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THIRTEENTH ANNUAL

Report of the State Geologist.

Towa GroroGICAL SURVEY,
Des Moings, DecEmMsER 31, 1904.

To Governor Albert B. Cummins and Members of the Geological
Board :

GenTLEMEN:—It is my privilege to report the progress that
has been made during the past year in carrying out the plans
for work that were approved by you a year ago. The resigna-
tion of Professor Calvin, who submitted these plans to you and
who has guided the investigations of the Survey from its begin-
ning, was a matter of keen regret to all those who are inter-
ested in the work of the Survey throughout the state and the
country at large. It is fitting at this time to call attention to
the high plane to which the Survey has been raised during his
administration. I cannot do so more appropriately than by
quoting a reliable writer for the Mining Reporter of Denver for
February 23, 1903. “For types of successful University Surveys
it is only necessary to refer to the magnificent history of the
Wisconsin Survey, whose publications have come to be regarded
as classics in Geological literature; the lowa Survey under the
charge of Professor Calvin, of the State University, whose work
has been so favorably commented on by the Geological and Engi-
neering Journals; the Maryland Survey, in charge of the depart-
ment of Geology in Johns Hopkins University, has been a model
of economy and economic efficiency as well as scientific excel-
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lence. Among the many others may be specifically mentioned
the present New York Survey, and the Texas Survey estab-
lished within the past few years at the State University, and
already recognized as an important factor in the recent devel-
opment of the state.”

[t gives me great pleasure to report that Professor Calvin will
retain an active interest in the work of the Survey, and the
relief afforded him from routine and executive duties will ena-
ble him to push forward the important monographs that he
has undertaken on the stratigraphy and paleontology of the
state. '

On account of the removal of Prof. J. B. Weems from the
state, Prof. Louis G. Michael of the lowa State College, at Ames,
was appointed Survey Chemist by you and is serving in that
capacity.

In addition to the preparation of a number of county reports
during the past year, more time than heretofore has been
devoted to some of the larger economic problems with the pur-
pose of publishing results in a convenient form to meet a real
and growing demand for information in regard to the quarry
and cement materials; the coal; and the gypsum of the state.
A preliminary report on the Portland cement industry and
Iowa’s natural resources with reference to Portland cement,
prepared by Edwin C. Eckel and H. F. Bain of the United
States (eological Survey, is published this year. This report
1s a product of the helpful co-operation of the State and
National Geological Surveys, a co-operation which has been
efficient along a number of lines during the year. The report
shows plainly that the limestones and clays of Iowa are a
proper field for the careful study of the cement manufacturer,
and 1t 1s believed that this preliminary report will attract the
attention of capital seeking investment along this line. A
number of urgent requests for this report, from responsible
parties, are already on file. A more thorough study, looking to
a complete report on Portland cement possibilities in [owa, is
now being undertaken by Dr. S. W. Beyer in connection with
his investigation of quarries and quarry products within the
state. The field work on these reports will require at least
another summer.
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The series of coal tests that have been undertaken by the
Towa (teological Survey, co-operating with the United States
Survey, promises to bring out facts that will be of interest to
every user of coal. The coal was in all cases donated by mine
operators and in every instance but one carried without charge
by the railroad companies. IFive car loads of coal from as
many important mines in lowa have already been tested, and
with the resuits obtained it will be possible to illustrate the
nature and significance of the work. ¥or the first time in the
history of the country coal from practically all of the coal
producing states has been brought to a single, well equipped
plant, and has been tested under the same conditions and by
the same men, whose position guarantees a fair and impartial
statement of results.

A study of the figures which follow will lead to the con-
clusion that in general the coals imported into Towa are selling
at a price that is too high, when their efficiency is compared with
the lowa coals which are put on the home market at a price
considerably below the imported commodity.

When burned under the boilers at the Saint Louis testing
plant, the Iowa coals, on the average, yielded energy sufficient
to maintain a horse-power foran hour for each 3.9 pounds of fuel
burned. For six samples of Illinois coal, the average amount
of coal burned per horse-power hour was 3.7; for one sample of
Pennsylvania coal, 3.1; and for thirteen samples of West Vir-
ginia coal, 3 pounds per horse-power hour.

The conditions under which these tests were made represent
fairly the conditions that prevail in the average power plant of
moderate size. The Illinois coals, from the fields tested, which
are extensively used in the eastern part of the state, and are
often given a decided preference over lowa coals, should sell at
practically the same price as the average Iowa coal. A study
of the chemical analyses of the coals from the two states, made in
connection with these tests, indicates that for domestic purposes
the same statement 1s true, for the content in sulphur and ash
in the coals from the two statesis about the same, and certainly
the advantage is not with the Illinois coals in these particulars.

The laboratory tests as to the heating qualities of the coals
tallies with the tests in the power plant. The [owa coalsJgave
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on the average 6,300 calories, and 11,000 British thermal units,
and the same figures represent the value of the Illinois coals in
these tests. The Pennsylvania coal tested gave results one-
twelith better, and twelve samples of West Virginia coal were
one-sixth higher.

By washing the lowa coal, as is done commonly in the cast,
at a cost of six cents a ton, the per cent of ash was reduced
four per cent, and the amount of sulphur one per cent. Cok-
ing tests were made on four of the Iowa coals, in the ordinary
beehive oven. On the average, 8,000 pounds of coal yielded
3,500 pounds of coke, of a rather inferior quality, and these
tests were not encouraging.

In the briquetting tests, it was found advantageous to use
eight per cent of tar as a binder, and it was satisfactorily shown
that the fine coal waste of Iowa can be prepared and put upon
the market as a satisfactory fuel by this process.

The important producer gas tests are yet to be made with
the lowa coals, and the probabilities are that they will be suc-
cessful, though there will exist the necessity of washing the
gas to remove the excess of sulphur. This process, however, is
simple and inexpensive.

It is hoped that coal from a number of important localities
may be tested at the Saint Louis plant during the coming
summer,

During the past summer I was engaged in selecting and
securing the donation of these car-load samples, and in nego-
tiations which led to the granting, in most cases, of free trans-
portation from the mine to the testing plant at Saint Louis.
In addition, while in the coal fields engaged in this work, con-
siderable new light was gained in regard to extensive coal beds
particularly in Marion and Lucas counties.

Preliminary tests to determine the economic temperature for
calcining gypsum, were carried on at the laboratories of the
State University during the summer of 1904. The gypsum
industry in Iowa has an annual output valued at morve than
$500,000, and the state should assist other producing states,
notably Michigan and Kansas, by contributing her part to an
important technical literature on this subject. It is believed
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that the lowa gypsum industry will admit of a considerable
expansion, and that a knowledge of newer methods applicable
to the makingof hard wall plasters will result in profit not only
to the gypsum industry but to the whole state.

Professor Calvin has been engaged throughout the year in
work on stratigraphic problems, and in collecting and com.
piling data for a final report on the drift. He has identified
fossils for a number of Survey assistants and has rendered
them important aid in the field.

Desiring to aid the high schoolsof the state in theirscience
work, and appreciating their need of illustrative material, the
Survey early in the fall proposed to share with the schools
some of the material that it has brought together. To deter-
mine the interest of the high schools in the movement, the
following circular letter was addressed to the high school
principals:

The Iowa Geological Survey, through its representatives in the field, is able to
bring together at little expense, an excellent collection of the rocks, fossils and
minerals of Iowa.

The Survey proposes to send a set of thirty labeled specimens to each high school
in the state. A detailed account of the specimens intended to be helpful to
teachers and pupils will accompany each set. The high school receiving the
specimens will be asked to pay $1.00 for specimen trays and packing, and the
express charges. The purpose of this nominal charge is primarily to insure the
Survey of a reasonable interest in the material on the part of the recipients.

Before undertaking the work an expression of opinion from the high schools
is desired. WIill your school care to co-operate if the plan is carried out?

Very truly yours,
FrRaANK A. WILDER,
University of Iowa,
Iowa City, lowa.

More than one hundred and twenty schools sent in requests
for the collections, this number exceeding considerably the an-
ticipated demand. One hundred sets, representing 4,000 speci-
mens were sent-out and were well received by the high school
authorities. At a later date it will be possible to supply the
remaining applicants and others who may apply.
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The tollowing specimens were included in each collection:
SAMPLE.,

Sioux quartzite.
Magquoketa shale.
Shell limestone.
Carboniferous sandstone.
Carboniferous shale.
Striated glacial pebble.
Glacial granite.
Decayed granite.
Loess and loess kindchen.
Lead ore from Dubuque.
Waukon iron.
Quartz geode.
Calcite geode.
Rock gypsum.
Selenite.
Satin spar.
Iron pyrites.
Peat.

FOSBILS.

Pentamerus oblongus.
Favosites favosus.
Halysiles catenulalus.
Ovrthoceras sociale.
Acervularia davidsont
Orthis impressa.
Orthis towensis .
Alrypa reticularis.
Spirifer pennatus.
Spirifer hungerfords.
Spirifer mucronatus.
Athyris spiriferoides.
Ptyctodus calceolus (teeth).
Spirvifer keokul:.
Athyris sublilita.
Inoceramus labiatus.

Pasteboard trays and carefully prepared labels were fur-
nished with each specimen and each set was accompanied by a
descriptive pamphlet of ten pages.

The following list includes the schools receiving the material:

Adel. Bellevue.
Akron, Belmont.
Albia. Boone.

Alton. Brighton.

Anamosa. Brooklyn.
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Burlington. Lake Mills.
Boyunton. Lamoni,

Cedar Rapids, Manson.
Charles City. Manchester.
Centerville. Maquoketa,
Coon Rapids. Marengo.
Correctionville. Marshalltown.
Corning. Montezuma.
Clinton. Missouri Valley.
Cincinnati. Monticello.
Corydon. Mount Pleasant,
Council Bluffs. Muscatine.
Davenport. Nevada.
Decorah. Newton.

Des Moines, Capital Park School. Oelwein.

Des Moines, Oak Park School. Onawa.

Des Moines, West High School. Ottumwa.
.Eagle Grove. Pella.
Eddyville. Pomeroy.
Eldora. Randolph.
Emmetsburg. Red Oak.
Exira. Reinbeck.
Fairview. Rock Valley.
Farmington. Rockwell City.
Fonda. Sanbora.

Fort Dodge. Seymour.
Garner. Spencer.
Glenwood. Sioux City, High School.
Grand River. Sioux City, Cathedral School.
Grimes. Sioux Rapids.
Grundy Center. State Center.
Guttenberg. Storm Lake.
Hawarden. Story City.
Hedrick. Sumuper.
Hiteman. Tama.
Holstein. Tipton.

Ida Grove. Walnut.

Iowa Falls. Wapello.
Keokuk. Washington.
Kirkman. Waukon,
Knoxville. Waverly.

La Porte. Woodbine.

No phase of geologic work has greater significance than
the preparation of topographic maps. On account of the expense
involved the State Geological Survey has, up to the present,
not felt justified in entering this field. Considerable wor
however, has been done by the United States Geological Sur-
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vey in the eastern part of the state. As a result of a con-
ference with officers of the Iowa Geological Survey, the-
topographic branch of the United States Geological Survey
will begin active operations in the central part of the state
as well as along the eastern border. In order to aid in the
more careful study of the coal resources of Polk county a
topographic survey of the area within the Des Moines (uad-
rangle will be completed this summer. Some work will be
done also in Fremont county. A line of precise levels will
be run between the Mississippt and Missourl rivers, crossing
Towa from east to west through Des Moines. The engineers
of the state will be given a fair example of topographic work
in a center where engineering cnterprises are important, and
the measure of their appreciation of this work will be a fair
guide for future activity along this line.

The newly organized soil survey at the [owa State College of
Agriculture and Mechanic Arts has found that its reconnais-
sance work has heen satisfactorily done by the Geological Sur-
vey in connection with its glacial studies. At the request of
Doctor Wilcox, of the Soil Survey, the field assistants of the
Geological Survey will continue their observations on soils, and
will report more fully on this topiec than has been the custom
in the past. Similarly, at the request of the State Historical
Society and the Towa Anthropological Society, more complete
notes will be made on prehistoric mounds and fortifications.

Volume XV of the regular series of reports is submitted
herewith. Papers by Savage, Macbride and Udden, on Benton,
Fayette, Emmet, Palo Alto, Pocahontas, Sac, Ida and Clinton
counties are included in this volume. Professor Arey of the
State Normal School joins the Survey staft for the first time,
and presents in this volume an excellent report on Black Hawk
county.. The report on Jasper county is the work of Mr. Wil-
liams. The mineral statistics have been compiled by Doctor
Beyer, as usual. and form an essential part of the report.

The second volume of the report on The (irasses of Iowa,
prepared by Prof. L. H. Pammel, has just been distributed. It
i1s a work of lasting value, given to the state without cost. except
for publication, and even here a portion of the expense for
illustrations was borne by the author. The two volumes on The
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. Grasses of Towa will long be a standard reference book in
schools of higher grade, and form another instance of genuine
scientific work which has also an economic value, contributed
by this state to an important technical literature. lowa is not
alone 1n undertaking work of this kind, and it is generally ad-
mitted that if it were not for state support of this sort an im-
portant element in scientific literature would be lacking.

The correspondence of the State Geologist and of the Assis-
tant Geologist growing out of inquiries from within the state
with reference to deposits or finds which are regarded as im-
portant by the finders, and from without the state in connection
with inquiries from capital seeking investment in connection
with Towa’s mineral wealth, has been considerable, and is 2row-
ing in bulk yearly.

At the request of the state census bureau, the Survey is pre-
paring statements of the mineral output and resources of the
state, in text and diagrams, which will appear in counection
with the census publications.

The field work for the coming year will be pre-eminently
along economic lines. A substantial and wholly necessary
foundation for this work has beer laid in the earlier strati-
graphic studies of the Survey.

Frang A. WILDER,
Towa City, Towa.
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lowa (GEOLOGICAT. SURVEY,
Drs Moivus, DecevBeEr 31, 1904.

My Drear Sir:—I have the honor to submit to you a report
upon my work of the past year as follows:

During the months of January and February the time was
largely occupied with office duties, in addition to which the
report on the Geology of Benton county was completed. An
excursion was made into Carroll county for the purpose of
studying the drift sections exposed in the cuts recently
made along the Chicago Great Western railroad. Some
data were collected bearing upon the age and distribution of
the loess deposits, and their relation to the drift sheets
exposed in this portion of the state.

Search for coal in the southwestern counties of the state
has been actively carried on during the past several months.
Prospect holes, several hundred feet in depth, have been put
down at Tingley in Ringgold county, Carben in Adams
county, and near Creston in Union county. After the dnll
had penetrated to a considerable depth at each of the above
mentioned points, the Survey was requested to send a repre-
sentative to examine the conditions in that immediate local-
ity, and to advise with regard to a continuance of the work.
In none of these drillings were coal seams of workable thick-
ness discovered, but an accurate log of each drilling was
made and a definite knowledge of the deeper strata of the
Coal Measures in these localities has been obtained.

Notwithstanding the repeated failures that have attended
the search for commercial quantities of oil and gas in our state,
a company was recently organized for that purpose, and a drill-
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ing was made at Coin, in Page county. It is sufficient to say
that no oil or gas was found, but a coal seam twenty inches in
thickness was encountered at a depth of about two hundred
feet.

The writer was called to investigate a gas reservoir that was
discovered in putting down a well near the town of Glidden, in
Carroll county. The gas-bearing stratum, as at other points in
the state, was found to consist of a bed of sand that was
enclosed above and below by a sheet of bowlder-bearing clay.
The gas that escaped from the pipe showed a good pressure and
burned with a strong flame. From indications that were shown
in other wells in this neighborhood it seemed probable that the
sand bed in which the gas had accumulated extended over a
number of square miles. The parties were advised not to form
a company with a view of exploiting the gas on a commniercial
scale, but to pipe it to the town of Glidden, a distance of two
and one-half miles, and, without expensive equipment, vtilize
the gas at home. This has been done and a number of families
have been supplied with light and fuel from this source during
the last few months.

During August, in company with Dr. S. W. Beyer, an excur-
sion was made for the purpose of studying the distribution of
the Iowan drift in the counties of Marshall, Tama, Poweshiek
and Jasper, and quite satisfactory conclusions were reached.

- The supervision of the illustrating and printing of volume
X1V of the Survey reports occupied some months of the year.
After that volume was through the press field work was taken
up in Fayette county. Notwithstanding necessary interrup-
tions this work was pushed to completion by the early part of
December, and the manuscript of the report on the Geology of
Fayette County is submitted herewith for publication.

During October work in the field was suspended at your re-
guest in order to accompany and assist Mr. John Groves, the
representative of the United States (Gteological Survey, in the
collection and shipment to the United States Geological Sur-
vey Coal Testing Plant at the World’s Fair Grounds, Saint
Louis, Missouri, six car loads of coal that had been generously
donated by Iowa producers for testing purposes.
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Throughout the year the office has looked after a large vol-
ume of correspondence relating to the examination of samples
and specimens, information with regard to economic deposits
and locations, and advice to prospective investors both within
and outside of our state. In many cases the sending of printed
matter will not furnish the specific information desired, and not
infrequently the satisfactory reply to a single communication
has involved a search of several hours. In this line of work
the survey is enabled to render very practical service to the
people of the state; a service that is appreciated as is testified
by the numerous letters of thanks which reach this office.

Very respectfully yours,
T. B. SAvaGE,
Assistant State Geologist.
To Pror. Frank A. WILDER,
State Geologist.
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VALUE Ol MINERAL PRODUCTION.

1902.
Coal .......... .. b e s ..$ 8,660,287
Clay .o e e 2,843,336
SHONE « ottt i e e 665,045
GYpSHIM . ... . e 337,735
Lead. oo oo 11,178
Total ...... .. s e $12,517,501

1903.
Coal ... $10,439,139
Clay o e e 3,033,583
Stone ... e 597,965
GYPSUmMI. ..ot ittt i e e 523,008
Lead.. ..o i e 3,013
Total ... oo $14,596,708

1904.
Coal oo e e $10,439,496
Clay oo e 3,507,576
[ 5 ¥ 542,170
GYPSUITI. . ..o it e e 469,432
Lead. .. ..o e 2,619
Sand-lime brick......... v 13,907
Total ... $14,975,200

MINERAL PRODUCTION IN IOWA FOR 1904,

BY 5. W. BEYER.

The selling value of the mineral products of Iowa for the
year 1904 shows a slight gain over that for 1903. The value of
the output of clay goods in 1904 was nearly half a million dol-
lars greater than that for the preceding year; coal shows but a

2

r4
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slight increase, while the value of the stone, gypsum and lead
production falls a little below that for the year 1903. No zinc
or iron was marketed during the year.

The nuomber of producers for the various mineral industries
of the state is shown below in parallel columns for the years

1901 to 1904 inclusive.

1900 | 1901 | 1902 | 1903 | 1904

Coal s e e 231 242 | 274 | 271 269
Clay. oo 381 349 | 329 | 296 331
1 0 o - 170 | 229 | 273 197 258
1631407 158 « R S 7 7 7 8 8
Lead and zinc........... S 6 10 8 8 5
e + LM 1 ) I Y P
Sand-lime brick. . ...oviiivine i v e 2

Total. ..o iee i 796 | 838 | 891 780 873

The value of the total mineral
No. L.

production 1is

shown in table



MINERAL PRODUCTION BY COUNTIES.

TABLE No. I.

19

VALUE OF TOTAL MINERAL PRODUCTION BY OOUNTIES FOR 1904,

- . == . P

Sdl 3 A g i

29 © ° n -3 .

COUNTIES. a5 5 = = 88 =

R o > ° La °

Z e & I = = &~
Adair...... ...... 1 1 . 13,335 | oo e 3 13,335
Adams........... 16 |$ 29,793 14,378 | .ol ool L 44,171
Allamakee .......| 3 |oiieniiiiiii e e inannn 3 324 |...... .. 324
Appanocose....... 57 1,643,684 16,477 520 |..vuen.... 1,660,681
Audubon........ D o
Benton........... 13
Black Hawk .... .. 11
Boone ...... ..... 19
Bremer. ... ..., 1
Buchanan........ 1
Buena Vista...... | 3
Butler.... ...... 1
Calhoun ......... 6
Carroll ...t 1
Cass.... coeevunnn 4 |, 116,925 P 116,925
Cedar ...... ..... 2 14,192 15,824 |.......... 30.016
Cerro Gordo ..... (3 P 274,219 50,309 |.......... 324,528
Cherokee ....... 1
Chickasaw ..... D e I A [
Clarke..... ...... | 8 leeeennn .. 3,186 |.......... 3 186
Clay cvvveennn. 2 (. 43,600 | ... et 43,600
Clayton D 13,254 5,875 |...... 19,169
Clinton 16 | 20,325 8,544 |.......... 28,869
Crawford ........ 2 12,560 | ..... P I 12,560
Dallas.... ....... 16 | 28,149 131,047 320 | ... 159.516
Davis..... ...... 2 1,332 ..., e P | 1,332
Decatur....... .. 7 e 6,625 671 7,296
Delaware. . ....... 2 P 12,000 2,809 14,809
Des Moines ...... 12 oo 35,300 18,538 ..., 53 838
Dubuque ........ 16 |...ooiaat. | 43,700 33,372 13 2,619 79,691
Emmet....... ... ‘ 1‘ ................. B
Fayette ......... ) O | 15,589 10,503 |...... .. 26,092
Floyd ...... ..... 9 4,840 |.......... 4,840
Fremont.......... 6 e 14700 | ... L] 14,700
Greene ..... .... 8 58,027 | v e 58,027
Grundy .......... 2 , .....................................................
Guthrie .. ........ |8 26.123 22176 | 43,299
Hamilton ........ S 47.350 1,325 ... 48.675
Hancock ......... ) A Y IO I | ............
Hardion ...... .... 13 ... ... 60,234 11,438 |.......... ! 71,672
Harrison .........| [ I 16,260 | oeeeenon]onnn e 16,260
Henry...... -.... [10 | ... ..., 20,619 2,511 o 23,130
Howard.. ... ... ‘ g 1267 [0 ‘ 1,267
Humboldt ....... R 2 O 1,138 Lo..oo.... 1,138
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IN

TABLE No. I.—CONTINUED.

IOWA.

VALUE OF TOTAL MINERAL PRODUCTION BY COUNTIES FOR 1004.

3wl o : f o
. & 3 1 & B g
. _g g o : @ -~ ©° .
COUNTIRS. E 3 = E = 8 g =
a3 5 o 5 L °
z 4| & & & = &
| |
Ida...... ........ 1 O e T S
Towa ............. S 35,730 oo 35,730
Jackson.......... 8 |. e .| 70,475 L. 70,475
Jasper ...... 16 | 374,984 20,050 |0 ol 396,034
Jefferson ......... 6 20,232 35,017 e 55,249
Johnson ...... ...l 10 |.......... .. 45,710 | 2,400 48,110
Jomes ........... |15 . Ll 8,950 82,341 | 91,291
Kossuth ..... .... ) O T S A (P
Keokuk .......... 29 | 67,093 37,682 1,913 | ... ... 106,688
Lee..... ........ 20 e 7,880 31,544 39,424
Linn .. ..........| 4| ... ....... 39,229 14,377 | ......... 53,606
Louisa ...........| 12 278,890 8.381 2,241 | ..., 289,512
Lucas ............ S R A (PSS IO PO
Madison ......... 71...... R 43,874 |.... ..... 43,874
Mahaska....... .. 38 954,963 65,080 |......... |.......... 1,020,043
Marion........... 24 431,722 | 20,875 | 12,075 | 464,672
Marshall ......... 1 O 59,802 ... ... Ll 59,802
Mills............. 1| 11,600 |....couvuei|oneennn... 11,600
Mitchell......... [ S A PO 1,394 |......... 1,394
Monona....... ... D S L L
Monroe.... ...... 12 3,023,883 ... e 3,023,883
Montgomery ..... 12 | enn. 47,827 1,410 49,237
Muscatine...... . 10 ...l 32,856 |l 32,856
Page ............. 9 50,178 43,900 |......... | ... 94,078
Plymouth ........ 2 . .. 7,900 | ... 7,900
Pocahontas ......| 3,  ...... 77,800 | ... 77,800
Polk ....oooonnn. 47 ‘ 1,886,389 648,853 |ivvuve i e, 2,535,242
Pottawattamie ...| 7 |............ 74,452 | ... Lol 74,452
Poweshiek ....... 3o 15,738 |.ooveiv]| o 15,738
Ringgold..... ... 2. 6,750 | ... 6,750
T 2 . 1,180 | 1,180
Scott ...... 25 ’ 21,448 31,660 40,288 |......... ‘ 93,396
Shelby ........... R S AR I leveeneann.s
Sioux.... ... ... 3 13,023 | ... ..., 13,023
SEOTY ..o vevvnnn. 3, | 22,306 | e 22,306
Tams ........ .. < 2 I, 98,242 ... 98,242
Taylor ...... ... 7 | 37,838 7,350 ..., 45,188
Union.... ........ 2| R 21,755 .. ... Y 21,755
Van Buren....... 11 16,301 3,460 816 |.......... 20,577
Wapello .... ..... 19 448,474 62,222 30,290 |.......... 540,986
Warren ... ...... 5 25,182 . F ferrreenns 25,182
Washington .... .. 15 ..o 26.033 5,606 j.......... 31,639
Wayne ..... ..... 12 180,087 11,970 |.......... | o0 192,057
Webster. ...... 22 275,725 ‘ 254,930 | .......... 469,432 1,000,087
Winneshiek ...... 2 P 8,000 |......... |...... o 8,000
Woodbury ....... 3 298,362 | ool | 298 362
Wright ... ....... SV ... 74,665 |..... ..o oLl 74,665
Single producers.| .. |...... .... 92.199 3,453 |......... 95,652
Sandstone ........ 26| oo e ‘ ....... .. ‘ 8,575 ... 8,575
Totals......l.... $10,439,496 |$ 3.507.576 '$ 542,170 |$ 472,051 '$ 14,975,200
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Coal.

The coal production shows a two per cent increase in
tonnage and almost no change in total value owing to a cor-
responding falling off in average price per ton. Of the twenty-
three coal producing counties eight only show increased
outputs, Monroe county heading the list with a total production
exceeding two millions of tons. Keokuk and Lucas counties
show the greatest relative shrinkage. Greene, Guthrie, Jefterson,
Page, Polk,Wayne and Webster are the remaining counties which
increased their production over 1903. Extensive development
work was carried on during the year in Lucas, Monroe and
Polk counties. The increased production in Monroe county
was due largely to the extension of the Consolidation Coal
Company.

Table No. 1I, gives the number of companies producing, dis-
tribution of coal, total tons produced, total value, average
price per ton, average number of days worked and number of
men employed arranged by countles

TABLE No. 1I. _
COAL OUTPUT BY COUNTIES FOR 1904.

@ | < | S g B b o
8| .8 3 S8 b 2 & |5.| &8
- -] = £ Le]
g @ <5, @ a P 3 'E S =y
Blme |38 | Ew | . ¥ % B2 ES
COUNTIES. ° 34 §g . g3 g E z' gg| = Sy
£ %85 | e8| 28 | % | Bz B 5| 2%
g g8 (=2 | 92 | E2 | 2R |§5|B%| 5i:
= o F 30 A R b > >0 ™
z | & 8 5 & g% |27 <] &%
Adams ) O 12, 840 10 12,860 (8 20,798 |$2.35 131 107
Appanoose 58 824,814 35167 12,759 872,720 1,643, 684 .86 87 2,769
oone 13 269, 017 20, 370 5,770 5, 167 558,99 | 1.96 195 1,029
B&llfas ? , 100 8,400 556 3, Ogg 2?, égg g lg 14(8)
avis . PP R - 1 5 N ! 15 2
Greene 71 180 26,673 1,360 28,213 58,027 | 2.05 | 183 ki
Guthrie 5. 9,149 . ......... 9,1 24,123 | 2.85 155 40
Jasper 9 236,894 10, 894 10, 080 257,848 874,084 | 1.45 | 217 ¢ 571
Jefferson 3 2 2 250 9,810 20,282 | 2.08 | 174 28
Keokuk 12 23, 269 18, 327 2,918 44,512 67,003 | 1.57 | 289- 113
Lucas 3 188,519 12,117 14,259 189, 895 218, 1.48 184 476
Mahaska 31 607,114 30, 043 17,786 663, 943 54 1.44 197 1, 605
Marion 17 206, 856 24, 695 8, 468 327,518 431,722 1 1,82 | 225 745
gonrou lg 1,969,217 %7,2043 46,3’12 2, 0(1%, 8(7); 8,023 ?83 % ;g gég 4.%18
1 { RN R : 3 P )& - 5
Pol 25 840,540 | 288,702 42,428 | 1,180,6 1,896,399 | 1.67 | 222 2,136
Scott 7 10, 594 10,724 . 1.97 164 51
Tavlor . 4 8,952 7,286 36 18,278 87,838 |1 282 | 200 88
Van Buren . . 4 4,721 , 284 | ... 8, 005 16,801 | 2.08 | 207 29
Wapello .... ..... 11 198, 876 99,004 |~ 4,886 | 802,835 | 448,474 | 1.48 | 219 685
warren ...... .... 5 8, 42! 5,081 |.... 11, 480 25,182 | 2.19 | 149 49
Wayne........ ... 7 86,748 12, 008 130 98,879 180,087 | 1.82 | 208 883
Webster .......... 18 117 863 18, 470 3,705 184, 538 275 725 | 2.04 | 228 846
Total...... 269 | 5,8350.802 677. 2?6 170.627 | 6,507.6855 1810,489.498 [81.60 | 213 | 15,373
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The price per ton varies greatly when the different counties
are compared, ranging from $1.32 for Marion to $2.85 per ton
for Guthrie county. A casual inspection of the above table
will show that the average price per ton depends very largely
upon the disposition of the product. Other things being equal
those counties showing the largest local trade report the
highest average price per ton. There was a falling off in
average number of duys work with a more than compensating
increase in the number of nien employed.

According to the anthority of the United States (feological
Survey, [owa ranked ninth in total tonnage, and seventh in total
value of coal produced in 1903. The ten leading producers of
bituminous coal for 1903 were as follows:

STATE. TONNAGE. VALUE.

1. Pennsylvania.........cccovviinennninn.. $103,117,178 $121,752,759
2, TIHDOIS. oot e e i 36,957,104 43,196,809
3. West Virginia.. .. . ...... ... 29,337,241 34,297,019
S © ) 4§ Y A 24,858,103 31,932,327
5. Alabama......... ... i e 11,654,324 14,246,796
6. Indiana ....oovviinii e 10,794,692 13,244,817
7. Kentucky .....c.ooiiiiinn ool 7,538,032 7,979,342
8. ColoTado. vt veeecr i e 7,423,602 9,150,943
L R 3 - N 6,419,811 10,563,910
10. Kansas. .. . uuevvnonennionninnns 5,839.976 8,871,953

The average price per tou for lowa during 1903 was $1.63,
while for the whole United States it was $1.24.
The production for the state during the past six years was

as follows:
YEAR. TOTAL TONS. VALUE. ‘;g?ggx NUABA"jg&‘.iAIG)lA;YS NOMBLE MEN
" WORKED. EMPLOYED.

1893 5,177,479 6,397,338 $1.24 229 10,971
1900 5,202,939 7,155,341 1.38 228 11,608
1901 5,617,499 7,822,805 1.39 218 12,653
1902 5,904,766 8,660,287 1.47 227 12,434
1903 6,365.233 10,439,139 1.64 232 13,583
1904 6,507.655 10,439,496 1.60 213 15,373
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Clay.

Idle yards were, perhaps, no fewer in 1904 than during the
preceding year; the increased number reported to be in opera-
tion during the latter year was due rather to the opeuing of
new factories. The most notable growth was in the manufac-
ture of drain tile which shows an increase of thirty per cent.
The counties showing the greatest gainsin this direction are
those in or contributary to the area covered by the Wisconsin
drift. The growth in the production of tile atfected the man-
ufacture of common brick locally but the output of brick for
the state does not show a material change. Next to drain tile,
the growth in the manufacture of hollow block shows the
greatest increase, amounting to about twenty-five per cent.
The manufacture of burnt clay ballast fluctnates greatly from
year to year and no average figure can be assigned. The total
production of clay products shows an increase of about six-
teen per cent. The production was distributed as follows:

| 1808. 1804.
|
Thousand. ~ Value. Thousand. Value.
Common brick............... 194,872 i$ 1,396,088 207,750 |$ 1,430,581
Front brick........... ....... 7,381 83,306 8,330 | 101,358
Paving brick................. 20,688 221,481 15,925 199, 528
Ornamental brick..... ......|............ 1,200 ||............ | 972
Fire brick.....o.vooeivnonn. 975 20 | 300
Drain tile..... ..o iiioin i 1,009,933 ||....... ..... 1,321,745
Sewer pipe.......oiviiir i 88,000 |........... 94,800
Hollow block......... .. o] i 131,191 |l...... . ..., 164,658
Railway ballast...............[............ 12,000 {l...... ...l 100,000
Pottery....... . .... R P 55,762 || ..o 66,050
Miscellaneous............ ... | .c...... 33,651 ~ ........... 7,184
Total coveeevivin v ool $3.033 583 ||........... $ 3,507,576

The price of common brick shows a slight falling off while
pavers and front brick show a marked increase. The average
prices for the principal grades of brick are given below for the
two years:
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Whole United

Iowa. States.

1908. 1904. 1908,
Common brick...............oiueinnn.. PR § 7081 6.89||F 597
Front brick.......... ..ot 10.60 12.17 12.45
Paving brick .. .......... e e e 10.62 12 53 9 86

The distribution of clay products by counties, showing the
common brick and total brick in thousands, the value of com-
mon brick and of total brick, value of drain tile and total value
of clay products are shown in table No. III.

TABLE No. IIIL.

CLAY PRODUCTION BY COUNTIES FOR 1904.

a DRAIN
b § COMMON BRICK. TOTAL BRICK. TILE.
ke
COUNTIES. 3= TOTAL
'g’g Quantity Quantity VALUE.
S a in Value. n Value. Value.
iz, |Thousands Thousands
Adalr ....oooviin i 3 1,100 |8 9,000 1,100 (s 9,000 (3 4,185 ||$ 13,385
Adams..........oooiii ) 1,680 12, 660 1,880 12,660 1,718 14,378
Appanoose _.....l......... 2 2,147 16,477 2,147 16,477 |... ...l 16, 477
Audubon ... . D T P I P | PSP
Benton . ................| B 1,365 10, 450 1,385 10, 450 18,975 24,425
Black Hawk .... .......... 2 2,310 14,753 2,840 14,758 |..... 14,758
Boone..........o.ier e e [} 3, 390 23,521 6,983 55,879 20,931 78,995
Bremer  ....... R s E B N R, ST P e | I
Buena Vista ...... .... ..| 8 165 1,220 1685 1,220 15,928 17,143
Butler ...... ) G [ o I I | I
Calhoun 6 871 6, 900 871 6,900 19, 256 26, 936
Carroll . 1 R P R N Aleeeess
Cass ........ 4 2,020 16, 100 2,020 16,100 116, 925
Cerro Gordo . 3 , 388 2,383 15, 184 274,219
Cherokee . 1 .. e
Clark ......... 1.
Clay . 2 450 40, 000
Clayton. 5 2,003 782
Clinton ... PR 2,600 4,150
Crawford.................. 2 1,750 12, 560 1,750 12,5680 | .. .. 12,560
allas.............. 11 2, 627 20, 064 3,043 24, 20 104, 765 131, 047
Davis ... 1 . e S e S P
Cedar N 458 3,768 453 3,768
Decatur .... .... .........[| 4 6, 500 900 68,800
Des Moines  ............ 3 2,821 22, 435 3, 666 30, 200
Delaware........ ..c....... 3 3 800 3
Dubuque .................. 4 6, 850 43,700 6, 350 43,700
Eoomet ..o..oooooivininn 1 . T U
Fayette .. 4 1,751 11,829 1,851 12,529
Floyd .... ) 3 T P L P [P
Fremont ..................| 8 2,050 13, 600 2,175 14,600 | ..
Greene ................ien 1 T
Grandy .. .ooieeiieiia.. 1
Guathrie N
Hamilton .............. .. 2
Hancock.. cereveesanee| 1]
Hardin .................... b
Harrison . . Lol 8
Henry .. (]
Howard . 1
Humbold 1 .. . .
Ida ...... 1. . e R TS | R
JOWB ...ovvine ciannnn 5 2,990 19,530 2,990 19, 580 16,200 385,730
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TABLE No. III.—CONTINUED.
CLAY PRODUCTION BY COUNTIES FOR 1904.

25

% E| COMMON BRIOK. TOTAL BRICK. DRAIN
=0
OOUNTIES, 35 TOTAL

"g'g Quantity Quantity VALUE

3 & n Value. n Value. Value.

2 | lhonsands Thousands
Jackson .........ooeevenee| oo e O I ! PR | .
JASPET ettt 7 1,550 |$ 11,530 1,550 $ 21,050
Jefferson ........ .......ns 3 887 7,099 837 86,017
Johmson .............. . 8 5,105 34, 660 5,106 45,710
Jones...... 2 550 4,160 550 , 950
Kossuth ... ) O F S R I PRSI | IR
Keokuk 8 956 7,688 956 37,682
Lee ... 4 1,365 7,880 1,386 ,880
Linn....... 8 3,083 28, 104 , 963 39, 229
Louisa 3 554 3,881 554 , 381
Lucas 1 FE R F e e | P
Madison 1(...... A T e e e |
Mahaska 6 3,408 24,051 5,495 85,080
Marion 4 1,000 7,175 1 000 20, 875
Marshall . 10 , 946 24, 400 4,196 59, 802
Mills .... 4 1, 500 11, 600 1, 500 11,600
Monona .... .. 1
Montgomery .... . ..... 8 4,938 39,048 4,958 47,827
Muscatine ...... .... 10 4,236 28,272 4,285 82, 866
Page ..oooovit it ceaans 8 4,129 29, 900 4,129 43,900
Plymouth .... 2 1,160 7,900 1,150 7,900
Pocahontas 2 550 3, 950 56 77, 800
L 520) 1 22 26,110 194,194 40, 803 648, 853
Pottawattamie ..... 7 10,979 73,492 10, 979 74,462
Poweshiek....ooccovin nent 3 730 8,015 730 15,738
Ringgold. .. 2 675 5,250 873 8, 760
S8C . ver e i e 2 180 1,180 180 L1180 [....evl...s 1,180
Scott...... ..... 5 3,118 21, 660 8,618 21,660 3,500 31, 660
Saelby.... .. . ool 1. DR Y N F T R | P
Sioux ....e.eel 3 1,830 13,023 1,830 13,023
[S1700 N 3 215 2,200 550 2, 306
Tama ...... 7 5,803 41,284 8,621 98, 242
Taylor ..... 3 740 5, 55 740 7,850
Union...... 2 2, 193 18, 885 2,195 21,755
Van Buren ................ 3 650 3, 460 550 3,460
Wapello ...... 3 8,502 41,819 8, 502 62,222
Washington ........., .... 6 1, 697 11,230 1,597 26,033
Wayne. ... 5 1,605 11,970 1,693 11,970
Webster ... 9 10, 188 84,770 11,236 254,930
Winneshiek 2 1,200 8, 00! 1,200 8,00
Woodbury 6 35, 385 229,812 46, 83! 298, 362
Wright .. .| 5 985 8,765 935 74, 665
Single pro .| 21 8,847 49, 828 6, 847 \ 92,199

Totals ........... 331 207,750 13 1.450.581 | 232,005 [$ 1,732,839 13 1,321,745 |1$3,507.578

According to the

United States Geological Survey,

Towa ranked eighth in production of clay products for 1903,
producing 2.88 per cent of the entire output of the country; she
ranked eighth in the manufacture of paving brick, third in
building block, being exceeded by Ohio and Indiana, and second

in drain tile, surpassed by Ohio alone.

For the year 1904 Towa

probably heads the list of drain tile producers. The ten leading
clay producers for 1903 were as follows.
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| NUMBER OF
RANK STATE. FRODDOMS|  GOMMON BATIG DRAIN TILE | TOTAL CLAY
| PoRTING. |
[ | |
1 Ohio........ | 815 $ 3,002,506 '$ 1,860,071 |$ 1,149,990 ‘ﬂ) 25,208,124
2 Pennsylvania 523 ‘ 6,174,437 685,274 11,45] 18,847,324
3 New Jersey.. 159 1,500,295 | 22,195 20,825 | 13,416,939
4 [Hinois ..... ’ 502 5,388,589 1,015,710 892,807 | 11,190,797
5 New York 242 5,305,522 220,296 140, 181 9,208,252
6 Indiana ..... 490 | 1,697,190 482,967 | 1,014,706 5,644,625
7 Missouri..... 242 1,725,253 307,237 45,363 5,661,607
8 lowa ........ ’ 304 1,355,129 232,510 | 1,028,383 3,093,403
9 California . .. 105 ‘ 1,600,882 |..ne -naviss 17,994 | 2,831,543
10 | West Virginial 56 576.404 ! 576,258 1,499 | 2,558,560

The production of clay products shows a satisfactory growth
during the past five years. The leading products showing such
growth are given in the table herewith.

YEAR. COOMMON RRICK.

TOTAL BRICK | DRAIN TILE. ]IPOTTEBY.} TOTAL.

1900 o eeeeieannn $ 1,386,641 |$ 1,621,604 |$ 377,586 |$31,339 [$2,291,251
1901 ... 1,611,040 | 1,944,351 534,935 | 26,200 | 2,737,825
1902 oo 1,575,959 | 1,891,366 672,212 | 43,387 | 2.843.336
1903 oot 1,396,088 | 1,703,050 | 1,009,933 | 55,762 | 3,033,583
1904 s i s w2 ...l 1.430.581 | 1,732,719 | 1.321.745 | 66,050 | 3,507,576

Up to 1904 the substitutes for brick, sand-lime brick and
cement block, do not appear to have seriously affected the
demand for common building brick.
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Stone,

The stoune industry for 1904 shows a decline as compared
with the preceding year. The greatest shrinkages appear in
the production ofjbuilding stone and lime. The amount of
crushed stone produced shows a satisfactory increase. Up-to-
date crushing plants were established during the year ata
number of points, and an increased production in thisline may
be expected for 1905. The production for 1904 was distributed
as follows:

LIMESTONE USED FOR: VALUE 1904. VALUE 1908.
Building purposes......... e $162,577 $204,769
Flagging and curbing.........coviit i iiniaiennns 8,970 13,793
Lime.......oooi i e e e 91,008 113,195

Crushed stone

Road making..... ..ot i 53,082 63,637
Railway ballast.......coooiveiviin o cane 5,549 12,243
COMOIEE® . 4 urrmenn o aiariennie  eerrieaer s 97,274 68,763
RUDDIE A0A TIPTAD « .« v v vreeeraneermereeeeaneeeeeeenns 113,568 102,403
IMISCEILATIEOUS . +ern v e v nre e e e eaee s e ce et teea e 1,565 2,158
SANASEOME +vvvt v eeeeitre e i 8,575 17,008
T OtAL BLOTIE . v v s e n v e ee e e sans vaanae reeaaaa e e $542,168 $597,965

Imported limes and greatly cheapened Portland cement are
the chief contributory causes for the falling off in the produc-
tion of domestic limes. Table No. 1V gives the production of
limestone by counties and specifies the various grades of stone
put upon the market.



TABLE No. IV.

PRODUCTION OF LIMESTONE BY COUNTIES FOR 1904,

COUNTIES.
Allamakee ... ...... oo 3
ADPANOOSE . vot it e 2
Benton............. .. ... ... .0 oL i
Black Hawk... .............. ... ..., 9
Buchanan............. .. ... e e 1
Cedar...... .. oo 2
Cerro Gordo. ... v AU Y ‘
Chickasaw............ ... i 1
Clarke. . ... ... o e 7 |
Clayton ......ooev oo i n 7
Clinton........... .. oo i G
Dallas . ... e 2‘
Decatur .............. e ... 3
Delaware............ .o i 4 |
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Fourteen counties with twenty-six producers report sandstone
but the total production wasinsignificant,amounting to $8,575,
and used mainly for building purposes and as rubble. Jones
county still leads in the production of stone while Jackson is
the ranking producer fov lime. The table below shows the
status of the stone industry for lowa during the past six
years:

LIL(ES‘TONE‘
> SAND- TOTAL
YEAR. : STONE. STONE.
. CRUSHE
sorcome.| s | oum | nowmeeano
e ! b _
1899. ... . ... ..... i$312 ,595 $102,611 |$ 158,917 ($§ 139,064 |$ 24,348 |$ 809,924
1900 ..... ... 248,833 | 110,589 153 920 58,493 19,063 605,473
1900.......... ... 272,501 | 221,760 183,902 85,342 14,341 791,827
1902, ... ... . 195,009 | 114,051 153,372 176 927 15,061 665,018
1903, .0 ee 204,769 | 113.195 144,643 102,403 17,008 597,965
JF.QO'-I_.,..;..... el 162,577 91,008 153,372 113,568 8,575 | 542,165
Gypsum.

The gypsum production for 1904 shows a considerable shrink-
age in gross tonnage and total value. The gross output of
crude gypsum for the year was reported to be 145,359; was
valued at $92,088, or a falling off of about 15 per cent. In the
table below is given the[distribution of the product ascompared
with 1903:

1903. ‘ 1904.
TONS. ] VALUE. “ TONS. ' VALUE.
Wall or cement plaster.................... 87,397 [$411,503 I| 94,811 |$ 399,281
Plaster of Paris........ .. cccoiiiea.. .. 30,306 | 100,744 19,540 64,112
9,227 933 1,816

Crude gypsum.........o oo, 703 1,534 2,013 4,223
|

Land plaster................ ... e ‘ 2,098
Total.vievueeearuniieieraneee ... .| 120,504 |$523,008 || 117,297 ‘n 469,432
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Lead and Zinc.

As during the preceding year, no zinc ore produced in lowa
was marketed. A small quantity of “dry bone” was produced,
incidental to development work, but was not put upon the
market.

The production of lead for 1904 shows a decline notwithstand-
ing the earlier reports to the contrary. The local smelter
purchased the entire output of the state which was confined
to Dubuque county. The production for the year was about
97,000 pounds valued at $2,619.

Sand-Lime Brick.

The sand-lime brick industry is of recent growth in this
country. The first plant was built at Michigan City, Indiana,
early in 1901 and put in operationduring that year. In 1902 there
were twenty plants in existence and according to the United
States Geological Survey 6,000,000 brick were actually sold
during that year. Tn 1903 it is estimated that seventy plants
were in operation in twenty-nine states, with an output of
20,000,000 brick. One plant only was credited to lowa, the
Iowa Granite Brick Company at Clinton. A second plant was
installed and put in operation at Cedar Rapids during 1904.
The total sales for 1504 were as follows:

Brick, 1,962,000, amounting to $13,907.

Iron.

No iron produced in lowa wus marketed during 1904, The
mine iu the vicinity of Waukon, in Allamakee county, 1s still
withont transportation which would warrant its operation.
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Cement Block Industry.

The manufacture of cement block, as in the case of the
manufacture of sand-lime brick, is a new industry for the state.
The statistics obtained are very imperfect owing to the newness
of the industry and the difficulty of securing complete returns.
Thirty-eight factories reported sales for 1904, Many additional
factories weve installed during the year but opened too late in
the season to put their product upon the market. It 1s believed
that the report for 1905 will show the number of producing
plants to more than double, and the output quadruple. The
returns received for 1904 are given below.

Cement block, square feet in wall....... 442,343 383,701
Caps and <ills, linear feet..... ....., .... 9,223 3,068
Flue linings, linear feet.................. 865 174
Cement POStS. ......viviiiiin i 762 188
Sand-cement brick ............ ... .. .... 42,000 400
Porch piers.................. e 400 100

Total..veer e AP $87,631
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INTRODUCTION.
BY H. FOSTER BAIN.

Cement is now one of the most important mineral resources
of the United States. In the value of the annual output it ranks
thirteenth. It is about equal to the zinc production if the latter
be estimated at New York prices. The rapid increase in use,
and growth of local production of cement in the last ten years
have been among the most striking features of the American
mineral industry. The following tables from the mineral
resources for 1902, as prepared by L. L. Kimball of the United
States Geological Survey, will give some idea of the present ex-
tent of the industry.

PRODUCTION OF CEMENT IN THE UNITED STATES.

The total production of hydraulic cement in the United
States for 1902 was 25,753,604 barrels, an increase of 5,684,767
barrels over the quantity produced during the preceding year.
The value of this production was $25,366,380.

Of the entire quantity, 17,230,644 barrels were Portland,
valued at $20,864,078; 8,044,305 barrels were natural-rock, valued
at $4,076.630, and 478,565 barrels were Pozzuolana or slag
cement, valued at $425,672.

The growth of the cement industry is indicated by the fact
that, although the increase in production for 1901 over 1900
reached the large number of 2,887,687 barrels, the increase in
production for 1902 over 1901 was 5,684,767 barrels. It is of
interest here to note that in 1892, just ten years ago, the entire
production of eement in the United States was but 8,758,621
barrels, of which 8,211,181 barrels were natural-rock and 547,440
barrels were Portland.

Pennsylvania holds leading place as a producer of Portland
cement, while New Jersey follows in second place. The
counties of Lehigh and Northampton, Pennsylvania, formerly
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included all the factories producing Portland cement in the
state; now, although they are still the center of that industry,
there are five plants in other counties, none of them, however,
ranking at present among the very large producers. Under all
other sections isincluded the production of Alabama, California,
Celorado, (eorgia, I[llinois, Indiana, Kansas, Missouri, South
Dakota, Texas, Utah and Virginia.

RELATION OF DOMESTIC PRODUCTION AND CONSUMPTION TO IMPORTS.

The increase, both in the use and in the production of Port-
land cement in the United States within the last thirteen years,
as compared with natural-rock cement and with imported ce-
ment, is shown in the following table:

Comparative production of Portland and of natural-rock cement in the United States and of
imporis of hydraulic cement, 1890—1902.

| Total of
natural

Year. Natural | Portland i

e cement. cement. alr:i&)g;t Imports.
ment.

Barrels. | Barrels. Barrels. Barrels.

1890 .ot ee e an e e e e e eaa e 7,082, 204 385,500 | 7,417,704 | 1,940,186
1893 .o i e e 7,411,815 590,652 | 8,002,467 | 2,674,149
DL ORI BN A 73 N1/ 990, 324 8,731,401; 2,997,305
1897 ee it teee e et et eiiseaaieaeano...| 8,811,688 | 2,677,775 | 10,889,463 | 2,090,924
1899 e ee et e e 0,868,179 | 5,652,266 | 15,520,445 | 2,108,388
000 oot eeet et een e ae e en e eneesen i eneeieeeeness| 8,383,519 | 8,482,020 | 16,565,539 | 2,386, 683
1900, oo vt e e e 7,084,823 | 12,711,205 | 19,796,048 | 939,330

1002, . i e e | 8,044,305 | 17,280,644 | 25,274,949 1,061,018
|

This table does not include the production of Pozzuolana or
slag cement reported by this burean for the last three ycars,
which 1s as follows: 1900, 365,611 barrels: 1901, 272,689 barrels;
1902, 478,565 barrels. '

Following is a diagram showing the growth of the domestic
production of Portland cement, the increase of total consump-
tion of Portland cement, and the decline of the imports of
foreign hydraulic cements during the last thirteen years.
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PLATE 2. —Diagram showing the relation of domestic production of Portland cement to imiports
and to total consumption of Portland cement in the United States, by years and by barrels,
from 1890 to 1902, inclusive.
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USES OF CEMENT.

The increased use of Portland cement has quite kept pace
with its larger production. It is constantly being used in new
situations, as well as being substituted for cementing materials.
It is now very largely used in the place of lime or other
mortars 1n ordinary wall construction. Immense quantities
are used in concrete work for foundations of all kinds and,
lately, for concrete, and steel and concrete construction of
walls. It is made up into artificial building blocks and is being
used experimentally for fence posts and railway ties. In the
western states the railways afford the largest market, since
culverts and bridge abutments of all .kinds are now largely
made of it. It has many minor and novel uses.

SCOPE OF THIS REPORT.

The present report is the outgrowth of work taken up by
the writer in 1899 and 1900 while serving as Assistant State
Geologist of Towa. At that time material was collected from
the most promising localities and a series of analyses and tests
were undertaken by Mr. A. E. Lundteigen, who was at that
time connected with the Western Portland Cement Company,
and later with the Poerless Portland Cement Company. Mr.
Lundteigen’s results, a portion of which are herewith pub-
lished, were most encouraging, but the series was not completed,
and, pending their completion, it was thought better to make
no publication.

In 1903 Mr. E. C. Eckel, of the United States Geological Sur-
vey, undertook the preparation for that organization of a
special report upon the cement materials of the United States,
and it was decided that so far as relates to lowa the work
should be done in co-operation between the Federal and the
State Survey. The present report is the rvesult. In this Mr.
Eckel discusses the general nature of the materials and pro-
cesses employed in the manufacture of Portland cement, and
the writer gives a brief discussion of the materials available in
Towa. For details as to local geology the reader is referred to
the various county reports already published, and for data
regarding limes and natural cement rock, he is referred to the
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same source. The attempt hasbeen made toindicate somewhat
generally the distribution of the materials available, and
specifically the nature of these materials. In order that
mtending manufacturers may have as full a comprehension of
the cement industry as possible, Mr. Eckel has discussed not only
materials available in [owa, but those which may bhe used in
competition with any local plant.

THE MATERIALS AND MANUFACTURE OF PORT-
LAND CEMENT,*

BY EDWIN C. ECKEL.
The Relation of Portland to Other Cements.

1t seemsdesirable, before taking up the specific subject of Port-
land cement, to indicate the relationships existing between
Portland and other cementing materiats. These relationships,
both as regards resemblances and differences, seem to be best
brought out by the classification presented below. This group-
ing is based primarily upon the amount of chemical change
caused by the processes of manufacture and use; and secondarily
upon the chemical composition of the cement after setting. As
regard is paid to both technologic and commercial considera-
tions, it would seem to be a fairly satisfactory working classifi-
cation.

GROUP I. BIMPLEICEMENTS.

Simple Cements inclade all those cementing materials pro-
duced by the expulsion of a liquid or gas from the raw material ;
and whose setting properties are due to the simple reabsorption
ot the same liquid or gas and the reassumption of the original
composition; the set cement being therefore similar in compo-
sition to the raw material.

NoTr.—The paper on the raw materials and methods of manufacture of Portland
cement has been prepared as the result of fleld work and other investigations carried on by the
writer for the United States Geological Survey., Certain sections of the contribution have
appeared, inslightly different form, in '‘Municipal Eagineering' during the past two years.

* Published by permission of the Director, U. S. Geological Survey.
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Sub-group I «. IHydrate Cements ; setting properties due to
reabsorption of water.

Sub-group 1 b, Carbonate Cements ; setting properties due to
reabsorption of carbon dioxide.

GROUP II. COMPLEX CEMENTS.

Compler cements include all those cementing matorials
whose setting properties are due to the uction of entirely new
chemical compounds which were formed during manufacture or
use; the set cement being therefore different in composition
from the raw material.

Sub-group 1I a. Silicate Cements; setting properties due
largely to the formation of silicates.

Stub-group Il b, Oxychloride Cements; setting properties due
to the formation of oxychlorides.

GROUP [. SIMPLE CEMENTS.

The cementing materials included in the present group are
those known commercially as “plasters,” “hard-finishing
cements” and “limes.”

The material from which the “plasters” and “hard-finishing
cements” are derived 1s gypsum, a hydrous calcium sulphate;
while the limes are derived from limestone, which is essentially
caletum carbonate, though usually accompanied by greater or
less amounts of magnesium carbonate.

On heating gypsum to a certaln temperature, the raw mate-
rial parts readily with much of its water, leaving an almost
anhydrous calcium sulphate, known commercially as plaster of
Paris.  On exposing this plaster to water, it re-hydrates, and
again takes the composition of the gypsum from whiclh it was
derived.

In like manuer limestone, on being sufficiently heated, gives
off its carbon dioxide, leaving calcinm oxide or “quicklime.”
I'his, on exposure to moisture and air carrying carbon dioxide,
reabsorbs carbon dioxide and reassumes its original composi-
tiou, calcium carbonatc.

The cementing materials included in this group, therefore,
while differing in composition and properties, agree in certain
important points. 'L'hey are all manutactured by heating a
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natural raw material sufficiently to remove much or all of its
water or carbon dioxide; and, in all, the setting properties of
the cementing material ave due to the fact that, on exposure to
the water or carbon dioxide which has thus been driven off, the
cement reabsorbs the previously expelled liquid or gas, and re-
assumes the chemical composition of the raw material from
which it was derived.

Plaster of Paris, after setting, is not chemically difterent from
the gypsum from which it was dervived; while if the sand, added
to avoid shrinkage, be disregarded, hardened lime mortar is
nothing more or less than an artificial limestoue.

SUB-GROUP I a. HYDRATE CEMENTS.

The materials here included are known in commerce as“plaster
of Paris,” “C'ement plaster,” “I{eene’s cement,” “Parian cement,”
etc. All of these hydrate cements are based upon one raw
material, gypsum. The partial dehydration of pure gypsum pro-
duces plaster of Paris. By the addition to gypsum, either by
nature or during manufacture, of relatively small amounts of
other materials; or by slight variations in the processes of man-
ufacture, the time of sefting, hardness, and other important
technical properties of the resnlting plaster can be changed to a
sufficient degree to warrant separate naming and descriptions
of the products.

Both the techunology and the chemistry of the pro-
cesses involved in the manunfacture of the hydrate cements
are simple. The mineral gypsum, when pure, is a hy-
drous sulphate of lime, of the formula Ca3S0,, 2H,0, corres-
ponding to the composition calcium sulphate 79.1 per cent,
water 20.9 per cent. As noted later (under the head of Cement
Plasters) gypsun, as mined, rarely even approximates to this
ideal composition, its impurities often amounting to 25 per
cent or even more. These impurities, chiefly clayey materials
and fragments of quartz and limestone, often exercise an ap-
preciable effect upon the properties of the plaster vesulting
from burning such umpure gypsum.
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SUB-GROUPIb. CARBONATE CEMENTS.

The cementing materials falling in the present sub-group are
oxides, derived from natural carbonates by the application of
heat. On exposure, under proper conditions, to any source of
carbon dioxide, the cementing material recarbonates and
“sets.” In practice the carbon dioxide required for setting is ob-
tained simply by exposure of the mortar to the air. In conse-
quence the set of these carbonate cements, as commonly used,
1s very slow (owing to the small amount of carbon dioxide
which can be taken up from ordinary air); and, what is more
important from an engineering point of view, none of the mor-
tar i1 the interior of a wall ever acquires hardness, as only the
exposed portions have an opportunity to absorb carbon dioxide.
From the examination of old mortars it has been thought prob-
able that a certain amount of chemical action takes place be-
tween the sand and the lime, resulting in the formation of lime
silicates; but this effect is slight and of little engineering im-
portance compared with the hardening which occnrs in con-
sequence of the reabsorption of carbon dioxide from the air.

Limestone is the natural raw material whose calcination
furnishes the cementing materials of this group. If the lime-
stone be an almost pure calcium carbonate 1t will, on calcina-
tion. yield calcinm oxide or “quicklime.” If, however, the
limestone should contain any appreciable percentage of mag-
nesium carbonate, the product will be a mixture of the oxides
of calcium and magnesium, commercially known as magnesian
lime. A brief sketch of the mineralogic relationships of the
varions kinds of limestone, in connection with the chemistry of
iime burning will be of service at this point of the discussion.

Pure limestone has the composition of the mineral calcite,
whose formula is (CaCO0j; 1, corresponding to the composition
caleinm oxide 56 per cent; carbon dioxide, 44 per cent. In the
magnesian limestones part of this caleium carbonate is replaced
by magnesium carbonate, the resulting rock therefore having
a formula of the type (x Ca CO; ), (y Mg CO;3).  This replacement
may reach the point at which the rock has the composition of the
mineral dolomite, an equal mixture of the two carbonates, with
the formula (Ca CO;),(Mg CO;),corresponding to the composi-
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tion calcium oxide, 30.44 per cent; magnesium oxide, 21.74 per
cent; carbon dioxide, 44.22 per cent. Limestones may, therefore,
occur with any intermediate amount of magnesium carbonate,
and the lime which they produce on calcination will carry
corresponding percentages of magnesium oxide, from 0 per cent
to 21.74 per cent. Commercially those limes which carry less
than 10 per cent of magnesium oxide are,for building purposes,
marketable as “ pure limes”, while those carrying more than
that percentage will show sufficiently different properties to
necessitate being marketed as “ magnesian limes.”

Aside from the question of magnesia, a limestone may con-
tain a greater or lesser amount of impurities. Of these the most
important are silica (Si0; ), alumina (Al,03) and iron oxide
(Fe,0;). These impurities, if present in sufficient quantity,
will materially affect the properties of the lime produced, as
will be noted later under the heads of Hydraulic Limes and
Natural Cements.

The carbonate cements may be divided into two classes—

(1) High calcium limes;
(2) Magnesian limes.

High Calcium Limes—On heating a relatively pure carbonate
of lime to a sufficiently high degree, its carbon dioxide is driven
off, leaving calcium oxide (CaO) or “quicklime.” Under
ordinary conditions, the expulsion of the carbon dioxide 1s not
perfectly effected until a temperature of 925 C.is reached.
The process is greatly facilitated by blowing air through the
kiln, or by the injection of steam. On treating quicklime with
water, “slaking” occurs, heat being given off, and the hydrated
calcium oxide (CaH, O, ) being formed. The hydrated oxide will,
upon exposure to the atmosphere, slowly reabsorb sufficient
carbon dioxide to reassume its original composition as lime
carbonate. As this reabsorption can take place only at points
where the mortar is exposed fo the air, the material in the mid-
dle of thick walls never becomes recarbonated. In order to
counteract the shrinkage which would otherwise take place
during the drying of the mortar, sand is invariably added in the
preparation of linte mortars, and as noted above, it is probable
that certain reactions take place between the lime and the
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sand. Such reactions, however, though possibly contributing
somewhat to the harduness of old mortars, are only incidental
and subsidiary to the principal cause of setting, recarbonation.
The presence of impurities in the original limestone affects the
character and value of the lime produced. Of these impurities,
the presence of silica and alumina in sufficient quantities will
give hydraulic properties to the resulting limes; such materials
will be discussed in the next group as Hydraulic Limes and
Natural Cements.

Magnesian Limes.—The presence of any considerable amonnt
of magnesium carbonate in the limestone from which a lime 1s
obtained has a noticeable effect upon the character of the prod-
uct. Tf burned at the temperature usual for a pure limestone,
maguesian  limestones give a lime which slakes slowly
without evolving much heat, expands less in slaking, and
sets more rapidly than pure lime. To thisclass belong the well
known and much used limes of Canaan (Conn.); Tuckahoe,
Pleasantville and Ossining (N. Y.); various localities in New
Jersey and Ohio;and Cedar Hollow (Penn.). Magnesiau limes
are made at a number of points in lowa, including Dubuque,
Lime City, Cedar Valley and other points.* Under certain condi-
tions of burning, pure magnesian limestones yield hydraulic
produicts, but in this case, as in the case of the product obtained
by burning pure magnesite, the set seems to be due to the
formation of a hydroxide rather than of a carbonate. Magne-
sian limestones carrying sufficient silica and alumina will give,
on burning, a hydraulic cement falling in the next group under
the head of Natural Cements.

GROUP I1I. COMPLEX CEMENTS.

'tThe cementing materials grouped here as Silicate or
Hydraulic Cements include all those materials whose setting
properties are due to the formation of new compounds, during
manufacture or use, and not to the mere reassumption of the
original composition of the material from which the cement
was made. These new compounds may be formed either by
chemical change during manufacture or by chemical interac-

*See Houser, G. L., lowa Geological Survey, Vol. I, pp. 199-207, 1848, Calvin and Bain,
Ibid., Vol. X, pp. 601-804, 1900.
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tion, in use, of materials which have merely been mechanically
mixed during manufacture.

Tn the class of silicate cements are included all the materials
commonly known as cemeunts by the engineer (natural cements,
Portland cement, pozzuolanic cements), together with the
hydraulic limes.

Though differing widely in raw material, methods of manu-
facture and properties, the silicate cements agree in two prom-
inent features; they are all hydraulic (though in very different
degrees); and this property of hydraulicity is,in all, due largely
or entirely to the formation of tri-calcic silicate (3 Cal), Si0),).
Otlier sihicates of lime, as well as silico-aluminates, may also be
formed; but they are relatively unimportant, exeeptin certain
of the natural cements and hydraulic limes where the lime-
aluminates may be of greater importancethan is here indicated.
This will be recarred to in discussing the groups named.

The silicate cements are divisible, on technologic grounds,
into four distinet classes. The basis for this division is given
below. It will be seen that the first named of these classes
(the pozzuolanic cements) difters from the other three very
marlcedly, inasmuch as its raw materials are not calcined after
mixture; while in the last three classes the raw materials are
invariably calcined after mixture. The four classes differ
somewhat in composition but more markedly in methods of
manufacture and in the properties of the finished cements.

CLASSES OF SILICATE CEMENTS.

1. Pozzuolanic or Puzzolan Cements; produced by the
mechanical mixture, without calcination, of slaked lime and
a silico-aluminous material (the latter being usually a volcanic
ash or blast-furnace slag).

2. Hydraulic Limes; produced by the caleination, at a tem-
perature not muclh higher than that of decarbonation, of a
siliceous limestone so high in lime carbonate that a consider-
able amount of free lime appears in the finished product.

3. Natwral Cements; produced by the calcination,ata temper-
ature between those of decarbonation and clinkering, of a
siliceous limestone (which may also carry notable amounts of
alumina and of magnesium carbonate) in which the lime ca-
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bonate is so low, relatively to the silica and alumina, that little
or no free lime appears in the cement.

4. Portland Cements; produced by the calcination, at thetem-
perature of semi-vitrefaction (“clinkering”) of an artificial
mixture of calcareous with silico-aluminous materials, in the
proportion of about three parts of lime carbonate to one part
of clayey material.

NATURAL CEMENTS.

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

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

(1) The burned mass does not slake on the addition of water.

(2) After grinding, the powder has hydraulic properties, 1. e.,
if properly prepared, it will set under water.

Natural cements are quite closely related to both hydraulic
limes on the one haund, and Portland cement on the other,
agreeing with both in the possession of hydraulic properties.
They differ from hydraulic limes, however, in that the burned
natural cement rock will not slake when water is poured on it.

The natoral cements differ from Portland cements in the
following important particulars:
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(1) Natural cementsare not made by burning carefully pre-
pared and finely ground artificial mixtures, but by burning
masses of natural rock.

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

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

(4) In use, natural cements set more rapidly than Portland
cement, but do not attain such a high ultimate strength.

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

The material utilized for natural cement manufacture is in-
variably a clayey limestone, carrying from 13 to 35 per cent
of clayey material, of which 10 to 22 per cent or so is silica,
while alumina and iron oxide together may vary from 4 to 16
per cent. It is the presence of these clayey materials which
give the resulting cement its hydraulic properties. Stress is
often carelessly or ignorantly laid on the fact that many of our
best known natural cementscarry large percentages of magnesia,
but it should, at this date, be realized that magnesia (in natural
cements af least) may be regarded as being almost exactly inter-
changeable with lime, so far as the hydraulic properties of the
product are concerned. The presence of magnesium carbonate
in a natural cement rock is then merely incidental, while the
silica, alumina, and iron oxide are essential. The thirty per
cent or so of magnesium carbonate which occurs in the cement
rock of the Rosendale district, N. 8., could be replaced by an
equal amount of lime carbonate, and the burnt stone would
still give a hydraulie product. If, however, the clayey portion
(silica, alumina, and iron oxide) of the Rosendale rock could be
removed, leaving only the magnesium and lime carbonates, the

4
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burnt rock would lose all of its hydraulic properties and would
vield simply a magnesian lime.

This point has been emphasized because many writers on the
subject have either explicitly stated or implied that it is the
magnesian carbonate of the Rosendale, Akron, Louisville,
Utica and Milwaukee rocks that causes them to yield a natural
cement on burning.

PORTLAND CEMENT.

Portland cement is produced by burning a finely ground, arti-
ficial mixture containing essentially lime, silica, alamina, and
iron oxide, in certain definite proportions. Usually this com-
bination is made by mixing limestone or marl with clay or
shale, in which case about three times as much of the lime car-
bonate should be present in the mixture as of the clay mate-
rials. The burning takes place at a high temperature, approach-
ing 8,000° F., and must therefore be carried on in kilns of
special design and lining. During the burning, combination of
the lime with silica, alumina, and iron oxide takes place. The
product of the burning is a semi-fused mass called clinker, and
consists of silicates, aluminates and ferrites of lime in certain
definite proportions.  This clinker must be finely ground.
After such grinding the powder (Portland cement) will set
under water.

As noted above, under the head of Natural Cements, Port-
land cement is blue to gray in color, with a specific gravity of
3.0 to 3.2, and sets more slowly than natural cements, but soon
attains a higher tensile strength.

PUZZOLAN CEMENTS.

The cementing materials included under this name are made
by mixing powdered slaked lime with either a volcanic ash or
a blast-furnace slag. The product is therefore simply a mechan-
ical mixture of two ingredients, as the mixture is not burned at
any stage of the process. After mixing, the mixture is finely
ground. The resulting powder (Puzzolan cement) will set
under water. ‘
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Puzzolan cements are usually Hght bloish in color, and of
lower specific gravity and less tensile strength than Portland
cement. They are better adapted to use under water than to
use n air,

PORTLAND CEMENT.
DEFINITION.

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

Use of term Portland —While there is a general agreement of
opinion as to what is understood by the term Portland cement,
a few points of importance are still open questions. The defin-
itions of the term given in specifications are in consequence
often vague and unsatisfactory.

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

If we make artificial mixture of the raw materials and a
very high degree of burning the criteria on which to base our
‘definition, we must in consequence of that decision exclude
from the eclass of Portland cements certain well known
products manufactured at several pointsin France and Belgium,
by burning a natural rock, without artificial mixture, and at a
considerably lower temperature than is attained in ordinary
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Portland cement practice. These “natural Portlands” of France
and Belgium have always been considered Portland cements by
the most critical authorities, though all agree that they are
not particularly high grade Portlands. So that a definition,
based upon the criteria above named, will of necessity exclude
from our class of Portland cements some very meritorious
products.

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

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

‘' By a Portland cement is meant the product obtained from the heating or
calcining up to incipient fusion of intimale mixtures, either natural or artificial, of
argillaceous with calcareous substances, the calcined product to contain at least
1.7 times as much of lime, by weight, as of the materials which give the lime its
hydraulic properties, and to be finely pulverized after said calcination, and there-
after additions or substitutions for the purpose only of regulating certain properties
of technical importance to be allowable to not exceeding 2 per cent of the calcined
product.’’

It will be noted that this definition does not require pulver-
izing or artificial mixing of the materials prior to burning. It
seems probable that the Belgian “natural Portlands” were kept
in mind when these requirements were omitted. In dealing
with American made cements, however, and the specifications
in question are headed, “Specifications for American Portland
cement,” it is a serious error to omit these requirements. No
true Portland cements are at present manufactured in America

" Professional paper No. 28, Corps of Engineers, U, 8. A., r. 30
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from natural mixtures, without pulverizing and artificially
mixing the materials prior to burning. Several plants, how-
ever, have placed on the market so-called Portland cements
made by grinding up together the underburned and overburned
materials formed during the burning of natural cements.
Several of these brands contain from 5 to 15 per cent of mag-
nesia, and under no circumstances can they be considered true
Portland cements.

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

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

COMPOSITION AND CONSTITUTION.

Portland cements may be said to tend toward a composition
approximating to pure tri-caleie silicate (3 Ca0O, Si0,) which
would correspond to the proportion CaO 73.6 per cent, Si0, 26.4
per cent.  As can be seen, however, from the analyses quoted
later, actual Portland cements as at present made differ in com-
position somewhat markedly from this. Alumina is always
present in considerable quantity, forming with part of the lime,
the dicaleic aluminate (2 CaO, Al; Oy). This would give, as
stated by Newberry, for the general formula of a pure Portland—

x (3 Ca0, S10g) + y (2 Ca0, Al O; ).

But the composition is still further complicated by the
presence of accidental impurities, or intentionally added in-
gredients. These last may be simply adulterants, or they may
be added to serve some useful purpose. Calecium sulphate is a
type of the latter class. It serves to retard the set of the
cement, and, in small quantities, appears to have no injurious
effect which would prohibit its use for this purpose. In dome
kilns, sufficient sulphur trioxide is generally taken up by the
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cement from the fuel gases to obviate the necessity for the
later addition of calcium sulphate, but in the rotary kiln its
addition to the ground cement, in the form of either powdered
gypsum or plaster of Paris, 1s a necessity. '

Iron oxide, within reasonable limits, seems to act as a sub-
stitute for alumina, and the two may be calculated together.
Magnesium carbonate is rarely entirely absent from limestones
or elays, and magnesia is therefore almost invariably present
in the finished cement. Though magnesia, when magnesium
carbonate is burned at low temperature, is an active hydraulic
material, it does not combine with silica or alumina at the
clinkering heat employed in Portland cement manufacture.
At the best it is an inert and valueless counstituent in the
cement; many regard it as positively detrimental in even small
amounts, and because of this feeling manufacturers prefer to
carry 1t as low as possible. Newberry has stated that in
amounts of less than three and one-half per cent it is harmless,
and American Portlands from the Lehigh district usually reach
well up toward that limit. In European practice it is carried
somewhat lower.

Raw Materials.
GENERAL CONSIDERATIONS.

For the purposes of the present chapter it will be sufficiently
accurate to counsider that a Portland cement mixture, when
ready for burning, will consist of about seventy-five per cent of
lime carbonate (Ca CO;) and twenty per cent of silica (Si0s ),
alumina (Al, Oz ) and iron oxide (Fe; O ) together, the remaining
five per cent including any magnesium carbonate, sulphur and
alkalies that may be present.

