

5. Crystal Lake, Hancock county.
6. Eagle Lake, Hancock county.
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7. Lake Edward, Haneock county.
8. Lake Mary, Hancock county.
9, Lake Flora, Haneock county.

10. Owl Lake, Humboldt county.

11. Lake Gertrude, Wright county.

12. Lake Cornelia, Wright county.

13. Eim Lake, Wright county.

14. Wall Lake, Wright county.

15. Twin Lakes, Calhoun county.

16, “Wall Lake," Sae county.

According to those stories the remains ¢onsisted of walls of huge
stones encircling the lakes like thatol an artificial fish-pond, so raised
as to prevent an overflow of water upon the adjacent low ground,
sloping to the water's edge with a pavement like a Mississippi levee,
rounded and graded with earth upon the top, forming a good road
upon which the Jehus of that departed race doubtless drove their elk
or buffalo chariots in pursuit of pleasure or of their daily vocations,
and the whole finished with a garniture of sage refleetions npon the
mutability of human sffairs, Such fantastic stories have rendered
those modest little lakelots so famous that many pilgrimages have
been made to their borders with the hope of finding something to aid
in penetrating the mystery that shrouds the early human history of
our continent.

It is such lakelots as these, and their origin, that will now, in part,
engage our attention ; and while showing the groundlessness of the
stories referred to, we hope ‘to present still more interesting and
wonderful facts, becanse, in the realm of nature, truth is stranger
than fietion.

First, lot us go back to their origin, for they originated from causes
so definite that we are often able to comprehend them as clearly as
if we saw them in operation ; and the time of their formation in rela-
tion to other geological changes is as accurately determined as that
of any other. Not only have the lakes had a definite origin, but, as
we shall presently see, some of them have also had an end, and we
know they once existed only by means of the records they have left
in the earth they once covered. Hence the addendum to the sbove
title — past and present.
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Lakes have doubtless existed upon the earth’s surface in every
geological age, but those of which we are speaking had their origin
st a period really very remote, when idered in relation to the
historie ers, but very recent when compared with the geological ages
which preceded it.

All geologists arc agreed that at the close of the Tertiary age,
after the stratified rocks had been formed, and before the present
condition of things existed upon the face of the earth, a long period
of time elapsed, during which the whole northern hemisphere, as far
south at least as the thirty - ninth degree of north latitude, was cov-
ered thickly and constantly with ice; which time they eall the Glacial
epoch. All sre not entirely agreed as to what condition the ice was
in, whether floating in = shallow sea in the form of floes and ice-
bergs, or in the more completely frozen condition of a widespread,
continuous snd southerly moving glacier ; yet the latterhy pothesis
is generally aocepted as according with the greatest number and most
important of known facts, All are, however, agreed that the boul-
ders and pebbles which we see every where scattered over the face
of the eonntry are of northern origin, and that they have received
their rounded forms by attrition in water or moving ice during the
time of their journeyings from their northern homes, We see those
boulders and the gravel upon the surface only, because we can look
no deeper, but we have abandant proof that they are intermixed with
all that incoherent mass of material which geolegists eall drift —
that material which meets our eyes every where, forms our soil and
subsoil, and covers all the stratified rocks like a muntle, except
where they have been barod by erosion. Some of the finer material
of the drift was doubtless brought from the north with the bounlders,
but, with the exception of the latter, it has been largely derived by
attrition from the rocks over which the glaciers passed, or from those
which now underlie the drift. Thus the soil is nothing more than
pulverized rock, and the whole drift formation, composed as it is of
boulders, gravel, sand, elay and soil, had its origin as such throngh
the agency of ice.

At the close of the glacial epoch the ice disappeared from the
temperate zone, the present condition of the seasons was estab-
lished, ;'ﬁ‘ the continent assumed very nearly its present dimensions
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and form. The northern part of the Great Valley —itis to this
region which more especial reference is made — was then uamarked
by strong topographical featares, for it was traversed by no ranges
of mountains, nor by any rivers or streams. Shallow depressions
only, marked the surface, which were filled with water from the
rains snd the melting ice. These were the primitive lakelets and
existed before any definite streams were formed. Where the depres-
sicns. were longitudinal, or ted in chains, they gave initial
direction to the courses of the streams inte which the surface waters
were gathered, and carried away to the sea. These are the streams
of to- day, and their ceaseless flow, aided by the rains and frosts of
the unnumbered years that have pussed since then, have worn their
uvn"chmnsl; down, not only through the inecherent drift, but often
also through solid stratified rocks, the edges of which we see pro-
truding from their valley -slopes. Thus all the valleys of this
region are valleys of erosion, and it is meterological erosion alone
that las given it its most prominent physical festares.

As one stands upon the broad, level prairies of Southern Iowa,
and sweeps the well - dofined, ocean-like horizon with his level, he
finds the bubble everywhere resting upon the cross- wire, except
where the distant dark line of forest foliage reveals the presence of
a strenm.  Approaching this, the rurface becomes undulating like
the smooth rolling of a sea; but looking oclosely he will see that
every depression leads into a still deeper one, until the upper
branches of the streams are reached, the surfaces of which are often
maore thun one hundred and fifty feet below the prairie level from
whick he started; and the surfaces of the larger streams are some-
time a hundred feet deeper still. The higher prairie surface of
to - day is the same sarfuce which was left by the retiring waters at
the close of the glacial epoch, and the time which has passed since
then —that during which the valleys were formed —is called by
geologists the Terrace epoch, because the oscillations of the streams
from side to side of their valleys in the process of their erosion
haye left frequent terraces of material which successively constituted
“flats” or “bottoms" bordering the streams, but which are now
fur above the reach of their highest floods. The Terrace epoch
verges upon the present time, becsuse the same streams still flow,
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and earthy matter is still carried by them to the sea, as rapidly per-
haps as it ever was, althongh only occasionally sufficient in amount
to muddy the water. Thus it will be seen how slowly the mightiest
operations of nature are performed; for this most recent of the
geologicsl changes bas doubtless required a length of time so great
that the } \nind is ineapable of comprebending it.

In Northern Towa the prairie horizons are not so elearly defined,
as they sre further to the southward, and it was doubtless so at the
beginning.  The drift also contans more gravel and boulders there,
from the fact that nearly all of those materials originating still farther
to the northward, their abundance diminished with the diminishing
force of the glaciers to the southward. Numerous irregular rounded
elevations or knobs mark the surface, between which are correspond-
ing depressious ; not produced, hewever, by erosion since the drift
was deposited, as the river valleys were, but are, like the knobs,
inequalities left by the glaciers.

Some of these depressions have become drained ; some of them are
still occupied by the lakelets, and some by peat marshes. Streams
are numerous in Southern Iowa and their valloys deep ; consequently
the epuntry is so well drained that ull trace of the primitive lakelets
is usually obliterated. But many of those strenms have their rise in
Northern Towa, and many of those lakelots still exist there, beonuse
no accumulation of water beyond has sent a current across them to
cutn channel for their outlet.  Lake - basins are sometimes hollowed
very deeply into the earth, showing bold exposures of stratified or
unstratified rocks upon their shores. But the lakelets of which we
we ure speaking had their origin in shallow depressions left in the
surface of the drift alone at the close of the glacial epoch. By the
sction of subsequent causes they, in certain regions, became “ walled
lakes,” for & majority of them are as worthy of that designation as
those are of which the fanciful stories have been told. Nor are lakes
of that charaeter confined to Towa alone, but are known also in Min-
nesots, Wisconsin, Michigan, and even in Connecticut, yet all except
two, one in Wright county and the other in Sac county, fows, seem
never to have been favored with the visits of an imaginative writer
1o tell fancifal stories of their associsted remains of human handi-
work.
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It seemed necessary to make the foregoing statement of facts and
the geologieal principles which they involve, before attempting a
deseription of the lakelets themselves, that such a description might
thus be rendered more intelligible, and which is here given as the
result of long-continued observation of sixteen such lskelets in
Northern Iowa, including the two which have become noted as walled
lakes. They usually occupy an open prairie region. Somectimes
small groves are near them, but trees are often entirely wanting,
especially since the settlers mercilesaly destroy them for fuel. They
are from one to five miles across, but always very shallow, because
the undulations within which they rest are very gentle. None of
them are more than fifreen feet deep, and the majority are so shallow
that they permit a luxuriant growth of wild rice and other aquatic
plants from their bottoms over the whole, or a large part of their
areas, among which water - fowl find shelter and abundant food, but
which renders them rather uninteresting features of the landscape.

A true description of the so - ealled walls, but which we shall term
embankments, will be best understood if given in connection with a
description of their origin.

When a pile of sand, obtained from the river-shore, has been left
by the workman for a long time exposed to the washings of the rains,
the gravel which it containg, and which at first is hardly visible,
becomes in some cases even more conspicuous than the sand itself,
because a part of the latter has been wasted, while the gravel
remains. Thus, it has been upon an extended seale with the drift,
which, as before stated, is composed of boulders, gravel, sand, clay
and soil, although little except the latter is usually seen upon the
prairie and surfaces. Sometimes the drife is more than a hundred
feet thick, and all the boulders contained in the whole mass which
has been swept ont to form the valleys, have gradually rolled down
upon their slopes, and many of them into the streams. For this
reason we usually find them more numerous upon surfaces that have
suffered erosion than anywhere else. Again, the ceaseless dashing
of a lakelet's waves stir up the finer material beneath its waters to
be earried away in the form of muddy water st the times of its over-
flow, leaving the boulders and gravel strown upan its bed ; while they
may not be seen at all upon the prairie - surfaces around them. This

B
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latter fact, being misunderstood, has led to the supposition that being
absent upen those surfaces they hud been gathered uwp by human
hands and carried to the shores to build the “walls,” while the
truth i#, the embankments, as well as the presence of the materials
of which they are composed, are due to natural causes slone, and
their origin is wholly referable to the periodic action of ice, aided in
some degree by the foree of the waves.

The water in the lakelets is usually very low in late sutumn, and
when winter eomes it is sometimes frozen nearly to the bottom in
their deepest parts, so that occasionally all the fish are killed by this
means. The ice of course freezing fast to the boulders ss well as to
whatever else may be within its reach, and the expansive power of
from one to five miles of freezing water is exerted upon them in a
direction from the centre toward the shores —a power much more
than suficient to move the largest boulders upon those gentle lopes.

The embankments are from two, to six feet high, and from two, to
twenty feét scross the top; snd always separate n low piece of
ground from the lake, because where the original shore is a little
abrupt, and higher than the high-water level, no embankment is
formed, but the boulders are mercly thrust against the shore with
snch fores as to render it stecp, and often thickly studded with them.
Meeting no such obstruction on a marshy side, the material thrust
out, accumulates just where the expansive force of the ice is spent.
This process repeated year after year, from age to sge, hss cleared
the bottom of the lakelets of the boulders and other materials, and
pilnd them up in circular ridges upon their shores; and these are
the *“walls™ which have excited so much wonder. It has been
observed that the embankments are heaviest on the sides opposite the
prevailing winds. This may be sccounted for, at least in part, by
the fact that the ice being burthened with the material to which it
had frozen fast would thus be floated against those shores when the
spring floods had raised the water of the lskes; and in part also by
the further fact that the dashing of the waters would be most con-
stant against those shores,

Thus it will be seen that whateyer was originally upon the bottom,
whather boulders, gravel, sand or mud, has been carried to the shore,

I T R T —
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and we find the embankment composed of all these materials arranged
in perfeetly natural disorder. If boolders were numerous the
embankment is largely composed of them. If sand prevailed, a
broadly rounded embankment is formed, just such as we should
expect from such material; and where a peat marsh extends out
into the land an embankment of turf is thrown up at the water’s
edge which being supported by living roctlets, is frequently high
and very narrow. The latter are somewhat numérous and are often
called beaver-dams; but this is also & misconception, because
beavers uever attempt to dam still waters. They dam running
strenns to obtain ponds of still water.

Thus we see that the same natural force placed the boulders in
the embankments that brought them down from their northern homes,
namely, the expansive power of ice. The embankments are really
very interesting natural objects, and it is not strange that they have
attracted attention ; but with a correct knowledge of the action of
natural forees, it is difficult to understand how any one could suppose
that human hands had sny thing to do with their construction.
There is certainly nothing in the arrangement of the materials that
indicates such an origin, and the liveliest imngination refuses to
suggest any object for which human beings could have desired them,
or to point out any evidence of intelligence in their location and
plan.

If its erust shonld remain perfectly stable long enongh, the earth
would become nearly a perfect sphere by the disintegration of its
exposed substance, and the levelling force of gravitation. It is true
that its inequalities of surface are now very insignificant compared
with the vastuess of its bulk ; but in such a case there would be no
mountains, no islands, no continents. All would be an endless and
shoreloss sea. The erosion of the river valleys, and the eonsequent
drainnge of a majority of the primitive lakelets may be regarded as
the first steps in this levelling process, after the glaciors had ceased
from the Grest Valley; for its post-glacial geology seems to
warrant no subdivision into epochs such asare made for other regions;
therefore the whole is here referred to the Terrace epoch. Long
before this levelling process can approach completion other elevations
snd depressions will be formed upon the changing surface, just as the
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present seas and continents occupy the places of other seas and other
lands that existed long before them ; because perfect stability of the
earth’s surface never has existed, and probably never will exist.
See then how emall a part of such a result has been aceomplished
even by the erosion of the valleys of the great Mississippi and its
branclies. A part of the primitive lakelets, and a part of the
original surface of the drift still remain almost unchanged since their
formation. The prairies have still their ocean -like surfaces, and
tho greatest change the lskelets have undergone in that immense
lapse of time is the formation of their insignificaut embankments, if
aught in nature may be called insignifieant.

Let us fook o little to what has been accomplished by erosion in
the Great Valley* during the Terrace epoch, as before defined, sud
wo will find enough to excite our wonder and admiration.

Along the courses of what nre mow the Mississippi and Missouri
Rivers, large depressions formerly existed, which formed lake - like
expansions of those rivers. Thus, after the Mississippi had made
for itsel{ s definite valley, but before it had cut its channel nown to
its present level through the rocky obstruction at the Keokuk rapids,
that portion of it which borders a large part of the eastern side of
Tows was little else than a lske which averaged about five miles wide
and filled the space between what are now the blaffs that border each
side of its broad, flat valley.

This is proven by the existence there of tho terraces, composed of
very fine sedimentary material, such as conld have been deposited
only in comparatively still waters, and also by the existence in
that sodiment of shells which inhabit still waters only — the same
species which now inhabit fresh - water lukes. River shells, such a8
now exist in the river, are found on the sides of the bluffs near the
rapids at a hight of seventy feet sbove the present high - water mark ;
and since sueh beds of shells exist ouly at low - water mark when
alive, upward of eighty foet must be estimated as the hight of the
river above its present level at the time they lived.

Tt will be observed that river, and not lacustrine shells, are found

"% 11 will be observed lh!lhmdvh uamm
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near the rapids. This is accounted for by the fact that the obstruc-
tion which caused them, being a flinty formation, and not so easily
disintegrated as the other rocks over which the river runs, has existed
as such from it its earliest history. Consequently the water there

" always had a considerable current, while further to the northward

there was too little current to produce a congenial habitat for
those shells. The estimated eighty feet is doubtless only a part of
the actunl hight from which the erosion of the Mississippi Valley
Las reached, becanse it now averages about two hundred feet deep
from the geueral prairie surface. Thus we see that when that
lake - like expansion existed in the Mississippi river, its valley had
already been eroded to considerable depth, and the Terrace epoch
was well advanced. Bat on the other side of the State we have
proof of the existence in the early part of that epoch of a lake
which was larger and deeper than Lake Erie. This proof consists
principully in the presence there of a peculiar lacustrine deposit,
extending at least from the Big Sioux to the mouth of the Kansas
river, and from twenty to thirty milzs on each side of the Missouri
river, through which the latter hus cut its present valley, in some
places to a depth ot more than two hundred feet, before it reached
the drift which was deposited there during the Glacial epoch. That
material is known to have been deposited in fresh water, because
only fresh-water shells are found in it, and they are found in it from
top to bottom, It is kuown to have been deposited in still water,
because the same kinds of shells are now living in still water only,
and because the whole deposit is a fine, homogeneous material, with-
out sand, gravel, boulders, or any thing else, except what would have
been deposited in a lake of muddy water,

It has been claimed by a few geologists, that at the close of the
Glacial epoch o shallow fresh- water lake occupied the whole
hydrographic basin of the Mississippi, and that the fine soil and
subsoil of the prairies and other lands of the whole region, as well
as the peculiar deposit just referred to, are identical in their forma-
tion, and had their origin in one and the same broad lake. Upon
this hypothesis some have accounted for the origin of the prairies
and for the absence of trees upon them, but the fact is, prairies exist
upon both these deposits; and it would require direct effort
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to keep all kinds of indigenons trees from encroaching upon
kinds of indigenous trees from encroaching npon the prairies if there
were no annual fires.

1t is not improbable that such a wide-spread sheet of fresh water
did exist at that time, and that 3 large part of the sedimentary
materinl that composes onr 50il snd subsoil had such sn origin. But
that is widely different in physical charaeters from the deposit under
diseussion, which evidently had a different, us v.ell as o sabsequent
origin. These cireumstances seem to leave no room to doubt that s
well - defined lake existed there aftor the continent was in great part
dessicated, but before the great rivers had cut their valleys down to
any considerable depth.

The luke, although so large and deep, was doubtless filled with sedi-
ment to the general prairie level within a comparatively short time
aftor the gluciers ceased, just ss the sediment of the same river
which then flowed into and from it, now spcedily fills tho reservoirs
of the St. Louis water - works, so that they must often be ro-excav-
atell.  Just as the same river wonld now fill with the sume kind of
sedient, any depression, liowever lurge, if such oxisted in its
conrse, A

The great Northern lakes are not thus filled, bocause their tribu-
tary streams sre pure; and their strenms are pure because they flow
aver geological formations that fire not casily disintegrated; while
the main tributary of that ancient lake — the Missouri river —is
even now one of the muddiest streams on the globe. In the earlior
portion of the Terrace epoch, it was, if possible, more so; for then,
s now, it gathered up its sediment from that broad region occupied
by the friable rocks of the Tortiary and Mesozoic ages, stretching
far away towards the Rooky Mountning, at that time strewn with the
grindings fresh from those “mills of the gods ™ — the glaciers.

The formation of the basin in which the lake rested is known to
have taken place during the glacial period, because the drift with its
strinted boulders mow ecovers its bottom beneath tho lacustrine
deposit, and because the entting ont of the river valley has exposed,
in o number of places, the stratified rocks which the drift rests upon,
the surfaces of whioh are scored unl striated by the moving glaviers
ofﬂntg;riod. It is known that the 6lling of the lake with sediment
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occurred in the early part of the Terrace epoch, because it was
filled up even with the prairie surfaces, which would not have been
done if the Missouri river had first eroded its valley to any consid-
erable depth below the lake. We know that the lake was so far filled
with sediment before it was drained, that it was little else than a
marsh, because the top of that deposit of sediment is now nearly
even with the higher prairie surfaces, and because the river bluffs
which it forms are as high as those formed of the usual materials, —
the drift and stratified rocks.

The physical characters of this lacustrine deposit are so prculiar
that they attract the attention of every person who becomes
acquainted with it, although n stranger might pass over the forma-
tion withont observing more than its peculiar outline of blufis. Tt
is perfectly uniform in character and ecolor from top to bottom, and
o hundred miles of distance show no more difference than a hundred
feet. Itis of a slightly yellowish ash color, except where rendered
darker by decaying vegetation, very fine, not sandy snd yet not
adhesive. At the surface it makes excollent soil, and is just as fer-
tile if obtained at a depth of two hundred feet. Itis casily exca-
vatod by the spade alone, and yet it remains so unchanged by the
atmosphere and frost that wells dug in it require to be walled only
to & point just above the water - line, while the remainder stands so
securely without support that the spade - marks remain upon it for
many years. Roud -embankments, upon the sides of excavations,
stand like a wall, showing the names of ambitious earvers long after
an ordinary bank of earth would have disappeared. As that part of
the valley of the Missouri river below the lake was deepened during
the Terrace epoch by the natural process of erosion, the peculiar
material which its own waters had previously deposited, offered little
obstruction to that process, but was readily swept out again as
muddy water, and sent on its way to the sea. Thus no more of it
was cut ont than served to form the valley, which is from four to six
miles wide, while the larger part remained, forming the bluffs and
extending far inland from the river. The tributary streams which
at first emptied into the lake, now traversed its ancient bed of sedi-
ment to the river, and cut down their own valleys to meet it. The
sides of these valleys, where they traverse that sedimentary deposit

REPORT OF STATE GEOLOGIST. 163

are steep like the river bluffs, and the streams being smaller, their
valleys are narrow and very deep. This is particularly true of all
thoso Iown streams that empty into the Missouri river above Council
Biuffs, and they thus present great obstacles to the construction of
lines of railway directly enst and west through that State. For
this reason, and for the purpose of connecting with the great
Pacific Railway at Omaba, the more northorn of those lines are
diverging to the southward down the valleys of the streams, instead
of crossing them, so that passengers will pass dry - shod through the
bed of that ancient lake, slthongh many fathoms bencath the level
at which its waters used to rest.

The peculiar outlive of the bluffs along the Missouri river valley
is one of the most interesting features of thin remarkable deposit.
As one views them in the distance, and in their nakedness, for they
are often entirely destitate of trees, towering up from the level bot-
tom land, sometimes more than two hundred feet in hight; so steep
in some places that » man can not climb them, he can hardly rid
himself of the iden that they are supported by a framework of rocks
as other bluffs are. Yet not a rock or pebble of any kind or size
exists above their base of drift, except a few calcaroous concretions
which were formed from the limy water that now percolates throngh
the whole mass, The form and arrangement of their numerous
rounded prominences somotimes present views of impressive beauty
ns8 they streteh away in the distance, or form bold eurves in the line
of kills. A few miles below the city of Council Bluffs they present
o full crescontie view to the westward, with the broad Missouri bot-
tom stretehing milee away from their base to the river. Their only
vegetation here is a covering of wild grasses, and as the mound -like
peaks and ronnded ridges jut above each other, or diverge in various
directions while they recede backward and upward to the higher
lands, the setting sun throws strange and weird shadows scross them,
producing a scene quite in keeping with that wonderful history of the
past of which they form s part.

THE 10WA COAL-FIELD.

The charscter of the field - work of the survey has thus far been
that of a general reconnoisance, so that the boundaries of the



164 REPORT OF STATE GEOLOGIST.

coal - field has not been determined with precision. So far as the eas-
tern and northern borders are concerned, they were at least approxi-
mately determined by the former geological survey. As that report
may not be possessed by all into whose hands this shall fall, a deserip-
tion of it, somewhat modified, is here given.

Draw a line on the map of Iowa from the southeast corner of Van
Buren county directly northward until it touches the south line of
Washington county; thence northwestward, keeping six or eight miles
to the northward of North Skunk river, to the south line of Marshall
connty, o little west of 1ts centre; thenee to a poiut three or four
miles northeastward from Eldora, Iardin eounty ; thence to Webster
Cicy, Hamilton county; thence to Fort Dodge, Webster county,—and
you have approximately the esstern and northern borders of the
productive coal - field of Towa. It is not claimed that sl the coal of
the State exists southward and westward of this live, for it is already
* known to exist in Lee, Henry and Washington on the other side of
it as well as in Museatine and Secott counties, but it is believed that
very little conl will be found outside of the line thus designated.

Indications of coal are often found to the northward and eastward
of this line, but although the strata discovered are really coal
measure strata, yot they are small isolated deposits, called outliers
by geologists, too small and too thin to afford a workable bed of coal.
An exoeption to this rule is the large outlier extending from Musea-

tine almost to Davenport, where a small bed of cosl has been worked

severnl years. A number of other small outliers have been discovered
in Joh Louisa, B s snd doubtless may be also found in other
counties. The dip of the strata (the general dip, not the local dips
the general dip is too slight to be perceptible to the oye), being to
the southward and westward, it follows that at the northern and
enstern borders of the coal - field it would have u thinner develops
ment than further within the field. Thus it will be seen that one

encounters greater hazard in exploring for coal along its thinning - out

border than he would within the main portion; yet some instances

are known of the existence of good mines very near the well - defined
To the westward, and southward of the Des Moines river, it is no

known how far the productive coal formation actually extends, for it
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I b h the unproductive series of coal - measure strata, and
beneath the heavy deposits of drift which are not deeply cut along
the dividing cidge of the State as they are in other parts.

Some coal has been found in Webster, Boone, Dallas, Madison,
Lucas and Wayne counties, west of the Des Moines river, beside the
thin bed in the upper coal - measures, along the Nodaway river;
while Polk, Warren, Marion, Monroe, Mahaska, Wapeilo, Appanoose,
Davis and Van Buren, lying wholly or partly upon the west side, are
among the most important coal counties. Thus far, however, the
greater part of our coal is obtained northward and eastward of the
Des Moines river. For further remarks upon the probabilities of
finding coal, by deep mining in the western part of the State, see
introductory chapter.

In that part of the productive coal - field thus far explored, there
is satisfactory evidence that no very deop mining will be necessary
in any part of it. This is inferred from the fact that the larger
streams are found to have cut their valleys down through all the
coal - measure strats to tho sub - carboniferous limestone,

The distance down to this limestone from some of the higher
surfices in this portion of the coul - field may sometimes be as great
as three hundred feet, but it probably will not exceed this depth
anywhere to the northward and eastward of the Des Moines river,
and may usually be expected at & much less depth.

Although the known area of the productive cosl - fieid of Iowa, as
thus defined, is smaller than some have supposed, yet it will be seen
that its arca is equal to that of the whole State of Massachusetts
beside which, it is expected that this area will be extended to the
westward by the discovery of conl at an increasing depth beneath
the surfuce.

BOIL, VEGETATION, &o.

There is probably not an equal area upon the esrth that contains
proportionally less untillable land thun does the State of Towa.