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

The almost infinite number of raw materials which are
theoretically available are, however, reduced to a very few in
practice under existing commercial conditions. The necessity
for making the mixture as cheaply as possible rules out of con-
sideration a large number of materials which would be consid-
ered available 1f chemical composition was the only thing to
be taken into account. Some materials otherwise suitable are
too scarce; some are too difficult to pulverize. In consequence,
a comparatively few combinations of raw materials are actually
used in practice.

In certain localities deposits of argillaceous (clayey) limestone
or “cement rock” occurs, in which the lime, silica, alumina
and iron oxide exist in so nearly the proper proportions that
only arelatively small amount (about ten per cent or so) of other
material isrequired in order to make a mixture of correct
composition.

In the majority of plants, however, most or all of the neces-
sary lime 1s furnished by one raw material, while the silica,
alumina and iron oxide are largely or entirely derived from
another raw material. The raw material which furnished the
lime 1s usually natural, a limestone, chalk or marl, but occasion-
aily an artificial product is used, such as the chemically precipi-
tated lime carbonate which results as waste from alkali manu-
facture. The silica, alumina and iron oxide of the mixture are
usually derived from clays, shales or slates; but in a few plants
blast-furnace slag is used as the silica-aluminous ingredient in
the manufacture of true Portland cement.

The various combinations of raw materials which are at
present used in the United States in the manufacture of Port-
land cement may be grouped under six heads. This grouping

“1s as follows:

1. Argillaceous limestone (cement rock) and pure limestone.
2. Pure hard limestone and clay or shale.
3. Scft chalky limestone and clay.
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4. Marl and clay.
5. Alkali waste and clay.
6. Slag and limestone.

ORIGIN AND GENERAL CHARACTERS OF LIMESTONES.

The cement materials which are described in the four follow-
ing sections as argillaceous limestone or cement rock, pure
hard limestone, chalk, and marl, though differing sufficiently
in their physical and economic characters to be discussed
separately and under different names, agree in that they are
all forms of limestone. The origin, chemical composition,
physical characters, and properties of limestone will therefore
be briefly taken up in the present chapter toserve as an intro-
duction to the more detailed statements concerning the various
types of limestone to be found in the succeeding chapters.

ORIGIN OF LIMESTONES.*

Limestones have been formed largely by the accumulation at
the sea bottom of the calcareous remains of such organisms as
the foraminifera, corals, and mollusks., Most of the thick and
extensive limestone deposits of the United States were probably
deep-sea deposits formed in this way. Many of these lime-
stones still show the fossils of which they were formed, but in
others all trace of organic origin has been destroyed by the fine
grinding to which the shells and corals were subjected before
their deposition on the sea bottom. It is probable, also, that
part of the calcinm carbonate of these limestones wasa purely
chemical deposit from solution, cementing the shell fragments
together.

A far less extensive class of limestones—though , important
in the present connection—owe their origin to the indirect
action of organisms. The “marls,” so important today as
Portland cement materials, fall in this class. As the classis
of Iimited extent, however, its methods of origin may be dis-
missed here, but will be deseribed later.

Deposition from solution by purely chemical means has un-
doubtedly given rise to numerous limestone deposits. When

*For a more detailed discussion of this subject the reader will do] well to consult Chapter 8
of Prof, J. ¥, Kemp's ‘'Handboolk of Rocks."
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this deposition took place in caverns or in the open air, it gave
rise to onyx deposits and to the “travertine marls” of certain
Ohio and other localities; when it took place in isolated por-
tions of the sea through the evaporation of the sea waterit gave
rize to the limestone beds which so frequently accompany de-
posits of salt and gypsum.

VARIETIES OF LIMESTONE.

A number of terms are in general use for the different vari-
eties of limestone, based upon differences of origin, texture,
composition, ete. The more important of these terms will be
briefly defined.

The marbles are limestone which, through the action of heat
and pressure, have become more or less distinctly crystalline.
The term marl, as at present used in cement manufacture, is
applied to a loosely cemented mass of lime carbonate formed
in lake basins. Caleareous tufa and travertine are more or less
compact limestones deposited by spring or stream waters along
their courses. Oolitic limestones, so called because of their re-
semblance to a mass of fish-roe, are made up of small, rounded
graing of lime carbonate. Chalk is a fine-grained limestone
composed of finely comminuted shells, particularly those of
the foraminifera. The presence of much silica gives rise to a
stliceous or cherty limestone.  If the silica present is in combi-
nation with alomina, the resulting limestone will be clayey or
aryillaceous.

CHEMICAL COMPOSITION OF LIMESTONE,

A theoretically pure limestone is merely a massive form of
the mineral calcite. Such an ideal limestone would therefore
consist entirely of calcium carbonate or carbonate of lime,
with the formula CaCO; (Ca0O, CO, ), corresponding to the com-
position calcium oxide (Ca0) 56 per cent, carbon dioxide or car-
bonie acid (CO, ) 44 per cent.

As might be expected, the limestones we have to deal with
in practice depart more or less widely from this theoretical
composition. These departures fromjideal purity may take
place along either of two lines:

a. The presence of magnesia in place of part of the lime.
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b. The presence of silica, iron, alumina, alkalies, or other
lmpurities.

It seems advisable to discriminate between these two cases,
even though a given sample of limestone, may fall under both
heads. and they will, therefore, be discussed separately.

The presence of magnesia in place of part of the lime—The
theoretically pure limestones are, as above noted, composed
entirely of calcium carbonate and correspond to the chemical
formula CaCO;. Setting aside for the moment the question of
the presence or absence of such impurities as iron, alumina,
silica, ete., it may be said that lime is rarely the only base in a
limestone. During or after the formation of the limestone a
certain percentage of magnesia is usually introduced in place
of a part of the lime, thus giving a more or less magnesian lime-
stone. Inthe magnesian limestones part of this caleium car-
bonate is replaced by magnesium carbonate (Mg CQ; ), the gen-
eral tormula for a magnesian limestone being therefore

x Ca CO; + y Mg COy

In this formula x may vary from 100 per cent to zero, while
v will vary inversely from zero to 100 per cent. In the partic-
ular case of this replacement where the two carbonates are
united in equal molecular proportions, the resultant rock is
called dolomite. It has the formula (CaCOz, Mg(CO;) corres-
ponding to thc composition caleium carbonate 54.35 per cent,
magnesium carbonate 45.65 per cent. In the case where the
caleium carbonate has been entirely replaced by magnesium
carbonate, the resulting pure carbonate of magnesia is called
magnesite, having the formula MgCO; and the composition
magnesia (MgO) 47.6 per cent, carbon dioxide (CO,) 52.4 per
cent.

Rocks of this series may therefore vary in composition from
pure calcite limestone at one end of the series to pure mag-
nesite at the other. The term limestone has, however, been
restricted in general use to that part of the series lying in
composition between calcite and dolomite, while all those more
uncommon phases carrying more magnesium carbonate than
the 45.65 per cent are usually described simply as impure
magnesites.
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The presence of much magnesia in the finished cement is
considered undesirable, 3% per cent being the maximum per-
missible under most specifications, and therefore the limestoue
to be used in Portland cement manufacture should carry not
over five to six per cent of magnesium carbonate.

Though magnesia is often described as an “impurity”in lime-
stone, this word, as can be seen from the preceding statements,
hardly expresses the facts in the case. The magnesium carbon-
ate present, whatever its amount, simply serves to replace an
equivalent amount of calcium carbonate, and the resulting rock,
whether little or much magnesia is present, 1is still a pure car-
bonate rock. With the impurities 1o be discussed in later
paragraphs, however, this is not the case. Silica,alumina, iron,
sulphur, alkalies, ete., when present, are actual impurities, not
merely chemical replacements of parc of the calcium carbonate.

The presence of silica, iron, alumina, alkalies and other impuii-
ties—Whether a limestone consists of pure calcium carbonate
or more or less of magnesium carbonate, it may also contain a
greater or less amount of distinet impurities. From the point
of view of the cement manufacturer, the more important of
these impurities are silica, alumina, iron, alkalies and sulphuy,
all of which have a marked effect on the value of the limestone
as a cement material. These impurities will, therefore, be
taken up in the order in which they are named above.

The silica in a limestone may occur either in combination
with alumina, as a clayey impurity, or not combined with
alumina. As the effect on the value of the limestone would be
very different in the two cases they will be take up separately.

Stlica alone—Silica, when present in a limestone containing
no alumina may occur in one of three forms, and the form in
which it occurs is of great importance in connection with
cement manufacture.

(1)-In perhaps its commonest form, silica is present in
nodules, masses or beds of flint or chert. Silica occurring in
this form will not readily enter into combination with the lime
of a cement mixture, and a cherty or flinty limestone is, there-
fore, almost useless in cement manufacture.
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(2) In a few cases, as in the hydraulic limestone of Teil,
France, a large amount of silica is present and very little
alumina, notwithstanding which the silica readily combines
with the lime on burning. Itis probable that in suoch cases
the silica is present in the limestone in a very finely divided
condition, or possibly as hydrated silica, possibly as the result
of chemical precipitation or of organic action. In the majority
of cases. however, a highly siliceous limestone will not make a
cement on burning unless it contains alumina in addition to
the silica.

(3) In the erystalline limestone (marbles) and less commonly
in unerystalline limestones, whatever silica is present may
occur as a complex silicate in the form of shreds of miea, horn-
blende. or other silicate mineral. In this form silica is some-
what intractable in the kiln, and mica and other silicate
minerals are therefore to be regarded as inert and useless im-
purities in a cement rock. These silicates will flux at a lower
temperature than pure silica and are thus not so troublesome
as flint or chert. They are, however, much less serviceable
than if the same amount of silica were present in combination
with alumina as a clay.

Silica with Alwmina—Silica and alumina, combined in the
form of elay, are common impurities in limestone, and are of
special interest to the cement manufacturer. The best known
example of such an argillaceous limestone is the cement rock
of the Lehigh district of Pennsylvania. Silica and alumina,
when present in this combined form, combine readily with the
lime under the action of heat, and an argillaceous limestone
therefore forms an excellent basis for a Portland cement mix-
fure.

Iron.—Iron when present in a limestone occurs commonly as
the oxide (Fe; Oy ) or sulphide (F'eS; ); more rarely as iron car-
bonate or in a complex silicate. Iron in the oxide, carbonate
or silicate forms is a useful flux, aiding in the combination of
the lime and silica in the kiln. When present as a sulphide,
in the form of the mineral pyrite, it is to be avoided in quanti-
ties above two or three per cent.



EFFECT OF HEATING ON LIMESTONE. #1
PHYSICAL CHARACTERS OF LIMESTONES.

In texture, hardness and compactness, the limestones vary
from the loosely consolidated marls through the chalks to the
hard, compact limestones and marbles. Parallel with these
variations are variations in absorptive properties and density.
The chalky limestones may run as low in specific gravity as
1.85, corresponding to a weight of about 110 pounds per cubic
foot, while the compact limestones commonly used for building
purposes range in specific gravity between 2.3 and 2.9, corres-
ponding approximately to a range in weight of from 140 to 185
pounds per cubic foot.

From the point of view of the Portland cement manufacturer,
these variations in physical properties are of economic interest
chiefly in their bearing upon two points: the percentage of
water carried by the limestone as qnarried, and the ease with
which the rock may be crushed and pulverized. To some ex-
tent the two properties counterbalance each other, the softer
the limestone the more absorbent it is likely to be. These
purely economic features will be discussed in more detail
later.

EFFECT OF HEATING ON LIMESTONE,

On heating a non-magnesian limestone to or above 300° C.,
its carbon dioxide will be driven off, leaving quicklime (calcium
oxide, Ca0). If a magnesian limestone be similarly treated, the
product would be a mixture of calcium oxide and magnesium
oxide (Mg0O). The rapidity and perfection of this decomposi-
tion can be increased by passing steam or air through the
burning mass. In practice this is accomplished either by the
direct injection of air or steam, or more simply by thoroughly
wetting the limestone before putting it into the kiln.

If, however, the limestone contains an appreciable amount
of silica, alumina and iron, the effects of heat will not be of so
simple a character. At temperatures of S00°C. and above
these clay impurities will combine with the lime oxide, giving
silicates, aluminates and related salts of lime. In this manner
a natural cement will be produced. An artificial mixture of
certain and uniform composition, burned at a higher tempera-
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ture, will give a ortland cement, the details of whose manu-
facture are discussed on later pages.

Raw Materials Actually in Use,
ARGILLACEOUS LIMESTONE: CEMENT ROCK.

An argillaceous limestone containing approximately 75 per
cent of lime carbonate and 20 per cent of clayey materials
(silica, alumina and iron oxide) would, of course, be the ideal
material for use in the manufacture of Portland cement, as
such a rock would contain within itself in the proper propor-
tions all the ingredients necessary for the manufacture of a
good Portland. It would require the addition of no other
material, but when burnt alone wonld give a good cement.
This ideal cement material is, of course, never realized in
practice, but certain deposits of argillaceous limestone approach
the ideal composition very closely.

The most important of these argillaceous limestone or
“cement rock” deposits is, at present, that which is so exten-
sively utilized in Portland cement manufacture in the “Lehigh
distriet” of Penusylvania aud New Jersey. As this area still
furnishes about two-thirds of all the Portland cement manu-
factured in the United States, its raw materials will be deseribed
in some detail.

CEMENT ROCK OF THE LEHIGH DISTRICT.

The Lehigh district of the cement trade comprises parts of
Berks, Lehigh, and Northampton counties, Pennsylvania. and
of Warren county, New Jersey. Within this relatively small
area about twenty Portland cement mills are located, produe-
ing slightly over two-thirds of the entire American output. As
deposits of the cement rock used by these plants extend far
bevond the present “Lehigh district,” a marked extension of
the distriet will probably take place as the need for larger sup-
plies of raw material becomes more apparent.

The “cement rock” of the Lehigh district is a highly argil-
laci:ous imestone of Trenton (Lower Silurian) age. The for-
mation is about 300 feet in thickness in this area. The rock
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is verv dark gray in color and usually has a slaty fracture.
In composition it ranges from about 60 per centlime carbonate
with 30 per cent clayey material, up to about S0 per cent lime
carbonate with 15 per cent of silica, alumina and iron. The
lower beds of the formation are always higher inlime carbonate
than are the beds nearer the top of the formation. The con-
tent of magnesium carbonate in these cement rocks is always
high (as Portland cement materials go), ranging from 3 to 6
per cent.

Near, and in some cases immediately underlying these ce-
ment beds, are beds of purer limestone ranging from 85 to 96
per cent lime carbonate. The usual practice in the Pennsyl-
vania and New Jersey plants has been, therefore, to mix a
relatively small amountof this purer limestone with the low lime
“cement rock” in such proportions as to give a cement mixture
of proper composition.

The economic and technologic advantages of using such a
combination of materials are very evident. Both the pure
limestone and the cement rock, particularly the latter, can be
quarried very easily and cheaply. As quarried, they carry but
little water so that the expense of drying them is slight. The
fact that about four-fifths of the cement mixture will be made
up of a natural cement rock permits coarser grinding of the
raw mixture than would be permissible in plants using pure
limestone or marl with clay. This point is more fully ex-
plained on alater page. It seems probable, also, that when using
a natnral cement rock as part of the mixture the amount of
fuel necessary to clinker the mixture is less than when pure
limestone is mixed with clay. _

Such mixtures of argillaceous limestone or “cement rock”
with a small amount of pure Jimestone evidently possess impor-
tant advantages over mixtures of pure hard limestone or marl
with elay. They are, on the other hand, less advantageous as
cement materials than the chalky limestones.

The analyses in table 2 are fairly representative of the
materials employed in the Lehigh district. The first four
analyses are of “cement rock;” the last two are of the purer
limestone used for mixing with it.



64 CEMENT MATERIALS OF IOWA.

TABLE 2. ANALYBES OF LEHIGH DISTRICT CEMENT MATERIALS.

1 Cement Roclk. ” Limestone.
Siliea (8102 V., . iiuw. daEi osie. e 10.02 9.52 | 14.52 | 16.10 3.02 | 1.98
Alumina (Al208 ) ....... .........| 6.26| 4.72 | 6.52 | 2.20 1.90 | 0.70
Iron oxide(Fe2 08 )............ Sl (S SRR | I S | I R
Lime carbonate (CaCOg ).......... 78.65 | 80.71 | 73.52 | 76 23 || 92 05 | 95.19
Magmnesium carbonate (MgCOs )....| 4.71 | 4.92| 469 | 3 54 304| 2.03

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

Certain Portland cement plants, particularly in the western
United States, are using combinations of materials closely
gimilar to those in the Lehigh district. Analyses of the
materials used at several of these plants are given in table 3.

TABLE 3. ANALYBES OF ''CEMENT ROCK'' MATERIALS FROM THE WESTERN
UNITED STATES,

Utah. California. Colorado.

g | s s

a g g

5| 5 | 85| 5 | 85| %

L] o oz} = @

BB | £ | 82| £ || 2| B

o 3 & e 0 |

I
|

Bilied TRIOD Y. o v wimecw vwisscning owiss « o5 wazs 21.2 | 6.8 | 20.06] 7 12| 14.20|......
Alumina (Al2 083 ) .. coviiiannncneanenns 8.0 3.0 10.07| 2.36|| 5.21)......
Iron oxide (Fea Q8 ) weveaia sus vuisiess [amaniils oim rof 3.39) 1.16| 1.73|......
Lime carbonate (CaCOg }.... .......... 62.08| 89.8 || 63.40| 87.70|| 75.10| 88.0
Magnesium carhonate (MgCOs3 ).... .... 3.8 0.76!] 1.54] 0.84| 1.10]......

In addition to the “cement rocks” noted in this chapter, it is
necessary to call attention to the fact that many of the chalky
limestones are sufficiently argillaceousto be classed as “cement
rocks.” Because of their softness, however, all the chalky lime-
stones will be described together.

PURE HARD LIMESTONES.

Soon after the American Portland cement industry had
become fairly well established in the Lehigh district, attempts
were made in New York state to manufacture Portland cement
from a mixture of pure limestone and clay. These attempts were
not, commercially successful, and although their lack of succes-
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was not due to any defects in the limestone used, a certain
prejudice arose against the use of the hard limestones. In
recent years, however, this has disappeared, and a very large
proportion of the American output is now made from mixtures
of llmestone with clay or shale. This reestablishment in favor
of the hard limestone is doubtless due, in great part, to recent
improvements in grinding machinery, for the purer limestones
are usually much harder than argillaceous limestones like the
Lehigh district “cement rock,” and it was very difticult to pul-
verize them finely and cheaply with the crushing appliances in
use when the Portlund cement indnstry was first started in
America.

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

ANAYLSES OF PURE HARD LIMESONE3 AND CLAYEY MATERIALS.

Limestones

Silica (S10,L) .. oo 1.72 0.86 0.56 0.40
Alumina (AL,O) .. oo 1.65  0.83 1.23}

0.44
[ron oxide (Fe,Ou).... oo oo 6.59 1.03 0.29
Lime carbonate (CaCQOy)...... ... 90,58 97.06 97.23 97.99
Magnesium carbonate (MgCQO«). ... 0.75 0 42

Clays and Shales.
Silica (SiOy) e it 63.56 55.80 56.30 60.00
Alumina (A1,O,) ...... ... .. 23.26
} 27.32  30.20 29.86 g

Iron oxide (Fe,Os). .. ... ...... . ... 1.32
Lime carbonate (CaCOy)........... 3.60 2.54 1.70
Magnesium carbonate (MgCO,)... . 2.60 1.50

The first limestone analysis given in the above table repre-
sents a curious type, used in several plants in the Middle West.
As will be noted, it is a relatively impure limestone, but its
principal impurity is iron oxide.

It containg 8.22 per cent of iron oxide and alumina, as com-
pared with 1.72 per cent of silica; and thevefore demands great
care in the selection of a suitable high-silica clay to mix withit.

W
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SOFT LIMESTONE: CHALK.

ORIGIN AND GENERAL CHARACTER.

Chalk, properly speaking, is a pure carbonate of lime, com-
posed of the remains of the shells of minute organisms, among
which those of foraminifera are especially prominent. The
chalks and soft limestones discussed here agree, not only in
having usually originated in this way, but also in being rather
soft and therefore readily and cheaply crushed and pulverized.
As Portland cement materials they are, therefore, almost ideal.
One defect, however, which to a small extent counterbalances
their obvious advantages is the fact that most of these soft,
chalky limestones absorb water quite readily. A chalky lime-
stone which in a dry season will not carry over two per cent of
moisture as quarried, may in consequence of prolonged wet
weather show as high as fifteen or twenty per cent of water.
This difficulty can of course be avoided if care bhe taken im
gquarrying to avoid unnecessary exposure to water and.if neces-
sary, to provide facilities for storing a supply of the raw
materials during wet seasons.

GEOGRAPHIC AND GEOLOGIC DISTRIBUTION INJTHE UNITED STATES.

The chalks and chalky limestones are confined almost entively
to certain southern and western states. They are all of approxi-
mately the same geologic ages, Cretaceous or Tertiary, and are
mostly confined to one division of the Cretaceous. The princi-
pal chalk or soft limestone deposits available for use in Portland
cement manufacture occur in three widely separated areas,
occupying respectively, (a) parts of Alabama and Mississippi,
(b) parts of Texas and Arkansas, (¢c) parts of Iowa, Nebraska,
North and South Dakota.

COMPOSITION.

In composition these chalks, or “rotten limestones,” vary
from a rather pure calcium carbonate, low in both magnesia
and clayey materialsto an impure clavey limestone, requiring
little additional clay to make it fit for use in Portland cement
manufacture. Analyses quoted from various authors of a
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number of these chalky limestones are given in table C, and
will serve to show their range of composition.

TABLE C. CHALKY LIMESTONES.

P g % =
= s 2 3 Su 4
| g2 | <y g | 25 | 28 | £°
E< £6 4 34 | = 27
8 & a8 ES = =
w2 Lo S = !

SIlICA v i ‘ 12.13 ‘ 5.77 ‘ 23.55 7.97 8.20 f‘ 9.15
Alumina. ..oveeviiniennnnn. 4.17 4.80
Iron oxide.®..vvviiinen.nn 3.28 2.14 1.50 1.09 7.07 i{ 2.30
Lime carbonate .............. 75.07 90.15 | 70.21 | 88 64| 83.59 63.75
Magnesian carbonate..... ee| .92 .58 .58 | .73 n.d. | 1.25

FRESH WATER MARLS.

Manrls, in the sense in which the term is used in the Portland
cement industry, are incoherent limestones which have been
deposited in the basins of existing or extinct lakes. So far as
chemical composition is concerned, marls are practically pure
limestones, being composed almost entirely of calcium carbo-
nate. Physically, however, they differ greatly from the com-
pact rocks which are commonly described as limestones, for
the marls are granular, incoherent deposits. This curious
physical character of marls is due to the conditions under
which they have been deposited, and varies somewhat accord-
ing to the particular conditions which governed their deposi-
tion in different localities.

A warning to the reader concerning other uses of the term
“marl,”” may protitably be introduced here. The meaning
above given is that in which the term marl is commonly used
in the cement industry at the present day but injgeological and
agricultural reports, particularly in those issued before the
Portland cement industry became prominent in this country,
the term marl has been used to cover several very.different sub-
stances. The following three uses of the term will be found
particalarly common, and must be guardedjagainst when such
reports are being examined in search for descriptions of de-
posits of cement materials.

(1) In early days the terms “marls” and. marlvtes” were
used to describe deposits of calcareous shales, andfoften covered
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shales whiclhi were not particularly calcareons. Thisuse of the
term will be found in many of the earlier geological reports
issied by New York, Ohio, and other interior states.

(2) In New Jersey and the states southward bordering on the
Atlantic and the Gulf of Mexico, the term marl is commonly
applied to deposits of soft, chalky or unconsolidated limestone,
often containing considerable clayey and phosphatic matter.
These limestones are of marine origin, and are not related to
the fresh water marl deposits which are the subject of the
present chapter.

(3) Tn the same states ns are included 1n the last paragraph,
but particaiarly in New Jersey and Virginia, large deposits of the
so-called “ greensand marls 7 occur. This material is1in no way
related to the true marls (which are essentially lime carbon-
ates), but consists almost entirely of an iron silicate, with very
small percentages of clayey, calcareous and phosphatic matter.

ORIGIN OF MALLS.

The exact cause of the deposition of marls has been the sub-
jeet of much investigation and discussion, particularly in the
past few years. since they have become of economic importance.
The reader who wishes to obtain further details concerning
this question will do well to refer to the following series of
papers.

(1) Blatchley, W. S., and Ashley, G. H. The lakes of north-
ern Indiana and their associated marl deposits, in 256th Ann.
Rept. Indiana Dept. Geology and Natural Resources, pp. 31-321.

(2) Davis, C. A, A contribution to the natural history of
marl.  Journal of Geology, Vol. 8, pp. 485-497.

(8) Davis, C. A. Second contribution to the natural history
of marl. Journal of Geology, Vol. Y, pp. 491-506.

(4) Davis, C. A. A contribution to the natural history of
marl. Vol. S, pt. 3. Reports Michigan Geological Survey, pp.
£5-102.

(5) Lane, A. C. Notes on the origin of Michigan bog limes,
Vol. 8, pt. 8, Reports Michigan Geological Survey, pp. 199-223.

Disregarding the points in controversy, which are of no par-
ticular practical importance, it may be said that marls are de-
posited in lakes by spring or stream waters carrying lime car-
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bounate 1n solution. The actual deposition is in part duoe to
purely physical and chemical causes, and in part to the direct
or indivect action of animal or vecetable life. The result, in
any case, is that a calecareouns deposit forms along the sides and
over the bottom of the lake, this deposit consisting of lime
carbonate, mostly in a finely granular form, interspersed with
shells and shell fragments.

GEOGRAPHIC DISTRIBUTION OF MARL DEPOSITS.

The geographic distribution of marl deposits is intimately
related to the geologic history of the region in which they
occur. Marl beds are, as indicated in the preceding section,
the result of the filling of lake basins. Lakes are not common
except in those portions of the United States which were af-
tected by glacial action, since lakes are in general due to the
damming of streams by glacial material. Workable marl de-
posits, therefore, are almost exclusively confined to those por-
tions of the [Tnited States and Canada lying north of the former
southern limit of the glaciers.

Marl beds are found in the New England states where they
are occasionally of important size. and in New York, where
large beds occur in the central and western portious of the
state. Deposits are frequent and important in Michigan and in
the northern portions of Ohio, Indiana and [llinots.  Marl beds
occur in Wisconsin and Minnesota, but have not bheen as yet
exploited for cement manufacture.

COMPOSITION.

As shown by the analyses below, marls are usually very pure
lime carbonates. They therefore require the addition of con-
siderable clay to bring them up to the proper composition for a
Portland cement mixture.

The marls are readily excavated, but necessarily carry a
large percentage of water. The mixture, on this account, 1s
commonly made in the wet way, which necessitates driving off
a high percentage of water in the kilns. Analyses of typical
marls and claysare given in the following tables:
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ANALYSES OF MARLS AND CLAYS USED IN CEMENT PLANTS.

Marl. ‘ Clay .
Silica oo . 0.25 3.0 160 4048 52,0/ 63.75
Alumina..... ............ | 17.0 16.40
Tron oxide...... R I R 1.55 1 20.95 11757 6.3
Lime carbonate .......... 94.39 93.0| 88.9 ‘ 25.80 | 20.0 4.0
Magnesium carbonate ey .38 | 1.5 .94 99 I..... 2.1

ALKALI WASTE.

A very large amount of waste material results from the pro-
cess used at alkali works in the manufacture of caustic soda.
This waste material is largely a precipitated form of calcium
carbonate,and if itis sufficiently free fromimpurities,it furnishes
a cheap source of lime for use in Portland cement manufacture.

The availability of alkali waste for this purpose depends
largely on what process was used at the alkali plant. Leblanc
process waste, for example, carries a very large percentage of
sulphides, which preventsits use asa Portland cement materlal.
Waste resulting from the use of the ammonia process on the
other hand, is usually a very pure mass of lime, mostly in the
form of carbonate, though a little lime hydrate is commonly
present. As pyrite is not used in the ammonia process, its
waste 1s nusually low enough in sulphur to be used as a cement
material. The waste may carry a low ora very high percentage
of magnesia, according to the character of the limestone that
has been used in the alkali plant. When a limestone low in
magnesium carbonate has been used, the resulting waste is a
very satisfactory Portland cement material.

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

ANALYSES OF ALKALI WASTE.

‘ 1 2 \ 3 4

Silica (Si0.) vvveire i 0.60 1.75 1.98 0.98
Alumina (ALLO,) ...t Seaiaa | 1.41

Iron oxide (Fe,O5) v i iinn,. } 3.04 0.61 1.38 162
Lime (CaO).....coirii e 53.33 50.60 48.29 50.40
Magnesia (MgO). .. ..ovoooinnne i 0.48 5.35 1.51 4.97
Alkalies (Na,O, K,O)............ooii 0.20 0.64 0.64 0.50
Sulphur trioxide (SO,) . ..o n. d. n.d. 1.26 n. d.
Sulphur (S).....coiii i n. d. 0.10 n. d. 0.06
Carbon dioxide (CO&).nvnnenennnnn. 42.43 ‘5 4170 | 39.60 | n.d.
Water and organic matter................. n, d. { : 3 80 n. d.
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Of the analyses quoted in the preceding table, those in the
first and third columns represent materials which are actually
used in Portland cement manufacture in England and the
United States. The alkali wastes whose analyses are given in
the second and fourth columns are notably too high in magnesia
to be advisable for such use.

BLAST FURNACE SLAG.

True Portland cements, which must be sharply distinguished
from the’slag (or puzzolan) cements described on later pages
of this report can be made from mixtures which contain blast
furnace slag as one ingredient. In this case the slag is
intimately mixed with limestone and the mixtare is finely
powdered. [t is then burned in kilns and the resulting clinker
pulverized.

The slags from iron furnaces consist essentially of lime (Ca0),
silica (Si0; ) and alumina (Al O ), though small percentages of
iron oxide (Fe0Q), magnesia (Mg0O) and sulphur (5), are com-
monly present. Slag may, therefore, be regarded as a very tm-
pure limestone or a very calcareousclay, from which the carbon
dioxide has been driven off. Two plants are at present engaged
in the manufacture of true Portland cement from slag, in the
['nited States.

The slag used at a German Portland cement plant has the
following range in composition.

COMPOSITION OF SLAG USED IN PORTLAND CEMENT MANUFACTURE.

ST E Lo N 30. 3s.
Alumina (Al,O,) oo e e e 10. 14.
Iron oxide (FeQ) ..... e e e e e 0.2 1.2
Lime (Cal) . v i e e 46, 49.
Magnesia (MO) . curr curii e e 0.5 3.5
Sulphur trioxide (SO5). ..o i 0.2 0.6

CLCAYS AND SHALES.

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

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

For use as Portland cement materials clays or shales should
be as free as possible from gravel and sand, as the silica present
as pebbles or grit is practically inert in the kiln unless ground
more finely than is econowmically practicable. In composition
they should not carry less than 55 per cent of silica, and
preferably from 60 to 70 per cent. The alumina and iron oxide
together should not amount fo more than one-half the per-
centage of silica, and the composition will usnally be better

: : Si10, .
the nearer the ratio Al, Oy + Fe, 0, = ]n' ° 18 approached.
e}

Nodules of lime carbonate, gypsum or pyrite, if present in
any (uantity, are undesirable; though the lime carbonate is not
absolutely 1injurious. Magnesia and alkalies should be low,
preferably not above three per cent. ‘

SLATE,

Slate 1s. so far as origin is conocerned, merely a form of shale
1n which a fine, even and parallel cleavage has been developed
by pressure. In composition, therefore, it will vary exactly as
do the shales, and so far as composition alone is concerned,
slate would not be worthy of more attention, as a Portland
cement material, than any other shale.

Commercial considerations in connection with the slate
industry, however, make slate a very important possible source
of cement material. Good roofing slate is a relatively scarce
material, and commands a good price when found. In the
preparation of roofiug slate for the market so much material is
lost during sawing, splitting, etec., that only about ten to
twenty-five per cent of the amount (narred is salable as slate.
The remaining seventy-five to ninety per cent 1s of no service
to the slate miner. It is sent to the dump heap and is a con-
tinual source of trouble and expense. This very material,
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however, as can be seen from the analyses quoted below. is
often admirable for use, in connection with limestone, in o
Portland cement mixture. As it is a waste product, it could be
obtained very cheaply by the cement manufacturer.

COMPOSITION OF AMERICAN ROOFING SLATES.

Maximum | Average. Minimum.
Silica (SIO0) vvur e iins i e (8. 62 | 60,64 54 .05
Alumina (ALLOg). . oo coir o 24.71 18.05 9.77
Iron oxides (%O, Fe.O,). ... o] 10060 6.87 2.18
| 510 ¢ I K94 1 )R O 5.23 1.54
Magnesia (MgO) ... o e 6.43 2.60 012
Alkalies (K.O, Na,0)...... PR 8.65 4.74 1.93
Ferrous sulphide (FeS.) ...... ... .. .......... | s waiaams 0:38 | oaess e
Carbon dioxide (CO.L) . ... ..o o .0 o0 L. LoAZ  fionsEe. ayws
Water of combination.. ........ ... ... ... .. .. Picasii dcaian 3.51
Moisture, below 110 C.... ... o . oo ... O 062 L.,oin .-

Factors Determining the Value of Deposits of Cement
Materials.

It seems desirable to give a somewhat detailed discussion
of the factors which influence the value of limestone, marl or
chalk or clay for Portland cement manufacture. Determining
the possible value, for Portland cement manufacture, of a deposit
of raw material 1s a complex problem, since the value depends
upon a number of distinet factors, all of which must be given
due consideration. The more important of these factors are:

(1) Chemical composition of the material.

(2) Physical character of the material.

(3) Amount of material available.

(4) Location of the deposit with respect to transportation
routes.

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

() Location of the deposit with respeet to markets.

METHODS AND COST OF EXCAVATION OF RAW MATERIALS.

The natural raw materials used at present in Portland ce-
ment manufacture are obtained by one of three methods,—(a)
quarrying, (b) mining, and (¢) dredging. When the cement
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manufactureris given an opportunity to choose between these
different methods of excavation, his choice will depend partly
on the physical character of the material to be excavated and
partly on the topographic and geologic conditions. Usually,
however, there is no opportunity for a choice of methods, for
in any given case one of the methods will be so evidently the
only possible mode of handling the material as to leave no
room for other considerations.

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

Quarrying.—In the following pages the term “quarrying”
will be used to cover all methods of obtaining raw materials
from open excavations—quarries, cuts or pits—whether the
material excavated be a limestone, a shale or a clay. Quarry-
ing is the most natural and common method of excavating the
raw materials for cement manufacture. If marl, which is
usually worked by dredging, be excluded from consideration,
it 1s probably within safe limits to say that 95 per ceunt of the
raw materials used at American Portland cement plants are
obtained by quarrying. If marls be included, the percentages
excavated by the different methods would probably be about as
follows: Quarrying, SS per cent; dredging, 10 per cent; mining,
2 per ceunt.

In the majority of limestone quarries the material is blasted
out and loaded by hand on tocars or carts. Ina few limestone
(uarries a steam shovel 1s employed to do the loading, and in
shale quarries this use of steam shovels is more frequent. In
certain clay and shale pits, where the materials are of suitable
character, the steam shovel does all the work, both excavating
and loading the raw materials.

The rock is usually shipped to the mill as quarried without
any treatment except sledging it to a convenient size for load-
ing. At a few quarries, however, a crushing plant is installed
at the quarry, and the rock is sent as crushed stone to the mill.
A few plants also have installed their driers at the quarry, and
dry the stone before shippingit to the mill. Except the saving
of mill space thus attained, this practice seems to have little
to commend it.
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Mining.—The term “mining” will be used, in distinction
from “quarrying,” to cover methods of obtaining any kind of
raw material by underground workings, through shafts or tun-
nels. Mining is, of course, rarely employed in excavatiug
materials of such low value per ton as the raw materials for
Portland cement manufacture. Occasioually, however, when a
thin bed of limestone or shale is being worked, its dip will
carry it under such a thickness of other strata as to make
mining cheaper than stripping and quarrying, for that particu-
lar case.

Mining 1s considerably more expensive work than quarrying
but there are a few advantages about it that serve to counter-
bilance the greater cost per ton of raw material. A wmine can
be worked steadily and economically in all kinds of weather,
while an open cut or uarry is commonly in a more or less
unworkable condition for about three months of the year.
Material won by mining is, moreover, always dry and clean.

Dredging.--The term “dredging” will be here used to cover
all methods of excavating soft, wet, raw materials. The fact
that the materials are wet implies that the deposit occurs in a
basin or depression; and this in turn implies that the mill is
probably located at a higher elevation than the deposit of raw
material, thus necessitating up-hill transportation to the mill.

The only raw material for Portland cement manufacture that
1s extensively worked by dredging, in the United States, is
marl. Occasionally the clay used is obtained from deposits
overlain by more or less water; but thisis rarely done except
where the marl and clay are interbedded or associated in the
same deposit.

A wmarl deposit, in addition to containing much water dif-
fused throughout its mass, is usually covered by a more or less
considerable depth of water. This will frequently require the
partial draining of the basin in order to get tracks laid near
enough to be of service.

In dredging marl the excavator is frequently mounted on a
barge, which floats in a channel resulting from previous exca-
vation. Occasionally, in deposits which either were originally
covered by very little water or have been drained, the shovel is
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mounted on a ear, running on tracks laid along the edge of the
deposit.

The material brought up by the dredge may be transported
to the mill in two different ways, the choice depending lavgely
upon the manuafacturing processes in unse at the plant. At
plants using dome or chamber kilng, or where the marlis to be
dried before sending to the kiln, the excavated marl is usually
loaded by the shovel on ears, and hauled to the mill by borse or
steam power. At normal marl plants, using a very wet mix-
ture, it is probable that the second method of transportation is
more economical. This consists of dumping the marl from the
excavator into tanks, adding sufficient water to make it tHow
readily, and pumping the fluid mixture to the mill in pipes.

COST OF RAW MATERIALS AT MILL.

The most natural way, perhaps, to express the cost of the
raw materials delivered at the mill would be to state it as being
s0 many cents per ton or cubic yard of raw material. and this
1s the method followed by quarrymen or miners in general. To
the cement manufactorer, however, such an estimate 12 not so
suitable as one based on the cost of raw materials per ton or
barrel of finished cement.

In the case of hard and comparatively dry limestones or
shales, 1t may be consudered that the raw material loses 331
per cent in weight on burning. Converting this relation into
pounds of raw material and of clinker we find that 600 pounds
of dry raw material will make about four hundred pounds of
clinker. Allowing something for other losses in the process of
manufacture, it is convenient and sufliciently accurate to esti-
mate that 600 pounds of dry raw material will give one barrel
of finished cement. These estimates must be increased if the
raw materials carry any appreciable amount of water. Clays
will frequently contain 15 per cent or more of water, while soft
chalky limestones, if quarried during wet weather, may carry as
high as 15 to more than 20 per cent. A Portland cement mix-
ture composed of a pure chalky limestone and a clay might,
therefore, average 10 to 20 per cent of water, and consequently
about seven hundred pounds of such a mixture would be ve-
guired to malke one harrel of finished cerent.
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With marls the loss on drying and burning is much greater.
Russell states® that according to determinations made by E. D.
Campbell, one cubic foot of marl, as it usually occurs in the
normal deposits, contains about forty-seven and one-half pounds
of lime carbonate and forty-eight pounds of water. In making
cement from a mixture of marl and clay, therefore, it would be
necessary to figure on excavating and transporting wore than
one thonsand pounds of raw material for every barrel of finished
cernent.

From the preceding notes it will be understood that the cost
of raw materials at the mill, per barrel of cement, will vary not
ouly with the cost of excavation but with the kind of materials
in usc.

In dealing with havd, dry materials, extracted from open
quarries near the mills, the cost of raw materials may vary
hetween eight cents and fifteen cents per barrel of cement
The lower figuare named 1s probably about the lowest attainable
with good management and under favorable natural conditions;
the higher figure is probably a maximum for fairly careful
management of a difficult quarry under eastern labor condi-
tions. When it is necessary to mine the materials, the cost
will be somewhat increased. Cement rock has been mined at
a cost equivalent to ten cents per barrel of cement, but this
figure 1s attained andev particularly favorable conditions. The
cost of mining and transportation may reach from this figure
up to twenty cents per barrel.

With regard to wet marls and clays, it 1s difficult to give even
an approximate estimate. It seems probable, however, when
the dead weight handled is allowed for, that these soft mate-
rials will cost almost as much, delivered at the mill, per barrel
of finished cement, as the hard dry limestones and shales.

Methods of Manufacture.

If, as in the present discussion, we exclude from consideration
the so-called “natural Portlands,” Portland cement may be re-
garded as being an artificial product, obtained by burning to
semi-fusion an intimate mixture of pualverized materials, this
mb., U. S. Geol. Surv., pt. 8, p. 657,
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mixture containing lime, silica and alumina, varying in propor-
tion only within certain narrow limits; and by crushing finely
the clinker resulting from this burning.

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

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

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

(8) The mixture must be burned at the proper temperature.

(4) After burning, the resulting clinker must be finely
ground.

The first named of these points, the chemical composition of
the mixture, can be more advantageously discussed after the
other three points have been disposed of. The subjects will
therefore be taken up in the following order: ‘

Preparation of the mixture for the kiln.

Burning the mixture.

Grinding the clinker, addition of gypsum, ete.

Composition and properties of Portland cement.

PREPARATION OF THE MIXTURE FOR THE KILN.

The preparation of the mixture for the kiln involves the
reduction of both of the raw materials to a very fine powder,
and their intimate mixture. In practice the raw materials are
usually crushed more or less finely, and then mixed, after which
the final reduction to powder takes place. Two general
methods of treatment, the dry and the wet, are in use at differ-
ent plants. Unless the limey constituent of the mixture is a
marl, already full of water, the dry method is almost invariably
followed. This consists merely in keeping the materials in as
dry a condition as possible throughout the entire process of
crushing and mixing; and, if the raw materials originally con-
tained a little moisture, they are dried before being powdered
and mixed. In the wet method, on the other hand, the mate-
rials are powdered and mixed while in a very fluid state, con-
taining sixty per cent or more of water.
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Drying the raw materials—With the exception of the marls
and clays used in the wet method of manufacture, Portland
cement materials are usually dried before the grinding is com-
menced. This is necessary because the raw materials, as they
come from the quarry, pit or mine, will almost invariably carry
appreciable, though often very small, percentages of water,
which greatly reduces the efficiency of most modern types of
grinding mills, and tends to clog the discharge screens.

Pereentage of water in raw materials. —The percentage of water
thus carried by the crude raw material will depend largely on
the character of the material; partly on the method of hand-
ling and storing it; and partly on weather conditions.

In the case of hard limestoues, freshly quarried, the water
will commonly range from % to 3 per cent, rarely reaching or
exceeding the higher figure except in the very wet quarries
or during the rainy season. Such limestones, comparatively
dry when quarried, are frequently sent to the grinding wmills
without artificial drying.

With the soft, chalky limestones, which absorb water very
rapidly, the percentage can usually be kept down to 5 per cent
or less in dry weather; while prolon&ed wet weather may ne-
cessitate the handling at the mill of material carrying as high
as 15 to 20 per cent of water.

The clays present a much more complicated case. In addi-
tion"to the hydroscopic or mechanically-lield water that they
may contain,there is also always present a certain percentage of
chemically combined water. The amount of hygroscopic water
present will depend on the trcatment and exposure of the clay:
and may vary from 1 percent or so in clays which have been
stored and air dried to as high as 30 per cent in fresh clays.
The chemically combined water will depend largely on the
composition of the clay, and may vary from5 to 12 per cent.
The hygroscopic or mechanically-held water of clays can be
driven off ut a temperature of 112 F., while the chemically
combined water is lost only at a low red lieat. Thetotal water,
therefore, to be driven off from clays may range from 6 to 42
per cent, depending on the weather, the drainage of the clay
pit, and the care taken in preventing unnecessary exposure to
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moistare of the excavated clay. The average total amount of
moisture will probably be about 15 per cent.

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

At afew plants marl is used, with clay, in a dry process. As
noted elsewhere the marls, as excavated, carry uswally about
50 per cent of water. This case presents a more difficult prob-
lem than do the other raw materials, because the vegetable
matter usually present in marlsis extremely retentive of water.

It will be «een, therefore, that cement materials may carry
from one per cent to fifty per cent of water when they reach
the mill. In adry process it is necessary to remove practically
all of this water before commencing the grinding of the
materials. One reason for this is that fine pulverizing can not
be economically or satisfactorily accomplished unless absolutely
dry material 1s fed to the grinding machinery. Another
reason, which 1s one of convenience rather than of necessity,
is that the presence of water in the raw materials complicates
the calculation of the cement mixture.

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

The drying cylinder is heated either by a separate furnace or
by waste gases from the cement kilns. In either case the
products of combustion are introduced into the cylinder at its
lower end, are drawn through it, and escape up a stack set at
the upper end of the dryer.
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The dryer above described is the simplest, and is most com-
monly used. For handling the small percentages of water
contained in most cement materials it is very eflicient, but for
dealing with high percentages of water, such as are encountered
when marl 1s to be used in a dry process, it seems probable that
double heating dryers will be found more economical. This
type is exemplitied by the Ruggles-Coles dryer. In this dryer
a double cylinder is employed. The wet raw material is fed
into the space between the inner and outer cylinders, while the
heated gases pass first through the inner cylinder, and then, in
a reverse direction, through the space bhetweeen the inner and
outer cylinders. This double heating type of dryeris employed
in almost all of the slag cement plants in the United States,
and is also in use in several Portland cement plants.

When vertical kilus werein use, drying floors and drying
tunnels were extensively used, but at present they can be found
in only a few ptants, heing everywlhiere else snpplanted by the
rotary dryers.

The cost of drying will depend on the cost of fuel, the per-
centage of waterin the wet material and the type of dryer.
Even under the most unfavorable conditions five pounds of
water can be expected to be evaporated per pound of coal used,
while a good dryer will usually evaporate seven or eight pounds
of water per pound of coal.

GRINDING AND MIXING—DRY METHODS.

Part, at least, of the grinding is usunally accomplished before
the drying, but for convenience the subjects have been sepa-
rated in the present paper. Usually the limestone is sent
through a crusher at the quarry or mill before being dried, and
occasionally the raw material is further reduced in a Williams
mill, ete., before drying, but the principal part of the reduction
always takes place after tlie material has been dried.

After the two raw materials have been separately dried
they may be mixed immediately, or each may be further re-
duced separately before mixing. Automatic mixers, of which
many types are on the market, give a niixture in proportions
determined upon from analysis of the muaterials,

6
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The further reduction of the mixture 1s usually carried on in
two stages, the wmaterial being ground to about thirty mesh in a
ball mill, komminuter, Griffin mill, etc., and finally reduced in a
tube mill. At a few plants, however, single stage reduction is
practiced in Griffin or Huntington mills, while at the Kdison
plant at Stewartsville, New Jersey, the reduction is ac-
complished in a series of rollers.

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

Fineness of wmixture—After its final reduction, and when
ready for burning, the mixture will usually run from 90 to
95 per cent through a 100-mesh sieve. In the plants of the
Lehigh district the mixture is rarely crushed as fine as when
limestone and clay are used. Newberry* has pointed out.in
explanation for this that an argillaceous limestone (cement
rock) mixed with a comparatively small quantity of purer
limestene, asin the Lehigh plants, requires less thorough mix-
ing and less fine grinding than when a mixture of limestone
and clay (or marl and clay) is used, for even the coarser par-
ticles of the argillaceous limestone will vary so little in chem-
ical composition from the proper mixture as to affect the quality
of the resulting cement but little, should either mixing or
grinding be incompletely accomplished.

A very good example of typical Lehigh Valley grinding of
raw material is afforded by a speciment examined by Prof. E.
D. Campbell. Thissample of raw mixture ready for burning was
turnished by one of the best of the eastern Pennsylvania
cement plants. A mechanical analysis of it showed the fol-
lowing results:

*Twentieth Ann. Rept. U. §. Geol. Surv., pt, 8, p. 545
+Joulr., Amer. Chem. Soc., vol. 25, p. 1108.
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The material, therefore, is <o coarsely ground that only a
trifle over S5 per cent passes a 100-mesh sieve.

GRINDING AND MIXING SLAG-LIMESTONE MIXTCRES.

While the mannfacture of Portland cement from a mixtore
of slag and limestone 1s similar in general theory and practice
to its manuofactare from a hmestone-clay mixture, certain
interesting differences occur in the preparation of the mixture.
In the following paragraplis the general methods of preparing
mixtares of slag aud limestone for use in Portland cement
mannfactare will first be noted, after which certain processes
peculiar to the use of this particular mixture will be deseribed
separately.

General methods.—After 1t had been determined that the
pozzuolanic cement made® by mixing slag with lime withount
subsequent bnrning of the mixtore, was not an entively
satisfactory strnctural material. attention was soon directed
toward the problem of making a true Portland cement from
such a slag.  The blast-furnace slags commonly available, while
carrying enough silica and alomina for a cement mixturve, are
too low in lime to be suitable for Portland cement.  Additional
lime must be added, nsually in the form of limestone, the slag
and limestone must be well mixed and the mixtare properly
burned. The general methods for accomplishing the proper
mixture of the materials vary v details. 1t seems probable
that the first method used 1n attempting to make a true Port-
land cement from slag, was to dump the proper proportion of
limestone, broken into small Tamps, into molten slag. The
idea was that both mixing and calcination could thus be accom-
plished in one stage; but 1n practice 1t wus found that the
resulting cenment was variable 1 composition and always low

*Sec Municipal Engineering, vol, 24, p. 833, May, 1903.
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in grade. This method has accordingly fallen into disuse, and
at present three different general processes of preparing the
mixture are practiced at different Kuropean and American
plants.

(1) The slag 1s granulated, dried, and ground, while the
limestone is dried and ground separately. The two materials
are then mixed in proper proportions, the mixture is finely pul-
verized in tube mills, and the procduct is fed in a powdered
state to rotary kilus.

(2) The slag is granulated, dried, and mixed with slightly
less than the calculated proper amount of limestoue, which has
been previously dried and powdered. To this mixture is added
sutficient powdered slaked lime (about 2 to 6 per cent) to bring
the mixture up to the correct composition. The intimate mix-
ture and final reduction are then accomplished in ball and tube
mills.  About S per cent of water is then added, and the slurry
12 made 1nto bricks, which are dried and burned in a dome or
chamber kiln.

(3) Slag is granulated and mixed. while still wet, with crushed
limestone in proper proportions. This mixture is run throngh
a rotary caleiner. heated by waste kiln gases, in which the temn-
perature is sufficient not only to dry the mixture, but also to
partly powder it, and to reduce most of the limestone to quick-
lime. The mixture is then pulverized and fed into rotary kilus.

Of the three general processes above described the second
is unsuited to American conditions. The first and third are
adapted to the use of the rotary kiln. The third seems to be
the most economical, and has given remarkably low fuel cou-
sumption in practice, but so far has not been taken up in the
United States.

Certain points of manufacture peculiar to the use of mix-
tures of slag and limestone will now be described.

Composition of the slag.—The slags available for use in Port-
land cement manufacture are of quite comwmon occurrence in
iron-producing districts. Those best sunited for such use are
the wore basie blast-furnace slags, and the higher such slags
run in llme the more available thev are for this use. The
slags utilized will generally run from 30 to 40 per cent lime.
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The presence of more than 3 per cent or so of magnesia in aslag is
of course enough to render its use as a Portland cement material
inadvisable; and on this account slags from furnaces using
dolomite (magnesian limestone) as a flux, are unsuited for ce-
ment manufacture. The presence of any notable percentage
of sulphur is also a drawback, though, as will be later noted,
part of the sulphur in the slag will be removed during the pro-
cesses of manufacture.

Granulation of slay.—1f slag be allowed to cool slowly it
solidifies into a dense, tough material, which 1s not readily re-
duced to the requisite fineness for a cement mixture. 1f it be
cooled suddenly, however, as by bringing the stream of molten
slag into contact with cold water, the slag is “granuvlated,” 1. e.,
it breaks up into small porous particles. This granulated slag
or “slag sand” is much more readily pulverized than a slowly
cooled slag; its sudden cooling has also intensified the chemical
activity of its constituents so as to give it hydraulic proper-
ties, while part of the sulphur contained in the original slag
has been removed. The sole disadvantage of the process of
granulating slag 1s that the product contains 20 to 40 per cent
of water, which must be driven off before the granulated slag is
sent to the grinding macbinery.

In practice the granulatiou of the slag is elfected by divecting
the stream of molten slag divect from the furnace into a sheet-
iron trough. A small stream of water flows along this trough,
the quantity and rate of ow of water being regulated so as to
vive complete granulation of the slag without using an excessive
amount of water. The trongh may be sodirected as to discharge
the eranulated slag into tauks or into box ecars, which are usu-
ally perforated at intervals along the sides s0 asto allow part
of the water to drain off.

Drying the slag.—As above noted, the grannlated slag may
carry from 20 to 40 per cent of water. This is removed by treat-
ine the slag in rotary driers. In practice such driers give an
evaporation of eight to ten pounds of water per pound of coal.
The practice of slag dryvirg is very fully described in Vol. 10 of
the Mineral Industry, pages 84-45, where figures and descrip-
tions of various driers are also given, with data on thewr evapo-
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rative efficiency. As noted earlier in this article, one of the
methods of manufacturing Portland cement from slags puts off
the drying of the slag until after it has been mixed with the
limestone, and then accomplishes the drying by utilizing waste
- heat from the kilns. Kiln gases could of course be used any-
way in the slag driers, but it so happens that they have not
been so used except in plants following the method in question.

Grrinding the slag—Slag can be crushed with considerable
ease to about 50-mesh, but notwithstanding 1ts apparvent
brittleness it is difficult to grind it finer. Until the introdue-
tion of the tube mill it was almost impossible to reduce
this material to the fineness necessary for a cement mixture,
and the proper grinding of the slag is still an expensive part of
the process as compared with the grinding of limestone, shales
or clay.

Composition of the limestone.— As the slag carries all the silica
and alumina necessary for the cement mixture, the limestone
to be added to it should be simply a pure lime carbonate. The
limestone used for flux at the furnace which supplies the slag
will usually be found to be of suitable composition for use in
making up the cement mixture.

ECONOMICS OF USING SLAG-LIMESTONE MIXTURES,

The manufacture of a true Portland cement from a mixture
of slag and limestone presents certain undoubted advantages
over the use of any other raw materials, while it has also a few
disadvantages.

Probably the most prominent of the advantages lies in the
fact that the most important raw material—the slag—can
usually be obtained more cheaply than an equal amount of
natural raw material could be quarried or mined. 'The slag is
a waste product, and a troublesome material to dispose of, for
whicl reasons it is obtained at sinall expense to the cement
plant. Another advantage is due to the occurrence of the
lime in the slag as oxide, and not as carbonate. The heat
necessary to drive off the carbon dioxide from an equivalent
mass of limestone is therefore saved when slag forms part of
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the cement mixture, and very low consumption is obtained
when slag-limestone mixture is burned.

Of the disadvantages, the toughness of the slag and the
necessity for drying it before grinding are probably the most
important. These serve to partly counterbalance the advan-
tages noted above. A third difficulty, which is not always
apparent at first, is that of securing a proper supply of suitable
slag.  Unless the cement plant is closely connected in owner-
ship with the furnaces from which its slag supply is to be
obtained, this difficulty may become very serious. In a season
whena good iron market exists the furnace manager will natur-
ally give little thought to the question of supplying slag toan
independent cement plant.

The advantages of the mixture, however, seem to outweigh
its disadvantages, for the manufacture of Portland cement
from slag is now a large and growing industry in both Europe
and America. Two Portland cement plants nsing slag and
limestone as raw*materials have been established for some time
in this country, several others are in course of construction at
present, and 1t seems probable that in the near future Alabama
will join Illinois and Pennsylvania as an important producer of
Portland cement from slag.

GRINDING AND MIXING. —WET METHODS.

Wet methods of preparing Portland cement mixtures date
back to the time when millstones and similar crude grinding
contrivances were in use. With such imperfect machinery it
was impossible to grind dry materials fine enough to give a
a good Portland cement mixture. The advent of good grinding
machinery has practically driven out wet methods of manufae-
ture in this country, except in dealing with materials such as
marls, which naturally carry a large percentage of water. Oue
or two plants in the United States do, it is true, deliberately
add water to a limestone-clay mixture; but the effect of this
“practice on the cost sheets of these remarkable plants is not
encouraging.

In preparing cement mixtures from marl and clay, a few
plants dry both materials before mixing. It seems probable
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that this practice will spread, for the wet method of mixture is
inherently expensive. At present, however, almost all marl
plants use wet methods of mixing, and it is therefore necessary
to give some space to a discussion of such methods.

Certain points regarding the location, physical condition, and
chemical composition of the marls and clays used in such mix-
tures have important effects upon the cost of the wet process.
As regards location, considered on a large scale, it must be
borne in mind that marl deposits of workable size occur only
i the Northern States and in Canada. In consequence the
climate is unfavorable to continuous working throughout the
vear, for the marl is usually covered with water, and in winter
it 1s difficult to secure the material. In a minor sense location
is still an important factor, for marl deposits necessarily and
invariably are found in depressions; and the mill must, there-
fore, just as necessarily, be located at a higher level than its
ssurce of raw material, which involves increased expense in
transporting the raw material to the mill.

tilacial elays, which are usually employed in connection with
marl, commonly carry a much larger proportion of sand and
pebbles than do the sedimentary clays of more souatherly
reoions.

The etfect of the water carried by the marl has been noted
i an earlier paper. The material as excavated will consist
approximately of eqnal weights of lime carbonate and of
water. This, on the face of it, would seem to be bad enough
as o bhusiness proposition; but we find that in practice more
water is often added to permit the marl to be pumped to the
nill.

Ou the arrival of the raw materials at the mill the clay is
often dried, in order to simplify the calculation of the mixture.
The reduction of the clay 1s commonly accomplished in a dis-
integrator or in edge-runner mills, after which the material is
further reduced in a pug mill, sullicient water being here added
to enable it to be pumped rveadily. It 1s then ready for
mixture with the marl, which at some point in its course has
been screened to remove stones, wood, etc., as far as possible.
The slurry is further ground in pug mills or wet grinding mills
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of the disk type; while the final reduction takes place com-
monly in wet tube mills. The slurry, now containing 30 to 40
per cent of solid matter and 70 to 60 per cent of water, is
pumped into storage tanks, where it is kept in constant agita-
tion to avoid settling. Analyses of the slurry are taken at this
point, and the mixture in the tanks is corrected if found to be
of unsatisfactory composition. After standardizing, the slorry
1s pumped into the rotary kilns. Owing to the large percentage
of water contained in the slarry the fuel consumption per
barrel of finished cement is 30 to 50 per cent greater, and the
output of each kiln correspondingly less than in the case of o
dry mixture. This point will, however, be further discussed in
the next article of this series.

It may be of interest. for comparison with the ahove de-
sceription of the wet process with rotary kilng, to insert a descrip-
tion of the semi-wet process as carried on a few years ago at
the dome kiln plant of the Empire Portland Cement Company
of Warners, N. Y. The plant has heen remodeled since that
date, but the processes formerly followed are still of interest,
as they resulted ina high grade though expensive product.

At the Empire plant the marl and clay are obtained from a
swamp about three-fourths of a mile from the mill. A revolv-
ing derrick with clam-shell bucket was employed for excavat-
ing the marl, while the clay was dug with shovels. The ma-
terials are taken to the works over a private narrow-gage road,
on cars carrying about three tons each, drawn by a zmall
locomotive. At the mill the cars were haunled up an inclined
track, by means of a cable and drum, to the mnixing floor.

The clay was dried-in the Commer “salamander” driers, after
whicl it was altlowed to cool, and then carrvied to the mills.
These mills were the Sturtevant “rock ewery” type. and re-
duced the clay to a fine vowder, in which condition it was fed,
after beinz weighed, to the mixer. T'he marl was weighed and
sent divectly to the mixer, no preliminary treatment being
necessary. ‘I'he average cliarge was about 25 per cent clay and
about 75 per cent marl.

The mixing was carried on in a mixing pan twelve feet 1n diam-
eter, in which two large rolls, each about five feet in diameterand



90 CEMENT MATERIALS OF IOWA,

sixteen-inch face, ground and mixed the materials thoroughly.
The mixture was then sampled and analyzed, after which it
was carried by a belt conveyor to two pug mills, where the
mixing was completed and the slurry formed into slabs about
three feet long and four to five inches in width and height.
These on issuing from the pug mill were cut into a number of
sections so as to give bricks about six inches by four inches by
four inches in size. The bricks were then placed ou slats, which
were loaded on rack cars aud run into the drying tunnels. The
tunnels were heated by waste gases from the kilns and required
from twenty-four to thirty-six hours to dry the bricks.

After drying, the bricks were fed into dome kilns, twenty of
which were in use, being charged with alternate layers of coke
and slarry bricks. The coke charge for a kiln was about four or
five tons,and this produced twenty to twenty-six tons of clinker
at each burning, thus giving a fuel consumption of about 20 per
cent,as compared with the 40 per cent or so required in the rotary
kilns using wet materials. From thirty-six to forty hours were
required for burning the charge. After cooling, the clinker was
shoveled out, picked over by hand, and reduced in a Blake
crusher, Smidth ball mills, and Davidsen tube mills.

Composition of mizture.—The cement mixture ready for burn-
ing will commonly contain from 74 to 77.5 per cent of lime car-
bonate, or an equivalent proportion of lime oxide. Several
analyses of actual cement mixtures are given in the following
table. Analysis No. 1, with its relatively high percentage of
nlagnesia, is fairly typical of Lehigh Valley practice. Analyses
Nos. 2 and 3 show mixtures low in lime, while analysis No. 4 is
probably the best proportion of the four, especially in regard to
the ratio between silica and alumina plus iron. This ratio, for
ordinary purposes, should be about 3:1, asx the cement beconies
gquicker setting and lower in ultimate strength as the percent-
ave of alumina increases. If the almmina percentage be carried
too high, moreover, the mixture will give a fusible, sticky
clinker when burned. causing trouble in the kilns.
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ANALYSES OF CEMENT MIXTURES.

‘ 1 2 3 4

- s
Silica ...... oo, ‘ 12.92 13 46 13.85 14.77
Alumina and iron oxide ...... 6.00 ? 7.20 4.35
Carbonate of lime ............ 75 46 73.66 73.93 76.84
Magnesium oxide ........... | 2 65 ? ? 1.74

BURNING THE MIXTURE.

After the cement mixture has been carefully prepared, as
described in preceding pages, it must be burned with equal care.

In the early days of the industry a simple vertical kiln, much
like that used for burning lime and natural cenient, was
used for burning the Portland cement mixture. These kilns,
while fairly eflicient so far as fuel consumption was con-
cerned, were expensive in labor, and their daily output was
small. In France and (rermany they were soon supplanted by
improved types, but still stationary and vertical, which gave
very much lower fuel consumption. In America, however,
where labor is expensive while fuel is comparatively cheap, an
entirely different style of kiln has been evolved. This is the
rotary kiln ~ With the exception of a very few of the older
plants, which have retained vertical kilns, all American Port-
land cement plants are now equipped with rotary kilns.

The history of the gradual evolution of the rotary kiln is of
great interest, but as the subject can not be taken up here, ref-
erence should be made to the papers cited below™ in which
detatls, accompanied often by illustrations of early types of
rotary kilns, are given.

*Duryee, E., The first monufacture of Portland cement by the direct rotary kiln process.
Engineering News, July 26, 1500. .

Leslie, R. W., History of the Portland cement industry in the United States, 146 pages, Phil-
adelphia, 1900.

Lewis, K. H., The American rotary kiln process for Portland cement, in the Cement Indus-
try, pp. 188-199, New York, 1900,

Matthey, H., The invention of the new cement burning method. Engineering and Mining
Journal, Vol, 87, pp. 535, 705, 1899.

Stanger, W. H., and Blount, B,, The rotary proce=s of cement manufacture. Proc. Institu-
tion Civil Engineers, Vol. 145, pp. 44-136, 1901.

Edltorial, The influence of the rotary kiln on the development of Portland cement manufac-
ture in America. Bagineering News= May 3, 1900.
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The design, construction and operation of the vertical sta-
tionary kilns of various types is discussed in many reports on
Portland cement, the most satisfactory single paper being prob-
ably that referred to below.™ As the subject 13, in America at
least, a matter of simply historical interest, no deseription of
these kilns or their operation will be given in the present
paper.

At present, practice in burning at the different American
cement plants is rapidly approaching uniformity, thongh differ-
ence in materials, ete., will always prevent absolute uniformity
from being reached. The kiln in which the material is burned
is now almost invariably of the rotary type. the rotary process
which is essentially American in its development, being based
upon the substitution of machines for hand labor wherever pos-
sible. A brief summary of the process will first be given, after
whieh certain <ubjects of interest will be taken up in niore
Jdetail.

SUMMARY OF BURNING PROCESS.

As at present used, the rotary kiln is a steel cylinder about
six feet in diameter; its length, for dry materials, has usnally
been sixty feet, but during the past year many eighty-foot kilns
have heen built, while for wet mixtures an eighty-foot, or even
louger, kiln is frequently employed.

This eylinder is set 10 a slightly inclined position, the incli-
nation being approximately one-half inch to the foot. The kiln
1= lined, except near the upperv end, with very resistant fire
brick, to withstand both the high temperature to which its
inner surfuce is subjected and also the destructive actiou of the
molten clinker.

The cement mixture is fed in at the npper end of the kiln,
while fuel (which may be either powderved coal, oil, or gas) is
mjected at its lower end. The kiln, which rests upon geared
bearings, 1s slowly revolved about its axis. This revolution, in
connection with the inclination at which the eylinder is set,
gradunally carries the cement mixtnre to the lower end of the

*Seanger, W. H., and Blount, B., Gilh rr, W., and Candlot, E. (Discussion of the value,
design and results obtained from various typesof fixed kilns.) Proc. Institution Civil Enyineers,
Vol. 145, pp. 44, 43, 81, 82, 09, 1u0. TWUl.
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PraaTe III.  View of the Dotary Kiln, also showing method of firing with powdered coal under blast.
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kiln. In the course of this journey the intense heat generated
hy the burning fuel first drives off the water and carbon dioxide
from the mixture, and then causes the lime, silica, alumina aud
iron to combine chemically to form the partially fused mass
known as “cement clinker.” This clinker drops out of the lower
end of the kiln, is cooled so as to prevent injury to the grinding
machinery, and is then sent to the grinding mills.

THEORETICAL FUEL REQUIREMENTS.

As a preliminary to a discussion of actual practice in the
matter of fuel, it will be of interest to determine the heat units
and fuel theoretically required in the manufacture of Portland
cement from a dry mixture of normal composition.

In burning such a mixture to a clinker, practically all of the
heat consumed in the operation will be that required for the dis-
sociation of the lime carbonate present into lime oxide and car-
bon dioxide. Driving off the water of combination that is
chemically held by the clay or shale, and decomposing anv cal-
cium sulphate (gypsum) that may be present in the raw mate-
rials, will require a small additional amount of heat. The
amount required for these purposes is not accurately known,
however, but is probubly so small that it will be more or less
entirely offset by the heat which will be liberated during the
combination of the lime with the silica and alumina. We may,
therefore, without sensible error, regard the total heat theoret-
ically required for the production of a barrel of Portland cement
as being that which is necessary for the dissociation of 450
pounds of lime carbonate. With coul of a thermal value of
13.500 B. 'T. U., burned with only the air supply demanded hy
theory this dissociation will require 25% pounds of coal per bar-
rel of cement, a fuel consamption of only 6.6 per cent.

Losses of heat in practice—In practice with the rotary kiln.
however, there are a number of distinet sources of loss of heat,
which result in a fuel consumption immensely greater than the
theoretical requirements given above. The more important of
{Liese sonrces of loss ave the following:

. The kiln gases are discharged at a temperature wuch
above that of the atmosphere, ranging from 300 F. to 2,000 F_,
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according to the type of materials used and the length of the
kiln.

2. The clinker is discharged at a temperature varying from
300° F. to 2,600~ F'., the range depending, as before, on materials
and length of the kiln.

3. The air supply injected into the kiln is always greater,
and usually very much greater, than that required for the per-
fect combustion of the fuel ; and the available heating power
of the fuel is thereby reduced.

4. Heat is lost by radiation from the ends and exposecd sur-
faces of the kiln.

5. The mixture, in plants using a wet process, carries a high
percentage of water, which must be driver off.

Tt is evident, therefore, that present-day working conditions
serve to increase greatly the amount of fuel actually necessary
for the production of a barrel of cement above that required by
theory.

Aetual fuel requirements and output.—Rotary kilns are nomi-
nally rated at a production of 200 barrels per day per kiln,
Even on dry and easily clinkered materials and with good coal,
however, such an output is not commonly attained. Normally
a kiln working a dry mixture will produce from 160 to 180 bar-
rels of cenient per day of twenty-four hours. In doing this, if
good coal is used 1ts fuel consumption will commonly be from
120 to 140 pounds of coal per barrel of cement, though it may
range as high as 160 pounds, and, on the other hand, has fallen
as low as 90 pounds. An output of 175 barrels per day, with a
coal consumption of 130 pounds per barrel, may therefore be
considered as representing the results of fairly good practice on
dry materials. [n dealing with a wet mixture, which may carry
anywhere from 30 to 70 per cent of water, the results are more
variable, though always worse than with dry materials. Tn
workingasixty-foot kiln on a wet material, the output may range
from 80 to 140 barrels per day, with a fuel consumption of fromn
150 to 280 pounds per barrel. TUsing a longer kiln, partly dry-
ing the mixture, and utilizing waste heat, will of course improve
these ficures materially.
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When the heavy Western oils are used for kiln fuel, it may
be considered that oune gallon of oil is equivalent in the kiln to
about ten pounds of coal. The fuel consumption, using dry
materials will range between eleven and fourteen gallons of oil
per barrel of cement; but the output per day is always some-
what less with o1l fuel than where coal 1s used.

Natural gas in the kiln may be compared with good Penn-
sylvania coal by allowing about 20,000 to 30,000 cubic feet of
gas as equivalent to a ton of coal. This estimate is, however,
based upon too little data to be as close as those above given
for oil or coal.

Ligfect of composition on burning—The differences in composi- -
tion between Portland cement mixtures are very slight if com-
pared, for example, to the differences between various natural
cement rocks. But even such slight differences as do exist
exercise a very appreciable effect on the burning of the mixture.
Other things being equal, any increase in the percentage of
lime in the mixture will necessitate a higher temperature in
order to get an equally sound cement. A mixture which will
give a cement carrying 59 per cent of lime, for example, will
require much less thorough burning than would a mixture
designed to give a cement with 64 per cent of lime.

With equal lime percentages, the cement carrying high silica
and low alumina and iron will require a higher temperature
than if it were lower in silica and higher in alumina and iron.
But, on the other hand, if the alumina and iron are carried too
high, the clinker will ball up in the kiln, forming sticky and
unmanageable masses.

Character of kiln coal.—The fuel most commonly used in mod-
ern rotary kiln practice is bituminous coal, pulverized very
finely. Coal for this purpose should be high in volatile matter,
and as low 1n ash and salphur as possible. Russell gives the
following analyses of West Virginia and Pennsylvania coals
used at present at various cement plants in Michigan.
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ANALYSES OF KILN COALS.

1 2 I 3 ‘ 4
Fixed carbon................. 56.15 56.33 55.82 51.69
Volatile matter............... 35.41 35.26 39.37 3952
Ashooe e 6.36 7.06 3.81 6.13
MOIStare .. oeeee e 2.08 1.35 ‘ 1.00 1.40
0.42 1.46

Sulphur. ..... ... ... | 1.30 1.34

The coal as usually bought is either “slack ” or “ run of mine.”
In the latter case it is necessary to erush the lumps before pro-
ceeding further with the preparation of the coal, but with slack
this preliminary erushing is not necessary, and the material can
go dirvectly to the dryer.

Drying coal—Coal as bought may carry as high as 15 per
cent of water in winter or wet season. Usually it will run
from 3 to 8 per cent. To secure good results from the crushing
machinery it is necessary that this water should be driven off.
For coal drying, as for the drying of raw materials, the rotary
dryer seems best adapted to American conditions. Itshould be
said, however, that in drying coal it is usually considered inad-
visable to allow the products of combustion to pass through the
cylinder in which the coal is being dried. This restriction
serves to decrease slightly the possible economy of the dryer,
but an evaporation of six to eight pounds of water per pound of
fuel coal can still be counted on with any good dryer. The fuel
cost of drying coal containing 8 per cent of moisture, allowing
$2 per ton for the coal used as fuel, will therefore be about three
to four cents per ton of dried product.

Pulverizing coal.—Though apparently brittle enough when in
large lumps, coal 1s a difficult material to pulverize finely. For
cement kiln use, the fineness of reduction is very variable. The
finer the coal is pulverized the better results will be obtained
from it in the kiln; and the poorer the quality of the coal the
finer it is necessary to pulverize it. The fineness attained in
practice may therefore vary from 85 per cent, through a 100-
mesh sieve, to 95 per cent or more, through the same. At one
plant a very poor but cheap coal is pulverized to pass 98 per

7
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cent through a 100-mesh sieve, and in consequence gives very
good results in the kiln.

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

Total cost of coal preparation.—The total cost of crushing (if
necessary), drying and pulverizing coal, and of conveying and
feeding the product to the kiln, together with fair allowances
for replacements and repairs, and for interest oun the plant, will
probably range from about twenty to thirty cents per ton of
dried coal, for a 4-kiln plant. This will be equivalent to a cost
of from three to five cents per barrel of cement. While this
may seem a heavy addition to the cost of cement manufacture,
it should be remembered that careful drying and fine pulver-
izing enable the manufacturer to use much poorer-—and there-
fore cheaper—grades of coal than could otherwise be utilized.

CLINKER GRINDING.