By far the greater part of it is of drift origin, all of which is
searcely less fertile than the rich alluvis] and lacustrine soils found
bordering the rivers,

The drift deposit is very deep in all parts of the State, snd
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eonsists of so much fine material that the boulders, gravel and sand it
usually contains are almost nowhere the least obstruetion to farming
operations. It has been estimated by some that seven - eighths of the
surface of the State are occapied by the prairies. These prairies
are always fertile and exist upon all varieties of soil, and their origin
ean not therefore be due to any one of them. The greater part of
the forest trees are found in the vicinity of, and skirting the borders
of the streams; and there is little variation in the kinds of trees
which compose the forests throughout the whole State that can be
aseribed to n difference of climate. Its principal forest trees are
several kinds of oaks, black and white waluut, hickories and pecan,
white and sugar maple, cottonwood and aspen, linden, red birch,
horse chesnut, box clder, ash, honey locust, red and slippery elm,
&o. It in a nolable fact that ali these trees will grow thriftily upon all
variclies of our prairie woil; even those whose chosen habilal is in the
neighborhood of the streame.

Thus far no chestaut nor beech have been found in the State, but
a few of the former have been introduced. Of introduced trees,
the biack - loeust succeeded well for many years and until it was
attacked by the borers in 1868, since which time almost all the trees
haye been killed by this means. The osage - orange succeeds well in
at least the southern half of the State, where some as perfect and
effective hedges of it as one could desire have been in use s number
years, and its use is rapidly increasing. It has not yet been fally
tested in the northern part of the State. The prairies are always
covered with rank, and usually nutritious grasses, besida s great
variety of other plants which differ little in species throughont the
State. Of shrubbery there is almost as little differenco; hazel,
wild-plum and erab-aspple being the principal kinds everywhere,
Of edible berries, the blackberry, raspberry and strawberry are the
chief. The common cranberry has not thus far been observed in the
State, although the so - called high-bush eranberry is oceasionally
found in the northern part. It is not properly a cranberry. for it

has ouly a single seed like the black haw, to which it is closely

related, and which, except in the color of its fruit, it much resombles.
The adaptabilicy of our soil to grapes, all kinds of orchard fruits,

REPORT OF STATE GEOLOGIST. 167

grasses and staple cereals, is too well and widely known o need men-
tion at this time.

COAL AT DES MOINES,

No connected observations have yet been made in Polk county,
but while making visits to Des Moines on business, several of the
coal - mines in the vicinity of the city have heen examined. These
are those of Messrs, Redhead & Vincent, just above the city on the
west side of the Des Moines River, and two or three on land of Mr.
0. C. Van, slmost within the city, on the south side of Raeccoon
River.

The most that can now be said of these mines is that the coal of
all is of good quality, much of it excellent. There is no doubt that
the high lands surrounding the eity sre all underlaid by a bed of
conl, but it is doubtless better and more workable at some points than
others. It is at present bolieved that the coal - beds now worked at
Des Moines belong to the upper patt of the lower coal - measure
series, in which opinion Mr. 8t John concurs, who bas also visited
them, and has also traced out the geology of the Raccoon river
region with much care. If this opinion is correct, it is not improba-
ble that other beds of coal exist beneath the one now worked ; and if
our present estimate of the thickness of the lower conl - measure
sevies of strata is correct, o shaft commenced in the valley would
pieree all those strata by reaching a depth of from one hundred and
fifty to two hundred feet. Tt will of course be seen that we infer
that some of the mines worked in Marion and othar connties are in
beds which belong in the series below the Des Moines coal, yet these
beds may or may not exist beneath those at Des Moines.

COLLECTIONS.

During the progress of the work, important collections of fossils,
minerals, rocks, coals, &e., have been made, the greater part of which
yet remain at the rooms in Iowa City for want of time to distribute
them as the law provides; yet some excellent selections have already
been sent to the following - named Iustitutions, snd their reecipts
taken therefor, viz: State Agricultural College, four boxes; Cornell
College, one box; Lows College, one box; Tabor College, one box.
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These specimens have ull been carefully ticketed and plainly - written
catalogues sent with each collection, so that by observing the number
written upon the small ticket which is pasted upon each specimen,
and the corresponding number in the accompanying catalogue, its
name, locality, and geological position will all be known. A com-
plete record of all is kept in the office, o that in case of the loss of
the catalogne, it can be restored by writing to the office and sending
a list of the numbers upon the sp

Every specimen, great and small, receives this small ticket, about
a quarter of an inch in diameter, as soon as they are unpacked at
the office and washed, and the locality and geological position at least
are immedistely recorded, so that whatever disarrangement they may
afterward suffer, so long as the tickets remain pasted upon them,
their history and character can always be known.

Thus far the collections have been made principally from the
upper, middle and lower coal - measures, the sub- carboniferous, and

part of the lower Silurian rocks. Beside this, the specimens con-
sist chiefly of coal from different parts of the coal -field ; grey, white
and fibrons gypsum from Fort Dodge; sulphate of strontis from Fort
Dodge; geades from Bentonsport, &e., &e.

While examiniug the collections during the winter of 1866-7,
we found among them fourteen or fiftcen species and three pew
genera which were new to science. These have been deseribed under
the nuthorship of White and 8t. John. and published gratuitonsly by
the Chicago Academy of Science, the survey receiving credit for
priority of labor. The new genera referred to are Meekella, Crypta-
canthia, and Tomoceras, the following being the full list :

Amplerus fragilis.........svnesierenines Keokuk limestone.
Aulosteges spondyliformis...............Upper coal - measures.
Jap% udn. xageibias ....Ummnl - mensures.
Beyrichia f-dddau......... e .......Uppu coal - measures.
= l%muh MOAEMA. cv.ecnsrersirensennn Upper coal - measures.
S compacld................Upper coal - measures.
yplocera W. ........,Umuﬂ;m
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Hydreionoerinus verrucosus............Upper coal - measures.

Meckella siriatocostata (Coz gp.)......Upper coal - measures.

Noutilus FEviUE......ovieniisnsrrasasan Upper coal - measures.

Pinna Hinrichsiana ..8t. Lonis limestone.

Tomoceras Gillianum......ooouviivenians Upper coal - measures.

Besides the above, numerons specimens of a small object was found

in the npper coal - measure marlites, which is supposed to belong to
the Prot genus Amphistegina, sp of which have been
sent to Dr. William B. Carpenter of England for examination, since no
one in our country is known to be giving especial study to those
unusual objects.
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SURFACE GEOLOGY OF THE RACCOON RIVER REGION.

During the past season, through the kindness of the Director of
the Geologiesl Survey, the writer was permitted to spend a consider-
able portion of the autumn in the country traversed by the Raceoon
rivers, with the view of studying the steatigraphical geology of that
seotion of the State. The counties of Polk, Dallas, Guthrie, Greene
and Carroll held out important inducements to that end, and the
result of the season’s work was satisfactory in a high degree. The
counties lying to the southward and bordering upon those above
mentioned, had heen already examined, and their geological strue-
tare made known through the labors of Dr. White during the pre-
vious season. But heretofore little, I may say nothing, was known
of the character of the strata in the country drained by the Rac-
coon rivers, save that they were coal - bearing. Their relations to
the well - developed uppor coual - measures found along the North,
Middle and South rivers, in Madison and adjoining counties, and to
the lower coal -measures which are exposed on the Des Moines,
remained to be determined. Nor was the nature of the coal - beds
themselves any better known beyond the localities where they made
their appearance ; and their relations to one another were unex-
plained. Indeed, the field was new, and gave promise of valuable
results in behalf of the economic interests of the State, X

To facilitate our review of the ground, I will at once introduce o
vertical section aﬁ“ﬂv&inmwlﬂ,mﬁ‘
only such details as shall be essential to w

3 ¥,
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It will be observed from the section that we have all three of the
conl - measure series represented in this region, but of the lower and
upper measures only their upper and lowermost members are acees-
sible. The middle coal-measures, however, here attains its full
developraent, and it is with this division our attention shall be
mainly occupied.

MIDDLE COAL-MEASURES

The middle series of coal-measures, as developed in this part of
the State, may be sub- divided into three groups, each of which
possesses its own peculiar lithologieal characters in distinetion from
the other groups. The lower group has a thickness of from forty to
seventy feet, the middle one cighty to one hundred feet, and the
aud the upper groups, probably, upward of fifty feet; making the
average thickness of the middle series about two hundred feet.
Towards the top of each of the groups the deposition of carbona-
ceous mattor took place, forming as many distinet coal - horizons,
The upper bed, cosl C, is the most valusble one of the middle series.
Iis thickness varies between fifteen and thirty inches, and is a work-
able bed. It is overlsid by two to four feet of dark shales,
abundantly charged with fossil remains which serve to distinguish
this coal horizon from any of its associates. At the base of the
upper group a well - marked earbonaceons bed is found, but it seldom
presents any coal, though the highly carbonaceous black shale,
capped by a single layer of compact argillaceous rock, is always met
with wherever it has not been dennded. A bed of sandstone five to
ten feet thick, forms the upper bed of the middle group, immediately
beneath which the second carbonacoous horizon, coal B, occurs,
This bed is very varisble in thickness, ranging from one inch to two
fect, und presenting even in short distances all the gradations from
u black shale to coal of an excellent quality. It constitutes, how-
ever, & constaut horizon, notwithstanding at eertain localities it
becomes so attenuated as scarcely to retain its identity. In the
middle and lower portions of this group local developments of dark
shales, sometimes more or less carbonaceous, are not unfrequent,
beside there are bands of impure fossiliferous limestone, snd the
lower half is made up of clays and arenaceous beds. The lower
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group is limited above by several layers of argillaceous lime rock,
five to ten feet below which coal A, oceurs, varying from three to
fifteen inches in thickness, overlaid by bluck shale and a band of
compaet argillaceous rock. This latter horizon is subject to the
most remarkable variations of any of the beds previously described.
Sometimes the black shales have a most exagerated development, and
then, ngain, the layer of earthy rock is reduced to a lenticalar
nodular band, or lost entirely. The base of this group rests
immediately upon the sandstone overlying the Des Moines coal,
which is regarded as the upper bed of the lower coal - measures,

The coal which is being so extensively mined in the vicinity of
the city of Des Moines, presents the interesting feature of throe
distinet layers of coal separated by thin seams of clay, so that the
whole are wrought ss one bed, the maximum thickness of which is
sbout five fest. Bat, independently, the layers ave very variable in
thickness — sometimes the upper ones aro the most important, then
again the lower ones become the best developed, as may be seen by
examining the out- crops upon either side of the Des Moines, in the
upper part of the city. The middle stratum, however, is more con-
stant in this respect, averaging about eighteen inches in thickness,
while the upper and lower ones range from six to thirty inches.
Overlying the Des Moines coal, which is practically but one bedy
we find about ten feet of clay, capped by eight to twelve feet, or
more of soft sandstone, whicli in turn is overiaid by variegated clays,
exhibiting a vertical section of the strata associated with this coal
Lorizon of about forty fect. The line of outerop of the coalis
probably fifteen to twenty feet above the level of the river, and
eould not be more accessible for advantagous mining. Its :
has reveived the loeal name of * Dismond coal,” and in quality itis
estecmed the best coal in this market. The importance of this cogl
to the manufacturing interests of Des Moines can not be overesti-

conl-field proper, immediately to the westward. Taking the
which pusses along the north side of the valley of the
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three miles above Des Moines, at Fagan’s Mill, in the bluff on Wal-
nut ereek, at an elevation of aboat sixty feet above the stream, there
are indications of & thin stratum of coal, overlaid by black shales
and & layer of clayey limestone, and in the slope above, clays and
fragments of impure, thin-bedded limestone, affording us our first
section in the middle coal-measures. The exposure represents the
upper portion of the lower group, including coal A. This bed has
been prospectod by drifting iuto the bauk, but we presume it was
found too thin for profitable working, as the eutry is now in
rains, and appears to have been abandoned for some time.

The fact that the coal at Fagan’s mill holds, apparently, a position
forty feet above the Des Moines coul, very naturally would seem to
offer conclusive evidence that this bed overlies the latter by as many
feet as constitute the differouce in their respective lovels above the
level of the Des Moines river. It is not thus, however, the geologist
arrives at his conclusions regarding the order of superposition of
strata ; else discrepancies would constantly embarrass the abserver,
and orrors without number would unavoidably accumulate in the end,
compelling all mining enterprises to resort wholly to the expensive
and uncertain expedient of practically demonstrating the existence of
mineral wealth, which experience proves has oftener than otherwise
resulted in the irrecoverable expenditure of millions. Therefore if
we would master the details of structural geology, thereby rendering
our science subservient to the interests of man, we must apply our-
selves diligently to the study of all the various steata, both their
lithological and external peculiarities, and the organisms they contain,
vl:iqh hmr.wmywmpmrn‘hlmorm
thfkm of strata, always give us relishle data in the manner of
their association in the varions horizons, which will render invaluable
aid in our examinations, as I shall presently endeavor o show,

Four or five miles above Fagan's will, in the bluff banks and

* raviues upon the north side of the Raceoon, in the vieinity of Fitssim-

mon’s mills, several layers of impure limestone are quarried for
building stone, which give a tolerable exposure at an elevation of
twenty feet above the stream. A quarter of amile or less above,
mmu-. Jjust below the mills, the same beds out - crop in the river

h'n‘lomnhtbdowthﬁrhnlnﬁoqum By the
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association of fossils found in these thin layers of argillaceous lime-
stone, we at omce recoguize them as belonging to the horizen
observed at Fagan's mill, though then shown only by a fow fragments
out-cropping here and there a few feet sbove the thin coal A. By
making a liberal estimate of the fall of the river between the twy
above - named localities, the beds at Fitzsimmons' are found to oceupy
« much lower level by, probably, notless than thirty feet, showing that
the beds gently incline as we ascend the valley to the westward from
Des Moines, which has carried coal A helow the river bed st Fits-
simmons’. The inclination of the strata is so gradual, and the beds
are so subjeet to local inequalities and undulations, that it would be
extremely diffienlt, to say the least, to make any trustworthy observa-
tions on the general dip of these heds at any one exposure. This is
true, too, of nearly all the exposures in this region; so that the
impracticability, the absurdity, of recognizing equivalent horizons at
remote loealitics by comparing their positions in reference to &
common base of level, will be npparent from the illustration afford
by the localities already mentioned.
The next considerable exposures ascending the river are found in
the vieinity of the Boone estate, and a couple of miles above in the
bluffs upon the right side of the valley (sections twenty -six snd
twenty - soven, township seventy - cight, range twenty -seven, D lns
county), near Mr. Benjamin Colton's, to whom I am indebted for my
knowledge of this loeality. The strata st this point outerops in the
sides of deep, narrow ravines, and though the exposures are limited
and isolated, they exhibit when brought together nearly seventy feet
thickness of strata, all of which pertain to horizons higher in the
gories than thoso heretofore mentioned, or to the middle groups of
the middle cosl. Sixty to seventy feet above the river, coal B is met
with, resting npon elays, and overlaid by sandy efays and a five-fo !
bed of sandstone, embedding large trunks of ancient elub - mo
and above the sandstone the lower black shales of the upper g
‘eapped by a foot layer of impure limerock charged with fossils, com-
‘pletes the top of the section. Thirty feet below coal B, layer
“compact argillsceous rock, interbedded with dark shales and varie
gated clags, are seen; but in & thickness of seventy feet only the on
little six-inch bed of coal oceurs.
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Four miles nearly due north frem the sbove locality, on the head-
waters of Sugar ereek, near Mr. Huston's place, eoal B outerops in
the margin of the stream, presenting the same associstion of beds
as noted in the section near Colton’s. Here, however, the black
shales at the base of the upper group have a much greater develop-
ment than at the former loeality, and the bed is finely exposed all
along the ereck for half & mile or more above, when it disappears
beneath the bed of the stream at the quarry on Mr. Frank Graham's
farm (section six, township seventy - eight, range twenty - six, Dallas
county). The same coal - bed ulse appears on a branch of Walnut
ercek near Mr, John Cuatler's plaee, four or five miles north of Has-
ton’s.

Regaining the valley, three miles ubove the confluence of the
North Raccoonat Vanmeter's Mills on the South Raceoon, the bluffs
on the left bank give a very perfect exposure of the upper half of
the middle group. Coal B, s thin band of rotten coal thres to six
inches thick, is seen in the face of the bluffs twenty - five foet above
the river, and overlaid by the upper sandstone of this group. Below
the coal, clays and layers of argillaceons rocks alternate to the water
level. The lower black shale of the upper group does not sppear
in the section at Vanmeter's, but in the bed of a little branch on Mr.
Miller's place, and st the erossing of the Winterset road on the
Bulger, two miles south of the mills, the nppermost lnyers of the

sandstone nppear in the bed of the stream, supporting a few feot of
clays, upon which rests the black shales and bands of clayey lime-
slone, presenting a section identical with that at Colton's, five miles
below. It will furthor bo observed that the position of coal B, at
moulity would still indicate a slight westerly inclination of the
Again Jet us make o detowr, and ascend the valley of the Bulger
to the southwestward. This little valley has been seleoted for the
route of the €., R. L & P. Railroad, in its nscent from the Raccoen
Valley to the *“Quaker Divide,” and consequently its importance
as o great commercial thoroughfare far exceeds that of the larger
streams of which it is but one of many diminative afluents. Near
the head waters of the Bulger, and just within the borders of Madi-
son county, limestone ledges are met with, which doubtless helong
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to the upper conl - measures, and are high above any rock exposures
we shall see on the Raccoon rivers. These ledges afford a very excel-
lent, durable building stone, and when the railroad shall have been
completed to these quarries, their value will be greatly enbanced,
There are also thin beds of carbonaceous shale in the upper coal-
measures, as shown by Dr. White ; and on the bead - waters of Bear
creck, on the southern line of Dallas county, in the vieinity of Mr.
Price’s, one of these black shale horizons of the upper coal - measures
is found underlying limestones, very similar if not indentical with
those on the upper course of the Bulger. The elevation of these
quarries above the South Raceoon at Vanmeter's can not be far from =
two handred feet; and when we t.ke into consideration the inelina-
tion of the middle coal strata in the same direction, we may safely
estimate their elevation above coal B at one hundred to one hundred
and fifty feet.
From Bear creek we strike across the besutiful upland prairie,
known as the “Quaker Divide,” to the northward, and gain the hight
overlooking the valleys of the South and Middle Raceoon rivers
in the vieinity of their confluence. The south side of the valley is
bounded by steep, wooded bluffs, and a low sandstone ridge crown
with forests rises between the two streams The north side of
the valley rises, terrace upon terrace, to the general upland level,
and dotted in every direction with thrifty farms. Upon one of these:
high benches, on the east bank of the Middle Raceoon, the prosper:
ous manufacturing village of Redfield is located.
Deseending into the valley, the first exposures we meet with in the
river bank, just below the Newport Woolen Mills, presents !
oeous beds crowded with lenticular concretions, which strongly
the deposits underlying the coal at Des Moines. Ascending thene
the Middle Raccoon, a short distance above its mouth, in the
bank (section nine, township seventy-eight, range swenty-nine, D
county) on lands belonging to J. Ward Redficld, Esq, s bed of
cosl outerops, overlaid by clays and a heavy- bedded sandston
thirty to fifty feet thick, presenting s section of strata cssel
like that described at Des Moines. The Redfield coal, like the i
Moines bed, is not a siugle bed, but consists of two layers separatel
by o thin clay parting, It differs, however, from the Des )
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bed, in heing one layer less, elthough it still retains an aggregate
thickness of three feet. With these facts alone we could hardly
prove beyond a donbt the identity of these banks. Tt is well known
that conl-heds are very variable in their physieal eharacters, and
not unfrequently the lithological characters of the associated strata
hecome changed to such a degree s to be almast or quite unrecogni-
zablo at distaut localities. However, in this instance, we are not left
in doabt regarding the validity of the identification ; and nouﬁ&-
standing the exaggerated enlargement of sandstone sbove the coal
at Redfield, we shall be able to show conelusively that the Des Moines
and Redfield couls belong to one and the same horizon. 7
If we take the valley road leading from Redfield to Panora, we
will meet with exposures of the sandstone, which overlies the Red-
field eoal, at frequent intervals in the blufis between Redfield and the
Musquito. A short distance above the Musquito creek bridge, in the
bluffs on the cast side of the croek, at Parker's bank, coal A of the
middle series outerops at an elevation of thirty feet above the level of
the Middle Raccoon. The coal is six inches thiek, and is overlaid by
the black shales, band of argillaceons lime-rock and clays usually
associated with this bed. At Piatt’s bank, a few hundred yards
above, the black shales have increased in thickness from eighteen
inches to forty inches; the * esp-rock ™ only exists as thin pyritif-
erous modules, above which brown, yellowish and grey shales oceur,
which are in places charged with fossils. The coal is Mllwnn;
thickness at both banks, but in other respects they could hardly be
more dissimilar. About a quarter of a wile southwesterly from Par-
ker's bank, o ledge of rocks juts.into the Middle Raceoon, which upon
examinstion proved to be the upper argillaccous layers of the lower
group of the middle series, and present almost the same characters
they possess at Fitzsimmons’, eighteen miles east. Although these
beds are not seen at Parker’s and Piatt's banks, baving been removed
by denadation, they nevertheless overlie that cosl-bed, and their
accurrence in the river margin, thirty feet below the lovel of the coal
at Parker’s, indicates a southwesterly inclination of the \hﬂ!wﬂm-
lent to about one bundred feot to the mile at this loeality. Mﬂ;'
however, we shall see the sequence of these beds fully umM
and also their relation to the coal st Redfield. -
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Orossing the South Raccoon a short distance above the confluenee
of the Middle Raccoon we ascend by a steep acelivity to the uplands
upon the south side of the valley. The road passes over a natural,
though somewhat obscure, exposure composed of layers of impure
limestone, identical with those last observed in the banks of the
Middle Raceoon near Mr. Fee's. This band, clays and fragments
of hard, carthy lime- rock are seen, and a faint trace of o earbon-
aceous band indicates the horizon of coal A, at u level of sixty - five
to seventy - five feet above the coal ut Redfield, a wile to the north-
eust, Continuing up the valley of the South Raccoon two miles
above the last- named loeality, on the borders of Dallas and Guthrie
counties, one of the most interesting and important exposures in the
valley was examined. The discovery of this loculity T owe to Mr,
Peter Marshall, who by intelligently - directed practical examinations
had glready made Limself perfectly familiar with the local geology,
and to the writer it is a particular pleasure bere to acknowledge the
valuable co - operation he gave me in my field - examinations, and the
kinduess he showed to the members of my party during our stay in
thiz vicinity. At this loeality, which we shall call the * Marshall
section,” the strata have a very decided westerly dip. At the lower
end of the bluff, a six -inch bed of coal outcrops at the water-level,
and which is overlaid by a bed of black shales and impurs limestone, |
five to eight feet of clay, and four feet of earthy lime-rock with
clayey partings, upon which thirty feet or more of elays, sandy shales
and thin beds of sandstone are superimposed, affording s complete
section of forty - five feet, the lower part of which presents a typieal
exposure of coal A and the beds forming the top of the lower group
of the middle coal - series. No other loeality, to my knowledge,
hilbits 5o satisfactorily at a single exposure the direct order of
position of the members which form he upper part of the
group and the base of the.middle group of this series. Five hundred
yards below the *Marshall section,” coal A outerops in the hill - sid
forty feet above the level it occupies at the latter exposure.
ensterly - rising of the strata at this locality corresponds !
with what was observed in connestion with the same horizons
Musquito oreck, four miles northward. The forces which
the Des Moines coal above the level of the Middie [Raccoon s
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Redfield, also uplifted the superincumbent strata of the middle seriea,
giving rise to a brosdly -arched anticlinal ridge, upon whose flanks
the strata sweep down in opposite directions, and gradually

late vertieally, bed upon bed, as they approach the axis of the shallow
synclinal depression which occupies the intervening country between
tho Des Moines and the mouth of the Middle Raccoon, a distance
of thirty miles. Hence, we shall at once understand the occurrence
of beds pertaining to the middle and upper groups of the middle
conl, 85 at Vanmeter's, st the same levels oceupied by much lower
strata whose edges are exposed high upon the flanks of the two
paraliel anticlinal ridges which define the enst and west margins of
the intervening depression.

Nearly three miles west of the Marshall section, at Miller's conl-
bank, a six to ten inch coal - bed has been opened, which is equiva-
lent to the black shale horizon at the base of the upper group of the
middle serics. It is very seldom that coal is found with this bed, snd
its oecarrence at this locality affords an interesting illustration of the
local deposition of a thin lsyer of coal st the bottom of s well-
characterized and constant horizon of carbonaceous shales. Cosl B,
and the overlying sandstono are not exposed at Miller's bank; but
in the banks of the Sonth Raceoon, south of Morrisburg, the sand-
stone and carbonaceous horizon above were observed, and in a boring
half & mile above, » bed of coal is said to have been found, which may
be equivalent to coal B.

Four miles south of Morrisburg, on Deer creek (seotion twenty,
township seventy - eight, range thirty, Guthrie county) at Lonsdale’s
bank, a two - foot bed of coul outcrops, and is overlaid by three to
four feet of dark, highly - fossiliferous shales. Ten feet above the
conl n soft, yellow sandrock is imperfeetly exposed, between whick
and the dark shales o second band of impure coal is said to occur.
In the slope forty - five foet above the coal, layers of compact grey
limestone are seen, which is the highest rock exposed at this locality.
The coal at this locality is regarded as the uppermost coal - bed of
the middle - aeries, or conl 0. It is one of the conspicuons palaeon-
tological horizons in the coal - mensures ; containing an sssemblage
of minute fossil - forms, which readily distinguish this from all other
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workings at this loeality are on lands belonging to Mr. John Long
dale of Dale City. The coal varies in thickness from twenty to thirty
inches. Its elevation above the creek greatly facilitates the working
of the bank. The coal is excellent in quality, and with the rapid
settlement of the beautiful country about, it will prove an important
source of wealth to that section.