The power and machinery required for pulverizing the clinker
at a Portland cement plant using the dry process of manufac-
ture is very nearly the same as that required for pulverizing the
raw materials for the same output. This may seem, at first
sight, improbable, for Portland cement clinker is much harder
to grind than any possible combination of raw materials; but it
must be remembered that for every barrel of cement produced
about 600 pounds of raw materials must be pulverized, while
only a scant 400 pounds of clinker will be treated, and that the
large crushers required for some raw materials can be dispensed
with in erushing clinker. With this exception, the raw mate-
rial side and the clinker side of a dry-process Portland cement
plant are usually almost or exactly duplicates.

The difliculty, and in consequence the expense, of grinding
clinker will depend in large part on the chemical composition
of the clinker and on the temperature at which it has been
burned. The difficalty of grinding, for example, increases with
the percentage of lime carried by the clinker; and a clinker
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containing 64 per cent of lime will be very noticeably more re-
sistant to pulverizing than one carrying 62 per cent of lime. So
far as regards burning, it may be said in general that the more
thoroughly burned the clinker the more difficult it will be to
grind, assuming that its chemical composition remains the same.

The tendency among engineers at present is to demand more
finely ground cement. While this demand is doubtless justified
by the results of comparative tests of finely and coarsely ground
cements, 1t must be borne in mind that any increase in fineness
of grinding means a decrease in the product per hour of the
grinding mills employed, and a consequent increase in the cost
of cement. At some point in the process, therefore, the gain in
strength due to fineness of grinding will be counterbalanced by
the increased cost of manufacturing the more finely ground
product.

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

ADDITION OF GYPSUM.

The cement produced by the rotary kiln is invariably natu-
rally so quick-setting as to require the addition of sulphate of
lime. This substance, when added in quantities up to 23 or 3
per cent, retards the rate of set of the cewment proportionately,
and appears to exert no injurious influence on the strength of
the cement. In amounts above 3 per cent, however, its retarding
mnfluence seems to become at least doubtfal, while a decided
weakening of the cement is noticeable.

Sulphate of lime may be added in one of two forms; either as
crude gypsum or as burned plaster. Crude gypsum is a natural
hydrous lime sulphate, containing about 80 per cent of lime sul-
phate and 20 per eent of water. When gypsum is calecined at
temperatures not exceeding 400 I'., most of its contained water
is driven off. The * plaster” remaining carries about 93 per
cent of lime sulphate, with only 7 per cent of water.
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[n Portland cement manufacture either gypsum or burned
plaster may be used to retard the set of the cement. As a
matter of fact, gypsum is the form almost universally employed
i the ['nited States. This is merely a question of cost. It is
true, that to secure the same amount of retardation of set it
will be necessary to add a little more of gypsum if burned plaster
were nsed; but, on the other hand, gypsnm is much cheaper
than burned plaster.

The addition of the gypsum to the clinker is vsually made
before it has passed into the ball mill, komminuter, or what-
ever mill ie in use for preliminary grinding. Adding it at this
pomnt secures muech more thorough mixing and pulverizing
than if the mixture were made later in the process. At some
of the few plants which use plaster instead of gypsum, the
finely ground plaster is not added until the clinker has received
its final grinding and is ready for storage or packing.

Constitution of Portland Cement.

During recent years much attention has been paid by various
investigators to the constitution of Portland cement. The
chemical composition of any particular sample can, of course,
be readily determined by analysis; and by comparison of a
number of such analyses, general statements can be framed as
to the range in composition of good Portland cements.

The chemical analysis will determine what ingredients are
present, and in what percentages, but other methods of investi-
gation are necessary to ascertain in what manner these various
ingredients are combined. A summary only of the move im-
portant results brought out by these investigations on the con-
stitution of Portland cement will be given 1n this place.

It would seem to be firmly established that, in a well burned
Portland cement, much of the lime is combined with most of
the silica to form the compound 3Ca0), SiOz ,-—tricaleic silicate.
To this compound is ascribed, in large measure, the hydraulic
properties of the cement, and in general it may be said that the
value of a Portland cement increases directly «s the proportion
of 8Ca0, Si0y. The ideal Portland cement, toward which
cements as actually made tend in composition, would consist
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exclusively of tricalcic silicate, and would be, therefore, com-
posed entirely of lime and silica, in the following proportions:

Lime (CaO) . iuiu i e i i ee et 73.6
Silica (SiOs)..vve.... e eea s 26.4

Such an ideal cement, however, can not be manufactured
under present commercial conditions, for the heat required to
clinker such a mixture can not be attained in any working kiln.
Newberry has prepared such mixtures by using the oxy-hydro-
gen blowpipe; and the electrical furnace will also give clinker
of this composition: but a pure lime-silica Portland is not pos-
sible under present day conditions.

In order to prepare Portland cementin actual practice, there-
fore, it is necessary that some other ingredient or ingredients
should be present to serve as a flux in aiding the combination
of the lime and silica, and such aid is afforded by the presence
of alumina and iron oxide.

Alumina (Al; O;3) and iron oxide (Fe, Os), when present in
noticeable percentages, serve to reduce the temperature at
which combination of the lime and silica (to form 3 Ca0, Si0,;)
takes place; and this clinkering temperature becomes further
and further lowered as the percentages of aluminaand iron are
increased. The strength and value of the product, however,
also decrease as the alumina and iron increase; so that in actual
practice it is necessary to strike a balance between the advan-
tage of low clinkering temperature and the disadvantage of
weak cement, and to thus determine how much alumina and
iron should be nsed in the mixture. This point will be further
discussed in later pages.

It is generally considered that whatever alumina is present
in the cement is combined with part of the lime to form the
compound 2 CaO, Al; Oz ,—dicalcic aluminate. It is also held by
some, but this fact is somewhat less firmly established than the
last, that the iron present is combined with the lime to form
the compound 2 CaO, Fe, O3. For the purposes of the present
paper it will be sufficient to say that, in the relatively small
percentages in which iron occurs in Portland cement, it may
for convenience be considered as entirely equivalent to alumina
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and its action, and the two may be calculated together. When
alumina is named in this paper, therefore, it will be under-
stood to include any iron that may be present.

CEMENT MATERIALS IN IOWA.

BY H. FOSTER BAIN.

General Statement.

Materials capable of furnishing the silica and alumina nec-
essary to the manufacture of Portland cement are widespread,
and the location of new plants is apt to be determined by
the presence of suitable calcareous deposits and favorable in-
dustrial conditions. lowa affords no exception to these gen-
eral rules. In practically all parts of the state there are shales
or clays which might if necessary be used as one of the con-
stituents of a cement mixture. The indurated rocks from tle
Ordovician to the Cretaceous afford shales of wide distribution
and excelleut character. The surface formations supplement
these resources with loess, alluvium, and certain minor bodies
of water-laid clay of glacial derivation. The shales and the
clays have been extensively studied and a special report upon
them by Dr.S. W. Beyer was published in 1904. For present
purposes it will sufiice to say that such material suitable for use
in the manufacture of Portland cement can be found at almost
every point in the state where other conditions are favorable
to its production.

The calecareous constituent of cements is most commonly
derived from marls, chalk and limestone. All these occur
within the state though they are of very unequal importance.

CALCAREOUS MARLS.

Marls are extensively used at several points in the United
States in the manufacture of cement. The large cement in-
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dustry of Michigan in particular is founded upon the occur-
rence within that state of extensive deposits of calcareons marl
in the shallow lakes of the lower peninsula*. Similar marls
are used in New Jersey and Ohio. The lakes in which the
marl occurs are located within the area covered by the Wis-
consin drift, and similar Jakes are particularly characteristic of
such areas. In Iowa the north central portion of the state is
covered by drift of Wisconsin aget and isdotted with small
shallow Jakes resembling in appearance and genesis those of
Michigan. From timeto time small amounts of marl have
been reported from this area and while so far no bodies of com-
mercial importance have been located it is not impossible that
such may be found.

CHALK DEPOSITS.

The Cretaceous deposits which cover the western third of
Towa include important hodies of chalk. With but two excep-
tions, both of which are unimportant, outcrops of the chalk
beds are confined to the valley of the Big Sioux river between
Sioux City and Hawarden. The chalk beds received some
attention in the course of the early geological surveys of the
region and have been recently restudied by Calvin,  Bain §
and Wilder '.

The chalk forms prominent bluffs at intervals and may be
well seen near Westfield, Akron and Hawarden. It was referred
to the Niobrara formation until Wilder discovered fossils char-
aetieristic of the Benton in the shale above. This proves it to
be the equivalent of the “Oyster Shell Rim™ of the Black Hills
or the Graneros limestone. A thickness of twenty to thirty
feet 1s ordinarily seen in individual exposures, bat a total thick-
ness of fifty teet is probably present. A generalized section
may be given as tollows: '

* Rusgell, I. C., Portland Cement Industry in Michigen, 22nd Ann. Rept. U. 8. Gool. Surv,,
pt. iii, pp. 635-685.

+5ee Plate i1 Iowa Geol. Surv., Vol. XI, 1900.

1 Calvin, 8., Cretaccous Deposits of Woodbury and Plymouth Counties, ete., Iowa Geol.
Surv., Vol. I, pp. 147-161, 1893.

¢ Bain, H. F., Cretaceous Deposits of the Sioux Valley, Iowa (ivol. Surv., Vaol. IIL, pp.
101-114, 1395; Geology of Woudbury County, Ibid, Vol, V., pp. 273-075, 205-296, 189¢; Geology of
Plymouth County, Ibid, Vol. VIII, pp. 354-360, 1898.

| Wilder, F. A., Geology of Lyon and Sioux Counties, Iowa Geol. Suv., Vol. X, pp. lll-
116, 151-152 1800.
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Section of Chalk Beds.

FEET.

3. Chalk............ e e e e iaaa ceeee... dt06
2. Limestone, soft, splitting into thin slabs and crowded

with shells of Inoceramus.......ooviiiiinrnnnnnnn.. 12

1. Chalk. .t e e e 12

The interbanding of thin bedded limestone and the chalk is
quite characteristic. Both materials are soft and grind easily.
Almost no magnesia is present, as is shown by the following
analyses, and in some instances the chalk beds themselves
carry enough or more than enough clay to make a good cement
mixture. In all cases excellent clays occur immediately above
or below. The clays are now being used at Sioux City and
elsewhere in the manufacture of a wide variety of clay
products.

Analyses of lowa Chalks.

o |
Silica and insol. mat......... ... .. ...l 22070 |vusaanns ! .........
Iron and alumina (oxides).......coovvrviecon unnn. 6.68 |........ | I
Calcium carbonate................ ...l 64.30 83.70 | 94.39
Magnesium carbonate. ........... oot 5.38 ‘ 2.48 .70
Water ..... ...... ... G e T ITEN LR .08 | .06
I. Chalk rock, Hawarden, lowa............... Newberry Anal.
II. Chalk rock, Westfield, Iowa....... e «.... Weems Anal.
III. Chalk rock, Le Mars, lowa................... Weems. Anal.

It is evident that materials suitable for the manufacture of
Portland cement are available, and this couclusion is confirmed
by the fact that at Yankton, S. D, a plant has for many years
been in operation in which similar beds, belonging to the Nio-
brara, arve used. Furthermore, in tests carried on at Sioux City
cement has been made experimentally from the local
material.*

LIMESTONES.

Gencral statement.—Non-magnesian limestones are found in
Towa in the Ordovician, Devonian, and Carboniferous. The

‘Lonsdnl:. E. H., Proc. Iowa Acad. Sci., Vol. II, p. 173, 1895.




ORDOVICIAN LIMESTONES. 105

limestones of the Cambrian and Silurian are without important
exception highly magnesian. Those of the Ordovician are pre-
dominantly magnesian, though an exception occurs in the case of
the beds which it has been customary to map and discuss under
the name Trenton. In eastern lowa the dolomites and mag-
nesian limestones have heretofore attracted more attention
than the non-magnesian rocks,and flourishing lime and building
stone industries have been founded upon them. Limestone of
one class or the other occurs in all of the castern and most of
the southern counties. In the northwest the covering of Creta-
ceous and Pleistocene deposits limits the outerops to a few deep
stream valleys. The general distribution of the geological
formations of the state is shown in plate II of volume XIV
of the present series of reports. For details of localities the
reader 1s referred to the various county reports of the Lowa
(xeological Survey cited in this text. The transportation
facilities available at each point may be best learned from the
large map of the state published and distributed gratuitously
by the Railway Commissioners.

ORDOVICIAN LIMESTONES.

Below the Devonian there is but one limestone outeropping
in Jowa which is at all suitable for Portland cement manufac-
ture. [t is known as the Trenton, and occupies portions of
Dubuque, Clayton, Fayette, Winneshiek and Allamakee
counties.” Under this name have beenincluded and mapped an
aggregate of non-magnesion limestones and thin shales, varying
in thickness from fifteen to three hundred and fifty feet. The
variation in thickness is an expression of the fact that the dif-
ference between the (Galena and Trenton is lithologic and not
formational. [tis probable that in the future the division will
be made upon some other basis, but for present purposes the
litnologie difference is the important one. The strata included
on this basis within the Trenton are in the main either aon-
magnesian or only slightly magnesian. In composition as in
geologic position they are almost exactly equivalent to the

* Reports on the geology of Fayette, Winneshiek and Clayton counties are now in prepara-
tion. [or the geology of Allamakee county, see lowa Geol. Surv., Vol. IV, pp. 83-120; for
Dubuque county, see Ibid, Vol. X, pp. 379-651.
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famous cement rock of the Lehigh Valley, from which 60 per
cent of the Portland cement production of the United States
nOW comes.

Excellent exposures of the Trenton occur along the Missis-
sippt river and its tributaries in the counties named above. At
Specht Ferry, in Dubuque county, the following section was
observed.

Specht Fervy Section.

FEET.

13. Thin-bedded, brown dolomite, with shaly part-
ings (Galena) ....o.eo i, P 4

12. Thin-bedded, imperfectly dolomitized limestone,

with fossil brachiopod shells only slightly

changed; the limestone brown, earthy, non-
crystalline, but evidently of the Galena type. 3

11. Thick, earthy, imperfectly dolomitized beds

(Galena) ... it e i et 3
10. Thin limestone beds with much shale in the part-

ings; in part a trueshale .................... 5
9. Limestone, bluish, rather coarse-grained, with

few fossils. ..o iiiiii e 4
8. Limestone similartoabove ................. ... 3
7. Limestone similartoabove ..................... 18

6. Shale, bluish or greenish, containing occasional
thin beds or discontinuous flakes of limestone;
the ‘‘Green Shales’’ of Minnesota geologists. 12
5. Thin-bedded, bluish, rather coarse-grained lime-
stone, weathering brownish in color.......... 5
4. Limestone, in rather heavy layers which range
up to fifteen inches in thickness; bluish on
fresh fracture, but weathering to buff on
(=550 0 Te X1 of = 5
3. Brittle, fine-grained, blue limestone, very fossilif-
erous, breaking up on weathered surfaces
into flexuous layersabout two inches in thick-

TS .+ e ettt e ettt e 20
2. Lower buff beds, exposed, about ........ ...... 8
1. Unexposed to level of water in river_............ 45

The “(ireen Shale™ No. 6, of the above section, and the lime-
stones above and below were sumpled and analyzed by Mr.
Lundteigen with the results given below:
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Analyses of Trenton Limestone.

I I 1I | Il ‘ IV ‘ A\ VI
P _ = . : L : —
Silica, Si0,.......... . 7.28 2:25 46,34 §.98 5.00 54.90
Alumina Al,O, | \
and ] 1.32 19 90 2.58 2.07 25 50
Iron oxides? Fe,0q¢ |
Lime, CaO............. ‘ 46.93 49.66 10.27 41,32 50.22 41
Maguesia, MgO........ 2.58 | 3.4 2.13 5.80 | .85 .30
Alkalies by diﬂference...| ................................. i .76 9.55
Sulphur, S....... ... .39 ‘ ......... .01 .00 .85 .24
Loss on ignition{ 4" 1| 40.10 | 42.80 | 13.90 | 40.00 | 40.25 | 9.10
2 . S| | lgm |
| 9925_ | 99.27 92.55 | 98 68_ 1_00_00 100.00

1. Beds 8 and 9, Specht Ferry Section.
II. Bed No. 6, Specht Ferry Section,
1II. Bed No. 5, Specht Ferry Section.
IV. Bed No. 4, Specht Ferry Section.
V. General sample of limestone, Specht Ferry Section.
VI. General sample of clay, Specht Ferry Section.

While the amount of mmagnesia in certain of these beds is
higher than is desirable, there is still a large amount of rock
available which is not higher in that element than that else-
where used. It 1s probable that careful search would locate even
better beds at the same horizon farther north.

DEVONIAN LIMESTONES.

There are in Iowa beds representative of both Upper and
Middle Devonian. The former includes the State Quarry beds
in Johnson county®, and the Sweetland shales in Musca-
tinet. The larger portion of the Iowa section belongs to the
Middle Devonian, which may be divided into three formations,
the Lime Creek, Cedar Valley and Wapsipinicon. In various
counties these formations have been subdivided and individual
members have been mapped. The Lime Creek and Wapsipin-
icon formations each include some shale and magnesian rock,
but in general the Devonian limestones in lowa are character-
istically free from magnesia.

Wapsipinicon formation.—This formation was first discri-
minated by W. H. Norton who has discussed it in considerable

* Calvin, 8., Geology of Johnson County, lowa Geol. Surv,, Vol. VLI, pp. 33-104.
tUdden, J. A., Geology of Muscatine County, lowa Geol. Surv. Vol. IX, pp. 247-388,
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detail and has mapped various subdivisions belonging to it in
Linn*, Cedart and Scott{ counties. J. A. Udden has dis-
criminated it in Musecatine county§, and Calvin has mapped
certain members belonging to it in Johnson| and Buchanan.®
Details of the development of the formation may be learned
from the reports cited. In the northern portion of the state
there 1= an overlap, so that the Wapsipinicon is not repre-
sented. In general it may be stated that while the formation
includes some shale and some very pure limestones, the mag-
nesia is apt to be found abundant in almost any section and
carefnl sampling will be necessary to determine the availa-
bility of the rock at any given point. The Fayette breccia,
which forms one member of the Wapsipinicon, includes, near
Rock Island, a very pure limestone, as is shown by the following
analysis.

Analysis of Fayette breccia **

Imsol. o e 42
Iron (as carbonate) .......cvvvvnr vuerrviinananns .. .36
Lime (CaCO3 )... .......... e e eeeaaa ...98.77
Loss, alkalies, etC.......cvriiiiir it iiienanns .45

On the other hand samples of the Otis and Kenwood beds
from a railway cut two miles north of Cedar Rapids, showed so
much magnesia as to preclude the use of the rock.

Cedar Valley Limestone.—The most important member of the
Devonian of Towa as measured either by areal extent or thick-
ness 1s the Cedar Valley Limestone. Tt extends from Muscatine
county on the Mississippl to the Minnesota line in a broad
belt trending northwest. It has an estimated maximum thick-
ness of 300 feet and rests to the southeast on the Wapsipinicon
formation. To the northeast it comes by overlap to rest on the
Maquoketa shalett. To the southwest it is in turn covered by
rocks of the Mississippian series, while on the northwest the

*ireology of Linn County, Iowa Geol. Surv., Vol. IV, pp. 121-195.

+Geology of Cedar County, Ibid. Vol. XI, pp. 270-386.

[Geology of Seott County, Ibld, Vol. IX, pp. 339-520.

§Geology of Muscatine County, Ibid, Vol. IX, pp. 248-358.

|Geology of Johnson County, Ibid, Vol. VII, pp. 33-116.

iGeology of Buchanan County, Ibid, Vol. VIII, pp. 201-255.

**Geol. of Iowa (Hall) p. 872.

++Calvin, 8., Geology of Howard County, Iowa Geol. Burv., Vol. XIII, pp. 49-62.
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Lime Creek shales intervene between the latter and the Cedar
Valley.

In the southern portion of the area of outcrop the Cedar Val-
ley Limestone is characteristically a non-magnesian limestone,
usnally fine-grained in texture and breaks with a sharp con-
choidal fracture. This phase of the formation is excellently
exposed in Johnson county, and the following analysis was
made by (George Steiger, in the laboratory of the U. S. Geolog-
ical Survey, from an average sample representing the rock
quarried at lowa City. These guarries exposed a total thick-
ness of about fifty feet.

Analysis Devonian Limestone at lowa City.

10 3.08
AlO i e e e 1.24%
FeaO e i .73
Cal . i e e e e 50.30
MO . e e 2.22
SOt i e e s e 06

Toward the north the limestone becomes more magnesian
until in Howard county it is a massive dolomite which has
been mistaken for the Niagara. About midway the rock has
heen extensively quarried at Independence and Waterloo where
it is a soft, easily crushed limestone, apparently non-magnesian
in character. At Waverly the rock is soft, thin-bedded and
exposed to a total thickness of about fifty feet. Analysis of
two separate beds, by Lundteigen, gave the following results:

Analyses of Devonian Limestone at Waverly.

‘ I I1

SHENEL e Fmmn i R R SRR rrmmmamnl e e E A E e, i L RN AR 46.34 2.25
ALO, =
Fe O! b et e e 19.90 | 1.32
1 o et py e 10.27 | 49.66
MEO e e 2.00 3.24
L 2Ly S P .01 .00
Loss on ignition. ... e e e e 13,90 42.80

Total ..o e i e e e SR 92 42 | 99.27

* With the Al.O, is included any TiO, or P,0, present.
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Still farther north, in Mitchell county, the limestone has at-
tracted attention because of certain beds being lithographic.*
The following analysis, made by Mr. A. B. Hoen, suggests that
some, at least, of the stone is sufficiently free from magnesia to
be suitable for cement material.

Analysis Devonian Limestone, Mitchell County.

ALy oo 12
Cal e e e 54.91
MgO . e 07
NasO. o e e 18
< A1
GOt e 43.16
HoO . o e e 35

There are a number of fine exposures showing a thickness of
ten to fifteen feet of the non-magnesian stone. Not all of it is
free from cracks and crystals as is the lithographic layer, but it
is similar in composition to the sample analyzed at the Gable
and other quarries, there is practically no stripping, while in
the vicinity is an aburdance of loess clay.

Lime Creek Shales.—The uppermost member of the Devonian
section of Iowa is well displayed in Cerro Gordo county, and
has been discussed and mapped in Calvin’s report on that area.t

He gives the following general section of the formations.

General Section of the Lime Creek Shales,

. FEET,
6. Calcareous beds, light grayin color............. 20
5. Magnesian shales and argillaceous dolomites ... 30
4. Limestone with slender Idiostroma .... .... - 4
3. Fossiliferous, calcareous shales................. 20
2, Yellow, non-fossiliferous shales................. 10
I. Blue, non-fossiliferous shales ............... ... 40

Nos. 1, 2 and 3 of this section make up the Iackberry mem-
ber of the formation, while the remaining beds represent the
Owen beds.” The shales constituting the lower portion of this
section are now in use at Mason City for the manufacture of

* [owa Geol, Sarv,, Vol. XIII, pp. 202-352,
1 Geology of Cerro GGordo County, lowa Geol, Surv., Vol. VII, pp, 117-182,
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clay goods, and are represented in the following analysis made
by G. E. Patrick:

Analysis of Lime Creek Clay at Mason City.

FEET.
Silica S102 ... i e e e 54.64
Alumina Al2 O3 ..ovi i e 14 .62
Iron oxide (calculated as Fe2O3)........ ... ...... 5.69
Manganese oxide (calculated as MnO).............. .76
Lime Cal) . e e e s 5.16
Magnesia MgO.......... ... el 2.90
Soda NanO. . ..ot i e 1.12
Potash KoO ... oo i 4.77
Carbonic acid CO2 . .. ... oviiiiien o o L 4.80
Hygroscopic water (expelled at 100" C.)............ .85
Combined water (expelled by ignition)...... ....... 3.74

Total. oo e e 99.05

This analysis represents only the non-calcareous portion.
The beds above contain considerable lime as noted in the
section given. In the vicinity of Mason City where these beds
outcrop there are extensive exposures of the non-magnesian
beds of the underlying Cedar Valley, and it should be possible
to combine the two to advantage.

CARBONIFEROUS LIMESTONES,

Carboniferous rocks underlie a large portion of Towa. They
include limestones, sandstones, shales and coals. The lime-
stones are very rarely magnesian and because of this fact, as
well as their excellent situation with reference to fuel and
transportation facilities, it seems not improbable that time
will see the development of a considerable cement industry
based upou them. Of the three series into which the Carboni-
ferous has been divided, two, the Mississippian and the Penn-
sylvanian are represented in this state. The Mississippian may
be divided into the Kinderhook, Augusta and Saint Louis, each
containing important limestone beds., The Pennsylvanian in-
cludes the Des Moines formation (lower Coal Measures) and the
Missourian (upper Coal Measures). The lower Coal Measures
includes most of the coal beds worked in the state, but very
little limestone. The formation outcrops in a broad belt
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between the limestones of the Mississippian series to the east
and the calcareous shales and thin limestones of the Missou-
rian formation. The general distribution of the Mississippian,
Des Moines and Missourian beds is shown on the geological map
of Jowa. The details as to character, thickness, etc., in any
area may be learned from the appropriate county reports®.

Kinderhook limestone.—The Kinderhook forms the lower-
most division of the Carboniferous of this state. It consists
for the most part of a soft argillaceous shale which is exposed
to a thickness of sixty feet at Burlington.t Above the shale
are about fifty feet of sandstone and limestone belonging also
to the Kinderhook. In general the beds are not well exposed,
and in the southern area of outcrop are not likely to be of
importance in cement manufacture, except as a source of clay
to be mixed with the overlying Burlington limestones. Farther
north, in Marshall county, there is an extensive development of
limestone. The rock is quarried at Le Grande, and the follow-
ing analyses by (. E. Patrick indicate that a considerable por-
tion of the stone is suitable for cement manufacture:

*Reports upon counties in which the Carboniferous rocks are important will be found in
the volumes of the lowa Geological Survey as follows:

Appanoose, V, 361-438; Mahaska, 1V, 318-380;

Boone, V, 175-240; Marion, XI, 127-198;

Dallas, VIII, 51-118; Marshall, VII, 187-262;

Decatur, V1II, 255-338; Mills and Fremont, X1II, 123-183;

Des Moines, 111, 409-492; Monroe, XIII, 353-433;

Fremont and Mills, X11I, 122-183; Montgomery, 1V, 881-452;

Guthrie, VII, 413-488; Page, X1, 897-460;

Hardin, X, 241-314; Polk, VII, 263412,

Henry, X1I, 237-302;
Humboldt, IX, 109-154;
Jefferson, XII, 355-488;
Keokuk, IV, 255-812;
Les, II1, 805-408;
Louisa, XI, 65-126;
Madison, VIR, 489-540;

+Weller, Stunart, Iowa Geol. Surv.. Vol. X, p. 65.

Pottawattamie, XI, 199-278;
Story, 1X, 165-246;

Van Buren, 1V, 197-264;
Wapello, XII, 439-499;
Warren, V, 301-360;
Washington, V, 113-174;
Webster, XII, 62-191.
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Chemical Analyses of Le Grande Stone.

I ‘ 11 ‘ 111 v

Silica and insol........ooviiits Lo .77 .96 1.24 ‘ 1.22
Alumina Al,Op ..o ool .05 .07 .18 .14
Iron Fe,O ..o T .15 .26
Iron FeO ..o o iii i .09 .27 09 | .09
Manganese oxide (as MnO)..................|.oon 08 ... trace
Lime CaO......cooiiiiiiiiii 55.05 | 54.85 | 50.56 50.42
Magnesia MgO......... . oiiiiiiii i, .28 .28 3.70 3.96
Carbonic acid CO,.covnn i 43.62 | 43.30 | 43.79 43.85
Hygroscopic water (loss at 100° C.)........... .03 .08 .06 .04
Combined water (expelled by ignition)........ .13 .21 .15 12
Phosphoric acid............... oo flese oo oot trace | ........

Total covee ceet e 100.02 100 11 ' 99.92 ' 100.10

FProbable Combinalions.

Silica and silicates, iron, alumina, oxides, etc. ’ .95 1.37 l 1.74 1.72

Calcium carbonate........ ... viveerinnennnn i 98.30 97.95 90.28 90.04
Magunesium carbonate ........................ .59 .38 7.77 8.08
WALET. . o e e e e et e, \ 16 .30 .21 .16

Total ...... . owke semes] bR b WEEED S S e | 100.00 | 100.00 | 100.00 | 100.00

I. Fine-grained oolite.
II. Blue limestone,
I1I. lowa Caen stones.
1V. Stratified limestone.

Associated with these beds are certain others which are more
magnesian, but which happen to be in demand as building
stone. Possibly a combination of industries could be based on
this association. In Hardin county there is a considerable
thickness of the rocks with some associated shale. Still
farther to the north and west the Kinderhook outcrops, but
without exposing any great thickness. While much of the
Kinderhook limestone is magnesian, it is believed that in local-
ities where other conditions are favorable, the formation war-
rants prospecting and testing.

Augusta formation.—The Augusta includes beds which have
been widely known as the Keokuk and Burlington limestones
together with a portion of the Warsaw. The formation con-
sists for the most part of coarse, erinoidal limestone, white,

non-magnesian,and with chert in nodules along bedding planes.
8
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The limestone is associated with abundant argillaceous shale,
and often outcrops in steep bluffs, at the foot of which the
shales of the Kinderhook are available. The beds are best
exposed in Lee and Des Moines counties, but occupy portions of
Louisa, Washington, Henry and other counties in the southeast
part of the state.

At Burlington, in the south bank of the Cascade Hollow the
following section was measured by Mr. T. E. Savage:

Cascade Hollow Section.
FEET.
7. Fine-grained, homogeneous soil material without
pebbles, dark-colored above grading down to

yellow below.... ..., 4
6. Clay with pebbles and small bowlders of granite

and greenstone, reddish-brown............... 6
5. Limestone, much decayed, in layers one to four

inches thick, numerous chert nodules......... 5
L 3 ¢ Y- v %
3. Limestone, crinoidal, coarse-grained, layers four

to eight inches thick ........ ... ... ... . ... 4
2. Limestone, crinoidal, with chert nodules........ 1

1. Limestone, coarse, crinoidal; at places massive,
at others weathering into layers three inches
to one foot in thickness, containing numerous
£08SIlS Lt e 10

An average sample of this limestone was analyzed by George
Steiger in the laboratory of the U. S. Geological Survey with
the following results.

Analysis Burlington Limeslone.

SI0 0 - e e e 5.18
*A1,0,

Fego;} ......................................... 87
Qa0 e e 52.16
MO i 40
SOy e e 00

The beds outeropping at this point are thoroughly representa-
tive of the Burlington limestone, the most important division
of this formation. Greater thicknesses are exposed at other
points and the total thickness has been estimated to be about
two hundred and fifty feet.

# This figure includes any Ti0, or P,0, present.
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St. Louts Limeséone—The St. Louis is one of the most widely
distributed formations in Iowa. It rests on the Augusta and
lies unconformably below the Des Moines formation. On
account of its relation to the coal beds it has been carefully
mapped and extensively studied. It includes three minor divi-
sions, the Pella beds, the Verdi beds and the Springvale beds.
Of these the first named is much the most important from the
present point of view. The Verdi and Springvale beds have
limited areas of outcrop and are usually not suitable 'in com-
position for cement manufacture. The Pella beds on the other
hand outerop widely and are, in composition, excellently
adapted to this purpose. They fringe the productive coal
measures on the east and occur as scattered inliers within the
general area of outcrop of the coal beds. This results from the
pronounced unconformity between the Des Moines and the St.
Louis, hills of the limestone rising like islands above the lowest
coal beds.

The Pella beds usually show an upper portion consisting of
calcareous marl with some thin beds of limestone. This facies
is ordinarily eight to ten feet thick. Below it are beds of fine-
grained, blue to gray limestone breaking with clean conchoidal
fracture and usually thin-bedded. The rock is very rarely
magnesian and the analysis quoted below is quite representa-
tive. The sample was taken from the Chiiton qnarry fat
Ottumwa, by Mr. T. H. Savage. The beds exposed at this
quarry are noted in the following section:

Chilton Quarry Section.
FEET.
13. Fine-grained, dark colored, pebbleless soil.... 1
12, Clay, reddish-brown, with pebbles ........... 3
11. Sandstone, brown, iron-stained, mostly inco-
herent, but in places indurated (Des Moines) 10
10. Calcareous shale, weathering into small bits,

very fossiliferous.............. c..Liil. 3
9. Limestone, dense, fine-grained, gray.......... 24
8. Limestone, shaly, soft, weathering readily,

similar to No. 10. ... oo iiviinniniiinin 2
7. Limestone, dense, fine-grained, gray.......... 1%
6. Shale, calcareous.....ccvviniiiiiiiiinnnenna. 3

5. Limestone, hard, fine-grained, gray, fossili-
fETOUB ypcenstinaasiin - bb iinanaih sreneas vies 1
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4. Limestone, dense, bluish...................... 1
3. Limestone, dense, fine-grained, bluish-gray, in
part massive, in part thin-bedded, fossili-

ferous ..o ue i e e 4
Limestone, hard, gray............cooovvioan.. 1%
1. Limestone, dense, gray.........cooceiiernuen.. 1%

An average sample of the limestone and marl here was
analyzed in the laboratory of the U. S. Geological Survey,
by George Steiger, with the following results.

Analysis of St. Louis Limestone al Oltumwa.

o T 6.83
ALOy e 2.12%
J o .54
Ca0 . o 49,54
MEO. o o e .07
& 13

Samples of limestone from Pella, Tracey, Oskaloosa and
Humboldt have also been analyzed with the following results:

l I I III Iv
S0 g e e e e 4.92 |
Insol. . e e e 1.57 4.01 91
AlyO g 339 .49 .13 48
g‘ei)o3 ....................................... 47'50 17 .46 73
2 L 0
CaCOg.iin it A 94.60 | 95.30 | 97.98
MO . e e 00 3.17 00 ...,
Alkalies. ... o e e e e e e
SO i 2.09 |l
GO i e e
H,0. . 13810 |oon ‘ """"""""

I. Limestone, Pella, Lundteigen, Anal.
II. Limestone, Tracey, Murray, Anal.

III. Limestone, Oskaloosa, Murray, Anal.

IV. Limestone, Humboldt, Murray, Anal.

*This flgure includes any Ti0, or PO, present.
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Analyses of limestone and interbedded shale from the mouth
of Lizard creek in Webster county, were made by Mr. Lund-
teigen, with the following results:

CaCOg | CaS04
3. Upper; limestone, 2 feet ....o.uieiiriiieieiiiiiin i . 88.75 .28
2. Middle, shale, 2 feet........covuiiren coeeaet e s, 53.25 2.46
1. Bottom, limestone, 24 feet. ... ... oottt 88.75 .17

A cement made from this material gave the following analy-
sig and on test showed satisfactory color, strength and setting
properties:

Analysis Fort Dodge Cement.

SIlCa . ot i e i et eiaee e, 25.52
Alumina and iron.......ooce viiim i e, 8.80
Lime. o e et e e, 63.40
Magnesia. . ...vuuiii e i e e 1.19

The material from the Pella exposures has been made up
into a cement which has good color, is sound on glass, sets very
quickly and has satisfactory strength. The results of these
tests, together with the fact that limestone of the same age and
character is being extensively used at St. Louis, Missouri, makes
it certain that this formation can be relied upon to furnish
the calcareous element wherever other conditions are favorable
to the establishment of cement plants.

Des Moines formation.—The Des Moines (lower Coal Measures)
containg very little limestone. Its principal importance in the
present connection arises from the coal and clay which make
up so large a portion of the formation. The clays and shales
are extensively used in the brick making industry. They are
available over wide areas and may prove of service in connec-
tion with limestones of the formations above and below. The
following analyses are typical of these clayifs:
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Analyses of Coal Measures Skales and Clays.

.............................................

(combined). .........
H.0 % (free) ........ e e e e, [
Undter. and ignition

I. Brick clay, Fort Dodge.
II. Brick clay, Des Moines, C. O. Bates, Analyst.
III. Brick clay, Ottumwa, J. B. Weems, Analyst.

Near the middle of the Des Moines formation there are a
series of strata which have been called the Appanoose beds.
These have been mapped and discussed in connection with the
report on Appanoose county, and the outerop of the “Fifty-foot”
limestone, one of their important members, is shown on the
accompanying map. The Appanoose beds include the Mystic
or Centerville coal and certain associated shales and limestones.
The latter are known locally, from their relations to the coal,
as the “Bottom rock,” “Cap rock,” “Thirteen-foot limestone,”
and “Fifty-foot limestone.” The beds are thin, usually from
four to six feet in thickness, but near Rathbun and Clarkdale
the Fifty-foot rock reaches a thickness of ten to fifteen feet.
It is a soft limestone, easily crushed, and because of its close
association with clay and a very good coal bed, is probably of
value. Analyses show that it is practically free from magnesia
and runs from 74 to 93 per cent in calcium carbonate. The
following analysis by Lundteigen is representative:

Analysis Fifty-fool rock, Rathbun,

IO sttt et i e 9.90
Al O,

Fe 0 :» .......................................... 6.40
. - trace
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Missourian formation.—1The southwestern portion of Iowa is
underlain by the rocks of the Missourian formation or upper
Coal Measures. In contrast with the lower Coal Measures or
Des Moines formation, the Missourian includes considerably
less sandstone and very little coal. The beds are mainly shales
and limestones. The latter are almost entirely free from
magnesia, are occasionally somewhat earthy and are usually
free from chert, and easily ground. They are accordingly well
adapted to cement manufacture and indeed the equivalent beds
are now in use at Iola, Kansas. The individual members of the
Missourian formation have not been mapped in Iowa, though
they are discussed in the county reports. The most important
limestone lies at the base of the formation and its outerop 1is
accordingly indicated on the geological map by the eastern
edge of the formation. This limestone, which is variously
known as the Winterset, Karlham and Bethany, is discussed in
some detail in the Madison county report.

The Bethany limestone in Madison county includes four sepa-
rate ledges occurring in the following order and thickness:
Fusulina, twenty-five feet; Winterset, twenty feet; Karlham,
twenty-one feet; Fragmental,ten feet. These ledges are sepa-
rated by shale beds, usually ten to twenty feet in thickness,
and in part calcareous. The rocks are quarried at various
points, particularly Earlham, Winterset and Peru, and the same
ledges have been recognized as far south ags Decatur county on
the Missouri boundary.

Analyses of individual ledges at Peru, made by Lundteigen,
show a lime content ranging from 60.50 per cent to 83 per cent.
A cement mixture made from them gave 75.50 per cent CaCOj.
At Earlham the following section was measured by Mr. T. E.
Savage, and an analysis of an mixed average sample of the
stone was made in the laboratory of the U.S.Geological Survey
by George Steiger. The results are given below:
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Section of Roberison Quarrvy, Earlham.

FEET.

1

19. Dark colored, fine-grained, pebbleless soil.
18. Reddish bowlder clay with pebbles and
quartzite fragments.............. ... ...
17. Yellowish colored, soft, shaly limestone
which disintegrates readily..............
16. Layerof very hard, light gray, fine-grained
limestone...... ....... ...l
15. Narrow layer of softer limestone with less
perfectly comminuted fossil fragments. .
14. Ledgeofhard, white limestone, fine-grained,
separating in places into three or four
uneven Jayers...... ... .oiiien ieeien s
13. Soft, calcareous shale which weathers
rapidly into fine bits................ ...
12. Dense, gray limestone, fine-grained, fossil
fragments abundant but indistinet......
11. Gray shale like No. 9............ ........
10. Layer of hard, gray limestone............
9. Band of softshale........................
8. Dense, fine-grained, light gray limestone,
in places massive, again separating into
two layers of about equal thickness.....
7. Shale, soft, gray in color, and quite cal-
CATEOUS . .\t i ivevenit hanrae e raannnns
6. Layer of impure limestone, grayish-yellow
incolor........ooiiih Ll
5. Band of soft, gray, calcareous shale.......
4. Ledge of hard, fine-grained, light colored
limestone, imperfectly separated into
three uneven layers.....................
3. Massive layer, separating in places into two
uneven layers with shaly partings be-
tween them, and such partings of shale
separating No. 3 from No. 4 above and
from No. 2 below .............. ...
2. Ledge of gray limestone .................
1. Layerof gray limestone..................
Analysis Eariham Limestone.
G108 ot e e s
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The beds above the Bethany have not been as carefully stud-
ied though they are apparently similar in composition and
character. The next higher limestone, the DeKalb, yielded the
following on partial analysis by J. B. Weems:

Analysis DeKalb Limesione.

LY O - T 91.96

MECOB 1ottt e e e e e, 1.99

2 X 07
SUMMARY.

Tt is believed that the data presented bear out the assertion
that there are many points in lowa at which materials suitable
for cement manufacture are available. The marls are not now
known to beimportant and may never prove to be. Chalk suitable
in all particulars may be found along the Sioux river north of
Sioux City. As thisis a soft, easy grinding material, it 1s a
favorite among cement manufacturers. The question of the
advisability of establishing a plant in this district must be
determined by consideration of manufacturing costs, of market
and transportation facilities.

In regard to the limestones the following general considera-
tions are important. Iowa is largely a drift covered state and
within the broad areas shown upon the map as underlain by
the various limestones there are really only a limited number
of outerops. Even where outcrops occur, the overburden is in
many cases so thick as to entail prohibitive stripping costs.
The best sitnations are in the valleys, usually where some
importanttributary joins the main stream. Fortunately, many
of the railway lines follow valley routes.

The Trenton limestone, which occurs in the Driftless Area,
1s found usually in rather steep bluffs; a fact due to the resistant
character of the dolomite usually found above it. As compared
with the other limestones of the region the Trenton is more
likely to carry magnesia in excess, but it is, on the other hand,
practically free from chert, is often somewhat earthy in com-
position, and 1s intimately associated with shale. As already
noted, the similar and approximately equivalent beds in the
Lehigh district of Pennsylvania and New Jersey are a very
important source of cement material.
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The Devonian limestones are in large measure free from both
chert and magnesia, though outcrops in the northern part of
the state need careful examination to make sure of the absence
of the latter. As contrasted with both the Trenton and the
Carboniferous limestones they are in the main harder, and this
will to some extent influence the cost of grinding.

0f the Carboniferous limestones the Kinderhook are in most
sitnations too magnesian and the Augusta too full of chert for
easy use, though it is probable that some suitable material can
be found in each formation. The Pella beds of the St. Louis,
and the Winterset and other limestones of the Missourian are en-
tirely suitable as regards composition, freedom from chert and
grinding qualities. Equivalent beds are now in use in Missouri
and Kansas. These limestones are, furthermore, excellently
situated asregards fuel and clay. The productive Coal Meas-
ares (Des Moines formation) outcrop in a broad belt between
the two and often Pella beds and shales of the Des Moines oc-
cur in the same section. Where the shales are absent, loess,
such as is elsewhere used, is nearly everywhere present.

RELATIONS TO FUEL AND MARKETS.

The area of the productive Coal Measures, Des Moines for-
mation, is shown on the geological map of Iowa. It will be seen
that the coal mines are so sitvated as to afford cheap fuel to
most of the limestone localities. This is quite important since
the fuel cost forms approximately 80 per cent of the total man-
ufacturing cost. Iowa coal, while not of the highest grade, is
still well adapted to cement manufacture. The following
analyses indicate the approximate composition of a few of the
coal beds. These analyses and tests were made at the lowa State
College of Agriculture, and are published in the report on Mon-
roe county.*®

*Jowa Geol. Surv., Vol. X.II, p. 4l4.
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Analyses of fowa Coals.

5| 8. | &y
L] o - oy
THE- 5N 5| @
SBe | B | 3R g | B | A
pOL | B &2 < @ @
|
Average five Monroe county coals...| 42.32 | 46.81 | 89.13 | 10.13 | 4.10 ' 11,922
Centerville Block Coal Co., Appa-
1N00Se COUNLY...ucvrnuenecnnnnn.n 37.79 | 54.85 | 92.64 | 7.36| 3.29 | 12,681
Corey Coal Co., Webster county.....| 37.98 | 47.98 | 85.96 | 14.04 | 5.90 | 12,431
Des Moines C. & M. Co., Polk county.| 45.62 [ 50.29 | 95.91 | 4.09 ) 2.74 12,041
Whitebreast Fuel Co., Pekay, Ma-
haska county............. ...... 46.06 | 46.89 | 92.95 | 7.05| 2.81 13,050
Carbon Coal Co., Willard, Wapello |
CoOUuntY .ot e e 36 94 [ 54.20 | 91.14 | B8.86 2.85 12,245
Average 22 lllinois coals....... ..... 35.11 | 51.91 | 87.02 | 12.77 | 3.02 ......
Pocahontas coal, Virginia........... 18.23 | 75.08 | 93.31 6.69 <10 R

In the above tables the Pocahontas coal is quoted for com-
parison, and the Illinois coals are noted since, in event of the
Trenton limestone being used, coal would probably be drawn
from Illinois rather than Towa. Many additional analyses will
be found in the special report on the coal deposits forming vol-
ume II of the reports of the Iowa Geological Survey, and some
additional data in the Twenty-second Annual Report of the U.
S. Geological Survey.*

In the majority of the newer cement plants of the United
States, powdered coal is used as a fuel. The lowa coals are
well adapted to this method of firing. The methods of burn-
ing cement and the cost of fuel have already been discussed.

The relations totransportation lines are perhapsclearly enough
indicated by the map. It is sufficient to notice that there are
several promising localities along the Mississippi river where
the latter could be utilized directly and would in addition act
as a regulator of railway rates. The mainrailway lines of Towa
run either east-west or southeast-northwest and much of the
freight originating in the state, aside from agricultural prod-
ucts, movesto the north and west. Any cement plant which
may be established would find a ready market in the same
direction. lowa, itself, affords a very considerable market for

* The Western Interior Coal Field, Twenty-second Ann. Rept., U. 8. Geol. Surv., pt. iii,
pp. 333-566.
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cement, and an Iowa cement plant would have considerable
advantage in reaching an important and growing market to
the north and west.

Despite the large amount of material available, and the con-
venient fuel and transportation facilities, no Portland cement
plants have been established in lowa. In neighboring states a
number are in operation and others are building or in contem-
plation,

CEMENT PLANTS IN NE[GHBORING STATES.

One of the oldest plants in the middle west is located at
Yankton, S. D., were the Western Portland Cement Company
makes use of the chalk and clay found in the Cretaceous. In
Ilinois there are three large and well equipped plants near
LaSalle, using a Coal Measure limestone similar to the “Fifty-
foot™ rock, outcropping in Appanoose county, in connection
with ordinary Coal Measure shale. There is also a Portland
cement plant in Chicago, in connection with the works of the
Illinois Steel Company. In Missouri there are three plants.
At Saint Louis, loess, Coal Measure shale and Saint Louis
limestone are used. At Louisiana the Louisiana liniestone will
be used in a new plant now being erected. At Hannibal the
Atlas Portland Cement Company has a large plant running
on the Burlington limestone and Kinderhook shales. In Kansas
there are two plants at [ola, one of which is very large, which
manufacture an excellent grade of cement from beds equiva-
lent to those occurring in the Missourian formation as
mapped in lowa. These plants have heretofore had the advan-
tage of a cheap fuel in the natural gas of that field. As the
gas pressure is steadily decreasing they will, doubtless, eventu-
ally, be compelled to use coal for fuel.

In addition to these plants, there are natural cement plants
at Mankato and Austin, Minnesota, at Milwaukee, Wisconsin,
Utica, Illinois and Fort Scott, Kansas. To the north and west
the possible trade territory is thus practically unoccupied. In
North Dakota there is a small plant devoted to the manufacture
of natural cement, and in Colorado and Utah there is one Port-
land cement plant each. In view of these favorable trade con-
ditions it would seem that one or more Iowa plants might
confidently be expected to prove successful.
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INTRODUCTION.

LOCATION AND AREA.

Benton county is located in the east-central portion of lowa.
Itliesacrossthe middle line of the state from north to south while
its eastern border is about seventy-two miles from the Missis-
sippi river. [t is a rectangle in form, thirty miles in length in
a north and south direction, twenty-four miles in width, and
embraces an area of 720 square miles. The extreme south-
western portion of the county is cut by the channel of the lowa
river, and the northern part is crossed diagonally by the valley
of the Cedar.

Benton is bordered on the north by the counties of Black
Hawk and Buchanan. on the east by Linn, Towa county touches
it on the south, and Tama joins it on the west. Of these areas
Buchanan county has been described by Professor Calvin in a
previous volume of the Iowa Survey reports. Linn county has
been discussed hy Professor Norton, and Tama has been investi-
gated by the present writer. The county includes twenty
congressional townships—townships 82-86 north and ranges
[X-XIT west. It is divided into twenty civil townships, fifteen
of which are of the usual size while the other five- Cedar, Har-
rison, Polk, Taylor and Benton-—which are located towards the
the northeast corner, ave more or less irregular in size and form
owing to the fact that their boundaries are in part determined
by the winding channel of the Cedar river.

Benton is pre-eminently an agricultural county. It issituated
in the midst of the finest agricultural portion of our peerless
state. The larger part of this beautiful area lies within the
region covered by the Towan ice sheet, and the drift of this age
furnishes to the county a soil that is unsurpassed in depth,
fertility and productiveness. Well tilled farms of ample size;
beautiful homes with attractive surroundings; numerous farm
buildings, large and commodious; these are the evidences which
lend a substantial air of thrift and prosperity to the inhabitants

of this fortunate region.
9
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EARLIER GEOLOGICAL WORK.

Benton county lies outside of the main area of the Coal
Measures of Jowa, and consequently the history of the early ex-
ploitations of that mineral did not involve this particular por-
tion of the state. No valuable mineral deposits of anv kind
and no large areas over which the indurated rocks are exposed
attracted the practical students of geology to this region. The
problems of the superficial deposits did not appeal to workers
in the science of geology until recent years, hence the
chroniclers of early explorations in lowa rarely give to our
county even passing notice.

The pioneer geologist *Dr. D. D. Owen does not mention the
county by name but he might well have referred to her billowy
surface when he thus deseribed the rural beauty of a portion
of the state: “Undulating prairies interspersed with open
oroves of timber and watered with pebbly or rocky-bedded
streams, pure and transparent; hills of moderate height and
gentle slope; here and there, especially toward the heads of the
streams, small lakes as clear as the rivers, some skirted with
timber and some with banks formed by the green sward of the
open prairies; these are the ordinary features of the pastoral
landscape.”

In Hall’st (Geology of lowa, published in 18538, Professor
Whitney speaks of an exposure of limestone of Hamilton age
near the town of Shellsburg. He also mentions a few places near
Vinton where outerops of the rocks of the same age occur.

In another place Mr. Whitney} discusses the probability of
local beds of Carboniferous strata underlying the superficial
materials of the area under consideration.

In the report on lowa Geology by Dr. C. A. White not a word
is said with respect either to soils or topography, or to the in-
durated rocks or the Pleistocene deposits that occur within the
borders of Benton county.

W J McGee,§ in his Pleistocene History of Northeastern
Towa, refers in a general way to the drainage, and the bebavior

*D. D. Owen: Report Geol. Sur., Wisconsin, Jowa and Minnesota, p. 100, 1852.
+Hall and Whitney: Geology of [owa, Vol. I, Pt. 1, pp. 262 and 268. 1858.
1Ibid, p. 284

$McGee: Eleventh Ann. Rept. U. 8, Geol. Surv. p. 221 el seq. 1861,
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of some of the streams. He also mentions deposits of loess
and sand that occur at various points within the area, and
gives a few sections of wells put down in this particular region.

In discussing the Paleozoic strata of Northeastern lowa
Prof. W. H. Norton*® describes sections which show the
different formations that were penetrated in putting down two
deep wells in the town of Vinton. Again, in his report on the
Artesian Wells of Towa, Mr. Norton makes a detailed deserip-
tion of these wells and gives an analysis of their water.t In
the latter report Professor Norton also discusses the Jumbo
well at Belle Plaine.*

Professor Chamberlain has published an account of the well
at Belle Plaine which for a time after it was drilled provoked
an unusual amount of discussion.§ A few years later Mr. Call
described the Belle Plaine artesian well and attempted to
explain the source of the water. In 1898 Mr. Roy Mosnat
presented an excellent account of the Artesian wells of the
Belle Plaine area in the present series of the Iowa Survey
reports.® This area includes the southwest portion of Benton
county together with the sontheast corner of Tama, a small
area in the northwest corner of Iowa county and the north-
east corner of the county of Poweshiel.

PHYSIOGRAPHY.
TOPOGRAPHY.

General description—Over the greater portion of Benton
county the topography is what physiographers designate as a
prairie plain. The indurated rocks that underlie the superficial
materials are of Devonian age, and have practically a horizontal
position.  There are no very great differences in altitude
between the valleys and aplands, nor in general is there any
great diversion from the gently undulating character of the
prevailing landscape.

*Norton: Jowa Geol. 8urv., Vol. II[, pp. 192-185. 1893.

+Norton: Iowa Geol. Surv., Vol. VI, pp. 266-267. 1896.

tNorton: lowa Geol. Surv., Vol. VI, pp. 350-352. 1866.

§ Chamberlain: The Artesian Well at Belle Plaine, [owa, Science Vol. VIII, p. 276.
||Call: lowa Artesian Wells. Weather and crop service, Vol. II[, March, 1882.

T Mosnat: Iowa Geol. Surv., Vol, IX, pp. 523-528. 1898.
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The county as a whole, however, embraces topographic
phenomena of exceeding interest for the reason that the
surface features over one portion of the area have been de-
veloped through the destructive processes of erosion, while
those over another part of the region have been moulded by the
constructive agency of ice.

The entire surface of the county is drift covered with the ex-
ception of small areas of fluvial deposits along the flood plains
of the larger streams. The drift of the county has been derived
from two different ice sheets, which, in time, are separated by
an exceedingly long interval. The two topographic areas men-
tioned above are coincident with the areas over which the drift
of these respective ice sheets are spread out at the surface. The
older portion of the region, that over which the uppermost tili
is of Kansan age, embraces a little more than the south half of
[owa township, the south part of Leroy and a small area near
the south side of the township of Saint Clair.

The history of this ancient surface is one of long continued
exposure to the processes of weathering and the agents of
erosion. It is recorded in the chemical and physical changes
that have been accomplished in the superficial portion of the
drift. It is revealed in the deeply carved and thoroughly dis-
sected divides. It is reflected in the depth of the stream chan-
nels and in the great width of their flood plains. In general it
i« depicted in every feature of the landscape, which 1is typical
of a water sculptured region approaching the conditions of
topographic maturity.

The area over which the later or Iowan drift was spread
embraces the most of the county with the exception of the
older portion outlined above. That the topography of thisarea
was impressed upon it by the ice is shown by the gentle
curves and slight inequalities in the surface; by the scant
development of definite stream channels and the absence of
any widely extending series of secondary branches; by the
presence of innumerable swales or saucer-like depressions
which lie between low, rounded elevations, and which have not
yet been obliterated either by filling or by drainage or by both
of these means combined. The above are glacial phenomena and
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they clearly testify to the recent retreat of the ice mantle and to
. the extreme topographic youthfulness of this portion of the
county.

The Iowan-Kansan border.—The sinuous line of irregular
elevations that marks the southern limit of the extension of
lowan ice in Benton county begins, on the west side, at the
town of Belle Plaine. To the west and south of this place
there is evidence that a tongune of Iowan ice pushed down the
broad valley of Salt creek and for some distance overspread the
flood plain of the Towa river. To the north of Belle Plaine, for
a distance of two miles, the line of hills passes near the west
side of sections 17 and 8 of lowa township. Not far from the
northwest corner of section 8 it bends to the eastward for one-
half mile across tlie north side of this same section. It then
bends southward along the west side of section 9, forming for
some distance the conspicuous bluffs in the west bank of Stein
creek. In the northwest part of section 16, this line again
bends eastward and continues in a sinuous manner not far
from the north side of sections 16 and 15, and on to nearly the
middle of section 14. Bending southward it passes diagonally
across the southeast quarter of section 14, the southwest corner
of section 13 and down to near the center of section 24. Turn-
ing eastward for nearly one mile it crosses a little to the north
of the middle of section 24 of lowa township, and thence passes
towards the northeast a short distance south of the town of
Luzerne. It continues towards the northeast across the north-
west corner of section 19 of Leroy township, and on to the
northeast corner of 18. From this point it bends eastward for
three-fourths of a mile and then continues in a general south-
east direction across the northeast corner of section 17, the
southwest corner of section 16, the north end of section 22, the
southwest corner of section 23 and the northeast corner of
section 26. See figure 1. Continuing in a direction a little
south of east, about one mile south of the town of Blairstown,
it passes diagonally across the middle of section 25 of Leroy
township and enters the township of Saint Clair, a few rods
north of the southwest corner of section 30. From this point
it continues in a general southeast direction near the south
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side of section 80, and diagonally across the north side of section
32. It passes eastward near the middle of section 33 and then
¢rosses diagonally the south half of section 34. It crosses the
Benton-Iowa county line a little east of the middle of the south
side of section 35 of Saint Clair township. This line of moraine-
like ridges continues in a southeasterly direction across the
northeast corner of Iowa county where it forms a conspic-
anous border of hills overlooking the south side of section 36
of Saint Clair township and sections 31, 32, 33 and 34 of Flor-
ence. From section 35 its trend takes it so far south into Iowa

Ir1¢. 1. Jowan-Kansan border near the middle of Leroy township. These elevations
also form the south bank of the valley of Prairle creek.

county that it appears as an indistinet line almost on the
liorizon’s rim; and from the south side of section 36 it has
entirely disappeared from view, being obscured from sight by
the presence of intervening swells. In the townships of Saint
Clair and Leroy the Towan border is beautifully preserved and
is very conspicuous. As one approaches from the north, the
line of hills rises abruptly to a height of fifty to seventy feet
above the comparatively level lowan plain. In Iowa township
the margin is less distinct. The lowan surface is here much
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more broken; the pre-lowan topography not having been
greatly altered. For this reason the contrast between the
surface of the lowan plain and the line of hills that borders it
is not so clearly marked in Towa township as it is further east,
in the townships of Leroy and Saint Clair. To the careful
observer of land forms, however, the subdued and rounded
character of the elevation, together with the choked condition
of the stream channels over this portion of the Iowan area will
be quite readily diseriminated from the higher, and more deeply
sand or loess covered hills with sharper contours and the more
open waterways which are presented in the region of the
Towan-Kansan border in Benton county.

These elevations can scarcely be calied a moraine as that
term is usually understood, for they contain no proper unspread
lowan drift. In fact, the lowan glacier deposited scarcely any
pebbles or finely pulverized detritus over this portion of the
region which it invaded. It would seem probable, also, that
the 1ce became so exceedingly thin at its southern margin in
Benton county that its onward flow was obstructed where the
stronger hills were encountered, the ice continuing to advance
further where the movement was over level areas of prairie or
flood plain.

As an obstruction the hills may have acted in part in the
nature of a barrier to the glacier’s advance, and again their
presence would be a cause of the much more rapid melting and
destruction of the ice, owing to the partial breaking up of the
attenuated mass as it moved over the very uneven surface.
Thus it seems possible that the presence of such hills may have
determined the particular line of lower limit reached by the
Towan glacier in this portion of the state. The hills 1mmedi-
ately adjacent to the ice margin would receive the deepest
deposits of loess or sand which was swept from the surface of
the melting glacier by the agencies of wind and water. 1t is
the presence of these deep deposits of loess or sand overlying
the ancient hills of Kansan drift which increases to such an
extent the altitude of the elevations along the Towan border
above that of the hills over the unmodified portion of the Iltan-
san drift plain, and which makes the transition from the com-
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paratively level surface of the Jowan plain to that of the Kansan
so abrupt and conspicuous. That the presence of hills deter-
mined in some measure the particular line to which the south-
ern wmargin of the fowan ice advanced would seem probable
from the fact that around the most of its southern border such
a line of hills bounds the lowan plain. Where the ice moved
over a level area it advanced further southward, as is shown in
the lobe which occupied the valley of Salt creek in the western
portion of the county. The cores of the berdering hills are
composed of till of Kansan age. In the upper portion of this
drift, immediately beneath the covering of sand or loess, there
is a zone in which the drift is thoroughly leached of its lime
constituent and in which the contained iron is highly oxidized,
coloring the till a dark reddish-brown to a depth of two to four
feet, the transition being gradual down to the unchanged blue
color of the drift below. Recent erosion has in numerous
places exposed this leached and oxidized horizon which in all
cases conforms to the present contour of the hills. These facts
wounld indicate that the bordering hills were carved by erosion
long before the invasion of the lowan glacier or the deposition
of the overlying mantle of locss or sand; that they were present
at the time of advance and opposed the onward movement of
the lowan ice.

If they did determine in some measure the distance south-
ward whieh the lowan glacier attained, the ice near the margin
must have been exceedingly attenuated for its flow to be in-
Huenced by such slight inequalities in the surface. If the
[owan ice movement was thus influenced near the margin by
the preseuce of hills we have a possible explanation of why,
within a few miles of its border, there are left paha-like hills
and pre-lowan island areas, both overlain by loess, such as ap-
pear near the towns of Garrison, Watkins and Norway, and
which occur at other places along its southern margin; of why
the Towan border preseuts such a large number of narrow, digi-
tating lobes, as at Salt creek and at numerous points to the east
of Benton county; of why its margin in so many places coin-
cides for some distance with one of the bordering banks of a
pre-glacial stream as in the case of Deer creek and Salt creek
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in Tama county, and Stein and Prairie creeks in the county of
Benton; of why in other cases the lowan ice seemed to avoid
the immediate vicinity of the larger streams, and why it should
follow parallel with, but at some distance from, the valley of
the lowa river through the counties of Benton and Towa.

The Kansan area.—The portion of Bentou county over which
the superficial drift is of Kansan age has been outlined above.
It embraces about forty square miles, twenty-five thousand six
hundred acres, in the extreme south and southwest portion of
the county. The northern border of this area follows a sinuous
line that is approximately parallel with the channel of the Iowa
river, and which has an average distance from that stream of
about five miles.

As would be expected from its proximity to the river, the
Kansan plain is bere deeply gashed and trenched by an intri-
cate system of stream channels so that no large undissected
upland areas are left in this portion of the county. The wagon
roads have in many places no relation to the section lines, but
follow the channels of the streams, or wind in a zigzag manner
along the tops of the narrow divides. From these ridges the
traveler looks off on either side over an almost endless series of
hills and ravines. The tops of the elevationsrise sixty to eighty
feet above the deeper valleys. The slopes are quite steep. The
bottom of the sinaller ranneis are open and their sides are
sharply angular, testifying to the activity of erosion at the
present time. A comparatively mild type of Kansan drift
topography is shown in figure 2.

As is usual throughout a belt some miles in width around the .
immediate margin of the lowan plain, the Kansan surface is
mostly covered by a heavy deposit of homogeneous, uncon-
solidated material which is usually composed of loess or occa-
sionally of rather fine-grained, yellow colored sand. This ma-
terial varies in depth from a few inches to fifteen or twenty
feet. All of the area of Kansan drift in Benton county has
been modified by the presence of this more recent deposit. At
numerous poiuts over the area, the streams have cat their
channels through the covering of loess and revealed the
presence of the underlying INansan drift. Such exposures may



138 GEOLOGY OF BENTON COUNTY.

be seen along the roadway between sections 13 and 14, and
agaln between sections 14 and 22 of Towa township: also along
the south part of section 34 of Leroy township and at very
many other places over the area. These exposures reveal the
fact that the loess forms a mantle over the old and deeply
eroded Kansan surface duplicating more or less perfectly the
configuration of the surface of this underlying drift.

The profound erosion which the region has suffered was
practically accomplished during the long period that intervened
between the withdrawal of the Kansan ice sheet and the depo-
sition of the loess.

Fre. 2. Mild erosional topography of the Kansan drift area in section 26, Leroy township,
one and one-half miles south of Blairstown,

The loess 1s not of a perfectly uniform depth over the sum-
mits and the slopes. Usnally the thicknessis somewhat greater
near the crests of the hills but, as far as the topography is
concerned, its presence serves only to enhance the abruptness
of the curves, the steepness of the slopes and the height of the
hills.

The larger streams of the region flow in valleys of pre-Kansan
age. Their waters have swept from side to side in broad curves
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and expanded their channels into wide flood plains. The lowa
river in Benton county has developed such a flood plain more
than two miles in width. Stein creek flows in the midst of
such a plain which is three-fourths to one mile broad, while the
smaller streams follow valleys that are exceedingly wide in pro-
portion to the volume of water which they carry.

The Iowan arec.—The areain Benton county that was covered
by the lowan ice sheet includes the most of that portion lying
to the north of the bordering line of hills traced above. It
embraces very much the greater portion of the county. In this
region the topography is that of an undulating prairie over
which gentle swells and grassy swales alternate in almost end-
less succession.

Over the most of this region the streams have not yet suc-
ceeded in cutting definite channels, nor have they developed
any complex system of tributaries. The storm waters escape
along ill defined, concave depressions of a marshy character.
These have their sources in the saucer shaped basins which are
more or less inclosed by the irregular disposition of the swells.
Water courses in the form of sloughs or marshes are typical of
the Towan drift topography, and are in striking contrast to the
deep and open ravines that form so constant a feature of the
[Cansan drift surface.

Over all of the lowan area in Benton county solitary bowlders
of light colored granite are not infrequent. Some of these are
of large size, hut usually they are not so numerous or so large
as to constitnte topographic features of any great importance.
Along the western portion of the county the surface is gently
rolling, and in the townships of Monroe and Homer it passes
into a very slightly undulating, almost level, plain. This type
of surface is shown i figure 3. In the southern part of ane
township, the northern portion of lowa and the northwest cor-
ner of Leroy, the surface becomes quite broken. The hills are
somewhat subdued and in some places have received a deposit
of loess several feet in thickness, Such a deposit of fossil bear-
ing loess is exposed in a cutalong the roadside between sections
12 and 13 of Towa township. Over this area Iowan bowlders are
quite numerous. The hills are plainly of pre-lowan origin.
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Pre-Towan erosion was strong here on account of the proximity
of the fowa river. The thin sheet of Iowan ice that invaded
the area was not of sufficient depth, it did not carry sufficient
materials, nor did its flow continue for a sufficient length of
time to level down this deeply sculptured section over which it
moved. The loess covering would suggest that the ice dis-
appeared from these hills earlier than it withdrew from the
adjacent portions of the lIowan plain.

In Cedar township the undulating praivie surface, dotted
with frequent bowlders of respectable size and having numer-
ous marshes occupying depressions between the low, rounded

Fra. 3. Prairie landscape over the Iowan drift plain; northwest of Keystone in Kane township.

prominences, extends right up to the blutf that overlocks the
west bank of the Cedar river.

[n the east-central portion of Monroe township there is an
elongated area, embracing about five hundred acres, that
appears like an island of loess-covered Kansan standing in
the midst of the typical Iowan plain. The long axis of this
area extends from the northwest towards the soutbeast. Its
topography is similar to that of the eroded IKansan plain such
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as is encountered south of the lowan margin. The slopes and
crests of the hills are mantled with loess, and there is no trace
of Jowan drift or Iowan bowlders or lowan ice action to be
seen upon it.

Another such peculiar area rises abruptly out of the Iowan
plain in the northeast quarter of Big Grove township. This
area is more than two miles in length and has a width of one
and one-fourth miles. Its axis trends in the same general
direction as that of the former. Like the former, too, this area
is deeply dissected. The tops of the hills stand forty or fifty
feet above the ravines and sixty to seventy feet above the gen-
eral lowan surface. Like the former area, also, there is a deep
deposit of loess covering the summits and sides of the hills,
aud there are no lowan bowlders and no indications of any kind
to suggest that it had been covered by a glacier since the Kan-
san age.

When the early settlers came to this county they found these
areas forest covered. Groves of native timber still remain
over the steeper hillslopes. The presence of such a woodland
area within its borders, in the midst of the treeless lowan
prairie, suggested for Big Grove township its name.

These 1sland areas of Kansan features, that were surronnded
but not submerged by the lowan ice, form a part of a discon-
tinuous chain of hills that extends in a southeasterly direction
from near the middle of Monroe township to the northeast
corner of the township of Florence. The abrupt elevations
that overlook the town of (Garrison from the northwest are
members of this interrupted series. An area of very broken
country, one-half mile to one and one-half miles in width, con-
tinues this line of hills from near the town of Newhall, in
Eldorado township, to the valley of Prairie creek,in the north-
east corner of KFlorence township. These latter hills rise sixty
to eighty feet above the general altitude of the lowan surface.
They bear a thin mantle of loess, but, in the main, the rounded
character of their contours and the presence of occasional
bowlders of respectable size testify to a transient visit of a very
thin body of Towan ice. The presence of this peculiar belt of
hills extending across the county would indicate that the ice
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which moved over that particular area was so thin that it
failed to overflow the island areas at all, and that it did not
move over the other hills of this belt in sufficient depth and
for a sufficient length of time to efface to any great extent
their pre-Iowan features.

It 1s possible that the trend of this chain of hills represents
the direction in which the ice-flow advanced and that this line
is the result of a single attenuated portion near the frontier of
the icy sea. However, it seems certain that the Towan glacier
became generally very thin towardsits margin from the frequent
occurrence of paha which are but another phase of the phe-
nomena deseribed above.

Paha is a name applied by Me(Gee to isolated prominences
that oceur near the margin of the lowan plain, and which were
surrounded but not eovered by the lowan glacier. They rise
abruptly out of the level prairie. The nueleus of these eleva-
tions in Benton county is a hill of undisturbed Kansan till.
This drift is buried beneath a mantle of fine-grained, pebbleless
material similar to that which crowns the hills along the Iowan
border. Such prominences are not uncommon in Benton
county and they are even more frequent to the eastward, in
the counties of Linn, Cedar and Delaware.

A short distance northwest of the town of Norway an
elongated paha ridge, one and one-half miles in length and one
hundred rods in greatest width, extends from near the east side
of section 13 of Saint Clair township in a southeast direction
across section 1S, and to near the middle of section 17 of the
township of I'lorence. This conspicuous elevation stands about
eighty feet above the surrounding plain. Its axis isa ridge
of drift which at the top shows the leached, ferretto character
of the old Kansan surface. At the northwest end of this hill
the drift is overlain by a bed of loose sand six to ten feet in
depth. Passing towards the southeast the material of this
mantle becomes finer so that the covering of all but the upper
end of the paha is typical loess. From the loess bank at the
east end of this ridge Mr. Trojorsky obtains clay for the manu-
facture of brick and tile.
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About one mile northeast of the town of Watkins there is a
similar ridge having a trend in the same divection. This paha
is fifty to sixty feet in height, three-fourths of a mile in length,
and forty rods in width. Near its summit strongly oxidized
bowlder clay with abundant gravel appears within two feet of
the surface, while a mantle of loess, in places seveu feet in
depth, covers the lower portion of the slopes. In the case of
each of these paha, like that of the larger Kansan island areas
deseribed above, the ice seems to have been divided by the ob-
strneting hill of drift which at these points probably stood
higher than the general altitude of the region. In thismanner
long crevasses may have been formed in which fine detritus was
deposited by wind and water upon the exposed summits of
Kansan hills. These isolated prominences would thus escape
the leveling action of the Towan ice, and so be left like a chain
of coast islands along the margin of the frozen sea. Under such
conditions they would receive their mauntle of loess in a manner
similar to that of the hills along the lowan horder.

The eminences above described are the only exceptional ele-
vations that break the monotony of the undulating surface in
the townships of Florence, Fremont, Big Grove, Jackson and
Cedar. Also in Bruece, Union, Eldorado and liden townships
the only digressions from the billowy character of the land-
scape are the valleys where the larger streams follow pre-Iowan
courses which the lowan drift failed completely to fill. The
same may be said of Saint Clair township, with the exception
of the small Kansan area in the extreme southern part. The
northern portion of Leroy presents similar surface features, as
also do the sonth half of Canton and the north half of Kane
townships.

In the northeastern portion of the county, in the proximity
of the Cedar river and its larger tributaries, there is an area
over which the present topography has been largely determined
by @olian agencies. The surface is here quite broken. The
hills in many places are crowned with fine-grained materials
and rise to a height of fifty to sixty feet above the lower lands.
This region is embraced in the lowan plain, but its surface is
modified by exceptional erosion and by the presence of abun-
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dant deposits laid down by the winds. In many places numer-
ous large, gray granite bowlders are scattered quite thickly
over the lower lands and on the flanks of the hills. Bowlder-
strewn fields are more conspicuous topographic features over
this portion of the Iowan drift plain than at any other points
in the county. These large granite masses appear incongruous
among the trees that still cover the steeper slopes. An exam-
ple of one of these large bowlders, near Shellsburg, i shown in
figure 4. The timber groves of white oak and red oak, of elm,

F1a. 4. These large granite masses appear incongruous among the trees which still cover the
steeper slopes, near the middle of section 14, Canton township.

hickory, basswood and butternut seem to thrive not a whit less
perfectly over this portion of the lowan plain than on the ciay
ridges over the rougher portion of the Kansan.

The sand-capped hills have little regularity of form or
arrangement, and not infrequently the sparkling water of a
beautiful lakelet is nestled at their feet, and mirrors the trees
and grasses that fringe their foothills. In Polk township hills
of sand occur west and south of the town of Urbana to the
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Cedar river, and east and southeast to the Benton county line.
In some cases the ridges extend in a general east and west
direction and seem to be, in part at least, of the nature of
dunes formed by obstructions which checked the velocity of
dust laden currents of air during the time of retreat and since
the withdrawal of the Towan ice.

North of Urbana, in Polk township, the level surface of the
Iowan plain stretches unbroken up to the northern border of
Benton county. South of the Cedar river there is a rugged
area lying between that stream and the main line of the old
Burlington, Cedar Rapids and Northern railroad, embracing a
part of Taylor township, the whole of Benton and the northern
portion of Canton. Tbe tops of the sand or loess crowned hills
rise fifty to sixty feet above the marshes or basins or valleys
that lie between them. In many of these deposits the loess
contains fossils. A good exposure of such a fossil bearing bed
may be seen in the east-central part of section 34, Benton
township.

Where the surface is the most broken a fine forest of second
growth timber covers the hills, and it would be well for the
people of the county if the woodlands that yet remain might be
judiciously preserved. While there is little in the topography
of this region to suggest that it had suffered an invasion of the
lowan glacier, yet large bowlders of granite, gray ov pink in
color, are not rare over portions of this area. Such' granite
masses may be seen a short distance east of the wugon road
near the west side of section 33 of Benton township, and they
are especially abundant in the fields on either side of the road
passing across the middle of sections 14 and 15 of the same
township.

There is an abandoued river channel, one-half mile to one
mile in width, that extends in a sontheasterly direction from
tle site of the old town of Benton city, on the Cedar river, to
the southeast corner of Benton township. It meets the present,
channel of the Cedar river again about one-half mile east of the
Benton-Linn county border. This old valley is known locally
as “Sand Prairie.” Beds of sand like river bars abound over the

lowlands, and deposits of similar materials crown the summaits
10
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of the bordering bluffs that rise to a height of seventy or eighty
feet on either side. The Cedar river doubtless occupied this
waterway at one time, but for some reason its waters have since
carved a deeper and more circuitous channel through resistant
Devonian limestone, leaving this abandoned valley a witness
to the changes, but atfording slight explanation as to the cause
of such desertion. :

Between Sand Prairie and the Cedar river circular mounds
and oblong earthworks of some prehistoric inhabitants are con-

F1a. 5. Lakein the lowa drift area, section 15, Benton township. The low, bordering hills
were, until recently, covered with forests.

spicuous. Numerous stone hatchets, flint arrowheads, scrapers
and other implements of early man have been found over the
region by Mr. Thomas Carver, of Shellsburg, and other enthu-
siastic collectors. Near the northwest corner of section 15 of
Benton township there is a glacial lake that covers an area of
three and one-half to four acres, and which formerly was of
much larger size. See figure 5. It is surrounded by low,
forest clad hills and is situated one hundred feet above the flood
plain of the Cedar river and twenty rods south of the bluff that
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borders the valley. About three-fourths of a mile southwest
of this lake there are a number of mounds composed of rather
fine-grained sand, and disposed in a line along the crest of a
divide that is bordered on either side by a deep ravine. Another
group consisting of ten or twelve circular mounds arranged °
about an oblong ridge six ot seven rods in length occurs a short
distance to the southeast of the lake mentioned above. Exca-
vations in these mounds have furnished a few poorly preserved
fragments of human bones. The mounds are probably tumuli
where men of a departed race, with a keen sense of the beauti-
ful withal, built the graves of their fathers beside the quiet
waters of this charming lakelet, and overlooking the valley of
the river where picturesque bluffs of woodland and scarped cliffs
of limestone make beautiful its bordering banks.

The area embraced between the bend of the Cedar river and
the abandoned valley of Sand Prairie is the scenic portion of the
county. For purposes of tillage the land can not be compared
with the deep, black soil of the wide prairie that surrounds it
at some distance on every side. The steep hillslopes and sand
covered crests should never be deforested, nor shouldithe plow
of the too enterprising farmsr be allowed to convert these uni-
form slopes into angular trenches and rain washed gulleys.
If the more densely wooded portion of this area, so convenient
to the towns of Vinton, Shellsburg and Urkana, could:be pre-
served as a pienic ground or public park, accessible to all for
purposes of pleasure and recreation and for the beneficent in-
fluence which objects of natural beauty so graciouslyjafford, it
would prove a constant source of satisfaction and enjoyment
to the enlightened people of Benton county.
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ALTITUDES.

The following table of elevations, compiled from Gannett’s
Dictionary of Altitudes in the United States, gives the height
above tide of the roadbed at the railway station in the most of
the towns of Benton county:

NAME OF STATION. FEET.

1. Shellsburg ... oo L i 774
2, AtKIDS . .t e 841
3. NOIWAY ... oiv it e e 792
4. Walford. .o .ot i e e 806
5. Vinton...... ..t i e 810
G. Newhall ... ... o i i e 877
7. Watkins. c.oieiiit vt i e e, 812
§. Mt. Auburn....... e e 863
L TR € -8 o 11 D« 859
10. Van Horn........ e e e e 951
11, Blairstowm ..o i e e 839
DR D1 7=3 o o= P 897
13, Keystone....cceei it 883
14, Belle Plaine. ..ot 824

From an examination of the table of altitudes it will be seen
that in the northern part of Benton county the surface slopes
towards the southeast, while in the southern portion the
inclination is almost due eastward. The highest point of the
area is probably in the western part of Monroe township, on the
divide between the Cedar and the fowa rivers. At the town of
Dysart, just across the line in Tama county, the altitude is 963
feet. From this point the line of greatest elevation extends
in a general southeast direction to Van Horn, thence east to
Newhall. It then bends a little south of east, passing about
one and one-half miles south of the town of Atkins.

The Shellshurg topographic sheet, published by the United
States Geological Survey, gives the altitude along the flood
plain of the Cedar river in the eastern portion of Benton
county as about 760 feet above the mean sea level, and the
elevation of the tops of the hills in that portion of the county
at 960 feet. It seems probable that the measure of the
extreme range between the highest and the lowest elevations
in the county would not much exceed 210 feet.
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DRAINAGE,

Two master streams, the Cedar river and the Iowa, control
the drainage of Benton county. The northeastern and the
southwestern portions of the county are pretty well dissected
by stream channels, and counsequently have a fairly thorough
surface drainage. Over a large portion of the intervening area,
however, marshes are not infrequent. Many of the sloughs
have not yet been converted into corn fields, nor have all of
the swales been properly tiled and put under the plow.

These marshes are the contracted remnants of once larger
glacial lakes. They represent the last stages in the passing of
these lakes from which the water has been banished by the
development of slight drainage, by the shrinking of the ground
water, by filling with material borne by the winds and washed
by the rains from the bounding slopes, and by the accumula-
tion of the imperfectly decomposed remains of moisture loving
plants which for many generations flourished around the shal-
low margin of these prairie pools.

Some of the marshes still furnish congenial conditions for
the growth of cat-tails and rushes. The most of them, how-
ever support a luxuriant growth of swamp grass and sedges.
During the summer months the uniformly rich, green color of
these grassy patches is broken only where a solitary water
hemlock spreads aloft its delicate umbelsor a swamp milkweed
unfolds its purple flowers. Such areas are usually left for
native meadow, or fenced and utilized for purposes of pas-
turage.

The Towa river—~The Towa river receives the run-off from an
area of about seventy-five square miles in the southwest corner
of the county. It enters Benton from Tama county about the
middle of the west side of section 31 of lowa township. Itecuts
across the southwest corner of this section and enters lowa
county about the middle of the south side of the same section.
After passing south for a distance of one-fourth of a mile the
channel bends northward and once more enters Iowa township
near the southwest corner of section 32. 1t meanders near the
south side of this section for one-half mile, then bending further
southward it again leaves Benton county and returns no more
to its borders.
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Along this portion of its course the river flows in a channel
of pre-Kansan age which was probably carved in the indurated
rocks before the advent of the Glacial epoch. Wells that have
been put down over the flood plain of the Iowa in Benton county
show that the preglacial channel was more than two hundred
feet deeper than the bed of the present stream. The width of
the ancient valley has not been definitely ascertained, but well
borings would indicate that it was probably not less than five
or six miles. The waters of the present river flow in a broad
flood plain nearly two miles in width. The valley is bordered
by bluffs of Kansan drift that stand sixty to eighty feet above
the bed of the stream. At none of the numerous meanders of
the river has the current cut away the bordering hills to such
an extent as to expose the indurated rocks which formed the
banks of the preglacial valley.

Stein creek.—The only tributary to the Iowa river whose
waters are largely collected from Benton county is Stein creek.
This stream rises in the ill drained swales of the lowan plain
near the southern border of Kane township. It flows in a
southeasterly direction across Iowa township, crossing the
county line near the southwest corner of section 36. It drains
a few square miles along the south side of the township of
Kane, and the greater portion of the surface of Iowa township.
Its waters flow in a pre-Kansan valley bordered by hills of
drift of Kansan age. At no point in this portion of the county
are indurated rocks exposed in the banks of the stream. The
channel of Stein creek has a flood plain three-fourths of a
mile in width and it is bounded by bluffs sixty feet in height.
The hills that form the west bank of the valley are higher and
more precipitous than those that border it on the east.

The Cedar river.—The Cedar river enters Bemton county,
from Black Hawk, near the northwest corner of section 6, town-
ship S6 north, range 10 west. 1t flows for about two miles in a
direction a little south of east and then bends nearly due south
for a distance of three miles. Along this portion of its journey
the waters are confined in a comparatively narrow channel
which is bounded for much of the distance by abrupt ledges of
limestone. Near the middle of the west side of section 21 of



DRAINAGE. 151

Harrison township the river bends westward, debouching in a
broad, drift bordered valley one and one-half to two miles in
width which it follows down to the city of Vinton.

This broad valley continues toward the southeast from Vinton
past the town of Shellsburg and beyond the limits of the county.
It 1s bordered on the north by rather abruptly sloping hills,
hbut on the south the bed of the channel merges by a gentle
gradient into the undulations of the Iowan plain. Instead of
following the direct course in the channel already formed, the
bed of which is only a few feet higher than its own flood plain,
the Cedar river swings northward at Vinton and continues to
flow in that direction up to the southeast corner of section 9 of
Taylor township. It then changes to a southeasterly trend for
two and one-half miles, when it again bends to the northeast
for one mile, and then with a swing to the southeast and east it
reaches the old town of Benton City, about the middle of the
west side of section 20, Benton township. At this point once
more an opportunity was presented for the Cedar river to ap-
propriate an old preglacial channel, the Sand Prairie described
above. With inexplicable perversity it again turns aside from
the ready formed waterway and choosing the longer course and
more difficult route, it swings in a broad curve two and one-
half miles farther north,carving a new channel one hundred and
twenty-five to one hundred and fifty feet in depth in the hard
limestones of the Cedar Valley stage. I'he river leavesthe county
near the middle of the-east side of section 13 of Benton town-
ship. It again meets the preglacial channels not far from the
town of Palo, a short distance east of the Benton county line.
By the erratic course which it follows from Vinton to Palo the
river traverses a journey of eighteen miles to shorten the dis-
tance to its mouth by one-half that number of miles. It carves
a channel to a depth of more than one hundred feet in hard
limestones in order to avoid the shallow cutting and ready
erosion that would have been required by the more direct route.

In this peculiar action the Cedar exemplifies the anomalous
behavior of many of the rivers of eastern Iowa portrayed so
graphically by McGee* It resembles the course of the

* Pleistocene History of Northeastern Iowa, 11th Anp. Rept., U. 8. Geol. Surv., p. 218 et
seq., Washington, 1891,
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Wapsipincont a few miles to the northeast, in Buchanan county,
and that of the Iowa river} about the same distance to the
~ southeast, as described by Professor Calvin.

The cause of such behavior ou the part of these rivers can
only be coujectured. It seems probable, however, that the
explanation must in some way be connected with the invasion
of the region by the glaciers. It is probable, too, that in Ben-
ton county the Pre-IKansan ice sheet was responsible for the
development of the present channel of the Cedar river from
the vieinity of Vinton to the village of Palo. The evidence
for such an assumption lies in the fact that at severval points
along this portion of the chanuel, drift of Kansan age forms
the bounding hills and continues down to the fluviatile deposits
of the flood plain. It may be possible that when the Pre-Kan-
san ice sheet overspread this region, and while it occupied the
old channels between Vinton and Palo, mentioned above, a
super-glacial stream cut through the ice and became estab-
lished over the newer portions of the present channel.

In order that the course of this new stream might be made
permanent the ice must have maintained the same position
relative to the stream during a sufficient length of time for the
water to carve the newer portions of the channel to a depth a
little below the altitude at which the surface of the abandoned
valleys was left when the ice retreated. In this manner the
return of the river to either of the preglacial channels along
this particular portion of its course would be prevented.

Prairie creek.—Prairie creek drains a larger area in Benton
county than any other tributary to the Cedar river. It rises in
the marshes of Kane and Homer townships. It flows a little
east of south for a dozen miles, in a direction nearly parallel
with the channel of Salt creek, which lies ten miles to the west-
ward, and with the valley of Stein creek nearer at hand. How-
ever, instead of continuing parallel with those streams and reu-
dering tribute to the lowa river, its channel bends abruptly
towards the east near the northwest corner of section 16 of
Leroy township. 1t swings two miles to the southward as it
crosses near the middle of Saint Clair township, and again

t Calvin: Jowa Geol. Surv. Vol. VIII, p. 210, Des Moines, 1897.
1 Calvin: Iowa Geol. Surv., Vol. VII, pp. 47-48, Des Moines, 1828.
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bends as far to the north as it passes across the township of
Florence. From the elbow in Leroy township the channel of
Prairie creek maintains a trend that is practically parallel with
the valley of the Towa river up to the point where it leaves the
county, near the southeast corner of section 12 of the latter
township. [ts waters meet those of the Cedar river about a
dozen miles further eastward, in Linn county.

Prairie creek has a longer flow in Benton county than any
other streamn, traversing a distance of over forty miles. It
embraces in its basin the larger portion of I{ane township, the
southern part of Big (irove, the northeast corner of lowa,
practically the whole of Union and Saint Clair, the larger por-
tion of Leroy and Florence and the southern part of Fremont
and Eldorado townships. It drains an area of more than one
hundred and eighty square miles.

Down to where the stream males its abrupt bend to the east,
in Leroy township, the banks that bound the channel are low,
symmetrical hills composed of drift material. From this elbow
to the point where the creek leaves the township the broad
valley 1s overlooked on the south by the more abrupt ridges
which constitute the Iowan drift border. To the north the
slopes rise gently up to the level of the Iowan plain. As the
creek passes across Saint Clair and Florence townships the
sonthern houndary of the channel becomes more and more
poorly defined, owing to the more southern trend of the ridges
of the Iowan drift margin. At the same time the northern
limits of the valley become more prominent. Beginning at
Watkins the streani is overlooked on the north by the paha
ridge above described, and further east by the Norway paha,
and still farther eastward by the abrupt hills which in the
county terminate the discontinuous line of ridges that cuts
diagonally across it in a northwest-southeast direction.

Throughout the whole of the eastward flowing portion of its
course in Benton county the bed of Prairie creek follows par-
allel with, and only one to two miles distant from, the divide
that separates its basin from that of theIowa river. Its affluents
from the sonth are short, insignificant branches none of which
are of sufficient consequence to merit a name. From the north
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1t receives tribute from Weasel, Buffalo and Mud creeks, the
latter being more than a dozen miles in length.

Prairie creek is a typical representative of a class of streams
1 Jowa that have developed unsymmetrical basins, the channel
of the master stream lying very close to the south side of the
area which it drains. In this respect it resembles Wolf creek,*
a few miles to the northwest, in Tama county, and also Clear
creek and Old Man creek in the county of Johnsont. MecGeet
noticed this peculiarity in the basins of the eastward flowing
streams over what he called the loess-drift area in central Iowa.
Indeed, so frequently do the east and west coursing streams of
Towa have the longer afluents and the wider tributary area on
the north side of their channels that Professor Calvin§ refers
to this habit as alaw that is generally true of such streamsin
the state.

Of the other streams that owe allegiance to the Cedar river,
and which flow for the greater portion of their course in Ben-
ton county, the largest are Blue, Prairie and Bear creekson the
north, and Mud, Bear, Pratt, Hinkle and Rock creeks on the
south. These are generally simple, consequent waterways with-
out any complex series of secondary branches. They range in
length from ten to fifteen or eighteen miles. They are all
prairie streams. Their beginnings can be traced back to the
swales and marshy meadows of the Towan drift plain. Out
from those boggy sloughs the water slowly filters, forming
perennial springs. These unfailing fountains feed the larger
streams with a constant supply of clear, pure water.

For some distance from its source the water follows lazily
along shallow, grassy depressions that are bordered by no
erosion formed banks, After a few miles each stream becomes
established in a wide, partially drift filled valley that was
formed prior to the advent of the Kansan glacier, and which
neither that ice sheet nor the subsequent Iowan succeeded in
completely obliterating. Even here, however, the bed of each
of the present streams lies but a few feet below the general

*Jowa Geol. Surv., Vol. XIil, p. 205, Des Moines, 1903.

+/bid , Vol. VII, pp. 49-80, Des Moines, 1897.

1 Pleistocene History «f Northeastern Iowa, p. 411, ef, seq., Washington, 1890.

§lowa Geol, Burv., Vol. V1II, p. 212, Des Moines, 1848

NoTE.—For a discussion as to the cause of the development of such one-sided stream
basins the reader is referred to volume VI1I, p. 51, and volume XI(II, pp. 205-206, of this series of
the Iowa Geological Survey reports.
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level of the region through which it flows. Along this portion
of their courses there is exposed at rare intervals ledges of
indurated rock. Such outcroppings are exceedingly infre-
quent, however, and are limited to the north half of the

county, with the exception of asmall area adjacent to the town
of Shellsburg.

GEOLOGICAL FORMATIONS.

General Relations of Strata.

That portion of the ancient geological history of Benton
county directly accessible to observation is written on the rocks
of the Middle Devonian series, while the more recent records
are preserved in the deposits of the Pleistocene.

In the Middle Devonian series is included the most of the
beds of indurated sediments, the limestones and the shales,
which form the foundation upon which the soil and superficial
materials of the region are spread. FEach successive laver of
this foundation was at one time the floor of the ancient sea
and makes up a separate page in the history of our land and of
its life. Each successive stratum was in part constructed from
the ruins of preexisting lands, and contains the remains of
forms of life that peopled the sea as age succeeded age.

Outcrops of these rocks are encountered only in the northern
and northeastern portions of the county. Over the southern
and southwestern portions they are deeply buried beneath a
covering of drift. There is little doubt that the rocks which
immediately underlie the till over the most of the southern
portion of the area also belong to the Devonian system, while
those upon which the drift is spread in the southwestern corner
of the county belong to the Kinderhook stage of the Missis-
sippian series.
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In the regolith,* or mantle of incoherent, superficial mate-
rials is recorded much later chapters in our county’s varied and
eventful story. The materials of this mantle testify to the long
occupation of our area by immense glaciers and to the deso-
lation that followed in their train. They bear witness to the
flooded streams and river torrents that accompanied the melt-
ing of the ice, and to the long genial period of interglacial con-
ditions that intervened between the successive ages during
which arctic winter reigned.

A small part of this rock mantle is composed of the residual
products resulting from the degeneration of indurated rocks
during the long ‘interval that elapsed between the elevation
which closed the deposition of sediments,and the advent of the
Pleistocene period. This geest or residuum has, for the most
part, been intimately mixed with the many times greater
quantity of foreign detritns that was transported by the ice
from further north and left as a legacy to the region over which
it spread.

The following table shows the stratigraphic position of the
geological formations known to be exposed in Benton county:

*Merrill: Rocks, Rock Weathering and Soils, p. 299.
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TABLE OF FORMATIONS.

GROUP. | SYSTEM. SERIES.

‘ STAGE. FORMATION.

| | ‘ Swarmp )
Recent. Recent. Zolian ¢ deposits
Alluvial
| ‘ Loess.
Cenozoic Pleistocene.| Glacial. | lowan. | Towan till.
|
Yarmouth.|Buchanan gravels.
! Kansan. Kansan till.
‘ Aftonian. | Aftonian gravels
Pre~Kansan‘ Pre-Kansan till.
| Carboun- | Lower Carboniferous Kinder- Shale
iferous. ! or Mississippian. hook. :
e e |—
. . . . Cedar
Paleozoic | Devonian. | Middle Devonian. Valley
| e
‘ Fayette.
Wapsipin- | Coggan.
. icon.

Middle Devonian Series,.

WAPSIPINICON STAGE.

From the synoptical table it will be seen that the indurated
rocks which are exposed in Benton county belong to the Middle
Devonian series, and of this series there are represented the
Wapsipinicon and the Cedar Valley stages. Of the deposits of
the Wapsipinicon stage the known rocks of the county helong
to two sub-stages, the Fayette and the Coggan.
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The assemblage of layers that have been grouped under the
Coggan sub-stage includes a few feet of buff, magnesian lime-
stone. This bed is usually somewhat massive but not infre-
quently, especially in the uppermost part, it shows more or less
distinct lines of stratification. The nanie of Coggan was given
to this sub-stage by Professor Norton® from the town of that
name in the northeastern part of Linn county, at which place
the rocks of this horizon are well exposed.

The Fayette sub-stage embraces a group of strata composed
of a series of diverse limestones. Some of these are very dense
and fine-grained. Others are made up of masses rather coarse
in texture. Some contain numerous fragments of brachiopod
and molluscan shells, while others are barren of any fossil re-
mains. At some horizons the rocks are of a dark drab color,
and at others they are almost white. However, they are all in
common more or less completely shattered and brecciated.
These beds are well exposed near the town of Fayette where
this particular phase of the Devonian strata is typically de-
veloped. At this place McGeeapplied the name Fayette breceia
to this series of limestones.

Coygan beds—The rocks of the Coggan sub-stage are exposed
in Benton county along the east side of a narrow ridge for a
distance of more than one mile. This ridge i1s only ten orv
twelve rods in width. Its top stands about twenty feet higher
than the adjacent upland suarface, and eighty feet above the
bed of Cedar river. Its northeastward facing bluff overlooks
the lower portion of the channel of Pratt creek and forms the
west bank of the Cedar river for several rods below the point
where the waters of the creek and the river meet.

On the west side of the wagon road, near the middle of the
east side of section 36, Cedar township, Mr. Wallace has opened
a quarry in which is shown the following succession of beds:

*[owa Geol. Burv., Vol. IV, p. 138.
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FEET.
6. Dark colored soil, fine-grained, without pebbles.. 1
5. Bed of light colored, brecciated limestone, the
fragments imbedded in a matrix of gray
material; without any trace of lamination
planesorof fossils................ ............ 1
4. Bed of gray, calcareous shale; without fossils. . .
3. Ledge of massive, yellow colored stone, some-
what arenaceous near the middle, but com-
posed for the most part of impure magnesian
limestone; containing no fossils. ...
2. Layer of yellowish-gray, magnesian limestone,
fine-grained like No. 1, below; without fossils. 24
1. Ledge of buff, earthy limestone, very fine-
grained, slightly banded in appearance and
showing imperfect lines of division into layers
eight to ten inches in thickness; without
fossils. covi o 2

[ V]

The characters of the above layers are illustrated in figure €.
In the section numbers 1 to 3 inclusive represent the Coggan
sub-stage as the rocks of thix horizon are exposed in Benton
county. They are uniformly yellowish-gray in color and very
fine-grained, sub-crystalline in texture. In composition they
are impure, magnesian limestone. They present the appearance
of dolomite,but the process of dolomitization is not so complete
but that effervescence is quite prompt upon the application of
cold hydrochloric acid. In the rocks of this horizon, in the
counties of Linn and Cedar, Professor Norton found a few fossils
in the form of casts or moulds, but no traces of fossils in any
form were seen in Benton county. Number 4 is a band of
gray, non-fossiliferous shale which gradually blends above into
the lower portion of the overlying bed of brecciated limestone.
In Buchanan county, the Independence shale occupies a position
immediately below the deposits of the Fayette breccia. There
also occurs in Linn county a bed of shale, designated by Norton
as the Kenwood, which occupies a corresponding horizon. It
is possible that this narrow shale band, number 4 of the sec-
tion, represents the attenuated wmargin of the Independence
shale deposit. The thinness of the band, the absence of fossils,
and the fact that thisis the only known exposure in the county
of such a shale horizon render impossible the satisfactory cor-
relation of this member with the Independence shale. It 1is
thought best to consider number 4 at this place as a local de-
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velopment of argillaceous material at the beginning of the de-
posits of the Fayette sub-stage. Number 5 is a thick bed of
light colored, thoroughly brecciated limestone in which no sign
of bedding planes has been preserved, and which contains no
trace of fossils. The face of this ledge shows numevous, small
cavities, the cementing material not completely filling the
spaces between the angular rock fragments. These fragments

Fia. 8. Exposure in Wallace's quarry, neaer the southeast corner of section 38, Cedar town-
ship, The heavy ledge at the base represents the Coggon beds; the overlying, unstratified
materials belong to the Lower Davenport phase of the Ifayette breccia.

vary from one or two inches to one foot or more in diameter.
They present the appearance of having been coated with quite
fluid caleareous mud before the deposit of interstitial material
cemented the pieces solidly together. The fragments are com-
posed of very hard, fine-grained, slate colored limestone enclosed
n a matrix a little lighter in color.
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About three-fourths of a mile southeast of Wallace’s quarry,
near the southwest corner of section 31 of Harrison township,
Aungst Brothers operate a quarry in the west bluff of Cedar

river. At this point the following section is shown below the
superficial deposits: ‘

FEET.
2. Brecciated limestone, gray in color, the angular

fragments usually small, and very fine-grained

in texture; without fossils...................... 20
1. Massiveledge of buff, magnesian limestone which

is very hard and fine-grained, divided by imper-

fect lines of bedding into layers one to two feet

in thickness; without fossils.... .. P 12

In the above section number 1 is the equivalent of numbers
1 to 3 inclusive of the Wallace quarry section. At this place,
however, the stone is more purely dolomitic. It is very dense,
almost crystalline in texture, and is of excellent quality for
lime burning or general masonry. Mr. Aungst has tunneled
beneath the overlying breccia and excavated chambers ten to
fifteen feet in depth for a distance of one hundred feet back
under the hill. The face of the quarry extends for several
rods along the bank of the river. Number 2 of the above sec-
. tion corresponds with number 5 in the section of Wallace’s
quarry. This member represents the basal portion of the Fay-
ette breccia. In the upper part it probably passes into the
Lower Davenport beds of Professor Norton*, which he desig-
nates as the second phase of the Fayette breccia. The rocks in
the two exposures are quite similar in lithology and in the
absence of fossils. The layer of shale, which at Wallace’s
quarry lies between the magnesian bed at the base and the
brecciated limestone above, is wanting in the Aungst quarry
exposure.

Fayette breccia.—A low ledge of thoroughly brecciated rock
of which the fragments are small and imbedded in a buff colored
matrix of coarser texture outerops in the north bank of Pratt
creek, near the southwest corner of section 22 in Cedar town-
ship, and at a few other points along the valley of this same

* Norton: Geology of Linn County. Iowa Geol. Surv., Vol. IV, p. 180,

11
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stream. This ledge is also the equivalent of number 2 of the
Aungst quarry section, and represents the most northerly ex-
tension of the rocks of this horizon in Benton county.

At a point along the Aungst quarry exposure the old Burling-
ton, Cedar Rapids and Northern Railway Company has made a
cut through the ridge above mentioned and exposed a vertical
height of about thirty-five feet of limestone on either side of
the track. The level of the rails in this cut is about the same
altitude as the top of the brececiated bed in the Aungst quarry
section. The rock exposed in the cut is shattered throughout.
This bed together with number 2 of the Aungst quarry section
gives a thickness of more than fifty feet of the Fayette breccia
at thisplace. Thefollowing section will illustrate the character
of the rocks exposed in the cut, although there is no definite
line of division between the two members as given below:

FEET.
2. Brecciated limestone in which the long axes of
some of the fragments are four to eight feet
in length. The larger masses are a drab
color, and lie among smaller, light gray or
yellowish fragments, none of which have been
cemented together. The following fossils are
quite abundant in the larger masses: Spirifer
pennatus, the finely-striated, Independence type
of Alrypa welicularis, Gvpidula comis, Atrypa
aspera var. occidenlalis, Owihis iowensis,
Stropheodonia demissa and a species of Chon-
etes resembling C. cancellatus................ 20
1. Brecciated limestone in which the fragments are
from a few inches to three or four feet in
length, becoming larger and more fossiliferous
in the uppermost part. The following fossils
were present: Gyroceras sp. Spivifer pennalus,
Gypidula comis and the finely-striated form of
Atrypa relscularis............ .. . .. ... 13

In theabove section number 2 probably represents the Spirifer
pennatus beds of Calvin which, in the classification of Professor
Norton,* constitutes the uppermost phase of the Fayette sub-
stage.

Number 1 corresponds with the third phase of the Fayette
breccia as defined by Norton in the adjoining county of Linn.t

*Norton: Iowa Geol. Surv., Vol. IV, p. 16]. Des Moines.
+1Ibid., p. 140,
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It includes the Gyroceras beds* as delimited by Professor
Calvin in the report on Buchanan county.

The cause and the process by which these brecciated beds
were formed are alike somewhat obscure. Professor Geikiet
says that true breccias arise from the superficial disintegration
of rocks. They may be formed of talus blocks or cliff debris
which gradually slide down a slope below an escarpment, or
which may be launched forward by a landslip. The materials
may accumulate either subaerially, or under water when the
cliff descends at once into the sea. In any case the fragments
have not been transported any great distance, nor have they
been subjected to the action of running water.

The term breccia is also applied to masses of angnlar rock
fragments whose formation is connected in some way with vol- -
canic eruptions, or with the flow of more or less fluid lava sub-
sequent to such eruptions. Breccia has also been formed
where strata within the earth’s crust have been subjected to
trains resulting in movements that prodnced ecrnshing or
dislocation. The angular fragments which originated in any
of the above ways may or may not have subsequently been con-
solidated by the infiltration of some cementing materials.

Professor Norton} assumes that the brecciation of the rocks
of the Fayette sub-stage in Iowa has probably been accomplished
by the crumpling of the strata resulting from lateral pressure.
The facts which are revealed in the most of these beds in Ben-
ton county are in harmony with suecnh a mode of rock fracture.

There can be traced every gradation of disturbance from
that evidenced by the presence of joints without displacement
of the rock masses, to that of profound shattering where the
beds are made up of fragments of diverse limestones promis-
cuously intermingled.

In the Spirifer pennatus horizon the beds at some exposures
are considerably broken, but there is usually small disarrange-
ment of the fragments. Frequent narrow veins of calcite ex-
tending in various directions at right angles to the planes of
bedding show where small fractures have been healed. At
outerops not far distant the corresponding layers have not been

*Calvin: lowa Geol. Surv., Vol. VIII, pp. 225-227

+Geikie: Text-book of Geology, Vol. I. p. 164 4th Edition.
fNorton: lowa Geol. Sarv., Vol, IX, pp. 445-446.
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disturbed. Lower down there are encountered beds in which
the materials are uniformly shattered, as in the lower portion
of the Railroad Cut exposure, but it is often possible, even here,
to trace the planes of the original layers by the lithological
characters of the fragments that occur at the successive levels.
Still lower down the rocks are profoundly brecciated and frag-
ments of dissimilar limestones are brought into juxtaposition.
Sharply angular pieces of various texture, color and size are
cemented together to form the ledges which constitute the
Lower Davenport beds of the Fayette breccia. Certain phases
of the Lower Davenport breccia seem difficult of explanation
by assuming crushing as the mode of formation, and seem to
indicate a talus origin. MecGee™ noticed that the strata which
are involved in the beds of the Fayette breccia were confined
to those horizons in which the layers show more orless crump-
ling or distortion. He considers these two phenomena to be
related, and suggests that the forces which accomplished the
flexing of the strata were the same that caused the brecciation
of the beds. The time of such movements he thus fixes at
about the close of the period of their own deposition.

The following fossils were collected at the Railroad Cut
exposure where the last section was made:

Fistulipora constricta Hall.
Stropheodonia demissa Conrad.
Pholidostrophia nacrea Hall.
Orthotheles chemungensis Conrad.
Choneles cf. cancellatus Calvin.
Productella subalata Hall.

Orthis sowensis Hall.

Pentamerella arata Conrad.

Gypidula leviuscula Hall.

Gypidula comis Owen.

Atrypa reticularis Linn. Independence type.
Atrypa aspera var. occidenialrs Hall
Spivifer pennailus Owen.

Spivifer asperus Hall.

Paracyclas elliptica Hall.

Pelecypods 2 sp’s.

Gyroceras sp.

Phacops rana Green.

*McGee: Pleistocene History of Northeastern Iewa, Eleventh Annual Report, U. 8. Geol.
SBurv., pp. 337-388.
See also Calvin’s report on the Geology of Mitchell County, Iowa Geol. Surv., Vol. XIII, p. 8186,
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In the counties of Cedar and Linn Professor Norton found
the Otis limestone and the Independence shales intervening
between the Coggan beds at the base of the lowa Devonian and
the Fayette breccia which forms the uppermost member of the
rocks of the Wapsipinicon stage. Deposits of the Otis and
Independence sub-stages seem to be entirely wanting in Benton
county, unless those of the latter are represented by number 4
of the Wallace quarry section.

At the old Bliss quarry, on land owned by the lowa Paint
Company, an exposure in the south bank of Prairie creek, near
the northeast corner of section 10, Taylor township, shows the
following succession of beds:

FEET.
5. Shattered limestone, light gray in color, the frag-
ments irregular in shape and size, and contain-
ing few fossils. ... i il 8
4, Talus coveredledge..... ..... e, 12

3. Bed of light gray limestone, in broken layers
from three to six or seven inches in thickness;
containing Orthis dowensis and Atrypa
FOLICULAFES. .\ o i e e et i ieeee e s 125

2. Ledge of gray limestone made up of imperfect
layers two to eight inches in thickness; bearing
Orthis towensis, Atyypa relicwlaris and two or
three species of pelecypods............cc..ctl. 4

1. Rather massive bed of light gray limestone
which is cut intorhomboidal blocks by numer-
ous oblique joints, some of which show excel-
lent examples of slickensides. Where exposed
the material weathers quite readily into small,
irregular fragments. Numerous fossils occur
in this member, among which the following are
abundant: large, robust forms of Spirifer pen-
natus, Spirifer bimesialis, Cyriina hamillonensis,
Orthis iowensis, Atrypa relicularts, Gypidula
comzs and, near the base,aspecies of Gyroceras.. 8

In the above section number 1 represents the Spirifer
pennatus beds, and it is the probable equivalent of number 2
of the section in the railroad cut above the Aungst quarry ex-
posure. The entire bed is cut by numerous joints and is pro-
foundly shattered, but the position of the fragments has not
been greatly displaced nor have the pieces been cemented
together. The fractured condition of the bed, the numerous
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joints and the presence of slickensides testify to the severe
strains and crushing forces to which the strata have been sub-
jected. :

Some years ago when the Iowa Paint Company operated at
Vinton the material of this lower member of the Bliss quarry
was pulverized and used as the basis in the manuafacture of
paint. The company has since moved its plant to Fort 1odge,
and gypsum is now utilized in the place of limestone in their
present process of paint manufacture.

Numbers 2 to 5 inclusive in the above section represents
the basal portion of the Cedar Valley stage. The fossil content
of this zone could not be well made out at this place owing to
the large portion of the face of the ledge that was concealed
by talus.

CEDAR VALLEY STAGE.

Near the northwest corner of section 27 of Taylor township,
a (uarry has been opened in the east bank of Mud creek, on
land owned by Mr. Quinn. At this place the following succes-
sion of layersis exposed:
FEET.
10. Dark colored soil, fine-grained and without peb-
o T %
9. Gravel and sand, stained a reddish-brown color. 2
8. Bed of limestone composed almost wholly of frag-
ments of corals among which the following
forms are abundant: Acervularia davidsoni,
Cladopora iowensis, Favosites sp., Cystiphyllum
amevicanum, Plychophyllum wversiforme and
Cyathophyllum sp., together with numerous
teeth of Plyctodus calceolus................... 5
7. Layer of rather hard, gray limestone which
weathers into thin pieces, and contains numer-
ous crinoid remains, besides Favosites sp.,
Cyathophyllum sp., Orihis iowensis and Spiri-
167 PAVIYPARUS . o oo ov i ir e 3
6. Bed of very hard, light gray limestone which
upon weathering shows layers four inches to
one foot in thickness, and contains Spirifer
fimbriatus, Spiriter pennailus, Orthis towensis,
Atrypa  reticularis, Atrypa aspera var.
occidentalis, species of Cladopora and Favosites
together with large teeth of Plyctodus calceolus. 6
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FEET.

5. Layer of very hard, gray colored limestone com-
posed largely of fragmentsof brachiopod shells
among which the following are conspicuous:
Orthis iowensis, Spirifer pennatus, Alrypa
veticularis and Atrypa aspera var. occidentalis.
Species of Cladopora and Favosites were also

LT ¢ L 1Y
4, Layer similar to number 5 above but with the
shells more finely comminuted ............... 1%

3 Zone of drab colored limestone in the form of a
second coral reef which is lesscompact and not
so crowded with coral remains as number 8
above. The member contains Acervularia pro-
funde, Favosites sp., Cystiphyllum sp., and
Cyathophyllum sp., besides Orfkis iowensis
and Spirifer pennalus.......... ... .. .. .... 1

2. Bed of fine-grained, white limestone which shows
a bluish tinge in a fresh ledge, containing
numerous nodules of chert, and weathering
into layers from a few iaches to two or three
feet in thickness. This member is much
shattered in places, and contains the following
fossils:  crinoid fragments, Afrypa aspera
var, occidentalis, Spirifer pennafus, small in-
dividuals of Stropheodonte demissa, large
teeth of Flyctodus calceolus and a large species
0f GOmPhOCeras. . vuve it iin e, 13

1. Layer of very hard limestone, bearing chert nod-
ules and containing remains of crinoids, to-
gether with /Favosites cf. placenta, Favosites
sp., Cyathophyllum sp., Afrypa reticularis,
Atrypa aspera var. occidentalis, Spirifer bimes-
falis, S pennatus, Cyrtina hamilionensis,
Orthis towensis and teeth of Plyctodus cal-
CEOLUS o v v it e e e e e 1%

In the above section numbers 1 and 2 probably belong to
the horizon of the Spurifer pennatus beds. Together these
members correspond with number 2 in the Railroad Cut expo-
sure and with number 1 of the Bliss quarry section. The stone
1s quite hard and fragments of broken disks and plates of
crinoids are not rare throughout the portion of the bed that is
exposed. The rocks of this horizon are represented in figure 7.
They are quite variable in exposures not widely separated. At
some points they are undisturbed and quite hard, but generally
they are much shattered. At the Quinn exposure the stone from
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this member is the most durable that the quarry produces. It
is used extensively in the town of Vinton for foundation work
and rough masonry.

Number 3 represents the Acervularia profunda zone which
occuples a position at the very base of the Cedar Valley stage.
It is the probable equivalent of the Phillipsastrea horizon in
the adjacent county of Buchanan, although that coral was not
seen in the area under consideration. Associated with Acer-
vularia profunda at Quinn’s quarry are Cystiphyllum sp.,
. Cyathophyllum sp., Favosites sp. and a spherical Stroma-

F1a. 7. Exposure of the lower portion of the Cedar Valley limestone in the Quinn
quarry, near Vinton. The dcervularia davidsoni coral reef appears at the top.

toporoid. This coral-bearing bed marks quite a constant
horizon twelve to fifteen feet below the Acervilaria davidsoni
coral reef wherever the deposits of the lower portion of the
Cedar Valley stage are exposed in Benton and the neighboring
counties. .
Numbers 4 to 7 inclusive are composed of layers of firm, gray
limestone which are made up largely of fragments of brachiopod
shells and coral remains. The adjacent layers are generally
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separated by narrow partings of calcareous shale. Of the fos-
sils that are characteristic of these beds Orthis dowensis, Atrypa
reticularis and a species of Cladopora, resembling C. iowensis
Owen, are found throughout all of the members. Acercilaria
davidsoni and Spirifer parryanus are not infrequentin number
7,while Spirifer pennatus and Atrypa aspera var. occidentalis are
common in the lower members.

Number § is the reef of corals composed 1n large part of cor-
alla of Acervilaria davidsoni with which are associated Favosites
alpenensis, Favosites sp., Cladopora towensis, Cystiphyllum
americanuwm, Cyathophyllom sp.,  Heliophyllum halli and
Ptychophyllumn versiforme. At this place the corals are not so
closely crowded and the reef is not so compact as it is further
north and west in Benton county, the average thickness being
about twenty-four inches.

This zone, which will be designated as the Acervularia david-
soni coral reef, 1s one of the best marked and most constantly
and uniformly developed layers of the (ledur Vailey limestone
in the state. It appears at this particular horizon in the coun-
ties of Scott and Muscatine, to the southeast, in Buchanan
and Howard counties to the northward, and to the east and
west as far as the rocks of this stage are typically developed in
Towa. This uniformly present and easily distinguished horizon
will be taken as a convenient standard of reference for the
layers of the rocks of the Cedar Valley stage in Benton county.

Near the north line of sections 14 and 15 of Taylor town-
ship the flood plain of the Cedar river is bounded on the north
by an escarpment fifty to sixty feet in height. The ledges iu
the face of this bluft are mostly concealed by KNansan drift,
but there areoccasional outerops where rocks appear at the sur-
face. At the very top of this scarp the weathered edges of the
uppermost layers of limestone appear somewhat interruptedly
through the till for a distance of more than one mile.

Mr. Pettit has opened a quarry in the northwest quarter of
section 14, near the base of the bluff mentioned above. The
rocks at this place are yellowish colored limestone, not greatly
disturbed. They contain numerous fossils, among which the
following forms are not rare: Spirifer pennatus, Atrypa
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reticularis and very large forms of Orthis iowensis, besides
fragments of several individuals of a loosely coiled species of
Gyroceras. There is exposed at this place a vertical height of
about ten feet. The horizon is that of the Gyroceras heds
which belong to a zone immediately beneath the beds of
Spirifer pennatus.

Some rods further west in the same bank there is exposed a
ledge about twenty feet in height which occupies a position
nearly midway between the base and the top of the bluff.
The character of the rocks at this point appears in figure 8.
They consist of light gray limestones which are much brecciated

Frg. 8. View of the Spirifer pennalus beds at the most westerly exposure in the east
bluff of the Cedar river valley, section 15, Taylor township.

throughout the thickness of the outerop. In the lower portion
of this exposure, which lies about ten feet above the top of the
Pettit quarry section, there occur in abundance, large and robust
forms of Spirifer pennatus, and numerous individuals of the
finely striated-form of Atrypa reticularis with widely extending
lamelle, similar to the type that occurs at Independence.
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With these fossils are associated Sperifer bimesialis, Gypidila
comis and large shells of Orthis iowensis. In the uppev half of
this exposure Spirifer pennatus becomes less abundant, the form
of Atrypa reticularis becomes more coarsely ribbed, Orthis
towensis continues but the individuals are of smaller size.
There appear besides the above species numerous individuals of
the variety occidentalis of Atrypa aspera. The rocks exposed at
this point belong to the Spirifer pennatus horizon which con-
stitutes the uppermost member of the Fayette sub-stage.
About eight rods east of this place there is exposed, near the
top of the bluff, a thickness of about thirteen feet of evenly

F1c. 9. Exposure in an abandoned quarry, section 15 of Taylor township. The Acervularic
davidsoni coral reef appearas at the top. The view shows the character of the layers
between this coral reef and the zone of dcervularia profunda.

bedded, gray limestone,shownin figure 9. At the very top of this
bed there is a layer about two feet in depth composed almost
wholly of coral remains. Prominent among these are beautiful
colonies of Acervwlaria davidsoni, 'avosites alpenensis, numerous
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individuals of Favositessp. Cystiphyllum americanum, Heliophy!-
lum halle, Ptychophyllum versiforme, besides an undetermined
species of Cyathophyllumand of Stromatopora. At the top of this
layer the coralla are weathered free from the limestone matrix
and are much iron-stained, indicating that the reef may origi-
naily have been thicker than at present. The upper portion of
this bed doubtless suffered degradation through the agencies of
weathering before it was covered by the protecting mantle of
drift.

Below the coral reef the limestone is in regular layers which
vary from a few inches to two or three feet in thickness. Ths
fossils, Spirifer parryanus and Cladopora iowensis occur im-
mediately below the reef, while Orthes iowensis, Atrypa reticu-
laris and the varieties of Atrypa aspera are abundant in the
layers in the lower part of the exposure.

The layers that can be seen at this place correspond with
numbers 4 to 8 inclusive of the section of Quinn’s quarry.
They are all slightly flexed, but they were not involved in the
brecciation and disturbance that so profoundly affected the
underlying beds which outcrop a few rods west of this place.

From these exposures 1t 1s evident that the layers of lime-
stone through which the waters of the Cedar river have cut
during the course of development of this portion of its chan-
nel are embraced between the Acervularia davidsoni coral reef
at the top, and the Gyroceras beds at the base. These layers
iclude the lower representatives of the rocks of the Cedar
Valley stage and the uppermost members of those of the Wap-
sipinicon. All of the rocks exposed in Taylor township adja-
cent to the town of Vinton, as well as the most of those which
outcrop further eastward, in the vicinity of Shellsburg, find
their equivalent in some portion of the beds embraced between
the two members mentioned above.

Near the northwest corner of section 22, Taylor township, in
the corporate limits of the town of Vinton, Mr. Rosenberger
has opened a quarry which is at present operated by the city.
At this place the following section was observed below the
surface materials:
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FEBT.
3. Bed of light colored limestone, in rather regular

layers a few inches to one foot in thickness.
These layers contain Orthis iowensis, Alrypa
reticularis, Alrypa aspera vars. hysirix and
0CCIdentalis . .. ..o ooii i i 6
2 Layer of gray limestone in which coralla of
Acervularia profunda, an undetermined spe-
cies of Cystiphyllum and a spherical form of
Favosites are not infrequent. ............... 1
1. Bed of light gray limestone, much shattered and
brecciated, in some places showing indistinct
planes of bedding; containing the fossils;
Spirifer pennatus, Gypidula comis, Gypidula
leviuscula, Alrypa relicularis, Airypa aspera
var., Penlamerella arala, Dieclasma towensis
and D. romingeri, besides a gastropod re-
sembling a species of Pleurotomaria.......... 14

In this section number 1 corresponds with the shattered zone
described as the Spirifer pennatus beds at the most westerly
exposure in the Cedar river bluff, in Taylor township. It is
the equivalent of number 2 of the Quinn quarry section. The
rocks of this horizon are usually more or less shattered or
disturbed wherever in the county they are exposed. Number
2 above is the equivalent of number 8 in the Quinn quarry
exposure. The presence of Acervularia profunda in this mem-
ber makes it an easily recognized zone immediately overlying
the beds of Spirifer pennatus. Number 3 of the Rosenberger
section is the correlative of number 6 in the section of Quinn’s
quarry.

In the extreme eastern portion of the county there are
exposed rocks which introduce a horizon a little higher than
those at the Rosenberger quarry. The following section was
made a short distance southeast of Shellsburg, on land owned
by Mr. Dwigan. The quarry is in the south bank of Bear
creek, near the middle of section 14 of Canton township:

9. Dark gray soil, without pebbles or bowlders..... 1%

8. Reddish-brown clay containing numerous peb-
bles of trap :and quartz, and occasional bowl-
dersof granite...... ... i, 2

7. Ledge made up of layers of much decayed, gray
limestone through which numerous water pas-
sages have been formed by solution and erosion. 3
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FEET.
6. Layer crowded with coral remains, among which

coralla of Acervularia dawvidsoni are predomi-
nant. /favosiles alpenensis, Favosites sp., Cys-
Liphyllum amervicanum and Plychoplyllum versi-
forme also are NOt rare., ... .. ....oviuuninnn.. 24
5. Layer of light gray limestone which weathersinto
thin chips, and contains Spirifer parryanus and
Cladopora 10Wensis. . ... e e iieeinaanannn 14
4, Ledge of hard, brachiopod limestone, gray in
color, in some places forming a single layer and
in others showing an indefinite line of separa-
tion into two parts. Fragments of the lossiis
Orthis jowensis and Alrypa relicularis are very
abundant.............. N 4
3. Bed composed of two layers, each about twenty
inches in thickness. This limestone is dark-
gray in color and contains numerous remains of
Atrypa reticularis, Alyypa aspera var., Orthis
towensis, Spiriler pennatus, Cladopora iowensis
and aspecies of Cyathophyllum ............... 33
2. Layer of shelly, gray limestone, similar in color
and texture to number 3 above, and containing
similar fossils ..o ol 1
1. Bedcomposed of threelayers of limestone, respect-
ively 1% and 2 feet in thickness. These layers
carry the following fossils: Spirifer pennatus,
Atrypa veliculayis, Atrypa aspera var., Orthis
iowensis, Slropheodonia demissa and, in the
lowermost layer, corallaof Acervulariaprofunda,
and of a species of Cyathophylium and of
Favosites..... e e e e 43

In the above, which will be referred to as the Dwigan quarry
section, numbers 1 to 5 inclusive represent the successive layers
of limestone that normally intervene between the Acervularia
davidsoni coral reef and the zone of Acervularia profunda.
Spurifer parryanus occupies a definite position in the layer im-
mediately below the main coral reef. Cladopora iowensis Owen
(Striatopora rugosa Hall) is generally associated with Sperifer
parryanus, but it is also abundant throughout the layers for a
depth of five or six feet beiow the zone of that Spirifer. Num-
ber 6 represents the coral reef of the Acervilaria davidsont
horizon. Its development here and its coral content are cou-
sistent with that of the Acervularia davidsoni reef at this par-
ticular well marked horizon at other points in the state. It is
the lequivalent of number 8 of the Quinn quarry section,
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and corresponds with the uppermost layer that appears in the
north bluff of the Cedar river valley, in sections 14 and 15 of
Taylor township.

Number S is a bed of Kansan drift so shallow that the atmos-
phere has more or less completely effected the oxidation of its
iron content throughout the entire depth. Number 9 is a dark
colored soil that has been formed upon the surface of the till.
It is rarely that the drift is exposed at the surface in Benton
county except upon hillslopes where the fine-grained overlying
material has been removed by erosion. This homogenous
deposit is probably a wind blown substance that was laid down
above the drift in a manner similar to that of the loess in this
portion of the state. The dark color of the soil band is due to
the accumulation of carbonaceous matter which has resulted
from the decay of countless generations of plants during the
centuries through which vegetation has flourished upon the
present surface.

About one mile east and seven miles north of Dwigan’s quarry,
there is exposed a vertical escarpment of limestone forty-two
feet in height. In this cliff, which is known locally as Wild
Cat bluff, there are presented layers of the Cedar Valley lime-
stone which lie above any of the beds that outcrop around
Shellsburg or in the immediate vieinity of Vinton. The ledge
is on land owned by Mr. Broaddy, and is located near the middle
of section 10 of the congressional township of Benton. It forms
the north bank of the Cedar river about twenty rods west of
the wagon bridge across that stream. At this place tlie follow-
ing section is exposed:

FEET.

12. Homogeneous, fine-grained material, dark gray
in color throughout the greater portion of its
depth. This pebbleless soil has slipped down
from above, concealing the face of the bed of
drift that normally underlies the soil band.... 4

11. Bed of impure, yellowish-brown limestone which
weathers into layers four to eight inches in
thickness. Between the layers are frequently
intercalated narrow bands of chert nodules
and quartz geodes. This bed contains disks
of crinoid stems, besides the shells of Spirifer
subvaricosus, alarge Spirifer resembling S pen-
natus and, in its lower portion,the very large,
coarse-ribbed variety of Alrypa veticularis... 6
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FEET.

10. Bed of yellowish, impure limestone which

weathersinto thin, fissile fragments and carries
the fossils Stropheodonta demissa, Owthis
iowensis, Atrypa reticularis, the large Spirifer
somewhat resembling S. pennatus and a species
of coral belonging to the genus Cyathophyllum
Bed of hard, gray limestone which weathers into
layers two or three inches to one foot inthick-
ness, and contains fossils similar to those
found in number 10 above............. e
Layer crowded with coralla of Acervularia david-
soni,Favosites alpenensis, and the other corals
usually associated with these in the main coral
TeEf oo et e
Layer of hard, gray limestone, containing num-
erous fragments of crinoid stems together
with the fossils Spirifer parryanus, Orthis
towensis, Atrypa reticularis, Cladopora iowen-
sis, Acervularia davidsom? and an unde-
termined species of Favosites................
Bed made up of three layers of gray limestone,
each about sixteen inches in thickness, con-
taining Cladopora iowensis, Orthis towensis,
Atrypa reticularis and a Spirifer much like S.
PENMBLUS. . .ot e e
Bed of gray limestone composed of four layers,
respectively six, seven, eight and twelve inches
in thickness; carrying fossils similar to those
found in number 6, together with Airypa
aspera var. occi@entalis ... ........... oo,
Bed of white limestone, in three imperfect layers
each about four inches in thickness; contain-
ing fossils similar to those found in number
5, besides fragments of bryozoans and shells
of Ortholheles chemungemss...... ..........
Ledge of gray limestone, containing in abun-
dance the fossils Orthis iowensis, Atrypa reticu-
laris, A-. aspera var. and Spivifer pennalus. ..
Massive layer of dark gray limestone, composed
of coarse fragments of brachiopod shells
among which those found in number 3 above
are predominant; with these are associated
undetermined species of corals belonging to
the genera Favosites and Cyathophyllum....
Bed of light gray limestone, less rich in fossils
than the overlying layers; containing Spirifer
pennalus, Orthis iowensis, Alrypa aspera var.
occidenlalis, A. velicularis and a species of
Cyathophyllum................ e e

34

13

2%

54

6%
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In the above section, which may be referred to as that of the
Wild Cat bluff, number 1 probably corresponds with the
npper portion of the Spirifer pennatus beds. Although there is
no brecciation or disturbanee in the rocks of this mewmber, yet
the fossils occurring here are not inconsistent with those found
near the top of the Wapsipinicon stage. The relation which
this bed sustains to the overlying coral-bearing zone would also
indicate its position at the upper part of the Spirifer pennatus
horizon. This member is the equivalent of number 2 of the
Quinn quarry section, and corresponds with the upper part of
number 1 of Rosenberger’s quarry. At Wild Cat bluff the bank
below number 1 is talus covered for a distance of twenty-two
feet, down to the water’s edge. Number 2 probably represents
the zone of Acercularia profunda. Although no coralla of
Aeervularia  profunda were found at this exposure, corals
usually associated with that fossil are abundant in number 2.
This member is easily correlated with number 3 of the Quinn
quarry section, with number 2 of the Rosenberger quarry, and
with number 1 of the section at Dwigan’s quarry, near Shells-
hurg.

The Acervularia profunda zone is quite constant in Beuton
county at a horizon about twelve feet below that of the 4.
davidsoni reef, but in the exposure at Wild Cat bluff there is
present a thickness of about nineteen feet of Cedar Valley
limestone below the reef of Acervularia davidson:. In Taylor
township the position of this coral reef is only about thirteen
feet above the base of the Cedar Valley stage. In Buachanan .,
county, farther north, a still less vertical distance separates the
Spirifer pennatus beds from the coral reef, while to the south-
ward, in Johnson county, a thickness of forty-eight feet of
limestone intervenes between the Acervularia davidsont horizon
and the base of the Cedar Valley stage. The members 3 to 6
inclusive, at this place, resemble the rocks seen at the cor-
responding horizon at other points in Benton county. The
material is quite hard, and occurs in rather regular layers. It
is largely composed of more or less perfectly comminuted frag-
ments of brachiopod shells. The assemblage of fossils which
characterize these layers includes very numerous individuals of

12
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Atrypa aspera var. occidentalis associated with which are Atrypa
reticularis, Orthis iowensis and Spirifer pennatus. While the
fossil Spirifer pennatus 1s quite uniformly present in these
members it does not occur here in such abundance as it does
lower down in the proper Spirifer pennatus zone. At this
higher horizon, too, the cardino-lateral margins of the shells
of this species are usually prolonged into relatively wide
extensions. Number 4 contains fragments of the shells of
Orthothetes chemungensis; and in number 6 the coral Cladopora
towensis is abundant. The shells of Orthis <owensis found in
these layers are very much smaller and less flaring than those
of the individuals of this species in numbers 1 and 2 of this
same section.

Number 7 represents the typical development of the layer
which 1mmediately underlies the Acervularia davidsoni coral
reef. The diagnostic fossil of this layer is Spirifer parryanus.
Associated with this species there also oceur Cladopora iowensis,
Orthis iowensis, Atrypa reticularis, occasional coralla of Acer-
vularia davidson: and of a spherical species of Favosites, the

[atter corals being introduced a short distance below the coral

reef proper. Number S represents the Acercularia davidsoni
reef with its nsual assemblage of corals. Many of the coralla
at this place have weathered out of the soft, shaly matrix so
that exceptionally perfect and beautiful specimens are exposed.

In the absence of any contrary indications Professor (veikie*
assumes that these Paleozoic limestone building corals, like
their modern representatives, lourished only in the seas where
the minimum temperature never fell below 68° Fahr. If this
assumption be true, the constant and uniform development of
the coral zones of the Devonian svstem in Benton county, and
in our state, would testify to the prevalence of a much more
genial and uniform temperature in our latitude during the ages
of the Devonian through which these deposits were being
formed. That these ancient corals, like their present relatives,
flourished best in seas where the waters were contaminated by
no mechanical sediments is indicated by the fact that in the
coral zones like the Acervilaria davidsoni reef the coralla

* Geikie: Text.Book of Geology, 4th Ed., 1903, p. 943.
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form a compact layer. The interstices only are occupied by
calcareous, shaly material which may readily have been derived
from the coral masses by the attrition incident upon the action
of the waves before the materials became consolidated.

[t seems certain that the growth of the Devonian corals was
restricted by some special conditions of existence from the
abruptness with which the reef species give place to other
fossils in the layers immediately above and below the narrow
coral horizon.

Frg. 10, Exposuie of Cedar Valley limestone in 1the east bank of the Cedar river, a short
aistance south of Longs gquarry, Harrison township.

Nuambers 10 and 11 of the last section are composed of
impure, earthy limestone, yellow in color and rather fine-
grained in texture. They contain nnmerouns nodules of chert
which are often arranged in more or less definite bands. (Geodes
of quartz are also abundant in these beds. The characteristic
fossil of number 11 is the very large, coarse-ribbed variety of
Atrypa reticularis. The shells of this species are here three
n chesin length and about as wide as long. The surface is
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marked by very coarse striae as compared with the ornamenta-
tion of the forms of normal size. The constant occurrence in
this zone of such a remarkable form of Atrypa reticularis ren-
ders the identification and correlation of this member an easy
task. Tt marks a definite horizon about nine feet above that of
the Acervularia davidsoni reef in the deposits near the middle
portion of the Cedar Valley stage. Innumbers 10 and 11 there
also occur shells of a large Spirifer which resembles in some
respects S. pennatus, Spirifer subvaricosus, and large forms of
Stropheodonta demissa which are considerably wider than long.

Near the northwest corner of section 9, Harrison township,
the Cedar river sweeps with a broad curve to the southward.
At this place the force of the current has been directed against
the bank which bounds the valley on the east. The river here
1s bordered for several rods by a ledge of limestone fifty feet in
height. See figure 10. This exposure below the drift affords
an exceedingly instructive section which is given below:

FEET.
10. Bed of fine-grained, impure limestone, yellow-
ish in color, made up of regular layers from
three to twelve inches in thickness, which
carry but few fossils, but contain abundant
small concretions of chert........... e 13
9. Bed of dense, gray, fine-grained limestone
which is crowded with detached shells of
a large Spirifer and Camarotechia ct. pro-
lifica. Occasional shells of A#Hypa
reticularis and Cyrtina hamiltonensis are also
present..... fee meeatraaaeraaiaae e
8. Bed of impure, magnesian limestone, inlayers
from two to twenty inches in thickness,
yellowish-brown in color, and carrying’but
few fossils. Nodules of chert are abundant
in this member...........coceviin., P 10

(s

7. Bed of limestone, variable in color, separable
into a number of indefinite layers, yielding
but slowly to the action of the atmosphere;
containing the fossils, Favosites sp.,
Rynchonella sp., Spirifer sp., and teeth of
Ptyctodus calceolus. Near the top occursithe
very large, coarse-ribbed form of A#rypa
VELLCULATIS v voevrrnnossnaensanana P 7%
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FEET.
6. Reef composed largely of coralla of dcervularia
davidsont, containing also the species of
Cyathophyllum, Ptychophyllum, Cystiphyl-
lum and Favosites that usually occur in this

ZODE wunennnsnnmnnnn e 3z
2 5. Layer of gray limestone WhICh contains Clado-
poraiowensis, Favosites sp., Oréhzs iowensis,
Atrypa  reticularis, Productella swbalala,
Pentamerella dubia, Spivifer parryanus and

very large tritors of Ptyctodus calceolus. .. .. 4
4. Bed made up of two layers of hard, shelly
limestone, respectively sixteen and twelve
inches in thickness. This bed carries the
fossils found in number 3 below, together
with Cladopora iowensis, Cyathophyllum
sp., six-rayed spicules of sponge, four dif-
ferent species of bryozoa, Stropleodonta

) desrissa and a species of Orthothetes.. ... .. 24
3. Layer of gray limestone, almost a bre lCl’lll)pHu
coquina, in which there occurs in abundance

the remains of Spirifer pennatus, Afrypa
aspera var. occidentalls, Alrypa veticularis
and Orehis{oWensIS. ..o vnnnnan .. 3

2. Regular layers of rather hard, gray limestone,
not broken or disturbed, and bearing numer-
ous fossils, among which are Acervulario
profunda, Favosites sp., Cyathophyllum sp.,
Cladopora sp., Stromatopora sp., Sérophec-
donla  dewmissa, QOrikis towensis, Atrypa
reticularis, the var. occidentalis of Alrypa
aspera, Productella subalata, Chonetes sp.
and a thin shell belonging to the genus
Dielasma. ... ... ..ot 2
1. Bed of light gray limestone, somewhat shat-
tered and brecciated, containing the fossils
Stropheodonta demnissa, Ovrihis iowensis,
Atrypa reticularis, Atrypa aspera var. occi-
dentalis, Spirvifer pennalus and a species of
Gomphoceras, exposed to the water’s edge 3

In the above, which may be designated as the Cedar River
section, number 1 represents the gray, brecciated limestone near
the upper part of the Spirifer pennatus beds. 1t is the equiva-
lent of the upper portion of number 1 of the Bliss quarry sec-
tion, and corresponds with the upper part of number 1 at the
Rosenberger quarry. The fossil Gypidula comes, which is char-
teristic of this zone, was not found at the Cedar River exposure.
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However, the limited area of the rocks here exposed makes 1t
possible that it may be present at this place, although not
detected. The rocks are thoroughly shattered and much dis-
placed in a manner typical of the Fayette breccia horizon.

Number 2 is the Acervularia profunde bed which constitutes
the hasal member of the Cedar Valley stage in Benton céunty.
The elegant coral, Phillipsastrea billingsi Calvin, whose large
and beautiful colonies are often associated with Acercularia
profunda at this horizon in Buchanan county, was not seen at
any point in the eounty of Benton. This memberis easily cor-
related with number 8 of the Quinn quarry section, with num-
her 2 of the Rosenberger quarry, and with number 2 of the
exposure at Wild Cat bluff.

The members 3 to 5 inclusive, of this section, contain the
typical fossils and represert the normal development of the
limestones that intervene between the Acervwlaria profunda
zone and the Acervularia davidsoni coral reef. They find their
ready correlative in the beds that lie between those two hori-
zons at all points in the county where these rocks are exposed.
Number 6 is the dcervilaria davidsoni reef which is universally
present at this horizon in this county, and in the most of the
other counties of eastern Iowa that are crossed by the Cedar
river.

Number 7 embraces the bed of variable limestone that, for a
few feet in height, normally overlies the coral reef. Tlie pres-
ence of the very large, coarsely-striated type of dtrypa reti-
cularis, which occuples a position near the top of the bed,
makes it possible to assign this member to its proper place in
the series of the Cedar Valley limestones, even where the well
marked reef which underlies 1t 1s not exposed. 'The upper por-
tion of this member is the equivalent of the lower portion of
number 11 in the Wild Cat bluft exposure. The layers that lie
between the zone containing the large, coarse form of At ypa
reticularis and the coral reef are quite variable in their develop-
ment. The sediments of which they are formed were probably
laid down at no great distance from shore, on a sea bottom
woere the wave action was vigorous, at times, but more or less
inconstant. Shells of a large species of Spirifer are frequently
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found associated with the large type of Atrypa reticularisin the
exposures in Benton county.

The layers included in number S are evenly bedded, impure
limestones which are yellowish in color, fine-grained in texture
and contain but few fossils. In the quarries that are opened
along the Cedar river in the northern portion of the county,
the equivalent of the layers in number §, and the beds which
overlie that member, furnish the best stone that the county
affords, with the exception of the limited amount of the Coggan
limestone described above.

The thicker layers of this member were originally of a blue
color. In some of these the change to yellow has been accom-
plished only for a thickness of three or four inches adjacent to
the planes of bedding, leaving a narrow band of unchanged
blue color in the middle portion. The materials of these beds
are quite hard and the natural ledges show a good degree of
resistance to the disintegrating agencies of the atmosphere
where they have been long exposed to the weather.

Number 9 is a narrow layer of very hard, fine-grained lime-
stone. It is gray in color and contains in great abundance a
large, undescribed species of Spirifer. With this species were
associated Cyrtina hamiltonensis, Camaroteechia cf. C. prolifica
and a small form of Atrypa reticularis. This narrow band is
quite constant in its lithology and fossil content over all of the
northern portion of Benton county. It furnishes a valuable
means of correlation, and marks a definite horizon about ten
feet above the zone of the very large, coarse type of dt/ypa
reticularis.

Number 10 1s made up of a number of layers of dense, fine-
graiued limestone of variable thickness. In some of the expo-
sures the layers are composed of yellow, magnesian materials,
while at other points not far distant they are light gray, almost
pure, limestones without any trace of the magnesian character.
Chert nodules are abundant in this bed. Sometimes they are
segregated along the planes of stratification so as to form a
narrow band, and again they are scattered indiscriminately
through the materials of the different layers. At this place the



184 GEOLOGY OF BENTON COUNTY.

strata that are exposed in the bluff dip to the south at the rate
of about twelve inches in a distance of forty feet.

Just across a ravine a few rods further up the river, Mr. Long
has opened a quarry in this ledge, near the southwest corner of
section 4 of Harrison township. The beds which he bas
worked are shown in figure 11. They are embraced between
the Acesonlario davidsoni coval reef at the base and the layers

F16. 11, Long's quarry in the east bank of the Cedar river, section 4 of Harrison township.
The thick ledge at the base contains the large, coarse-ribbed Atrypa reticularis. The
narrow layer near the middle, marked No. 2 on the right, 1epresents the Camarotcechia
zone.

at the top which constitute the uppermost portion of number
10 in the Cedar River section. About seven feet above the
flcor of the quarry the large form of Atrypa reticularis is
encountered. With this fossil also occurs a large form of Spi-
rifer, as in the exposure at Wild Cat bluff. About ten feet
above the zone of the large Atrypa there occurs a narrow layer
of gray, fine-grained limestone which is crowded with shells of
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an undescribed species of Spirifer and a Camarotechia re-
sembling (. profifica. This layer is the equivalent of number
9 of the Cedar River section.

Intervening between the horizon of the coarse Atryvpa and
the narrow zone containing Camarotwechia and Spivifer sp..
there occurs about ten feet of vegularly bedded, yellow lime-
stone which is the equivalent of the layers constituting number
S of the Cedar River exposure. The materials of these layers
at Long’s quarry are fine-grained, impure limestone, containing
namerous chert concretions. In cross section the thinner
layers are vellow in color throughout, as are also the thicker
ones with the exception of a narrow band of blue in the middle
portion. [t is probable that all of these layers were originally
a blue stone, and that they have been changed to a yellow
color through the action of the chemical agencies of the atmos-
phere and of percolating waters. The stone from this bed is
of durable quality. It occurs in layers of such thickness as to
be conveniently worked, and it can be quarried in blocks of
almost any size desired. Some of the material in the abutments
of the bridge that spans the Cedar river near the north line
of the county came from the layers of number 8§ at Long’s
quarry. At this place the narrow, Camaroteechia zone is suc-
ceeded by a bed of limestone about twelve feet in thickness,
which is the equivalent of number 10 of the last section pre-
sented. The rocks of tiris uppermost bed resemble those of the
correspouding horizon in the Cedar River section in the thick-
ness of the layers, in the color and texture of the materials, in
the abundance of chert nodules, and in the scarcity of fossils.

About two milessouth of the Cedar River exposure Mr. George
Knapp has opened a quarry in the bank which borders Minnie
Estima lake on the east. This lake is a lagoon or ox-bow
cut-off lying in the flood plain of the Cedar river, in section 16
of Harrison township. At this place the following layers are
exposed below the drift:
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FEET
4. Bed of light gray limestone, in layers from three
to nine inches in thickness. In some cases
partings of soft, gray shale separate adjacent
layers. The material is fine-grained, and
contains numerous concretions of chert and
bat few fossils....... .. ... ..., 9
3. Layer composed almost wholly of chert nodules
which vary from two to three inches to over one
foot in long diameter 23
2. Bed of gray limestone which weathers into a
number of ratherindistinct layers, two to eight
inches in thickness; containing Stropheodonta
demissa, Spirifer sp., and the very robust,
coarsely-striated variety of Afrypa reticularis.. 3
1. Ledge of hard, gray limestone which weathers
into thin bits, and contains a large species of
Spirifer ... ool e 2

In the above section the presence of the very large form of
Atrypa reticularis in the second member determines that hori-
zon as the equivalent of the upper portion of number 7 of the
Cedar River section, and of the lower portion of number 11 of
the Wild Cat bluft exposure. With respect tc number 2 the
other members of the section are readily assigned their proper
places in the Cedar Valley series. The position of number 1 is
about three or four feet above the Acervularia davidsoni reef,
while numbers 3 and 4 inclusive correspond with number 8 of
the Cedar River section.

Soine rods to the north of Knapp’s quarry, near the north
end of the same lake, Mr. Mclkinley has taken out stone from
layers which correspond with number 4 of the Knapp quarry
section. In both of these exposures the rocks which belong to
the horizon of number 4 above are fine-grained, gray limestones
which contain no fossils. Chert nodules are abundant in these
beds, as they are in the corresponding layers of the Cedar River
and the Long quarry exposures. At McKinley’s quarry, too,
the layers dip to the south at about the same angle as those
deseribed in the Cedar River section.

Directly across the river, and about one-half mile west, from
McKinley’s quarry the water ot the Cedar washes the foot of a
ledge of limestone twenty-five feet in height. This bluff is on
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land owned by Mr. Kirkland, and is located near the northeast

corner of section 17 of Harrison township.

durated rocks shown here is as follows:

9.

The section of in-

FEET.

Bed of light gray limestone, fine-grained, in
layers two to eight inches in thickness; con-
taining no fossils........... ... oot

Bed made up of three layers of hard, fine-grained
limestone, each about ten inches in thickness.
These layers are light gray in color, and are
without fossils........... ... ool

Layer of dense, gray limestone which weathers
into bands one and one-half to three inches in
thickness; without fossils. ... ................

Bed of light gray, fine-grained limestone, in lay-
ers two to eight inches in thickness; bearing
no fossils............ e e

Layer of white limestone, very hard, fine-grained,
and containing no fossils ....................

Bed of impure limestone gray in color, in two
layers, one and one-half and two feet in thick-
ness respectively, which weather into thinner
laminee. This bed carries no fossils, but
contains numerous concretions of chert......

Layer of light yellow, magnesian limestone, fine-
grained and quite hard. Nodules of chert are
abundant, but fossils are wanting...........

Bed of gray limestone which is imperfectly sep-
arated into three layers. Chert nodules are
numerous throughout the bed. WNear the top
occur in abundance fragments of shells of a
large Spirifer and Camarotcechia, cf, C pro-

Bed of yellowish-brown, magnesian limestone,
fine-grained and very hard; bearing no fossils
but containing masses of chert; to water’s
edZe ... e

3%

Iu the above section the horizon readily recoguized is that of
the upper portion of number 2, which contains fossils similar
to those of number 9 in the Cedar River section.
3 to S inclusive, of the Wirkland section, correspond with the
barren beds embraced in number 10 of the Cedar River ex-
posure. At the Kirkland quarry the material of which these
beds are composed is a much purer carbonate of lime than that

The members
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of the layers constituting number 10 in the Cedar River sec-
tion. Number 9 above probably represents a zone higher in
the Cedar Valley series than any previously noted in the
county. Nnmber 1, together with the major portion of number
2 in the Kirkland section, corresponds with the upper portion of
number S of the Cedar River section, with the apper portion of
the Knapp and McKinley quarry sections, and with the upper
part of number 11 of the Wild Cat bluff exposure. The de-
velopment of the members represented in the Kirkland sec-
tion is vot much different from that in the exposures on the
east side of the river. The beds of this horizon hecome more
yellow in color, and carry a much larger proportion of earthy
impurities further to the northward, as is seen at Long’s quarry
and in the Cedar River section given above. This fact 1s also
strikingly shown in an exposure in the west bank of the Cedar
river near the vorth line of Benton county.

This ledge is a short distance below the river bridge, near the
northwest, corner of section 6 of Harrison township. The
quarry is owned by Mr. Keiser, and presents the following
suceession of layers:

FRET
12. Dark colored, fine-grained, pebbleless =oil..... 1
11, Bed of reddish-brown clay, containing numer-
ous pebbles of quartz and greenstone with
ozcasional granite bowlders of larger size. .. .. 2
10 Layer of much decayed fragments of brown
limestone, without fossils..................... 3

9. Bed composed of two layers of yellow, earthy
limestone, each about eight inches in thick-
ness, fine-grained and without fossils......... 1}
8. Bed of gray limestone which weathers into thin
layers about one inch in thickness, without
fOSSTlS Lo 3
7. Layer of very hard, earthy limestone, yellow in
color and fine-grained in texture; fossils
250 o !
6. Bed made up of layers of buff, earthy limestone
two to six inches in thickness, which are fine-
grained in texture and non-fossiliferous....... 3%
5. Layer of yellow, impure limestone which weath-
ers into indistinct layers three to six inches in
thickmess; without fossils. .................... 13
4, Lavyer similar to number Sabove................ 2
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FEET.
Yellowish-brown layer of fihe-grained, impure

limestone; carrying occasional concretions of
chert which are most numerousadjacent to the
planes of bedding............ooo il 2%
2, Layer of variable, impure limestone, fine-
grained and very hard. Near the base of this
layer chert nodules are abundant, and shells
of a large form of Spirifer and Camarolechia
cf. prolifica are very numerous...... ......... 2
1. Bed made up of two layers of buff, earthy lime-
stone in which, at irregular intervals, occur
bands and numerous masses of chert, without
fossils; to base of the exposure which is about
four feet above the level of the water. ........ 4

w

T'he layers in this quarry are cut by numerous, oblique joints
which divide the ledge into large rhombic masses. The
material of which the beds are composed is mostly a fine-
grained, earthy limestone. Many of the layers are strongly
magnesian, and some of them are so thoroughly dolomitic that-
they respond but slightly to the application of cold hydro-
chloric acid. The entire ledge is regularly bedded, and furnishes
quarry stone of convenient dimensions and durable quality.