Four miles west of Dale City, on Spring Branch of Beaver creek,
near Mr. Loring Mann's, horizons equivalent to coal B and the lower
carhonaoeons horizon of the upper group are found; but neither of
the carbonaceous horizons are here conl-bearing. However, higher
up the Beaver, two miles northwestward from Spring Branch (in
lot 4, section 5, township 78, range 8, Guthrie county,) the same
beds appear, presenting a marked contrast to their appearance
on Spring Branch. Coal B here sffords a twelve - inch bed of coal;
and twelve to fifteen foet above, the lower black shales of the upper
group are underlaid by a four-inch layer of coal, presenting pre-
cisely the samo appearance possessed by this bed st Miller's bank.
Mr. Thos. Coleman informed us of other localities in this neighbor-
hood where the same bed has been seen, and it is not improbable
that coal B may be found much thicker in this vicinity, Indeed, at
Marshall's coal bank, on Long Branch in the southesst eorner of
Guthrie county, s very good bed of coal one to two feet thiek is
being mined, and which, I am inclined to believe, belongs to this
horizon,

Thus far our examinations have been confined to the valleys of
the Raccoon and South Raceoon rivers, along a nearly direes lina
extending west from Des Moines forty -five miles into the interior.
We have had opportunity to study all the members of the middle
conl - series, from the Des Moines coal of the lower coal - measures
to the arenaceous deposits and limestones at the base of the upper
coul - series. And it now remains only to deseribe the principal
exposures found along the Middle and North Raccoon rivers, both @
which streams have afforded excellent facilities in the p ;
of the investigations of this division of our coal - measures.

At frequent intervals along the Middle Raceoon between Mr.
and Huggin's branch two miles above, rock - exposures appear in
blufls, and 88 we ascend the stream the westerly inclination of |
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strata brings successively to view higher and higher bods, comprising
the arenaceous and argillaceous bulk of the lower half of the middie
group of the middle series; snd, finally, in the high bluff opposite the
mouth of Hoggin's branch, the remainder of this group way be seen,
erowncil by the bed of sandstone. A few feet below the sandstone,
eoal B is ropresented by o sis- inch band of impure coal at an eleva-
tion of about one hundred feet above the river.  Ascending Huggin's
branch in a westerly direetion, the same beds sre again observed, but
at a much lower level, and the black shale st the base of the upper
group hero makes its appesrance. Near the head of the brauch,
about a mile from its mouth, at Huggin's bauk, a charscteristic see-
tion of the Lonsdale coal, or coal O, is found, (Section 2, Township
78, Range 30, Guthrie county.) The coal is two feet thick, and is
overlaid by the dark shale which presents its usual varied fauna,

About three miles above Feu's, at Duck's Mill, » fine section of
strats appears in the bluffs upon either side of the Middle Raceoon,
exhibiting in detail the upper portion of the middle group, and in
the tope of the bluffs northwest of the mills, coal C is obscurely
exposed. The lower black shale of the upper group ia finely
developed at this locality, but no cosl is associated with it. Ten to
fifteen feet below this shale conl B occurs, varying from four to ten
inches in thickness, as may be scen in the bluff above the mills.

In the vicinity of Tam’s mills, one or two miles above Duck’s
mills, numerous exposures are met with in the main identieal with
those just discovered. In the hillside near the mills, coal B outerops
st an elevation of forty - five feet above the river, and is represented
by a six inch luyer of rotten eonl. The sandstone cverlying the
coal is well developed, being some ten feet thick.. Three or four feet
above the sundstone, the Jower black shale of the upper group, capped
by its argillaceous cap - rock, is also well shown. But no signs of
the presence of conl C were detected ut this loeality. A mile north of
of the mills, on Hook’s branch coul B affords & handsome layer of conl
eight inches thick. Descending this pieturesque little dell, the
argillaceons limestone layers of the upper part of the middle
group are successively passed over, affording a plentiful harvest of
fossils; and toward its entranco the arenaceous beds of the lower
poﬂion;: the group are met with. At this point the Middle Raccoon
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abruptly bends westward, and half & mile above the branch, on
the north side of the river, a high bluff gives an imperfect section of
the same beds above deseribed. Ninety feet above the water the
black shales of the upper group appear st the surface, and eight feet
below this bed the sundstone which overlies coal B outerops. The
elevation of the sbove horizons at this exposure, compared with
their level above the river at the mills, shows a westerly uprising of
the strata at the rate of about thirty-five feet to the mile. A few
hondred yards above the last mentioned exposure, coal A has been
brought to view abeve the water level. This bed is six to ten inches
thick, and capped by & massive sheet of dark caleareous, fossiliferous
shales twenty inches thick, above which twelve to fifteen feet of blug
eluys ure exposed. The whole aspect of this horizon at this locality
is 80 unlike its usual condition, thut we would be at a loss to
determine its stratigraphical position under less forfunate circum-
stances.

In the vicinity of Panora, Guthrie County, the lower group of the
middle coal is well exposed, affording at several loealities interesting
sections of coal A. At Brumbaugh's Mill, and in the vieinity of
the Panora Woolen Mills, the coal is ten to fourteen inches thick,
and of good quality, The cap-rock here is more regular than at
many loealities, and gives a self-supporting roof to the entries,
which renders the working of the coal economical and remunerative,
The principal banks are Knowlton's, Frasier's, Wilson's and
Wasson's. At the latter bank, the nppormost layers of the lower
group are exposed in the ravine above the coal-bank, sud in the
bottoms near st hand a shaft has penetrated the underlying clays
and sandstone, to the depth of forty feet below coal A, which 1
hardly think has yet reached the heavy deposit of sandstone over-
lying the Redfield coal-bed. At the Panora Mills the same
horizons ave exhibited, bat here presenting some striking modifica-
tions. The elevation of the coal above the river level is about the
same at all the localities —twenty to twenty - five feet — which
indicates s gentle rise of the strata as we ascend the stream
westerly. Meesrs. Hanyan and Nichols, at the latter locality, have
caused a shaft to be sunk in the bed of the river, which encoun
the sume beds noted in the shaft at Wasson’s bank, a mile and a hall

REPORT OF STATE GEOLOGIST, 187

below. Coal A, also outerops in aravine near Panora Mills, but the
conl is reduced to a two- inch seam. Above the coal, massive bods
of sandstono and shales ocear, which are seen to advantage opposite
the mills. Should the strata continue to rise as we ascend the
valley, the upper beds of the lower eoal - measures would be bronght
to the surface a fow miles above Panora. Indeed, this seems to bo
really the case.

Some miles northwest of Panora, at Shaw’s bank, n cos! - bed has
been opened in the river bank but little above low - water mark.
The entry was closed with rubbish, precluding any actual examina-
tions, and iu consequence ouly the most meagre and unsatisfactory
data were gained respecting the physical characters of the bed and
its stratigraphical position. Three miles above Shaw’s, on Spring
run, & cval - bed has been opened on lands belonging to Mr. John
Clark., The bank, however, was concesled by the debris from the
disintegrating sandstone which imwedistely overlies the soal. Still
higher up the valley, in the northern part of Guthrie County, and
in Carroll County, sandstones and clays are seen in mauy of the
bluffs, whiclh frequently give exposures of an hundreil feet in hight.
Here and there, thin, interrupted carbonaceous bauds oceur in the
ferruginous grits and clays, and thin sheets of gravel are interstrati-
fied with tho finer materials,

At Mount's coal -bank, seven miles below Raccoon Rapids, (see-
tion twenty - eight, township eighty - one, range thirty - two, Guthrie
County) & one - foot bed of coal has been opened, overlaid by black,
fossiliferous shales, and light - colored olays with coneretiounry band
st top, upon which rests a soft sand deposit.  And three miles and
s half above (section twenty-four, township eighty -one, range
thirty - three), npparently the same bed shows itself in the right
bank of the Middle Raccoon, characterized by the same shales and
organisms found at Mount's bank. There sre other coal - banks in
this vioinity, which are doubtless referable to the same bed.

On Musquito creek, five miles cast of Panora, nt Howell's bank,
coal A is sgain wet with, affording » twelve-inch bed, and sgrecing
in all essentials with the bauks near Panora, although the bed at this
locality is high above the level of its outerap on the Middle Raecoon.

The North Raccoon river passes nearly through the middle of Dallas.
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county in a northerly and southerly course, eutting across the middle
coal - measures nearly at right angles to the northern border trend of
this series. Ascending the valley from its confluence with the South
Raccoon, the strata ascend or uprise to the northward at a much
more rapid rate than the fall of the stream in the opposite direction;
and reaching a point a few miles north of Adel, the most northerly
exposures of the lower members of the middle coal appear in the
ravines high above the river. Deyond the borders of the middle
series, horizons are encounter=d which present a marked contrast
to the strats found along the lower course of the stream, in some
respects recalling the beds on the Middle Raccoon sbove Panora,

One or two miles east of Adel, on Hickory and Miller's branches,
the upper beds of the middle group are finely exhibited. On Hick-
ory branch the upper sandstone of the middle group furnishes a very
good freestone, which is extensively quarried for building purposes,
Just above this bed, at one or two places, the same black shale of
the upper group is imperfectly exposed; and four feet below the
sandstone a thin carbonsceous band appears, which is the represen- ]
tative of coal B. In the section on Miller's branch the same beds
are displayed, and in the lower portion of the bluff a local develop- ]
ment of black shale is found, but which is not a relisble horizon. A
short distance north of Adel, on Butler's branch, at the base of &
low bluff composed of sandy shales and sandstone, 2 twelve-inch
bed of coal is said to ocour.

At Chaney's coal - bank, four miles north of Adel, coal A appears,
which is here twelve inches thick, overlaid by the clays and thin, fos
siliferous limestone lnyers which form the top of the lower group.
Lower down the ravine a still lower bed of coal onterops in the banks
of the stream, which probably belongs to the lower coal - measures.

North of Chaney’s the middle coal -measures have disappesred
and, although exposures of elay snd sandstone are not unfrequent,
no coal is again met with, to my knowledge, before reaching the
southern border of Green county. Ou Brown's branch, seven miles
below Rippey, Green county, a ten-inch bed of coal makes its
appearauce, and in the river bank near the mouth of the
an cighteen-inch coal-bed is said to ocear, which, however, i
only exposed at low water. Two and a half miles below Rippey,
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at Bussy's bank, an eighteen - jneh conl-bed is mined, which bears
a close resomblance to the upper coal-bed on Poleeat creck, near
Boonsboro, on the Des Moines.

The northern limits of the middle coal-measures may be defined
by @ line passing through the middle of the north half of Guthrie
and Dallas counties, in sn cast-and - west direction, nearly to the
Des Moines river, thence trending southeast through Dallas, Polk,
and into Warren county, nearly parallel with the course of the Des
Moines, as far as it has been traced. To the north of this line the
lower conl - measures appear at the =urface, and stretoh northward
into Green and Carroll counties. The northern boundary of the
upper coal - measures, in this part of the State, is parallel with that
of the middie series, and is definitely defined by the divide which
separates the Racooon rivers from the Three River distriet to the
south. Therefore, the middle coal - measures occupy a helt of coun-
try about fifteen miles wide and extending east aud west forty - five
miles or more.

It has been demonstrated that the middle and upper coal - measures
possess no thick beds of eol.  Although conl oeeurs in these upper
wneasures, the beds are thin, and it is only where they are loeally
thickened, as ut Marshall’s bank in Gathrie, that they prosent good,
workable beds. However, the upper bed of the middle coal-
measures is very regular, with an average thickness of twenty inches.
Wherever it is found in the country of the South Raccoon, it ean be
easily mined, and is, probably, the best bed in the two upper divisions
of the coal- measures. It donbtless can be reached by boring, at
many pluces to the southward of Lonsdale’s bank in Guthrie county,
but to the cast and north and westward it has been swept away by
the denuding agencies which exposed the lower groups of the middle
conl - measures, and, still farther to the northward, revesled the
upper portion of the lower coul - measures. In the counties imme-
diately to the southward of Gathrie, this bed is buried boneath the
limestones aud shales of the upper coal - measures.

The lower cosl-measures are the great repository of mineral
fuel, and to this series we must look for the main supply of coal
in the State. Although an extensive tract of eountry bordering

upon the Des Moines is underlaid by the lower coal - MM‘
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the gencral southwesterly inclination of the strata, in connection
with the ascent of the surface in the same direction, has carried this
productive series beneath the middle and upper coal - measures, and,
with the exception of the Redficld uplift, they are wholly lost to
view in the southwestern portion of the State. At present we have
no reason to believe that the lower measures are any less productive’
in their southwestern extension than they are along the Des Moines.

In the valley of the Raccoon and on the lower courses of the South
and Middle Raceoon rivers, the horizon of the Des Moines conl, ar
upper bed of the lower coal -measures, may be reached by boring at
variable depths, depending upon the stratigraphical position of the
loeality at which it is desired to seek this bed. It is uot improbable
that below Redfield this bed may be found above the level of the
South Raccoon, or within a limited distance beneath the surface of
the valley., But to the eastward it gradually sinks deeper and deeper
beneath the level of the streams until reaching the mouth of :
ereck, at which point it probably lies at a depth of one hundred and’
fifty feot, or thereabout, below the river. Between the Bulger and
the Des Moines, the etrata slowly rise eastward, which possibly brings
this coal horizon within sixty to cighty feet of the level of the Rae-
ovon river at the mouth of Sugar creek. And ten miles ina
course east of Sugar creek this bed gains the surface in the banks
of the Des Moines river at the city of Des Moines. But it must be
borne in mind that all beds of coal are more or less variable in
thickness, particularly if they extend over large areas; therefore, the
above estimates indicate the horizon of the ecal rather than th
actually known presence of the fully - developed bed. It is known
that below the Des Moines coal all the heaviest beds of the low
conl-mensures are found. Dr. White hus deseribed many of
coal - banks, and they compare favorably in all respects with the
of corresponding horizons of other States.

GEOLOGY OF THE MIDDLE REGION OF WESTERN 10W4,

The country embraced in the three central tiers of counties lying
between the Missouri and Des Moines rivers, possesses natural
features geperally common to the western half of the State. How-
ever, on s more careful examination of the ground, both with refer-
ence to the elimination of its topographical as well as its geologieal
featarcs, we find certain pecaliarities, on the one hand, common to
both the northern and southern portions of this region, which, when
viewed at the extreme opposite points upon the enst and west,
present little in common with one another. But in this intermedinte
region the more distinetive surface features which elaracterize the
extremes give way, and the result is a blending, or rather & toning
down, o to speak, of the more prominent and widely diverse topo-
graphieal features which are no where to be found more besatifally
displayed than in Western Tows. 7

The streams of the western watershed have a westerly flow, and
seek their outlet in the Missouri. In this part of the Stato the streams
take their rise in the great plateau which separates the waters of the
Mississippi from those of the Missouri. In ﬁdﬁi,h&ioﬁ, and
the southern portions of Carroll and Crawford eon several
streams tuke their rise, which flowing southward, reach the Missoari
within the borders of the State of Missouri. Of these may be men-
tionod the three principal branches of the Nishnabotany and
Whitted's creek,* Masquito, Keg and Cooper creeks. To the north-
ward, the Bager, Willow and Soldier rise in Sac and 1da counties,
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and passing disgonally through Crawford, Harrison and Monons
counties reach the Missouri along the middle border of the State,
The Little Sioux and its prineipal tributaries, the West Fork and
Maple river, head in the northern part of the State, and drain the
fine region embraced in Ida, Woodbury, and the western portion of
Monona counties. Along their upper course the streams become
mere drainage depressions, thongh their character as such is always
distinetly marked. Upon the head-waters of the numeraus small rivers
ond creeks which traverse this portion of the western watershed, we
do not find the streams taking their rise in lakelets, as in the country
east of the grand divide; on the contrary, they are divided intoa
multitude of drainsge channels which mark their delicate ramifiea-
tions to the very orest of the watershed between the two river
systems, and by this means a system of the most complete drainage
is effected. These upper ramifications have been called *draws™
and not inappropriately, as their beds are not usually occupied by s
continunous channel, for they are seldom fed by springs; but their
chief use is to collect the sarface waters, and hence it is only during
the spring and autumn seasons that their beds are flooded. In the
summer their waters shrink into little dark pools, and their beds are
carpeted by a tall, nutritious herbage, quite in contrast to the lowe
grasses of the surrounding prairies. These streams of green herbage
follow all the graceful meanderings of the chanmels to their very
sources, and impart a refreshing feature to the praivie landscape,
The Raccoon river system is tributary to the Des Moines, and is
the most considerable, buth as regards the size of the streams and
the area which they drain, that occupies the country between the
Des Moines and the grand - divide upon the east slope. The cow
of the four principal branches, the North, Middle, Bushy Fork
Bouth Raceoon, are nearly at right angles to those of the stre
previously mentioned upon the western watershed and parallel
the divide. All, with the exeeption of the North Raccoon, take the
rise in Guthrie and Carroll counties; while the latter passes throug
the entire length of Sac county, to the north, and heads in Buen
Vista and Pocabontas counties. The peeuliarities of the drainag
upon the two watersheds are widaly different; upon the wuum,
meet with a multitude of small branches, while in the country east
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of the great divide the larger stremms possess comparatively fow
small affluents. Before we go further, let ns make u brief examina-
sion of the deposits in which the varied topographical features of the
region are moulded, and which will enable us the better to under-
stand the origin of the present appearance of the surface in this
scotion of the State. The superficial deposits which oceur in the
western purt of the State are the drift and bluf. In the country
between the grand divide and the Des Moines, the drift is largely
devoloped, consisting of blue clays, and yellow, sandy clays, which
latter is nsuslly spread over the greater part of the surface. Upon
the west slope the drift rapidly diminishes in thickness, and is over-
laid by the peculiar yellow clays of the bluff. This latter daposit
reaches ite greatest development on the western borders of the
State, whon it sttains a somewhat variable thickness, probably at
many localities not less than two hundred feet. The fine nature of
the material which comprises the bluff, seems to furnish sonelu-
sive evidencc of its lncustrine origin. On the other hond, the
coarse materials which enter so largely into the composition of
the drift, were deposited at the bottom of the groat fresh - water sen
at the close of the glacial period. The bluff clays ubut upon the
Missouri bottoms in ranges of steep bluffs, which, when visited from
the valley, or looking either np or down their course from some
eminence, it requires but little effort on the part of the imagination
to transform the whole landscape into one of lofty mountain ranges
and great plain.  Although in the region of the drifv upon the east
watershed we do not meet with such bold, exaggerated surfnce fea-
tures ; novertheless, that section possesses its strongly marked pecu-

linrities, which furnish a striking contrast to the country bordering
the Missonri.

Descending the water - courses towards their confluence with the
Missouri, the valleys gradually descend, snd narrow intervals rise
from the margins of the streams to the gentle border slopes of the
uplands.  Along their lower reaches, the streams are croded to the
depth of two hundred feet and Mlﬂﬁ‘llﬁlhm
uplands is goarded by the massive hights of the great lacustrine
deposif. Between these streams the surface is ralling, though sel-
donbr;kﬁn. The streams themaclves are bordered by steep, grassy
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banks, and their beds, with few exceptions, are filled with quicksandy §
or equally treacherous mire. The uplands are remarkably free from
bogey land, and “slonghs” are encountered only in the low bottoms |
along the streams. In the immediate neighborhood of the Missousj
bottoms, where the uplands are sbruptly terminated, the surface iz
usually broken, and the bluffs are penetrated by deep, narrow
ravines, shaded by dense forest growths, whose existence one little
suspects nntil their canon -like beds are overlooked from the ridges
above. The Missouri bottoms form one of the most remarkable
peeuliarities of the West, They extend the entire length of ﬂu
State, and are more or less variable in width. In Harrison it
between the Boyer and Little Sioux, the bottoms have n width of
eight miles; and in Monona and Woodbury Counties they ¢ i
inland a distance of twelve miles or more, and the bluffs which
abruptly define the eastern margin, do not again approach the rive
until within a few miles of Sioux City, at Floyd's Bluff, where they
form & conspicnous headland overlooking the turbid waters of the
Missouri for miles. The bottoms rise in low benches, which, in
form, have all the characteristics of true terraces, although they nre
but little elevated above the general level. These benches, how
ure composed of exceedingly fine materials, and in this respect they
differ greatly from the terraces, or *second bottoms,” along the
streams of the Mississippi watershed. Like true terraces, they are
most clevated along their outer margins, and slope inland, giving ri
to the little lakes and channels which not unfrequently ekirt the b
of the bluffs and meander through the bottoms, afording a naturl
drainsge. Throughout the entire extent of the bottoms, the soil it
of unsurpassed fertility, and the day is not distant when this
immense tract of alluvial lands will hold a foremost place in the
agricultural interests of the West. d
As has been proviously mentioned, the greatest developmi !
the bluff deposit occurs in the Missouri river bluffs, where it ranges
from one handred to two hundred feet in thickness. To the north-
‘ward, however, the deposit gradually diminishes in thickness, aud i
the neighborhood of Sioux City, it is reduced to half its maximum thieks
ness in the counties to the southward. It crowns all the cre
hills, and gives to the region about, that peculiar cha
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topography pertaining to this deposit. Indeed so markedly is this
manifest that the presence of the eretaceons formation ean hardly be
said to have taken more than an insignificant part in giving the
country ils present configuration.

Underlying the blaff material along the Missouri valley, at many
loealities, we find a thin layer of sand, with pebbles and boulders,
distinetly arranged in layers ; aud which, in turn is underlaid by the
elays of true Drift epoch. But more frequently the thin stratum of
molified drift material is found resting immediately upon the rocky
strata, with no intervemng elays ; and sometimes even the gravel -bed
disappears, and the base of the bluff comes in immediate contact with
the eonsolidated rocksyas observed in the environs of Sioux City.
However, if we aseend any of the valleys of the larger inland - streama,
as the Little Sioux and the Boyer, a8 we recede from the Missouri
river bluffs castward, we shall very soon witness a gradual increase
in the development of the gravel-beds; snd soon low outliers
protruding from beneath the bluff deposits, will add an unusual
element to the landscspe, and however inconspicuous these bunches
may be they are always sure to arrest the eye and gain our interest,
if no other than this very obscurity. On the Little Sioux the gravel-
beds are found fifty feet above the stream, overtopped by twice that
thickness of blaf. And at Dennison, at the confluence of the twe
main branches of the Boyer, similar exposures are found, from which
ia obtained the gravel for the mannfacture of the concrete brick st
that place. Also near Dennison, on Judge Bassett's farm, certain
Isyers of these deposits are found sufficiently cemented, to
answer for laying up in rough walls. Generally speaking, however,
the gravel deposits are too wasted to have more than a slight influence
in modifying the nature of the soil, which is still decidedly of bluff
origin.

In the country bordering upon the Nishnabotanys, the bluff pre-
sents somo of its most characteristio features. The divides are
massive and rounded in outline, and descending into the valleys by
thase long, graceful slapes, it is not unfrequently difficnlt to draw
the demarkation between bottom - land and upland. But on approach-
ing the grand divide, the drift is frequently found high in the slopes,
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the line of its outerops studded with boulders, and giving a sort of
angularity to the topography which is wholly foreign to the bluff.

Ascending the esst branch of the Boyer, the blaff clays contingg |
to compose the great bulk of the uplands, and sweeping over the
watershed in Carroll and Audubon counties, burying deep beneath
its mass the underlying deposits, it forms a heavy capping upon the
divide between the South Raccoon and Brushy Fork, and tips the
crest of the ridge between the latter stream and Middle Raccoon,
upon the enst watershed, At this point, which is the eastern border of

nspect, and in many respects uaseﬁtinlly peculiar to that section
the country drained by the Raccoon rivers.

But to return to the west watershed, we will next aseend the main
braneh of the Boyer. Starting from Denison, our route thence
the northeast corner of Crawford county traverses the beantiful ap.
land upon the east side of the Boyer, and parallel with its eourse
The bluff- clays eontinue to impart to the soil and to the surfsce
outline of the country its well - marked peeculiaritiez until we have
passed heyond the borders of Crawford and entered Sac county.
Here the country becomes changed. The surface, instead of p
senting those smooth, graceful slopes and finely - comminuted
everywhere met with and common to the bluff wherever it existy,
stretohes to the northeastward in a barely perceptibly - rising plain
traversed by long files of low wave - like ridges or swells, whose er
are paved with boulders and the slopes strewn with gravel. We
hardly missed the presence of the familiar lacustrine deposits ere we
find ourselves environed by entirely different geological and topo-
graphical phases. We nre sgain standing upon the great divide,
overlooking almost an immensity of pruirie, the horizon to the esst
west and south presenting a continuity as unbroken as that at sea,
but which to the northward is interrupted by the heavy drift-ridges
whose outlines are sharply defined against the background of
blue sky at that quarter. Every step of the way thence to
Lake exhibits the uncovered drift deposits; and reaching the bluf
overlooking the North Raccoon at Grant City, and throughout i
eoumbqlmi,mn defined terraces, or “second bottoms,” be
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either margin of the valley, which greatly enhance the scenic effect
and afford beantiful rural situations.

The dividing ridge ic this region has a generally northwest and
southeast direction. Between Audubon and Guthrie, and in Carroll
eonnty, it forms a sinuous ridge, from the crest of which the drain-
age “draws™ descend upon either slope, on the one hand to join
the numerous affluents of the Nishnabotany and the Boyer, and
upon the other to angment the tributaries of the Raecoon rivers.
But as we pass along the divide to the northward, in the northern
portion of Carroll eounty, the drainage of the two watorsheds is
interlocked, so to speak, by the head - waters of the Middle Raccoon
and the east branch of the Boyer ; and here the divide is as sharply
defined as the ridge of a gable roof, Further to the north the ridge
expands into » gently undulating plateau, which is traversed by low
ridges of drift, producing an entirely different configuration from
what it possesses to the southward. These ridges are composed of
the loose material of the drift, and form the highest land in this part
of the State, with an elevation abave the level of the ses, probably,
of not less than fiteen bundred feet. The broad, shallow depres-
sion intervening between the knobs or ridges of drift, possess a rich,
bluck, gravelly soil, which differs in many respects, excepting in fer-
tility, from the soils of the west watersheds, It will have been already
seen that the difference in the soils of the east and west watersheds
is due Lo the difference in the nature of the immediately underlying
deposits iu the two sections. Wherever the bluff clays are found, s
fine, light - colored, darahle soil is produced, which is particalurly
well adapted to the growing of cereals; and in the region of the
drift, cast of the dividing ridge, the scil is of a loamy nature, though
possessing many varieties, susceptible of early tillage, and returning
abundant harvests to thorough cultivation.