In the section of Keiser’s quarry, number 2, the only member
that contains fossils, furnishes the key to the correlation of
the beds. From the identity of their fossil contents the lower
portion of number 2 is considered the equivalent of the upper
portion of number 2 of the Kirkland quarry section, and 1t cor-
responds with number 9 in the Cedar River exposure. The
numbers 3 to 10 inclusive of the Keiser section are the equival-
ent of the beds embraced by the numbers 3 to 9 of that at the
Kirkland quarry. They are also the correlative of number 10
of the Cedar River section. Number 1 of the Ksiser quarry section
corresponds with number 1 of Kirkland’s quarry, and with the
upper portion of number 8§ of the Cedar River section.

Still further north, in Buchanan county, the materials which
compose the rocks of this horizon preserve the yellow color and
the earthy, magnesian character that distinguish them in the
northern portion of Benton.

The most westerly exposure of indurated rocks in Benton
county, as far as is known, is on land owned by Mr. John Tripp,
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near the northwest corner of section 17 of Cedar township.
This quarry is opened on the south side of the wagon road
along the east bank of Rock creek. At this place, too, the
beds are cut by very numerous joints, and they are inclined
strongly towards the south.

The section exposed below the superficial materials is as fol-
lows:

FEET.
4. Bed of yellow, earthy limestone, fine-grained and
without fossils, made up of irregular layers
which are not continuous throughout the few
rods in length of the exposure ....... P
3. Bed of buff, fine-grained, magnesian limestone,
composed of layers four to eight inches in thick-
ness, without fossils ............ ... ... ... 3
2. Layer of impure, yellow limestone which is fine-
orained, and contains fragments of several fos-
sils in a poor state of preservation............. 14
1. Bed of buff colored dolomite, made up of two

layers, each about eighteen-inches in thickness;

L

withont EeaRIlR i S S S 6w I B s

In this quarry the rock is more or less perfectly dolomitic

thronghout. It is fine-grained. suberystalline in texture, and is

uniformly of a deep vellow color. The lithology of these layers
is unlike that of any beds seen elsewhere in the county. Nuam-
ber 2 of the section contains fragments of the following fossils

which furnish the only means of assigning the layers to their

proper place in the deposits of the Cedar Valley stage:

Tladopora iowensis Owen.

Fawvosiles sp.

Cyathophylinm sp.

Cystiphyllum sp.

Stropheodonta demissa Conrad. Large, broad forms.

Atrypa velicularis Linn, Coarse forms, but not so robust
as the largest type.

Spivifer sp. Large individuals.

LPlyctodus calceolus Newberry and Worthen. Large tritors

three inches in length; also concave teeth, and large

fish plates, 6x2 inches.
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None of the above fossils are diagnostic of a definite zone.
Cladopora (oirensisx occurs most abundantly immediately above,
or a short distance below, the Acerrularia duvidsoni coral reef.
This form of Spirifer is not infrequently found at the same
horizons in Benton county. dtrypa reticularis also occurs both
above and below the above mentioned reef. but when found
below the reef it is almost invariably accompanied by Orthis
iowensis, which latter fossil did not appear at Tripp’s quarry.
At this place, too, the Afrypa retienlaris was larger and more

Trg. 12. Expozare in the abandoned quarry on Hinkle ereek, near Garrison. The Btroma-
topora reef appears near the top. The roeks here represent the uppermoss layers of
Cedar Valley limestone found in Benton county.

strongly marked than the form normally occurring below the
coral reet, although it was not so robust and coarsely-ribbed as
the typical form at the horizon about eight feet above that
zone. The large, broad form of Strophevdonta demissa normally
occurs a short distance above the coral reef, while occasional
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coralla of the other corals found in this member might be
encountered either above or below the dcervularia davidsont
horizon. If the position of these rocks was immediately below
the coral reef, they would probably contain the fossil Spirifer
purryanns . 1f they represent a zone some distance below the
reef they would almost certainly contain Jdérypa aspera var.
oceidentalis and Orthis towensis.

From the above considerations it seems probable that the
rocks exposed at Tripp’s quarry represent a dolomitic phase of
the Cedar Valley limestones belonging to a horizon not far
above the Adcervuluria davidsoni coral reef. Number 2 in the
section would then be the equivalent of number 2 of the Knapyp
quarry section, and would correspond with the upper portion
of number 7 of the Cedar River section, and with the lower
portion of number 11 of the Wild Cat bluff exposare.

An exceedingly interesting rock exposure occurs about nine
miles south and two miles east of John Tripp’s quarry. This
outerop is near the southeast corner of section 28 of Jackson
township, about one-half mile east of the town of Garrison.
See figure 12. At this place stone was formerly quarried in
large quantities for the Burlington, Cedar Rapids and Northern
railroad. Theledge was worked in the south bank of Hinkle
creek, just south of the track and east of the railroad bridge
across that stream. A section at this abandoned quarry shows
the following succession of layers:

FEET.
10. Fine-grained, pebbleless material, dark gray‘in
color at the top, grading down to yellow in the

middle and lower portions..... ................ 3
9. Bed of reddish-brown clay, containing numerous
pebbles and occasional bowlders............... 2

8. Ledge of light gray, subecrystalline limestone,
very hard and somewhat brecciated, containing
numerous spherical Stromatoporoids........... 3

7. Massive ledge of dense, graylimestone, composed
largely of various species of Stromatoperoids
and masses of Idiostroma-like stems, few of
which can be recognized. This bed is also
somewhat brecciated in places; and contains
fragments of Dielasma iowensis, Gypidula
laeviuscula  and casts of Straparolius
CYCLOSEOMUS v oot it i e 6
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FEET.
6. Ledge of hard, gray limestone which weathers
into two indistinct layers, and contains masses

of spherical Stromatoporoids........... verio.. 3%
5. Bed of very hard, white, subcrystalline lime-
stone, without fossils........coviuiiiaii. 1%

4. Ledge of yellowish-gray, non-fossiliferous lime-
stone which is fine-grained and very hard. The
upper portion bears numerous small cavities,
the largest of which are nearly one inch in

diameter. ... ... i i e 4
3. Bed of dense, gray limestone, fine-grained and
very resistant to weathering; without fossils.... 3%

2. Bed composed of several layers of very hard, fine-
grained limestone, white in color and without
fossils. The layers are six to fifteen inches in
thiCKkOESS . vt i et e e 5%

1. Bed made up of two layers of yellowish-brown
limestone which are respectively two feet and
one and one-half feet in thickness. The mate-
rial is fine-grained, and contains no fossils..... 3%

The above will be designated as the Garrison section. It
seems probable that all of the layers that are encountered in
this quarry lie above the zone of the uppermost layers that are
exposed in the quarries in the northern portion of the county.
Numbers 6 to 8 inclusive are the only members of the Garrison
section that contain fossils. In these layers were found numer-
ous masses of spherical Stromatoporoids, and indistinet, branch-
ing structures which resemble stems of Idiostroma, together
with casts of the gastropod, Straparollus cyclostomus.

In the upper portion of the deposits of the Cedar Valley
stage, in Johnson county, there occur layers whose lithological
characters resemble those of the members 6 to 8 inclusive of
the above section, and which carry similar fossils in great
abundance. It seems probable that the beds embraced in the
numbers 6, 7 and 8 of the Garrison section correspond with those
of the above mentioned horizon in Johnson county, and that
these layers in the Garrison exposure represent the uppermost
series of the Cedar Valley limestone, as the deposits of that age
are developed in the county of Benton as well as in Johnson.

The materials of which these members are largely composed
are light colored, very hard and exceedingly fine-grained. The

brecciated or fractured portion consists of sharply angular frag-
13
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ments of this fine-grained material, from one-half inch to two
inches in length, which are firmly cemented together by an
interstitial deposit of calcite, or by a matrix of very fine-
grained, subcrystalline stone. Small, irregularly shaped
cavities are not infrequent in this brecciated portion. In some
places the fractured material once carried an abundance of fos-
sils, but the disturbance which resulted in the shattering of the
beds, and the subsequent action of percolating water from
which the interstitial materials were derived, have resulted in
the destruction toa very large extent of the fossils which the
beds originally contained.

Like the Acervularia davidsoni coral reef, at a horizon several
feet lower, this Stromatoporoid reef forms a well marked and
persistent zone in the upper portion of the Cedar Valley stage
over the most of the area in which those rocks are exposed in
the state. Besides its occurrence at points in Benton and John-
son counties, already mentioned, this bed of Stromatoporoids
overlies the lithographic limestone horizon in Mitchell county.
It constitutes the * coral marble ” of Charles City and Marble
Rock, in Floyd county. Its materials compose number 4 of the
general section™ of the Cedar Valley limestones in Cerro Gordo
county, and it outcrops near Cedar Falls and at other points
along the Cedar river in the county of Black Hawk.

The members 8 to 5 inclusive, of the Garrison section, are
made up of light colored, very hard and fine-grained limestone
which contains no fossils. It seems probable that they are the
equivalent cf the layers of lithographic limestone which
occur a short distance below the Stromatopora horizon, further
north, in the county of Mitchell.

General Cedar Valley section.—From the sections described
above, a general section of the limestones of the Cedar Valley
stage in Benton county might be constructed as follows:

*[owa G :0l. Surv., Vol. VII, p. 180.
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FEET.
9. Bed of light colored limestone, very hard and
fine-grained, made up of layers from three to
six feet in thickness, brecciated in the upper
part and containing numerous Stromatopo-
roids together with Gypidula laeviuscula,
Dielasma towensis and casts of Straparollus
CYCLOSLOMUS v v i i i e 12%

8. Bed composed of dense, light gray, fine-grained
limestone which is very resistant to the agents
of weathering, and contains no fossils, in
layers one-half foot to four feet in thickness.. 14%
7. Regularly bedded, fine-grained, non-fossilifer-
ous layers which in some places are impure,
magnesian limestone, yellowish-brown in
color, and in other places are a gray colored
carbonate of lime. The layers vary from a
few inches to one or two feet in thickness.
Concretions of chert are frequent in the lower
portion of thisbed........................... 18
6. Narrow zone of hard, fine-grained limestone,
which is usually light gray in color, and con-
tains in abundance disjoined shells of an un-
described species of Spirifer, Cyrtina hamil-
tonensis, a small form of Alrypa reticularis
and numerous individuals of Camarotcechia
cf. C. prolifica.......... ....cceeiuennn.. +-1
5. Bed of impure, magnesian limestone, yellowish-
brown in color and fine-grained in texture,
without fossils, made up of rather regular lay-
ers which vary from two to twenty inches in
thickness, and which contain numerous
nodules of chert.......... R A cee.o 10
4. Bed of variable limestone, the color of which is
not constant, and the texture and lithology
of which vary at points not widely separated.
The following fossils occur in this bed: Favo-
sites sp., Rhynchonella sp., Spirifer sp. and
teeth of Plyclodus calceolss. At a constant
position near the top the very large and

found....veveee i e e 7+
3. Coral reef composed largely of coralla of Acer-
valavia davidsont. . ... ... o il e 2
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FEET.
2. Bed of gray limestone, composed of quite regu-
lar layers and carrying numerous fossils
throughout, The characteristic species are
Cladopora iowensis, Stropheodonla demissa,
Orthis  iowensis, Alrypa reliculavis, A.
aspcra var. occidentalis, Spirifer pennalus
near the base, and Spirifer parryanus near
the top ... 10-15
1. Bed of hard, gray limestone, which bears numer-
ous fossils, among which Acervularia pro-
funda, Favosites sp., Stvopheodonla demissa,
Orihis iowensis, Atrypa reticutaris, A. aspera
var. occidentalis and Productella subalata are
COMSPICUOUS . it ve et iee e e o .. 2-3

From the above general section it will be seen that there is
exposed in Benton county a maximum thickness of more than
eighty feet of limestones belonging to the Cedar Valley stage.
There 1s a thickness of fifty feet intervening belween the
Stromatoporoid bed and the Aecervwlaria davidsont coral reef.
In Johnson county these two zones are separated by a thick-
ness of only about ten or twelve feet of sediments. The deep
bed of yellow colored, magnesian limestoue that is so couspicu-
ous a feature of the rocks of this horizon in Benton county
does not seem to be represented in the Cedar Valley deposits
further southward. To the north in Cerro Gordo county, how-
ever, this group of strata attains a development nearly similar
to that found in the county under discussion.

The layers which underlie the coral reef are muach more uni-
formly fossiliferous than those which occur above that zone.
The following fossils represent a few of the forms of life which
peopled this particular portion of the Devonian sea during the
age when the above sediments were being laid down:

Astreaspongia hamillonensis? Meek and Worthen.
Cyathophyllum sp.

Heliophyllum halli EA. & H.

Plychophyllum versiforme Hall.

Acervularia davidsons Ed. & H.

Acervularia profunda Hall,

Cystiphyllum americanum Ed. & H.

Favosites alpenensis Winch.

Fuawvosites sp. spherical.

Fuawvosiles sp. ramose.
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Cladopora iowensis Owen.
Cladopora magna Hall and Whitf.
Aulopora sp.

Stromatopora sp.

Monticulipora sp.

Fenestella sp.

Stropheodonta demissa Conrad.
FPholidostrophia nacrea Hall.
Orthotketes chemungensis Conrad.
Chonetes scitulus Hall.
Productella subalata Hall.

Orthis iowensis Hall.
Pentamerella dubia Hall.
Pentamerella arata Conrad.
Gypidula levinscula Hall,

Cyrtina hamiltonensis Hall.
Spirifer fimbriatus Morton.
Spirifer sp.

Spirifer parrvyanus Hall.

Spivifer pennatns Owen.

Spirvifer subvaricosus Hall and Whitf.
Athyris vittata Hall

Atrypa veticularis Linn.

Atrvypa aspera var. occidentalis Hall.
Atrypa aspera var. hystriz Hall.
Camarotcechia prolifica? Hall.
Bellevophon sp.

Straparollus cyclostomus Hall.
Conularia sp. )
PFParacyclas elliptica Hall.

Lower Carboniferous or Mississippian Series.
KINDERHOOK STAGE.

Duaring the time of deposition of the later Devonian lime-
stones that portion of the floor of the Paleozoic sea that
included what is now Benton county was slowly rising. The
upward movement progressed in a general direction from the
northeast towards the southwest. The deposits of the Cedar
Valley stage in Benton county were brought to a close when
the sea retreated such a distance to the westward that the
greater portion of our area emerged from beneath the waters
and became a portion of the growing continent.
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A well put down on land owned by Mr. W. B. Benson, near
the middle of section 80 of Kane township, encountered a bed
of shale immediately below the drift. Another well located a
short distance south of the middle of section 36 of Towa town-
ship, on land owned by Mr. C. B. Greenlee, penetrated a similar
body of shale to a depth of several feet. Other wells drilled
in Iowa county, a short distance south of the border of Benton,
pass through a thickness of one hundred feet of shale interven-
ing between the drift and the white limestone of Cedar Valley
age. Further west, in Tama and Marshall counties, this
shale bed is exposed at the surface. At these points where the
waters were deeper, and where they prevailed for a longer
period, the shale is succeeded by beds of sandstone, oo6lite and
magnesian limestone. This entire series of sandstone, shale,
oolite and magnesian limestones constitute the deposits of the
Kinderhook age of the Lower Carboniferous series, as those
deposits are developed in central Iowa.

In the early part of the Kinderhook age a slow upward move-
ment of the land caused the waters to withdraw entirely
from the region under discussion. During the remainder of
the Kinderhook and the whole of the succeeding ages of the
Lower Carboniferous epoch our area remained above the sea
and suffered the constant wasting of its surface by the remorse-
less agents of degradation.’

The Upper Carboriferous epoch was ushered in by a down-
ward oscillation of the earth’s crust in which all of the central
and southern portion of Iowa was involved. With this subsi-
dence there began the deposits of the Des Moines stage con-
sisting of seams of coal and beds of sandstone and shale, which
were spread over the surface of the former lands. Such deposits
are not known to be exposed in Benton county, but they occur
in the adjacent counties lying to the east, sonth and west,
hence there seems little doubt but that they once covered
Benton also, perhaps to a depth of many feet.

The source of the sandstone material may have been the
degeneration of crystalline rocks which existed as land masses
further northward, or more probably it was derived from the
disintegration of the old quartzite highland which at that time
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stood above the waters in northwestern Iowa and in the eastern
portion of Sonth Dakota.

Several years ago a coal prospector by the name of Caldwell
put down a shatt in the south bank of the Cedar river at a
point known locally as Barr's bluff. This bluff is a prominent
escarpment which overlooks the river near the middle of the
north side of section 14 of Benton township. According to the
statements of Messrs."Carver and La Tourenne, of Shellsburg,
some coal was actually taken from this shaft at a depth of
thirty feet.

In the Independence shales of Buchanan county there occur
occasional seams of black, highly carbonaceous shale and even
thin films of real coal.¥ Wherever the Independence shales
are developed they occupy a horizon immediately below the
Fayette breccia. It is probable that the shaft thirty feet in
depth at the foot of Barr’s bluft encountered this deposit of
shale,notwithstanding the fact that ten miles further westward,
where the contact of the Fayette deposits with those of the
Coggan are seen, the Independence shales are not certainly
present. Of course there is no possibility of finding seams of
workable coal in the strata of Devonian age.

At the time of the writer’s visit to Barr’s bluff, during the
summer of 1903, there was to be seen a depression that indi-
cated the place of the abandoned shaft, but no fragments of
shale or coal or sandstone were found either on the dump heap
or at the foot of the bluff or along the bed of the stream.

The scarp is over one hundred feet in height and is composed
of the normal series of Cedar Valley limestones. The face of
the ledge is somewhat talus covered, but in the bank of a small
stream that renders tribute to the river a few rods to the west
of the abandoned shaft there are well exposed all of the layers
which are embraced between the zone of the very robust and
coarse-ribbed variety of Airypa reficularis and the horizon of
Acervularie profunda, at the base of the Cedar Valley series.

While it 1s possible that 1solated outliers of sandstone of the
Des Moines stage may be present beneath the drift in Benton
county there is small probability that coal will ever he found
in such quantity as to be profitably worked. Our county is

*Ualvin: lowa Geol. Surv., Vol. VIII, p. 223,
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east of the coal-bearing area of the state at this latitude. Dur-
ing the Des Moines age the water did not cover this region to
such a depth or for a sufficient length of time to permit of the
accumulation of coal seams such as were formed further to the
west and south.

Before the close of the Des Moines age there was an upward
oscillation in the level of the land which once more carried our
area above the water, and it never again suffered inundation
from the encroachments of the sea. From this time to the
close of the Paleozoic era, during the whole of the Mesozoic, and
until the Pleistocene period of the Cenozoic the region which
now embraces Benton county belonged to the domain of the
land. Then, as now, the indurated sediments slowly softened
beneath the influence of the airand sun and showers, and after
a time a mantle of soil covered the once naked ledges. Plants
flourished for long ages upon this ancient surface. Strange
forms of animals waged here a watchful warfare for existence.
As the slow- moving centuries passed away steep hills and deep
ravines appeared where once the level coast plain stretched
unbroken to the far horizon’s rim. As time wore on, the val-
leys widened, and growing tributaries extended the basins of
their major streams on either side. Slowly the contours of the
hills became subdued, the slopes gradually faded out and the
surface of our land once more approached a plain, the pene-
plain. With an upward crustal movement the agents of ero-
sion began their task afresh. Again, and yet again, the pro-
cesses of denudation gradually weakeued, only to be quickened
and revived as often as a recurring elevation of the land started
anew the cycle of erosion.

Of this long interval there remain on our land but meager
records. There is left scant history of the successive oscilla-
tions, or of the great depth of material that was stripped from
the surface. It 1s certain, however, that some time after an
upward movement, while yet the channels of the streams were
deep below the level of the uplands, the Glacial epoch of the
Pleistocene period was ushered in.
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Pleistocene System.

In the Pleistocene system there are two series, the Glacial
and the Recent. The latter series includes but a single age,
the one in which we live. It embraces all of the time since
the permanent withdrawal of the continental glaciers from the
north temperate latitudes down to the present. Of the Glacial
series there are records in Benton county of the invasions of
three suceessive ice sheets, the pre-1{ansan, the Kansan and the
Iowan. These long periods of cold were separated by very
long intervals of mild eclimatic conditions, during which
streams carved and furrowed the surface, and forms of life
much like those of the present peopled the lands.

PRE-KANSAN STAGE.

Pre-Kansan drift—There are no known exposures in Benton
county where the drift of pre-IK{ansan age can be seen at the
surface. Its presence is revealed only where the well driller
has encountered this deposit beneath a thick mantle of Kansan
till. In the northeast quarter of section 29 of Iowa township,
a well put down a few years ago on land owned by Mr. Tracy
passed through the following succession of beds:

4. Fine-grained, yellow colored material ...... .... 15
3. Blue clay containing bowlders and gravel....... 210
2. Layerof gravelandsand....................... 2
1. Bed of blue colored, bowlder-bearing clay ...... 13

In this record number 4 is the loess or loess-alluviom that
forms the surface material near the margin of the flood plain
along this portion of the lowa river. Number 3 is a deep
bed of till that immediately underlies the loess over the
adjacent portions of the county. It represents the Kansan
drift, as the lowan ice did not move over this particular area.
Number 2 is a layer of sand and gravel of Aftonian age. It
wa= probably laid down along the channel of the major stream
of this region during the earliest interglacial period. This
member is the water-bearing stratum which is the source of
the supply of water for the artesian wells around Belle Plaine.
At some points this porous layer is much thicker than is
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indicated in the section given. Many of the wells that pass
through numbers 3 and 4 stop in this water-bearing bed after
penetrating it to a depth of twenty-five to fifty feet.

Number 1 of the section represents a bed of pre-Kansan drift
underlying the layer of Aftonian gravels. The work of this
particular drilling was discontinued when the pre-Kansan
deposit was penetrated to a depth of eighteen feet. It is not
known what the entire thickness of the pre-Kansan till may be
at this place. Since a flow of water is usually found in the second
member of the section, few of the wells passinto this older bed of
bowlder clay that underlies it.

The pre-Kansan till is not universally distributed beneath
the Kansan drift of Benton county. Numerous wells over the
region pass directly into the indurated rocks from the Kansan
materials without encountering either the Aftonian gravels or
the pre-Kansan till. In all of the natural rock exposures the
Kansan drift immediately overlies the ledges of Devonian lime-
stone.

Mr. G. M. Tharp, a veteran well driller of the county, is
authority for the statement that in some of the wells of Eden,
Taylor and Leroy townships a sheet of sand and gravel contain-
ing pebbles of foreign origin was encountered beneath a deep
hed of bowlder-bearing clay, and overlying the indurated rocks.
This gravel bed 1s doubtless a deposit of Aftonian age, and the
presence in it of foreign pebbles bears witness to the proximity,
at one time, of an earlier bed of drift from which they were
derived. It seems probable that the mantle of pre-Kansan drift
was spread quite thinly over the area, and that during the long
Aftonian interglacial interval the greater portion of these
materials was removed by erosion prior to the deposit of the
much thicker bed of Kansan till. Isolated patches of the pre-
Kansan drift werve preserved only where they were in some
way protected from the general denudation that wasted the
surface.

From o record of the numerous wells that have been put
down in the southwestern portion of Benton county, the south-
eastern portion of Tama, and the northwestern part of Iowa,
Mr. Mosnat* has shown that the Aftonian gravels, and the

* Mosnat: lowa Geol. Sarv., Vol 1X, pp. 521-362.
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bed of pre-Kansan drift that here underlies it, occupy a deep
preglacial valley which has an average width of nearly six
miles. Thisahcient channel, which extends in a direction from
the northwest towards the southeast, has been traced from a few
miles above Vining, in Tama county, across the southwest
corner of Benton, and as far south as the town of Ladora, in
the county of lowa.

An interesting fragment of geological history is recorded in
this buried valley, and has been macde accessible to us through
the numerous well borings that have been put down over the
region. The channel was excavated in the shales of Kinder-
hook age. Kor so long a time did the preglacial stream follow
this course that its waters chiseled a channel to the depth of
more than two hundred feet and expanded its flood plain to a
width of five or six miles.

When the pre-Kansan ice sheet spread over the state its
mantle of materials this great valley was not completely filled.
Upon the withdrawal of the ice it was once more appropriated
by a river which was probably the master stream of the region.
About this time, too, the level of the land became depressed to
such an extent as to prevent the complete removal of the pre-
ansan drift from the bottom of the preglacial gorge. Along
the coutrse of this Aftonian river were deposited the beds of
sand and gravel which constitute the water reservoir for the
artesian wells of this portion of the state. When the Kansan
glacier moved down from the north bearing its immense load ot
drift,this broad valley was completely buried and every trace of
its existence was bhlotted out. Its presence was never suspected
until the exigencies of recent years caused the well driller to
probe into its secrets in seurch of water

KANSAN STAGE.

Nansan drijt.— Of all the ice sheets that invaded lowa the
Kansan was pre-eminently the carrier of glacial debris. Over
the greater portion of Benton county the Kauwsan drift hasa
thickness of from seventy-five to three hundred feet. Mr. G.
M. Tharp, of Vinton, who has probably drilled more wells over
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this region than any other man, has furnished the following
data with regard to the depth of the Kansan till in different
portions of the area:

| 8EC-

LOCATION. rroy TOWNSHIP. | DEPTH.
Near west side......... .. .. ... ... .. ... ... ... 18 | Cedar..... 175 feet
Near south side ...... ... . .. i ... ..., 6| Eden...... 180 ¢
Northwest .. o e e e 5 | Eden...... 126 ¢
Southeast .. ... ... 19 | Eden...... 200 ¢
Northwest 4. ................... e S ...e.... 36 Taylor..... 175 *f
.................................................... 26 | Jackson ... 215 ‘¢
Northwest .. 31 | Big Grove..| 250 ‘'
NOTERWES 10 ve et 11 | Kane...... | 300
Southwest ... oo 11 | Eldorado..| 228 ‘!
Northeast ' .. ... .. .o | 2| Leroy......| 214 ‘!
SOUThwest . . e e 14  Leroy...... 175 ¢
Southeast . ..o e e e 19 | Jowa ... .. 172 ¢

The Kansan drift was spread over the surface an exceedingly
long time ago; so long, indeed, that the erosion of the streams
has changed entirely the original features of the topography,
and the dynamical agencies have changed very profoundly the
chemical and physical constituents of its surface materials. In
the deeper deposits the till contains an abundance of lime, and
is blue or bluish-gray in color. The clay bears a large number
of pebbles of trap and quartz, together with abundant small
bowlders of granite and greenstone, and occasional masses of
guartz and limestone. The surface of some of these foreign
rock fragments is beautifully glaciated on one or more sides.
At the top where the material has been long exposed to the
action of the atmosphere, and to the influence of meteoric
waters and decaying organic matter, the calcareous constituent
has been leached downward to a varying depth of three to six
feet. Where the surface is broken and the slopes are steep an
excess of organic matter is not permitted to accumulate in the
‘soil. Over these areas the iron content of this surface drift,
which existed originally in the form of ferrous carbonate, has
been oxidized to the ferrie oxide condition. In this process the
color has also undergone a change so that where sections ave
expoxed in ravines or along the roadsides the top of the drift is
a deep red or reddish-brown color due to the anhydrons lae-
matite form of the iron which it coutains. This ferretto zone
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grades downward to a yellow, which color isimparted to the clay
by the presence of the hydrated sesquioxide of iron known as
limonite, and this, in turn, passes with a graduoal transition
into the bluish-gray of the unchanged deeper drift material.

Exposures of the thoroughly oxidized, ferretto zone at the
surface of theKansan drift are numerous over the lansan area
i Leroy and lowa townships, and they are frequently en-
countered over the rougher portions of the region later covered
by the fowan ice sheet. Wherever the Kansan drift appears
in the county its surface is profoundly eroded, and it is usually
overlain by a more recent deposit of loess.

Buchanan gravels—Beds of moderately fine gravel occur at
several points in Benton county, overlying the Kansan drift.
This terrane is usually concealed beneath a deposit of fine-
grained soil. In section 14 of Benton township a gravel deposit
three and one-half feet in depth outcrops in the bank of a
stream for a distance of several rods. Another bed of this
water-laid material is exposed near the middle of section 19 of
Canton township, in the south bank of Wild Cat creek. At the
latter place the deposit has a maximum thickness of twelve
feet, and can be seen continuously for more than a dozen rods.
A few miles further east, on Bear creek, a bed of gravel appears
a short distance west of Mr. Shannon’s brick and tile manufact-
aring plant, at Shellsburg. This latter is probably the con-
tinuation of the deposit that is encountered along Wild Cat
creek in section 19. Such beds are also exposed in section 33
of Taylor township, and section 35 of Eldorado.

An area of several square miles in the southern portion of
Klorence township is covered with this coarse material. Near
the southwest corner of section 32 a pit three and one-half feet
in depth has been opened on the north side of the wagon road.
The presence of a gravel train is revealed in the banks of the
most of the streams in this portion of the township. West of
the station of Walford this deposit has been utilized in the
improvement of the public roads. In Saint Clair township,
also, a bed of gravel four feet in thickness has been worked
near the southwest corner of section 10.
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The gravels that appear in all of the known exposures of the
county belong to what Professor Calvin has designated as the
valley phase of this formation. They consist of coarse sand
and small water-worn pebbles, the latter seldom exceeding one
and one-half inches in long diameter. Bowlders do not occur
in these deposits. There is only a small amount of iron pres-
ent, and a rusty color is not generally imparted to the beds.
The materials of these gravel trains were derived from glacier-
borne debris, and they came to rest along the courses of swollen
streams whose waters were liberated by the rapid melting of
the Kansan ice.

Professor Calvin® has shown that tbis lowland phase of the
Buchanan gravels was deposited after the glacier had with-
drawn from the valleys, and when the ice margin had retreated
some distance to the northward: that they were laid down as
broad glacio-fluvial aprons after the streams had emerged from
the ice bordered canyons and had spread widely over the lower
lands. For this reason their currents had lost much of their
original violence, and the waters were now carrying and de-
positing only the finer portions of the debris with which they
were loaded when they started with impetuous haste from their
source on the shrinking glacier.

IOWAN STAGE.

Towan drift-—The portion of Benton county that was over-
flowed by the Iowan ice has been outlined under the discussion
of topography. This ice sheet left but a scant covering of the
finer detritus over the region that it invaded. The large
bowlders which it carried are widely distributed, but the proper
drift of this age can be seen at but few points over the area.
Near the middle of the west, side of section 27 of Taylor town-
ship the following succession ofjdeposits is exposed in the east
bank of Mud creek.

*(Calvin: Iowa Geol. Surv., Vol. XIIT, p. 68.
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FRET.
3. Fine-grained, yellow colored clay, containing no

gravel .. ... i i e 3%
2, Bed of yellow drift, containing pebbles and small
granite bowlders.............ciiiiiien it 10

1. Drift deposit which is blue at the bottom,
changing to a yellow color higher up, and at
the very top it is a deep red. This bed carries
numerous pebbles and small bowlders of dark
colored trap.......... ooviiriiiiii i 8

Number 1 of the above section represents Kansan drift, the
upper part of which presents the typical ferretto character. The
contained greenstone pebbles and bowlders are characteristic
of this ancient till. Number 2 is a deposit of lowan drift. Tt
1s of a uniformly yellow color throughout. Its superficial por-
tion is unleached of its calcareous matter, and its iron content
is not more oxirdized in one portion than another. The bed is
here much thicker than is usual for this till. The preglacial
channel of Mud creek at this point was not completely filled
with the Kansan materials, and an exceptionally deep deposit
of the later drift was lodged in the depression. Number 3 is
a bed of loess. This material does not usually overlie drift of
Towan age, except over the rougher portions of the lowan plain.
The banks which border Mud creek are erowned with loess to
a depth of two to four feet, and at this place the loess appears
to have slid down from higher up on the hill.

Over the general surface of the Iowan plain typical drift of
Jowan age is seldom encountered. It is concealed beneath a
true soil of pebbleless material which is black from its con-
tained carbonaceous matter. Even on the gentle slopes fine-
grained, yellow colored clay, without pebbles, covers the super-
ficial drift. Where the slopes are steeper the till that is
exposed by erosion is usually the oxidized phase of the {ansan.
Along the wagon road, between sections 17 and 20 of Saint
Clair township, a yellow, pebble-bearing clay resembling Towan
drift was thrown out where recent holes were dug for telephone
poles. Large bowlders of granite, gray or pink in color, are
spread more or less frequently over the Jowan surface. In sec-
tions 14 and 15 of Benton township they are so numerous over
some of the fields as to prove serious obstacles to tillage. Mr
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Harger has used these rock masses in the foundation of his
house and barn,and has built a thick wall of bowlders as a
baclk to his large stock shed. A large proportion of these are
of pink or gray granite. There are a few microcrystalline,
dark colored greenstones, and less frequently a bowlder of
quartzite.

Notwithstanding the fact that the Iowan drift appears at the
surface in but few places in the county, it can be shown that
the ice of this age covered almost the entire area. The limits
of its distribution can be determined by the bordering movaine;

F1g. 18. Iowan bowldersin a field west of the wagon road in section 15 of Benton township, The
view lilustrates the [owan topography over the more broken portions of the Iowan drift

area.

by the level or subdued topography; by the choked condition
of the stream channels; by the presence of frequent, large
bowlders of granite; by the general absence of deep beds of
loess, and, especially, by the cumulative evidence of a number
of the above features which are usually encountered over the
same area.

Towan loess.—The distribution of the loess in Benton county
is consistent with the deposits of this material in the neighbor-
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ing counties of Tama and Johnson. The thicker beds overlie
Kansan drift and are found adjacent to the border of the lowan
plain. Loess forms the surface materials over all of the Nansan
area, and mantles the summits and the slopes over the more
hilly portions of the lowan. The material is easily friable, uni-
formly fine-grained, and is yellow in color. [t contains an ap-
preciable amount of lime carbonate, and possesses such tenacity
that the banks of streams, where composed of this substance,
stand for a long time with almost vertical walls. The deeper
deposits show no well marked evidences of stratification, such
as characterize sediments laid down by water. These bedsolten
contain in abundance shells of air-breathing gastropods. which
are indiscriminately distributed throughout their entire depth.
The loess was laid down upon the very ancient Kansan surface
which had suffered practically as much erosion, leaching and
oxidation before the mantle of loess was spread over it as it
shows today. This deposit does not tend to level up the in-
equalities of the surface, but forms a veneer alike over the sum-
mits, slopes and lowlands. Often the bedsare even thicker on
the crests of the ridges and the higher portions of the hills.
When the lTowan glacier was at its maximum the ice was
thinner over the higher areas. As a consequence these promi-
nences were bared earliest as the ice melted. As soon as the
hills were uncovered, and while the iee still lingered over the
sarrounding lowlands, the higher points would receive a thin
deposit of this fine-grained material in a mannersimilar to that
of the hills bordering the lowan plain. In this way it seems
possible to explain the presence of loess over the more broken
portions of the lowan drift surface. Professor Calvin® has
shown that the loess materials of eastern lowa were largely de-
rived from the finer constituents of the lowan drift. They are
probably in the nature of glacio-aeolian deposits with possibly,
contiguous to the lowan wmargin, some overwash of the finer
materials as the ice melted. They were probably laid down
during the time of the greatest advance, and immediately suc-
ceeding the withdrawal, of the Iowan glacier. It is worthy of
note that the loess of Benton county is not stratified. It con-

*Calvin: Jowa Geol. Surv., Vol, VI, p. 8§

14
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forms to prior inequalities, and does not tend to level up the
surface. The contained fossils are those of air-breathing,
terrestrial forms, and the shells, though exceedingly fragile, are
unbroken.

Post-glacial or Recent Deposits.

ALLUVIUM.

Deposits of superficial materials later than those of the
(xlacial series occur at various points in Benton county. Over
the broad flood plains of the Iowa river and the larger of its
tributaries thereis a mantle of alluvium that was laid down
doring the Recent age. Along a portion of the channel of the
Cedar river and the lower courses of its principal branches ricl,
fluvial sediments have also been spread over the level bottoms.
These deposits are usually dark in color, and rich in carbon-
bearing and nitrogenous compounds which have been con-
tributed by the imperfect decay of successive generations of the
rank, semi-aquatic vegetation that flourished over the fertile
lowlands. During times of overflow the stems and leaves of
such plants were effective agents in entrapping the suspended
sediments. FKach inundation added a thin increment to the
surface of the deposit, and each season’s growth yielded an in-
creased store of plant food for the crops of succeeding years.
In this manner has been developed the extreme fertility of the
alluvial deposits.

CUMULOSE DEPOSITS.

When the Iowan ice sheet retreated to the northward it left
a somewhat uneven surface, the depressions over which became
occupied by lakes. Many of these glacial lake basins are
represented at present by swampy or marshy tracts. The
transformation from lake to swamp and, in some cases, from
swamp to fruitful field has been accomplished since the retreat
of the glaciers. As the wind swept the land surface year after
year a portion of the fine detritus that it gathered came to rest
on the water of the lakes, and slowly sank to the bottom. With
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every freshet each streamlet that trickled down from the en-
circling swells carried a tiny load of silt. These lakes were
also shallowed as water lilies and other aquatic forms estab-
lished themselves in the pools, and pond-loving plants en-
croached upon the shores. These all, at death, gave up their
substance to swell the accumulations which, through the cen-
turies, have filled up, and banished the water from the most of
the lake basins. Such deposits of humus or swampy soils, con-
taining a very high percentage of organic matter, are frequently
encountered over the surface of the lowan drift plain.

AEOLIAN DEPOSITS.

The more typical examples of aeolian deposits in Benton
county are the beds of sand and mantle of loess that occur over
the rougher portions of the area. It is probable that the most of
these materials were laid down during the time of maximum
extension of the Towan ice sheet. It seems altogether probable,
too, that a large amount of these materials have been shifted
and redistributed, and the entire aggregate appreciably aug-
mented during the Recent age. A considerable amount of the
inorganic ingredients of the soils has been carried and deposited
by the wind since the close of the Glacial epoch, and even now
the process of soil formation is going on.

Soeils.

Soils are composed of comminuted and more or less decom-
posed fragments of rock material with which is mingled
organic matter from plant and animal decay. The fertility or
productive power of soil is dependent upon both its chemical
composition and its physical condition. The chemical composi-
tion of any soil, aside from its humus, is largely determined by
the character of the rocks from which it was derived, and by
the amount of washing, leaching and oxidation to which it has
since been subjected. The desirable physical condition of any
soil can be largely controlled by the continued practice of
appropriate tillage. Where nature’s methods are not inter-
fered with, each season’s growth of vegetation returns to the
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soil, with interest, the food compounds that were extracted in
its production. When man steps in and harvests the crop he
vobs the land of nature’s annuity and the soil deteriorates,
unless intelligent modes of tillage are employed.

The inorganic ingredients of the soils of Benton county have
all been transported either by wind, water or ice. None of the
soils are residual. There are present in the area five more or
less distinet soil types: loess, Towan drift, swamp, sand, and
alluvium. In many places these types grade one into another
and not infrequently the soil at a particular point is a mixture
of the materials which characterize two or more of the above
divisions. These different types of soil are due largely to the
difference in the materials which form the subsoil or base upon
which each has been developed.

1. Loess soil.—Loess soll occurs over all of the Nansan drift
portion of the county. This area is so hilly that little humus
has been permitted to accumulate in the superficial material of
the slopes. As a consequence the loess soil is a yellow clay.
The color here, like that of most yellow soils, is due to the
presence of the hydrous sesquioxide of iron.  The loess is fine-
grained in texture yet the particles are sufficiently large to
permit the ready passage of water, and to render the soil light,
and tillage easy. At the same time the soil particles are so
small that moisture is readily brought upward from below by
capillary action. This soil is rich in lime which mineral Hil-
gard® considers more effective than any other in controlling
soil fertility and in making it loose and porous, thus permitting
good ventilation and favoring the thorough and uniform pene-
tration of the rootlets of plants.

Overlevel areas the loess soil is durable and very productive.
Where the surface is broken the constant rain-wash prevents
the development of organic matter in the soil, and rapidly
leaches away necessary constituents of plant food. Where
such areas are cultivated the disastrous washing of stream
erosion, in addition to the strong leaching, speedily wastes
what fertility the soil once possessed. See figure 14. Such

*Hilgard: Bulletin!No, 3, U. 8. Weather Bureau. 1892,
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devastated fields yield scant returns for the labor expended in
the effort to produce a crop. When the original soil mantle
has never been disturbed the slopes support an excellent growth
of native blue grass which, when pastured, improves with the
passing years.

2. Drift soil.—The typical lowan drift soils are found over
the most of the prairie portions of the lowan plain. They are
a deep, rich loam, containing grains of rock-meal sufficiently
large to make the soil light and warm, and to prevent puddling
during seasons of excessive rainfall. The color is almost black
on account of the wealth of carbonaceous matter that it con-

Fre. 14, Bome results of disa3strous rain-wash of the land. View looking down the Cedar
river in section 10 of Benton township; showing the sand bars and willow-grown mud-
flats in, and bordering, the channel of the river.

tains. lowan drift is typically yellow in color. It is possible
that the abundance of vegetable matter in process of slow
decay in these black soils has resulted in changing the form of
a part of their iron content from the original condition of
hydrous ferric oxide to the form of ferrous carbonate. When
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in the form of carbonate the wealth of organic matter in the
soil would prevent the oxidation of its iron constituent. All
of the desirable qualities that are imparted to soils by the pres-
ence of lime are possessed by those of the Towan drift. The
surface of these favored areas is level. or gently undulating, so
that the slopes are not rapidly leached, nor are they impover-
ished by the washing effects of rain storms.

The finer material of the drift soils consist of “rock-flour”
and “rock-meal,” which have been derived from the grinding
up of the rocks carried in the ground moraine, and of those at
the surface of the ledges over which the glacier moved. By
this mode of origin even the finest of the mineral constituents
have not suffered complete oxidation and decay, as have those
of sedentary soils which have resulted from the degeneration
of rocks in situ. Chemical changes are at present taking place
in the particles of this recent soil through the agency of air
and water and organic matter. In this process soluble com-
pounds suitable for plant food are constantly being liberated.
This constant increase in the mineral elements available for
plant food, the wealth of organic matter which they possess, and
their texture which favors the conservation of moisture, all
contribute to render the soils of thke lowan drift exceedingly
fertile, and almost inexhaustible.

3. Swamp soil.—Isolated areas of swamp soil are quite fre-
(uent over the Towan plain. They represent the partially filled
basins of glacial lakes. Many of these marshes are still so
poorly drained that water stands over them during long con-
tinued rains. The characteristic component of these soils is the
black, mucky material with which is mixed a small pereentage of
mineral matter. These soils are sour and cold. When culti-
vated the application of lime* would be beneficial in overcom-
ing the acidity and making the soil more porous. Such soils
are wanting in ventilation. Almost their only means of aera-
tion is where crayfish have excavated their wells and under-
ground channels. It 1s estimated + that 40 to 50 per cent of
the full water capacity of soils must be drained away before
good yields of cultivated plants can be secured. When these

* Roberts: "The Fertility of vthe Land, pp. 807-314.
+ King: The 3)il, p. 161.
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areas have been thoroughly underdrained, and the soil has
been stirred deeply for a sufficient length of time for the air to
accomplish the more perfect decay of their organic matter,
these soils become loose and light, and rank second to none in
productiveness.

4. Sandy soil.—A small amount of sand mingled with a large
nercentage of materials of finer texture forms light, loamy
soils of the highest quality. Where the percentage of the in-
gredients is reversed there results a sandy soil which, unless
supplied with an abundance of water, is comparatively unfruit-
ful. Areas of sandy soil are common in the western portion of
Harrison township, the southern part of Polk, and over portions
of Benton and Taylor. Such soilsare light and open. They permit
rapid leaching. Even over the more level areas they contain
little humus. They are usually poor in organic matter and
deficient in soluble mineral compounds essential for the food
of plants. They are so porous that their power to retain mois-
ture is small. Their interstitial spaces are so large that water
is not readily brought upward by capillary action when evapo-
ration from the surface is rapid. These sandy soils are, when
cultivated, the most barren and infertile of any of the soils of
the county. It is fortunate that their aggregate area is small.

5. Alluvial soil.—The alluvial soils of Benton county are
usually a rich loam whose mineral constituents have been
derived from the uplands and spread out over the level areas of
flood plain. Such soils usually contain a wealth of organic -
matter which imparts to them a dark, almost black color.
They are warm and mellow, never becoming baked or water-
clogged after excessive rains. They are usually underdrained
by porous beds of water-laid sand. There is generally present
a sufficient amount of fine-grained clay to impart to these soils
a good capacity to retain water and to furnish efficient capillary
action during periods of drought. The successive deposits of
the streams have supplied these alluvial soils with all of the
fresh mineral compounds with which the drift of the uplands is
so richly endowed. All of the necessary elements of plant food
are abundant and in such soluble form as can be readily utilized
by the growing crops. Where these areas are not subject to
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overflow the alluvial soils respond most generously to tillage;
they are the most uniformly warm and mellow. the most fertile
and highly productive of any of the soils in the connty.

Unconformities.

The contact between the Coggan beds and the Fayette brec-
cia 1s exposed for only a short distance in the county, but
where it can be seen the transition is abrupt. From what is
known of the relation between the rocks of these two hori-
zons further east, there seems to be no doubt that the deposits
of the Fayette snb-stage rest unconformably upon those of the
Coggan. DBetween the rocks of the Wapsipinicon and the
Cedar Valley stages theve is no distinet line of separation, and
no indication of unconformity.

The earliest sheet of drift was spread over the preglacial
surface of indurated rocks after an enormous interval of ero-
sion. In no case 1s there conformity between the deposits of
the successive ice invasions, and in every instance there is con-
spicuous unconformity between the loess and the drift over
which it les,

Deformations.

In the strata of Benton county there are encountered a few
slight flexures but no very conspicuous deformations. The
most marked example occurs where the Coggan beds are ex-
posed along the banlk of the Cedar river with a depth of fifty-
five feet of the FKFayette breccia overlying them. About two
miles south of this place the rocks of the Spirifer pennatus beds
outcrop on the opposite side of the valley only a few feet above
the flood plain of the river. Between these two points there
isindicated for the beds of Spirifer pennatusadifference in alti-
tude of more than fifty feet. Near the Benton-Linn county
line a narrow lobe of limestone, embracing the Spirifer pen-
natus beds, extends into the flood plain of the Cedar river, the
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strata here form an arch on either side of which the layers
slope downwards at an angle of about 45 degrees. See figure 15.

At the Cedar River exposure the layers of Cedar Valley lime-
stone have a conspicuous dip towards the sonth. A few rods
north of this bluff, just across a ravine, is Long’s quarry where
the dip is in the opposite direction. The interveniug stream
occupies the axis of a gentle anticline, on either side of which
the strata slope away at the rate of about twelve inches in a
distanece of forty feet.

Pra. 15 Hog-back jutting into the valley of the Cedar river near the Benton-Linn
county border. The strata belong to the Spirifer pennalus horizon, and the incli-
nation of the layers is about 45 degrees.

At John Tripp’s quarry the layers are inclined towards the
south even more strongly thaun at either of the above mentioned
exposures. At MeKinley’s quarry also the rocks do not lie in
a perfectly horizontal position. The slight inclination of the
layers at some of the above points may be due to inequalities
of deposition, owing to the unevenness of the sea floor upon
which the sediments were spread.
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ECONOMIC PRODUCTS.
Building Stones.

Coggan beds—The exposures of Coggan limestone, in section
36 of Cedar township and section 6 of Taylor, furnish the best
quality of building stone found in the county. The rock is
yellow, very hard, fine-grained and strongly magnesian. The
ledge outcrops almost continuously at the base of a bluff for a
distance of nearly one mile. At the west end of this exposure
Mr. Wallace operates a quarry in the Coggan layers. One-half
nmile further east Mr. Kearns has worked in the same ledge, and
still further eastward, along the Cedar river, Aungst Brothers
have taken out a large quantity of stone. The one serious dis-
advantage that attends the getting out of this stone is the fact
that it is overlain by several feet of thoroughly brecciated
deposits of the Fayette sub-stage. The great expense of strip-
ping, and the lack of shipping facilities Jimit the output of these
guarries to the local demand.

Fayette breccia.—At several points near Vinton quarries have
been operated in the layers near the upper part of the Fayette
sub-stage. The old Bliss quarry, which formerly furnished the
mineral used by the lowa Paint Company in the manufacture
of paint, was worked in the horizon of the Spirifer pennatus
beds. The lower layers worked at the Quinn quarry lie in the
same zone. The Rosenberger quarry stone is also furnished by
these fractured beds At the Pettit quarry, stone is taken from
both the Gyroceras horizon and that of Spirifer pennatus. As
a general thing the rocks in the above zones are badly shat-
tered. The stone that they furnish is in rough, irregular
blocks, suitable only for rubble and for rough masonry. The
deposits of the Fayette breccia furnish a suitable grade of
material for making concrete and macadam, and for general
road building.

Cedar Valley limestones—A large percentage of the stone
quarried in the county comes from the layers of the Cedar
Valley stage. In the vicinity of Shellsburg there are worked
beds which lie between the Acervularia davidson: and the Acer-
vularia profunda horizons. These layers furnish a grade of
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stone that can be used in cellar walls and foundations for com-
mon buildings. The local demand of the region, in and
adjacent to the town, is supplied from these beds.

In the northern portion of the county the best quarries are
operated in the magnesian layers which overlie the zone of the
very large, coarsely-striated type of Atrypa reticularis. Long’s
quarry and Keiser’'s quarry, on the Cedar river, furnish the
most of the stone from this horizon. The quality of the output
at these quarries is excellent. Blocks with parallel faces are
taken outin almost any dimensions desired. The stone is easily
shaped and is very serviceable for all kinds of common range
work. Where the undisturbed ledges have been exposed to the
air for a long period they show a good degree of resistance to
weathering. This fact would furnish the very best evidence of
the powers of endurance of the stone when laid in a wall. The
most of the stone used in the piers of the Mount Auburn-
Brandon bridge across the Cedar river came from these layers.

Near the town of Garrison the rocks that have been worked
embrace the Stromatopora horizon and about twenty feet of
the layers which normally underlie those beds. The hard,
fine-grained layers of white limestone vary from one to three
feet in thickness. They are not so easily worked as are the
magnesian layers lower down, but for a nearly pure limerock,
they furnish material of a durable quality.

Rock exposures are so widely distributed over the north half
of the county that stone for general purposes is readily acces-
sible from every point. At none of the quarries is the equip-
ment expensive. None of them supplies a demand larger than
that of the local territory. At no single place is there a very
large quantity of stone produced, but the total output from all
of the quarries wounld aggregate an important sum.

Lime.

Lime is at present manufactured at but one point in the
county. The stone used for this purpose comes from the Coggan
beds in Taylor township. This material is sufficiently dolo-
mitic to make a very excellent quality of lime. For several
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years Aungst Brothers have annually burned a kiln, with a
capacity of seven or eight thousand bushels, to supply the local
market. The more strongly magnesian layers at Long's or
Keiser's quarry would furnish suitable stone for lime burning.
Some years ago Mr. Long was accustomed to burn an occa-
sional kiln, but of late he has abandoned lime production.

At various places in the state, stone which corresponds with
the white limestone layers of the quarry near (arrison has
been used in the manufacture of lime. The superior quality of
the product made from dolomite has caused the burning of the
more pure calecium carbonate to be discontinued. Lime is at
present manufactured on a large scale at exceptionally favora-
ble points in eastern lowa. The excellent transportation
facilities, together with the good keepiug qualities of dolomite
lime, make it possible for the large concerns to supply the
markets of the state more cheaply than lime can be burned
locally 1n small kilns.

Road Materials.

Materials suitable for permanent road building are abundant,
and fortunately located, over the coanty. 'T'he numerous rock
exposures in the townships of Cedar, Harrison, Polk, Benton,
Taylor, Jackson and Canton would furnish an unlimited supply
of stone which, when crushed, would make an excellent mac-
adam. These outcrops ave so readily accessible from all portions
of the area that no long hauls would be required to cover all
of the main lines of travel with this material. Along the north
bank of Pratt creek, in Cedar township, the thoroughly bree-
clated phase of the Fayette deposits appears at the surface for
a distance of half a mile. The fragments here are incoherent,
and are so small that, without crushing, they are ready to be
taken out and applied to the roads. While no exposures of
indurated rocks occur in the townships of Bruce, Monroe,
Homer, Big Grove and Eden, yet such deposits are encountered
but a short distance beyond their borders.

In the southern portion of the county, where the rocks are
buried deeply with the drift, there are occasional beds of gravel
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which furnish a cheap and very satisfactory material for road
making purposes. Gravel trains outcrop in Saint Clair, Flor-
ence, Kldorado, Canton, Taylor and lowa townships. These
deposits lie near the surface and are easily worked. They
have been used with excellent results on the wagon road
between sections 25 and 36, in Florence township, and alsgo on
the road crossing the middle of section 24 of the towuship of
lowa.

Sand.

Abundance of sand well adapted for use in mortar, cement or
plaster oceurs at a nnmber of places in the connty. Large quan-
tities are annually taken from the flood plain of the Cedar river,
and the larger of its tributary streams. At Vinton the supply for
building purposes is drawn almost exclusively from the river's
bed within its limits. Hills of sand of requisite purity aund
quality for general purposes occur 1n Polk, Taylor, Harrison,
[owa and Leroy townships. The sand used at Shellsburg is
taken from the chaunel of DBear creek close at hand. The bed
of the [owa river and of Prairie creek contain a large amount of
common, clean sand which supplies the demand of a large area
in the southern portion of the county.

Clays.

Clays suitable for the manufactnre of conumon brick and
drain tile are widely distribnted over the area nnder discussion.
The only deposits utilized ave the loess and alluvionm. For the
production of the cheaper grades of common elay goods these
beds furnish a supply of raw material that is excellent in
quality, inexhaustible in quantity, and inexpensively worked.
Clay goods have been manufactured at the following points:

Vinton.—VFor some years Mr. V. W. Aikley has produced
brick and tile on a small scale at Vinton. The equipment at
this place is not expensive. Only a single temporary kiln is
burned at one time. The value of the annual output does not
exceed $2,000. Mr. Aikley has given more attention to the
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‘making of brick than of tile. He finds a ready market for his
products in his home town. The clay used is a mixture of
loess and alluviaom which is taken from the valley of Mud
creek.

Shellsburg—A large brick and tile manufacturing plant is
operated at Shellsburg by Mr. Samuel Shannon. The cheaper
grades of construction brick and all of the common sizes of
farm drain tile are produced at this place. Thisis one of the
largest plants in the county. The machinery is of the most
approved type, and the wares produced are of superior quality.
The clay pitis worked in the bed of Bear creek and the mater-
ial is a modified drift and loess-alluvium.

(arrison.—Brick and tile are produced on quite a large scale
at the town of Garrison, by Messrs. Deutremont and Gross. A
cgood market is furnished for drain tile by farmers over the sur-
rounding, level areas of the fertile JTowan plain. The demand
for the clay goods produced at this place is local, but all of the
needs of the area in this line are supplied by the home factory.
The clay is taken from the flood plain of Hinkle creek. The
plant is equipped with up-to-date machinery and the products
are of excellent grade.

Norway.—At the town of Norway a brick and tile factory is
owned and operated by Charles Trajorsky. The clay pit is
located in the loess at the east end of the Norway paha ridge.
The equipment includes an Anderson soft mud, and a Nolan
and Meaden stiff mud brick machine. The tile machine is of
the same make as the stiff mud brick. There are two round,
down draft kilns, with brick capacities of 40,000 and 50,000
respectively. All of the wares are air dried. Tile of the usual
sizes, from three to eight inches in diameter, are made. The
chief market is in the town and the splendid farming district
adjacent, within a radius of ten or a dozen miles. Wood is the
fuel used. The plantis arranged more especially for the manu-
facture of tile than of brick. The total value of the combined
annual output of brick and tile is between three and four thou-
sand dollars.

Belle Plaine—DBrick is made to supply a portion of the local
demand at Belle Plaine, by Mr. Frank Smith. Only the cheaper
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grades of construction brick are manufactured. The kilns are
temporary and the machinery inexpensive. The clay used
is taken from a bank of loess.

Newhall—Mr. E. H. Morrow, at Newhall, manufactures both
brick and tile. The demand is largely for tile and comes from
the farmers over the level lowan drift area whose farms are
improved by the underdrainage.

The value of the total output of brick and tile in Benton
county would aggregate more than $24,400. No single plant
manufactures a mnch larger quantity than the demands of the
immediate locality warrant. Freight rates are so high that
little of the clay products are shipped to other points by rail,
and, likewise, but a small amount of the common clay goods
used in the county are imported. The several plants are so
distributed as to place such wares within easy reach of every
point in the county. Since the advance in the price of land
of recent years, there has been a large demand for drain tile
on the part of farmers over the lowan area. With proper under-
drainage the most level fields are productive, even in seasons of
excessive rainfall. "

Copper.

Some years ago a nugget of native copper was found by Mr.
Conrad Burkhart near the river, in the southern part of Polk
township. This fragment was encountered in the drift about
six feet below the surface, as parties were digging a well. The
mass welghed six pounds and nine ounces, and 1is almost pure
copper. About one year ago a similar mass, weighing twenty-
seven pounds, was found near Toledo, in Tama county. The
surface of these fragments is covered in places with a thin film
of green malachite, or copper carbonate, which has been formed
by alteration of the native copper since it left the parent ledge. |
Such nuggets have been found at several pointsin lowa. They
always occur in the bowlder clay, never in the native rocks of
the state. The original home of these fragments was probably
the copper bearing rocks of the Lake Superior region. The masses
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were doubtless distributed over the surface of lowa by the
glaciers in the same manner, and at the same time, as the
foreign bowlders of granite and crystalline rocks which form
such conspicuous features of the drift material. The presence of
occasional pieces of copper in the drift offer absolutely no in-
dication of deposits of copper ore in the native rocks of our
state.

Water Supplies.

Almost everywhere in the county shallow wells ftind in the
drift a bountiful supply of pure water at a depth ranging from
twenty-five to seventy-five feet. The Cedar river and the Towa
turnish an abundant and permanent water supply to the regions
throngh which they flow. The larger tributaries of the major
streams have their sources in the boggy springs over the lowan
plain, and their perennial flow supplies stoek water of the finest
kind to the farms over large areas, The town of Vinton
obtains its water from two deep twells which penetrate the Saint
Peter and the underlying sandstones. One of these wells has a
depth of 1,172 féet, and the other 1,287 feet below the surface.

The southwestern portion of the connty is embraced in the
Jelle Plaine artesian basin. These flowing wells derive their
water from the porous gravels that here underlie the Kansan
drift, at a varying depth of from ninety to three hundred fect.
A number of such wells occur in lowa township, and a few are
found in IKane and Leroy. These artesian wells furnish an
ideal supply of water for farm purposes. The water carries
such a high percentage of minerals, notably calecium and mag-
nesitm sulphate, that it is not suitable for drinking or culinary
purposes. It possesses no valuable medicinal properties. It
contains such quantities of incrusting and corroding salts thatit
is nnsuitable for use in steam pipes and boilers. Some years
ago the Chicago, Milwaukee and Saint Paul railway company
put up a round house and other large buildings at the town of
Van Horn. On account of the pipe consuming and incrusting
minerals in the water at this place the works have been aband-
oned, and the buildings are now unused.
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INTRODUCTION.

LOCATION AND AREA.

(Gteology is withal a most comprehensive, all embracing
science. Its problems are wide as the world, far-reaching as
time, coextensive with the universe entire. The geology of a
locality, a single county, or even of two or three counties,
might seem, therefore, at first glance impossible. Here is room
for suggestion only; no adequate field for the display of any
such wide-extended problem; noscope for adequate study much
less for the solution of any of the vast and intricate questions
which our most superficial inspection is sure to raise, and
which, in fact, immediately confront the student on every side.
Especially do such limitations appear when one attempts the
study of one or more of the counties of northwestern lowa.
Here the usual factors of geologic study are almost entirely
removed from human ken, all alike buried, often hundreds of
feet deep, by confused and mingled drift; the very drift itself
less accessible owing to the minimum effects of ordinary
erosion. Only surface indications and features are at the
disposal of the man of science, and these, many times, precisely
of the sort requiring wide comparison for full or even helpful
explanation. Surely the problem of the geology of a north-
western Iowa county promises but small returns even for the
most enthusiastic industry. Nevertheless, such is the wide extent
of present investigation about the world, that where the
experience of the individual student fails him in his narrow
field, the labors of others come to his relief, and thus even the
problems of a single county, a single township, may, and do
become 1ntelligible as forming at least a part of some wider,
vaster whole.

Thus we approach our present study. The three counties
named in the title form part and parcel of our great north-
western prairie; apparently all alike, to the extent even of
wearisome sameness or monotony, and suggesting very little at
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first sight of what might go to elucidate the history of the
world; and yet, after all, in itself a part of the outcome of all
that history, and in itself, therefore, a fact, whose explanation,
bere as elsewhere, lies largely in the fact concealed, or even re-
vealed; much as the peculiar names of the counties carry with
them, for him who can understand, a curious revelation of the
history of our composite people.

Emmet.Palo Alto, Pocahontas, these three counties constitute
a strip of prairie, in width exactly twenty-four miles; in length,
some sixty-six; since from Emmet the northern tier of townships
is missing, along the Minnesota line. On the east lie Kossuth,
Humboldt,and a part of Webster county; on thesouth is Calhoun
county; while to the west are Dickinson, Clay and Buena Vista.
Nearly all of these surrounding counties have been described in
these reports; as to the three immediately in hand, their place
in the history of civilization dates back only a few decades,
forty or fifty years, at most, and in the books of science they
have hitherto had scarcely mention.

PREVIOUS GEOLOGICAL WORK.

Dr. White, in his sketch of northwestern Iowa, includes these
counties with a brief description.* He was apparently
especially impressed by their altitude, their relationship to the
general watershed of the state, and to the drainage system of
the Des Moines valley. He admired the abundant lakes and
pools that gave a certain variety to the otherwise monotonous
prairie landscape, and referred these correctly for their origin
to the deposition of the all-embracing drift. The same distin-
guished author realized to some extent, at least, the depth of
this same drift, and, knowing the geologic structure of the
eastern half of the state, he announced the imiprobability of
mineral wealth beneath these wide deposits, warning the people
of the state that shafts sunk in search of coal were almost sure
to result in disappointment. He saw, however, the native
species of forest trees, here and there wide-scattered, strug-
gling, and even flourishing, wherever they had covert from the

* Rep. of the Geol. Survey of the State of Iowa, by Charles A. White, M, D., Vol. II, pp.
215-219, 1870.
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annual fires, and predicted that a few years would suffice *‘to
convert the whole of this treeless space into a well cultivated
region with a sufficient amount of artificially planted woodland
from which to supply the wants of the inhabitants.”* [t would
be a satisfaction to this pioneer student, geologist and long
honored author, could he today personally realize how com-
pletely his predictions in this regard have come to their fulfill-
ment.

Aside from the work of Dr. White the counties we now con-
sider have had no attention from studeunt, geologist or
geographer. Of no remotest interest to the miner, theirfertile,
peaceful acres have fallen under the plough and have been for-
gotten or remembered only as political bits of Iowa’s vast farm.

Nevertheless these counties are not without their own scien-
tific interest, and afford within narrow limits much to occupy
the intelligent farmer or student, much to tax the ingenuity of
the wisest who seek to offer satisfactory explanation of the
diverse local phenomena everywhere displayed. Topographic
problems are offered by every township, almost by every square
niile, and, as for structure, our limited knowledge finds oppor-
tunity for enlargement after each erosive freshet, might gain
new pages at the sinking of each new country well or the dig-
ging of each county-ditch, almost each cave or cellar. There
are hills and plains and valleys, mostly hindrances rather than
aids to the farmer’s plans and industry, there are rivers and
creeks and lakes, but often owing to each other only remotest,
most indetinite allegiance; there lie beneath our feet, rocks and
gravels, sands and clays, but all in confusion mingled. We
have but begun to classify these strata as they lie, to interpret
their far-reaching history. Even the boundaries of the more
general divisions into which the soil elements of northwestern
Towa naturally fall are often difficult of discovery, and an accu-
rate mapping will require months and years of patient research
in the field.

The present account is, therefore, but a sketch, a preliminary
study, as bave been its predecessors dealing with the neighbor-
ing counties. To assemble all these partial pictures, correct

* Rep. Geol. Sury. of lowa, by Chas, A. White, M. D., Vol. II, p. 215.
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them, and at length unite them in some more perfect and
general composite view or portrait of this unique and wonderful
section of our prairie state remains the much-needed labor of
some future day.

PHYSIOGRAPHY.

TOPOGRAPHY.

The topography of the counties before us, at closer view, is
sufficiently varied. Although to the eye of the passing trav-
eler often apparently perfectly level, yet the entire country
slopes gently to the south and is likewise higher at the western
side, for reasons presently to appear. The variation in level is,
however, often surprisingly small. On a later page appear
the altitudes of several towns as given by the respective
railways in each case. These railway levels may with
interest and profit be compared. Ruthven, on the western
edge of Palo Alto county,is the highest town in the terri-
tory mapped, and Rolfe is the lowest; the difference between
them 1s two hundred and seventy-five feet. This, however,
gives an exaggerated view of the matter on account of the
unusual altitude of Ruthven, perched high on the morainic
hills. Lf we compare Estherville in the north with Fonda of
the extreme south, we have a difference of only fifty-two feet.
These points are almost exactly on the same meridian. [,
however, we draw a line from northeast to southwest, as from
Armstrong to Fonda, the variation falls within five feet; Cyl-
inder, Rodman and West Bend are within two feet of the same
level; and so, many such comparisons may be made.

Nevertheless, with all this apparently common altitude, the
variation in topography in the three counties is by no means
inconsiderable. There are hills and valleys and plains here as
“elsewhere, but their succession is different; they stand in
peculiar relation to each other. The hills are some of them
high and precipitous, as in Walnut township of Palo Alto
county, or Emmet township of Emmet county; sometimes they
are simply low swells or mounds, as about Maple Hill or Em-
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metsburg. All these are altogether independent of erosion.
No streams run among the high hills about Ruthven or Graet-
tinger; nor more among the mounds,of Armstrong or Curlew.
These are hills of construction, i.e. they were piled up and
abandoned here by an agency of which they are at once result
and evidence, an agency in the ages past efficient over wide
areas, determining the shape and features of the land surface
of a considerable portiontof the northern world —the agency of
glacial ice. Erosion affects these hills, no doubt, today, as it
has for centuries, but it did not make them. This is evident to
anyone who will give the subject the slightest study or exam-
ination. There are hills of erosion also here although often,
generally, insignificant. These may be noted along all
streams; along the Des Moines, although here rarely in this
region. The Lizard in its winding branches shows now and
then an eroded slope; even the upper channels of Cylinder
creek show gently sloping, eroded fields. Beaver creek, near
Rolfe, shows perhaps more of erosion topography than appears
elsewhere in the three counties. This stream seems to have
cut down pretty rapidly to the level of the Des Moines flood
plain and so shows steep inclines, not a few in the neighborhood
of Rolfe and northward. Beaver View farm is a fine illustra-
tion. You may find erosional hills in this, our present terri-
tory,but by search. The hills we easily study are morainic hills,
constructional, as said, owing their existence to forces acting
long ago. Consequent here may be mnoticed the peculiar
distribution of these hills. They occur chiefly on the west side
of the Des Moines river. Beginning at Estherville and thence
south, the hill-country is nearly all on the right bank of the
river. There are swells and mounds here and there, every-
where, but for hills, everybody sends the traveller west. And
there he finds them sufficient in numbers to raise the general
average level, as we have seen, of all the west side of our ter-
ritory; sometimes grouped together, like miniature mountain
chains, a hundred feet high, as about Ruthven and west of
Graettinger. [In fact this country is so rough and uninviting as
to have been only recently occupied. A big church crowning
the hilltop here and there tells of some Swedish or Norwegian
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colony, newcomers with old time Norseman courage, daring
what others have neglected. Between the hills watercourses
are most imperfect, but aided now by ditches give to the agri-
culturist some advantageous variety, lowland meadow and
upland slope.

While, as stated, these peculiar hills are characteristic and
best displayed west of the Des Moines, yet they are by no
means lacking in other places. They are prominent north of
Estherville, about Dolliver, and extending in broken series in
a southeasterly direction past Armstrong. There are low
ranges of them in the vicinity of Emmetsburg, especially about
two or three miles east of the city; they occur northeast of
Rodman and about West Bend. A very interesting specimen,
because of location, is found directly athwart the highway east
of the town of Rolfe, precipitous all around and forty or fifty
feet above the surrounding level.

Associated with morainic hills are always lakes of greater or
less dimensions, these in the present instance are neither few
nor insignificant. There are lakes in each of the three coun-
ties; in Emmet county they are especially numerous. Some of
these may claim special description.

Towa lake, which names for us the northeastern township of
Emmet county, lies mostly in Minnesota. In Iowa it covers
not more than one square mile, but is withal an attractive and
permanent body of water, bordered, especially to the north, by
native groves of all the commoner species of our native trees.
The lake has no Iowa affiluents, but in this year (1908) the out-
let, tributary to the Des Moines (?), is a rushing torrent.

Turtle lake, or as the people of the county now prefer lake
Okamanpadu, is very much larger than Towa lake but similar
to this lies much of it north of the state boundary. Altogether
1t covers some four square miles. This lake too 1s bordered by
native woods, once much more extensive than now. The
Iowa shores are today nearly destitute. Still the lake is
picturesque and beautiful, apparently one of the abiding attrac-
tions of a beautiful rural landscape. This lake is also one of
the sources of the Des Moines river. It seems to have two out-
lets one to the east, the larger, to the East Des Moines: the
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other flows west to Soldier creek which is itself, however,
farther on a tributary of the same stream. Immediately south
of Okamanpadu is Swan lake, by far the finest body of water in
Emmet county. Lake and swamps together, Swan lake affects
half a dozen sections and extends more than six miles from east
to west. However, the east end is but a wide marsh full of
rushes and all aquatic vegetation. Swan lake proper is at all
seasons a fine sheet of water surrounded by good banks, some
of them high and generally covered with native woods; trees
of the finest varieties; beautiful primeval walnuts still stand-
ing. The depth this year is reported fifteen to twenty feet.
Singularly enough, the locality is comparatively high. From
the west end of the lake the view extends for miles in every
" direction; the wooded, high, western banks of the West Des
Moines river stand like a wall of green; the village
of Raleigh appears beyond, while on this side Graettinger,
Wallingford, Gruver, Dolliver, and even the groves of Esther-
ville are plainly visible. Yet here is no highland, as such,
visible to the eye; this is a lake-shore and the flatness of the
far-reaching plain alone surprises the beholder. On the west
side of Emmet county are several small lakes, as Four-mile
lake, Chester lake and Twelve-mile lake. The last named is
possibly the largest and most permanent of these, but all are
shallow and likely to be drained and made over into cornfields
once the county surveyor with his ditch arrives.

Palo Alto county likewise boasts of several lakes. Lost
[sland lake, lying partly in Clay county, is a beautiful and per-
manent body of water, to be classed with Spirit lake and
Okoboji. While not quite so large as the former, nor so deep
as the latter, it is none the less attractive and has about it the
same picturesque hills and winding beaches. Lost I[sland lake
has an expanse of some three or four square miles and is said
to be twenty feet in depth. The southern shore has been laid
out as a park and affords place for summer cottages. North of
Lost Island lake, in Palo Alto county, is a wide marsh as large
almost as the lake itself, but distinet, once known as Pelican
lake. These lakes are both situated in the very margin of the
Altamont moraine and are drained to the west into the Little
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Sioux river. - There are to the west of them no high protecting
mounds, but, on the other hand, their marginal position sub-
jected them to what is called overwash, deposits of sand and
gravel from the edge of the retreating ice. This will account
for the shallowness of Pelican lake and for the series of swamps
and marshes by which in Clay county these lakes find outlet
through Outlet creek to the Little Sioux river.

There are in Palo Alto county several other lakes of more or
less interest.  Elbow lake south of Ruthven is a little better
than a marsh; Medium lakeat limmetsburg is permanent, and
affords opportunity for boating and pleasure-seeking. Virgin
lake and Silver lake, both on the west side of the county, are
deeper, though not large, and are beauatiful permanent features
of the landscape. Rush lake, farther south, is of interest as
the source of Lizard creek, to be presently described.

In Pocahontas county are no lakes of interest. Swan lake
near Laurens, with native woods about its shores, once adorned
with launches, a steamboat and all other minor craft, is water-
less now even in this year of floods. Clear lake and Lizard lake
also exist but in name.

Having thus disposed of the hill country and the lakes of our
present territory we may now consider the simpler topography
of the plains and meadows. These are conspicuously two-fold
in their origin and position. We have, in the first place, the
level of the general prairie. Of this nearly all Pocahontas
county affords an illustration, nor less, large areas in Emmet
and Palo Alto. About the town of Pocahontas, for instance, is
a grass-grown level, unbroken for miles, and almost without
drainage or slope in any direction. Where the lands are better
drained the fields are yet flat, the streams long, crooked and
shallow, sluggish and easily overflowed. In a general way the
whole valley of the Des Moines river from Emmetsburg south
is of this character. Compare again the table of levels,
Emmetsbarg 1234, Curlew 1222, Cylinder 1195, Rodman 1193,
Whittemore 1207, West Bend 1197, Mallard 1198, Plover 1190,
Rubens 1193, Gilniore 1207, etc. [Here we have the indices
of an almost absolute plain some fifteen or twenty miles
wide and more than thirty long. Of course this plain is
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not absolutely even; it is interrupted, in Palo Alto county
especially, by scattered low knobs or ridges; in Pocahontas,
less by such features and more by broader inequalities
determining the far-reaching though all-imperfect drainage
system. Such a level as this is known everywhere in these
reports as a Wisconsin drift plain. In fact, our whole three
counties may be regarded simply as such a plain sloping a
little to the east, rather more to the south, cut diagonally into
two almost equal parts by the Des Moines river, and encumbered
to the west more or less extensively with irregular tumbled
piles of the same constructive material, the groups and series
of morainic hills. The lakes, for the most part, are simply
undrained depressions amongst these hills.