The Raccoon rivers are deeply excavated into the drift and coul-
measurcs ; their valleys are narrow and bordered by steep bluff
sacents, and usually terraced. But along that part of the courses
of the South Raccoon and Bushy Fork bordered by the bluff deposits,
cither these “second bottoms™ are wholly obliterated or only obscurely
digplayed — a peculiarity, us heretofore observed, common to these
deposits wherever they are found associsted. The moment, however,
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the streams pass beyond the influence of the bluff, the benches which
rise step-like upon the sides of their valleys assume definite ont.
lines, and hence continae to impart to the valleys a prominent and
pleasing feature in their formation and appearance. The uplands
are level, or but gently undulating, and instead of sweeping dowa
into the valleys by more or less steep, smooth slopes, as is ihe
case with the uplands of the bluff country, they are always
abruptly terminated upon the brink overlooking the valleys from
a hight of one hundred to two hundred feet. The quality of the
soil in the valleys proper varies according to the location. Immedi
stely bordering the margins of the streams, the low intervals oc
which are made of sediments, sand, &e., the deposit of the fresh
The lower terrace is usually enveloped in a fine, loamy covering,
remarkable fertility. The earlier or higher terraces, on the con-
trary, are composed of coarse, rearranged materials derived from
the disintegration or wearing away of the drift which once f
these valleys — for the valleys are evidently of very remote origin,
extending far back into the past to a time prior to the glacial or
period. These higher benches possess the warm, gravelly soil,
common in the valleys of many of our rivers which are tributary ta
the Mississippi. In the valley of the North Raccoon, below Granite
City, in the counties of Calhoun, Carroll, Green and Dallas,
algo in the valleys of the South and Middle Raccoons, the te
formations may be advantageously studied. But they are seen o
in the valley of the North Raccoon, as st Adel, near Mr, Gibsons
above New Jefferson, aud in the vicinity of Morlan's, Calbo
county, where they present some of their most conspicuous and
diverse peculinrities.

In connection with the terraces, interesting spring phenoms
ena are frequently observed, which have attracted cousiderable
notice. In Greene, Carroll and Calhoun counties it is not uneom-
mon to meet with limpid streamlets trickling down the slopes
toward the river, and sometimes they have formed for themselve
deep channels in the loose material of the surface over which the
flow. Tracing these little streamlets to their sources, they a
invariably found to issue from the gravel-bed immediately at the
point of junction with the impervious blue clays of unmodified dri
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Itis only at those localities where the sheet of gravel has been inter-
rupted in its descent to the lower levels of the valley, briuging to
the surfacs in its stead (it may be but a narrow band) the underlying
clays of the drift, that natural springs may be expected. Many
times the springs issue almost at the brow of the bluffs, and upon
the steep slopes peaty deposits are in process of formation from the
partial decomposition of the Iuxuriant herbage growing in the wet
spots.

Wells of excellent water may he obtained at alwost sny point by
sinking a shaft down through the modified materials to the upper
surface of the drift clays, and usually at a moderate depth from the
surface of the ground. In the country of the west watershed, rills of
water are not obtained at so short a distance below the surface ; there
the great thickness of the blufl clays must be penetrated before the
lower, water - saturated gravel bed is reached. This would prove a
serious disadvantage in that section were it not that the bluff material
possesses that tenacious quality which enables excavations to be made
at any depth in its mass without incurring the risks of slipping or
falling in or the expense of curbing.

The distribution of forests upon both watersheds seems to have been
governed by the influences. The annual fires which sweep the prairies
of the interior, unchecked, have doubtless had most to do in pre-
venting the gencral growth of forests in this region. The groves are
usually found in such situstions as afford them the best natural pro-
tection from the devastations of the fires. These sitastions are
variously located, but usually the densest timbered lands are confined
to the lower bottoms bordering the streams and in the deep gullies
which penctrate the uplands, Considerable bodies of timber skirt
the Missouri bottoms, but between this belt and the foot of the bluffs
the level streteh of the hottoms is interspersed ouly at long intervals
by lone eottonwoods or elumps of willow. Upon many of the streams of
the wostern watershed various belts or little groves are not unfrequent,
and they contribute the most redeeming features to the landscape.
Groves ave not always confined to the river marging, however, for it
i not & rare oceurrence to meet with them upon the uplaud ridges,
though iu theso situations their gnarled, charred trunks bear painful
evideuce of their stroggles with the fires. A fow miles north of
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Exira, in Audabon, a considerable tract of the upland is covered
with a seattered growth of osks and underbrush. And in Crawford,
Harrison and Monona counties, many of the divides are covered with
low, bushy oaks, which spring from roots as large as those of the
mature forest tree. Since the settlement of this part of the State,
fine groves of young timber have grown up where fifteen years ago
the luxuriant herbage of the prairies was the only vegetation. In
the northwest portion of Shelby county there is a large body of
forests on Mill ereek and its affluents, which is said to contain about
ten thousand acres: it is the largest body of timber in this region.
Upon the east watershed the valleys of the Raccoon rivers and their
affluents afford considerable bodies of timber —enough, indeed, to
supply the demand for many years to come. Upon the upland in this
portion of the State handsome groves planted about the farms already
break the continuity of the horizon -like islands; and if farmers
would give more attention to the planting of artificial groves, ina
few years the country would wear o very 'different and far more
inviting appearance.
Fruit - trees are said to thrive throughout this section of the Sta
the great diffieulty to be encountered in their enltivation, is to cheek
the rapidity of growth which is so fatal to the hardiness of the
young tree. It must be borne in mind, however, that there are fe
loealities in the thirteen counties of this district which have b
settled for a longer period than twelve to fifteen years; and
rience teaches that the introduction of fruit - trees into a new cou
is almost always attended with many discouragements. Now, ti
nurseries have been established in various parts of the State, ay
the trees acclimated nnd accustomed to the soil, in a few years we
may reasonably hope to see ns fine orchards upon our prairies as are
to be met with in any of the older States in the same latitude.
Little attention has been given to the introduction of the cultivate
grasses. But there can be no doubt, in view of the experience of th
older settled portions of the State, as to the practicability of co
ing immense tracts into the finest meadows in the world. To-day,
however, the whole prairie is a common, natural pasturage :
meadow. Upland and valley alike are clothed with nut ous
herbage, affording a boundless range; and rivulets, brooks and
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rivers furnish a never failing sapply of water. In fine, there is
diversity enough to please all tastes and suit all interests. There is
a variety of soils, but the same grains may be produced from any of
them with almost equally remunerstive results, And now, that
these counties will soon enjoy the facilities afforded by three main
railway lines which traverse their territory east and west, this
section of our State will possess advantages second to those of no
similar distriot, and open to enterprise which it is so capable profit-
ably to sustain.
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REPORT OF CHEMIST.

To Do C. A. Wuire, State Geologist :

Big — The panying Report ins the principal results of my chem-
Ieal work for the survey. It will be most convenient to divide this Report into
the following chapters, sceording to the subjects treated of: =

L Cmmacan Report ox mne Fouw oy Towa.

IL Cwesmicar Rerort ox Tne WareR axp Rocks or Towa.

UL Ox mue Vavvaron, Conrosition Axp PROXIMATE Axavysis or lowa
Coars,

IV, Ox Tur Mixerarooy or Towa.

GUSTAVUS HINRICHS,
lowa Crry, Febroary 24, 1808,

CHEMICAL REPORT ON THE FUEL OF IOWA.

CHAPTER 1.

In this chapter the chemical composition, physical properties and
heat - giving value of our Iowa fuel will be given, particalarly in
regard to coal.

The fertile soil of the State can furnish an abundance of digestible
fuel, food for the stomachs of the present population and several
millions more. Below the surface of thus soil there is an almost
inexhaustible supply of very good indigestible fucl, food for the iron
stomachs of hundreds of steam boilers, which one day will be busy
in this State, doing the hard work of millions of hands; the joint
labor of the human hands, supported by the product of the soil, and
of the iron hands, fed by the fuel from below the soil; this is the
measure of the fature wealth of the Stato. Henco the prominence
given to the geological and chemical investigation of the fuel of the
State in the labors of the present Geological Survey of Iowa.

1. ON THE CLASSIFICATION OF FUEL.

Whenever any fuel is heated to a certain tomperature, it will burn,
provided at the same time the air has free access. The resalt of this
combustion is a two-fold one; the material apparently disappears
(leaving only a small amount of ashes) and heat is produced at the
same time. In other words, the fuel has been changed into two
gaseous producte, earbonic acid snd water, and in this transforma-
tion heat was given off.

We burn the fuel merely in order to obtain this heat yet it can not
be set free except by converting the fuel into the above mentioned
two substances, carbonie acid gas and water. a
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These two substances form a considerable part of the atmos-
phere surrounding the globe, and every combustion increases this
amount. While thos the amount of combustible matter of fuels
is continually diminished by the increasing wants of man, the
question naturally arises: can not these products of combustion
be re-convertedinto fuel? Can not fuel be mannfactured? Np
doubt it can be done; chemists have succeeded to decomposa baoth
products above named, 5o as to reproduce combustibles. Even the
twelve per cent of pure carbon contained in our common limestone
can very readily be extracted from the same by chemical means,
But the power necessary for this purpose is heat, so that unless this
heat be obtained at a very low price, these chemical processes can
not be utilized in the arts, or fuel can not be manafactured.

Fortunately there is one source of heat costing nothing, that is
the heat of the sun. Fortunately there is one chemical apparatus,
costing nothing, but most eminently adapted to the work of
re - decomposing the produsts of combustion given to the air; this
spparatus is the plant. Just as soon as but a leaflet is above
ground, the young plant under the power of the sun’s ray com-
mences its attack upon the products of combustion contained in
the air; the result of this lsbor is vegetable matter, combustible,
and in proportion as the chemical work of the solor ray and atmos-
pherie air goes on in the coll of the plant, this increases continually,
It is this action which gives us our forests, our peat and our coal !

Until heat can be obtained cheaper than the fres oll - reaching ray
of the sun and the raw - product can be had for less than nothing, the
present quotations of a liberal atmosphere; until then fuel will not )
be produced except as the result of vegotation,

Force being as indestructible ns matter, we here discover the
origin of the heat produced by combastion. For since the heat of
the sun acting upon the carbonic acid and water in the sir makes the
fuel, this latter when burning reproduces not only the former matter
(earbonic acid and water,) but also the force, heat. We may, there-
fore, say that the yegetable tissue is air woven by the sun's ray.

It may be well to notice that this circulation of force and matter
is perfect; solar heat and the products of combustion produce the
combustible ; this latter in bemg burnt, re- produces both the
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materials of which it was made, and the heat which wove these
materials together.

In burning a branch of last season’s growth,'we set free the sun-
besms of that season; in burning a tree 4 thousand yesrs old, we
set froe the solar ray that came to our earth a thousand years ago;
in burning coal, the product of a vegetation which Bourished millions
of years ago, we literate the beams of the sun which came to this
globe willions of years before the appearance of man,

All our fuel is undoubtedly of vegetablo origin.  But as vegetation
is of two tolerably distinet kinds, aquatic and terrestrial, the fuel
resulting must vary sccordingly. The plants growing on the land
need a spocial, firm texture to support their own weight; those
growing in the water are almost completely held up by the buoyaney
of the liquid, and are therefore devoid of woody fiber. As the
forests on the land, so dominates the sea - weeds among the plants of
the deep; they are often hundreds of feet in length, and of consider-
able thickness,

Plants may be used as fuel immediately after being cut down
(onr fire - wood), or they may have been buried in the sea or among

the rocks for a greater or less length of time (fossil).  Accordingly
we obtain the following general classifieation of fuel :

m:’l“ 'D’g%‘::.:::::,::. e i

g&-ﬂmunﬂ
Land- piants ground. | Mosses, hoather, ete..| .....|i Be Sak Usstinsnses
Supt'n“nu dag e ..-MMM.

e e

All of these varieties of fuel are fonnd in lowa, exeept Brown coal
or Lignite,

Just as well as our forests continually pnhlninmc?
wood, 50 we know our peat -bogs annually toadd to the store of
peat; and the immense rogions of sea - weeds in the ocenns prove
was bat a few years ago advanced by the distinguished German
chemist, F. Mohr, of Bonn on the Rhine, In the course of my
investigation of the Towa coals, I have discovered several fcts which

B o ciian e

much weed........
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add considerably to the already overwhelming evidence brought for-
ward by the author of this theory.

We shall now consider the chemical composition of these various
fuels, indicating the exact place of our Towa fuels in the series,
Thereafier we intend to show how the valuation or heating effect of
these fuels is determined. Finally, the results of the several
analyses of Towa coals will be given by counties.

It may not be improper to give a short synopsis of the history of
the coal, particularly as this, after Mohr's labors, appears remarkably
simple, and also because our Towa coal -field seems particularly
adapted to prove the correctness thereof,

Tn order to make this chapter of interest to the general reader, I
shall leave out everything of an abstruse nature; but for the sake
of completeness, these matters will be given in a separate chapter.

II. ON THE COMPOSITION OF FUEL,

The chemical elements which constitate by far the greatest portion
of all fuel, are Carbon, Hydrogen, and Ozygen.

The first of these we have almost pure in charceal; it burns
without producing any flame while producing a very high degree of
heat. The greater the proportion of carbon in auy fuel, the deeper
black will be the color of the same, and the more intense will be the
heat produced by its gombustion, but the less flame will result,

The second of these elements, hydrogen, is the very opposite ; not
solid but a gas, and oven the lightest body we know ; when burning
it is all flame, producing a great quantity but relatively not so high a
degree of heat, ascarbon. Hydrogen constitutes one-ninth by weight
of water, about one-sixth by weight of common illuminating gas.
Hence the greater the per centage of hydrogen in any fuel, the more
flamo when burning. That part of the burning fuel which is suffi-
ciently heated will decompose, giving off its bydrogen and some earbon,
a8 & gaseous substance, more or less like illuminating gas; as soon
a8 this meets the air, supplied by means of proper draft, it will burn_
constituting the flame of all these combustibles.

The third principal element of our fuels, oxygen. may be consi
an unproductive part of the fuel. When constituting a part of
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fuel, it costs a corresponding amount to us, while in the air we could
have it free of cost; and as the heat of eombustion only resalts from

the earbon or hydrogen uniting with oxygen, it is furthermore
evildent, that any oxygen united with these other elements in the fuel
prevents those parts thus already provided with oxygen from pro-
ducing any beat. A fuel is therefore so mueh the better the less the
smeunt of oxygen it contains.

Ouwitting for the present the eonsiderstion of those elements
present in small quantities, we mny express the average composition
of the varions fucls, referred to one bundred earboun, in the following
figures:

|

| &
s a‘ N
FUEL—DRIED. £ 1 g l g
2|2

According to the remarks just made, it will require much more
wood than coal to produce the samo heating effect, on acconnt nf, the
great proportion of oxygen in the former. The umount of hydrogen
corresponding to 100 carbon gives a fair representation of the
inflammability of the fuel.

The fuel, as commonly used, is not artificially dried, but contains
a grester or less amount of moistare. A portion of the heat devel-
oped by combustion of the fael is therefore wasted in driving off the
moisture. Al fael, furthermore, contains o very noteworthy amonnt
of ashes, which also, in various ways, diminishes the effectiveness of
the fuel. Nor can we finally consider the fucl as merely constitated
of the above clemonts thoroughly mixed up, they are chomically
combined. To increase the difficulty still more, it has hitherto not
been possible to ascertain the exaot way in which these eleinents are
combined. Thus it seoms, that very little ean be ascortained chem-
ieally in regard to the exact value of the various fucls,

7
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But when fuels are used for heating purposes, they are, as men-
tioned above, always mere or less decomposed before they are totally
consumed. The heat in the fire - plazs decomposes the fuel into g
volatile and a non -volatile portion; the former when burning con-
stitutes the flame, the latter when cooled constitutes the coke, (or, in
the ease of wood, charconl.) Hence, it is not at all the fuel as it js
thrown upon the grate that burns, but rather the products resulting
from the fuel when exposed to the heat of the fire - place. Althongh
we therefore may be ignorant of the exact arrangements of the
elements in the cold fuel, we may, nevertheless, be able to estimate
its heating effects, if we succeed in ascertaining the products wherem
the fuel is decomposed previous to its actual combustion. '

Now this is what the =0-called proximate analysis of fuel attempts
to do. By exposing the fuel to heat, being careful to exclude th
air from it, we ascertain the amount of volatile matier in the fael;
this subtracted from the total weight taken, gives the per centage of
coke. By separate operations both the amonat of moisture and of
ashes is determined; subiracting the former from the volatile, gives

the amount of volatile combustible matter, which I for brevity eal
bitumen ; subtracting the per centage of ashes from that of the coke,
we obtain the amount of non - volatile combustible matter, which i
almost pure earbon, and therefore is called carbon. By means of aa
extensive series of experiments, I have succeeded in porfecting this
method of analysis to be fully equal in exactitude to that of the
elementary analysis; so that the analysis made by me will not only
have o relative value, but fix the absolute value of the coals analyzed
The detail of this method and the investigation leading thereto ap
peared in the American Journal of Mining. [See Chapter IIL)

As an average from which the various samples of Iowa coals b
slightly deviste, I may give the following percentage composition:

F COMPOSITION.
2 VOLATILY — PER CENT. "
ﬁ, IR 7
OB~ aaw s d Ashes
|

Total combustion, 90 per cent.
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In the Report of Prof. Whitney (vol. 1, pt. 1, page 899) it is stated
that the Towa coals contain from 45 to 50 per cent of carbon. Thi
:;ncemmt’ ,hu _hen copied in Bailey and Hair's popular “Io:;a &a;:

aztlleer, Cinugo, 1865, page 22. The actaal per centage of car-
bon given by Whitoey on the subsequent pages, ns the result of ki
own lell‘vnia. range all the way, and regularly, from 39 to 55 pa:
:;u;;,l;t;a!t is, instead of varying ouly 5 per cont, the variation is

In commeneing the more eritical study of
soon discoverad that notwithstanding :hig’gnu‘h:a;:::ncg:l:t‘\:g 4
po.sm'on of the raw coal, tha combustible itself varied but ver litt::
bfung composed of ubout 40 of bitamen and 54 of mrbon: This
discovery was first mentioned by me in the « report of pro -;s "
1866, and is in detail published in the American Jowrnal o;n'!l' o i
for November 30, 1867. [Ree Chapter 111.) .-
:The direct ecnsequence of this discovery is that the heating effoct
¢f our vavious lowa coals is measured i
busiible matter; for if this latter is of l:: :::P:;";’;;“ﬂ::{‘”"'
Towa conls, it follows that the heating effect is prbparh'mllox
amount of this combustible, The per eentage of combustible in Tows
coals I have therefore valled the valie of thess conls. 3

Furthermore, two conls will have the Shm: [ :

contain the same weight of this combustible ; l:::? :J;f:::m

of the various Towa coals as contain the same amount (100) of com- ‘
bustible matter, the ealoric equivalents of these coals, ‘

If wo had  certain weight of the bustible contained

Towa coals, but free from both uh«P:; :&n if this »i;:: |
could be had for one dollar, then the raw Iowa bmf.' oonhﬁing on
the average 90 per cent of this combustible, would be worth 90 cents
for just that weight, and 111 pounds of the same coal would produce
the tame amount of heat, as would be ed by burning 100 pounds

of the pure combustible.

Sinee this i n&,m method of valuation of coals, it will
‘&wuﬁwnmﬂ- in order to be fully understood by

For instance, the conl from Hmw&'ﬂunnﬁ}
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eight, township seventy-two, range fourteen, near Chillicothe,
Wapello County, gave by my analysis:

' No. 348, Top. | No. 871 Bouom.
Bpeeific gravity ......... l T 1LA6L 1308
Weight of 1 eubie foot. .. Bisalbe __ SL50 Ibe,
Volstlle matter. . ..eere. 40.50 per cent. 4770 per cent,
OKe . ueues 58.04 per cent. 54.21 per cent,
Bitumen 898.55 per cent. 41.67 per cent,
Carbom...coouaies 4647 per cent. = 45,54 per cent,
T COMBUSTIBLE SH.02 per cent, $0.01 per cents
KOBen {06y vromnsaneenes | 2.17 per cent. ’ (white) 887 per cent
OBEUPE Ly v eeiiaiens 781 per eent, 612 per cent.
e ] 100,00 per oent. i 100.00 per cent,

It may be seen from this analysis that the combustible of the top
and bottom part of this coal -bank is very nearly the same; con-
taining about forty -six parts of bitumen in each one hundred of
combustible. The top coal contains eighty -five per cent of com-
bustible, the bottom conl ninety per cent of the same; hence, if &
certain weight of the top coal is worth eighty - five cents, the same
weight of the bottom coal will be worth ninety cents, for heating
purposes; the same weight of the pure combustible would be
one dollar. This is what is meant by saying the per centage of t
combustible expresses the valae of our Iowa coals.

Again, in order to get one hundred pounds of pure combustible,
it is necessary to take nearly one hundred and eighteen pounds of
the top coal, or one hundred and eleven pounds of the bottom coal.
In other words, one hundred and eleven pounds from the bottom of
this mine contains as much of the heating material, or are ¢
of yielding as much heat, as one hundred and eighteen pounds
the top part of the mine; that is, one hundred and eighteen of the
top coal are equivalent in regard to their heating or ealoric effect
one hundred and eleven pounds of the bottom coal. This is w! -

meant by the ealoric equivalent given in my analyses of Iowa ¢
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Both of these two values, on which the practical importance of
the snalyses of Towa conl depends, are the result of my own inves-
tigations. They were thercfore not given in any analyses of Towa
combustibles previons to my own.

Finally, it will be observed, that the color of the ashes of the top
coal is red ; that of the bottom conl is white. The red color in the
ash being due to iron oxide in the same, resulting from pyrites (iron
combined with sulphur) in the coal, it is evident that the top eoal

ins a iderable a t of sulphur, the bottom conl hardly
any. Hence the bottom coal is good for blacksmithing purposes,
the top coal not; if used for mere heating purposes, the top coal
will be more destructive to grate and boiler than the bottom coal.

The guide of the analyses in regard to the amount of eoke or gos
that the coals may yield was given in the older analyses also; but
since my analyses are made nocording to a method giving strictly
reliable results, the estimates here given for gas and coke may prove
a more safe guide for those who either would manufacture coke, in
order to enable them to ship coal to greater distances, or who would
select & cosl for & gas works. .

I have dwelled thas lengthily upon this sample in order that the
people may be enabled to understand the meaning of the figures
given ag the result of my analyses of Iowa cosl, particularly since
these two expressions of value and equivalence never before have
been connected with proximate analyses of coal. This valuable
practical result I claim as one discovered during the
Geological Sarvey of Town. gt o oy

Inwdorweoﬁmmhwnwdwhhthouo?ohmdm
world, 50 as 1o test the popular opinion that our Tows conals are of
an inferior quality, I have analyxed the following soven samples of
fuel, contained in my private cabinet of minerals. For the sako of
completeness, I have also added my aualysis of the most volatile solid
fuel, asphaltam. It must be obsorved, that these analyses are com-
parable, having all been executed aeeording to my improved method.
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COMBUSTIBLE — 100,

s 1 d
NAME AND LOCALITY. 8=
HEE i
oildl= i
Alsphaltum % . o] ) T4 9
Peat, from Ireland . . ..oooninivnnan «] 86| 64 85
Bituminous wood, from Salzhausen, H o 81 09 (74
Brown coal, from Arbesan, Bohemis. .. .. .| 36 64 )
Brown cosl, from Bilin, Bobemis .........c.00000 40, 67 £
Bitnminous coal, from Beatnen, Silisis .esl BL 40 50
Towa coaLs, nve 5- 60| 50 "
Cannel eoal, from ignn. Englsnd 61 49 :
Anthracite, from Pennsylvanin ... ol e i

[For the sake of perspicnity the decimals have not been given ]

The excess of the equivalent above 100 expresses the amount of
impurities [ashes and moisture| in the coal. For the same kind of
fuel its heating effect will therefore be the greater for equa! weights,

parts of impurities for 100 parts of combustible.
particalar cases this amount is frequently exceeded, it is also very
often much less. Thus the coal from the top of the bank at Busines
Qorner, Van Buren county, has an equivalent of enly 102,73 : thatis,
for ench 100 of combustible this conl contains only 2§ of foreig
matter, or less than the Anthracite analyzed. The equivalent of
coul from the bottom of Richardson’s mine, two miles west of Fairf
Jefferson county, is a little lower yet, only 102,37, and indeed
lowest of any Towa coals yet analyzed ; that is, it is the purest
samples investigated, containing not even 2} parts of non - com
ble matter for each 100 of combustible, or less than one pound
forty pounds of pure combustible matter.

Nor is the kind of ashes in our Iowa coals of & more obnoxion
quality than that of other coals. The ashes from the bottom coal of
Henry Shock & Co’s mine, Wapello county, or from the bottom
of the Iowa Coal Company’s mine at Oskalooga Station, Mal
county, and from many other samples of Towa coal, is as pure
as the ashes from the English cannel coal, analysis of which is a
given. Nor is the ash of any Iowa coal more ferruginous, or
corresponding coal, more sulphurous than corresponding coal fro
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other regions; the simple fact of the matter is, that everywhere we
have both poorer and better qualities of coal in these respects, and
while noue of our Iowa coals is worse than poor coals from other
countries, there arc no bituminous coals better in any country than
the best coals of our State, both in regard to the amount and quality
of the impurities of the fuel.

Again, it will be observed that the amount of carbon in the various
combustibles analyzed ranges from 40 to 4. The average would be :

Peat and brown coal, 40 per cent earbon.

Bituminous coal, 50 por cent carbon,

Anthracite, above 90 per cent carbon.

It therefore appears that our Towa cosls sbe as rich in carbon as
the average of bituminons coals ths world over. We have among
the numerous samples analyzed found one sawple almost identical
with the genuine cannel coal from Wigand, England, mentioned
above; this coal is from the top of the Alpine Coal Company’s mine,
at Alpine, on the Des Moines river, in the southeastern township of
Wapello county, This will become plain by comparing the results of
my analysis :

7 TR P e ot e et

The eorrespondence in the composition of Mmmplu, the
one from England, the other from the Des Moines Valley, is, to
the least, most remarkable ; atwynu&fvn}nlhﬁ as
the English cannel coal here analyzed.

The column hesded “Value” in the preceding table has not the
samo signification as it has for our Towa coals, for the per centage of
bitumen in the combustible of these fuels varies very much, so that

o~
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an equsl per centage of combustible for the various kind of fuel dogs.
not imply an equal henting effect.  Indeed we know, that while ong
pound of carbon, by enmplete combustion, will produce heat sufficieng
to beat eighty - one pounds of water from the freezing to the boiling
point, or to convert sbout twelve pounds of water into steam, the
various gases constituting the volatilized bitamen have a differeng
heating power — some produeing less, others producing more heat
than an equal weight of pure earbon.

Aeccording to the determination of the late Prof. Forchhammer, of
Copenhngen, as stated in his lectures, one pound of the various fuels
will by combustion raise the temperature of the following number of
pounds of water from t\he freezing to the boiling point:

Wnod B I e o oy el s m s n i s 3k axaia 0 Fon 8 B LB 0 292 Thy
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Bmwl WO o iv e ke s s s on § eV kil Rudiior i i 20 1o 36 by
Pitcoal, oo (Blumicons emml). oo voe trvriarinsiommminnans 60 to 00 Tha
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While these figures state the amount of heat that can be obtained,
but which sctual practice falls very much short of, we have some
experiments of the Prussian Chemist Brix determining the number of
pounds of water actually converted into steam by means of one
pound of fuel in the same heating apparatus; his results were:

Wood...ooven RN s ¥ s nis Vg v A tas L E A Ban A s Ay S s R n VI s d 4 w5 ibs
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Since one pound of pure carbon, if completely utilized, would
convert twelve pounds of water into steam, this last figure shos
how much even carefully conducted experiments fall behind ¢l
theoretical standard.

By means of these figures we see, that for equal v.eights the hes
ing effect is smallest for wood, greater for peat, still greater
brown coal, and that bituminous coal, or rather pit coal (ste
of the Germans) is only surpassed by anthracite in its b
effect.
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Since now my extensive analyses have proved that our Iowa
cosls are fully equal to the average of bituminous eoal, we must con-
sider the popular opinion that Towa coals are not as good as others,
a mistake caused by comparing our bituminous coal to a fuel like
anthracite. The fact is, that the composition and hence the valne
of the coals of this State, ns far as investigated, is fully equal
to that of the true stoue conl ull the world over; aad if the work-
able banks in our State are not as thick as those of some other
conntries, we have them close at hand and can run the railroad - track
right into the mine, while in those otherwise more favored regions
they have to dig two thousand feet deep in order to reach the coal.

I1I. GENERAL RESULTE ON THE SOUTHEASTERN PART OF THE I0WA
COAL - FIELD.

In the course of my reductions of the analyses of Whitney and
Blaney, I frequently found a considerable difference between the
composition of the upper and lower part of the same coal bank. At
the same time I discovered a remarkable uniformity in regard to the
composition of coal from various parts of the field, and reported the
same in a paper inserted in the American Journal of Mining for
November 30. [See Chapter IIT]). My new method of reduction in
revealing such differences in the analyses of others, appeared t me
to be u proper instrument to apply to my own systematic analyses in
order to discover the general law in regard to the deposit of carbon-
sceous matter in the vertical, if any exists.

The State Geologist having selected specimens for analyses both
from the upper and lower parts of each coal - bank the material
thus placed in my hands is vecy considerable and most valuable as &
systematie collection representing the mineral fuel of Iows. Each
specimen bears o green cirenlar label with a number by menns of
which its full history can be obtained from the catalogue; when
aualyzed, a rhombic, red label is added, with the same number, thus
at the samo time increasing the security against suy possible loss of
the history of the specimen. It is only in this way that a collection
ofoodilwutbﬂlitmtom&_o. In regard to

28
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the present collection of Iowa coals, beside securing the permanent
value of the specimens as such, they are also the means which may
be used at any time to test the correctness of my analyses.

The portion of the coal - fiell from which cosl has been analyzed
forms a strip of land ubout twenty miles broad in the direction of
the Des Moines river from Farmington to Knoxville; this being o
distance of more than eighty miles, the part chemically investigated
covers about 1,600 square miles of our Iowa coal - field. OFf course
many more analyses will have to be made even for this portion of
the field; beside this investigation will have to be extended to the
whole of the coal - field.

The most important result of my investigations eonsists in the
discovery of two chemically distinct banks of coal, traced the one
for seventy, the other for fifty miles along the Des Moines river,
This is, as far as 1 know, the first time that the chemical annlysis of
specimens in the laboratory has been the means of tracing & coal-
bank across the field.

Bank First. — The existence of this bank I base upon the identity
of the coal in mines, both at the bottom and at the top of the s .
In the following I give the finul result of my analyses of these speci:
mens, referred to the combustible taken as 100. The *numbers™
are-those put on the labels of the specimens in the eollection; the
first always referring to the sample from the upper; the second
that from the lower part of the coal bank :

o, I MINE.
#80,429, Onrmine's bank... ... ... (20 miles
80,800/ Young & Stabbs’ bank, .. |50

Here, and in all subsequent tables, I give only one decimal to the
number of per cent; that is fully as much as can be relied upon, for
this decimal expresses the composition within the fractional of one.
thousandth,
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Tt will be seen that Young & Stabbs’ bank, both at the top and at
the bottom, coincides with this mean; at Carmine’s bank the two
figures are a little farther apart; at Nossaman's they are o little
nearer together. The mean difference between the bottom and top
coal is 5.4 per cent of bitumen more at the bottom than at the top.

In regard to the smonnt and quality of the ashes I find (always
for one hundred combustible) :

|

_AMDUNT. |_! COLOR OF ASHES.

R R o] 07, DUTTON,
Onrmine’s ...~ —~-| 80, 9.5 Blackish brown.... LIght grey........
Young & Stubbs’, 2| 43]128 Brown. ... ... |Whitish plek... ...
Nossaman's,....... e o G'Bi ..bl'ncddhhphk ...... 'Whuc and plak. ..

MOSD o aiineibeanEe 64 145" Reddigh... . 2 PRI v ik s ain i

From this table it will be seen that the top coal always containg
less ashes than the bottom coal, while at the same time the ash of
the bottom coal is more white, and that of the top coal more reddish.

When it is considered how many circumstances have to conspire in
order to produce so elose a barmony in so many particular qnantities
relating to these three wmines, it will be understood how I am led to
consider this sgrosment a proof of the sameness of the coal bank.

Banle Second.—The corresponding tables for this bank are :

%0, I MINE. Lm-nm l COUNTY.
§70,500 Hrown & Godirey's . ..Fgmus.
390,584  Lown Conl Co's |25 miles. f
uuaoim:-ua v SR
RTS8 s SR A TR P E IR sepssre dsbuannsesns A T

The law of varistion in this baok is the reverse of what it is for
bank first; for while in bank first, the bottom coal contains 5.4 more
of bitumen per hundred combustible, than the top conl, here in bank
second, the top coal contains 3.6 more thau the bottom coal. It will
farther be observed that the top coal of bank first (46.9) is almost
identical with the bottom coal of bank second (46.2).

o __‘
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For the ashes, we have in bank second :

—

T AMOUNT. COLON.

am:»r;_ “Tor ]E}hon‘-?;; I vorros.
Brown & Godfrey's. . . 04 12,0)Red ... .| Pale pink..,
Towa Coal Company 2.9' 74 Br'wni;thhiw. ..... :
Roberts & Pisher's . 1.xt 9.5/ Red. Brownish..
A el 0.7/ Reddish, | More whitish
..l B8] 97/Reddish, | More

In regard to the ashes, bank sgcond follows the same law as bank
first ; the lower layers contain the most ashes, but the least of iron
(red color) in the same.

From this eir tance, I lude that bank second belongs
above bank first; the correctness of this conclusion is further con-
firmed by the fact that the upper part of bank first and the lower
part of bank second not only agree in the main per centage of bitu-
men (which is respectively 46.9 and 46.5), but that they actually
vary in the same manner, increasing in bitumen toward the worth-
west ; the first bank, top, from 46.5 to 47.2, and bank second, bot-
tom, from 46.4 to 47.4.

The mean of aghes in bank first is 10.1; in bank second 8.8, and
a8 in each bank the amount of ashes increases downward, this isa
further proof that bank second is above bank first.

According to these chemical investigations of the lower Des
Moines coal - field, the following may, in the absence of my drawings,
be given as a representation of this field :

For 100 coMBUSTIBLE.

BANK. PART, BETUMEN, ASHES, COLOR OF ASnEs,
Bank §, | 10P-eeeinis C L D, T S red
"‘W""‘ {::mm X " intermediste
L e s;
Bank 1, or { 199+« %
- downward)
ety im ................... .10 . white

As far a8 I have examined the specimens, the Van Buren county

and the Jefferson county mines belong all to the first or lower bank.

All of the samples analyzed from mines in the counties of Wapello,
Mahaska and Marion, belong to the second or upper bank, excepting
Nossaman's bank in Marion county.
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The amount of coal easily acessible along the border of the coal-
field is immense; but the great fusure of this commonwealth depends
still more upon the continuation of these riches under the overlying
rocks toward the deeper portions of the coal -basin. In the accu-
rate and comprehensive stady of the coal I believe we have now a
very effective auxiliary for the exploration of this basin ; and it may
therefore be expected that this auxiliary will be made available.
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All terms used in the preceding tables having been explained in
the second article on the fuel of the State, only s few remarks on
the figures themselves need be added.

The seans here piven for cuch county are of course lisble to
change by the investigation of more mines in each county, but the
faet that the samples analyned were not selected, but rather taken at
random, together with the fact that the final results indicate a gradusl
change in the mean of the coals from the consecutive counties, rather
proves that the results thus far obtained will not be materially altered
by increasing the number of specimens analyzed for cach county.

From the last table it will be seen that the Iowa coals are most
bituminous in Van Buren county, and that the amount of bitumen
decronses slowly in a direction up the Des Moines river. The same
is true in regard to the per centsge of volatile matter. Ou the

S puajnbyg 52%55 §
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(0 the nearest whole numbers,)

ANALYSES OF IOWA COAL—
MEANS FOR EACH COUNTY,

whole, the coals from lower down the river therofore are more baking
and also better for gas- making. At the same time they contain the
gmallest per centage of both ashes and moisture, that is, the coals
fmprove in purity down the river.
As an offiet to this advantage of the coals from the lower counties,
the coals from the counties higher up Des Moines river contain both
o greater por centage of eoke in the coal and & greater proportion
of carbon in the combustible, For coking, and therefore also for
smelting purposes, these latter are thus better than those from the
lower counties.
To express this difference in the plainest MIM'
The coals from the lower conntics on the Des Moines river ure, on
‘the whole, more bituminous, more baking, burning with more flame,
leaving less sshes, than those from the counties higher up the river;
but mmmm-mm.uum.mmmu ,
former.
thm‘-ﬁhtofﬁ-Mdomn&hﬂhM

COUNTIES.
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It must be borne in mind that the values here referred to
means for counties, and the fact that the cosls from Marion comty
contain ten per cent of ashes must not be understood as me
that all coals from that county actually contain so much; the mesp
of ten per cent results from some containing more, others less, thay
this amount.

Again, though on the whole the per centage of ashes increases
an upward direction along the Des Moines river, it must not }
understood that there are no coals in the lower counties with morn
ashes, no coals in the upper with less ashes. By reference to thy
preceding table we see that the lower part of Carmine’s bank con
tains 8, per cent of ashes, (Van Buren county), while the sampl
from Redhead's mine in the city of Des Moines only contains 2% per
cent of ashes.

All the results of the analyses here reported have been represen
on a map, drawn on a seale of four miles to the inch. Bya pe
method, all particulars of any coal - bank are represented to the e
The publication of such a map must of course be delayed until mi
more material has become available.

In conclusion I would add one more observation. This fon
article, giving the results of my analyses, is o statement of
any one who doabts it has all means of satisfying himself by having
repeated the analysis of the identieal specimen now in the eahis
of the State University. The statement in regard to the ex
and relative position of the two coal - banks, as contained in the
article, is, to a considerable extent, a conclusion. With the increase
of the number of specimens analyzed, the basis of that conclusi
may change, and with it the conclusion itself may be mo
Agnin, there is a possibility that two banks might be dif
and yet be identical in their chemical composition; at any rate, th
impossibility of such a condition of things has not been proved; b
making due allowance for all these circumstances, I repeat that th
tracing of the two coal - banks along the Des Moines river is the onl}
one yot made that I know of; and although both the novelty of thi
attempt and the facilities for such purpose, limited number of analy
ses, calls for further chemical and geologieal research.
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V. THE CHEMICAL HISTORY OF COAL.

The great economical importance of coal, the peeuliaritios of the
distribution of this fuel and the many remarkable physieal and
chemical characters make the question as to its origin not only one
of great interest, but also of great difficulty.

Although many writers on geology consider the complete history
elucidated, and with great assurance give detailed sccounts of the
precise mode of the formation of coal, many eminent authors do not
hesitate to acknowledge, that hardly any thing but the mere vegetable
origin of coal is demonstrated. Mr. Hunt, states the case with
perfect frankness in the recent supplement to Ure's Dictionary, when
he says: “That conl is derived from the vegetable kingdom, no
longer admits of doubt; but the class of plants to which more
especially we are to look for the origin of coal, is still & matter of
much uncertainty, and the conditions under which the ehange is
brought sbout is very imperfectly understood, and indeed, by many
geologists entirely miseonceived.”

The greater part of this uncertainty seems to be due to the
apparent negleet of the cliemical properties of the coal. Professor
F. Molr of Bonn, Germany, has Iately shown, that all known facts
in relation to coal ars best explained by considering the stone - conl
a8 o result of the carbonization of marine plants, algae, und that
this even will explain a great number of well ascertained geological
phenomens, which protest against the generally accepted hypothesis
that coal is due to land - plants. My own investigations of the Towa
coal have contributed very much to the conviction I now hold, that
the theory of Mobr in rogard to the formation of stone - cosl is the
true oue ; st any rate, the theory of Mohr does not solely rest upon
the nature of accidental matters in the coal, but upon a careful
investigation of the body of the coal itself.

Referring to the Mnﬁde.itm;hmhnim wood,
peat and brown coal were there ascribed to land - plants, m
sea - plants. In order to prevent o possible misunderstanding,
instead of coal, use the word alowe - coal, to indieate all true coals
from snthracite to our bituminons soal of Towa,

Forests and peat - bogs grow before our eyes} their origin is well
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known. Brown coal lias in its mass so plainly the structure of lang
plants, that its origin is not questioned; besides, we here in thy
Miksissippi valley know that we are in the very coal - era, for the
immense amount of trees bronght down to the gulf of Mexico from
all parts of this great valley, is now forming a great brown coa
deposit, like those now explored on the Pacific coast of this country,
Leaving everything of a purely geological nature to others, T shall
coufine myself to the eonsideration of the stone - coal as a substu
which could neither have been formed from trees, nor from pe
bogs, nor from brown eoal, but only from sea-weeds. It will be the
simplest to consider the actual contrast between the properties of
wood, peat and brown eoal, being the produets of woody fibre on the
one hand, and the properties of stone - coal, which we stated to be
produced from sea- weeds, on the other hand.
First. —If wool ig heated in a closed vessel, so that the air cay
not get to the wood, this latter will never fuse, but only becoms
charred, All are familiar with the fact, that charcosl shows e

made. So, also, brown coal, and peat, never fuse, but retain their
structure.

But most true stone -oo.ls do fase under these circumstances;
Towa coals that 1, a8 yet, have analyzed, did fuse ; some very eusily,

That this marked difference depends on the strncture of th
substance, we know from the fact, that sugar in charring does
while woody fibre does not; both substances have precisely the
elementary composition, but they differ widely in regard i
structure,

This difference between stone - coal and the other fucls is
to both the peat-bog theory and the wood theory; but i
coal is formed of sen-weeds, this property is a necessity, for 8
sea - weeds when thus treated, fuse very readily.

Another difference we have, is the fact that wood conting

sea - weeds act in this respoct precisely like stone - coal.
Second. — When pulverized brown -coal or peat are boiled is
pottussa Iye, a deep brown, almost black, solation is obtained ; when
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stone - conl is treated in the same way, the Iye remains almost eolor-
less. This coloring matter is called humus; it is also found in our
soils, and is » product resulting from woody fibre. Since stone - coal
is without hamus, it proves itself devoid of woody fibre.

Third.— Stone - coal has always but a few per eent of moisture;
brown coal and peat rotain a very great amount of moisture with
pertinacity. Thus, in the Irish peat analyzed by me, I found sixteen
per cent of moisture. In brown coal from Bilin also sixteen; in
stone - coul from Silesia, only five; cannel coal from Wigan, oaly
three. All of these specimens had for several years been kept in
the snme case in the air-heated labaratory, so that they represent
these fuels as thoroughly and equally air-dry. Now this is quite
general ; all chemists are aware of this radical differcnce hotween
stone - coal and those fuels which we know to be derived from woody
fibre. Tlence, again the conclusion that stone-coal is not derived
from woody fibre.

Fourth. — When stone - coal is subjected to dry distillation in the
retorts of the gas-works for the purpoese of manufactaring illumin-
ating gas, great quantities of smmoniacal liquid is obtained; in fact,
almost all the ammoniacal salts now used in the arts, are thus
extracted from stone - coal.

When wood is subjected to the same treatmont, no such ammon=
ineal liquid is obtained; on the contrary, instead of this alkaline
liquid, an acid is obtained, ealled wood- vinegar. Peat and brown
coal treated the ssme way, likewise give an acid liquid.

This great difference forms the basis of Mohr's theory, lere
advocsted ; it is indeed ntterly impossible to see how the nitrogen
necessary to form the smmonia ghould have got ifito the woody fibre,
if they wore the source of stone-coal. On the other hand, sea-
-mmmhwmummrwmam
in any way, much nitrogen would remain.

That this difference between -mwﬂﬂ\hoﬁﬁ’ﬁi“ﬁ
constant and general has been proved by an extensive series of
experimonts performed by the German chemist, Kremers.

Pifth. Near the sea-shore we always find the smell of
retted hydrogen more or huporupﬁlilo wo know it to be ﬁ
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the deeay of sea- weeds thrown on the shore. Wood, when thus rop
ting, does not emit such odor.

The nmount of sulphur in the coals is very great: the smell nes
the gas -works sufficiently known is an abundant proof. Brown g
and peat do not contain so much sulphur; the iron associated with
these fuels is more commonly found as carbonate or oxide than .
sulphuret,

Sizth. Sea-weeds contain constantly considerable iodine an
bromine ; land -plants contain rarely any. But the compound o
these elements is mostly soluble, and therefore to a great ext
washed out of the coal before we get hold of it; still several chem-
ists have proved the presence of iodine in the ashes of stone-e¢
and Mohr has lately succeeded in finding even bromine in the coal,

That finally the sea-weeds are a sufficient cause for the produe
tion of the vast coal-beds, need not here be proved; it will be
enough to state that even a single weed often measures hundreds of
feet in length, being provided with branches and leaves of
sponding magnitude; that these weeds abound in all seas ; th
necessarily sink to the bottom when they die, and thus ded:
under water, must form a carbonsceous mass ; that finally peat -b
are small as compared to large forest regions, and that again thes
are insignificant when compared to the vast fields of sea - weeds well
known to mariners —fields of truly continental magnitude ¢ Wh
on the soil only a limited amount of combustible can be accumy
there is no limit to this secomulation’ in the deep. .

While thus the chemical nature of stone - coal proves that it neve
could have resulted from vascalar plants or land plants, that i

plants essentially made up of woody fibre, and fmhcrmou, :
the chemical nature of stome-coal exactly harmonizes with - thal
resulting from sea-weeds; while further, no land vegetation is ade
quate to account for the thickness and the extent of the stone-e
fields of the world, and particularly for those of the Mississi
Valley, requiring a vegetation as immense, as uniform and persis-
tent as that of the sea - weeds of the ocean; while consid
this wo have purposely omitted to refer to chnnifomityll
strata, the regular interposition of marine rocks among the ¢
beds, the accompanying fossils, ete. On these grounds Kobr’n
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ia also infinitely superior to the sommenly accepted one; for not all
thinkers are roady to clothe the earth with a more luxuriant growth
than now is observed; nor have we a ready command over the
ereeping centuries; nor have we ever seen vegetable debris piled
ap in suficient quantity to form a coal - bed. Geologists are taking
a little more ecare of the orust of the earth of late; they are not
quite 50 ready now, as formerly, to assume that  yast region of land
emerged about a hundred times out of the ocean, and sank again,

Tho very water in the ses, in the constitution of the air it con-
tains, gave Mohr a convineing proof of the continuous formation of
coal at the bottom of the occan, even in onr day.

In the preceding I have given a short synopsis of some points of
Molu's theory of the formation of ceal; it rests throughout upon
well - recognized fnets, does not require nature to work otherwise
than as we now observe her working, and instead of ignoring the
chemical nature of the coal whose origin we wish to discover, it actu-
ally made the investigation of this constitution the starting - point.

For Tows, this theory has a very great importance ; for if the older
theories are troe, then we need hardly oxpect coal underlying the
rocks in the more contral parts of the basin; but if Mohr's theory
is true, then the eonl will extend over the whale of this field. For
this reason —and slso beenuse this theory scems hardly yet known
in America — I have deemed it not improper to give a short synopsis
of the same.

My own investigation of the Towa coals has added four more not
unimportant proofs to the theory in four facts which can not possibly
be acconnted for by the old fanciful views.

The first of these facts is the great upiformity in the composition
of n coal-bank over quite a considerable ares.

"The second is the fact that tho upper parts of our Iowa coal - banks
contains the most pyrites; the lower parts being very often entirely
free from this substance. The salphuretted hydrogen set froe in the
carbonizing sen - weeds escapes upward; in moeting the ferruginous
waters, pyrites would result, so that these latter would predominate
in the upper parts of the resulting coal - bed.

The third consists in the investigation of the fibrous portions often
mtwithlnm[moodc. These WMMMM
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like charcoal ; retain a distinct fibrous structure. By analysis of the
game I found them to contain but very little of bitumen, as compa
to the closely adjoining coal; and saw, that even after protracted
exposure to white heat, they retained their structure: indeed, the
coked mass looked precisely as the fibres did before coking, while
the coal, wherein they were imbedded, was highly baking.

This shows plainly that the woody fibre irregularly distributed i

structure, but merely was charred; that the entirely differcnt sub-
stance forming the bulk of our ecoal, therefore originally also m
have been entirely different from these fibrous plants.  OF quite par-
ticular interest is the fact, that while this fibrous coal upon drying
deported itself like other vascular fuels, (wood, ete.) the mass al
around it increased in weight, as I shall now explain.

Fourth. By very eareful working I discovered that all our Tows
coals, after having lost their moisture, commeneed upon further dry-
ing at o temperature a little above that of boiling water, to increase
in weight, an increase sometimes amounting to fully two or more per
cent:  Prof. Whitney had noticed this in some cases; in anothe
place I have shown how he eame to miss the general law. This same
property I have also discovered in cannel coal from England,
stone-voal from Silesin, so that I consider it a property common to
all stone - conls, Neither peat, nor brown eoal, nor bituminous wo:
did as yet show this peculiar increase in weight; so that
property must be considered a new distinetive property pmliuf
stone -coal. Tt forms therefore an additional impossibility concerns
ing the old theories of conl, nnd a new link in the chain of facts on
which the chemical theory of Mohr rests. ‘

Coal, true stone-ocoal, was not restricted to s particular period in
the earth's history, but it is forming even at the present day in the
oceans,

CHEMICAL REPORT ON THE WATER AND ROCKS OF THE STATE.

CHAPTER IT.

L. THE WATER.

We are very apt to consider the rocks as permanent, and yet they
are continually changing. The principal cause of this change is the
moving water in the rocks. When It slowly washes solid matter ont
of the rocky strata, the land may be gradually sinking and more
sudden changes felt over a large extent of territory as an earth-
quake, may follow; we might here refer to the earthquake which waa
folt sometime last spring, over & great portion of the Northwest,
after a particularly wet season. 3

To understand the change of the rocks and to investigato their
original formation it, therefore, is necessary to carefully analyze the
waters they contain. The more direct demand of people possessing
mineral springs, thus meets a scientific necessity, in requiring earefal
analyses of the waters of the State.

During the former geological survey no waters were analyzed.
My proximate analyses of the water of the rtesian well at Mt
Pleasant (summer 1865) together with an accurate analyses of the
water of a spring near the same place, made by me at the order of
Dr. Mark Ranney early in 1866 were the only two analyses of Iowa
waters execated provious to the present survey.

The most important of the waters yet analyzed is that of the
artesian well at Mt. Pleasant, on the ground of the Tows Hospital
for the Insane, The State Geologist procured sbout six gallons of
the water in order to enable me to make s complete analysis of the
same, Of this water I have used two gallons this full to determine
the proportion of these substances which are present in considerable
quantities. The romaining water will bo used in order to defermine

30
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those substanees which are present in very small quantities. In the
bottles I noticed a very fine erystalization of dolomite. This faet iy
of considerable importance, as it shows that such waters, by perco-
lating the limestone, may gradually change them altogether inte
dolomities. For the sake of comparison I take the liberty to make
use of the analysis of the Mt. Pleasant spring water, although thig
nnalysis is not the property of the survey.

LOCALITIES OF THE WATERS.

The waters analyzed as yet were nearly all from the First Con-
gressional District. They are in the mineralogical colleetion of the
survey, designated by the following numbers inseribed on the labels:

No. 24. Mineral spring, on 8. D. Well’s farm, on section fifteen,
township seventy, range thirteen, near Bloomfield, Davis county.

No. 72. Salt spring, from the largest salt spring at the crossi
of Salt creck and the Bloomfield road, in the northeast portion of
Davis county. :

No. 114,  Artesian well, Mt, Pleasant, Henry county; depth ¢
boring, 1,125 feet; temperature of the water (November 6, 188‘0& 1
62° F., while the common well showed only 55° F.—[Wnrre.]

No.120. Water from the Ottumwa school well, sent by Dr.
Warden.

No. 460. Well on Kinersly’s farm, one mile from Keos:
Van Buren county.

The total amount of mineral matter in these waters is very differ-
ent. In order the better to understand these relations, I add a few
determinations of other waters. All figures refer to 10,000 parts of

wator :
N0, WATER. Iumru WwHoM
ver.|Croton woter, New YOrk......... ssesennsee] 1O

10WA
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This latter is one of the most nearly saturated brines known. It
is evident that ealt spring No. 72 is exceedingly sweet as compared
to the Luneburg well. One of the poorest brines used is that of
Salzhausen, Germany, containing about 120 parts of salts to 10,000
water, or about four times as much as our salt spring; and even the
former brine is only worked by making use of the refuse cosl from
a coal mine at the same place, In the United States, salt is too
abundant that such wells could be utilized.