But theriver valley proper shows us a plain topography of
yet a different character. On either side of the river, now
chiefly on this side, now on that, is a peculiar gravel plain,
abutting plump against the hills where these approach; below
the level of the general plain and sharply divided even from
this, where they mutually approach; distinct at once in strue-
ture as in position. Thisis no alluvial plain in the ordinary
acceptance of the word, as might be at first surmised. Indeed,
here is no alluvium at all resultant from the action of the
present stream. Here is a plain, generally more than a mile
in width, sometimes two or three, composed entirely, except a
little organic matter at the top, of coarse water-laid sand,
bowlders and gravels fifteen or twenty feet in depth, resting
often on blue clay. If we study the course of the present
stream we shall discover that it has indeed its own alluvium,
its own alluvial plain, its flood-plain covered at high water,
enriched by gifts of falling silt, but this is entirely a different
matter. Over the gravel plain the river never, in its highest
waters, sweeps at all; it never reaches to that lofty level. Yet,
as just stated here are water-laid sands and gravels of wide
extent. These valley plains are not the alluvium of our present
stream; they are hardly to be reckoned the aliuvium of any
stream; they are rather the bottom of an ancient river that
came down the valley occupying its total width in its sweep-
ing tlood, when the whole country, new-born, was taking shape
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as we see it now. On this old river bottom, this gravel plain,
stand Estherville, Graettinger, Wallingford, Osgood, part of
Emmetsburg, Cylinder; the latter on an identical plain, though
remote from the river. A fine view of this river-plain is
obtained from the car-windows by those passing up and down
the valley on the Rock [sland railway. It is well seen from
the morainic heights west of Estherville; it lies fair before the
observer seen from the brow of the hill west of Osgood bridge;
and, strangely enongh, we traverse the same sort of a gravel,
sandy plain, extending forsome four miles north of the town
of Cylinder, two or three miles in width. This plain has also
the same origin as those by the Des Moines and represents an
out-wash from the plateau of Fairfield and Independence town-
ships. This plateau is a continuation of that seen in Kossuth
county, its abrupt margin extending from the Crystal lake
moraine in Hancock county around by Saint Benedict,Irvington,
north of Whittemore and so into Palo Alto. This plateau lies
thus between the Des Moines and Iowa rivers near their origins,
and rises to a height of something like one hundred feet above
the general level, the highest point between Algona and
Whittemore.

Following is given the elevation of several towns in the area
under discussion. The data were obtained from Gannett’s dic-
tionary of altitudes in the United States:

TABLE OF ALTITUDES.

Estherville ............ ... ... 1,298 Rodman.... ....cviviiiiinn. .. 1,193
ATMSIIONg cvvviiivnvnnnvnanevns 1,237 West Bend...................... 1,197
Emmetsburg........... ...... . 1,234 Plover.....iii i 1,190
Crippen . ...oi i 1,166 Rolfe....... oot 1,160
Ruthven .......... ...t 1,435 Gilmore City...... e e 1,207
Cylinder. ...t 1,195 Rnbens...........iiiiiiiiannnn. 1,193
Ayrshire..............ooo ol 1,293 Havelock........ e rese e 1,227
Curlew. ..ovvr i 1,222 Laurens...........c.cueveenninnn.n 1,307
Mallard. ... oo o il 1,198 Fonda..........ooviiiiiiiiia.. 1,232

The margin of the above mentioned plateau in Palo Alto as
in Kossuth has been generally well drained so that the topog-
raphy is unusually broken as the platean breaks off to the plain.
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Thus the north part of Fairfield township is well drained,
although representing the Wisconsin plain. Considerations
such as these lead us easily and naturally to our next topic.

DRAINAGE.

Des Moines river—The valley of the Des Moines river in two
branches constitutes the principal drainage channel of the ter-
ritory we study. That drainage is determined by topography
is proverbial in northwest Iowa. And so the Des Moines,
especially 1ts western branch, occupies, in large measure, a
rather wide,constructional depression,first formed and excavated
by glacial drainage, then partially filled again, as we have seen.
This West Des Moines is, at the ordinary stage, a fine clear
stream, of great service, both as a drain and for water supply,
and its course southward is very interesting to one who will
study determining causes. Taking rise in Minnesota it enters
Iowa almost exactly at the northwest coraner of Emmet county,
making its way amid morainic hills, cutting through their
opposing ridges it reaches the Wisconsin plain in the neighbor-
hood of Hstherville. Here, however, its course is still con-
trolled by the moraine; the high, abundant, hills of western
Emmet county guide the river to the east, nor less those of
western Palo Alto, until immediately south of Emmetsburg
morainic ridges of rather low degree divert its course and send
the stream eastward, finally in Nevada township directly east,
only to encounter south of Rodman the West Bend series of
hills throngh which the stream makes its tortuous way to
enter Hurmaboldt and Pocahontas counties almost simultane-
ously, following in zigzag fashion the line between the two;
joins Beaver creek, which may represent an old-time channel,
and finally enters at Bradgate, about one mile east of Pocahon-
tas county line, the rock-walled conduit of some preglacial
water. It is even possible that Beaver creek may represent
part of the same preglacial, i. e., pre-Wisconsin, stream, and
this may be a remnant of what is now the Little Sioux, whose
course has been so strangely shunted by the Altamont in Clay
and Buena Vista counties. Atany rate,we are beginning to see

*Hee of_ﬂll-is s;eries Vol. XII, p. 834, et seq.
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that the pre-Wisconsin drainage of all this part of Iowa was not
very differentin direction, at least, from that which obtains today.
(+reat ridges of older drift are still in evidence, which have for
ages been watersheds; the Wisconsin simply threw these less
forceful streamsinto confusion. The uncertain course of the Des
Moines across these prairies is apparent when one notes the
often slight character of the obstacle by which the stream has
been deflected; some low swell of drift, of sand and gravel, as
in section 83 of Nevada township, Palo Alto county, or in sec-
tion 32 of Fern Valley township in the same county. Indeed,
the course of the river is scarcely yet determined. In time of
flood the river, south of Emmetshurg, leaves in partits channel
in section 2 of Great Oak township, passes directly south
around an island of morainic knobs in sections 12 and 13, and
finally joins the main current again in section 20 of Nevada
township. In fact, the whole of Ellington township and part
of West Bend is simply a confused field of low, irregular hills
and swamps where it would seem that ariver might cut through
at any time in one place as well as another. West Bend, so
named because the valley of the river was settled by immigra-
tion from the south, and for men coming from the south the
river here turned west, West Bend is, after all, truly historic in
its naming. We must remember that our assumed ice sheet
retreated northward; the excavation of all stream-channels
now in service proceeded pari-passu, with equal pace. Beginning,
for instance, with the stony channel 1n Humboldt county, the
conduit of the Des Moines was determined northward a little
at a time; and any shight obstacle, no doubt, was at first
sufficient to determine the direction of the current. This will
explain the peculiar winding of the river in these townships
named. The current returns again and again upon itself;
surely no such crooked channel is elsewhere represerted onthe
maps of Towa. Ior this reason, although a drainage channel
of prime importance, the river is here singularly inefficient,
and the problem of those who would cultivate these naturally
undrained meadows 1s difficult indeed.

The tributaries of the Des Moines in this part of Iowa are
School-section creek, draining the western part of Emmet

16
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county, cutting down to the level of the river through a chasm
of remarkable depth, of wild abrupt, picturesque beauty, but
not yet efticient for the remoter sections of the basin in which
it rises; Jack creek, the outlet of Swan lake and ordinarily
simply a creeping, crooked prairie stream, draining 1mperfectly
a township of the same name; Cylinder creek, a stream of the
same sort, draining pretty well the two northeastern townships
of Palo Alto county and receiving as a contribution from the
west the waters of the unwilling outlet of Medium lake, a body
which seems formerly to have sent its surplus waters sonthward
directly to the Des Moines, across the plat of the present city
of Emmetsburg: the outlet of Silver lake, Willow creek,
which has eftected considerable erosion and affords in ordinary
seasons good drainage for the farms of Great Oak township;
Beaver creek and Pilot creek, which, rising in Palo Alto county
drain some of the finest of farms in the vicinity of Curlew and
Mallard and become efficient streams in the northeast township
of Pocahontas county. The Lizards which in manifold branches
spread over nearly the whole of the county last named, deserve
a special sentence. Lizard creek, as a stream of some dignity
and recognized importance, enters the Des Moines in Webster
county, but in Pocahontas county it consists of three principal
branches with many secondary, sometimes inter-communicat-
ing marshes and sloughs. These branches in many places lie
upon the prairie rather than drain it. HExcept in the case of
the North Lizard, and far down in its course, erosion is almost
none. Here and there the county supervisors have taken the
matter in hand and have cut a broad ditch for the impotent,
channel-less stream. As central Pocahontas county is a typical
Wisconsin plain, so the Lizard creeks are typical prairie streams.
Fortunately a deep channel of the Des Moines is not very far
away, with a fall to the north of the Lizard of something like
two hundred feet, so that the art of the engineer will no doubt
one day amply supplement nature’s unfinished work for
Pocahontas county.

Cedar creek with two principal branches is an important
stream in the western part of Pocahontas. It rises in the
marshy fields north of Laurens and affordsjto the townships it
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passes fair drainage. Cedar towunship, especially, is well
drained.

The East Des Moines, although a fine perennial stream, is of
importance in this discussion only as affecting the northeastern
townships of Emmet county. Kven here, such is the morainic
character of the country that artificial drainage is everywhere
resorted to.

In ordinary seasons the drainage of all this section of Iowa
would seem a matter of no especial difficulty. Within the last
ten years thousands of acres of lowland have been brought into
cultivation; but in seasons of unusunal rain the problem of
speedy removal of surplus storm-water becomes more serious.

STRATIGRAPHY.

From the preceding description of these counties it is easily
inferred that the stratigraphy, or geologic structure of this
part of Towa, so far as exposed to ordinary view, is extremely
simple. The drift is indeed susceptible of some classification,
but the student seldom finds it in sections undisturbed. Erosion
valleys, by the very nature of the case, are less satisfactory.
These looser deposits become mingled; they are always “in
place;” i.e., while a transported indurated rock is identifiable as
such, the materials of the drift lose their identity no sooner
they leave their proper horizon. In other words, while the
stratification of the drift when undisturbed is evident enough,
yet to identify the elements of the several strata once weath-
‘ered or eroded requires discrimination of the most discerning
_sort. The materials from which the successive drift sheets
have been built up are much the same; yet there are differ-
ences, more striking and more numerous doubtless by far than
our science i1s now prepared to realize. However, even erosion
valleys often serve, when the shifting carrent uncovers a fresh
surface or undermines a slipping hillside. Other than this the
student of stratigraphy relies upon the glimpses offered by
artificial excavations of various sorts, the grading of the high-
way, the cutting of the railway through a mound or hill, the
sinking of farmers’ wells.
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One outerop of the older rock also strangely enough comes
to light within our present limit so that our synoptical table is
more extended than was to be expected:

SYNOPTICAL TABLE.

GROUP. SYSTEM . SERIES. STAGE.

Recent. Alluvium.

Wisconsin Gravels,

Cenozoic. Pleistocene. Glacial. Wisconsin Clay.

‘ Kansan,

’ Pre-Kansan sands and gravels.

Lower St. Louis.
Carboniferous.

Paleozoic. Carboniferous.

GEOLOGICAL FORMATIONS.
Pleistocene System.

The Pleistocene deposits,here as elsewhere in northern Towa,
consist entirely of sheets of clay, gravel, sand, or of these in-
extricably mingled together. In fact a pure clay is probably
nowhere to be found within our present limits; so that we may
say that our Quaternary or Pleistocene deposits here are wholly
drift, mingled clay and pebbles or bowlders, or beds of gravelly
sand.

ALLUVIUM.

By this term is indicated the fine, usually black, soil ordina-
rily present along the banks of rivers and streams in prairie
regions, which evidently owes its position as well as character
to the sorting agencies of water. Ordinarily it is a fine, black
silt, sometimes heavy with fine sand; and represents the latest
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or farthest deposition from waters laden with the products of
erosion. In our newer valleys the amount of such material is
inconsiderable; nevertheless there is some of it discernible by
all the principal streams, as the branches of the Des Moines,
where occasionally a wide, flat meadow is made up of alluvial
soils that rest thinly upon beds of river sands and gravel. Some-
times it has accumulated to the depth of several feet and shows
black banks in presence of most recent erosion. The amount
of this material is, however, in the present case too small to
admit of representation on the map.

WISCONSIN STAGE.

Wisconsin gravels—The deposits so named are the immediate
effect of the outpouring of the waters accompanying the melt-
ing and retreat of the Wisconsin ice. As the face of the ice
cliff moved northward the floods of water seem to have covered
the country and the gravel and sand with which the streams
were charged were deposited everywhere; especially, of course,
in the forming valleys and channels of drainage. Sometimes
these channels were no doubt on or in the ice itself so that
gravel deposits may, and often do, now appear far out of the
way of any present drainage system of any sort whatever; in
1solated mounds, on the flanks of hills, in low ridges athwart
what were otherwise a level plain. As already indicated in the
ciscussion of topography, the valley-plain of the West Des
Moines river is a gravel plain, all gravel of varying depth and
width, from the Minnesota line or near it south to Humboldt
county. At Estherville and at other points this gravel is worked
by the railways for ballast-construction, and from the city
named thousands of car-loads have been transported in this way
to various parts of the state. The beautiful situation of the
town (see plate ['V) is due wholly to this unique deposit. The
city 1s built on the gravel plain. One ascends to the typical drift
as he passes east out along any of the principal streets. In many
places one may see the distinction by merely standing in the
street and looking east.



Plate IV, View of the town of Estherville, and the prevailing topography of the Wisconsin drift.
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At the bridge across the Des Moines in section 28, township
100 north, range 34 west, the gravel ispiled in such a way as
to give the observer a fair idea of the immense erosion
changes that once went on in what we now term the valley
of the river. Here the gravel on either side of the river is
discoverable high up above the ordinary plain, fifty or sixty
feet; lodged against the banks of drift. Between lies a
half mile or more of gravel plain perfectly solid and flat, the
bottom of the ancient glacial river that swept this way and
eroded the valley as we see it, beginning away up on the level

where now occur the highest deposits of these singular
water-marks. The present stream 1s as nothing when com-

pared to that earlier river. The Des Moines river in this year
of 1903 is described as high beyoud the previous experience of
observers, and yet the Des Moines river by 1o means covers
this gravel plain. The present stream has its own flood plain
which in times of freshet it may cover or erode, but this old
time valley ownsno relationship to the present river. One might
suppose that the action of the earlier, larger, current continued
not very long; but we must reflect that the erosion force in this
its upper channel was limited by the work that must be done
arther south and east, where the indurated Paleozoic formations
were encountered and set bars to the agents of erosion as at
this day. The result is that the gravels of that older river lie
in these upper stretches largely undisturbed, slow-mouldering
with the lapse of centuries.

When we come to investigate the composition of the gravel
trains we discover, first of all, the evidence of the mode of their
deposition. No better sections need be wished of the entire
deposit than those encountered at Estherville. Here one may
easily see the sorting cross-bedding resultant from the water
currents that once swept the stony debris on and down. But the
materials themselves are of every imaginable source; 1. e., one
may find samples of rock of almost every description of all
sizes, from merest pebbles tostones weighing hundreds of pounds.
Some of these pebbles are of great age as such; have long been
buried, subject to the slow action of waters, filtering, bearing
all sorts of solvents in solution. Such pebbles no longer hold
together as rock at all, but crumble no sooner exposed to light
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and dryness, may be picked from the bank and crushed in the
fingers. Through large gray bowlders the steam shovel passes
as through sand, and such sections may be commonly observed.
These were doubtless, some of them already long constituent
parts of the older Buchanan gravels which the Wisconsin ice
in these latitudes so generally swept away. Possibly the larger
part of these vast recent deposits consist of but a resorting of
those older piles and trains laid down by the waters of the Kan-
san so long ago. Nay; perhaps some of the earlier gravel, even
in these river valleys still lies in place here on the blue clay
that stretches everywhere beneath all surface deposits in these

Fi1g. 186, The gravel pit of the Minpeapolis & St. Louis railway, Estherville, Iowa, This
illustration shows in a marked degree the characteristic cross-bedding of glacial gravels.

regions. ‘I'hus if anyone will closely scan the exposed wall of
gravel in the excavations south of Estherville he will easily dis-
cover that the lower portions of the exposure are different,
strikingly different, from the upper, overlying part. The wall
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stands up largely because of these differences. Above, the
gravel is more loose, fresher and evidently more recent, judg-
ing from appearance; below, the material is imperfectly
stratified, often stained with iron, deep brown sometimes, the
pebbles and bowlders more or less cemented together and
associated with concretionary nodules of impure hematite.
The line of demarcation is not well defined, but is sometimes
quite evident. One is inevitably led to conclude that the lower
gravels are here older than the upper.

" B 11 s TN AL

F1G. 17. The blue clay—eroded by the drainage stream issuing from the gravel pit of the
Minneapolis & St. Louis railway, near Estherville, Iowa.

But this is not all. In the gravel pits operated by the Min-
neapolis and St. Louis railway near the same city of Esther-
ville, especially at the extreme south of this artificial exposure,
storm-water erosion has supplemented the artificial excavation
to the complete uncovering of the old blue clay. A finer dis-
play of this was never seen. Resting directly upon this bed of
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blue clay is the same more or less indurated, brownish gravel
seen 1n the other excavations, while further north appears the
typical sands and gravels of the Wisconsin age.

However we mav name these lower gravelstrata, the wide
distribution of the Wisconsin subwash and overwash is indis-
putable. Not only by the river, as heve, but, as noted, far away
from streams now flowing or even the possibility of streams, piles
of water-laid sand and gravel surprise the traveler. At Ruth-
ven there is abundance of this material in the lowland west of
the city, nor less on the top of the hill in the city itself near
the Rock Tsland station. In many cases these gravel deposits
rest unmistakably on the country drift, so that there can he no
question as to their relative age.

Fle Wisconsin drift.—This is the comnion surface drift or
pebble clay of all this northwestern country. It has been often
described in these reports and is generally easy of recognition;
strongly calecareous, it is usually white or whitish when dry,
though sometimes yellowish or buff colored. Ordinarily it
1s covered deep by rich, black surface soil and visible only
where uncovered by erosion or some sort of artificial excava-
tion. However, exposures are sufficiently abundant. Through-
out the entire intra-morainic territory as sketched in these
reports, the characteristic color, the flat, limestone pebbles and
swall, angular bowlders, often of the same material, newly
planed, mark every hillside road orrailway cat. Theabundant
hme, whether in form of finest dust or as pebbles and bits of
limestone rock, forms the most patent characteristic of the
deposit. To the west this drift passes over into something
older, but in color and appearance often but slightly difterent.
The reader may compare earlier volumes of this series of
reports; this may be subject of future discourse. But in our
present territory the Wisconsin drift is well defined, remarka-
ble, chiefly, for its thinness as a deposit. In fact, the relation
of this deposit to underlying strata in these marginal counties
merits closest scrutiny. Over the larger part of our area,
over all, if well diggers, almost our only source of information,
are to be believed, true Wisconsin drift does not average more
than fifteen feet in thickness. Doubtless 1n western Palo Alto
and Emmet counties, on the morainic hills, the depth is often
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great; but on the ordinary Wisconsin plain the depth is quoted
never to exceed twenty-five feet, and often no more than five or
six. In the moraines are great piles of it, as one may often
see in sections where, in our rectangular road-making, we must
need cut through a hill of greater or lessextent, but every-
where else the depth is comparatively small. Such exposuares
as were noticed showing Wisconsin -drift above blue clay were
not inconsistent with well-reports. An outcrop of the older
formation occurs immediately west of the Osgood bridge over
the Des Moines. Here the thickness of the later drift does not
exceed twenty-five feet. The question of an earlier and a later
Wisconsin for this part of Towa remains for future decision.

KANSAN STAGE.

Buchanan gravels—01d gravels of Kansanage, called in Iowa
Buchanan gravels, were reported in an earlier sketch by the
present author.* The outcrop appears overlying theSaint Louis
limestone in the Gilmore quarry. In addition to this, the older
gravels already described in the pits south of Estherville may
with more or less confidence be here referred. There are other
exposures of old material. Indeed, it seems as if it may be
looked for almost anywhere as a bottom deposit of what has
been here denominated the gravel plain. Something of the
older gravel, for instance, appears along Cylinder creek as it
emerges from the plateau in Fairfield township of Palo Alto
county. It must be admitted that in exposures so far seen the
gravels here in question are not well delimited above, but their
uniform occurrence in direct contact with the blue clay would
seem to justify the present provisional reference.

The Kansan drift.—-This widespread formation is in evidence
in every part of the territory we now describe. Not a deep
well has been successfully opened but “goes through the blue
clay.” Everywhere the gravel of the valley is reported resting
on the blue clay, and, as above noted, the report'may be easily
confirmed by present exposures. This blue clay is decidedly
marked both in constitution, color and general appearance as
to be unmistakable, so that we may assume as correct its gen-

*See Vol. XI, p. 188 of the present series,
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eral identification. Itisexceedingly tough andendures erosion,
almost as so much rock. The eroded surface looks like eroded
rock. The matrix is a fine-grained, compact clay, but in this is
commingled sand, pebbles, bowlders of various sizes and shapes,
in the strangest confusion. It is difficult to imagine how such
a mass has ever come into place. It has the appearance of a
more than half-dried paste, stiffened and conipressed during
the long centuries by vast superincumbent weight. No other
formation on the face of the earth compares with it. There
are in the older strata slates and shales and clays, soft masses
that have endured enormous pressure and so been modified and
changed, but they are not like this; this is a glacial clay,
unjointed, unfissured, unwedgable, unblastable, the unyielding
foundation of all our surface soils, the unperforate, impervious
cap of all our subterranean waters.

The thickness of this deposit is very far from uniform. Re-
ports of well diggers go as low as ten feet; but more frequently
from one to three hundred feetis the range of experience. In
Emmet county, in Estherville township, the well of Mr. Me-
Kay went three hundred feet in blue clay; but this is on a high
ridge where some of the pre-Wisconsin topograpliy probably
still persists. The older blue clay was no doubt subject to
erosion for centuries before the later glaciers came upon it to
still further shave away its upper surface. The inequality in
thickness is probably thus to be explained. Underneath the
blue clay is a widespread couche or bed of gravel and sand, and
often more clay below that, so that there i1s evidently another
drift sheet below the famous clay. On the farm of Mr. Lardell
of Emmet county isa well two hundred and seventy-five feet
deep. The record given by the well-digger is:

Totheblueclay........ ..o il 20 feet
Blue clay...... ... o i 130 feet
Gravel, with water...... ... ... ... . o . 3-4 feet
Blue clay. ... oot . 40 feet
Black muck.. ..o 2-3 feet
Yellow sand . ..o i i i ii i et 80 feet

This *“ yellow sand ” is evidently below a former vegetation-
bearing surface. The muck represents organic stuff, plant and
animal remains in a state of partial oxidation or decomposi-
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tion. This decomposing matter sometimes sets free inflammable
gases in counsiderable quantity, and such gases caught under
the clay find vent only as the covering is pierced. The Burnett
well, near Swan lake, emitted an inflammable gas, and when
this was ignited “it burned for three months.” More com-
monly the gases thus set free are not inflammable; they are
either ordinary air that has been caught and so imprisoned, or

Fig. 18. View of the Wier well showiny the escaping gas when a pocket
of gas-bearing sand in the drift was penetrated. Emmet township, in
Emmet county.

they consist largely of choke damp, carbonic acid gas, another
result of the decomposition of organic stuff in places destitute
of available oxygen. Thus, Mr. Grems, a well-digger at Swan
lake, asserts that all the wells in Center township, from Ryan
lake north, are blowing wells when first the blue! clay®is
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pierced. The well on the farm of Mr. George Weir, in Emmet
township, blew for days in such a fashion as to stop all proceed-
ings. Pebbles of considerable size, and pieces of wood, were
cast high into the air, “ more than one hundred feet.” By the
kindness of Mr. C. C. Stover, of Estherville, we areable to offer
here a cut showing the Weir well in action. Figure 18,

The blue clay, therefore, however discovered, is one of the
most interesting formations in Towa. It deservesthorough and
widely extended study, and stands closely related to the water
supply of the entire state.

PRE-KANSAN STAGE.

Pre-Kansan sands and gravels—These have been already
referred toin the preceding section. Ouronly knowledge of them
in this region comes as a result of well construction. We are
indebted to Mr. R. I. Cratty for the following log of a 500-foot
well recently drilled at Ringsted:

7. Surface drift ...... ..o i 12 feet
6. Blue clay. ... coovveniiiniien cunnn e 138 feet
5. Grayorbluishsand.......................... 10 feet
4, Yellowsand . ...oivuinr e riianiananna, 38 feet
3. Shale, blackand white....................... 164 feet
2. Blue shale........c.o i iiiiiiiiii .. 2 feet
1. Limestone .....coviiiiiinir i e 136 feet

The porous beds form the universal aquifer or water-couche
under the blue clay; sometimes directly, sometimes with the
intervention of an old time land-surface, with muck, etc., under
the blue clay;in case of the McKay well, already mentioned,
occurs sixty-five feet of clean white sand”! This is not only
of itself remarkable, but recalls an exposure of similar material
in the banks of the river a few miles northwest of Humboldt,
in Humboldt county. These sands may represent a pre-Pleis-
tocene formation, possibly Cretaceous, and further reports of
their distribution may be awaited with interest.

Since the boring of most wells stops no sooner than a water-
bearing gravel is reached, we have no means of determining the
the amount or depth of the pre-Kansan in our present territory,
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“Twenty feet in the gravel” is, however, a not infrequent
description. In Pocabontas county the drift layers of all ages
appear to be thinuer; the blue clay is quoted at thirty and
forty feet, and the subjacent gravels it would seem, sometimes
fail entirely. Wells are sunk in limestone rock.

Carboniferous System.
SAINT LOUIS LIMESTONE.

The only outcropping of indurated rock in the region we
study 1s found in Pocahontas county. Thisexposure has al-
ready been made the subject of comment in these reports and
the present review of the case can offer no new facts or detail . *
The exposure in question is limited to a very narrow area, one
hundred acres or less, and even then is not a natural exposure.
Where quarried the rock is covered by soil and drift to a depth
of several feet, although a few rods further south rock in place
1s struck by the passing plough. The guarry occupies the place

“of a former sink-hole as described in the report cited; the upper
strata of the rock are marked by fissures long subject to erosion
by descending floods of water, and the quarry shows natural
walls of cross-bedded limestone. In these wet seasons, work
in the quarry is much hindered by water, which fills the pit in
a night, but presently disappears again by subterranean
drainage.

Above the limestone, between the limestone and the drift,
occurs 1n limited measure, on the west side of the present open-
ing, a deposit of peculiar, fine-grained, non-calcareous, reddish
clay. The stratigraphical relationship of this substance is not
known. It is interesting in its position and 1f in quantity
would possess high economic value; 1t is so very pure and uni-
form. That such substance has been reached by those who in
Pocahontas county sink their wells to the limestone in various
places is nowhere reported. This clay may represent a mem-
ber of the Cretaceous system.

;See of thia series Vol. XI, pp. 131-133.
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ECONOMIC PRODUCTS.
Clay.

The economic celebrity of these counties will, in the future
as in the past, rest rather upon the extreme fertility of the
soil and its adaptation to varied agriculture, rather upon this
than upon resources of special type such as occur in the regions
affording ore and coal. Even the manufacture of tile and
brick is much handicapped by the occurrence of a large per-
centage of calcareous pebbles inextricably mingled with the
ordinarily accessible beds of clays. Many efforts are making
in various places, if possible to obviate this difficulty. At
Armstrong, Messrs. Robinson & Stewart, although their work is
yet somewhat in the experimental stage, will manufacture this
year some 300,000 brick and about the same number of tile.
The clay used is from a peaty slough a short distance north of
the works. It is reasonably free from the lime pebbles, but
still gives so much trouble as to suggest plans for their elimina-
tion. This is the only attempt at present in Emmet county
toward the prosecution of the clay industry. In Palo Alto
county there is at present, so far as could be learned, no brick
or tile kiln at all.

At Fonda in southwestern Pocahontas county the Straight
Brothers have been very successful in handling the same pebbly
Wisconsin clay. They use a rotating screen and so eliminate
from the dry material pebbles of all and every sort. The damp
behind the screen-house reveals in a surprising way the nature
of the difficulty everywhere encountered in the malking of brick
in northwestern Iowa.

By the means adopted, however, Straight Brothers are mak-
ing excellent tile at the rate of about one million per annum.
Some shale from Fort Dodge is imported and mixed with the
screened clay, and such brick is said to excel that made at Fort
Dodge, from shale or Carhoniferous clay alone.



ECONOMIC PRODUCTS. 257

At Rolfe, Messrs. Nelson and Dawson have recently under-
taken the manufacture of tile. The material used is the same
as that sought elsewhere, a Wisconsin clay which has been
somewhat sorted by the action of water, that is fine silt; here
partial alluvium. The pit shows rather uneven material, but
the product is quite good; some of it excellent. It is here pro-
posed to separate the pebbles by a process of washing, and
plans are maturing forsuch an experiment. The present capacity
1s 700,000 tile per year; no brick. In all these cases coal is the
fuel used, and this is brought from Des Moines. But with all
the disadvantages, it appears to be far cheaper to import fnel and
manufacture on the ground than to import the vast quantity
of tile which for this undrained territory is an absolute neces-
sity, and where for years to come the demand will outrun all
probable local supply. For farm drainage even large sizes of
tile are demanded and pipes fifteen and sixteen inches in
diameter are going into the marshes of these counties.

Since the report on Clay county was written a bed of almost
pebbleless clay has been discovered a mile or so northeast of
Spencer. From this, although its extent is at present unascer-
tained, great results are expected. So far as examined the tile
are excellent and the clay promises well. This clay lies in a flat,
undrained field, higher than the gravel plain and is no doubt a
deposit from water. It is not loess but represents the result of
the slow subsidence of fine silt during a long course of years.
Such deposits are to be expected everywhere where similar con-
ditions obtain. The gravel plain from Estherville south to
Emmetsburg was formed under conditions precisely similar to
those which gave rise to the gravel plain at Spencer; so that de-
posits of similar clay may be hopefully looked for pretty well
up toward the general country level, but in the vicinity of the
great drainage valleys. Such deposits are likely to be dis-
covered by the ditcher. As this is written there are rumors
that some such beds have been discovered not far from Esther-
ville. *

* Investigation shows the material in use at Estherville to be the common blue clay under.
lying the whole country,and effort is making to free the clay from pebbles and bowlders. June,
1065.

17
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Stone.

The one stone quarry of the three counties, that near Gilmore
in Pocahontas county, is in constant use, but the amount of "
rock taken out is nothing like so great as in former years. The
rock is well bedded, comes out in fine blocks for ali sorts of
range work, but has, atter all, only a local demand. The prod-
uct last year was eight hundred and seventy cords. Quarrying
for two years has been hindered much by surface water. The
location islow, a former marsh, in fact, and heavy vains fill all
the excavations with water. This, however, disappears pres-
ently by the marvelous subterranean drainage characteristic of
this part of Iowa. The Gilmore rock is very rich in lime.
According to reports some samples show 99.64 per cent lime. A
large set of lime kilns was once in operation here, but for some
reason the lime industry has been abandoned.

Gravels.

Among the several natural economic resources of this region
the vast supplies of gravel found, as stated, along all streams
and not infrequently remote even from the water-courses, seam
deserving of special mention. These gravels are today carried
by hundreds of car-loads to be used as ballast along the great
railway lines of the Northwest. Nor is such material less
serviceable in the localities where found. Gravel makes ex-
cellent streets; witness those of Estherville; excellent country
highways; excellent causeways across marsh and flat as every
traveler along the valley of the Des Moines will gratefully
testify. The old glacial gravels of northern lowa are the sure
promise of good public roads.

‘Water Supply.

Through two of the counties here studied, the West IFork of
the Des Moines river passing, affords a perennial water supply.
The general drainage system of the country whether natural or
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artificial is also in a measure serviceable. Beaver creek, Liz-
ard creek and Cedar creek in Pocahontas county are said to be
perennial streams. DBut water of excellent quality is every-
where so surely accessible in wells of moderate depth that, for
serving the purposes of the people,streams and lakes are hardly
regarded. In many places, as on the gravel river-plains, water
is obtained by the so-called “drive wells.” This is true also of
the vicinity of Cylinder and north. Wells of twenty to thirty
feet in depth and inexhaustible are reported from Ringsted,
Mallard, Carlew and other places. In most cases, however, the
wells are deeper, ranging from eighty to four hundred feet.
The city water supply at Kstherville is from springs coming
out on the blue clay near the Des Moines river. Similar water
doubtless fills the wells in the gravel at (iraettinger and at
Emmetsburg. Fonda has a deep well with water of excellent
quality.

Fuel Supply.

Residents of these counties rely chiefly for fuel upon out-
side sources of supply. There is some native wood; every far-
mer has now a grove; so that wood is comparatively cheap. ln
some places vast beds of peat occur, as at Ruthven in Palo Alto
county, but Towa peat has only in rarest cases been put to
practical use.
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esies and for the accompanying Forestry notes which are the
result of his long study of the flora of the upper Des Moines
valley. To Professor Calvin, the Director of the Survey, the
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FORESTRY NOTES FOR EMMET COUNTY.

BY R. I. CRATTY.

General Discussion.

To one who has spent much of his life in a forest region, our
treeless western prairies present a picture which, though inter-
esting at first, at length loses much of its attractiveness hecause
of the monotonous landscape. When this portion of Towa was
plowed and furrowed by the ice fields which covered the region
during the Glacial epoch, the retreating ice left its load of clay
and sand and gravel in low ranges of hills which in our day
help somewhat to relieve this monotony, but excepting these
moralnic hills and the lake beds, the ever varying topography
is usually the result of erosion. Though the face of a coun-
try vary ever so much in the character of its surface, and in its
carpet of green grass, adorned with beautiful flowers, still there
1s something lacking if the trees, those noblest examples of
Nature’s handiwork in the vegetable world, are wanting.

However well this region may have been covered by an
arboreal vegetation previous to the period of the Wiscousin
drift, its reforestation after the ice disappeared has been very
slow. Among the many causes which have united to produce
the result may be enumerated the hot, drying southwest winds
of autumn, quite common in western lowa some years ago; and
since man’s advent upon the scene, the prairie fires. In this
portion of the state land sloping to the southwest is usually
devoid of native timber unless protected in that direction by
high bluffs, or some considerable body of water, which would
modify the effect of the hot,dry winds. A northeast slope,other
conditions not being wanting, is an ideal one with us for native
timber, as well as for orchardsand artificial groves. Untilrecently
the prairies were covered every season with a luxuriant growth of
native grasses, and were very often burned over by the Indians,
and in later years by the white hunters and settlers. These
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fires usually occurred in late antumn or early winter when the
prevailing strong winds were from the west or northwest, and
this is at least one reason why our native timber is mostly
found on the south or east side of lakes and streams. When it
does occur on the west or north it is usually a fact that the
forest line is protected in that direction by bluffs with a scanty
covering of grass, or by deep marshes. It may be observed also
that no timber except a few small willows, is found along the
smaller streams flowing through our more level regions, whieh,
though capable of furnishing the necessary conditions of soil
and moisture, nevertheless could not furnish protection from
the prairie fires. -

The area of native tiniber in this county is quite small, much
the larger body being found along the West Kork of the Des
Moines river, west and north of HEstherville. There are also
several smaller bodies, the larger of which are along the East
Fork of the Des Moines in Armstrong Grove township,and along
the shore of Towa lake. Now that the days of the prairie fires
are ended, a young growth of timber, mostly ash, box-elder and
willow, 1s gradually fringing both banks of our rivers,and if man
does not interfere, our forest area will surely increase.

A great amount of the best timber in this region was cut
down by the early settlers for fuel or for building purposes,
some of it being sawed into lumber by sawmills which have
long since disappeared.

Since the advent of the railroad, bringing fuel and lumber,
this wholesale destruction of our best timber has almost
ceased, and a fine young growth, if given sufficient protection,
will in time do much to restore the former conditions. The
habit of too closely pasturing our native woods can not be too
severely condemned,as, where the humus and undergrowth are
destroyed by the tramping of cattle, the hot,drying weather of
autumn frequently causes the death of many of ournative
trees. By retaining this leaf mould and undergrowth, thus
preventing too rapid evaporation, and a judicious cutting of
the older timber for use, there is no reason why our woods
should not gradually improve. IFortunately, our best timber
is situated on land unsuitable for cultivation, and thus at least
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one temptation is lacking toremove it, and it issincerely hoped
that the owners of these tracts will use all reasonable efforts to
preserve and improve the present condition of what is left.
The most valuable of our trees are the two species of oak,
the bur oak and red oak, the white and the slippery elm,
the hard and soft maple, one ash, one hickory, the basswood,
the hackberry, the black walnut and the cottonwood. Besides
these there are numerous smaller trees and shrubs. There are
also several species of trees common in cultivation such as
the cottonwood, lombardy poplar, white willow and several

kinds of evergreen.

Throughout this prairic region there are numerous artificial
groves which add much to the beauty of the landscape, and
there is no reason why every country home should not be sur-
rounded with a beautiful grove of trees to furnish a shelter
from the severe winds and the snows of winter, and in summer
to delight us with cooling shade, and furnish a safe home for
our feathered friends, that they may come and dwell among us
and sing to us their songs of joy and gladness as they build
their nests and rear their young.

List of Trees.

The following list of the trees and shrubby plants of Emmet
county, systematically arranged, is also believed to be nearly
complete for the bordering counties as well. The number of
species is comparatively small, but this may be partially ac-
counted for by the fact that this region was entirely covered by
the Wisconsin drift, a much later geological formation than is
found in the southern and eastern portions of the state, and
one which gives us little variation in the character of scrface
and soil.

PINACE&.

1. Juniperus virginiana L. Red Cedar. This is the only ever-
green native to this portion of Iowa, and is found sparingly
on the bluffs around the lakes. Most of the trees have been
cut for fence posts for which purpose they furnish our most
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durable timber. This tree flourishes well in our prairie soil
and makes a rapid growth. It may be used to advantage as a
windbreak as well as for ornamental purposes. The dark green
of its foliage contrasts very pleasingly with that of the surround
ing deciduous trees. Besides it has economic value for the
purpose mentioned and there is no reason why farmers should
not raise their own fence posts.

JUGLANDACEZ:.

2. Juglans nigra L. Black Walnut. This very valuable tree
was once (uite common in low woods. It is at present quite
scarce 1n a wild state, having been made into rails and used for
fuel by the early settlers; and later the trees of sufficient size
have been cut down and sold to be sawed into cabinet lumber.
The tree is becoming quite common, however, in cultivation,
for which purpose it is very valuable, not only for its timber
and shade, but for its fine shape which makes it well adapted
for planting along roads and driveways. The delicious nuts
which it yields abundantly are great favorites with the young
people. It is most successfully raised from the seed planted
where the trees are to remain, as its deep taproot makes its
transplanting difficult. :

3. MHicoria miniina (Marsh), Britton. (Carya amara Nutt). Bit-
ternut. Our only hickory; a small tree with very hard, close-
grained wood, useful for many purposes, such as handles for
tools. The thick-shelled nuts are of little value. The tree has
a wide distribution 1in this region, but is nowhere very
plentifal.

SALICACEZA,

4. Populus alba L. White or Maple-leaved Poplar. This
European tree is very frequently planted for shade, but is not
to be recommended, as it spreads very badly by its roots. It
has escaped from cultivation in many places.

5. Populus tremuloides Michx. Poplar. Trembling Aspen.
A graceful little tree, quite frequent in woods, and one which
formerly was occasionally found in clumps on the prairie. As
it spreads by its roots, like its KEuropean cousin, and will grow -
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up again if burned over, it was better fitted than most of our
native trees to survive the prairie fires; a great enemy of our
native forest development. Its beautifully shaped leaves are
so hung on the slender, flattened petioles, so as to rustle in the
slichtest breeze. With us the tree does not reach a size to
make its soft wood of much value except for fuel.

6. Populus deltoides Marsh. (Populus monilifera Ait.). Cot-
tonwood. This large tree, everywhere common in cultivation,
was very rare in this county in early days. Mr. M. Richmond,
who settled in Armstrong Grove township in 1868, reports one
large tree, then a feot in diameter, south of the Kast Fork of
the Des Moines river, not far from his home, and also a few
smaller ones elsewhere along the river. The larger one must
have been a native before the coming of the white settlers, as
its size would indicate, the first settlement having been made
in that section about 1865.

Regarding this species the Hon. Howard Graves, of Esther-
ville, who came to the county only four years after the first
settler, writes the author as follows: “When I came teo this
county, A. D. 1860, there was one large cottonwood tree’
(evidently native) growing on the west banlk of Ryan lake. 1In
this tree eagles nested for many years. The water finally
washed around the roots of the old cottonwood, and it toppled
over into the lake where 1t now lies in a state of decay. There
were at the time mentioned a few othernative trees of the cot-
tonwood species on the south bank of Turtle lake; none on the
West Fork of the Des Moinesriver or in the immediate vicinity
of Estherville.”

The early settlers planted this species extensively as a shade
tree around their dwellings and along roadsides, its very rapid
growth making a quick return for the labor used in planting
and cultivating. Trees thirty-five years old frequently
measure two feet in diameter and seventy feet in height. The
wood is soft and perishable, but when seasoned is quite valua-
ble for fuel. The tree does not thrive on the prairie when
planted in a grove, only the outside row or two doing fairly
well; but when given plenty of room, the rapidity of its growth
is all that could be desired. Though once so rare, it is escaping
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from cultivation in many places. This tree, like all the willows
and poplars, is dicecious, the stamens and pistils being borne
on separate trees, and its small seeds, each with its tuft of cot-
ton, is a source of great annoyance to tidy housewives. If
cuttings for planting were taken only from the staminate
or sterile trees this objectionable feature would be removed.

7. Salix mgra Marsh.  Black Willow. Frequent along
streams and lake-shores. It sometimes attains a very large
size, forty to fifty feet in height, with a trunk a foot in diameter.
This and the following species usually bend gracefully over the
water, their leaves and slender branches reaching down as if to
kiss the face of the stream that smiles in the sunshine below.
The wood though soft is quite durable and is valuable for fuel
and fence posts, for which purposes it was much used by the
early settlers.

8. Salix amygdaboides Anders. This large tree is similar to
the preceding, and grows with it. It may be recognized by its
broader leaves, about one inch broad and three to five inches
long. Tt seems to be widely distributed throughout this region.

9. Salix alba vitelltwa (L.) Koch. White Willow. This is the
form in universal cultivation throughout this part of the west,
and 1s very valuable for forming a hedge or windbreak wherea
quick retarn is especially desirable. When planted in single
rows the growth is used for summer wood and for fence posts.
For this latter purpose the posts should be four to six inches
1n diameter, and if well seasoned will last from three to ten
years.

A large clump planted on some low corner in the permanent
pasture will afford a fine shade, and will be greatly appreciated
by our dumb friends on hot summer days. While not a native
of this country, this willow has escaped from cultivation and is
frequently found aleng highways and streams.

10.  Saliz fluviatilis Nutt. (S. longifolia Muhl)) Sand-bar
Willow. This is a much branched shrub, seldom attaining the
size of a small tree, which grows in clumps along streams and
ir marshes. It is of little value, though sometimes used for
fuel when nothing better is at hand. This is our most common
species.



266 GroLOGY OF EMMET, PALO ALTO AND POCAHONTAS COUNTIES.

11, Saliz bebbiana Sargent. (S. rostrata Richards.) Bebb’s
Willow. Occurring as a sorub in a large marsh, two miles
north of Armstrong.

12, Salix humilis Marsh. Prairie Willow. This little shrub
1s very rare in this region. It is seldom more than two or
three feet high, and occurs on prairies or borders of woods.

18. Saliz discolor Muhl. Glaucous Willow. A shrub orsmall
tree which attains a height of ten to twenty feet in this local-
ity. It occurs along streams, but more frequently in marshes
or on low prairies. Its leaves when mature, are a bright glossy
green above and whitish underneath, hung gracefully on the
slender branches, make this a beautiful species.

14. Saliz sericea Marsh. Silky Willow. A most beautiful
shrub. The young leaves are silky-pubescent, but later in the
season are a dark, glossy green. Rare in marshes near Arm-
strong.

15. Salix cordata Muhl. Heart-leaved or Pussy Willow. A
straggling shrub five to twelve feet high, very common in
clumps along streams and on low prairies. Of no economic
value. The closely allied S. missouriensis Bebb, occurs at Oko-
boji, Dickinson county.

16. Saliz myrtilloides L. Bog Willow. This is a beautiful
little shrub about two feet high. A large patch of it occurs in a
marsh three miles north of Armstrong,the only locality known
in the state. It ranges from New Jersey to lowa and north-
ward Into British America, and 1s also common in northern
Europe, being the only Iowa willow native to both the Old and
the New World.

BETULACE &3

17. Ostrya wvirginiana  Walt. Hop Hornbeam. Ironwood.
This small tree is easily recognized by its hop-like fruit. Its
very hard wood is useful for various purposes, like the hickory.
Though very common in woods with us, it never attains much
size.

18. Corylus americana Walt. Hazelnut. This low shrub is
much less common in this region than in the eastern and south-
ern parts of the state. It is found rather sparingly on the
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borders of woods or along river bluffs. Its fruit, ripe in August
or September, is eagerly sought by the children, as well as by
their friends, the squirrels and chipmunks.

FAGACE/T.

19. Quercus rubra L. Red Oak. This oak, which becomes a
large forest tree in more favored localities, seldom attains any
considerable size in this region. [t is frequent in the woods
near Estherville. Though a very pretty tree, it does not pos-
sess much value except as fuel.

20. Quercus  macrocarpa  Michx. DBur Oak. This is our
hardiest tree as well as our commonest hard-wood species. [t
varies from a large tree in favored localities, t¢ 2 gnarled and
straggling shrub on the river bluffs and the outskirts of
the woods. Single trees are occasionally found at long dis-
tances from any other timber where they have, sentinal-like,
withstood the buffetting storms for centuries.

Like all the oaksit cannot be transplanted successfully, unless
at great expense, and for this reason, as well as because of its
slow growth, it is not used in cultivation. The wood is hard,
strong and close-grained and is very valnable for fence posts
and fuel. The white oak does not occur in this county, its
nearest station being at Algona twenty miles southeast of our
limits.

ULMACEZAZ

21. Ulmus americana L. White or Water Elm. This large
tree is very common along large streams, and is our most val-
uable native species for a shade tree along streets and around
dwellings. It is perfectly hardy, and its tough, wiry branches
withstand the wind remarkably well. Its wood, quite valuable
for fuel, is difficult to split.

22. Ubnus fulva Michx. Slhippery Elm, Red Klm. A smaller
tree than the preceding, and comparatively rare in this region.
The wood is stronger and more durable than that of the white
elm. The mucilaginous inner bark is often chewed by
children, and is used to some extent in medicine.
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Ulmus alata Michx. The Winged Klm has been found in
Dickinson county by Prof. T. H. Machride.

23. Celtis vccidentalis L. Hackberry., This large tree attains
only a medium size with us. It occurs scattered through woods
and along river banks, and shores of lakes. The tree has the
aspect of the elm. Its small, berry-like fruit, ripe in August,
is said to be sweet and edible. The wood is weak and coarse
grained.

SAXIFRAGACEZE.

24. Ribes cynosbati L. Gooseberry. This species occurs in
the woods west of Kstherville, but is much less commor than
the next. Its fruit is quite large and covered with prickles.

25. Ribes gracilis Michx. (iooseberry. This smooth-fruited
shrub is very common and is sometimes transplanted to gar-
dens. The fruit, which when ripe is very pleasantly favored,
is vecasionally offered for sale in the market.

26. Ribes floridum 1’Her. Wild Black Currant. This is a
“very common shrub in low woods and along the banks of
streams. The fruit has a flavor similar to the black currant
of the gardens, and is liked by some persens. The bush is
handsome when in bloom, and should be used fer ornamental
purposes.

ROSACEZ.

27. Spiraca salicifolic L. Meadow-sweet. This beautiful
little shrub, two to four feet high, is very common on low
prairies and along streams. Its graceful panicle of white or
rose-tinted flowers makes a pretty sight. [t is scarcely inferior
to some of the cultivated species.

28. Rubus strigosus Michx. Wild Red Raspberry. Irequent
in woods. The light red fruit is very pleasant to the taste.
This species is the original of the Cuthbert raspberry of culti-
vation,

2Y9. Rubus occidentalis L. Wild Black Raspberry. A com-
mon species in woods, the original of the “black cap.” The arti-
ficial groves contain many of these black raspberries which



FORESTRY NOTES. 269

have grown from seeds dropped by the birds, and it is impos-
sible to distinguish between those derived from the wild and
the cultivated stock. _

30. Rubus villosus Ait. DBlackberry. A few plants of this
species were found twenty-two years ago in the woods west of
[istherville, but they have probably disappeared before this.
These three species of bramble are not true shrubs, the stems
being biennial.

31. Rosa blanda Ait. Wild Rose. This pretty shrub, two to

four feet high, is restricted to the woods and river banks. [ts
stems are only sparingly armed with prickles, the leaflets are
usually three to five in number. Those who love our wild
flowers as nature left them, will find this a desirable shrub for
cultivation.
- 32. Rosa arkansana Porter. Prairie Rose. The small wild
rose, S0 common everywhere on our prairies, is this species.
The stems densely covered with prickles are far from pleasant
to handle when bound in a bundle of grain. The roots are so
deep seated that only verydeep plowing and the most thorough
cultivation will destroy them. It, however, does little harm
in our fields, and one can readily forgive a few scratches for
the pleasure of seeing its beautiful flowers at his feet as he
labors, showing every shade of color from pure white to the
deepest red and crimson.

POMACEZE.

33. Malus ioensis (Wood) Britton. (Pyrus ioensis Bailey). Wild
Crab Apple. This small tree, now considered distinet from the
form occurring in the eastern states, is found but rarely in this
region. When in full bloom one could scarcely wish a prettier
sight, and for this reason, as well as for it bright foliage, it is
a desirable ornamental tree, although it is somewhat difficult
to transplant from the woods. The fruit is pleasantly scented,
and very acid.

4. Amelanchier alnifolia Nutt. Serviceberry. This pretty
shrub, four to eight feet tall, is found on bluiis along lakes, and
in high woods. The fruit, ripe in June, is very pleasantly
flavored, and seems to be liked equally well by birds and people.
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35. Cratwqus punctate Jacq. Hawthorn. This small tree is
quite common in the woods around Towa lake. The large red
fruit ix not unpleasant to the taste.

36. Cratwgus coccinea L. Scarlet Thorn. This is our most
common hawthorn, or thorn apple. This beautiful small tree
or shrub is found in thickets, and occasionally in artificial
ogroves where it has evidently been introduced by birds. It is
also sometimes seen in cultivation for which purpose it is well
suited.

37. Cratwgus mollis (T. & &) Scheele (C. subvillose Schrad).
Hawthorn. Thorn Apple. Woods, rather rare. The broad
leaves are very soft. to the touch, especially when young. The
large red fruit is not unpleasant to the taste. This is also a
desirable tree in cultivation. In later years so many new species
have been segregated from the few formerly recognized that
the three given here may include several of the new species,
but in the present unsettled condition of the genus 1t seems
best to await further developments before attempting to pro-
long this list.

DRUPACEAZ.

88, Prunus americana Marsh. Wild Plum. This is a shrub
or small tree with a profusion of small thorns. Though often
cultivated, it does not hear much frait after a few years. The
large yellow or red fruit is very much desired for canning and
jelly, and formed an important addition to the few luxuries of
the early settlers before the introduction of other fruits. The
tree is very common throughout the state, preferring the mar-
oins ot the woods or the dry banks of lakes and streams.

39. Lrunus virgintana L. Choke Cherry. This 1s a shrub
six to eight feet high, growing in clumps in open woods, or on
bluffs along streams and lakes. It is troublesome in cultiva-
tion as it spreads very readily by the roots. The fruit is nearly
black and very astringent.

40. Prunus serotina Ehrh.  Wild Red Cherry. This tree
which attains a very large size in the eastern states, occurs
sparingly in the woods west of Estherville, where 1t 1s quite
small, attaining a beight of ten to twenty feet. The strong
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reddish-brown wood of this species is very valuable in cabinet
making. The fruit, which is a dark red, and only slightly
astringent, is occasionally used for food.

PAPILIONACEZ.

41. Awmorphe fruticose L. Ialse Indigo. A shrub six to
eight feet tall, common in open woods and along streams.

42, Amorpha nane Nutt. (A. microphylle Puarsh.) False
Indigo. A very beautiful little shrub growing in clumps and
common on the prairies of northwestern [owa. In its small
leaves, their color and surface, and the general appearance of
the shrab, it bears a close resemblance to the box. The numer-
ous spikes of flowers appear in May or June and are very
showy. The plant would seem to be worthy of cultivation.

43. Amorpha canescens Pursh. Lead Plant. Shoe-String.
This is a shrubby plant about two feet high, with spikes of
bright, indigo-blue flowers, which are very pleasantly scented.
The strong roots offer considerable resistance to the breaking
plow, whence the popular name shoe-string. It grows very
commonly on rather dry prairies and borders of woods.

44. Robinia pseudacacee L. Locust Tree. This ornamental
tree from the Atlantic states is frequent in cultivation, and has
escaped in a few places. Its wood is said to be very durable
for posts.

RUTACE .

45. Xanthoxylum americanwm Mill.  Prickly Ash. This pretty
shrab or small tree is quite common in thickets and occasionally
introduced by birds into artificial groves. Its pinnate leaves
and mature capsules, displaying the shining black seeds ave
very pretty, but the numerous prickles on twigs and petioles
are a serious objection.

ANACARDIACEAZ:,

46. Lhus hirta (L) Sudw. (B. typhine L) Staghorn Sumac.
This 1s our rarest and bandsomest species. Only a few shrubs
lave been found on the river bluffs southwest of Armstrong,
and near lowa lake. The graceful, fern-like leaves, as well as
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the bright crimson foliage and fruit in autumn, make it a desiv-
able plant for cultivation. Its only drawback is its liability to
spread by the roots.

47. Bhus glabra L. Smooth Sumac. Common everywhere
near woods and on the bluffs along lakes and rivers. It is
almost as pretty a shrub as the preceding. The showy fruit,
ripe in autumn, is covered with short, red, acid hairs.

48. Rhus radicans L. Poison Ivy. In this locality this plant
only occurs as a low shrub, one to two feet high. The leaflets
are in threes, and the clusters of dry, whitish berries are car-
ried on the plant all winter. It is very poisonous to most peo-
ple, and for this reason should be destroyed, especially if found
around dwellings. It should not be confounded with the beau-
tiful virginia creeper, which is also very common. The latter
always has the leaflets in fives. The climbing form of the poi-
son 1vy probably does not eccur in this part of the state.

CELASTRACEZ.

49. Luonymus atropurpureus L. Wahoo. Burning Bush. A
shrub or small tree, very rare here, having been found only in
the woods near Estherville. When the capsules open in
autumn, displaying the dark colored seeds in their red settiug,
the plant is highly ornamental.

50. Celastrus scandens L. Climbing Bittersweet. This
beautiful woody vine climbs trees to the height of ten to
twenty feet. When the seeds are displayed in autumn in their
scarlet arils, they are very attractive, and are much used for
house decoration in winter. The vine ismore commonly found
in thickets and is also oceasiomally seem in artificial groves
where it has probably been introduced by birds. Both this and
the preceding species are frequently cultivated.

STAPHYLEACEZRE.

5. Staphylea trifolia L. Bladder Nut. A shrub about four
to eight feet high with pretty, trifoliate leaves, and seedsen-
closed in bladder-like capsules. It was found only in one place
in the woods west of Estherville, and is probably very rare in
this region. -
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ACERACEE.

52. Acer saccharinum L. (4. dasycarpum Ehrh). Soft Maple.
This tree is native along both the East and West Forks of the
Des Moines river, but is much more common in cultivation. It
is one of our most useful and rapidly growing shade trees, and
worthy of much more attention than it receives. Planted in
a hedge for a windbreak it does very good service, growing
when planted closely, tall and slender, like the white willow.

lanted along the road, or on the lawn, it will assume very
fine proportions if properly pruned. When given plenty of
room it 1s a very rapid grower, and its branchesare somewhat eas-
ily broken by the wind, but, if after the trees have attained a
height of ten totwelve feet, a heavy blue-grass sod is allowed
to form around them the growth will be sufficiently retarded
to render the wood much tougher, and lessliable to injury.
The tree 1s remarkably free from insect enemies. "The wood is
quite valuable for fuel, but is of little value for posts, as it
decays rapidly when placed in contact with the soil. The treesare
best raised from seed, planted a few inchesapart in rows which
are at a sufficient distance from each other to allow of thorough
cultivation. Young trees are easily transplanted to their per-
manent location when five or six feet high, which will be in
about three years.

53. dcer nigrum Michx. Black Sugar Maple. Common on
high ground in woods near Iowa lake and Estherville. It isa
most beautiful tree, and is valuable for its strong, close-grained
wood. As a shade tree for lawwns and parks it is very much
admirved, but seems prone to die in the Lop when trausplanted
to our heavy prairie soil. The trees in this region are mostly
small in size and have been used very littie for the purpose of
making maple sugar.

54. Acernegundo L. (Negundo aceroides Moench.) DBox Elder.
A small tree, very common along streams, which is destined,
now that the days of prairie fires are ended, to play an impor-
tant part in lining their banks with timber. The tree is not a
desirable one for planting on the lawn or along the street
because of its low branches and bushy appearance, as well as
its liability to be infested by a species of bug marked with red,

18
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known as the Indian bug, which often gather on it in great
numbers and enter houses to the great annoyance of tidy
housewives. Its wood is of some value for fuel.

RHAMNACEZ.

55. Ceanothus americanus L. New Jersey Tea. Red Root.
This beautiful little shrub, one to two feet high, grows in dry
soil on prairie hillsides, and on the border of woods. It is
easlly destroyed by pasturage or cultivation, and is rapidly dis-
appearing.

VITACEZ.

56. Vitis vulpina L. (V. riparia Michx.) Wild Grape. This °
shrubby vine is very common in low woods, especially along
streams. The acid fruit, ripe in September, is largely gathered
for making wine and jelly. It is becoming very pleantiful in
the artificial groves where its seeds have been left by the birds.
It is extremely hardy and stands the cold of our severest
winters without injury.

57. Parthenocissus quinquefolia (L.) Planch. (Ampelopsis quin-
quefolia Michx.) Virginian Creeper. This beautiful climbing
vine is perfectly hardy and is worthy of extensive cultivation.
Its leaflets are in fives which at once distinguishes it from those
of the poison ivy which are in threes. The black berries and crim-
son leaves in autumn add still more to its atttractiveness. By
the means of adhering disks at the end of its tendrils, it readily
climbs the side of a building withont other support. Common
everywhere in woods, it is rapidly being introduced into arti-
ficial groves by the birds.

TILIACEZ.

58. Tilia americana L. Basswood, American Linden. This
handsome tree, native along streams, prefers soil not too low,
but where its roots can secure an abundance of moisture. The
sweet-scented flowers are great favorites with the bees. It is a
desirable tree for the lawn wherever some shelter from heavy
winds is afforded. Its soft wood is quite valuable for fuel, and
in early days many of the larger trees were sawed into lumber.
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CORNACEZ.

59. Cornus circinata I'’Her. Round-leaved Dogwood. This
pretty shrub, four to ten feet high, grows in clumps on river
banks, but is not common. Its broad, thin leaves at once dis-
tinguish it from our other species of the genus.

60. Cornus asperifolia Michx. Rough-leaved Dogwood. This
small shrub occurs in woods near Iowa lake, and Armstrong
tirove and is probably frequent in this portion of the state.

61. Cornus stolonifera Michx. Dogwood. This pretty little
shrub with reddish purple twigs growsin dense clumps along
streams. It1s not so common as the next species.

62. Cornus candidisstina Marsh. (C. paniculata I'Her.) Dog-
wood. Our commonest species, everywhere along lake shores
and water courses where other timber is found. This shrub
has white fruit. '

63. Cornus alternifolia L. Alternate-leaved dogwood. This
is our largest species of the genus, being a tall shrub, or small
tree. It occurs sparingly along the south bank of the Des
Moines near Armstrong, and in the woods west of Estherville.

OLEACEZE.

64. Fraxinus lanceolata Borck. (F. wiridis Michx.) Green
Ash. This is one of our most valuable native trees; every-
where common along the larger streams and lake shores. Its
rapid growth and strong, durable wood make it a valuable tree
for planting in grove or lawn. It was very largely used for
fuel by the early settlers, as well as for supports for the hay
sheds which were the barns of the pioneers. It bears trans-
planting to the prairie soil remarkably well and is reasonably
free from injury by wind-storms and insect enemies. The
white ash, a larger and more valuable species, has not been
found within our limits.

CAPRIFOLIACEZE.

65. Sambucus canadensis 1.. Black Elderberry. This pretty
shrub, so common in the Eastern states, is occasionally found
n our woods where it is undoubuedly native. It is offen trans-
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planted to gardens for the sake of its graceful shape, and its
berries, which are used for pies. The red-berried elder (S.
pubens Michx.) occurs twelve miles north of our county line, in
southern Minnesota.

66. Viburnwm pubescens (Ait.) Pursh. Arrowwood. This isa
low, branching shrub, with nearly black berries. It occurs in
the woods west of Estherville.

67.  Viburnum lentago L. Nanny Berry, Sheep Berry, Black
Haw. This pretty shrub is frequent in woods, preferring high
banks near water. Itsflowers are very attractive in May; its
fruit, ripe in October, is edible and much liked for its peculiar
shape, and pleasing flavor. It is a near relative of the snow
ball of the gardens. :

68. Symphoricarpus occidentulis Hook. Wolf-berry. A neat
little shrub, very common in open woods, and occasionally on
gopher knolls on the prairie. The clusters of pretty, whitish
flowers are succeeded in August by the white berries which
remain long after the leaves have fallen.

69. Lonicera dioica L. (L. glauca Hill.) Honeysuckle. The
only true honeysuckle found in this county. It occursin open
woods, and is worthy of cultivation. If planted alone it is sel{-
supporting, but it usually twines around shrubs or other sup-
ports when they are within reach. The plant in the woods
commonly called honeysuckle by the children, is a species of
columbine (dquileqia canadensis L.)

It thus appears that there is hardly a woody plant in north-
western Iowa but that is worthy not simply of preservation,
but of cultivation as well, at the hands of the intelligent
farmer. It is hoped that even the preceding list may serve to
awaken renewed interest in this part of the natural resources
of our country, and that, in consequence, each succeeding year
may see increasing numbers of our people surrounding their
homesteads with native trees and shrubs, alike to their own
enjoyment and comfort and to the advancement of our com-
mon prairie home.
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INTRODUCTION.
LOCATION AND AREA.

Jasper county is in the fourth tier of counties from the
southern and in the sixth from the northern border of the state
occupying a central position from the east and west. It is
larger than the ordinary interior Iowa county and is bounded
by six surrounding counties. Story and Marshall lie to the
north, Poweshiek to the east; Maskaska and Marion bound it on
the south;and Polk county is the western boundary. It includes
twenty congressional townships, in tiers of five townships east
and west and four north and south. The lower tier has an oft-
set to the east of approximately one-half mile by a correction
line, and is divided into four civil townships whose boundaries are
somewhat irregular on account of the diagonal course of Skunk
river. The three eastern members, viz.,, Washington, Mound
Prairie and Palo Alto, of the second tier from the south, like-
wise vary in size from the standard of thirty-six sections. The
county, therefore, embraces an area of seven hundred and
twenty square miles and contains a little less than one-half
million acres.

HISTORY AND PREVIOUS GEOLOGICAL WORK.

The name Jasper was given to the area under consideration,
and its present boundaries established, in 1846, some months
before the admission of Iowa as a state. It was named after
Sergeant. Jasper of Revolutionary fame,* and was included in
the “New Purchase’ ceded to the government by the Sacs and
Foxes in 1842, By the terms of this treaty, white men were
allowed to enter the acquired territory in May, 1843, and in this
year the first settlement was made at the present location of
the town of Monroe. The present county seat was located
early in 1846 and surveys of the county were completed in 1847.+
No record is found of geological observations in the county
previous to the work of the official survey by James Hall, pub-

* Mcuee: Pleistocene History of Northeastern Jowa, 11th Ann. Rep. U. 8. G. 8., p. 208.
+ These historical facty were gleaned largely from ‘'History of Jasjer County’’ by Western
Historical Co., Chicago, 1878,
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lished in 1858*. In this report mention is made of exposures
of Carboniferous rocks on Rock creek and North and South
Skunk rivers, and of the fact that the Coal Measures underlie
essentially the whole of Jasper county. DBrief descriptions of
the coal mines west of Newton are also included, the Slanghter
coal bank near the present town of Colfax having then been
worked for several years.

The final reportt of the next authorized geological survey of
the state, that by Charles A. White, published in 1870, contains
a reference to the coai mines west and south of Newton, and
the prediction was made that large supplies of coal could be
relied upon for the future.

‘T'he State Mine Inspectors’ reports from 1880 to the present
time contain much information concerning the coal mining
industry of the county. B :

MecGeet, in ‘““Pleistocene History of Northeastern Iowa”
describes the surface features and character of the superficial
drift deposits of this area. Brief mention is also made of the
irregular bedding and arenaceous character of the Carbonifer-.
ous strata.

Since the organization of the present survey, geological work

has been carried on in Marshall and Story counties to the north,
Polk to the west and in Marion county to the south. The re-
sults of these investigations have been published in the Annual
volumes of the (ieological Survey.§
" Much information regarding the Coal Measures and the coal
mining industry is contained in Dr. Keyes’ report on the“Coals
of Towa”.| Data on the deep wells, and especially the mineral
water wells at Colfax, are included in Professor Norton’s report
on the “Artesian Waters of Towa”.® A report on the clay
interests of the county is embraced in Volume XIV of the
Anuual Reports of the [owa Geological Survey. **

* Feol. Burv. State of Iowa, Vol. I. pt. I, pp. 288 and 272, 1858.

1+ Geol. Surv. State of lowa. Vol, II, p. 262, 1870.

i 11th Ann. Rep. U. 8. G. 8., pp. 223, 811, 508.

$ Geology of Marshall County, S. W. Beyer, Jowa Geol. Surv., Vol. VII, p, 199,
Geology of Story County, 8. W, Beyer, Iowa Geol. Surv., Vol. IX, p, 155,
Geology of Polk County, H. ¥F. Bain, Iowa Geol. Surv., Vol. VII, p. 265.
Geology of Marion County, B. L. Miller, Iowa Geol. Surv., Vol. XI, p. 127,

|| Coals of Towa, Ann. Rep. Towa Geol. Surv., Vol. II, pp. 204-506.

1 Artesian Wells of Iowa, Iowa Geol. Surv., Vol. VI, pp. 293-381.

+%Clays of Iowa, lowa Geol. Surv., Vol. XIV.
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PHYSIOGRAPHY.

TOPOGRAPHY.

&

General Features.*—The surface configuration of Jasper
county is to be attributed almost wholly to the glacial drift.
The topographic features are those resulting from the action
. of weathering and erosive agents on this superficial deposit.
the drift materials respond comparatively readily to the cut-
ting of streams, so that, although these deposits are geologically
not old, the county in general is well drained and the land
forms are those moulded largely by water action. This state-
ment holds good for the major portion of the county but
would scarcely be applicable in its strictest sense to the small
area of Wisconsin drift in the northwest corner. In this area,
covering parts of Clear Creek, Poweshiek and Washington
townships, drainage is imperfect and the land surface still
retains the characteristic imprint of the ice moulding of the
last great glacier.

'The remainder of the county 1s covered by the Kansan drift
which is responsible for the general outlines of the surface
features. It is true that the Kansan is entirely overlain by the
loess, but this last deposit has conformed with such fidelity to
the contours of the pre-existing surface that the drift is to be
considered the determining factor. Exceptions to this are
occasionally met, as in the case of the sand hills along the
Skunk river; and a few points along this river where the out-
cropping Coal Measures give character to the topography.

We may therefore separate the county into two parts based
on the character and age of its topographic features. The Kan-
san drift area, a mature topography; and the Wisconsin drift,
a region of comparative youth.

* The surface features of Jasper county are treated in a general way in Pleistocene History o
Northeastern Iowa, 11 Ann. Rep. U. 8. G. 8., pp.223-225. v
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Kansan drift area.—The characteristics of the Kansan drift

topography do not differ here
from Marshall county to the
north and Marion to the south,
which have been described by
Beyer and Miller respectively.
So universally is this drift cov-
ered with the loess that the
contours are today largely ex-
pressed in this pebbleless, silty
material. It might thus be
-appropriately designated loess-
Kansan topography, since the
relief of the county is due to
erosion in the drift itself, while
the conspicuous features are
generally attributable to the
mantle of loess.

Essentially nine-tenths of
the county is included in the
loess-Kansan area. In this
territory the extreme range
between points whose eleva-
tion is accurately knownjis 310
feet. The level divide on
which Newberg, and to the
north, Gilman, in Marshall
county, are located, has an alti-
tude of 1,060 feet above the
sea. The elevation of Prairie
City, which is likewise built on
a flat divide separating the
Skunk and Des Moines river
systems,is 920 feet. Lynnville
has an elevation of 938 feet.
The town of Collins, some
three miles over the line in
Story county, is 997 feet above
tide, while Monroe, near the
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south edge of Fairview township, Jasper county, has an altitnde
of 909 feet. Skurk river, at the Chicago, Rock Island & Pacific
crossing is 753 feet, which is the lowest recorded point. The
general slope of the area is therefore to the south, and the
trend of the major streams is towards the southeast.

The relief ranges from a few feet on the level divides. which
are not deeply dissected by the streams, to 150 feet or more
between valley floor and adjacent hilltops in the morve dis-
sected areas. Such strong relief is conspicuous in Rock Creek
township where Rock creek and its branches have cut deeply
into the drift. Cherry creek in Newton township, and Clear
and Mud creeks in ITndependence and Clear Creek townships
have also deepened their valleys to such an extent in keeping
pace with the parent streams that the topography in these parts
1s decidedly rugged. Along the south border of the county in
Fairview and Des Moines townships the features are abrupt,
but the relief is not so great.

Viewed broadly, it appears that the surface of the Kansan
drift after the retreat of the glacier was a fairly level plain.
The irregularities found today are those only that would result
from the work of the stieams in developing a drainage system,
and from the deposition of the superficial covering of loess.
The divides which separate the headwaters of the members of
the several drainage systems represented are conspicuously flat
and are remnants of the original drift plain. Many of the hills
along the larger streams, and especially on the western borders
of their valleys, are flat topped and the general aspect of the
sky line is that of an interrupted straight line. This is especi-
ally noticeable along the North Skunk river in Richland town-
ship, and may be observed at many other points along this
and other streams in the county.

The general levelness of the drift snrface has been in places
modified by the loess which covers it. [n some cases its in-
fluence has been to moderate and subdue the ruoggedness of the
strictly erosional surface. In others, the relief has been exag-
gerated. But over the whole of the Kansan drift area, as has
been noted, the chief topographic forms existing before the loess
was deposited are not obscured, but rather preserved. It is to
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be observed that the loess is present as a continuous mantle
over the level divides as well as a capping to the most promi-
nent hills, and a veueer extending low down the hillsides into
the stream valleys. The original abruptness is thus somewhat
mellowed and a characteristic type of land surface developed.
The forms have a rounded and pleasing fullness of contour that
is not readily mistaken. '

In the more hilly parts of this area the bowldery clay of the
Kansan is frequently found outeropping on the middle slopes of
the hills. Its angle is usually different from that maintained
by the loess, thus causing a break in the general symmetrical
outline of the hill. At a few points in the narrow belt of Red
Rock sandstone, which extends from northeast to southwest
nearly across the county, the underlying ledges of this rock
give a characteristic stamp to the surface features. This is es-
pecially noticeable along the north border of the North Skunk
valley just east of Kellogg, and the west boundary of Skunk
river west of Reasnor southward into Kairview township. In
the mining districts where the coal-bearing strata frequently
outerop along small streams and in road cuts, and where the
drift is thin, the argillaceous sandstones and sandy shales ave
often responsible for the principal elevations. South of New-
ton, in Palo Alto township, and eastward from Monroe in Iair-
view and Elk Creek townships are areas notable in this
particular.

At varions points along both the east and the west banks of
Skunk river valley are found prominent sand hills and
ridges. These are distributed from the Wisconsin drift
area in Poweshiek township to the exit of the river from the
county in Elk Creek township, but are more numerous to the
east than to the west of this stream. They range from low,
flattened ridges of dune-like character that stretch out i1ito the
valley itself, to the more prominent elevations that form the
valley walls. The sand hills are universally capped with locss
sometimes thin, but often in snfficient amount to impart to
the topugraphy the characteristics of the loess bluffs as devel-
oped along the Missouri river. In places the sand seems to
grade upwards into the loess. The importance of these feat-
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ures is great. In the northeast } of section 33, Elk Creek
township are small areas of shifting sands. The roads are
everywhere sandy and in places little ecan be accomplished
towards tillage of the land. Again in the south part of section
13 of the same township, south of Reasnor, where sand has been
removed, are observed tields which the shifting sands are gradu-
ally rendering valueless. Just south of Colfax, back of the loess
bluffs on which a portion of the town is built, are areas of very
sandy loess which works up in the country roads and makes
traveling anything but agreeable. The origin of these sand
deposits will be spoken of under Geological Formations.