NATURE OF THE MINERAL MATTER.

In the salt spring (No. 72) and well spring (No. 24), common salt
dominates over the other mineral ingredients; yet both waters con-
tain & considerable amount of salphuric acid. In the Ottumwa well
(No. 120) and Kigersly's (No. 460), iron abounds; they are almost
vitriolic waters, and sltogether unfit for use. The mineral matter
of the Ottumwa well was found to consist of —

Ferruglnous sediment in the boltle, ......... vaesss ava wA MR LAy
GYPSEIM . . ciovrmsacirinncsssscasasssareesrrsassaneinn .
Ferric salplnte, common sally 618, . oviariionmvanconsivasinsens

"Toinl tn 10,000 WAED. .-« evneenessannsssases W w5

The spring at Mt. Pleasant contains principally calcium earbonate
(65 per cent of all salts); the artesian well water is characterized
by the predominance of sulphates; (84 per cent of all its salts are
sulphates). These two waters having been accurately analyzed, it
may be interesting to report the final result, showing the various
mineral ingredients for 100,000 parts of water.

ARTESIAN WELL AND S8PRING-WATER, MT. PLEASANT.

The mineral constituents of waters are given first: the elements
separately; secoud, theso combined to bases and acids; third, the
same estimated as salts. Now, neither the second nor the third
‘method is quite exact, since we do not positively know how the
elements reslly are eombined; so that the first mode of stating the
results seoms to be the safest. Nevertheless, it has hardly come

" jnto use, and for some practical wﬁmm: ~

the most convenient.
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IN TEN THOUSAND WATER

ELEMENTS.

[EPRING.|ART. WELL.

1. METALS, |

3] 4555 | s
it 0630 | 17
270 | 80
450 | 1M
1305 | 070
Chloring ... -] o 1200 | 60
Oxygen.. ... ) imas | 10974 | 68
RONAL. <o o i emiitess wa Sh7 34 i A l 847 | esm | 78

Bediment i AaBK....c..ioiveerirass panssannses | 040

— e ——

The ratio in the last column is obtained by} dividing the figures

under artesian well by those under spring; or the ratio expresses

how many times the water of the artesinn well contains the am;

of the elements in the spring water. If the elements were pr

in both of these waters in the same proportion, then 7.3, the

of the totals, would be the ratio for the several elements also.
faot, only the ratio for oxygen approaches to this ratio; all o
differ very much from 7.8, &o. The ratio for sodima, sulphur
chlorine are particularly great; or in words, tho water from the

« (artesian) well contains proportionally much more of sodium, sulphur
and chlorine, than the water from near the surface (spring). Th
two waters, both from the same place, but from very diff
depths, therefore differ very much, not only in the total amount of
mineral matter, but even more so in regard to the quality of ¢
same, e
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The names in parenthesis are added for those of the readers who
may not be fumiline with the names of the salts.

The smount of salts even in the artesian well may appear insig-
nificant — only about one - fourth of one per cent! But when larger
quantities of the waters are used, then these salts become plainly
manifest to everybody. The steam - engine at the Towa Hospital for
the Insane is reported to have pumped the water for use at the rate
of ten thousand gallons an hour. This is more than eighty thousand
pounds an hour; and the insignifioant amount of salts is more than
two hundred pounds per hour! At that rate the following pounds of
the different salts would be brought up with the water each hour:

Lbs
CommOon 881k, ss canvess saoesonnssbasenss ansbnns s4dsss sonsiane 10

Or these salte would contain of
BulplitiT. cos cuvvevesnnnne

Chlorine ..o wae Vaubine wes
s i s e srase bR Ty Seni vy IR
Oalelum metAl oo s snvrassssssseassssens s arniabeneasars insswns B
In the course of ten hours these salts would amount t3 a ton!
Only o small amount of these used in a boiler would quickly produce
a thick inorustation ; the sulphates munmmmm
tion, so that a pretty concentrated brine might result —all of which
has been so sbundantly experienced that the water is no losger used
for such purposes. In the proximate analysis of 1865 the eblorine
was not determined. By my recent MMW‘“ analysis
recorded sbove, it is seen that there ia p!myot'm,mhlg
the presence of sulphuric acid and some free carbonic acid, may set i
free the corroding vapors of hydrochloric seid. :
Tintend to subject this water to still more serutinizing :

for various levels from hm‘b-sw of one
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hundred and twenty - five feet, which I hope will lead to some general
results.

One very interesting general result may already here be pointed
out. If we caleulate the per centage of the various salts in the two
waters, we find :

——

PER CENTAOR.

e = EALT?! Spring. |Art'n Well,
Bodiom SaIpbAIB: ..o veassaivssrrirnrtasearssrosoosces 0 [
Bodium chloride. ... 1 3
Magnesium sulphate. 6 12
Calclum sulphate, .. 28 28
CAICIHD. OATBONALR, . cucovavacorsnransrssarorvaromens 05 10

This shows a marked decrease in the proportion of the lime salts,
while the magnesium salts, and particularly the alkali, inerease as we
descend below the surface. The surface - water is a calearcous car-
bonated water; the water from the deep is sulphated and alkali-
water. The lutter are by far the most soluble of these salts; and
this circumstance causes their acoumulation in the deeper waters.
Quite o similar change our surface waters undergo in their course
toward the ocean. In the rivers there is but a small smount of
mineral matter, and the carbonates of lime and magnesia dominate ;.
both become less and less, both being deposited on the way to the
ocean, which, like the water from the deep well at Mount Pleasant,
only contains the most soluble salts, The more immediate cause of
this change in the rivers is the life of aquatio animals; in the rocks
the same change is brought about by the constant metamorphosis
the rock itself.

The preceding contains all the results ascertained in regard to the
wators of the State. Compared with what remains to be done, it is
very little; but compared with what had been done previously it is s
good desl. 8o much is certain, a correct interpretation of the con-
stitution of the rocky framework of the State can only be obtained

» cureful chemical stady of both the rocks and the waters they
contain,

II. THE ROOKS,

The rocks of Towa belong to only four kinds; 'ﬂwy are m
caleareons, arenaceous, argillaceous, or carbonaceous. To the first
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belong limestones and dolomites, both efferveseing (at least) with hot
acids. They greatly dominate in the State. The finest arenaceous
rock of Towa is the St. Peter’s sandstone, exposed in the northeast-
ern corner of the State ; good sandstones are also found in the coal-
measures of Southern Iowa, and finely orystalized silicia, that is,
quartz, abounds in the geodes found near Keokuk and other places,
Shales are the most common representatives of the argillaceous
rocks, passing by the dark, more or less combustible varioties gradu-
ally into coal, the most valuable earbonaceous rock of Iowa. Geo-
logically, coal is as much rock as the limestone underlying the same,
or the sandstone above it; it is found stratified like either of these
two rocks.

These four kinds of rock are composed of but six different chem-
ical elements. Three of these are mefals, having, when pure, a
lustre peculiar to these bodies ; the other three are melalloids, being
devoid of such lustre. The three metals are ealeivm, magnesivm
and aluminum, of which the last two are already quite frequently
used in the srts; magnesium, the metal contained in epsom salts,
being used for illuminating purposes, since it gives a most dazzling
light ;: aluminum, the metal of clay, remarkable for its beautiful
silver - like appearance and its excessive lightness, being not heavier
than paper, is considerably used for certain alloys. Caleium has as
yet not found any spplication in the arts, About forty pounds in
overy hundred pounds of pure limestone is caleium. .

The three metalloids are oxygen, carbon and eilicon. The first
coustitates about one - fifth of the air we breathe, and is really the
vital principle of the air; in our rocks it is present in much puhr
quantity than in the air, for it eonstitutos about one - half of all of
them (excepting coal). The second, carbon, is well known; in char-
coal we have it nearly pure. Silicon is very closely allied tnf.l:g
former, sand being composed of silicon and oxygen in nearly equsl

tions.
mﬁ: following table will give a correct idea of the m
composition of our Towa rocks, by means of the per centage compo-
sition of the purest of each kind. The first three are very frequently
met with almost chemically pure in crevices and openings in the
rocks, constituting crystale. In limestone we thus find mqﬁ
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calciom carbonate in beautiful erystals. If the limestone containg
also the metal magnesium, we ususlly find the erystals to have g
peculiarly pearly lustre, und somewhat curved faces ; these crystals
are called dolomite. In arensceous rocks we find under similar
cireamstances the beautiful erystals of quartz. The other two rocks
hardly ever ocour quite so pure as here given, except it be carbon as
dismond. These pure forms are the minerals corresponding to the i
rock ; they are the rock purified by nature herself :

— s e
ELEMERTS,
METALOIDS, | METALS,
ROCK AND CORRESPONDING MINERAL, '
- ;| 8
s18'&@13
CALCATRIUS ROCKS,
8. s avcabmnsssaban avvanann adnonnmossans 48 | 12 [....]40, l
Dolomolle. c vavae msanas covmrasairinnonnn oae 529 18.]....|218
ARENACEOUS BOCK. 2 l
L ssas swRwsewrsd| b oweven 53.8]....146.71. .. ...l
ANGILLACEOUS NOUK.
ClUY, PUPE. , i - cmvinsmrcirdrasnsislh sy sninnssssn 50. |..../ 25 ! a5
CARBONACENDS ROCK.
Carbion, uire - .ooeeaznes drsauansuspassasysns R L1, P e

In dolomite, which in the north of the State forms immense fields
containg one - fifth by weight of the metal magnesium; if this
separated, it burns with great splendor. We may now readily eon-
ceive what an immense amount of heat and light has some time beer
produced when those elements, that are now dormant and under
feet, were still uncombined in the atmosphere, perhaps. Tolerabl
pure limestone contains twelve per cent, dolomite about thirteen per
eent of pure coal ; every hundred feet of limestone contains enougl
of pure conl to form a bank of authracite of ten to twelve feet
thickness, But all of this combustible, both metalic and e
ueeous, is now unayvailable, since these clements are in the
combined with oxygen; that is they are burnt. The only exce
to this rule is the coal; for this reason it has so great ec
value, |,
The coal having been at length considered in the first chapter, I
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may here limit myself to the calcarcous rocks of the State. Neither
the arenaceous nor the argillaceous rocks have as yot been analyzed.

THE CALCAREOUS ROCKS OF IOWA.

The results of chemical analysis of these rocks, are usually
stated by the per centage of ench of the proximate chemical com-
pounds contained in the same. But it is impossible even for an
expert to get a really precise idea of the constitation of such a rock
by the full, unreduced result of the analysis. It is as difficult as to
obtain an idea of the value of a wum of money consisting of all the
various coing of quite a number of nations. This will become much
casier by referring these various coins of each nation to one unit as
a standard,

Now, this is what I have done for the analysis of Tows rocks,
made by Professor Whitney during the former survey; and in the
same way I give the final result of my own analysis of the rocks.
I refer the composition to the per centage of the mineral species
which undoubtedly make up the rock. The preceding was intended
to convey a definite ides of what the species are for our State; and
as the non-calcareous rocks also are insoluble, we unite under the
heading insoluble the arenaceous and argillaceons part of the rocks
under one, Whenever some other matters, like moisture, soluble -
iron compounds, or alkalies are determined, I sum these up under
the hesding “others.” The character of the rock thus is
essentially given by enly three figures, viz.: the wmgufﬂn
mlduble,nfthodms,lndoftbownhﬁlm, the
“others ” spoken of are only present in small pre

As an example, T give my reduction of two of W

analyses:
Gl

m..m:mun-upgmmm

statement shows at & glance, that the rock at LeClaire approaches to

.memmuummmmm

(carbonante of lime, or caloium carbouate). =
81
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In order to show the advantage of this form over the one com- ]‘
monly used, I transeribe Prof. Whitney’s statement from the report,
for the Le Claire rock:

Sillca and insoluble silicat®s. . ....... c.coieovoniriaisaiinaanans 8.70 !
Peroxid of iron and a little protoxide. .........ovvvvnreunns uan 0.80
LERA0. s ot s s ot S ikt e n a i gak o 'n s s wais cPuannsaesa U5Y 20.06
MAGRARIN ¢ o oo i 6 s dwiashonihn st sdbdsohntns s dunas fresgs busisnss 10.33
DO s et Uat e = e e v s s WL =i v = P ma 5 Sus wd B e ebl ol
SEULPHTRIC ACID AXD CHLORINE — MINUTE TRACES,
Lo R R S D e I S S 43.65
T I P S i T e L 0.48

This is the direct result of analysis; it is the grain in the ear,and :
in order to become digestible, I have subjected it to a little grinding,
which reduced the complicated statement to but three essential

figures, viz: ‘
Per cent.

IR e s o w4 yn toea i n e = s sl s e B M e x-S A 30
i RS E e S NIRRT s =00
IOt CREEIOOUE T o2 o ssres Saasbaiis sinassnsdnsrsamarissbonoin 750

If the reader only will take the trouble to get a clear idea of the
terms calcite and dolomite — which T trust may be obtained fmllﬁ'r
introductory lines — the constitution of the caleareous rocks of Iowa -
will become intelligible.

The geologist represents the resalt of his exploration of a d!i;
field by sections, showing the succession and super-position of the
various beds of rock. These sections are either horizontal, s
the surface- formations in a given direction, or they are vertical, rej
resenting the order and thickness of the rocks one above the other.

It is evident that not until we are able to give a sufficient ‘
of chemical sections, both horizontal in all directions throughout
State, and also vertical sections of a considerable and well - ¢
number of localities, not uutil then can it be said that we really
the nature of the rocks of the State. It is upon the chemical con:
stitution of the rock that the practical application of the same for
the various purposes depends; it is by the chemical composition &
‘the mineral riches of the rocks are influenced ; and it is the
composition of the rocks which determine, to a great extent,
nature of the soil resting on top of it.
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It is impossible ta represent such chemical sections without proper
woofl cuts. In the absence of these, the numbers from which zuch
sections are drawn will here be given in & fow tables.

In the following tabalar sections T insert between each two sam-
ples the distance in miles between the places where the rock was
taken; these distances are evidently much too great, showin
that a great many more soalyses will have to be made before &hf
rocks of the State can be said to be tolorably well known : !

MISSISSIPPI SECTION,
e RESULTS CALCULATED FPROM WHITNEY'S ANALYEES,

] — T e ———
FLACE. | vousTy. | pisvax !mnmlf DOLOMITE. | 180, | oTukis,

McGregor .. [river jUlnylon & Y :
Dubuque, 150 fLubove] Dy uqag.[sz :Il;ﬁ 58 “_“;ﬁ& m‘.’,‘;"i o, ...
glcé;:;\; Grove....... Jackson... |44 miles .| 994 9783 8;3 ........
L4 . am ] WP liseieses
Basiness Corner..___|V. ' ggg 88,69 830 | 080
Rock Iniand Ditools....) .. ... 9858 | ot | 8B [=2eees

The calcareous rocks ulong the Miss issippi therefore
pure dolomite above Rock Tnland, aad nea:lpyplp:: Bﬂaﬁou:;:?
this place. That such is the cuse, is not new, but no previous state.
ment of these analyses enabled people not instructed in the secrets
of chemical analyses to see it so plainly as the above figares show it.

If we disregard the insoluble part of the rock, then we ma
express the ratio between the amount of dolomite and caleite, by onz
figure alone; the above section then bocomes :

Showing in n still more simple and mora -
able fact of the diminution of ‘:oldnib -mwd;wgm-
ton county the rocks contain 156 parts of dolomite to one of ealeite:
nJuhuonlyQB;hhmﬂnulyﬂ: below ﬂllm‘lﬁw,m;
even a fraction of one per cent of dolomite, This gradual decrease
of the maguesian ingredient (dolomite) ia the rock has not hefore
been made so perspicuous as by this ratio : A
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CEDAR RIVER SECTION.
RESULTS CALCULATED FROM WHITNEY'S ANALYSES.

| 218
PLACE. ‘ COUNTY. DISTARCE. - l 3 5 ! %

- gl slals
Shell Kock Falls., . |Cerro Gordo. | & 050, Lid
Independence ... .. Buchanan .. hooa|.....,
Rock Island .. ..|IDic [ M

These rocks all belong to the same geological formation, but it iy
seen that the amount of dolomite corresponding to one of calcite iy
these rocks increases northward from Rock Island, both through
various formations, as along the Mississippi river and also in ths
same geological formation, as in the direction of the Cedar river;
only the rate of increase in this latter section is not as great asin
the former.

The origin of these peculiar dolomitie rocks is still a mystery,

notwithstanding all that has been written on that subject, and we
can hardly wonder that it is so when we see that the real constite-
tion of these rocks nover before has been properly expressed. Itis
only when a great fact is clearly recognized by itself, that we can |
hope at all to account for it. !

SEUTION FROM JOHNSON COUNTY TO FREMONT COUNTY,
RESULTS CALCULATED FROM MY OWN ANALYSES,

S =

luble.

Caleite.
Dolomite.

10, Clark’s Mill, Iowa Uity |.Iohmu +.|140 miles.; 0.00 9650, ....
246 Section 20, township | |
90 miles &Nlﬁl.‘i trace

............ Union. ...
Fremont. . 0.006/94.81' 6.63

...ﬁ'l
1828 &0
3,05 x!...f

So that the calcareous rocks in Southern Iowa are almost
limestones (calcite).

Besides these sections, based upon quantitative
qualitative analyses have been made sufficient to determine the
of the caleareous rocks in two more sections in southern Iowa.
presence of dolomite in a rock is ususlly characterized by a peculisr

W cioiat camann
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aspect, due to small, crystaline, reflecting spangles in the rock. The
State Geologist, judging from the appearance of the rocks in south-
western Iowa, eoncluded the shsence of dolomite in the same: the
following analyses will show thst he was right, or that the ultm:oou
rocks of this region of this State, wostly belonging to the upper
coal - measures, are indeed very nearly devoid of dolomite.

—_— —_

— S Y
OHEMICAL SBECTION —FIRST TIER OF COUNTIES.

LoCALITY,

Label
No.

FER CENT

TANCE. | DOLOMITR,

"940{Long Creek townshi -
197 o

............

135 \V!lilmn'n ;1. nrry . 8 te'

ne Hollow, :...couuas. .0, re
1001 Wikeoets qoanrs. b s ;hnvel ....... Fremont...... lhlnt trace.
__| Plam }{n\lg!; ................... Fremont, 063

CHEMICAL SECTION — THIRD TIER OF COUNTIES,

10|Coral Mills, near lowa City.
253 Coral Mills, near lowa City.. . ...
T e . od
BS'I\'Q. 9 of Winterset Section.
84/No. 15 of Wintersel Section
77 Above Lailding layer. . .. .,
80 Building Inyer.............
l'l,g Iﬁowl. ........ 42 P8 imRa W Waxmes
errett's 6 miles north
1 Council B oo e O Pottawnttamie. trnce.

T

The preceding embraces all the systematic knowledge of Jo
: wa
Rocks hitherto brought to light. I hardly need to say that it is
very little positive knowledge for so vast a field! The chemical
sections run are few in number, and the point really detormined in

these few lines, are very far apart, In this field very much remains
to be done.

Anumhnwdll,xssfmdup,kubmbmanlhm
Pleasant, I'!«nry eo:nty, for the Towa Hospital for the Tnsane, A
very complete set of the borings has liberally been prosented to
State University. Of these I have analyzed the following g
portions, corresponding to the depth indicated, thus giving us some
fixed points in an admirable verticle section of the Iown rocks, of
more than a thonssnd feet, ‘

b
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VERTICAL SECTION AT MT, PLEASANT.

EE CHARACTER OF CALCAREOUS | oo \Cdehc. D?‘I:-m-l ln:vh-‘lu ot

= , hers,
“160( Dolomitic limestone. . ' 2007 15.22 4874 | 085
200| Magoesian limestone. 7.0 220 2033 178
800|Caleareous dolomite. . \ % 637 | 1121 | 79.98 | 538
400|Oalcareous dolomite. ..., ...l .ooooliveiooafoianaans 7516 | 478
500 Caleareous dolomite ., . 635 B8 703
800|Calcareous dolomile. . Yl 2720 , 50.14 | 187
718 Nearly pure dolomite. e 2&, 3017 | 6870 |......
000! ‘€enr|y pure dolomite. o 6440 | 2710 | Ag8
1085 ¥ =260 620 0.06

One thousand one huudred and five feet were, by the Geologist
supposed to correspond with the Hudson shales which outerop
near Dubuque. From Mount Pleasant to the direction of the out-
crop of these shales in northeastern Iowa is nearly one hundred
and ten miles. The vertical thickness of rock of one thousand one
hundred feet at Mount Pleasant thus corresponds to one hundred
and ten miles in a horizontal direction at right angles to the line of
outerop 3 or one mile in a horizontal direction northeast from Moung
Pleasant corresponds to ten feet in the vertical direction at Mount
Pleasant. On Hall's geological map of Iowa, the outcrop of the
dolomite (Le Claire limestone) is very nearly sixty miles distant from
Mount Pleasant; aecordingly it might here be met at a depth of six
hundred feet. The above chemicsl section of the boring shows the
dolomite to be at seven hundred and eighteen feet; so that we may
suppose the rocks to be very uniform in their extent below the sur-
face. A very noteworthy circumstance forms the regular increase
of the ratio; the relative amoumt of dolomite is slowly increasing
from three hundred to six hundred feet, corresponding to a slow
increase in the surface rocks for a distance of thirty miles. Now

this is not observable in the Misissippi section; but in the Cedar
river section a similar increase was noticed. Again, in the short

distance of twelve miles, between Rock Island and Le Claire, the
rock almost suddenly changes from pure limestone (calcite) to dolo-
mite ; then twelve miles would correspond at Mount Pleasant to one
hundred and twenty feet in depth; and it must be a very

coincidence that my analyses find at a depth of six hundred foot

only a ratio of two, and about one hundred and twenty feet deeper 4

1'
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s sudden increase of this ratio to twenty-six. It may therefore be
considered as tolerably well proved by this chemical section that the
rock corresponding to Hall's so-called Le Claire limestone commences
at Mount Pleasant at a depth of very near seven hundred feet.

This fuct is of great importance in regard to the dip of the coal-
bearing rocks of the State ; and for this reason I intend to analyze
still more of the borings of the artesian well at Mount Pleasant.

In conclusion, I would add, that the excess of magnesia in my
analysis of the sample from the depth of one thousand ninety-five
feet, corresponds to the excess of magnesia in Whitney's analysis of
the Dubuque dolomite.




ON THE COMPOSITION, VALUATION AND PROXIMATE ANALYSS
OF J0WA COALS,

CHAPTER III.

The following two papers have appeared in the American Journal
of Mining, of New York, for November 30, December 28, 1867 and
January 4, 1868,

1. ON THE COMPOSITION AND VALUATION OF IOWA COALS.

Before entering upon the analyses of the numerons samples of
coal submitted to me by the State Geologist, Dr. C. A. White, I
carefully reviewed the analyses of Prof. Whitney, recorded in Vol. L.
of the Geology of Iowa.

Prof. Whitney has determined the proximate constituents of six-
teen samples of Towa coal, and reduced the same to 212° F; that is,

while excluding the moisture, he retains the ashes of the coal in his
final statement.

Thinking that the combustible part of the coal alone can be con-
gidered as the mineral, so that the ashes as well as the moisture
ought to be exeluded us accidental and really injurious constituents
of the coal, I reduced the analyses of Whitney to the combustible
=100; the result of this reduction is given in a diagram, the scale of
which is 1 millimeter to each per cent (or 100 = 100" =1 decimeter.)
The fixed part of the combustible we will call carbon, the volatile we
term bitumen. The figures at the lower line indicate the order in
which these analyses are recorded in the Geology of Iows, Vol. L,
Part 1, pp. 897-415 (1858).
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I regret that the diagram here referred to can not be printed in
this publication; I must, therefore, be satisfied by inserting the
table from which the diagram was constructed.

TABLE OF REDUCED RESULTS.

COMBUSTIBLE OF == 100. ASH EXTRA. ANALYSES OF PROF. WHITNEY.

g’_‘ XOGAVIFY. I EETUNEN. | AsiE.

1i§n BEuﬂdo, % i e I i e ha s R LT R f}g =
affalo. . . 3 1

:g:; laland. . ....ooe 4154 184
4ils a.ga lower seam 41 g 1;:{
g‘[é‘mehore;ngb. Cox’' bask 717 405
7, Hillshorough, ‘s bank. 4114 250
8 Farmington, two miles above. 687
9 Fsrmington, half mile from. 4318 7.
10 Towaville ...ooiannnnranns 45 44
“’ s COrDer..«voive vovnes 45.18 847
Fori Dodge, wost hank of river 4638 198
18|Section 18, township 88, range 28 Py
14/Section 13, town=hip BS, range 28 4504 | 2|l
15(Eldora, Hardin county......... %m 1080
i:‘sunm, Jasper eoUntY . .o iiiiiiiariarnnay ersvavins 38 m
Mean of 8ll. coocvicanronarans cams sivansis sossnsn 400 ...

A mere glance at this table shows that the great difference between
these Towa coals 1 due to this varying per centage of ashes, while
the per centage of the earbon and bitumen in the combustible remuin
essentially the same in all the coals, deviating but little from the
s Carbon 56

mm““}mw=mo.
which mean is represented by the straight line A Bin the diagram.

1, instead of comparing all the coals of Tows, we limit ourselves
to the coals of any one county, the unitormity of the combustible
becomes still more apparent. -

Gabsaamennans sk
cessssscenius ses
P T
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The deviations from the mean values are, according to

No.12, No.13, No. 14
L L) AR SRR S SR 4266 +0.63 —2.20
(21 o R . SO AN ol 40.76 —090 +1.12

Or, aceording to my reduction, the several samples differ hardly
more than the possible errors of the analyses. The proper com-
parison of these deviations we obtain by taking the sum of their
squares ; these are for Whitney's figures, 18.2968, for mine only
1.4020, or fully thirteen times less! Aeccording to Whitney’s state-
ment these three samples of coal from three different localities in
Webster county appear to differ by fully six per cent in the amount
of bitumen ; according to my reduction there is only an extreme
variation of one and one - half per cent.