Fra. 20. Moving mands in the valley of Skunk river, southeast quarter of section 13, Elk Creek
township.

A discussion of the topography would be incomplete without
referring to the river valleysand their lood plains. They appear
to be features of post-glacial development largely. All of the
principal streams are skirted by alluvial flood plains of greater
or less width and, although subject to occasional inundation
during high water, afford some of the most fertile farming land
in the county.
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lowan drift plain.—The border of the lowan drift as located
by Dr. Beyer * in Marshall county lies north of the Iowa river,
and only the northeast corner of that county is covered by the
till of this age. Prof.T. K. Savage t hasshown that a considera-
ble area in the southern part of Tama county is to be included
in the Jowan drift plain and that it probably extends into
southern Marshall and southward into Poweshiek county. The
plain mapped as lowan in southwestern Tama county is
coextensive with the flat divide on which Gilman in Marshall
county and Newberg in Jasper couanty are situated. Topo-
graphically this region appears to possess the characteristic
lowan surface. Wherever exposures can be examined, how-
ever, it is found to be covered with loess, and in this particular
as well as in the monotonous level of its surface, is not difter-
ent from similar stream divides in other parts of Jasper county.
To the south and west where the plain gives way to the
erosional type of topography, and wherever, in the plain itself,
sections are available, the material beneath the loess is typical
Kansan drift.

Aside from the criterion of topography, the presence of
unweathered granite bowlders is regarded as confirmatory of
the Iowan age of this drift plain in Tama county. The large,
fresh, pink and grey granites are especially characteristic of
this drift, and where typically developed are an ever present
teature. In Jasper county bowlders are seldom seen except
along some of the minor stream cuts where the drift nnderly-
ing the loess outcrops on the lower slopes. In these instances
the prevailing type is the red granite, and from position aloune
is presumably genetically related to undoubted Kansan drift.
In fact, at no point in the county was there observed a drift
section which presented the characteristic facies of the
Towan. It is true that over the section included in Hickory
Grove and Mariposa townships move outcropping howlders can
be counted than overany other of equal area in the county;
yet only in a single instance was there seen one of such unusual
size and freshness as to suggest an origin other than the Kansan

_'Iowa Geol. Burv., VoI, Y1,
+Iowa Geol. Surv., Vol, XU
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drift, with which it appeared to be associated. Near the north-
west corner of section 29, Hickory Grove township, is a coarse-
grained, red granite, whose dimensions are approx-
imately thirty feet long by twelve feet high by eleven feet
through above ground. It is so situated on the slope near a
sharp gully that the larger portion of the rock may yet be
below the surface. Undoubted Kansan drift is exposed in the
road fifteen to eighteen feet above the bowlder. In species,
dimensions and freshness itis very unlike those characteristic
of the Kaunsan, and it seems safe to relate it in origin with the

L R T E
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1@, 21, Grapite bowlder in the northwest quarter of scetion 29, Hickory Grove townshiy.
Dimensions approximately 30x11x12 feet.

lowan drift sheet. Inseetion 24, Kellogg township, a moder-
ately large, red granite was observed, but this showed the
effects of weathering to such a degree that but little could be
concluded as to its age. '

19
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The facts at hand are not sufficiently definite to permit of the
location of a positive border to the lowan in Jasper county.
The surface features are not such as require the presence of
this drift to account for them, for, as has been shown, areas
similar in every way are to be found in other parts of the county
where Towan drift would be out of the question. Sections
through the loess do not ‘bring to light at any point drift
materials referable to thelowan. The bowlders, some of which
are in species and condition unlike those predominating in the
Kansan drift, afford the strongest evidence of the possible ex-
tension of the Iowan ice over this region. It should also be
observed that the pink and grey granites are the typical bowl-
ders of the Iowan, although red granites are known to occur.
All those observed in Jasper county are of the red or pink va-
riety. The presence of the bowlders is perhaps best explained
by attributing them to the Iowan glacier. If the ice once
stood over this area it was in all probability very thin and the
material carried small in amount. Being near the extreme
limit of ice movement, wasting may have progressed so far that
little erosive power remained and the transported rock detritus
was insufficient to exert an appreciable influence on the nature
of the pre-Towan land surface.

Wisconsin drift area.—The portion of the county whose
topography depends upon this new sheet of drift is compar-
atively small. The features which it exhibits are as a rule not
especially pronounced, in which respect this area differs from
the characteristic development of the Altamont moraine in the
north-central and northern parts of the state. Although the
border of the Wisconsin ice rested here during the period of
maximum southern extension in the state, morainal features
are found at but one point. This is in the south part of Clear
Creek township, sections 27 and 28, 33 and 24, where a series of
kame-like knolls and elongated ridges have displaced Indian
creek from its earlier course. The thickness of theice and the
amount of material carried appear not to have been large.

The immature nature of this area is evidenced by the pres-
ence of marshy areas with occasional ponds, although these
characters are far less common than they are further within
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the Wisconsin drift plain. The change most noticeable in pass-
ing from the Kansan drift to the Wisconsin drift is the relative
mildness of the topography of the latter. The loess covered
Kansan is deeply incised and the relief is considerable, while
over the Wisconsin drift these erosional features have been
largely obliterated by filling and leveling, thus leaving a more
level surface. This is especially noticeable in Clear Creek
township near the north county line. At the edge of the Wis-
consin area, the river valleys are narrow as a rule,and in some
instances a partial filling of old depressions by the newer drift
is evident. The filling has seldom been sufficient to obscure
former valleys or to displace the streams. The border line
between the two drifts is frequently marked by low, bogg
slopes where springs are not uncommon.

The following table of elevations of various points over the
county has been compiled principally from profile data of the
difterent railroads.

ALTITUDE
LOCALITY. ABOVE SEA. AUTHORITY.
Railroad bridge, North Skunk river..... 941 C. & G. W. Ry.
Baxter .......... ..ol 1033 C. & G. W. Ry.
) 862 C. & G. W. Ry.
Railroad bridge, Clear and Indian creeks 848 C. & G. W. Ry.
Mingo.............. oLl e 857 C. & G. W. Ry.
Divide between Indian creek and Skunk
B 973 971 C. & G. W. Ry.
Valeria. er e veneann e 876 | C.&G.W. Ry.
Skunk river bottom W. Co. line........ 831 | C. & G. W. Ry.
Mitchellville. ... coviiian ] 905 | C., R\ 1. & P, Ry,
ColfaX.........coovvn ouon e e 765 | C.,, R.I. & P. Ry.
Skunk river at railroad bridge.......... 753 C,R.I. & P. Ry.
Newton ......c...oooiiis ol it 916 C,R.I &P. Ry
North Skunk railroad crossing ......... 815 | C.,,R. I. & P. Ry.
Kellogg...... oo it 810 C..R.I. & P. Ry.
Rockcreek ......... ... iiiiiiiil, 836 C., R. I. & P. Ry.
Sugar creek...... ... . iiiiiie. L 877 C.,R. 1. & P. Ry.
Newberg..... ..ooeii il tiiiiiiinns 1063 lowa Central Railway.
Murphy.... ... Lol 846 Iowa Central Railway.
Sully. . ..o 943 Iowa Central Railway.
Lynnville Junction ..................... [ 938 Iowa Central Railway.
Monroe railway station ................. 909 i Barometer,

Prairie City.... ..... el 920 Barometer.
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DRAINAGE.

In the table of elevations the relative altitudes of different
parts of the county are indicated. It is seen that the surface
has a slight slope to the south. Baxter near the north border
of the county, situated on the divide between the North Skunk
and the Skunk river systems, is 124 feet higher than the town
of Monroe, which is near the southern edge of the county and
on the watershed between the Skunk and Des Moines systems.
The slope of the last divide is shown by the difference in level
between Prairie City, with an altitude of 920 feet,and Monroe
with an elevation of 909 feet above tide. Itis here but slightly
over one foot per mile. From Baxter to Monroe it is more
than six feet per mile.

The highest point in the county for which authentic record
is to be had is near the northeast corner. Here the divide on
which Newberg is situated is approximately 1063 feet above
sea level. At the Chicago Rock Island and Pacific railway
bridge over Sugar creek the altitude is 877 feet, while the gen-
eral upland is about 100 feet higher. The divide between North
Skunk river and Elk creek, in Liynn Grove township, which is
followed by the lowa Central Railroad, has an elevation of
about 940 feet. The north-south slope of the surface in this
part of the area is therefore essentially six feet to the mile.

Viewed broadly, Jasper county consists of a fairly level loess-
Kansan plain, gently sloping to the south, into which the
streams have worn their valleys. Truncating the northwest
corner of this plain is the area of subdued topography, the
Wisconsin drift; while the northeast corner may perhaps be
somewhat modified by the lowan till sheet. The fact, how-
ever, that the principal streams have mnorthwest-southeast
courses indicates that the inclination of the drift surface had
little to do with determining their direction of flow. They, in
general, show evidence of having been established in their
present positions previous to the advent of the Kansan glacier.
The smaller tributary branches are superimposed and have cut
their channels in the materials of the drift alone.

The drainage of the county is effected largely by Skunk
river, the North Skunk, and their branches. An area in the



DRAINAGE, 295

southwest corner, embracing approximately a township and a
half, discharges its surplus through several small tributaries
directly into the Des Moines, which flows through Marion
county a few miles to the south. Tributaries of the lowa river
encroach on the northeast corner of the county, and drain a
few square miles in Hickory Grove township. The loess-Nan-
san area is perfectly drained, the head branches to the tribu-
taries of the competing streams frequently interlocking across
the divides. The Wisconsin drift is not so completely drained,
and upland ponds and sloughs are not uncommon.

Drainage from any land area is said to be perfect when all
portions of its surface have such slope that water that has fallen
upon it will by gravity flow from it. It might be further added
that the water thus flowing from the land is gathered into well
established waterways or stream systems and carried outside
of the area in (uestion.

The amount of water draining from the land through surface
flow is known as the “run off,” and its quantity depends upon
the amount of rainfall and on the character of the land itself.
Water falling as rain is. disposed of in three ways, viz., by
evaporation into the atmosphere, by absorption into the earth,
and by Hlowing directly into the streams. The quantities dis-
posed of in these different ways vary according to several
factors the most important of which are, angle of slope, geolog-
ical structure of the rocks, character of the soil, presence or
absence of vegetation, and nature of the rainfall. It is appar-
ent that the greater the declivity the greater will be the
tendency for water to flow at once into the streams during
periods of precipitation. If the country rock is of a dense and
non-porous nature the amount absorbed is less than if it is
porous or has a jointed structure. Open-textured soils will not
only take in moisture with avidity but will also give it up
readily when conditions are favorable for evaporation. The
denser clay soils absorb water slowly and by capillarity retain
it longer, both against evaporative influences and the tendency
to pass into the underlying rock strata, than do soils of open
texture. 1t may be satd that in general vegetation is a con-
server of moisture. It not only prevents raptd and immediate
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the loess and Kansan drift, one-half mile east of Kellogg, in section 25, Kellogg township.
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discharge, but accumulated vegetable mould serves as a damp
surface blanket to the soil beneath; retaining the moisture and
hindering evaporation. It is evident again that the run off is
influenced by the nature of the rainfall. A quiet, light, con-
tinued rainfall will permit of far greater absorption by the soil
and rocks than a heavy, torrential one. Where the total quan-
tity of precipitation is perhaps moderate, economically it may
be ample or deficient according to whether it falls in a few
heavy showers or is distributed in the different seasons as nu-
merous periods of light rainfall.

In the area under consideration, the slopes, from the stand-
point of the disposition of the rainfall, may in general be con-
sidered moderate and the soils as a rule of the more porous
types. This last is especially true of the loess soils, while
perhaps less so of the drift and alluvial varieties. Assuming
an average rainfall of thirty-one inches™ for this county, there
are falling upon its surface of approximately 460,300 acres,
more than fifty-one billion cubic feet of water, or more than
one billion and a half tons per year. Of this vast quantity, more
than six hundred million tons pass into the drainage streams
each year.t This is forty per cent of the total rainfall, or some-
what in excess of twelve inches. These figures, it is believed,
may be accepted as representing the average run off from
drift laden regions in central lowa where the drainage lines are
fully developed, as they are over essentially all of Jasper
county.

The remaining nineteen inches of precipitation are absorbed
by the rocks and soils from which the moisture for plant growth
1s drawn. Of this portion, however, a variable percentage is
returned to the atmosphere by evaporation, while a greater or
less amount sinks into the carth and drains away through sub-
terranean passages. The actual volumes of water disposed of
in these different ways are difficult of computation.

* Average of records for elght years, 1898 to 1900, inclusive, at Newton, as reported to the
Weather Bureau by Mr. A, Lufkin. The extremes are 19.64 inches in 1884, and 44.9 inches in
1806,

t The data for this estimateare figures for the area of catchment and volume of flow in North
Skunk, Skunk and other Iowa rivers, taken from Tenth Census, Water Power of U. S., Vol,
XVII, p. 88. Alaso Water Supply and Irrigation paper No. 80, U. 8. G. 8., 1008.
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The distribution of the precipitation by seasons, at Newton,
1s indicated in the following table. The three years, 1899, 1900
and 1901 are selected as representative. The data are compiled
from the Monthly reports of the Towa Weather and Crop ser-
vice:

Months. ‘ 1899 | 1900 1901 Average.

January ... e e ‘ .86 ‘ .37 1.00 .74
February...... «oovu.on.. B .75 1.36 1.80 1.30
March. ... oo .74 3.55 3.47 2.59
April... oo s 4.52 2.79 1.94 3.08
May. .o e e 6.61| 4.03 2.24 4.29
Jume....ooon i | 2.00 6.35 3.58 3.98
July ‘ 2.30 4.98 2.89 | 3.39
AUgUS. . e 4.51 6.11 1.30 3.97
SepPtembET o e .50 373 2 98 | 2 40
OCtObeT Lttt et e .61 4.23 | 180 2.21
November.......... 0 (o i i 1.52 1.60 .83 | 1.32
December ..................... e 2.34 .97 1.32 1.54

Totals. ... cov i i i | 27.26 | 40.07 | 25.1% | 30 81

Snowfall is estimated as rain. While the actual amount of
moisture is moderate, its distribution is soch that it is ample
for the growth of a variety of crops. This is of course made
possible only because of the favorable range of the attendant
weather conditions, among which the temperature is of chief
importance.

Skunk  river—This river flows diagonally southeastward
across the county, entering near the middle of the west
boundary and making its exit into Marion county some four
miles east of the middle of the southern boundary. It is the
largest water way in the region, and with the branches that
pay tribute to it, drains not less than two-thirds of the county.
The fall of the river from Ames, in Story county, to Rome, in
Henry, averages two and one-half feet per mile.* The esti-
mated volume of water passing a point formerly known as
Vowell’s near the present town of Metz is eighty + cubic feet
per second, amounting to nearly two billion gallons in the
ordinary vear. The flow of the river varies from season to

* Water Bupply and Irrigation paper U. 8. G. 8., No. 44, p. 79.
+ Water Power in U. S. Tenth Census, Vol. XVII, 1880, pt. I, p. 98.
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season with the rainfall, and is not to be relied upon from year
to year. Rapid rises are common during which its flood plain’
from border to border becomes one broad stream of water.
Such inundation is not so common now as in earlier years.

The width of the valley of Skunk river ranges from one mile
and a quarter to nearly three miles. Within the Wisconsin
drift it is somewhat narrower than its prevailing width else-
where: In its course through the I{ansan drift area two points
where the valley is much narrowed are notable. On entering
Mound Prairie township the river lows close to the southwest
side of the valley and exposes Coal Measure strata for some
distance in sections 4 and 5. From this point it is deflected to
the opposite valley wall, exposing, in section 38, the Des Moines
shales and sandstones. The minimum width of the valley isin
thisregion one and a quarter miles, while, both above and below,
it rapidly broadens to from two to three miles. The constric-
tion at this point appears to be due to the moreresistant strata
through which the stream has been compelled to cut its
channel. The Coal Measures here stand higher and represent
an outlier which disappears back from the river in both direc-
tions. Again in the southern part of Palo Alto township the
valley is narrowed to about one mile across the belt of Red
Rock sandstone. The constrictionis here even more noticeable,
and the river flows for one mile between Palo Alto and Fair-
view townships at the foot of abrupt bluffs of this rock capped
with loess. HEscarpments of hrown, heavy bedded sandstone
are also found to the east both above and below Reasnor. The
narrowness of the valley can be accounted for only by the
resislance to erosion offered by the comparatively hard sand-
stone.

The flood plain of the river is universally covered with allu-
vium. Borings made in the valley show it to be filled with
alternating strata of river silt, sand, and occasionally gravel.
The thickness of these layers above the country rock has not
been ascertained. In no instance was record found of any
borings in the valley penetrating to the indurated rock. At
the locations cited, where the width of the valley is much les-
sened by the harder strata in its walls, the depth below the
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present flood plain seems considerable and has not been reached
in the valley proper. These facts indicate that the stream,in the
earlier stages of its development, possessed great erosive power,
at which time it channeled deeply into the Coal Measures, and,
that since, through a change of level, it has partially filled in
i1ts old, and probably preglacial, valley. It is further sug-
gested that the surface flow of the river today does not by any
means represent all of the water drained away through its
course. It may be confidently assumed that a considerable pro-
portion of its discharge, moves beneath the surface in the
porous sand and gravelly strata. This probably accounts for
1ts uncertain flow, and for the fact that in certain seasons por-
tions of it may even go dry.

As has been mentioned, a partial filling of Skunk river val-
ley has taken place in the Wisconsin drift area. The deposits
of material made by the Wisconsin glacier in Jasper county
seem to have been light and were not accompanied by pro-
nounced water action. The pre-Wisconsin banks are perfectly
evident, and are covered with a thin deposit of the later drift.
Typical Wisconsin material likewise occurs on the floor of the
valley as low, irregular mounds or ridges. These often extend
well out into the main depression. They may be observed all
along the south border in Washington, and are conspicuouns
below Valeria in Poweshiek township.

The course of the river is in general meandering from one
side of its broad flood plain to the other. Asis common with
the most of the rivers of [owa that have a northwest-south-
east direction of flow, the breadth of flood plain to the northeast
side is usually greater than that to the sonthwest of the stream.
In the lower part of its course in the county its channel is
often extremely sinuous and unstable. In places,as in section
29, Palo Alto township, it may even fork or anastomose, as one
channel becomes unable to accommodate theflow. Sand-bars are
a common feature, although not so important as are the deposits
of sand and silt to be found at numerous points, chiefly to the
northeast side of the river.
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The principal branches belonging to the Skunk river system,
and which join this river in the county, are Indian, Prairie,
Cherry and Squaw creeks. Those tributary streams of impor-
tance belonging to the system which join it outside of the
county are Elk creek and North Skunk river.

Indian creek.—Indian creek, with several small branches from
the north, effects the drainage of the northwest corner of the
county, north of Skunk river. It is second in size only to the
Skunk itself, and joins the latter stream just east of Colfax,
where the blending of the two flood plains is responsible for
the unusual breadth of bottom land in the southern portion of
Sherman township. Above its confluence and outside of the
Wisconsin drift, the width of the valley ranges from one mile
to a mile and one-half. The stream is meandering in its valley
and branches about three miles above its union with the Skunk,
entering this river through two channels at points more than
one mile apart. The width of the valley appears to be some-
what out of proportion to the size of the presentstream. Within
the Wisconsin drift area the valley is much constricted, and
has been partially filled by the drift deposits. Where it enters
from Polk county its flood plain is one mile in width. In sec-
tion 28, Clear Creek township, Indian creek has been diverted
from its pre-Wisconsin course, and from the northwest corner
of this section to the middle of section 24, it flows in a narrow,
gorge-like, drift bordered valley which it has excavated since
the close of the Glacial period. The stream is here bounded by
prominent drift hills to the east, and similar, though less con-
spicuous, elevations separate it from the old depressioun less
than one mile to the southwest. This last depression ecar still
be clearly traced, leading in both directions into the valley now
occupied by the stream.

The most important tributaries to Indian creek ave Sil-
ver and Wolf creeks, which join the parent stream in the
Wisconsin area; and Clear creek with 1ts branch, Mud creek,
which follow courses parallel to and outside the border of the
later drift. Silver and Wolf creeks are small streams following
depressions excavated since the deposition of the Wisconsin
drift. They have narrow flood plains that extend but short
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distances toward their heads, and the few branches leading into
them have eroded sharp V-shaped gorges in the glacial till.
The beds of these streams are often very gravelly and the sur-
facing of alluvium on the flood plains is prevailingly thin.
Clear creek is a much older and longer established stream,
its course being entirely in the loess-Kansan area. It has a
well developed Hood plain, and has reached base level through-
out ifs course in the county. Broadening of the valley is now
rapidly going on. The creek swings from wall to wall in a
series of bold curves and is gouging out the sides of its valley.
Much of the flood plain is thickly wooded, and bayous and cut-
offs are common features. The alluvial material in this valley
1s of considerable depth, as it is also in the channel of Indian
creek. Wells in Independence township are reported to have
struck “slate” at forty feet, the upper strata being sand and silt.
There are indications also that the river has at times exposed
the shales where it impinges against its valley wall in western
Independence township, but no outcrops are now visible.

Mud creek is a small tributary which takes its rise in the
poorly drained area of the Wisconsin drift. Tt breaks through
the drift margin at the south border of section 1, Clear Creek
township, and thenee Bows in a narrow,alluvial valley to its
union with Clear creek in section 24.

In northern Independence township Clear creek has deep-
ened its valley 100 feet below the upland to the east; while to
the west the adjoining hills rise 135 feet above the water. In
section 35, Clear Creek township, it rans seventy feet below the
hills to the east. The hills of Wisconsin drift, where Mud
creek enters the county, have an elevation of eighty to ninety
feet above the stream bed. At the south edge of section I,
where this creek leaves the Wisconsin area, they rise 110 fset,
while the loess-covered Ilansan to the east is but sixty-five feet
above the water. Within the newer drift, Wolf creek has
excavated a valley sixty feet below the level of the drift
plain, measured in section 10. In section 17, the water level of
Wolf creek is 140 feet below adjacent hills to the north. From
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the north boundary of section 10 to the south edge of section
17, this stream has a fall of forty-five feet, being approximately
eighteen feet per mile.

At the west county line Indian creek has a depression of 110
feet. The hills in section 33, Clear Creek township, rise fifty to
sixty-five feet above the flood plain. Indian creek, at the bridge
on the east side of section 12, Poweshiek township, is 120 feet
below the hills adjoining, both to the north and south.

F1g. 22.—Hapid erosion in Wisconsin drift. This gully, twenty-five feet deep, Las been
excavated in the past six years.

Prairie and Cherry creeks are streams of some importance
Howing into Skunk river, and draining areas in Newton and
Sherman townships prineipally. They have well developed
flood plains in the larger portion of their courses, and have
accomplished a considerable amount of downward cutting.
West of the town of Newton, Cherry creek has exposed the
shales and sandstones of the Coal Measures. Here the creek
Hows 125 feet below the upland. Its average depression is
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about one hundred feet. Both of these streams have high
gradients, and their headwaters are vigorously extending their
drainage territory.

Squaw creek isa branch of minor importance entering Skunk
river west of Colfax. It receives some small tribute from the
Wisconsin drift area. In section 8, Washington township, one
of its feeders has been diverted from its former course by the
railroad. An example of unusually deep and rapid trenching
is here to be observed. Within a few years this small stream
has channeled into the Wisconsin drift in places twenty-five to
thirty feet, forming a narrow gorge with precipitous walls for a
distance of about one-third of a mile leading into the valley
of the Skunk river. See figure 22.

Elk creek joins the Skunk river in Mahaska county, and
drains essentially two townships, Elk Creek and Buena Vista.
It has a mature valley, and numerous branches extend back to
the divides towards the northeast and southwest. The latter
commonly occupy sharp ravines or gullies carved in the loess
and Kansan drift. Where Elk creek traverses the thin belt of
Red Rock sandstone, in Buena Vista township, exposures of
this rock occur, and some quarrying has been done near
Murphy.

With the exception of Indian creek, North Skunk riveris the
largest affluent of the Skunk river in the county. It drains,
however, a much larger territory than Indian creek, and with
its various tributaries it is fully as important as is the parent
stream. It maintains a uniform southeasterly direction from
its entrance at the northwest corner of Malaka township to its
exit from the county in the eastern border of Lynn Grove town-
ship. Its branches invade ten of the nineteen civil townships
in the county, and drain more than one-third of the total area.

North Skunk river has a flood plain varying in width and
ranging from less than one-fourth of a mile in Malaka township
to more than three-fourths of a mile at points in the lower part
of its course. The valley borders are not always well defined.
From the general upland the flood plain is reached by gradual
slopes, with low ridges, which often appear to extend into the
valley, or even stand quite isolated in the depression itself.
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These are always capped with loess and in position suggest
portions of an earlier flood plain deposit that the river has
since failed to remove. The material beneath the loess, as
shown where the river has dissected these deposits, consists of
iron-stained sand and gravel, in most places somewhat stratified.
A section showing this character may be observed in the south-
east } of section 5, Richland township, where a thickness of
fifty feet of a sandy, iron-stained drift deposit, capped with
thirteen feet of loess, is exposed by the river. In other places,
the material is typical, weathered bowlder clay. No evidence
of terraces now exists, but such a feature may be obscured by
subsequent loess deposition.

The characteristics of the valley in general appear to indicate
the putting down of large quantities of partially sorted glacial
detritus, probably during the retreat of the Kansan ice when
the stream was overloaded. The removal of this material has
since been but partially accomplished by the river. The bluffs
bounding the valley rise gradually to fifty or sixty feet above the
water. They are covered with loess and are more prominent
along the west border.

The only tributaries of considerable size join North Skunk
river from the east. In order, from the north they are, Snipe,
Alloway, Rock and Sugar creeks, the last one meeting the
parent river outside the borders of Jasper county. All of these
streams have narrow flood plains which are developed but a
few miles back from their mouths. Rock and Sugar creeks have
cut more deeply, and they, with their branches, have made the
relief of portious of Rock Creek township very pronounced.
In section 7 Rock creek cuts through the Red Rock sandstone,
and quarrying has been done at several points on both sides of
the stream. To the west of North Skunk river the divide lies
quite close to the channel, there being no tributaries of any
length.

Des Moines river.—This system is represented by four small
streams which together drain a little more than the southwest-
ern township of the county. A curve in the course of Camp
creek causes the stream to encroach upon Jasper county near
the southwest corner of Des Moines township. It enters and
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leaves the township at points not more than one mile apart.
The stream has a well defined valley, but the area it drains is
small. Walnut, Calhoun, Prairie and Brush creeks should also
be mentioned as belonging to the Des Moines system. Walnut
has done considerable downward cutting, and the Coal Measures
are exposed at various places along its course. Coal is mined near
the north border of section 22, Des Moines township. The
shales and sandstones are also exposed along Calhoun creek,
where coal has been mined in years past. West of the town of
Monroe, along Brush creek, the Coal Measure clays are very
near the surface, and are utilized at the Orcutt clay works.
The area drained by this stream is insignificant.

STRATIGRAPHY.

General Relations of Strata.

The formations represented in .Jasper county belong to two
geologic groups which are separated by an unconformity. This
break in the continuity of the strata indicates the lapse of an
enormous period of time, equal in length to the whole of the
Mesozoic era and the Tertiary period of the Ceunozoic. During
this interval the area under consideration was probably a land
surface and subjected to the action of the denuding agents.
The surface of the Paleozoic rocks was profoundly eroded
previons to the deposition of the Pleistocene strata during the
recent or Cenozoic era. The major time divisions represented
therefore are the Paleozolc and the Cenozoic.

The strata deposited during these long and widely separated
divisions of geologic time are classified in the following
table:
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GROUP. BYSTEM ‘ BERIES BTAGE FORMATION

Alluvium ]
| Recent Sands and silts

Wisconsin Drift

_Cenozoic | Pleistocene

| Glacial lowan Loess and bowlders

Kansan Drift

Red Rock sandstone
Upper Carboniferous

K Des Moines
or Pennsylvanian

Shales and sand-
stones
Paleozoic | Carbonifer-

ous Lower Carboniferous
or Mississippian

Saint Louis?

Kinderhook | Limestones and
sandstones

The rock strata lying deeper than those included in the above
table have been explored at but one point in the county. -The
Newton deep well penetrates to the Maquoketa shales of the
Ordovician. No other drillings that go beyond the Mississippian
were found. In the northeastern portion of the area wells are
seldom sunk to indurated rock. Deep wells and the drillings
of prospectors, however, invariably encounter a hard limestone
overlain usually with a greater or less thickness of the shale or
sandstone strata of the Des Moines stage. lew borings in the
western part of the county pass through the Coal Measures.

The attitude of the Paleozoic strata is monoclinal, dipping
at a low angle to the south and west. Aside from the small
triangular area in the northeast corner, which is detached by
projecting the line of strike of the Kinderhook in Marshall
county, the county is probably completely covered by the sands
and shales of the Des Moines stage of the Upper Carboniferous
series. These rest presumably upon the Kinderhook rocks in
the northern part of the county; while over the remainder of

20
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the area deposits of the Saint Louis stage form the floor of the
Coal Measures.

Figure 23 represents a geological section across Jasper county
from Prairie City, in the southwestern part, to Newberg in the
northeast, showing the attitude and relations of the different
formations. The drawing is on a vertical scale of 350 feet to
one inch.

Fi1c. 23. Geological section from Prairie City to Newberg.
Pl Pletstocene. 8t. L. Saint Louis. Ds. Des Moines.
Kd. Kinderhook. Dv. Devonian.

The following records of deep drillings will furnish a general
1dea of the thickness and depth of the various formations pene-
trated. The record of the Grinnell well, located in Poweshiek
county, some two miles to the east of Jasper county, is also
given:

Grinnelll Well Record. ¥

FORMATION. T;égsl‘ DEPTH.| A. T
PlelstoCeme. vttt e e e e 212 212 | 816
Saint Louis’
and } ............................................ 358 570 | 458
Kinderhook
BT 70 4 T 5 « L 370 940 88
Silurian.. .. o.oo i e e . 260 1,200 | -172
Maquoketa ..ot 120 | 1,320 | -292
Galena-Trenton.. ... .. i i i i i e 380 1,700 | -672
Saint Peter . .. ............... S 40 1,740 | -712
Upper Oneota(?). ..ot i eaan s 262 | 2.002 | -974
New Richmond (?) at. .. ...ttt e i iiaeee s lz. .. 2,092 |.......

The glacial deposits are here 212 feet in thickness, and,
according to Mr. Jones, rest practically on the upper surface of
the Saint Louis. This would make the base of the Coal
Measures approximately 816 feet A. T.

_"Iowa Geol. Surv., Report ou Artesian Welle, Vol. VI, p. 241,
Jones. A. J: Proc. Io. Acad. Sci., Vol. II, p. 81, 1884.
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COLFAX WELLS.

In the town of Colfax and vicinity there are more than a
dozen wells, all drawing their supply from the same horizon,
and ranging about three hundred feet in depth. The aquifer
appears to be in the Saint Louis limestone. No accurate
records of these wells are available, so that the depth at which
the Saint Louis is reached can notbe definitely stated. The fol-
lowing is the general sequence, as given from memory by one
who has had to do with the sinking of several of the wells:

5. Sand and driftelay...... .ol e 80 feet.
4. Slate .. e e i 18 ¢
3. Coalee 1.5
2. Sandstone, shale and sulphur bands. ..... 198
1. Limestone, about.........c.ccciiiiiin.. 18

From this record the Coal Measures are about 217 feet in
thickuess, and the top of the Saint Louis limestone i1s about 544
feet above tide. From Grinnell, twenty-eight miles to the east,
to Colfax, the dip thus approximates nine and one-half feet to
the mile, between six and seven minutes of angle.

A series of coal prospect drillings put down in sections 28,
31 and 32 of Independence township, by Mr. W. P. Rippey,
penetrated the following beds:

8. Yellowtograyclay........co i ot 0 to 20
7. Blue bowlderclay...... ........... e 2to 6
6. Sandandgravel ... . ... ... ... iiiieiieaa.. 80 to 90
5. Soapstone, slate or sandstone ................... Oto 4
4. Clay or slate, lime rock and sulphur stone ....... 30 to 40
3.0 Coal oo Sto 1
2. Sandstone and sometimes ‘‘red rust’’ resting on hard rock.
1. Hard rock (limestone ?)

The “hard rock” is probably the basement limestone and rep-
resents either the Saint Louis strata or the Kinderhook; more
likely, perhaps, the former, as the Saint Louis limestone has
been recognized by Dr. Bain in a drilling three miles nortl of
Mitchellville, in the edge of Polk county*. This stratum has
been penetrated to a depth of nearly 100 feet, in a hole sunk

* Geology of Polk County, Ann, Rep. lowa Geol. SAm'v.. Vol. VII, p. 322.
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near the northeast corner of section 32 of Independence town-
ship, where it was found to consist of alternating layers of
hard and soft rock. Occasionally a thin band is encountered,
which is so resistant that it is difficult to drill through it. The
presence of these bands is perhaps suggestive of the Kinder-
hook, as resistant layers of chert are a constant feature of that
formation where it is exposed in Marshall county.

Mississippian Series.
Al

Representatives of the Lower Carboniferous or Mississippian
series, of the Carboniferous system are nowhere exposed in the
county. In Marshall county to the north exposures of the
Kinderhook strata are found along Timber creek near Fergu-
son, between five and six miles from the Jasper county line.
The Coal Measures in Marshall county rest upon the Kinder-
hook beds; strata belonging to the Saint Louis stage being in
general absent. As has been noted earlier, the Saint Louis
limestone is recognized in the Grinnell deep well section. Mr.
A. J. Jones* assigns to it a thickness of fifty-eight feet, and
refers underlying argillaceous beds to the Augusta stage.
Professor Norton, in his report on the Artesian Wells of Iowa,
notes that the Saint Louis limestone is present, but does not
separate this stage from the preceding one. The limestone in
which the first flow of water is obtained at Newton is referred
by Professor Nortont to the Saint Louis. This authority also
expresses the probability that the source of supply in the Colfax
wells is in the same formation. _ '

The strata of the Saint Louis stage are typically exposed in
Mahaska and Marion counties. In the latter a thickness of
270 feet of Mississippian rocks above the Kinderhook was pen-
etratedin the deep well at Pella. At Mitchellville, in Polk
county, Bain} has with some doubt referred forty feet of strata
to the Saint Louis stage; while to the westward the formation
rapidly thickens as the records of the Greenwood Park well
and other deep drillings in and near Des Moines go to show.

*[owa Acad. Sei., Vol, II, p. 32, 1894,
TArtesian Wells of Iowa, Iowa Geol. SBurv., Vol. VI, p. 202.
fAnn. Rep. Iowa Geol. Surv., Vol. VII, p, 291,



MISSISSIPPIAN SERIES. 309

Taking a somewhat broader survey of the relations between
the Coal Measures, the Saint Louis strata and the underlying
rocks, it is found that, at no place in the counties to the south-
east, along the strike of these strata, where the geology has
been studied in detail, has the absence of the Saint Louis lime-
stone been observed. To the northwest across Marshall and
Hardin counties the rocks of the Des Moines stage rest upon
beds older than the Saint Louis. In Webster and Humboldt
counties the Saint Louis limestone is again recognized. Tt is
thus seen that over the area mentioned the materials composing
the Saint Louis strata were either never deposited, or were
worn away before the Coal Measures were laid down. The
first assumption seems probable in view of the fact that where
observed in the Grinnell and Mitchellville wells these strata
are thin in comparision with the corresponding strata farther
south and west. A gradual thinning or wedging of the Saint
Louis deposits is indicated, and beyond its limits the Des
Moines strata overlap, and rest upon the older formations.

In Jasper county the area underlain by the Kinderhook rocks
cann not be detinitely outlined as these materials are deeply
buried beneath the glacial deposits; nor are any strata refera-
ble to the Augusta known. The area outlined as Kinderhook
on the map is determined by projecting the line of the strike
from outerops in Marshall county. Neither can the border of
the Saint Louis deposits be traced. [t is not believed to be the
conntry rock in any part of the county, but the interest that
attaches to it comes from its wedging out and giving way to
the Kinderhook as the Hoor upon which the Coal Measures rest.
The line of overlap apparently has a northwest-southeasterly
course, and can not lie far within the limits of the Coal Meas-
ures themselves.
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Pennsylvanian Series.
DES MOINES STAGE.

All of the Paleozoic rocks exposed in the county belong to
the Des Moines stage of the Upper Carboniferous series. As
indicated on the Geological map, they cover the entire county,
with the exception of the triangular area of Kinderhook in
the extreme northeast corner. They consist of interstratified
shales, sandstones, coal and occasional thin beds of limestone.
Their character varies rapidly from place to place. With the
exception of the Red Rock sandstone, none of the strata are
sufficiently persistent over any considerable area to be relied
upon in correlation. The shales are prevailingly sandy and
grade laterally into argillaceous sandstones. The sandstone
layers are in places calcareous and, especially in connection
with certain coal seams, pass into arenaceous limestones.
Limestones of the darker colored variety occur as lenses and
concretionary masses in some of the coal basins. The coal
beds are likewise of limited lateral extent, and are not found
at any constant horizon.

The thickness of the Des Moines strata varies from nothing
1n the northeast to nearly 200 feet in the vicinity of Colfax. No
data are to be had as to their thicknessin the southern part of
the county. A prospect hole three miles north of Mitchellville¥,
in the border of Polk county, passes through 160 feet of Coal
Measure strata. Ia Marion county to the south, B. L. Millert
estimates the maximum thickness of the Coal Measures as 600
feet. Because of the uneven floor upon which they rest, how-
ever, their thickness will range within broad limits in even
small areas.

In Jasper county the rocks of the Des Moines stage are uni-
versally covered with drift. Previous to the deposition of the
glacial materials the land surface was irregular, and erosion
has since gone on through long periods of time. The depth
beneath the surface at which the Coal Measures now lie has been

* Geology of Polk County, Batn, Iova Geol. Surv., Vol. VI[, p, 322.
+Geology of Marfon County, Miller, [owa Geol. Surv, Vol. XI, p. 147.
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determined largely by these factors. KExposuresare not numer-
ous, as a rule, but are found fairly well distributed over the
southern half of the county. Although the best sections are to
be observed along stream ways, natural outerops are not lack-
ing over the uplands away from the streams.

The following section is found east of the wagon bridge over
Skunk river in section 82, Elk Creek township, where the river
impinges against the east wall of its valley:

FEET, INCHES.
5. Loess and Kansan drift............... 4
4. Shale, sandy and carbonaceous, and
interstratified with thin bands of sand-
stone; plant stems preserved in sand-

153 003 4 =g 8
3. Sandstone, brown, compact............ 7
2, Coaleii i e e 1 6
1. Fire clay and talus, to water........... 10

The strata are here exposed for a distance of three hundred
feet and have the attitude of a low anticline, the section given
being measured near the center of the arch. The coal seam
ranges from eight inches to one and one-half feet. The band
of sandstone above the coal is not constant, being frequently
replaced by arenaceous shale.

On the county line road, near the middle of the south side of
section 81, Lynn Grove township, the Coal Measures, capped
with drift and loess, outerop in the following sequence:

FEET. INOHES.
Clay shale, light in color, with sand-

w

stone and iron-stained concretions... 17
4. Carbonaceous shale.................... 3
3. Coal blossOm . ..o iiinneinnenns 8to9
2. Obscured by talus............ccovviun. 30
1. Sandstone. shattered, iron-stained (in
gutter at south side of road)......... 4

Along the North Skunk river, from Lynnville northward into
Richland township, the Coal Measures outcrop at several points.
In section 3, Lynn Grove township, and section 33, Richland,
along small branches leading into the Skunk river valley, the
shales are exposed. Along the east side of the river, near the
middle of the west side of section: 35, Richland township, a fif-
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teen-foot stratum of sandstone .is quarried on a small scale.
On the hill slope above the guarry, the base of which is but a
few feet above the flood plain of the river, coal has been mined
in shallow drifts. The quarry section is as follows:.

FEET, INCHES.
5. Weathered shale............... ..ot 5
4. White sandstone, soft, grading down-
wards into pink, brown and red....... 5 6
Plastic, white clay........cocvvvninen... 10

2. Sandstone, red to brown, compact; con-
taining many small cavities lined with
plastic clay, or containing pulverulent,
red ochre. Micaceous, with fossil lepi-
dodendrons .......oiihiei i e 15
1. Carbonaceous shale ......... e 1 6

F1G. 4. Quarry in Coal Measure sandstone, north of Lynnville, section 84, Richland township.

Similar strata are exposed at intervals for about one-balf
mile south along this side of the valley.
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My. J. D. Whitney*® mentions sandstone outeropping in “low
ledges along the North Skunk, below the junction with Rock
creek.” These-are referred by him to the same horizon as the
heavy sandstone exposed on Rock creek and on North Skunk
river, east of Iellogg. The present study indicates that the
sundstone noted by Whitney should be referred to the coal-
bearing strata, while the sandstone along Rock creek belongs
to the Red Rock sandstone formation which will be considered
later.

About ten feet of sandstone are exposed near the middle of
section 16, Richland township, on the west bank of the river a
short distance sonth of the bridge, where a considerable amount
seems to have been quarried, although no work has been done
here for years. This rock probably belongs to the Red Rock
sandstone.

In the region to the west of the belt of Red Rock sandstone,
exposures are found along Skunk river below the junction of
Indian ereek, along Cherry creek westof Newton. and at vari-
ous points in the northern part of Palo Alto township. Tu the
southwest corner of the county the small streams, Brush, Cal-
houn and Walnut ereeks, have exposed the Coal Measares along
their courses.

A well at the MeAllister clay plant in Newton, affords the
[ollowing section:

FEET.

4, Soil, yellow clay and blue gravelly ctay.......... 10D

3. Sandstone................ O - PRI 10
2. Soapstone, clean; slate; one inch coal; fire clay,

so-called ... e ... 100

1. Sandstone. ... .. ... i e 15

One-half mile north of the Chicago Rock Island & Pacific
railroad bridge over the Skunk river, in section 10 of Mound
Praivie towunship, where the river ruus close to the east valley
wall, the following sequence of strata has been observed in
coal mining operations, but the thickness of the various mem-
bers can not be given because of their variability. Here a heavy
mantle of Kansan drift and loess overlies the Coal Measures.
The 1indurated rocks are frequently separated by a few feet of

*Geol. Surv. of State of lowa, Vol. I, part 1, p. 272, 1838,
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stratified sand and gravel from thedrift materials. First beneath
the drift, is a two-foot seam of coal. Beneath this are fire clay,
shales and sandstones, thirty to thirty-five feet. A lower vein
of coal, varying from fourteen inches to four feet in thickness,
occurs near the water level and it is usually overlain by a thin
band of sandstone. Large masses of calcareous clay-ironstone
occur in connectionwith the coal seam. A carbonaceous shale
lies above this sandstone roof, then a band of white sandstone
which grades into sandy shales above. The complete section
at this point involves some forty feet of Coal Measure strata.

In the northwest | of section 4 of Mound Prairie township,
west of the wagon bridge, the Skunk river flows at the foot of
an exposure which shows in general the following sequence.
The various layers change rapidly, both in character and thick-
ness, when followed along the outcrop. The measurements
given were made near the east end of the exposure.

FEET. INCHES.

6. Sandy loess................ iiiein.... 15t0 18

5. Sandy clay-shale, grading into laminated
sandstone.............. Lo aao 17

4, Sandstone .........iiiiiiiiiia i 4 6

3. Carbonaceous shale, coaly .............. 1

2. Fire clay, with iron concretions. ........ 2

1. Arenaceous clay-shale, and talus, to water 6to 8

A shaft at the “KKlondike” coal mine in the northeast | of
section 20, Mound Prairie township, was sunk through the fol-
lowing strata:

FEET. INCHES

8. Clay, free from gravel...................... 15
7. Blackslate............ .ol cee e oo S
6., Coal... oo e e 8
5. ‘'Fire clay,”” including eight inches of sand-
SEOME. ottt iisie et i e e 13
4. Flint rock (*‘cap rock™)................... 10
3. Black slate.......... i e 35
2. ‘'Corduroy’ slate (white with streaks of
lmestone) ...vvver vives e 20 6
1. Coalivvinnn it i e 4 8

The following is the section of a well put down on the farm
of A. W.McDonald, in the southwest & of section 8, Washington
township:
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FTEET. INCHES.

10. VYellow bowlderclay...........coiivvnnn .. 100
9. Hardrock ........cciiiiiiinn veninann R |
8. Slateand shale.... .......... ...l 40
7. Coaloeo i e e e 2
6. ‘“‘Fireclay’” ... cooiiiiiit i 2 6
5. Slate. .ttt e 18
4. Coal....veviii e 2 6
3. MPireclay’” .ooii i e 4
2. Magnetic sand rock, grey............. ..... 8
1. Rock,brown............ ..... .. ... ..., R2 6

Fig, 25. G. H. Orcutt clay pit. One-half mile west of Monroe. Coal blossom and shale above
a thick bed of fire clay.

At the G. H. Orcutt brick plant, one-half mile west of the
town of Monroe, shale and fire clay of the Des Moines stage
are made use of. The absence of the uasual interbedded sand-
stone is especially noticeable. The pit section includes nine
feet of fire clay below a thin band of coal blossom, the latter
being covered with a few feet of loess-drift clay. See figure 25.
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About five feet below the bottom of the bank is a ten-inch
seam of coal. This crops out in a ravine a short distance
below the plant. Beneath this coal the fire clay has been
penetrated to a depth of twenty-five feet. The wellat this plant
1s 197 feet in depth. No coal appeared in the well section, the
lower ninety-seven feet being reported as through sandstone.

In sinking a shaft at the Wm. White mine in section 22,
Des Moines township, the following strata were penetrated.
The shaft is located on the slope at the west edge of the valley
of Walnut creek.

FEET. INCHES.

6. Gravelly surface clay.................v.c. .. 15
5. Sandstone.......coiiiiiii i 4
4. Sandyfireclay................ e 14 3
3. ‘'Caprock’’ (limestone)....... ........... 1 6
2. Slate, jointed.............. ... il 2
1. Coal ..o 4

The foregoing sections will emphasize the variability of the
(‘oal Measure strata. The localities in which exposures are
most abundant represent areas of thin drift covering. In such
areas the coal-bearing strata lie close to the surface, and in
these regions the most of the coal mining has been done. The
coal beds of the county that have been explored appear to
exist in separate -and] isolated’ basins of limited extent. The
lack of persistence of individual strata in general makes it im-
possible to accomplish much in the way of correlation between
separated localities.

. RED ROCK SANDSTONE.

This formation is included in the Des Moines stage of the
Upper Carboniferous series, but it may be differentiated from
the Coal Measnres proper because of its uniformity, and the
somewhat unique relation which it appears to bearto the other
members of the series. In Jasper county it occupies a narrow,
elongated area coextensive in direction and width with the
territory covered by it in Marion county. While its boundaries
could not be accurately traced, its probable limits have been
mapped by a study of outerops and well sections. The general
trend is northeast-southwest, and in width it averages two and
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one-half to three miles, tapering to the northward. No evi-
dence of it was found beyond the exposures along Rock creek
and its branches in sections 9 and 16 of Rock Creek township.

QOutcrops of thisrock are to be seen at various points near
Reasnor, on both sides of the Skunk river; along Buck creek;
on Elk creek near Murphy; along North Skunk river in the
vicinity of Kellogg, and on Rock creek as noted above.

Mr. B. L. Miller * has briefly described the quarry exposure
in the northwest } of section 8, Fairview township, as follows:

4. Soil e e ity e 1
3. Weathered, brown sandstone..........oevuunn. 9
2. Heavy beds, yellow-grey, variegated... ....... 10
1. Dark red sandstone, heavy bedded.... .. .... 8

Two small quarries are opened here and both the brown and
the red stone have been taken out. Cross-bedding is very con-
spicuous in the upper part of the section. The change in color
is gradual from the top downwards, and appears to be due to
the degree of leaching and hydration which the rock has under-
gone. Chemical tests of the brown sandstone show a loss on
ignition of 3.8 per cent, and 16.27 per cent of iron and alumina
oxides. The dark variety pulverizes to a deep red and ocherous
powder, and analyzes 31.5 per cent Fe,0,. At one point in sec-
tion 21 of Fairview township a weathered outcrop of the red
stone occurs from which the resulting ocherous iron oxide has
been taken for mineral paint. In places in both the red and
the brown sandstone bands or nodules of adense, flinty char-
acter occur, which appear to be quartzitic in nature and origin.

The outerop of this rock is practically continuous along the
west border of the Skunk river valley from the exposure just
described to those along Buck creek near Monroe. The hills
bounding the valley are all supported by the sandstone, and
where the river flows close to the west edge of its valley, west
of Reasnor, the brown sandstone appears as a continuous ledge
for some distance in section 10 of Palo Alto, and section 9 of
Fairview townships. In the road across the south part of sec-
tion 29, Fairview township, the sandstone is exposed on both

*Geology of Marion County, Ann. Rep. lowa Gecl. Surv., Vol. X1, p. 139, 1900.
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sides of small stream near the center of the section, east and
west. The drift covering is thin here and the rock is weathered
into a friable sand which can be removed with the shovel.
The sandstone outcrops again at the point of a prominent hill
known as “Stony Point” in section 14, Elk Creek township,
where the river flows near the east side of its valley. A thick-
ness of about forty feet of heavy beds is exposed, having the
usual texture and brown to gray color. Although quarrying
has been done here, the section is much obscured and the red
sandstone can not be seenin place. However, the presence of
loose fragments, indicate that the dark red variety is present
above the water level of the river. Fairly well preserved frag-
ments of Calamite stems are to be found in the talus from the
weathered top strata.

On the hill slope a short distance north of the town of Reas-
nor, fourteen feet of the sandstone may be observed in a small
quarry; the prevailing color is brown, approaching a red, in
places. The sand grains are at times so coarse and irregularin
size as to give the rock a finely conglomeratic texture. Many
of the largest grains are of a jaspery nature, and some,
anproaching a pebble in size, appear to be fragments of an
earlier sandstone. Cross bedding is not uncommon. The base
of this exposure is about sixty feet above the flood plain. In

detail, this section is as follows:
FEET. INCHES.

7. Loess, becoming fine sand on the hill-top... 4

6. Buff sandstone, micaceous ................. 6

5. Brown sandstone, cross-bedded............. 2

4, Heavy-bedded sandstone, conglomeratic.... 2 6

3., Laminated, red and grey sandstone, cross-
bedded........ e P 1 6

2. Heavy bed of brown sandstone, containing
ferruginous, sometimes hollow, nodules..... 4 6

1. Like No. 2 to base of quarry..... .... ..... 3

In the northwest 4 of section 21, Buena Vista town-
ship, on Elk creek, there is exposed in two small quarries a
maximum thickness of twenty-two feet of the sandstone. It
exhibits the same characters as in former sections as to bedding
and color. Some of the red is to be seen but the brown variety
prevails. In the Lanphear quarry the jaspery, quartzitic
bands are quite pronounced, as are also the spheroidal nodules.
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The latter frequently consist of concentric, ferruginous shells
between which sandstone is intercalated. The greatest thick-
ness of beds is found in the old Dooley quarry, where the fer-
ruginous bands appear as firm crusts of siliceous limonite,
separating the major beds of the section. The rock is coarse
in texture, friable, and varies in color from gray to deep red.
All the layers seem to be thoroughly impregnated with iron
oxide.

Fi1a. 25. Exzposure of weathered, brown sandstone of the Red Rock formation, in section 30
Roek Creek township.

The Red Rock sandstone outcrops on both sides of the North
Skunk river east of Kellogg. In the western part of section 30,
Rock Creek township, a quarry face some six to eight hundred
feet inlength has been opened along a small creek. See figure 26.
In the northeast 4 of section 25, Kellogg township, the sandstone
may be seen in the old railroad quarry. In the southeast } of
the same section along a small creek entering from the south,
heavy ledges of the same strata are exposed. The maximum
thickness here 1s twenty-five feet, while along the north side of
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the river but sixteen to eighteen feet are in view. The nature
of the sandstone is such as to leave no doubt of its equivalence
with the beds on Elk creek near Murphy. The concretionary
iron nodules are more common here, being frequently of con-
siderable size, and partly filled with argillaceous material. The
dense, siliceous bands are quite conspicuous, assuming often the
appearance and properties of a partially hydrated hematite iron
ore. They mark the lines of contact between heavy beds, and
attain a thickness of several inches.

The quarry openings along Rock creek, in section 17 of Rock
Creek township, are the most northerly exposures of this
formation in the county. At the old Morgan quarry in the
northwest % of the same section the following strata may be
seen:

FEET. INCBES.

5. Kansan bowlderclay...........cciiiiviinnn. 8
4. Weathered, brown sandstone................ 1 6
3. Ledge of buff sandstone.......coviiiinnnn., 6
2. Shattered and cross-bedded sandstone. .... . 2
1. Reddish-brown sandstone in a heavy bed.... 4

Prospecting in the neighborhood indicates the presence of
the sandstone as far north as the edge of this section, and
towards the northeast into section 8. The rock has been quar-
ried near the middle of section 17 where the wagon road
crosses Rock creek. In the northeast % of the northwest
1 of section 9, along a branch of Rock creek, a spring line
appears to represent the base of the sandstone. A few feet
only of crumbled sandstone are to be seen in place, but the
evidence here, and in section 6 to the south, goes to indicate
that this formation is very thin. No further trace of it is to
be found towards the northeast.

The Red Rock sandstone appears to occupy a narrow, elon-
cgated depression in the Coal Measure strata. In general it
stands higher than the Coal Measures outcropping on either
side of it, but this may be accounted for by its more resistant
character. It lies unconformably upon the Coal Measures and,
at two points where it has been penetrated, the Coal Measure
strata lie beneath it. At the Herwehe quarry west of Reasnor,
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in Fairview township, a drilling passed through thirty-five feet
of the sandstone below the base of the quarry before reaching
the shales. At this point therefore the sandstone has a total
thickness of at least fifty-nine feet. On the farm of Cyrus
Nolan in the southwest 1 of section 23, in Fairview township,

the following is the section shown in a well:
FEET. INCHES.

6. Brown sandstone.............iiieirianianaas 2
5, Clay . e e dieaea s 12
4. Slate ..o i e e i e 54 6
3. Hardsandstone................... ... e 1 6
2. C0al ()i e e e 4 6
1. White sandstone..... .........cciiiuin.. 9

FrG. 27. Herwehe quarry in Red Rock sandstone. Northwest quarter of section & Fairview
township, Cross-bedding is conspicuous throughout the section.

The brown sandstone may be seen in place at the top of the
well, and undoubtedly represents the attenuated, eastern border
of the Red Rock formation.
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In Marion county the Red Rock sandstone is known to rest
directly upon the Saint Louis beds at a point near Elk Cliff.
Elsewhere in this county, and wherever observed in Jasper
county, Coal Measure shales underlie the sandstone. The
thickness of this formation in Marion county is estimated at
100 feet. So far as can be ascertained, its thickness in Jasper
county ranges from more than sixty feet as a mazimum, near
Monroe, to nothing in Rock Creek township where it disappears.
The area occupied by it is tongue-shaped tapering to the north.

Mr. B. L. Miller* suggests contemporaneous erosion as the
best explanation for the peculiar occurrence of this sandstone.
[t undoubtedly occupies a valley in the Coal Measure strata,
and contemporaneous excavation appears adequately to account
for such a depression. Some clue as to the direction from which
the sand was brought in during depesition may perhaps be
obtained by a study of the cross-bedding which is conspicuous
in nearly every exposure. This structure is often clearly
brought out by the presence of alternating lamin® of brown
or dark red, and buff to light yellow sands. While the dip and
the strike of the cross beds were not found to be coustant in
any two exposures, nor in any two beds in the same exposure,
it was observed that the strike was prevailingly to the south of
east and in a number of instances, where it could be accurately
measured, proved to be at essentially right angles to the north-
east-southwest direction of the depression which the sandstone
fills. This 1s, of course, not corroborative evidence as to the
origin of the depression itself but rather points to the fact only
that much of the deposit was put down by water moving in a
definite and constant direction; and the attitude of the bedding
planes suggest as the agent a current of water flowing through
this ancient valley. :

*Geology of Marfon County. lowa Geol. Surv., Vol. XI, p. 154, 1901
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Pleistocene System.

(lacial deposits cover essentially the whole of Jasper county.
Materials representing three ice invasions are present. They
consist in large part of bowlder clays associated with gravels,
sands and silts that have been partially reassorted by the
erosive agents. As mentioned under Topography, the surface
features of the county are in general due to the ice deposits.
The maximum recorded thickness of the drift is 320 feet.

At some points beds of gravel and sand are found at the
base of the Kansan drift. In faect, it is quite the usual thing
for well drillers to report such beds immmediately overlying the
shales of the Coal Measures. It is possible that these may
indicate an earlier or pre-Kansan drift. No exposures were
observed, however, nor were accurate well data secured show-
ing the presence of an earlier drift. 'The gravel beds could
have heen derived from the Kansan during its deposition.

Deposits referable to the Pleistocene system are, therefore,
the Kansan drift, a possible thin veneer of lowan, the loess,
Wisconsin drift and post-glacial materials.

KANSAN STAGE.

Jasper county is included in the area covered by the Kansan
glacier which extended southward far beyond the borders of
the state, into Missouri and Kansas. The materials left by this
sheet of ice comprise in general a heavy deposit of heteroge-
neous bowlder clay that mantles the whole county. The char-
acter of the drift is not constant. In places it becomes very
gravelly and by its partial stratification shows the effect of
running water in its deposition. Pocketsand lenses of sand are
not infrequent in the bowlder clay. The Kansan varies a great
deal in thickness according to irregularities of the old land suar-
face on which it was spread. 1t is not uncommon to find well
sections in which a thickness of 200 feet of material referabie
to the Kansan has been penetrated. Notable areas where the
drift is unusually thick are northern Newton township and in
much of the northern part of the county.
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Exposures of any considerable importance are rare. At occa-
stonal points along North Skunk the river has gouged out its
valley walls, and sections of some interest may be observed.
Near the southeast corner of section 5, Richland township, at
the west bank of the river, 1s an outcrop thirty-seven feet in
thickness of modified Kansan drift, capped with thirteen feet
of loess. The drift is very sandy, the sand being mostly in
pockets, although it is in part stratified. The whole sec-
tion is brown and iron-stained and certain bands are quite
firmly cemented with iron oxide.

In the southwest } of section 8, Kellogg township, and south-
ward into section 17, the river is skirted on the south by high
bluffs of Kansan till and loess. In these bluffs exposures, sixty
to seventy feet in thickness, of blue and oxidized till are seen,
capped with twenty feet or more of loess. The bluffs rise
immediately from the river and form a conspicuously abrupt
topographic feature. Farther up the North Skunk river, in sec-
tion 1 of Newton township, near the middle of the north side
of the section,about forty-three feet of typical Kansan drift are
exposed. The lower twenty-two feet are oxidized, blue bowl-
der clay. '

Railroad cuts furnish occasional instructive drift sections.
Figure 28 1s from a photograph showing a hill of Kansan drift,
covered with loess. At the contact of the loess and drift there
1s frequently found a band of iron-stained bowlders which con-
forms to the contour of the drift surface. These are large and
small, but all above the sand grain in size. The ferretto is
always conspicuously evident, which indicates a long period of
weathering prior to the loess. If it is'granted that winds have
been instrumental in loess deposition, the bowlder bands may
represent the heavier portions of the till which neither the
wind nor rain erosion could easily remove; considering loess
deposition to have been well under way while the drift surface
was still largely unprotected by vegetation.

The number of classes of rocks represented in the bowlders
of the Kansan drift is surprising. And yet when one reflects
that some have been transported from even the more remote
regions of Canada, there is little cause for surprise. A list of
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the varieties picked from one exposure, not more than fifteen
feet in vertical extent, includes the following which were
recognized with the naked eye: chalcedonic quartz, white
glassy quartz, jaspery flint, quartz porphyry, fine-grained gray
granite, fine-grained pink granite, coarse-grained pink and
gray granites, dark gray hornblendic gneiss, white, red and

F1Gg. 28. Loess overlying Kansan drift, in cut along the Newton and Northwestern railway
section § of Palo Alto township.

pink quartzites, weathered limestone, gray sandstone, clay
ironstone and septarian nodules with calcite veining. Aside
from those listed, atleast a dozen varieties of the darker colored,
more basic, igneous rocks were collected which would require
microscopic examination for even an approximate classifica-
tion.
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IOWAN STAGE.

The observed facts concerning the lowan drift in this county
have been fully stated under Topography. No deposits of
characteristic bowlder clay attributable to this ice sheet were
found. Occasional large, fresh granite bowlders and the gen-
eral monotonous, level surface constitute the basis for the
inference that the lowan ice probably spread over the north-
east corner of the county.

LOESS.

The loess of this area exhibits the usual characteristics of
that deposit. It is a fine-grained, silty material, which forms
a continuous surface covering over the whole county outside
of the area of Wisconsin drift. It is universally pebbleless with
the exception of the lime carbonate concretions which in places
are very abundant. The loess frequently grades downward
into more sandy varieties, and even into fine sand, at times,
which appears to be continuous with the body of the deposit.
It varies in thickness from a scarcely recognizable veneer to a
thickness of more than twenty-five feet. Although usually
structureless, a banding is frequently noticeable, but the bands
are not persistent or uniformly horizontal, and will not be mis-
taken for the characteristic stratification of strictly water-laid
sediments.

As has been noticed in other portions of the state, the loess
appears to bear a genetic relationship to the lowan drift. Skirt-
ing the edge of this drift sheet, the loess hills are generally con-
spicuous and from this belt the loess is spread over all earlier
formations to the southward beyond the boundary of the state.
In Marshall and Tama counties loess overlies the lTowan drift
near the border of this drift sheet.

It is found, further, that the loess materials are in general
coarser near the Iowan border and grade into finer and finer
silts as 1its distance increases. This rule will scarcely hold
where, as in many instances, the loess bordering river valleys
can be seen to have come partly from the flood plain itself.

There are certain features of the loess and its relation to as-
sociated deposits that may be mentioned. It was possible in a
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few instances to view sections showing loess covering irregu-
larities in the Kansan drift surface. As a general rule the to-
pography of the underlying Kansan is preserved in the loess
features of today. The thickest loess rests on the tops of the
hills, but the capping of loess does not always cover symmet-
rically the earlier contours. Occasional road cats, the best ex-
amples of which were observed along Rock creek in Hickory
Grove township, show the greater thickness of loess on one
flank of the old Kansan hills to such an extent that the highest.
points of the present surface come above the flanks, rather
than over the old hilltops. Materials deposited by winds are
heaped up largely on the opposite side of an obstruction from
which the wind blows. Could a sufficient number of sections
be studied, they might afford a definite clue as to the direction
of the prevailing winds during loess deposition.

Another possible clue to the wind direction may be had from
the fact that the thickest accumulations are found along the
east and south borders of the river valleys. This distribution
suggests northwest winds, and the great thickness of the
deposits suggests a readily available source of supply. The
broad, open flood plains of the rivers may themselves have
afforded material transportable by winds. Dr. Beyer*, in his
report on Story county, has pointed out that such accumulation
is in places going on at the present time. This process can be
observed at several points along the Skunk river where sands
are shifting to such an extent that considerable areas are made
barren of vegetation. The deposition of considerable quanti-
ties of material similar to that which makes up the mass of the
loess is not, however, believed to be going on in this county at
present.

Shells of land mollusks are found in the loess at various
points. No effort was made to collect a complete series of the
fossils in the loess. Prof. I E. Savage has identified the fol-
lowing:  Succinia avara Say, Succinia ovata Say, Polygyra
multilineata Say, Pyramidula striatella Anth. The fossils were
most abundant in the heavy deposits occurring along the prin-
cipal waterways. In fact, few, if any, were seen in upland
localities.

" *Anu. Rep. Iowa Geol. Surv., Vol. IX, p. 213, 1308,
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The best sections of the loess are to be observed in road cuts
along the major streams. Figure 29 is a typical exposure at the
southeast corner of section 20, Elk Creek township. Molluscan
remains and calcium carbonate concretions are abundant in
this exposure. Excellent sections arealso to be observed along
the Chicago, Rock Island and Pacific railway east of Colfax.
Where the railroad leaves the flood plain of the Skunk river,in

I’rg. 29. Loess bluff twenty-five feet in height, containing numerous land shells and lime
concretions. Near the southeast corner of section 20, Elk Creek township.

section 6, Mound Prairie township, a hill is dissected, exposing
to view a thickness of twenty-five to thirty feet of loess.
Fossils are especially abundant in all portions of the section.
Loess buried beneath the Wisconsin is to be seen at a few
points near the border of this drift sheet. Such loess is in
general of a bluish color, streaked with iron oxide. A typical
exposure of this nature wasobserved near the northeast corner
of section 7, Clear Creek township, in the valley of Silver
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creek. Here, some 800 yards below the east and west road,
fifteen feet of loess were seen beneath twelve feet of Wisconsin
drift. The upper portion of the loess is filled with root casts of
iron oxide, and seams of iron stains traverse it irregularly. The
casts are hollow, with occasional exceptions where decayed
organic matter is still in them, and are frequently from one to
one and one-half inches in diameter. These features both
disappear with depth, and the lower part of the section 1is
clear steel-blue in color.

A similar phase of the loess was found on the farm of Mr.
Aundrew Engle, one-half mile north of Metz. Along a gully
leading into the valley of the Skunk river a few feet of steel-
blue clay, overlain by a foot or two of deep red clay, are to be
seen, both covered with six to eight feet of soil wash from the
neighboring hillsides. The blue clay has very fine and sharp
crains. It has been utilized to a limited extent as a polishing
ageut for domestic purposes, and besides it possesses decidedly
saponaceous properties.

WISCONSIN STAGE.

The Wisconsin ice deposited drift over a small arca in the
northwest corner of the county. The earlier topographic fea-
tares were obliterated by the Wisconsin glacier, in part by the
distinctive material that it deposited. Owing to its compara-
tively recent date, leaching and oxidation of this drift sheet
have not progressed to the advanced stage represented in.the
Kansan till. It is to be remarked, too, that there is quite a
marked difference in the degree of freshness between the Wis-
consin till, as exposed in Jasper county, and the same drift in
portions of Story and other counties to the north. The deposits
in this area mark an early advance of the Wisconsin lobe.

The drift is composed of a promiscuous mixture of clay, rock
flour, bowlders of all sizes and many varieties. While in the
Kansan the more basic igneous rocks were the predominant
types, in this later drift the granites and light colored varieties
prevail. The drift has been locally moditied by the action of
water but in general it still retains the characteristic properties
of glacial deposits. North of Indian creek, inthe southern part
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of Clear Creek township, the hills are of morainal character.
They are knobby and the materials composing them are very
gravelly. This may be observed in the roads crossing them
and is quite apparent in some places by the scantiness of the
vegetation. With this exception, the Wisconsin is a thin sheet
of typical glacial till which is much attennated at its borders,
The flow of water during the melting of the ice appears not to
have been great for the common extra-morainal features, gravel
terraces and trains, are practically absent.

The thickness of the Wisconsin drift is not great. [t is
seldom possible to obtain reliable data from the wells in the
area, but where exposed along stream-ways thivty-five feet is
about the maximum thickness. On Silver creek, in section 7,
Clear Creek township, exposures are to be seen. - The upper
fifteen to eighteen feet are oxidized to a buff or yellowish hue
while below, the original blue colov is preserved. 1t is very
calcareous, effervescing freely with acid in all parts of the see-
tion. Good exposures are also to be seen along Wolf creek, at
Valeria, and along an unnamed tributary of the Skunk river,
previously mentioned, in sections 8 and 9 of Washington
township.

POST-GLACIAL SANDS, SILTS AND ALLUVIUM.

Attention has already been directed to the occurrence of
mixed sandy and silty deposits, especially bordering the Skunk
river valley. The deposits appear typicaily as hills, in greatest
number along the eastern side of the valley. Inthe region of
Colfax, where the river has an east and west direction, abundant
materials of this nature are found on the upland back from the
river.

In Poweshiek township, over the Wisconsin drift area, simi-
lar materials skirt the flood plain and cover the hills to a dis-
tance of from one to three miles from the stream. The deposit
here very much resembles the loess. There are no fossils,
however, and the material 1s more sandy and works up in the
road beds to depths of six or eight inches. In this region the
source is undoubtedly the broad flood plain of the river, and
the movement of the materials is still in progress. The de-
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posit here is continuons with that outside of the Wiscousin
area which covers, to a considerable depth in places, the ad-
jacent uplands in the vicinity of Oswalt. Difficulty was found
in accurately tracing the boundary of the newer drift in south-
ern Poweshiek township becanse of the heavy mantle of this
recent deposit. '

In this portion of the county, as also in the region of Colfax,
these deposits closely resemble the loess, in fact, it is impossi-
ble to make out clearly the exact relation of the two. In the
town of Colfax, typical loess is used for brick making, while
south of the town what appears to be a continuation of the
loess is a very sandy silt which possesses little plasticity and isso
loose in texture that vegetation can with difficulty gain a foot-
hold.

At Goddard station, in Sherman township, a sandy phase of
the loess is being removed by the railroad from the base of a
hill bordering the Indian valley. Up the hillslope it grades
into ltoess which overlies Kansan till. Similar materials are
found at intervals southward along the east side of Skunk
river. They are also conspicuous on the hills above Reasnor,
and they continue in importance southward to the boundary of
the county. In section 13, Elk Creek township, low sand ridges
extend into the valley. These are also to be seen in section 29.
In section 33 all of the hills are very sandy. Near the north
border of this section a small stream has exposed a thickness of
twenty feet of finely stratified and nicely sorted sand. The
lamine are horizontal, the sand being white, yellow, brown and
red. The grains are rounded and uniform in size. Covering
the sand, and separated from it by a perceptible dividing line,
are eight feet of sandy loess. The sand is a purely water-laid
deposit and bears no genetic relationship to the capping loess.

It is to be remarked that wherever the sands are exposed
outside of the area of Wisconsin drift, they are covered with a
layer of greater or less thickness of loess-like, silty material.
[t may be noted further that the sand deposits occur in two
positions; as low ridges at the border of the flood plain, in which
the sand is comparatively coarse; and along the upland sides
of the bluffs which immediately bound the valley, where the
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material approaches in nature what might be termed a sandy
loess. These bluffs are in general prominent, and they are
composed of loess containing fossils, and which retains the
characteristically high angle of slope.

Mr. B. L. Miller* calls attention to the occurrence of sand
ridges in Marion county. One such ridge mapped by him in
the northeast corner of Marion county is similar in every re-
spect to the deposits just described. The formation of the
ridges is attributed by Mr. Miller to the action of southwest
winds, “all of them being northeast of the place where the
sandstone ledges have been cut through.” The Skunk river cuts
through the belt of Red Rock sandstone in the south-central
part of Jasper county, but the relation between this region and
the greatest development of the sand ridges specified by Mr.
Miller does not obtain here. Nor do the sands themselves sug-
gest such an origin. The Red Rock sands are prevailingly of a
deep red or brown color; while the sand hill deposits are of the
lighter shades, much of them white.

There seems little doubt that the wide flood plain has fur-
nished much of these sands and silty produets which the
sweeping winds have caught up and deposited where they are
now found. KEvidence points to northwest winds. The fact
that there is amiversaily & suiiace iayer of loess is suggestive
as to the time of accumulation.

All of the streams of any considerable -size flow through
alluvial valleys. Tn the valleys of the major streams the
alluvium has accumulated to great depths. It is a stratified
deposit put down and distributed iargely by the rivers them-
selves. Strata of sand and occasionally gravel occur, inter-
bedded with the finer river silt.

At a few points, remnants of stream terraces are found.
They are generally covered with alluvium and sometimes by
the loess. At Valeria there is a flat bench of Wisconsin drift
some twenty-five or thirty feet above the present Skunk river
flood plain which is surfaced with a thin layer of river silt and
extends from the west county line to a point some three-

*lowa Geol. Surv., Ann. Rep. Vol. XI, p. 167, 1900.
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guarters of a mile below the town. This appears to be a rem-
nant of the old flood plain of theriver, and represents a definite
stage or halt in the down cutting of the stream.

Suggestions of former terraces are to be seen at intervals
along the North Skunk river. Below the schoolhouse in the
southeast corner of section 16, Malaka township, there is a nar-
row terrace ten to twelve feet above the water, and capped
with loess. Low, alluvial terraces bound Indian creek to the
west in sections 28 and 83 of Clear Creek township. Below
Mingo they again occur. Tn section 10 of Clear Creek town-
ship, Wolf creek is skirted on the west by a drift terrace. "his
is seen again in the southwest I of section 17 of the same town-
ship.

Soils.

The soiis of Jasper county may be grouped into three fairly
distinet types, drift soils, loess soils and alluvium. The ma-
teriais of the glacial deposits are practically the sole source ot
all three varieties, but each represents a modification of the
original till.

Soils belonging to the drift proper cover but a small propor-
tion of the county. Outside of the Wisconsin drift area they
are not important. On some of the steeper slopes in the loess-
Kansan area, the Kansan drift outcrops near the base of the
hills and contributes in some measure to the soil forming
elements. This is evident in some places by the oxidized color
and bowldery nature of the soil, and in others hy the wet or
spring line at the contact with the overlying loess. While itis
rare that any effect on the vegetation or crops can be seen,
nevertheless, cases are not lacking where quite distinct zones
can be distinguished from the hilltop down the slope. These
plant zones are determined by the zones of Joess, Kansan drift,
and wash or loam soils; the more luxuriant growths being on
the lower portion of the slopes. The contained gravel and
howlders are not favorable to tillage.

" The Wisconsin drift is covered with a soil, whose unoxidized
character and moderate depth attest its newness. Tt is usually
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of a yellowish-brown color where undiscurbed, and it is not yet
leached of its lime, which is present even close to the surface.
Its color is in contrast to the deep red of the old Kansan soils.
Drainage is not perfect so that as yet the productiveness of this
new drift soil does not rival that of the loess and alluvium.
Artificial drainage would improve it and permit the weather-
ing agents to act more effectively.