It is therefore manifest that by throwing out not only the moistare
(ns Whitney has done), but also the ashes, as aceidental, then these
coals, analyzed by Whitney, differ not more in regard to the com-
position of the combustible than the errors of the different analytical
determinations of the same sample of coal :

Of Illinois coal, analyzed by Whitney, we have the following:

| warrsey. HINRICHS,
No. Locality. |Bitamen.| Ash. | Bitunien.| Ash,
3 |Rock lsland . ... 4108 | 1.12|, 4154 | 194
4 La Salle, lower.... 4017 | e 4006 | 711
5 |La Salle, upper... 87.89 lul' 4250 1401
8920 ... Il 4208 |oes

which show the following deviations from the mean :

No.8. No4d  Nob
—1.84
o —049  —0.07 40.56

Dr. Blaney, Chemist of the Illinois survey, has analyzed thirteen
samples of coal from Mercer county, Illinois, which fally confirm the
uniformity of the combustible for that county, although the result,
a8 stated by him, show an apparent variation of 14 per cent (from
19.2 to 88.8) in the amount of bitumen!) [See Tllinois Report,
1866, Yol. I, p. 276.] .
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MERCER COUNTY, ILLINOIS.
-rril_——— BLASEY,

No. |™ Bitumen. | Deviation. _ ” Bitumen. | Deviation,
=% 1 28 —0.05 3652 [ +0a%
4 98.6 —1.25 86,86 1048
5 334 +8.55 38,38 +2.98
6 312 +1.35 85.61 —0.89
7 30.8 +0.95 35.16 —1.24
8 19.2 —10.65 85.04 —1.86
9 30.8 +0.95 36.67 +0.27
10 30.0 +0.15 3521 —119
11 312 +1.85 87.32 +0.92
12 322 +2.85 30.43 +0.03
13 31.2 +185 || 3628 —0.12
Wemn..|  29.85 364 -
Sum of squares......... 14041 sersast 15.64
Probable error.......... 2.50 0.83

The sum is, by my calculation, reduced to one- ninth, the probabls
error to one - third, of what they are for Blaney’s values; and the
example No. 8, deviating fully 10 from Bleney’s mean, shows only s
deviation of 1} according to my reduetion.

These examples are deemed sufficient to prove that even over a
considerable area we may consider the relative proportion of earbon
and bitumen in our Western coals as constant.

Thereby these proximate analysis of cosls acquire a now and mors
important.value ; for if the combustible part in the coals, compared
with one another, is of the same composition, its heating effect will
necessarily be the same for equal weights of combustible; or, in
other words, the value of these coals will be proportional to the per
centage of this combustible in the raw coal.

Furthermore, the heating effect of two weights of different coals
will be the same if both contain the ssme amount of this combusti-
ble (say 100); the smount of moisture and ashes, ealeulated for 100
combustible and added to this wili therefore be the ealoric equivalent
of these coals, or represent such weights of the raw coal as will
produce the same heating effect, namely that of 100 pure combus-
tible,

Thus the coals, numbers twelve and fourteen, from Webster
County, Tows, contain respectively 80.6 sud 78.4 of combustible;
hence these figures express the value in cents of & weight of the

-

i
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coal equal to one dollar’s worth of pure combustible ; furthermore,
the amount of moisture and ashes is per 100 eombustible respec.
tively 24.1 and 36.8: hence the caloric equivalents of these coals
would be 124.1 and 136.3, that is, it would require 124.1 pounds of
the former and 136.3 pounds of the latter, to produce as much heat
as 100 pounds of the pure combustible, free from ash and moisture,

This valuation of coals we believe as accurate as any other theo.
retical one in use; and it has this advantage, that it needs no extra
work beyond that of the proximate snalysis, which for many
reasons, onght never to be omitted.

To directly compare our valuation with that based upon the
reduction of lead, I may refer to the seven hundred analyses of
Austrian coals recorded in Jahrbuch der K. K. geologischen Reich.
sanstalt, Bd. X., Heft 3, Wien, 1859, Here we find six analyses of
coals from Mihalkovitz, in Moravia, by W, Mrazek, viz. :

st e cmmmtie], Gt et o,

Bank, upper g 101 8159 | 239 20 40
9 | 108 9404 2835 8017

118 '93.33 2718 2918

0580 2401 45 80.27

. 1.02 a8 27.58 2870

Lvae 008 08.12 7.1 20,10
BURRN E o b ot buanns ' ...... ' ...... | ............ ' 2718 20.47

The deviations from the mean are, acoording to the reductions of
Mrazek, —8.14 41.22 40.05 41,32 4045 +0.08
Hinrichs, — 0.07 -+0.70 —0.34 +0.80 —0.77 —0.31

OFf which the latter are all very much smaller than the former,
and hardly surpass the deviations between different determinations
of the same sample. Practically, one hundred of the eombustible
matter in any of the above coals reduced the same amount of lead
(20.5 parts).

If we, therefore, calculate the caloric equivalent from the per
centage of combustible matter in these coals, ns shown above, and
divide this by the equivalent determined by the lead - reduction, we
onght to get the same quotient always. I find this quotient to be
respectively

1263 1298 1275 12,97 1258 1268
of which the mean is 12.74.
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Dividing my equivalents of these coals, or respectively
1226 1063  107.2 1064 1065 1074
by this quotient 12.74 we ought to obtain the same equivalent as
directly determined by Mrazek; we find the equivalents:

= [mvm |eAnovLATED, !mm
1 Bank, OPPer.ccccs cossarsessae X ] 072 —0.08
% Bank, l&get .................. 8.2 \ 8.34 +0.14
GBaAnK. . ccoess sone s pnanazazes 84 8.41 +0.01
FBank. . -ovanes i e h e I 82 835 | +015
MENGE -« < s« SuncarttBaiit Fued I 84 825 | —018
BBREE  cos saonyh b skt oane | 85 843 | —0.07

It thus appears that the extra reduetion determination of Mrazek
was superfluous, for the comparison of the value of these coals;
for my equivalent calcalated from his proximate acalysis fully sgrees
with the equivalent directly determined by him.

The preceding is determined sufficient to warrsnt the following
deductions :

1. The ashes as well as the moisture of coals are to be con-
sidered as impurities, the combustible part being the real mineral

2 'i‘his combustible part of our Wemmoodnilv;?d. uniform in

mposition, even for considerable parts of the coal - fie
Ns.p For such portions of the coal field th:‘dvdno of the coal is
measared by the per centage of combustible,

4. The caloric equivalent, that is, the number of pounds of cosl
having the same heating effect as 100 of the pure combustible, is
obtained by the proportion

Equivalent : 100 = 100 : value.
Or by dividing the value into 10,000. M
i i  of coals

Having com| opdummmunudndpn
Io't.'i::;:dne:ld according to a uniform “M rﬂ&,“h
udu,htnﬁmlyﬁogmdmwml BaEabip:
hmwhmh.ﬁm:hﬁmimm
of&em-wmnuhsﬂ—nmw ;

ﬁubymmmwﬂﬁﬁ“'imm
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by Prof. Blaney, I find, after reducing these latter analyses, that jn
the Illinois conl - field the per centage of bitumen appears to inereass
westward, For I find, as means, for

Ko, I)Pf . S v ki M
ANALVEES, L

4 (Orandy oounty, AINOM. .00 cohoinveinsiantsecnsise sius
8 La Salle county, lllinois
2 Marshall county, IHDoiS, ,ooecvvee v vannione anvnsnans
16 Warren and Mercer connties, Illino s

........................

These analyses, all executed by Prof. Blaney, may be considered

comparable. So also the following analyses of Prof. Whitney, given
above.

B oo bk o Mean 42 per cent bitumen,
.............. Mean 44 per cent bitumen,

From my own analyges, recorded in Chapter I, Section 4, it
appears that westward in the Towa coal - field, the amount of bitumen
again decreases (about 4 per cent.)

As far as the facts in regard to this very important question are
known, it seems that the greatest amount of bitwmen is found in that
part of ihe coal - field near the course of the Mississippi, and that also
on the whole the amount of bitumen i greater for Iowa coals than for
Illinois coals. (See American Journal of Mining, Feb. 1, 1868.)

Il. ON THE PROXIMATE ANALYSIS OF COALS,

Conl is not a simple chemical combination, expressible by a chem-
ical formula; but it is the final residuum of vegetable matter having
been expozed to a long - continued and complex process of addition
and subtraction. An elementary analysis will therefore not teach
us much in regard to the nature of the combustible; for who would
dore to make any conclusion concerning the peculiar combination of
the elements thus determined? Even the heating effect calenlated
from this elementary analysis is not more trustworthy than the val-
uation by the reduction of lead.

The proximate analysis, on the contrary, enables us to learn some-
thing in regard to the real nature of the fuel. The moisture and
‘the ushes are both not only diluents of the fuel, but in themselyes
obstacles to the effectiveness of the same; the vaporization of the

moisture causes a serious loss of heat, while the ashes, by hindering

.
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a complete combustion, and by the heat they contain when dropped
through the grate, constitute another loss. By furthermore deter-
mining the total amount of volatilo matter, we learn both the per
centage of coke in the fuel, and the amount of carbon (fixed com-
pustible) and bitumen (vol til bustible ). Although
neither of these two products oun be considered as simple chemical
compounds, it is nevertheless of the ntmost prictical importance to
know these two quantities, because of the great importance of eoke
and gas in the arts. The yield in gas of a fuel is no doubt measured
by the per centage of bitumen, at least for coals from the same
basin — coals which therefore may be supposed to have passed
through nearly the same chemical history.

In taking charge of the chemical labors of the Geolog:d Sarvey
of Towa, I had grave doubts ia regard to the value of this proximate
analysis of conls. No investigation as to its accaracy, nor as to the
pest method of conducting the work, had come to my knowledge.
The European chemists seem almost exclusively to rely on the
elomentary analysis, while in the great Government surveys of this
country the proximate analysis seems to have been -lm:;:d n::
sively practised. Bat while the former may readily be g
spproximate determinations of the heating effects of lec 1,
hmth-ve,tomyknowleﬂge.nwbunnudrwmh purposes, nor
was it ot all apparent thst they ever eould be thus made useful,

In regard to the first condition of all qmuﬂu dnd::io;:
that of giving constant results for the same substance, .
observations were accessible, and these rather increased my
distrust. Thus Whitney nowhere, in hiis report on Qtooﬂ::flan.
(Geology of Tows, Vol. I, l:.ﬁl), gives any data whatever regord

this most important question,
::mw to the nb“;u. Onlythoﬁndml\hnqﬁmﬁ;‘;c:;r:l:
the individus] determinations deviated anhmﬂj -
can not be ascertained; or,in m‘mﬁ.lhmd ‘lhwm
relinbility of ns reported results hmm. by
of Dr. James V. F. Blaney on the coals of TMlinois (Geology

of the
Vol. 1, 1866, p. 268-277) insists on the great correspondence |

mtﬂwwhm“i“ Al
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general terms : no experimental data being brought forward. Fortu-
nately, this chemist gives for four samples of eoal the direct result of
two determinations (see p. 273); but the differences between these
two determinations ou the same sample are respectively :

3.04 1.50 1.32 0.07

per cent, the mean of which is 1.48, or very nearly one and a half
per cent, This result certainly was not ealculated to incline me
favorably to the proximate analysis of coals.

On the other hand, the usual applications of coal demand such
analysis, and my reduction of the analysis of Whitney and Blaney
proves, by the results obtained, that the determinations must be more
reliable than the above figures would indicate.

It thus became necessary for me, before making any proximate
analysis of the many samples of Towa coals put into my hands by the
State Geologist, Dr. C. A. White, to make a rather extensive and
thorough search into the method itself, in order to study its exact
value. B8ince I, in these determinations according to the varied
circumstances for the same sample of coal, obtained values ranging
from 41.77 to 57.31 per cent for the amount of volatile matter, it
seems not only that such investigation was sufficiently called for, but
even that it shows the proximate analysis to be worthless : u variation
of 15.54, or rather 16 per cent for the same sample, seems to condemn
the method admitting of such results.

In the determination of magnesia, as large variations could be
obtained by exposing the crystalized double phosphate to varied
conditions ; and yet this determination, properly executed, is one of
the most sccurate known in analysis.

It is easily scen that the following elements will modify the result
of the amount of volatile matter driven off from a sample of cosl
contained in a covered platinum crugible: weight of coal and of
crucible; degree and duration of heat; condition of coal. I hope to
show that this determination, notwithstanding all these elements,
admits of an accuracy of one - tenth of a per cent, equal to that of
weighing n gramme exact to the milligramme.

The sample of coal used for this purpose was not selected, but taken
ot random. It was labelled No. 850, aud is from the bottom of

«
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Roberts and Fisher's Bank, which bank is five to six feet thick, seven
miles weat of the town of Pella, in Marion county, Iows. From this
sample a very pure piece, free from any visible admixture of either
gypsum or pyrites, was selected. By means of 2.760 eoal, in coarse
fragments of about | - 10 cubie centimenter snd n 50 - gramme flask,
the specific gravity of this coul was found to be 1.528,

A. DETERMINATION OF THE VOLATILE MATTER.

Sounce oF HEar.—A common Bunsen burner was used (red heat),
and also & gas burner with six jets, surmounted by n French soufflel
eylindrique (white heat), care being taken to keep the gas-cock in
the same position by means of an arm of ten inches in length, These
two sources of heat we will denote respeetively “B B,” aud “ Blast.”

The time was usually measured by mesns of n small sand - glass,
running exactly three and one-half minutes; this duration we will
denote by & Thus BBt means that the crucible was exposed 1o the
coustant flame of the Bunsen burner during three and one- balf
minutes.

INFLUENCE OF QUANTITY OF COAL.

1. Coal pulverized, not dried; heat: BB/; cooled and weighed
then blast, £; then weighed again*

e, | YEOER AT | oevamos. | st
" 3 5.360 48.24 —u lgg
n 1.910 40.58 +0.20 1 4
¢ 1.147 49.87 +0.49 1& .

0 1.031 40.85 +047 ;
Y e Y : g
2. Cousl in small fragments; heat as in 1.
5
3.743 880 | =V iz
: l 1.130 50.18 +094 | 04
Mean .cocsaissinssen 49.24 4 — kS v

— um\ngmnu'meﬂl—
pe;m‘:;n:ﬂ:'m I ens uatities are given in the same order In
8ll subsequent tables, unless st ullierw ise,

it
R
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For the same heat, the amount volatilized is the greater, the smaller
the mass heated ; whether the coal is in small fragments or pulver-
ized hardly makes any difference ; but since the bitumen passed off
more regularly when the coal was pulverized, while, when in frag.
ments, slight explosions sometimes occurred, the coal should be pul-
verized for the determination of the bitumen.

8. Coal, pulverized, betwoen 1 and 2 grammes; heat as above,

No. OF ] WEIGHT, VOLATILE.

EXPER'T, PEL CENT, } DEVIATION. CRUCIBLE,
n 1.910 40.58 —0.19 192
e 1147 49.87 +0.10 11.6
o | 1.081 49.85 I -+-0.08 9.4
Mml .............. 49.97 I ..................................

giving, 85 probable error of a single determination, only 0.108 per
cent, or only 1 milligramme for 1 gramme of coal. This is not
greater than that of the weighing itself, in which fractions of a
milligramme were usually neglected.

4. Coal, pulverized (new portion), and between 1—2 grammes.
Heat: BB¢; immediately thereafter Blast ¢, without cooling.

NO. op VOLATILE.

b ‘I Lyl [ e ' DEvIATION. | cnvemus
a 1.160 50.86 +0.14 9.4
n ‘ 1.040 50.58 —0.14 110
y TP e s i B | TR 3

Another determination was made (o/); but on account of side-
draft while over BB the crucible cooled several times; correspond-

ingly the result deviated much, being only 49.10.

From 3 and 4 we conclude, that if the substance taken is from 1
to 2 grommes, the result will be constant for the same mode of

heating.

'
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5. Coal, fragments; heat, BBf: not cooled; Blasts,
_wwte -] vwes [T e
Pl o | 88| 3E
v 1.080 47.43 —0.30
" R | 4718 i ....................

with the probable error of one single determination 0,45,

Comparing this with 4 (same heating) it appears that about 3 per
cent less volatilized by previous drying, and also that the neeuracy
of one determination is four times less than when the coal is ignited
without previous drying. In the arts the coal is not artificially dried
before coking. For all of these reasons the smount of volatile
matter is best determined on undried eoal.

6. In general, I found, as means,

4 dried coals gave 47.97 per cent volatile,
10 undried coals gave 49.87 per cent volatile,
confirming the above.

INFLUENCE OF COOLING AFTER THE IONITION OVER THE DUNSEN
BURNER, AND BEFORE THE IGNITION OVER THE BLAST - FLAME.

7. Coal, pulverized, not dried; heat; BBY; then Blast, without
cooling.

o | wmem. roeie | oevuamion,
- 1.314 49,01
y 1.156 49.05 +0.02
“G‘n' ------------ Shssssan . 49-“ Hesssnnnns onn --nttjnn

which compared with the corresponding case 8, giving the mean
40.77 and maximum deviation 0.19, shows that by the intermediate
cooling about § per cent more is volatilized. This probably is due
to the fact that the crucible upon eooling is filled with atmospheric
air, which, upon renewed ignition, must burn a corresponding amount
of the coal. . #
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INFLUENCE 0P HEPEATED HEATING, THE CRUCIBLE BEING APTER EACH
IGNITION COOLED AND WEIGHED.

8, Coal=r=1.628 in crucible 19.2 was dried, then ignited,
(BBf) and lost 41.77 per cent. Being ignited again in the same
way, it lost 2.76 per cent, or, in all, 44.53. Being successively
ignited 7 times, BB, each time for 6 minutes, the total loss was
52.39, or, on the average for each of these 6-minute BB ignitions,
1.12] two of the determinations nearest this average were 1.06 per
cent).

Hereafter the same was 5 times for 3} minutes exposed to the
blast; the volatile passed off amounted to 57.31, giving for each of
these last ignitions the average loss of 0.98 per cent.

It now had been ignited 14 times, each time having been cooled
and weighed ; and we have 14 ignitions, 57.31 volatile: st ignition
41,77 volatile; hence average for each of the 13 ignitions 1.195
or 1.2 per cent.

This series of experiments shows that it is impossible to heat coal
until no further loss is sustained ; for it is apparent that each heating
(after complete cooling) produces, on the average, more than the
additional volatization of 1. On 1 gramme coal taken, 1 per cent
carbon burnt requires about 80 milligrammes or 20 cubic centimeters
of oxygen. We may therefore consider these successes almost equal
losses due to a real combustion,

INFLUENCE OF PROTRACTED HEATING.

9. Coal, pulverized, not dried; heat, always first BB ¢, and then
immedintely, without cooling, transferred to blast - lamp.

xo. WEIGHT. BLAST. | VoLATILE !nmmm[m
o/4n’ | (mean) Smin. | 50.72 057 | 0419
(.4 il 51.29 1.04 0.35
b M 62.33 1.95 0.656
d 18 +% 54.28 2.93 0.16
K 80 « | 57.21 | .
By comparing each with the first mean, we obtain for each minute-
blast after the first 8, respectively,
0.24 0.39 0.27 0.20
showing less difference than the above.
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The volatilization, after the three first minutes - blast, is therefore
inereasing { to § per cent for six minutes, and then very slowly
decreasing to about | per cent for half an hour. At this rate the
loss is 12 per hour.

It is apparent that this loss is less than when cooled in the inter-
vals, but it proves that a slight current of air must get at the coal in
the covered erucible.

At any rate it is demonstrated, that the rule which is sometimes
given, to heat until no further loss is sustained, demands an impossi-
bility.

INFLUENCE OF THE DEGREE OF HEAT.

10. Coal, pulverized, not dried; heat, BB!; cooled and weighed ;
then Blast!; cooled and weighed again.

AFTER LR, AFTER DLAST,
n 1910 48,08 +042 | 4958 —0a8
e L147T  47.60 40.03 4087 4011
o 1.081 4728 —043 49.85 40.09
Mean.......... 47.66 49.76
Probable error.. 0.284 0.108
showing that the higher temperature gives the most aceurate results.
RESULT. p,

From this investigation we conclude :

The total volatile malter of coal is determined with aceuracy (1 mgr.
on 1 gr. coal) by taking 1 to 2 grammes of undried pulverized eoal,
heating it for 3% minutes over a Bunsen burner (bright red heat) and
then immediately, withoul cooling, for the same length of time over a
blast gas-lamp (white heal.)

B. DETERMINATION OF THE MOISTURE.

A flat- bottomed iron pan, of 20 centimeters in diameter, was filled
evenly to the depth of 1} centimoters, with sand, and the latter was
covered with & copper plate, on which the wateh « glass containing
the coal was placed. A thermometer (scale to 370°C.) was, by means
of a rubber stopper, inserted in an iron arm of the tripod supporting
the iron pan, snd held with its bulb about half a centimeter above
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the copper plate. By means of a Bunsen burner it was found v
easy to keep the thermometer perfectly constant at 115°C. This
apparatus I consider a good substitute for Fresenius’ iron plate.

The cosl to be dried was finely pulverized, direct experiments
having convinced me that the application of fragments was not only
very much slower, but also err s, on account of the peculiar
property of bituminous coal treated of below.

In order to show the aceuracy of this method, I transcribe the fol-
lowing examplea from my journals:

No. of | Weight of | e

coul pud,%nn_ I Time. l Pefcinit. Dcvh{!n; from | Mean.
300 e | 0961 1 hour. 4.888 —0.004 4,802
300 £ 0.919 1 hour. 4.896 +0.004 4,892
890 e | 0961 21 hours. 416 +0.01 415
300 £ | 0.919 21 hours. 414 —0.01 415
330 e | 1452 1 hour. 8.26 +0.07 8.19
330 £ | 0975 1 hour. 812 —0.07 819
330 e | 1452 3 hours. 716 +0.17 819
380 £ | 04975 3 hours. 6.83 —0.16 8.19
338 o | 1415 1 hour. 8.852 —0.029 3.881
398 f | 0805 1 hour. 8.011 +0.030 3,881
338 e | 1415 2} hours. 3.287 +0.123 3,164
888 f | 0,805 2} hours. 3.042 —0.122 3,164
888 e | 1415 54 hours. 2.722 -+0.088 2,634
388 f | 0.805 53 hours. 2.546 —0.08% 2,634

These results —u few taken from among a great number of deter-
minations — show that the loss (called moisture) decreases regularly
after the first hour of drying, that is to say, while the coal loses in
weight during the first hour, it steadily gains in weight thereafter.
It appears furthermore, that the accuracy of s determination, ex-
pressed in the smallness of the deviations from the medn, is greatest
at the end of the first hour of drying, least after about three hours
of drying, and thereafter inoreases ngain as expressed in the dimi-
nution of the deviations after five and one - half hours drying in coal
No. 838,

On nocount of these peculinr properties of our bituminous coal, I
put down as moisture the loss in weight of the finely - pulverized coal
after one hour’s drying at a temperature between 105° and 110°C.
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C. 0N THE SLOW OXIDATION OF COAL.

This increase in weight after the first hour’s drying I have found
in all Towa coal investigated as yet. I have alsofound it to oceur in
a sample of coal (steinkohle) from Beathen, Silesia, which showed a
loss of 3.62 per cent at the close of ome hour, and in four further
hours’ drying gained again 0.42 per cent; also in cannel coal from
Wigan, England, which gained 0.42 per cent. Tt was not noticed in
brown coal from Bilin, Bohemia, nor in brown coal from Arbesan,
Bohemia, nor in bituminous wood from Salzhausen, Germang, nor in
peat from Ireland, nor in anthracite from Pennsylvania. Lam there-
fore inclined to believe this to be a property peculiar to pit-coal
(steinkohle).

On page 401 of Vol. L P. L of the Iowa Geology, Prof. Whitney
remarks: “ A remarkable fact, in counection with the determination
of the water present in the specimens of coal has been noticed. In
numerous instances, after the sample, in the form of s coarse powder,
had been dried for several Lours in the air bath, at a temperature a
Tittle above that of boiling water, during which time it had gradoally
lost weight nntil all the water seemed to have been expelled, on con-
tinuing the operation for some time longer s slight inerease of weight
would become perceptible, and the coal would continue to grow heavier
until a gain of several tenths of a per cent of the original weight had
been made. This appears to be owing to the slow oxidation of the
sulphur which all these coals contain in a finely divided state, dis-
seminated in invisible porticles through the mass, and, perhaps,
partly in combination with iron.”

It is evident that Prof. Whitney failed to discover this property
as o gonoral one, becsuse he had the cosl in coarse fragments. The
want of correspondence in the results of determinations of moistare
in the same sample, dried at the same time, but of different weights,
made me apply the coal ju the form of powder. Thereby the tarning
point was reduced from * several hours” to less than one hour ; the
“ numerous instances” extended to all -iplum; the
“ glight increase of several tenths of one per cent” became often
two and oven four per cent! Instead of numerous exceptions we
now diseovered a general law.

=
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We have failed, as yet, to notice any “sulphur” dizseminated
through the Iowa coal ; what popularly is called sulphur is pyrites,
Prof. Whitney has given no proof of the existence of real “ sulphur

By this means we may compare the following determinations,
referring to 2, 3, or 4 hours deying, We find:

in the coal. Itis therefore unsatisfactory to ascribe this property —w—t‘%l;—;g' HOURA l m&“ﬁf‘ l::: :}!vmul COLOR OF ASTIEA
of the bituminous coals to such “sulphur.’” ‘—f;FffT@”_g 075 038 | % ' Pale Brown........
Pyrites might well be the cause of this phenomenon; the red twom.|88t| 8 085 0.16 i White .+ oeoas se
ashes obtained in many cases (in Van Buren County, Iowa, invaria- }ﬁ'&m NE 4 ‘ 0.80 020 004 Red und white. ...
bly from the upper part of the coal - bunk), may well be ascribed to }Top. ! m ; L ag &;‘s de}}&;&'"
pyrites disseminated through the coal in invisible particles. 2 e LR ¥ 0.8
FeS, will give Fe,0,, +480,, by exactly doubling their weight. 'I!}.zll;'nm . g“ - o 0.25 v
In order to decide the question, I select the following results from N T 058 010
my analyses : i Top.....|588| 8 117 0.3 P =
- 1 090 BIRY avvssass
INFLUENCE OF TIME OF DRYING. mm'-‘\m : \ b 4 \ i L
Top-coal. Number of samples, 4 3 2 17op.... la0] 3 048 L) S
Time of drying, 2 3 4-5 hours. Except in the coal from the last mine, we notice that the more
Mean gain per cent, 045 071 096 ferruginous ash does correspond to u slightly greater increase in
FRSRSURIS 0 OF St . 5 ! weight ; but we notice also that this difference is but very small as
Time of drying, 2 3 4 hours. compared to the total amount of increase, being only m.mn
Gain, per cent, 049 050 096 one - third of the whole. Arranging these coals in the order of this E
Mean of above. No. of samples, 7 8 4

hourly increase, we find the color of the ashes not at all forming »
regular series from white to nd.qi:ouglat to b-riftvhilim-cn-
was mainly depending upon the oxidation of the pyriul. Besides,
the mean of the 4 white- ash coals is oaswmwtyw
while the mean of the 4 coals showing the greatest increase is only
0.38 per cent, or double the former.

Coal, 333 Tncrease, 0,80 per cent. Ash; pick.

Time of drying, 2 3 4-5 hours,
Gain, per cent, 046 063 096
Gain, per hour, 023 021 024
or, on the whole, for nineteen samples of coal, very nearly propor-
tional to the time, this being not more than four hours. It also
appears, that no essential difference is spparent in regard to the
position of the sample in the coal - bank.

“ 88 « *  pal M'

BT T
“ “ .
“ % : 8% “ “ brown.
“« 805 “ 020 « x and white.
« 334 “ 019 « i ‘m
w 857 “« 018 « 5, —
« 875 ¢« 018 = - ety
« 884 % 016 “ "o ‘-

. “ 37 “ 015 * « white
« 370 “« 015 = N ;‘w‘ -
% e
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The greater increase of the pyritiferous coals is accounted for by
the oxidation of the pyrites they contain; the paratively great
increase of coals giving a pure white ash seems to force the con-
clusion upon us, that e bitumen of the coal itself ozidizes, and that
to this oxidation the main increase of all these bitaminous coals must
be aseribed. Remembering now our result regarding the deportment
of bituminous coal from Silesia, anthracite from Pennsylvania, brown
coal from Bohemia, (all of which gave ashes very nearly of same
shade, and all of which had been in my air- heated laboratory for
two years), it seems not unlikely that this is another characteristic
chemical difference between bituminous coals and other fossil coals.

In conclusion I will only give two additional determinations, show-
ing a very considerable increase in weight, and also that the process
of exidalion is completed in aboul siz houra for two - thirds grammes
of coal. For No. 329, containing 8.80 per cent of gray ashes,
gained, in 5} hours, 2.05 per cent of its original weight. Coal No.
848, with 6.00 per cent red ashes, weighed 0.693.

Change: Total loss:

Weight. Per ceat. Per eent.

After § hour, 0.680  loss 0.063—9.001 0.001
“« 2 hours, 0.625 “ 0.005—0,722 9.813
“ B} hours, 0.656 goin 0.081—4,474 5,339
“ B8} hours, 0.656 « 0.000 5.380

D. DETERMINATION OF THE ASHES,

The best way to determine the ashes in coal I found to be the
coking of the finely pulverized coal in a small platinum dish (weigh-
ing about 8 grammes) with subsequent incineration of this coke in
the same vessel. Tho incineration takes place with great ease and
rapidity, and the results are perfectly satisfactory. Thus 3.022
grammes of coal No. 333 gave 2.85 per cent, and 5,263 grammes of
the same coal gave 2.58 per cent, deviating from the mean 2.46
by +0.11.

In regard to the ashes of our Iowa couls, I have found that they
are very much more uniform in their distribution throughout the
conl -fields than usually thought possible; In Van Buren county, [
find the *“bottom " coal giving a white or light colored ash, the “ top”
coal of the same bank a red colored ash; a fact, which Iintend to
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make use of in a subsequent paper on the origin of our ecal. T alse
find the amount of ashes to increase quite evenly (in this county),
toward the margin of the coal-field, from about 2 to 7 per 100
combustible.

E. DETERMINATION OF SPECIFI0 GRAVITY.

Conrse fragments, freed by means of a sieve, from all small
particles, and averaging 1-10 cubic centimeters in volume, were
introduced into a fifty - gramme fask, provided with thermometer
stopper. The constants for this flask, for temperatures varying from
50° to 80° F. had been carefully determined.

The given specific gravity corresponds to the eoal perfectly
soaked, o that all its pores were filled with water. That required,
on the average, twelve hours, permitting two determinations per day,
one in the morning, snother in the evening.

That this is not at all trifling, may be seen from the following
example. 2.760 grammes coal (No. 350) gave the specifie gravity
1.300 at 64° F., immediately ufter filling the flask with water ; after
shout twelve hours soaking, the specific gravity hiad inereased to
1,828, for the same temperature. According to this latter detormina-
tion, s oubic foot of this coal would weigh 82.70 Ibs; sccording
1o the former, ouly 8158, or 1.18 Ibs. less. This shows s consider-
able degree of porosity ot the coal; und indicates the nbsurdity of
giving the weight in pounds of o cubic foot of coal witia four
decimals, although no statement in regard to temperature or time of
weighing is mode. Such sccuracy we meet with in some of the
officinl roports.

F. CALCULATION OF RESULTS.

Referring to my paper in No. 22 of the American Journal of
Mining, it may be euflicient here to state, that beside the per centage
composition of the eoal, it is proper to reduce the composition to the
eombustible =100, in order to obtain a proper comparative cstimate
of the character of the fuel itself (i regard to the proportion of
bitamen and earbon) and of the amount and quality of the impurities
ashos and moisture). It has also been shown in the paper referred
to, that for considerable arcas of the coal - field, the sum of the con-
stituents on the sesle of combustible=100 is the proper calorie.

A
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equivalent, and that the per centage of the combustible in the feel
gives a proper estimate of its value.

According to this method a considerable number of analyses of
Iowa coals have already been made. It is believed that the results
will be strictly comparable for the entire coal - field of Iows, and that
the conclusions, both practical and theoretical, will deserve some
confidence.

he 2 .-.“

LR - o =

THE MINERALOGY OF 10WA,

CHAPTER IV.

The following mineral species have eome under my persousl
observation :
ELEMENTS : 1 Coal.
2 Sulphur (cryst).
OxIDES 8 Quartz,
4 Chalcedony.
5 Hematite.
6 Limonite (and Ochre).
8 Wad.
SoLPHIDES : 9 Galena.
10 Blende.
11 Pyrites.
CARBONATES : 12 Caleite in very many varieties and
forms.
13 Smithsonite.
14 Dolomite. A ¥
15 Aragonite.
16 Cerusite.
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Sulphur, Aragonits, Carusite, Celestine, the first three having beeg
(found in well crystalized specimens) as not hefore identified in Yowa,

It will be most convenient to consider the minerals of the pring.
pal localities separately.

1. THE DUBUQUE LEAD REGION.

1. (Galena.— Lead sulphide, PbS; the “mineral” of the miners,
This ore oceurs m two sets of lodes, nearly at right angles to each
other. The principal lodes run cast and west, the secondary lodes
run north and south; some have an intermediate course, and are
called (uartering lodes. The galena from these lodes may be readily
distinguished.

In the east and west lodes the ore is usually imbedded in the clay,
which more or less fills the cavity produced by the disintegration of
the rock (magnesian limestone), The ore itself is darker, shows fre-
quently good cubes (* dice mineral” of the miner), has a good, reg.
ular, cubical cleavage throughout. The ore is sometimes of very con-
siderable dimensions.

In the north and south lodes the ore occurs usually in sheets,
rarely mor2 than three inches thick, tightly imbedded in the rock.
It is of u lighter color, never shows any well - defined cubes, nor any
distinct, regular cleavage. Tt is more compact, so as to give a some-
what ringing sound when struck ; hence it is also called * steel min-
eral.” Tt is said to yield more lead, to be more easily reduced, and
to contain more silver than the east and west mineral, On the south
fork of the Little Makoqueta river much of the north and south
mineral is mined.

In the quartering lodes the characters of the ore are also inter-
mediate.

Crystaline forms observed are the cube and the octohedron; the
latter always in combination with the former. Very fine cabinet
specimens may be seen in the cabinet of amateurs and miners st
Dubuque. Some specimens have cubes only on one side, while the
other is studded with octohedra, retaining but small cubieal faces.
The largest cube I have observed is in the cabinet of Mr. James
Beach, Dubuque; it measures 4}<4}x6} inches, has the corners
unequally replaced by octohedral faces, and weighs 16§ pounds.
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9, Blende. — Zinc - sulphide, Zn 8; the “Black Jack™ of the
miners. It is not as abundant as the former; more common on the
east side of the Mississippi. Ouly the ferruginous, black variety has
been observed ; no finely -developed erystals, -although the masses
exhibit the peculiar dodecabedral cleavage very well.

The disintegration of the blende takes placo mecording to the
directions of cleavage. Several specimens, partly disintegrated to
earbonate, showed this feature very finely. In some of these speci- i
mens of carbonate, the dodecahedral rhombohedron of 120 degrees is |
easily recognized.

8. Pyrites.—Tron disulphide, Fe 8, ; “mundic™ of the miners,
Also this mineral is much more abundant in the eastorn portion of
the lead region of the Upper Mississippi than in the Towa distriet of
thia region. I have observed it in most beantiful and regular octa-
hedra of about one - tenth of an inch; also dodecahedra bave been
observed by me. 1 do not remember to have seen a single cube of
pyrites from this region. This form is dominating in the geodes
in soathern Towa, and the pyritohedron I have seen in pyrites from
a coal - mine twelve miles south of Davenport.

8. (Cerusite, — Lead carbonate, PbO,C. The galena often has a ]
white coating of amorphaus lead carbonate. In the quartering lode
of Messrs. Burton, Hill & Co,, I found some yery good, though small,
erystals of cerusite, right on the galens, in fissures of the mineral.

i - .. Mr
5. Aragonite.— Prismatic, calcium carbonate, OI0.0
Woodman, of Dubuque, bas obtained some very fine specimens,
besutiful groups of small erystals, from & cave seven miles south
of Dubuque, and one mile west of the river. 1 w; m
almost microscopic crystal, right on the galena, h fissures
ore, ot the above - mentioned mine of Burton, Hill & Co, five miles
north of Dubuque. g -
of the miners, It is very common in the diggings. ¢ sealeno- leto-
hedron RS is st times found very finely developed,
with the vertical hexagonal prism sud the fandamentsl
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In the pools of the caves large cakes, consisting of an agglomers
tion of acute rhombobedra with perallel axes, are formed by slow
erystalizution. The surfaces of these rhombohedra are nevep
smooth, being studded with smaller rhombohedra of the same form
and in parallel position.

Rock - milk, pure white, associated with Wad, has been found in
specimens from the Peacock mine.

Stulactites and Stalagmiles of eonsidersble size are still seen in
Dubuque; Satin, Velvet Spar, forming beautiful arboreseent forms,
may be seen in the local cabinets,

The most remarkable ealvite erystal I have observed is a scaleno-
hedron from the Peacock mine. It is about three inches by two, and
at o distance of § inches below its surface, a perfectly parallel
scalenchedron is fincly marked by very small crystals of pyrites,

7. Smilhsonile—Zinc- carbonate, Zn0,C. The common amor
phous variety, resulting from the blende, is quite frequent; the
miners call it “dry bone.” From the iron of the black - jack it
is always yellowish or reddish.

Very finely crystalized Smithsonite is rare, but has been observed;
gome crystals were fully % inch in diameter,

8. Burytes. — Barium- sulphate, BaO,S or heavy spar. Good
tabular erystals of bluish tint have been observed, from Peacock
mine.

Gypwwm, — Hydrated caleium - sulphate, Ca0,S+21,0. It is
not common in the lead -mines; usually in small, sealy coatings,
ond tabulsr crystals; also bunches of fibrous gypsam (Peacock
mine.)

10.  Sulphur, S.— Beautiful erystals, about } inch in diameter,
fine yellow color, on galena, probably from the St. John's diggings,
four to five miles north of Dubuque. Beside the terminal plane
(OP), aud the fundamental pyramid (P); also $P distinetly
observed. ¥

While at the Hickock mine (July, 1867) I discovered a consider-
uble amount of solid sulplur and dry bone, on blende. The picces
were often as large s o small pea, quite compact, exhibiting some
lustre, but no distinct erystalization. The shaft, wherein these
specimens were obtained, was only about twenty feet deep.

-
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11.— Wad, impure mangsnesc-oxide. Associsted with rock -milk
at the baseof stalactites from the Peacock mine. Also found at the
mine of Burton, Hill & Co.

12.—ZLimonile, hydrated ferric-oxide, Fe,0,4-3H,0. Impure, not
fine specimens, quite ecommon. Yellow ochre rather abundant.
Goethit, in fine seales, doubtful.

The order of succession of theso minerals, as resulting from a
careful and minute study of all the specimens of the survey and a
great many most execllent specimens in the eabinets of gentlemen at
Dubuque, is for the Dubuque lead region essentially.

Rocx: Galena limestone (, dolomite).

1. Pyrites. —
— 2. Galena.
—— 8. Blende. —
o 7 = -
— 5. Cerusite.
—— 6. Smithsonite.
e 8 loar. Suiphur. —
o 8. Caleite.
9. Gypeum.
10. Barytes.

Several of these occur more than once in the series ; in the above
is given the order of their firsf ocourrence,

On the east side of the river the order of the sulphides is appa-
rently the reverse. In a great number of very fine specimens from
Galena, Tllinois, and from Wisconsin (some of which I Mﬂﬁl the
cabinet of Mr. Woodman, of Dubuque, the order of the sulphides 18
blende — galens — pyrites; while for the Iowa lead - region it seems
to be, pyrites — galena —blende. It must be stated, though, that
the specimens from Hlinois were rather finer than any from Iows I
bave been permitted to study. i« il
I noticed caleite partly betwoen galens sud pysites. Part of the
face, and part of the caloite, pyrites had been deposited in octahedrs.
and dodso‘M& e B
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2, THE GEODE REGION.
For the location and extent of the region where the “geode bed™
ocours in Southern Iowa, we refer to the published Geology of Iowa,

A great number of geodes, particularly from Bentonsport, Vag
Buren county, have been closely studied. These geodes varied from
one inch to one foot in diameter; many were quite globular, and
many are flattened. The wall varies very much in thickness, and
this thickness is not at all proportionate to the dimensions of the
geode. The outer surface is always uncven, rough. At times it
containg a number of good, more or less corroded, cubes of pyrites,
No other minerals have been noticed on the outside of the geodes,

The following minerals have been observed on the inside of the
geodes :

1. Chaloedony forms always the outer crust, often more than an
inch thick. Some geodes contain no other mineral ; then the chaleed-
dony is of a peculiar mammellar structure, and often shows, in its
fracture, agate - like bands. Colors are usually not showy ; pale
gray, bluish - gray, and yellowish - gray predominate ; greenish and
reddish tints have been observed. Some of these chalcedonic
speeimens are very fine.

2. Quarts, silicon di-oxide, 8i0. —It occurs always implanted
on the chuloedony. Nearest the latter the quartz is only erystaline,
but farther toward the interior of the geode the structure of the quarts
becomes more regular, and the inner free surface is always formed
of fine erystals. Very often these radiste from a common conter,

forming bunches in various parts of the geode; the center is always
o tube.

The most common erystaline form is the hexagonal pyramid,
implanted on the inner surfaco of the geode; but the rhombohedran
of 04° is also quite common, often very large (half an inch
along the edges!) In a lot of geodes from Hamilton, Illinois,
collected by Mr. Safford, a regular gradation from this rhombohedral
quartz to the peculinrly rounded chaleedony could be traced ; pure
quartz rhombohedra — the same very thinly coated with chalcedony—
this coating thicker, so the edges appear quite rounded ; finally the
rounded forms of chaleedony.
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In many geodes the hexagonal prism is very finely developed, both
in combination with the rhombohedron, and with the hexagonal
pyramid ; in many this pyramid had only the alternate (rhombohedn_l)
faces well developed, the others being often rudimentary. This,
together with the occurrence of the rhombohedron alone, again is in
favor of considecing the rhombohedron s the fundamental form.

Some es contain & great number of loose quarts crystals, up
o half f:ogncb in length. The fine, transparent erystals of this
kind belong to the most evenly - developed, and most beautiful
rock crystals 1 have seen. These loose erystals have .ulv.ny: n
hexagonal prism of some length; and in some geodes this is com-
bined with the rhombohedron alone, in others with the hexagonal
pyramid, umally with the two rhombohedral halves unequally
developad, but at times the hexagonal pyramid is nlso perfect.

In o few geodes, thick short quarts crystals (prism snd pyramid)
were found densely studded with minute pyramidal quarts crystals,
50 a8 to form rounded bunches of exquisite beauty.

The colors of quartz in these geodes is various —from clear
transparent to white, yellowish, dark - yellow, yellowish - brown, red;
some few have a fine rose color.

8. (Caleite oconrs quite frequently, often filling the whole cavity
of the geode, usually resting on quarts. Sometimes the crystals are
very large and beautiful, but the surfaces have & umhtﬂky
luster, due to the partial t\ilinugnﬁonintludmcdmnflho
cleavages. The principal forms observed are :

1. The fundamental rhombohedron of 105° 8

2. The first obtuse thombohedron or 3R of 185°% In one geode
konKukﬁMde,mhvﬁcnmof three
in and o hight of one inch.

e:.u'mﬂ hexagonal prism; the longest observed is 8}
inchos (1} inch dismeter); the thickest, 2} inches in dismoter (and
8‘:.&.'1"::‘3::1:& scalenchedron, R, of 104° 88’ and 144° 24’ in
the terminal edges; only subordinate in combinations with No. 3

No. 0. y
“:. The sealenohedron 3 R,, having the terminal edges of 1647
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and 1304° This with the prism of 2} inches diameter and § inches
height.

6. The scalenohedron {R,, having the terminal edges of 146°
and 128% in another geode, in combination with the hexagonal
prism of 3} inches length and 1} inches diameter.

4. Dolomite.— (Mg,Cs) 0,0. Very fine varieties of pearl spar
have been observed in several geodes. Some portions had been con.
verted into limonite, without losing the characteristic form. The
largest erystals of this kind I observed in a geode from Hamilton,
Illinois ; the edges being nearly half an inch long.

5. Pyriles occur quite frequently in these geodes — almost always
in the form of small, very regular cubes. Only very few had their
corners finely truncated (octabedral). The Jargest cubes were found
on the outside of a few geodes.

In one geode & mass of pyrites (one inch by one and one - half
inches) represents on its surface a peculiar folinceous structure. The
angless do not correspond with selenite, nor do they quite coineide
with rhombohedral caleite; yet the mass seems to be a pundp;. 1
morph.

The pyrites is but rarely quite unaltered in these geodes ; it ocours
frequently converted into

6. Hematite, Fe,0,, and alss into :

7. Limonite, vetaining the form perfectly and often including o
small nucleus of unaltered pyrites in the middle.

8. Ochre, particularly the yellow, fills some cavities almost en-
tirely.

9. Blende has been observed, in one geode as much as half an
inch cube. Smithsonite has not been noticed by me.

10.  Kaolin or porcelain cluy is found as a fine, perfectly white
powder in many geodes. -

11.  Inerustations of various colors and compositions are fre-
quently coating quarts, ealcite and others. Caleareous incrustations
are the most common, and as far as observed are nullylmul,ﬂ

ing for infiltration.
The general order of succession of these minerals, in the geodes
sl

observed by me, is 2

1. Chaloedony.
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2. Quartz — often again coated by clialeedony ; and again on this
Iatter beautiful and minute quartz erystals have heen observed.

3. Pyritss and Blende, the former often converted into hematite,
or ever limonite.

4. Caleite— sometimes intergrown with quartz, also in & few
instances coated with chaleedony.

Dolomite appears to succeed the caloite.

5. Incrustations and Kaolin. — In a few cases pyrites has been
observed right in the chaleedony of the outer crast.

A few acicular crystals woere observed in one geode, in pure
quarts. These erystals look precisely as fleches d'amour, or
acicular crystals of Rutile, Ti0,. In the hope of getting more
material, 8 final examination has been delayed.

FORT DODGE, WEBSTER COUNTY.

1. Gypeum, quite abundant. The most common is the gray,
massive variety ; it burns white. The snow - white gypsum from this
region is nearly chemically pure, and shows needles of gypsum-
erystals.

Separate selenite erystals, not very regular, but of the common
arrow - head variety, have been examined from the same county.

2, (Celestine, strontinm sulphate, SrOS.—Bluish columnar;
no fine erystallizations. Columns vertical ; one to three inches iong,
the thickness of the deposit.

3. Pyrites,in globular masses.

4 WAVERLY, BREMER COUNTY.

1. Caleite, very clear, finely crystalized, hexagonal prism with
the first obtuse rhombohedron § R of 135°; diameter about § inch.

Caleile Geodes from this place show a fine, almost silky lustre, and
the rhombohedra of 88° (7 R) and of 124° (i R) and also the com-
mon scalenohedron (R 8) together with the vertical prism.

The variety of Anthraconile is quite abundant at this place, It is
very fetid when struck, has a fibrous to columnar, at times radiated
structure; the free extremities of the erystals show the rhombohe-
dron of 83° (JR). Associated with this Anthraconite is
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Dogtooth spar, showing the common scalenohedron (R 8), some prq.
Jjecting fully half an inch.
With the first - mentioned hexagonal prisms of calcite occurs.
‘2, Baryles, bluish tables, containing small erystals of
3. Pyriles.

5. IOWA FALLS, HARDIN COUNTY.

1. Calcile, Scalenchedra (R3) and probably also (—2RS)
terminated by the obtuse rhombohedron JR. Often one - half ingh
long. .

2. Fire-Clay, very pure; associated with a pure white marly elay.

The fire - clay consists of pale - reddish sand, 16 per cent; clay 8¢
per cent; containing water and volatile matters 34 per cent. "

The white marly clay (much more plastic than the former) com-
sists of :

RPN, s o svesenss Savevinenins SRt - 27.85
Bilica....... P T B 26.66
U ot o rirs st ds s e s S g s . 1328
Giving clay......... T T LN 60.70 per cont.
11T R e R g R .

OuebOnIo BT« cvncressarasinessrinsesnas vanien

Giving calcium - carbonate.......cc.ceus 16.87
Hygroscopic Water........vsvessrsnessanes 12.00
Organic matter and 108s.......ccinenns 1.34
100,00
6. VARIOUS LOUALITIES.
Alum from Albia, Monroe county. "
Barytes from Elk Oreek, Decatur county. 5

Baryles from Madison county, West Line. :
Caloite from quarry opposite State University, at Towa City, west
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contains the other form exclusively. The largest crystal, about two
inches long, very regular, R3 and R combined.

Dendrites, from Anamosa, Joues county, on slabs ; from Dubuque,
on an orthoceras.

Epsomile, or epsom salt, cflorescent incrustations from near Bur-
lington.

Flint, Madison county.

Hematite, near Keosauqua, Van Buren county.

Pyrites, pyritohedra, from James' coal-bauk, 12 miles below
Davenport.

Tutenmergel, very good specimens, from Webster county and from
Page county.

Crystallites; these pecaliar conoretions have been obtained from
near Buelington and Iowa City. I think they are pseudomorphs
after gypsum or celestine.

MWMW.@UMWM»B&!‘ i
this scalenohedron alone. In some specimens, one cavity may
filled with one of these forms, another cavity, an inch or so dista




GLOSSARY.

The law suthorizing the geological survey provides that s glossary shall

pany esch volume of rep

Allueial — That which is deposited by the washing of rivers along their course.

Amplerus— A genus of fossil corals,

Anticlinal — A given line or ridge from which the strata dip in bot direotions.

A Sandy, Ining sand,

Argillaseous— Clayey, containiog clay.

Audosteges— A genus of fossil ahells,

Azophylium — A genus of fossi] corals,

Black - haw — Viburnum prunifolium,.

Black- locust — Robivia pseudo - acacia.

Biuff- deposit — The formation composing the Missouri river blufls.  See
article on “ Lakes of lows, past and present "

Beyrichia — A genus of mioute fossils belonging to the same order with crabs
and lobsters.

Borers— The larve of an insect that deposits its eggs upon the bark of the
way into the body of the tree in such numbers as to destroy it,

Bottom — A Western term, appiied to the low, flat, allavial lands so common
slong western rivers.

Coal - measures— A name for thst sssemblage of carboniferous strata which

contains the coal.
Conglomerate — Gravel and sand consolidated into rock.
Cottonwood — Populus monllifera. -

Cranberry — common — Vaccinlum macrocarpum.

Cranberry — Jigh - bush — Viburnum oxyececus,

Crania — A genus of fossil shells.

Oretaceous — The name of & geological age. The chalk of Barope belongs
10 the cretaceous age.

Orustacean — Belonging 1o one of the animal sub-kipgdoms. It embraces

Oryptacanthia — A genus of fossil shells.

Cryptoceras — A geaus of fossil shells.

Cythere — A genus of minute fossils, related to Beyrichis.

Drift— The formstion which contains the boulders,

Drifting — Digging & way horizontally Into, or within s mine. =
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Fauna— A term used in geology to signify the aggregate of all the
remains,

PFerruginous — Containing iron.
Fault — A break in the continuity of etrata by the liftin; settlin,
part of them. ! ki .
Geodes — Hollow, i
Grit— Coarse sandstone,
Habitat — The naturally chosen place of habitation or growth
or of an anima}
s or plant, 5
lbdmuom‘nu—ﬁ:muol fossils belonging to the same order with
8.
Inoceramus — A genus ol fossil shells.
In situ (Iatin) — In place.
Lacustrine — Formed by, or belonging to s lake.
Marlite — Limy clays, usually in indistinet layers; common among the
measure strata,
Moekella — A genus of fossil shells.
Micaceous — Containing mica.
Nautilus — A genus of ehells, both fossil and reeent,
Protosoan — belonging to the lowest branch of the animal
Pinna — A genus of fossil shells, e
M—wamdlulnmhmnm
Sphagnum — A genus of mosses, several species of which usually grow
fusely upon peat- marshes.
Stratum (plural, strata) — layers, or beds of rocks.
Synelinal — A given line or longitudinal depression, foward which the
dip in both directions.
Timber — A term applied in the West to all native groves or bodies of
trees.
Tomoceras — A genus of fossil shells.

¥, stony Iy lined with crystals,

Burlington aud viclnity. . .
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