The loess soils occupy much the larger portion of the area of
the county. They form a porous, open-textured stratum
through which waterreadily percolates. The loess is, however,
prevailingly calcareous,and does not exhibit an advanced state
of oxidation. Its loose texture causes it to erode rapidly on
steep slopes where it is exposed without a covering of vegetation.
The loess is typically of fine grain, but as has been pointed out,
becomes decidedly arenaceous, and even grades into fine sand
in certain localities in Jasper county. Chemically it is not
widely different from ordinary clay, the presence of the alkalies
and alkaline earths showing it to be made up of a variety of
mineral substances. These minerals, in weathering, furnish a
variety of elements for plant growth. The loess soils are of
reputed fertility, and, especially where slopes are moderate,
produce abundant crops of the leading cereals. '

Many of the streams of the county are bordered by belts of
alluvium. This material affords a very fertile soil, being made
up of the loose fragments of soil, clay and humus that have been
carried into, and distributed by the streams, over their flood
plains. It 1s of a prevailingly dark color and is commonly
underlain by strata of sand which afford it good drainage. The
alluvial soils are eminently rich. On account of their posi-
tion, spring cultivation is sometimes retarded somewhat, and
such areas are subject to occasional inundation. These draw-
backs are not uswvally serious, for the soil is warm, and in the
river valleys some of the best crops in the region are grown.

The soil materials as they are loosened and weathered tend
to accumulate on the lower slopes of the hills and, if at the
border of a flood plain, to spread out ir the shape of the allu-
vial fan. Such deposits show little, if any,stratification and, as
they occur along all depressions and small streams, they coun-
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stitute an intermediate type of soil between the upland and
the aliuvium. To them the term loam has been applied. They
are similar in composition and texture to the alluvium but are
not so far removed from their original source. The loams
constitute a very productive soil.

ECONOMIC PRODUCTS.
Coal.

The coal deposits of Jasper county have been exploited since
the early 50’s when the Slaughter bank was opened in section
32 of Sherman township. Coal was also mined along Cherry
creek in Newton township at an early date. Whitney* stated
in 1858 that considerable coal had been mined at both of these
localities. Owen,} in 1851, mentioned the use of coal for black-
smith purposes from a “three-foot seam in Jasper county, near
the Skunk river.” '

The first Biennial Report of the Towa State Mine inspector,t
in 1883, contains the following estimate:

“A majority of the superficial area of this county is barren
of coal; the most of the coal lies in the southwest portion of
the county, on North Skunk river and its tributaries, and the
tributaries of the Des Moines river, but not more than the
superficial area of one township is underlaid with coal of
workable thickness.”

Later exploitation has proved the extreme conservatisin of
these statements.

The number of producers did not increase rapidly until in
the ’S0’s, when, in 1885, there were twenty mines in operation,
There are at present sixteen mines in the county which operate
a portion or all of the year. The largest production for one
year, for which statistics are to be had, is 293,255 tons, produced
in 1892, From this the tonnage decreased to scarcely more
than 100,000 in 1900, but the output is again increasing, so that
1904 has a reported production of nearly 275,000 tons.
mm‘v‘, State of lowa, Vol. I, pt. 1. p. 216, et seq. 1833

+ Fir=t Biennial Report State Mine [uspector, p. 23, 1883,
t Geol. Sarv. Wisconsin, lowa and Minnesota. p. 117. 1831,
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The various sections of the county where productive coal
beds have been worked will be designated by the nearest towns,
and the occurrence of the coal and the mines in each district
will be briefly described.

Lynnville district.—On the east side of north Skunk river, two
miles north of Lynnville, coal has been taken out but no active
mining work has been carried on for several years. There are
three veins, an upper, two to foar feet in thickness, a second,
twenty-two inches, and a lower vein about sixty-five feet below
the top one, eighteen inches in thickness. The top seam only
has been worked. One shaft was sunk, but the coal was re-
moved mostly throagh drifts. The coal is covered with fifteen
to twenty feet of glacial clay and light blue shale, the latter
affording « fairly good roof. The workable seam is aboat
twenty-five feet above the river flood plain. Coal has been
taken from itat a number of points southward along its out-
crop. The coal mined here is said to have been of good quality,
being especially low in sulphur.

On the west side of the North Skunk river, near the middle
of section 3, Lynn Grove township, a coal seam outerops in the
bed of a small creek from the southwest. Prospecting has been
done along this stream. There appears to be two veins, one
near the water level, and the second seventeen feet higher up.
As far as could be learned no coal has been mined here.

Along Rafferty creek, in sections 33 and 34, Richland town-
ship, coal mining began at the Meredith bank in 1S60. This
bank has not been operated for eighteen years. Twoseamsare
reported, an upper, two feet and four inches in thickuess at
about the water level; and a lower, thicker vein that has not,
been exploited. Borings for wells close to the North Skunk river
encounter the coal just beneath the drift, but back from the
flood plain to the west, shales are interposed over the coal.

Coal has been mined in this district only along the streams
where the outcropping beds have been easy of access. It is
scarcely probable that workable coal would be found east of
the old mines first described. The general dip being to the
west, the southwest portion of Richland and the northwest
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part of Liynn Grove townships appear to be more promising
areas for prospecting.

Monroe destrict.—It 1s impossible with the few deep borings
and meager records available to ascertain the extent of the
coal basins in this distriet. Inlimited areas where correlation
is possible the veins are found to be irregular, so that no
attempt is made to check from one district to another.

In Fairview township a group of minesis located three or
four miles east of Monroe. When first opened, a flourishing
camp by the name of Draper sprang up, and in 1887 there were
seven mines operating intermittently in this vicinity. The
Jasper County Coal and Mining Company operated extensively
here from 1887 to early in the '90’s. Since that time there have
been on an average three mines in operation supplying a small
local demand.

There are two coal seams, an upper, running three and one-
half to four feet in thickness, and a lower vein usually four
feet or more in thickness. The early mines worked the thicker
bed, but at present mining is done only in the top seam. The
two beds are separated by from thirteen to thirty-five feet of
shale and sandstone.

The Marshall slope is located near the center of section 33
and has been operated for twenty-five years. The upper seam,
averaging three and one-half feet in thickness, is mined. It
here has a dip to the north of one foot in twelve. Eighteen
feet below is the second vein of four feet. Itisa “shooting”
coal and is not mined. Mining is done by the Longwall system
and the coal is lhauled to the entrance in cars, by mules. On
an average eight men are employed eight months in the year.
Some coal i8 shipped from Franklin.

One-fourth of a mile east of the Marshall bank is the Shaw
slope now owned by Sharf Brothers of Monroe, but operated by
Gilbert Shaw. Mining was begun twenty years ago, and the
lower vein was formerly worked. The upper seam is four feet,
with a clay parting of four inches near the middle. It has a
low dip to the northeast but not sufficient for the drainage of
the mine. Seventeen acres are worked out with but one acre

22
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left within the property limits. The method of mining is sim-
ilar to the Marshall, all the coal being sold locally.

The Edwards slope is a short distance north of the Shaw
mine, but has not been operated for some time.

In the southwest } of section 26, is the Barnes slope. The
seam 1is three feet three inches, increasing to four feet in thick-
ness on the rise. 1t outerops at various points along a small
stream running through the center of the section. The other
vein here lies thirteen feet lower down. The coal is divided by
a thin clay-sulphur band which is quite persistent. The bank
wag opened twenty years ago. The Longwall method is
used in mining, and operations are limited to four months
in the year. The coal is known to underlie 160 acres.
‘The cap rock to the coal seam is a firm band of arena-
ceous limestone, one and one-half to two feet in thickness,
which affords a good roof. Thisis also a common feature at
other mines in the district, although not a constant one.

Near the middle of the north side of section 26, J. M. Mc-
Conoghey has recently opened a mine not far from the site of
the old William Marshall mine. The mine is a slope into a
four-foot vein. Sandy limestone overlies the coal. Rolls and
partings are common. The seam dips to the southwest. A well
defined, nearly vertical, fault running northwest-southeast, dis-
places the beds with a slip of two feet. Four or five men are
employed eight months of the year. Car and man haulage is
used and the output is disposed of locally. A lower seam,
penetrated in a well at a depth of forty-five feet, is reported to
be eight feet in thickness.

In the southwest part of section 36, the coal occurs in the
hills bordering the Skuuk river flood plain, and a small amount
of mining has been done here.

There appears to be a considerable area in this part of the
county that is underlain with coal. Some opposition to pros-
pecting is met among property owners but when it is realized
that the presence of a workable coal bed enhances greatly the
value of farming land, such objection will soon be removed.
Prospecting i3 now being done in section 27 by Shaff Brothers
of fMonroe.
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West of Monroe, along Calhoun creek, in section 32 of Des
Moines towuship, old drifts are seen in the hillsides, and a
thickness of twenty to thirty feet of shales and interbedded
sandstones may be seen outeropping in the road cuts. The
drifts are known as the old Pattison mines, and no coal has
been taken out for twenty years. The seam ran about four feet
in thickness but water and poor roof caunsed its abandonment.

Newton district.—The working mines in this district are south
of the city of Newton, the largest producers being located near
the Monroe branch of the Chicago, Rock Island & Pacific rail-
road. A great deal of coal has been mined in this neighbor-
hood during the past twenty years, and abandoned drifts,
slopes and shafts are common features in the north-central part
of Palo Alto township. These are also to be seen at points
(indicated on the map) along the main line of the Rock Island
railway in this township. There are at present four working
mines in this district.

Snooks Brothers’ mine is located near the center of section 9.
The shaft 1s fifty-four feet deep, and the coal seam is three feet
ten inches to fonr and one-half feet in thickness. Pinches and
swells in the seam are common. The roof is “slate,”” and con-
siderable timbering is required. The coal isnined by theroom
and pillar plan. Itis hoisted by a gin operated by one horse.
The shaft is in two compartments and two screens are provided
for sizing. All the coal is disposed of locally. The mine is
equipped with a small boiler for pumping when necessary.
The mine is operated during but few months in the year. Sev-
enty feet below this seam, six feet of coal are reported.

In the southwest 1 of section 9, Carson Brothers opened a
new mine in 1904, The shaft is seventy-five feet in depth,
through blue clay and shale. The seam is four and one-half to
five feet in thickness, and is underlain by fire clay, occasionally
replaced by soapstone. The slate affords a good roof. The
coal bed varies on aceount of rolls but in general has a low slope
to the west. The gin hoist is used. An hour’s pumping each
day is necessary to keep the mine clear of water. Little coal
has been taken from this shaft, it being operated only during
the winter months. Twenty-five feet below this mine is a coal
bed two and one-half feet in thickness.
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Mr. A. Lister formerly operated a mine near the northwest
corner of section 8, Palo Alto township, where about twenty
acres were mined out in a vein three to four feet thick. The
mine now worked is located near the southwest corner of sec-
tion 3. The shaft is fifty feet deep and two veins are penetrated.
The upper is but two inches in thickness while the one mined
runs two and one-half to four feet. Thetwo are separated by
twelve feet of shales and fire clay. The seams run fairly level,
but wedge out entirely 100 yards north of the shaft. The roof
1s jointed and north-south faults with displacements of one foot
or so are frequently encountered. The coal is raised with a
one-horse gin hoist. A local trade is supplied. Tt is necessary
to pump three or four hours each day to keep the workings free
from water. A 10-horsepower engine is employed, water
being drawn by a four-inch belt to which are attached wooden
blocks that fit closely and move vertically in a tight box. Ten
to twelve men areemployed during the winter months.

French Brothers have recently opened a mine in the south-
east } of section 15. In prospecting, a four and one-half foot
vein was found in four holes, within a radius of 100 yards. The
drift and loess are fifty-five feet. In addition there occurred
thirty feet of soapstone or slate overlying the coal.

Coal has been mined in two or three drifts in section 7, Buena
Vista township, on the land of A. C. Davis. The seam is said
to be eighteen inches to two feet in thickness, and water
causes much difficulty in mining.

Early coal mining on Cherry creek in section 32, Newton
township, has been mentioned. Several old dumps are to be
seen in this area, and although some prospecting has lately
been done, no coal has been mined for thirty years. 1Two veins
are present, separated by shale. One seam, one and one-half to
two feet in thickness, twenty feet above the water, and the
other a one-foot seam at about water level. The upper seam
lies very close to the glacial drift covering, from which it is
often separated by but a few inchies of “slate” roof. Deeper
drilling encountered no other seams.

From the cata obtained at these different mines, it appears
that the coal underlies a considerable area in northern Palo Alto
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township, extending into Buena Vista to the east, and Newton
to the northwest. Where exploited west of the town of Newton,
and near Murphy, the seams are thinner and lie higher in actual
elevation above sea level. This is in harmony with the strike
of the coal-bearing measures. It suggests that the chances are
not favorable for coal to the northeast beyond this general line
of outcrop; although it may be found in isolated outliers of
limited extent. Coal has been found both north and south of
Kellogg, which may thus be attributed to detached areas of
Coal Measure strata. A prospect hole one-half mile south of
Kellogg penetrated six inches of coal at a depth of 129 feet.* It
is reported that a shaft put down by a corporation organized
in Kellogg, one mile northeast of the town, reached a four-foot
vein of coal. Satisfactory corroboration of the details of this
statement was not obtained. If coal exists here it is probable
that it underlies only limited areas.

Beds of coal which can not with any degree of certainty be
correlated with those of the Newton district, less than three
miles to the east, have been mined in a small way northwest of
the town of Metz, in sections 2 and 3 of Mound Prairie town-
ship. Two seams have been worked, both of which give natural
exposures. The upper is fourteen inches to three feet thick,
and lies almost immediately beneath the drift and about
thirty-nine feet above the water in Skunk river. The lower
vein runs eighteen inches to four feet in thickness and is at
about water level. It is mined intermittently by Mr. A. H.
Allfree. The coal thins out to the south, east and north, and
is variable in depth. It is usually protected by a sandstone
roof, large masses of calcareous ironstone, sometimes septarian
in structure, frequently intervene, which cause the coal in
places to pinch to a few inches. In the edge of the Skunk
river flood plain a twenty-two inch vein was found at a depth
of twenty-five feet below the level of the water.

Southwest of Metz, in the southeast 4 of section 15, Mound
Prairie township, a new mine was opened in 1903 by Good
Bros. and Collins. It is known as the Kowles mine. The shaft
is fifty-seven feet to the bottom of the coal, which runs four to

*Second biennial report of Iowa State Mine Inspector, p. 113. 1883
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four and one-half feet. The Coal Measures lie beneath twenty-
five feet of loess and Kansan drift. The roof is “slate” but gives
no trouble. The coal is hoisted with a gin, one horse lifting
about 1,600 pounds from thisdepth. One entry has been driven
sixty feet north from the shaft. Three men work during the
winter months only. The coal is of a good domestic grade and
does not clinker.

Prairvie City district.—Coal bas been mined in the past from
.country banks at several points over the southwest portion of
the county. Those on Calhoun creek have already been men-
tioned. Near Walnut creek, in the northeast § of section 34,
Des Moines township, coal has been mined by a slope in a
thirty-inch seam. Trouble with water and a poor roof caused
its abandonment.

In the north & of section 22, on Walnut creek, are the Wil-
liam White and the C. M. Norris drifts. The White mine is to
the west of the stream. The seam lies twenty-eight feet above
the creek and averages four feet in thickness. It has a low dip
to the southeast. Two feet of jointed slate overlie the coal,
and are covered in turn by eighteen inches of limestone “cap
rock.” About two acres have been mined out. Four to six
men are employed during five months of the year.

The Norris mine is located to the east of Walnut creek, and
coal has been mined here continuously for twenty-two years.
Thirty acres are mined out. The occurrence of the coal is in
all respects similar to the White vein. A two-inch “sulphur
band” in the coal is a constant featare in this mine. Itis
necessary to pump three hours each day to remove the water
that has accumulated during the previous night. Seven men
are employed six months in the year. The quality of the coal
from these mines 1s said to be most excellent, and it is espe-
cially good for steam purposes. The ountput is disposed of
locally.

In Vandalia the Cavitt and Pnlver mines have operated up to
two and three years ago, respectively. There are two seams,
one, two and one-half to three feet in thickness, and twenty-
five feet lower, a four-foot seam. The former hasa shaft sixty-
five feet deep, and the latteris « slope to the top vein. Ina well
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drilling in Vandalia, eighteen inches of coal werelpenetrated
at a depth of thirty feet below thissecond vein. In the north-
east corner of section 30, a small amount of coal has been
taken from a drift in the hillside on the farm of A. Lufkin.
The seam 1s twenty-two inches in thickness. Wells in the
neighborhood of Vandalia seldom fail to find coal at moderate
depths.

One-half mile east of Prairie City, at the north edge of sec-
tion 1, a drill hole 185 feet deep, penetrated three and one-half
feet of coal at the bottom. Mining was not undertaken on
account of water.

Colfax district.—Colfax is the center of the most active and
extensive mining operations in the county.

The first coal mining in the county wasdone atthe Slaughter
bank, one and one-half miles east of Colfax, in the southwest
1 of section 32, Sherman township. The base of the seam
is at about water level in the Skunk river, along which
stream it crops out at various points in this vicinity. About
thirty acres have been mined, the coal having been taken out
through a number of drifts. The seam is six feet thick and
dips to the south, two inches to the yard. The roof isslate and
is fairly stable. Five years ago a shaft sixty-five feet in depth
was sunk, back some distance from the outecrop. The mine
was not operated in 1904. The present owners are Hanson and
Harrington, who will open it this year. The Slaughter coal
has long had the reputation of being the best in lowa.

Prospecting for the coal in section 5, Mound Prairie township,
between the present mine and the railroad, failed in some cases
to find it. In others, the drift rested directly on the coal. It
has here been removed by erosion, which has detached a small
area of the Coal Measure strata from the continuation of the
same to the southwest. A drillingsixty-five feet below the coal
revealed no other veins.

Coal has been extensively mined along the north border of
the Skunk river valley from a point, essentially due north of
Colfax, to Valeria. The Jasper County Coal and Mining Com-
pany mined out about five hundred acres in sections 34 and 35
of Poweshiek township. Shafts Nos. 2, 3 aud 4 (mine No. 1
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was a slope), ranging in depth from forty-five to one hundred
feet were sunk. The coal within lease limits was practically
exhausted. The seam is about twenty-five feet below the level
of the river and ranges from three to six and one-half feet in
thickness, thinning to the north and finally running out. The
roof was slate but this occasionally failed, being replaced by
the overlying drift, which made mining very difficult.

In the vicinity of Oswalt several companies have carried on
mining operations in this same bed since 1880, when mining
was begun 1n the old Pittsburg shaft by Mr. V. E. Oswalt. The
Valeria Coal and Mining Company and its successor, the
Diagonal Coal Company, were the largest operators. Their
mines have been .abandoned for years. Insurmountable
difficulties were met in the poor roof and the large amounts of
water. Many acres of coal were mined out, but much was
left in the workings oun account of the improper methods of
mining employed.

There are at present but two working mines in the Oswalt
district. Warrick Brothers’ mine is located in the southwest
of section 34, on the Colfax Northern railroad. The shaft is
seventy feet deep to the base of the coal, which is five feet ten
inches thick. The coal is overlain by slate which, on account
of its jointing, is a dangerous roof. Rolls occur in which the
coal thins down to three feet. From the foot of the shaft the
seam dips to the north for 300 feet, then rises rapidly till it
meets the overlying sand, beyond which it can not be worked.
A dip to the southeast from the shaft is also noted. Almost
constant pumping is required to keep the minefree from water.
The mine is equipped with a gin hoist. The coal is transferred
to cars by teams, and an average of four cars per year is
shipped. The mine is in operation the vear around, employing
on an average SlX men.

The Clover Hill mine, owned by Martin Mindham, is located
one-half mile southeast of the last. The shatt was sunk in
1901, and about one acre of coul is mined out. The top of the
shaft is thirty feet above the water in Skunk river. The shaft
is fifty feet to the coal. The strata penetrated are:
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FEET
5. Soil and yellow clay ........... e e 20
4. Blue bowlderclay........cooo i it 4%
G N 7 Y- ) 13
2. Softslate.... ..ot e 25
1. Coal.io i e s 4

The vein dips to the north for a distance and then rises. The
roof is poor and water is troublesome. The shaft isa two com-
partment “quarter shaft,” to provide for ventilation. The gin
hoist is used. One to two cars per week are shipped, and an
equal amount is disposed of locally during the six months of
operation. The Burris and Davis mine is located on the Pritch-
ard farm, in the northeast } of thesouthwest } of Washington
township. A shaft just being put down at this point pene-
trates the following strata:

FEET. INCHES.

13. VYellow clay, a little gravel................... 18
12, Blueshale.............. ..o iiii ciii, 25

11. Soft, bituminous shale......... ... L 2

10, Coal. ... i i e 9
9. Fire clay......co ot e 4

8. Slate, hard, black.... ... ... ... .0 ... 30 3
7. Coal. ... e 6
6. Fire clay, light gray, arenaceous ............ 4

S, Slate. . i e e 16

4, Sand rock... ...l e 4

3. Shale, carbonaceous, pyritiferous..... 25 6
2. Coal v 4

1. FireClay.. ...t i

Several prospect holes have been drilled which indicate the
presence of the coal under a considerable area. The shaft is
eighty feet above the level of Skunk river. The coal seam thus
lies about fifty-five feet below the water in this stream. Be-
neath this vein no coal was found within thirty feet. The shaft
will be a two-cage, quarter shaft. It appears probable that this
vein is the southwestward continuation of the one mined at
Oswalt, on the opposite side of the Skunk river valiey, and the
same as formerly mined at the old Cooke shaft, a short distance
east of Mitchellville in Jasper county.

There are three producing mines in the vicinity of Severs
P. O, three and one-half miles southeast of Colfax. Two are
operated by the Colfax Consolidated Coal Company and are
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reached by the Colfax Northern railroad, and one by Hanson
and Harrington, near the northeast corner of section 20, Mound
Prairie township.

The last named is known as the “Klondike” mine. The shaft
1s seventy-two feet to the bottom of the coal. The seam is
four feet eight inches thick. The mine was opened seven years
ago and about three acres of coal are mined out. The bed dips
to the southwest, on an average of one inch to the yard, although
it 1s somewhat undulatory. As a rule, the coal thickens down
the dips and thins on the rises. The shaft section is given on
page 314.

The shaft is a two-compartment, quarter shaft, but a sepa-
rate shaft is now <inking to serve as an air and man way. The
coal is mined on the room and pillar plan. Shooting from the
solid is the practice. The coal is cleaned in the mine and the
slack is sent out separately and sold for steam purposes Each
room 1s numbered and the miners are paid for the lump coal
by the ton as it is sold over the local scales. One man aver-
ages four tous of coal per day. The coal is hard and is a good
domestic fuel. Six men are employed during six winter
months.

Hoisting is done with a 20-horsepower, Tarrant Marine HEn-
gine Works engine. Three hours pumping is necessary to
remove fifteen hours’ accumulating water. The pump used 1is
a No. 2 Cameron, throwing thirty-five gallons per minute.

As stated earlier, the Jasper County Coal and Mining Company
formerly operated mines in the vicinity of Oswalt. Shaft No. 5 of
this company was located at Anderson in section 14, Washington
township. Fifty to sixty acres were mired out and the shaft
was abandoned 1n 1900. Shaft No. 6 in section 13 was com-
pleted this same year. In 190l a consolidation of the Jasper
County Coal and Mining Company and the Colfax Coal and
Mining Company was effected, the latter having already its
shaft No. 1 in section 17, Mound Prairie township. This last
mine then became shaft No. 7 of the Colfax Consolidated Coal
Company as the united company is called.

No. 6 1s 150 feet, and the coal is three and one-half to six and
oune-half feet in thickness. The seam is undulatory but has no
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pronounced dip in any direction. The roof is “slate” and is
fairly stable except where streaked with thin bands of lime-
stone. The latter, which are only one-half to one inch thick,
render the roof unreliable in places. The coal is mined room
and pillar plan, double entry, with mule and wire-rope haulage.
Pumping is done two to three hours each day to keep the work-
ings free from water. Hoisting 1s done by an 80-horsepower
engine, and the coal is run over a one and three-eighths inch
secreen. At the lower end of the screen is a picking table where
bony coal is sorted out, the latter being charged against the
miner sending it up. Ventilation is accomplished by means of
a fan in a separate air shaft. Righty acres have been mined
from this shaft. An average of 150 men are employed through-
out the year.

Shaft No. 7 1s on lower ground but works the same seam and
is but fifty-five feet deep. The coalissaid to run three and one-
half to seven feet, and is similar in all respects to that of No,
6. The equipment and methods of mining at this plant are
similar to that at No. 6. Water gives some trouble where the
roof breaks. One hundred and twenty acres have been mined.

Two shifts are worked in these mines—one going in at 7:30
a.M. and working till 11:30; and again at 12, staying in antil 4
p.M. Shot firers go in at 4 o’clock and complete their work at
6, when the night shift goes in and works eight hours.

The output of these mines is all shipped; a spur of the Col-
fax Northern railroad connects the mines with the main line
of the Rock Island at Coltax, and the Great Western at Valeria.
The coal is of fair quality. The following is an analysis of a
sample of the coal from mine No. 6. The calorific power of
the coal is also given. For the purpose of comparison the same
data are included for four other well known fowa coals:

MOIST- | VOLATILE | FIXED TOTAL suri. | CALORI-
CoMPANY AND LOCALITY. |UREAT COMBUS- | COMBUS- | COMBUS- | ASH. | it | METER
110 C.| TIBLES. TIBLES. TIBLES. el BLTL O
Colfax Consolidated Coal Co., |
Colfax, Iowa............... 9.84 59.19 39.08 79.27 12.89 2.84 11, 206
Whitcbreast Fuel Co., Hilton, |
Iowa ... ooooon ion 40.61 48.21 83.82 11.18 3.26 13, 396
Centerville Block Coal Co.,
Centerville, lowa..........|[........ 87.79 54.86 92.64 7.36 8.29 12, 881
Plart Pressed and Fire Brick
Co., Van Meter, Iowa ....|........ 40. b4 51,04 91.58 8. 42 8.68 11,941
Corey Coal Co., Leﬁigh, Iowa. e 37,98 47.98 85.96 | 14.04 5.90 12,431
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This company controls about one thousand acres of coal land
in Mound Prairie and east Washington townships, and the
- whole has been pretty thoroughly prospected. Workable coal
is found to underlie considerable areas in this region. ln the
northwest ¢ of section 20, Mound Prairie township, shaft No.
8 has just been completed. A vein of five and one-half feet is
penetrated at a depth of 180 feet. Entries now being driven
have progressed 400 feet from the shaft and active mining will
begin as soon as the plant equipment and transportation facili-
ties are in readiness.

Following is a section in a drill hole put down on high ground
near shaft No. 8. The churn drill is used by this company in
all of its prospecting.

FKET., ITNCHES.

17, Soil i s e 4
160 Clay (oo e e 26
15. Sea mud...... e e 13
14, Sand......c.oiiiiis i s 4
13. Sandy shale................... e 3
12, Blueclay......ooviiiiiiiiiiiiiiie i 16
o 11, Soapstome.........c...iiiiiiiiciiiiiiieie.. 3
10, Sandrock.................il.L, e 4
9. S0APStOME. . vt e e 7
8. Slate..c. i 10

7. Coalblossom..........ooiiiiiiiii i ... 6

6. Slate....... o 11 6
S. Coal..ovviiiiiiiii Lol 1
4. S0apStOMe......otiiiiit i o s 7
3. Slate.ven i 58
2. Lightslate......cooueeeen it .. 3
B - | 5

Clay.

Jasper county is well supplied with material for the manu-
tacture of the more common clay wares, building brick and
drain tile. The loess has proved suitable for brick and drain
tile in various parts of the state. For the manufacture of pav-
ing brick, sewer pipe and other vitrified wares, and for pressed
brick and hollow blocks, the loess is not saitable. Since the
processes in the manufacture of the latter named wares are
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somewhat more elaborate, the clays used must possess good
plasticity, must stand higher temperatures, and be tough and
resistant when finished. Clays of correct composition and pos-
sessing the essential physical properties for these wares have
been found only in the older formations,—the shale clays, clay
shales and fire clays. Those of Jasper county belong exclu-
sively to the Des Moines stage of the Carboniferous, and, as
will be pointed out, are favorably exposed in but few localities.
In general, the shales of the Coal Measures in the county are
sandy and the outerops to be observed show,almost universally
thin beds of shaly sandstone and clay ironstone nodules which
make them unsuitable for clay manufacture. Beds of shale of
considerable thickness and of uniform character are reported
in the sinking of coal shafts in various portions of the area.
The fire clay seams which underlie the coal beds may also
prove worthy of attention.

Lynnville—Newby & Macy operate a plant for the manu-
facture of brick and tile in the southeast part of the town.
The clay 1s a mixture of hillside wash and alluvium, and is
taken out near the edge of what is said to have formerly been
an old lake. Tt is free from concretionary lime. A nine and
one-half-foot bank is open. Three feet of black soil overlie
six and one-half feet of yellow clay. The clay is drawn up a
trestle in cars by a winding drum. No definite propor-
tions are observed in the mwixing. The plant is provided
with a 80-horsepower Ottumwa engine and a 60-horsepower
Chicago boiler. The Brewer auger machine is used, with a
hand-operated, side-cut delivery table. Brick and tile are
made. Of the latter, three-inch, three and one-half-inch, four,
five six and eight-inch in size, according to demand. The
clay stands drying well without checking. The drying is done
in a two-story shed with a capacity for 120,000 four-inch tile.
The Warren trucking system 1s used. The dryer is provided
with coils for the utilization of exhaust steam. Ventilation is
secured through lifting side-doors. Brick dry in three to four
weeks, while but two weeks are required for tile. The burning
is done in one Stewart kiln, and one of the ordinary type of
round, down draft kilns. The latter has a capacity of 80,000
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brick and is equipped with Swift coking furnaces. Tile can be
burned in four and one-half days, about two days of which are
required for water-smoking.

The outcrops of shales two miles north of Lynnville have
been mentioned under the title Geological Formations. A
small amount of exploration would, it is believed, locate in this
vicinity beds of workable thickness and of suitable nature for
the manufacture of clay products.

Monroe.-—The plant of (. H. Orcutt is located on Brush creek,
one-half mile west of the town. Coal Measure clays are used.
The bank consists of a few feet of loess-like drift clay and ten
inches to one foot of coal blossom overlying nine feet of fire
clay. A ten-inch vein of coal is present five feet below the base
of the pit, and this is again underlain by fire clay. Following
are the chemical analyses of two samples, one taken in the pit,
ten feet from the surface; the second; by a boring about ten
feet below the bottom of the pit.

10 FEET FROM SURFACE. 20 FEET FROM SURFACE.
PER CENT. PER CENT.

SiOg. ot v 67.25 ..o 70.65
ALO, oo 18.00 «ovv i e 15.90
F.Oq 4.58 ... ol 4.23
CaO. e B0 65
MgO.. ..ot 30 L 25
Na,O..oooo i o] 90
K,O oo 203 ... i, 100
H,O at 105°C .......... 29 e
Loss at red heat......... 6.18 Lo 5.53
SO, v B e 83

Total........oooiun . 99.79 ... 99.94

It will be noted that the fluxes are not high ineither sample,
with the exception of iron oxide, but are present in too large
amounts to allow of classification as a fire clay. Physical tests
were made of these clays, and of two others taken five and
twenty-five feet, respectively, from the surface, with results as
follows:
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TENSILE STRENGTH
F DRY CLAY.
POUNDS PER E8Q. IN.

LINEAR SHRINK-

SAMPLE. AGE IN DRYING.

5 feet from surface....... ... .. .o 8. per cent .. 143
10 feet from surface........... ... i, 8.5 per cent .. 133
20 feet from surface......... ... .., .. ... ... 6.8 per cent .. 165
25 feet from surface......... ... .. il 7.5 per cent .. 122

This last clay melts at slightly above cone 3, about 1200° C.,
(2192° F.). The others are all more refractory, the two upper
ones burning to a strong buff color. The shrinkage in drying
1s below the average and there is no tendency to cracking.
Their strength and plasticity are high. 1t should be possible
to combine these clays so as to produce a good vitrifying body
for paving brick and other vitrified wares.

The buff burning clay was first used for pottery at this plant,
and a superior article was produced. Since the clay is plasticand
moderately refractory it could be “thrown” with faecility, and it
will also take a good Albany glaze. At present brick, drain tile
and sidewalk tile are made. The clay is picked, and hauled in
dump carts to the works where it is put through a seven-foot,
American Clay Working Machinery Company dry pan, when
dry; and into Brewer rolls when it comes from the pit in a
plastic condition. The clays are mixed in the proportions in
which they occur in the bank. A -Freese auger machine of
25,000 capacity, with side and end cut-offs are used for brick;
and a Brewer cutting table for tile. Power issupplied by one
40-horsepower Nagle and a 45-horsepower Lennox boiler, and a
45-horsepower Nagle engine.

The wares are dried in open sheds, and on a floor underlain
by small sized sewer pipe laid in gravel, through which exhaust
steam is passed. Burning is done in two round kilns: one six-
teen feet in diameter, equipped with inside stacks and four
fire holes; and the other twenty-four feet, outside stacks and six
furnaces. The former holds 15,000 brick, and the latter
50,000. First class products are made here, the blending of
the carbonaceous top shale with the fire clay giving the ware a
good red color. Five to six hundred thousand brick, some of
which are shipped, are made annually, and tile is produced
according to the demand.
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Kellogg.—Brick and tile are made here by James Holdsworth.
The clay is secured south of the Chicago, Rock Island & Pacitic
track and appears to consist of worked-over loess and Kansan
drift. It is hauled by wagon and placed in a soak-pit with
layers of sand. A moving belt carries it to a double-shaft pug-
auger machine. A hand operated side-cut is used for brick,
and a rotary wire cutter for tile. The ware is dried on slatted
floors, and burned in two round, down draft kilus.

Newton.—The McAllister Brick and Tile Works is located at
the east edge of the city, on the Iowa Central track. The raw
material is yellow loess grading into the bluish variety, lying
unconformably on a pebbly drift wash. The cut is fifteen to
eighteen feet in depth, the whole section being utilized. The
clay is drawn to the factory in cars. A New Brewer, No. 9A
stiff mud machine is used. An automatic rotating cutter is
used for tile and a hand lever cut-off for brick. The aunger
machine has a rating of 40,000 brick per day. There are five
dry sheds, two of these having two floors each and are provided
with steam piping. The total drying capacity is about 70,000
three-inch tile. Tile dry in three weeks. A thirteen and one-
half-inch tile shrinks in length to one foot in drying. Care is
exercised to prevent checking. Two Cooke patent kilns are on
the yard. These are round, down drafts and are sixteen and
eighteen feet in diameter. The kilns are constructed without
bag walls, the gases from the furnaces passing beneath the
floor to a central chimney which extends about two-thirds the
height of the kiln chamber. The gases then pass downward
through the ware and out through openings near the floor into
four stacks built into the kiln wall. Firing is done from one
side only, in four fire boxes. These kilns are quite satisfactory,
the smaller, however, giving the more even burn. The ware
produced is strong and durable. It withstands temperaturesin
the kiln which partially vitrify it, which is unusunal with this
type of clay. Only tile were made in 1904. There was some
demand for sidewalk brick. The plant is operated six months,
April to September each year, employing on an average five
men.
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In west Newton are the brick yards of C. Shamburg and
William Henning. Both are located north of, and close to, the
Chicago, Rock Island & Pacific track. The so-called “red oak”
clay is the raw material at both plants. Banks of ten to
twelve feet are open, exposing typical loess passing into the
bluish variety below. This lower portion contains lime balis
and grades into a sandy joint clay, brown to drab in color,
which can not be used. The clay is hauled to soak pits in one-
horse carts. The Shamburg yard is equipped with a Creager &
Sons’ five-mould, soft mud machine; seven rack and pallet dry
sheds holding 56,000 brick; and four rectangular cased kilns
holding 75,000 to 100,000 brick each. One week is required for
drying, and eleven to twelve days for burning. Wood 1s used
for water-smoking and to finish off each burn.

The Henning plant consists of a Horton Manufacturing Com-
pany six-mould, soft mud machine; twenty dry sheds; two
cased kilns each of 140,000 capacity; and two round, down draft
kilns with capacity of 80,000 and 85,000 each. Six men are re-
quired to operate the brick machine, besides the sand boy and
one man to shovel from the soak pit. 10,000 brick can be
made in seven hours.

Baxter—Brick have been made for sixteen years on the
William Henneman yard, three miles west of Baxter, in the
southeast 1 of section 17, Independence township. Loess is
used, and examination of a cut fifteen feet in depth shows it to
be unusually free from concretionary lime. The clay varies
from the yellow color into the gray-blue below. A Henry Mar-
tin six-mould, soft mud machine is used. The brick are burned
in two open kilns of twelve and eighteen arches. Three kilns
per year are made. There is a strong demand for brick in this
seetion. the output of this plant being hauled to Mingo, Tra
and Melbourne and Collins in adjoining counties.

Colfur.—Although parties have operated clay plants at
several points in this vicinity, the yard of H. Harrington, in the
southeastern part of the town, 1s the only one now in operation.
Loess 1s the raw material and a bank 1s open in which are ex-
posed twenty-five feet of yellow loess grading into the drab and
blue below. Lime concretious are quite plentiful in the upper

23
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portion, and shells of mollusks are abundant. Root casts of
limonite occur in the upper, oxidized portions. The clay is
carried on cars to three semi-circular soak pits made of brick,
eleven to twelve feet in diameter and four and one-half feet
deep. The brick are made of soft mud in a Henry Martin, six-
mould machine. The latter is mounted on a truck so it can be
moved from one soak pit to another on a rail track. Drying is
done in open sheds on pallets. The brick are burned in three
open kilns and one round, down draft. The product is of fair
quality. The plant was not operated in 1904 but the manage-
ment intends to make brick the coming season.

Stone.

Quarrying has been done at several points inJasper county in
the belt of Red Rock sandstone, which affords the only exten-
sive deposits of building stone in the region. Sandstone from
the coal-bearing strata has been quarried at three known local-
ities, section 34, Des Moines township; in arailroad cutin sec-
tion 30, Fairview; and two miles above Lynnville, in the valley
of North Skunk river. At the latter place only 1s quarrying at
present carried on in the county. The exact location is the
northeast } of the northeast 4 of section 34, Richland township.
The quarry section at this point has been given on page 312.
The sandstone is brown to red in color and i1s micaceous with
small cavities containing fine red ochre or ocherous clay. The
total thickness of salable stone is fifteen feet. Considerable
stripping of the overlying shales is required. The quarry is
worked by William Northcutt. Three hundred perches per
year is the output. The stoneis durable, and supplies the local
demand for cellar and foundation walls.

Stone from the Red Rock formation has been quarried in a
namber of places in section 17, Rock Creek township. The old
Morgan quarry on the land of G. M. Henning was open forty
years ago. A face twelve feet in height is exposed, consisting
of a heavy bed of brown stone separated from a four foot
stratum of compact, reddish-brown sandstone, by two feet of
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shattered rock. Similar strata have been worked both above
and below this quarry in the valley of Rock creek and its
branches.

One mile east of Kellogg the brown sandstone has been
quarried quite extensively 1n the past by the railroad company.
Fiteen feet of the sandstone are open to view. Large plans ap-
pear to have been made here for the development of these
quarries, but no work has bheen done for years.

Detailed descriptions of the quarry exposures near Murphy
and Reasnor have been given under the description of the Red
Rock sandstone. Considerable stone has been removed from
the Dooley and Lamphear quarries in section 21, Buena Vista
township. The latter is now worked intermittently for local
use. Both the red and brown varieties are quarried.

On the hill slope one-half mile north of Reasnor, sandstone
has been quarried. One mile south of Reasnor, at “Stony Point,”
the brown sandstone has been quarried in the past.

The most extensive quarrying operations in the county were
formerly carried on at the old Kemper quarry in section 8, Fair-
view township. The rock was quite widely known as the Mon-
roe red sandstone, although both red and brown stone were
taken out. John Reinhart took stone from here forty years
ago, and worked the quarry for twenty-five years. E.G. Kemper
produced, in seven or eight years of his possession, some cut
and dressed stone, and at one time employed as many as twenty
men. Considerable stone was shipped. The present owner, A.
Herwehe, has put out very little stone in the last two years,
although there 1s a fair demand locally.

The following description of the sandstone points out its chief
characteristics: *

“It 1s a moderately coarse-grained stone, with some range of
color and texture and corresponds in general with the Red
Rock stone which has been more w1delv marketed.

As will be seen from the tests, it is an excellent stone and
might be used to advantage in all structures similar to those in
\vhich brownstone has been used so extensively in the east.
Under the microscope it seems to be made up of rather coarse

*H. ™. Bain: Anno. Rep. Iowa (icol. Surv., Vol. VIII, p. 398.
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and rounded grains of quartz cemented by a matrix of red-
brown, iron-stained material which, judging from the analysis,
is largely ferric oxides, but contains also some aluminous
material. The sand grains are rarely in contact; the inter-
stitial areas being usually as large as the cross-section of the
individual grain.”

The chemical analysis of this stone as given on page 412 of
Doctor Bain’s paper, is as follows:

SiO, . e e 84.35 per cent.
Al O e 8.62 c
FeO + Fe,O, .. .o oo 5.59

CaO..... e e e 88
H,O4loss ........c oo oot 43

A sample of the deep red variety collected by the author
analyzed 31.5 per cent of alumina and ferric oxide.

The following composite table gives the results of physical
tests of the stone. For comparison data are included for the
-Lake Superior sandstone, a building material of established
reputation. The figures for the Monroe sandstone are taken
from “Towa Building Stones,” by Bain in Volume VIII, Towa
Geological Survey Reports; those for the Lake Superior rock
from Buckley’s “Building and Ornamental Stones of Wis-
consin.”

CRUBHING BTRENGTH. PER CENT OF

POUNDS PER ABSORPTITON.
SQUARE TNCH.
3,600 8.64
Monroe sandstone................. 3,700
2,001 : 4 4
Lake Superior brown stone........ up to to
6,500 15.1

In the Wisconsin drift area and in portions of the northeast
townships of the county that have been influenced by the lowan
ice sheet, fresh granite bowlders are abundant and are used for
walls and foundations for residences and farm buildings.
When shaped and dressed these rocks make very attractive
walls, and are eminently darable as well.
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Sand.

Attention has been directed to the extensive deposits of
sandy loess bordering the Skuunk river valley on the east. In
places these deposits are practically pure sand and have been
utilized for building purposes.  Ou the hilltops one-fourth of a
mile north of Reasnor sand has been excavated. In the south-
east | of section 13, Elk Creek township, a good grade of clean
sand is available. The finest deposit of sand observed in the
county 1s open near the north edge of section 33, Elk Creek
township. The sand is stratified and clean, although overlain
by several feet of loess. The wind blown sands have, in gen-
eral, rounded grains and are therefore not as satisfactory where
bonding power is essential as are those of angular grain.
Where durability and resistance to weather are the chief fune-
tions of the filling material, as in ordinary mortar, and for
moulding sand where not even these factors are essential, the
sands available in Jasper county are quite satisfactory.

Road Materials.

The greatest need for serviceable road materials is felt in
those districts, already named, which are covered with fine sand
and sandy loess. A mixture of the more plastic loess with such
sand in roadbeds would furnish a fair foundation for a surfac-
ing of gravel, crushed rock, or barnt clay ballast. The gravelly
Wisconsin drift clay aftords a good grade of material for road
building, providing proper drainage is accomplished. A gravel
pit is opened in section 23 of Clear Creek township.

Available gravel deposits are not well distributed over the
county, nor are those observed in the most acceptable locations.
A small clayey gravel outcrop is to be seen at the bridge over
the North Skunk river in the northwest } of section 35, Malaka
township. It apparently lies beneath the Kansan drift and
rests unconformably upon the allauviom of the river bottom.
A few feet of sand and gravel are exposed in a stream cut in
the northwest § of section 4, Poweshiek township, lying beneath
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four feet of partially sorted Wisconsin drift. At a few points
in the northeast } of section 27, Kellogg township, and in the
northeast } of section 22, gravels are exposed along the river
valley. They underlie considerable thicknesses of sandy loess
and Kansan drift; but if utilized in conjunction with these
materials they are valuable deposits. In the southeast } of
section 5, Richland township, thirty-seven feet of modified
sandy, iron-stained Kansan drift are exposed, covered with ten
to twelve feet of loess. The deposit is accessible and may prove
of value for road building purposes.

The Red Rock sandstone might be made use of in places for
road materials, but erushed rock of this nature has not proven
durable as compared with gravel or limestone. The life of a
sandstone roadbed is very limited, as the stone does not pack
or cement well, and continues to crush under traffic until
reduced to sand, with its undesirable gualities.

Clay suvitable for making burnt ballast may be found in
nearly every portion of the county. No fixed list of qualities
is essential to such a clay, nor is it necessary for the usuwal
properties, plasticity, strength and refractoriness to be possessed.
The alluvial clays along the streams make a good grade of bal-
last. The fine-grained “gumbo” phase of the loess, when prop-
erly calcined, also furnishes excellent material for road con-
struction.

Ocher.

A deep red ocher has been quarried in the southwest | of
the northeast | of section 21, Fairview township. [t occurs at
the apex of a ridge of the Red Rock sandstone, where the rock
1s badly weathered. The material itself is impalpably fine, and
greusy to the feel, but is intermixed with sand grains. [t
appears to be the residuum of red iron oxide (Fe; O3), the
cementing matter remaining from the decay ol the sand-
stone. To be utilizable it would require to be washed free of
the sand. Tt 1s possible that deposits more nearly free of sand
might be located by prospecting along the lower slope of the
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hills in this neighborhood. Nodata were obtained with regard
to the production or the disposition of the ocher taken out. It
is believed that it might prove of value as a pigment for the
manufacture of paint.

Ores of The Metals.

Nuggets of metallic copper are occasionally found in the drift.
They are frequently a few pounds in weight and are more coni-
mon in the Kausan drift than in the later deposits. Several speci-
mens of this nature have been picked up on the farm of Mr. 11,
Barnes in section 26, Fairview township. A small specimen of
ore containing beads of copper and native silver was presented
as having been found in the borings from a well on this farm.
A sample of vein quartz carrying metallic gold issaid to have
come also from this well. These samples do not indicate the
existence of any amount of similar ore in the region, but are
fragments only that have been broken from the parent rocks
in localities to the north and carried to their present location
by the glaciers which have moved over the region under con-
sideration. The copper ore mentioned has probably come from
Keweenaw Point, Michigan, where such materials are known to
oceur.

The presence of zincanil lead oresin the Coal Measure strata
is occasionally reported. Zinc sulphide, sphalerite, 13 known to
occur as concrefions similar to iron carbonate and iron sul-
phide and “clay ironstones,” in the shale beds connected with the
coal seams. This ore of zine may be confused with siderite,
the carbonate of iron, but specimens have been examined which
leave no doubt as to the identity of the mineral and its occur-
rence in this way. Small cubes of galena, lead sulphide, are
also found in ironstone nodules along with iron sulphide and
carbonate. These sporadic occurrences of zine and lead 1n the
(‘oal Measure beds mean no wmore as to the presence of minable
(uantities of these ores than does the occurrence of iron pyrite,
for example, in similar surroundings, indicate the probubility
of workable deposits of this ore. Lead and zinc deposits of
Importance are not known to occur in this form, nor associated
with rocks of this nature.



260 GEOLOGY OF JASPER COUNTY.

Water Supply.

The potable waters of the county are drawn largely from the
porous strata of the glacial and alluvial deposits. Shallow
wells in the loess covered regions obtain a supply in the sands
at the base of this deposit, or from beds of gravel and sand
which are very commonly found at the base of the Kansan
drift. When the latter is the source of supply the wells must
be sunk to depths as great at times as two hundred and fifty or
three hundred feet. In the river valleys an abundant and
durable supply of water is usually obtainable in the sand %mtd
at moderate depths, seldom more than forty feet.

Springs issuing from the Coal Measure strata are not uncom-
mon. The water is, however, often so charged with sulphuric
acid as to make it valueless, where it comes from beds
associated with coal seams. - Two instances may be cited of
- springs which flow from Coal Measure strata and furnish never
failing supplies of good water. In the northeast 4 of the
northwest 4 of section 9, Rock Creek township, issuch a spring
flowing from near the base of the Red Rock formation. A
spring on the farm of Mr. P. W. Mowry in section 34, Des
Moines township, furnishes an abundant supply of most excel-
lent water. Several springs are found in some localities
issuing, in many instances, at the contact of the porous loess
with the Kansan drift. These afford intermittent and often
serviceable supplies for farm purposes.

Flowing wells of moderate depth are to be obtained in certain
portions of the county. In all instances the aquifer is some
member of the older formations below the Carboniferous. There
is a small artesian area where flows are obtained along North
Skunk river in sections 26 and 35, Malaka township. "T'here are
six flowing wells in this vicinity, two being located on the
Riverside Stock Farm in section 85. The water will rise four
feet abovethe level of the flood plain. A numberofother wells
at higher levels have permanent artesiansupply but do not flow.
The wells are 145 to 175 feet deep, the water coming from lime
and sandstone beds below Coal Measure shales, which are seldom
more than six or eight feet in thickness. Occasionally flows
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are to be found in other parts of the county, in wells that do
not penetrate below the drift, but in which the water rises
ander hydrostatic pressure, are common.

Attempts have been made in the larger towns to secure
increased and more permanent supplies of water by deep
drillings into the pre-Carboniferous formations.

The water supply for the city of Newton was formerly drawn
from two wells, 1,400 and 1,800 feetin depth. Although arecord
was xept of the strata in these wells it is not at present avail-
able.  Professor Norton states® that the supply comes from
the Saint Louis beds, reinforced by lower flows from the
Maquoketa. While usable for domestic purposes, the water
was very corrosive 1n boilers. The following mineral analysis
of the water was made by Dr. J. B. Weems.

SOLIDS,

PARTS PER MILLION.
Silica (S1Os) . v 36.70
Ferric oxide and alumina (Fe,O,, Al;O,) ....... 16.5
Sodium chloride (NaCl).............c.oooiat. 302.
Sodium sulphate (Na,SO,)............. ..ot 2386.76
Magnesium sulphate (Mg SO,).............. .. .. 435.86
Calcium sulphate (CaSO,)...... ... inni ... .1104.89
Calcium carbonate (CaCO,). ......... —oo..... 87.96
Carbon dioxide (COL) . ovvntivii vt 81.30
Total ... e 4451.97

The sanitary analysis of the water is as follows:

PART3I PER MILLION.

Free ammonia........cv it i i 2.27
Albuminoid ammonija........... ..ol . 186
ChloriOe. c e e e 183
Nitrogen as nitrites........ .. ...... ... ... ... .. 0.00
Nitrogen as nitrates.... ... ..o 0.00
*Solids on evaporation....... ... .oiiiii coiias 4716
Solids on ignition...... e e e, 4193
Solids at 180°C. ... ..ot i e et 4519

The source of Newton’s present water supply is in the Skunk
river bottom, five and three-fourths miles southwest of the city,
in Mound Prairie township. Eight sand points are driven fifty
feet into the alluvial materials of the flood plain, and the water

* Artesian wells of lowa, [owa Geo', Sur., Ann, Rep. Vol. VI, p. 22, 1396.
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1s drawn from a bed of gravel. The wells are distributed over
an area of about 150-foot radius and valves are so arranged that
one orall may be pnmped from at the same time. The supply
is abundant and the quality excellent. The following sanitary
analysis of two samples of water from a nearby well drawing
from the same aquifer was made by Doctor Weems, May 10, 1903:

PARTS PER MILLION.

1 2
Free ammonia. .......ooeeee vovn.. 1.152 .26
Albuminoid ammonia........ ..... . .288 .08
Chlorine.......... .0 ciiiia o i 10.
Nitrites . ... oot i Tr. Tr.
Nitrates.....ooooviiiianv i, 8. 5.
Solids on evaporation............. 246. 298.
Solids om ignition................. 116. 222.
Oxygen absorbed in 15 min..... .. .06 .24
Oxygen absorbed in 4 hours ...... .12 .36

The pumping station is located at the wells. The water is
forced to the city through an eight-inch pipe line and is lifted
approximately 190 feet to the bottom of the sapply tank. The
latter is supported on a fifty-six foot tower, is sixteen feet deep,
and thirty feet in diameter. The present needs of the city are
met by pumping four hours per day but the demand is rapidly
ncreasing.

Prairie City formerly drew its water supply from the sands
and gravels at the base of the drift. The well was eighty-five
feet deep and the supply was ample. So much trouble was
given by quicksand that it wes found necessary to drill deeper
and case the whole to shut out the sand. Drilling was contin-
ned through the winter of 1904 and 1905 and at present has
reached a depth of 390 feet. A detailed record of the strata
passed through was not kept. Examination of cores from dif-
ferent depths gives data which will warrant the following di-
visions. The record of the railroad well kept by Mr. B W.
Brown was also made use of in this connection.
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1. Loessand drift .......cvviiineiiinnnnvrnenn 85 + feet.
2. Coal Measure shales and sandstone........ 140 + feet.
3. Limestone ........coviiinininninannnonn. 65 + feet.
4. Coarse, white sandstone. .................... 2 - feet.
5. Compactshale.............oiiiiinee... 63 T feet.
6. Dense, gray, mg. limestone, penetrated....35 feet.

No. 3 is probably the Saint Louis. The shot drill is nsed,
the core down to three hundred and twenty feet being five in-
ches in diameter: four inches, to three hundred and ffty-five
feet, and two and one-half inches, to the present depth.

Mineral Waters.

In and near the town of Colfax, flowing wells are obtained
at depths of two hundred and sixty to three hundred feet. The
quality of the water obtained has given Colfax a wide spread rep-
utation for its mineral water. The water comes from the Saint
Louis strata. In sinking the wells three water bearing strata
are usually penetrated, but the lowest, reached in the neigh-
borhood of three hundred feet in Colfax, furnishes the mineral-
1zed water. An approximate section is given on page 307.
The water will rise ten to twelve feet above the Skunk river
Hood plain.

[u the town of Colfax more than a dozen of these wells have
been sunk, and are found distributed chiefly among hotels,
sapitariums and bottling works. Detailed data regarding
four of these wells are given in Professor Norton's “Artesian
Wells of Towa”, page 293. There are four bottling works in
Coltax: Fryes Bottling Works, Fellows” Bottling Works, Gor-
don Botthing Works, Crisman Bottling Works. From these
establishments are annually shipped to all parts of the country
thonsands of gullons of the mineral water. The prinecipal ho-
tels also ship large amounts of the water. The estimated out-
put from one of the larger bottling works for one year,
exclusive of that sold locally, totals 20,000 gallons.

The water as it comes from the wells contains a small per-
centage of carbonic acid gas (CO,) as is shown in the mineral
analysis on page 365. This is not suthicient, under atmospheric
conditions, to holdjthe dissolved salts in solution. In bottling,
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the water is therefore impregnated with carbon dioxide under
apressure of sixty pounds to the inch. Special pieces of machin-
ery are designed for this work. One man can fill eighteen
cases, 432 quart bottles in one hour. The water is shipped also
in jugs. demijohns, kegs and barrels. By the addition of arti-
ficial syrups, tinctures and flavors, a variety of commercial

e
=

Fic. 30. View of the sanitarium mineral well, in winter,
Colfax, lowa.

beverages is produced: lemon sour, ginger ale, wild cherry
phosphate, are examples.

The following analysis was made by Prof. L. G. Michael,
of the Iowa State College. The sample was kindly submitted
by Dr. J. B. Sherbon, of the Grand Hotel, at Colfax. [Five gal-
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lons of the water were collected and at once hermetically
sealed at the well in a stoneware jug.

Awmes, Iowa, March 1, 1905.

The following is a report on the water from Colfax

well:

GRAMS PER LITRE. , GRAIKS PRR IMP. GAL.
COurunnan e 7.76 NaCl...ooouvnnn ... 3.76
Si0g.cve e .. 0.1275 Na SOy oo, 83.01
) R 0.00575 KsSO, o eiiiiiinnn ., 0.54
Cloves v 0.034 MgSO, . coes v, 26.68
CaO oiivnnn. . 1.0268 CaSO, . ivies e, 32.44
MgO ... .. 0.131 CaCOg vuiae e o 99.63
K.O.ovvr onn, 0.0042 FeCOyu. . ee eeennn. 0.83
Na,O....oo...., 0.5458 Si0s.vn s e, 8.75
SO,.............1.2448 Lithia......coovvnn... —_

*CO, e, 594 86

Lours G. MICHAEL,
Survey Chemist.

A strict classification of this water would be calcic-saline
chalybeate, following the divisions given by A. C. Peale in the
14th Annual Report of the United States Geological Survey. 1t
would also be classed as a “‘carbonated” water because of the
carbon dioxide it contains. When the water isallowed to stand
in the atmosphere, or is heated, a coating of iron rust forms in
the containing vessel. The precipitation of iron salts also
necessitates occasional cleaning of the casings in the wells.
Decrease of pressure and the escape of CO,, along with aera-
tion, cause the precipitation of the iron which probably exists
in solution as the carbonate and sulphate.

There is at the present day much speculation amoung physi-
cians and scientists as to the exact therapeutic value of the
different mineral waters. A review of the best information
extant on the “Therapeutics of Artesian Waters” is to be found
in Professor Norton’s “Artesian Waters of lowa,” page 356 ¢f seq.
A terse summing up at the close of an extended article on the
Mineral Waters of Indiana, by Robert Hessler, M. D.,t+ includes

*C0O,—Weight of gas given off the water when boiled.
¥25th Ann. Rep. Indiana Geol, Surv., 1902, p. 159.
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the following statements, which are quoted as indicating the
trend of the conclusions being reached by investigators in the
modern school of “curative physik”:

“Mineral waters add nothing to the nutrition of the body
which may not also be obtained from the daily food.”

“Although the curative range of our mineral waters is quite
limited the number of every day ailments in which they are
mdicated is large, and many of these mineral waters may be
used with good results.”

“Sharp distinctions must be made between curative and pal-
hative treatment, and between being benefited and being
cured.”

“T'he indications for the use of pure water, and of water only
slightly mineralized, are many, those for the use of heavily
mineralized waters are comparatively few.”

Water Power.

The moderate fall of the larger streams of the county renders
available a supply of energy which might be utilized. Data
regarding the elevation, slope, volume of flow and available
head in both Skunk rivers are given in Part II, Tenth Census of
the United States. At present the mill at Lynnville 1s the only
one run by water power.
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INTRODUCTION.

AREA AND LOCATION.

Clinton county has an area of 880 square miles. It 1s situated
nearly midway between the north and the south boundaries of
the state, along the Mississippi river. [t extends farther east
than any other county in Iowa. Its greatest length in an east
and west direction is thirty-eight miles, while from north to
south it measures twenty-one miles. The abutting county on
the north is Jackson, on the west are Cedar and Jones, on the
south is Scott. From the latter county it is separated by the
Wapsipinicon river. Its east boundary is the Mississippi river.
Clinton county is the fifth of the counties along this great
water way counting from the north, and the sixth, counting
from the south.

PREVIOUS INVESTIGATIONS.

Visiting and local geologists have both contributed to our
knowledge of the geology of Clinton county. Among the
earliest geologists whose observations are recorded we find J. D.
Whitney, who published some notes on the drift and outcrops
of rock along the Mississippi and Wapsipinicon rivers, in Hall’s
first report on the Geology of lowa.* Dr. James Hall, who de-
scribed the general characters of the rock in lowa in the same
volume,t has some references to this county. Dr. J. P. Farns-
worth of Clinton has published an account of pockets of fire
clay, which were noticed in the limestone in the vicinity of
Clinton.} Dr. W J McGee made extensive observations on the
drift in this county and published an account of his studies in

“his Pleistocene History of Northeastern lowa.§ In this he de-

* James Hall: Geol. of lowa, Vol. I, pp. 278-282, 1858,
+James Hall: Geol. of Iowa, Vol, I, pp. 70-71. 1858.

1J. P. Parnsworth: Am. Geol., Vol. III, pp. 831-334. 1888.
$W J McGee: 11th Annual Report U. 8. Geol. Surv. part L.
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scribes the Goose Lake valley,and also two different drift sheets.
In his monograph entitled The Illinois Glacial Lobe,* Frank
Leverett has published a full account of his studies of the drift
in a number of places in Clinton county, especially those bear-
ing on the earlier course of the Mississippi river in the Goose
Lake channel.

PHYSIOGRAPHY.

TOPOGRAPHY.

The topography of Clinton county presents several clearly
distinguishable areas. The lowlands of the Mississippi, the
lowlands of the Wapsipinicon, the Goose Lake valley, the up-
lands of the lowan drift, and the uplands of the older drifts,
each is marked by different topographic features and is best
described separately.

The Mississippi Lowlands.—At the north boundary of Clin-
ton county these lowlands are a little more than a mile wide,
on the lowa side of the river. Following them to the south
they widen out to nearly two miles in width in sections 7 and 8
in Spring Valley township. In section 18 in the same town-
ship the bluffs again turn toward the river and reach out to its
bank in the north part of section 20. This and the extreme
northeast corner of the county are the only places where there
are no lowlands between the river and the bluffs. From below
this point, and all the way to the Wapsipinicon, the bottom
lands continue to increase in width, and at the point where the
two streams meet they extend two miles away from the Missis-
sippi. The surface of these lowlands is that of a level, alluvial
plain, for the most part only about twenty-five or thirty feet
above the level of the river, with a general slope to the south
of less than one foot to the mile. Near Camanche and near
Follets there are remnants of old terraces which rise about
thirty feet above the level of the flood plain. It is evident
that the entire valley of the great river, which reaches a width
of six miles, was once filled to this height, and that the river

* Leverett: Mon. XXXVIII, U, S. Gzol. Surv., pp. 486-467. See »zﬂso ‘F‘mnk Leverett, Old
Channel of the Mississippi in Southeastern Iowa. Annals of Iowa, Vol. V. pp. £8-51. )
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has again removed nearly all its old deposits down to the pre-
sent level of the allavial plain. Another remnant of the same
old terrace lies in the southwest corner of section 30, about one
mile north, and one-half mile west, of Midland Junction.

To the southwest of Clinton an island-like part of the
uplands is cut off from the main upland to the west by a valley
aobout one-half mile in width. This valley connects with the
Mississippi bottoms at both ends, and it is drained by a small
stream known as Hart’s Mill creek. Its origin dates back to a
time when the drainage of the Mississippi was impeded, and
its waters flowed over several long and low sags to the east.
The opening up and the lowering of the Mississippi valley
farther down was evidently so slow and gradual that the river
was able to maintain and widen out several channels in this
region at one and the same time. The relation of the Hart’s
Mill valley to the other lowlands leaves no doubt that it is the
result of the work of the river; and the size of the valley
makes it clear that it can never have held more than a part of
the great stream at one time. The strip of upland extending
to the southwest of the city of Clinton was thus at one time a
high island in the midst of the Father of Waters.

The Wapsipinicon Lowlands.—The Wapsipinicon river enters
Clinton county in section 7 of Liberty township. The width of
its bottom lands at this place is about one mile, and this con-
tinues as far down as the village of Toronto. Below this place
the channel widens to more than two miles, sometimes to
nearly four miles, as between Wheatland and Calamus, and ata
place about three and one-half miles north of Calamus. This
wide bottom is again contracted to less than one mile near the
north boundary of Scott county, east of Dixon. From this
point all the way to the Mississippi, the valley is open, varying
from two to four miles in width. The surface of the Wapsi-
pinicon flood plain is mostly from fifteen to twenty-five feet
above the low water mark in the river. Nearest the channel
its surface is frequently indented by ox-bow lagoons, that mark
lines formerly followed by the main channel. Within the
limits of the county this flood plain descends at the rate of
about two and one-half feet to the mile towards the
Mississippi.
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The lowan Drift Plain.—About two-fifths of the uplands of
Clinton county consist of a plain which has an average elevation
of about 680 feet above the sea, and which ranges from 620 to
760 feet. This plain has a relief which is quite different from
that of the other uplands. Its surface is somewhat uniformly
level and but little dissected by erosion. There are extensive
flat lands with now and then some low ridges that have a tend-
ency to extend from the northwest to the southeast. This we
call the Towan drift plain, for its boundaries coincide with the
boundaries of the area that is. covered by the lowan drift.
It occupies a belt that extends in a general direction from the
northwest to the southeast, and ranges from six to ten miles in
width. On the west it enters the county in Liberty township.
Here its southern boundary lies in section 31, extending to the
east-sontheast for three miles, to a point about one mile north
of Wheatland. From here it follows the Wapsipinicon river
towards the southeast, and crosses this stream near Dixon. It
continues with an eastward trend in Scott county to near the
confluence of the Wapsipinicon with the Mississippi. The
north boundary lies in section 30 in Sharon township, and from
there extends east about one mile on the north side of the
Chicago Milwaukee & Saint Paul railroad, as far as Lost Nation.
From here the north boundary follows a nearly straight line in
a direction east-southeast, passing a point about one mile
south of Welton to Elvira, and to all appearances meeting the
lowlands of the Mississippi some three miles north of Camanche.

The Older Drift Plain.—North of the [owan drift plain, in
the north part of the county, and south of the Wapsipinicon
river in Spring Rock township, the land is built up from older
drifts and has a different topographic character. Most of its
relief lies from 700-900 feet above the sea level. This land is
thoroughly dissected, and consists mainly of slopes which fol-
low the ramifications of the drainage and join in ridges between
these. In Elk River and Spring Valley townships, along the
Mississippi, these slopes are steep and high, sometimes pre-
cipitous. Away from the larger valleys they are more gentle
with a convex contour above and a concave contour below.
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The highest points in the county lie in this drift plain. These
are in section 34 in Brookfield township, where the elevation
exceeds 920 feet above the sea level, and in section 8 in Hamp-
shire township, where the elevation is about 910 feet. Both of
these points lie in the line of the divide between the Wapsi-
pinicon and the Maquoketa basins. In the small tract of the
older drift plain which occupies the southwest one-half of
Spring Rock township, the most elevated point is located in
section 30, and reaches a height of 860 feet above sea level.

The Goose Lake Channel—Goose Lake channel is one of the
most interesting features in the topography of the state. It
consists of a large stream valley, which crosses the two drift
plains from north to south, in the east half of the county.
Starting from the Maquoketa river, in Jackson county, it enters
Clinton county in sections 5 and 6 in Deer Creek township, and
extends from there in a direction a little east of south to
near the center of Center township. At this point it turns to a
course a little west of south and joins the lowlands of the
Wapsipinicon in the southwest corner of Eden township. This
valley averages one and one-half miles in width. Its flat bot-
tom lies about one hundred feet below the nearest part of the
uplands of the older drift, and from twenty-five to seventy-five
feet below the plain of the [owan drift. It is limited on either
side by a well marked line of bluffs. The highest point on the
floor of the valley is to the south of Goose lake where its eleva-
tion is 690 feet. From this point the surface descends north as
well as south. In the latter direction the descentis about six
feet to the mile.

DRAINAGE.

Only a small part of Clinton county drains directly into the
Mississippi river. This is a strip adjoining the river, nine
miles wide at the north boundary and narrowing to five miles
near its south end. It includes the townships of Elk River,
Hampshire, Spring Valley, Clinton, Lincoln and Camanche.
The south end is covered by the Iowan drift. It has a low re-
lief and a sluggish drainage. There are several sections of
marshy land north and east of Low Moor, and these cover a
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bottom which resembles that of the Goose Lake channel and
connects with the latter about two miles south of Elvira. The
north end of the belt has a higher relief, and is drained by
several small systems of ramifying creeks which lead out to the
west bluffs of the great water way.

Along the north boundary of the county another narrow
area drains into the Maquoketa river, in Jackson county. The
basin of the latter stream extends about two miles into Clinton
county, at the northwest corner, but as we proceed eastward it
reaches farther to the south so as to include section 1'in Berlin,
and section 12 in Welton township. From here its south
boundary follows closely the south line of the north tier of
townships across Goose Lake channel to section 35 in Deer
Creek township, which is the meeting point of the divides that
separate the three drainage basins. All of the area of the
county not included in these two belts drains into the Wapsi-
pinicon river. The history of the development of the present
drainage in this region is exceedingly complicated, and far too
much involved to be satisfactorily made out in all of its details
at the present time. There are a few general features, how-
ever, whose significance is quite clear. In the first place it is
evident that some features of the drainage date back to the
time preceding the Glacial epoch. There can be no doubt that
the main course of the Mississippi river follows a preglacial
channel of some considerable stream. So does also the Wap-
sipinicon river. Many of the creeks in the region of the older
drift also occupy valleys that existed before this drift was de-
posited. Prairie ereek, Elk creek and probably Sugar creek are
examples of this kind.

But there are other ereeks whose present courses have been
determined by the drift deposits. Deep creek, which runs for
nearly fourteen miles from west to east and follows the north
side of a belt of comparatively heavy drift, was in all proba-
bility turned into that course by the same drift. The drainage
of the Goose Lake channel is of still later origin. It is supposed
to date back to a time when the Illinoian glacial lobe pushed
across into Iowa from the east, and caused the Mississippi to
find a new channel in passing its outer and western border.
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This valley now drains a strip of the uplands on either side, a
little less than two miles in width. This 1sthe distance to
which its lateral gullies have had time to recede or cut back
into the old drift plain. The bottom of this valley has a very
sluggish drainage. With a slope of only five feet to the mile
in either direction north and south, from the divide one mile
south of Goose lake, the greater portion of its surface was for-
merly marshy and is not yet well drained, though several
ditches have been constructed for that purpose. There can be
no doubt that since the time the channel was abandoned by
the stream that made it, accumulations of silt have raised
its bottom, which must have had a general descent to the
south. At present its surface slopes to the north from a point
near (Goose lake, and is drained in that direction by Deep
creek.

The drainage of the lowan drift plain is of still later date,
and is as a result still less perfect. Its streams have wide and
shallow valleys, and marshy ground is frequently seen. The
drainage is sluggish. There are even a few small basins with-
out outlets. Along the north border of this drift some valleys
extend out beyond it, which are in size out of proportion to
the streams that now drain them. These are evidently drain-
age lines that were once much deeper, and which now lie
partly buried under a filling that has accumulated as the drain-
age became clogged. Silver creek is the most pronounced
instance of this kind. Its valley extends north up to Deer
creek, and is even continued across and beyond this stream.
Deep creek, evidently, now drains a part of what formerly was
the north extension of the basin of Silver creek. The Wap-
sipinicon valley is evidently also following some old and filled
channels throughout the greater portion of its course in this
county.” Northeast of Dixon it perhaps crosses an old divide.
Above this place, in the region between Calamus and Wheat-
land, water stands on its bottoms for weeks during rainy
seasons. In the lower part of its course there is an efficient
under-drainage in the sands which fill the old channel, and at
some points the river almost entirely disappears during stages
of Jow water. ' :
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TABLE OF ALTITUDES IN CLINTON COUNTY.

ABOVE SEA
STATION. LEVEL AT AUTHORITIES.
STATION. :
Big ROCI suviucs %5 5 s stbumaimdon 5 3 5 1 $5EEEE555 ¥ 5§ & 697 Ciy M. &8t P. R.R.
BIOWE. ; inipagnme sos- saSaais i seesssammehs 685 C., M. & St. P. R.R.
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LOW MOOT. . cocvvsains o vndione caove et B E 647 Gannett’s Dictionary.
TRV OIS, o v gl & w7 ERiaey L DS SalEs 590 C., M. &St. P.R.R.
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STRATIGRAPHY.

General Relations of Strata.

The country rock in this county is, almost everywhere, the
Niagara limestone. In Spring Valley and Elk River town-
ships this has been wholly removed by erosion in a few places,
and the underlying Maquoketa shale is exposed. On top of the
Niagara limestone the Coal Measures have once rested uncon-
formably, but these have been almost entirely removed. A
few small outliers are left in some places near the north
boundary of the county. These sandstones are the latest sed-
iments preceding the glacial drift. The geest, bowlder clay,
loess and alluvial deposits constitute the mantle rock, which
usually conceals the underlying rocks of the Paleozoic group
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except in some places where these rise to an unusual height, or
where the drift cover has been washed away by recent erosion.
The succession of these formations, as far as known from
exposures and explorations in this county, is set forth in the
following table:

TABLE SHOWING THE GENERAL RELATIONS OF THE ROCKS EXPOSED IN CLINTON

COUNTY.
GROUP. SYSTEM. SERIES. STAGE.
Recent. Alluvial.
Iowan.
Cenozoic. Pleistocene. Tilinoian(?)
Glacial.
Kansan.
Pre-Kansan(?)
Carboniferous. Upper Carboniferous. | Des Moines.
Gower.
Paleozoic. Silurian. Niagara.
Delaware.
Ordovician. Trenton. Maquoketa.

Underlying Formations.
DATA.

The formations enumerated in the above table are all that
appear in surface exposures. The Maquoketa shale, which is
the lowermost rock, does not come into view in its entire thick-
ness, only its uppermost strata being laid bare in the northeast
part of the county. Nevertheless, the thickness of this shale
is known from some deep explorations which have been made.
These explorations show the nature of the underlying forma-
tions to a depth of 1,632 feet below the base of the Niagara
limestone.

The Older Clinton Wells.—In the city of Clinton no less than
five deep wells have been made. Four of these have been
reported on by Prof. W. H. Norton in an earlier publication
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of this survey.* Hisdeterminations of the formations explored
are based on records furnished by drillers and others, and also
upon the nature of some samples from the Dewitt Park well
and the well put down by the Chicage and Northwestern Rail-
way company. These determinations are given in the table
below:

TABLE SHOWING THE THICKNESS (IN FEET) OF THE FORMATIONS EXPLORED
IN THE WELLS IN CLINTON, AS DETERMINED BY PROF. W. H. NORTON.

1 2 3 4
B ok Y |DEWITT PARK| C. & N. W. R. | PAPER COM-
WOBKS, WAL WELL. R. WELL. PANY WELL,
Niagara limestone.............. 120 90 130 224
Magquoketa shale .............. 180 140-180 295 175
Galena-Trenton limestone ...... 325 410-450 275
Saint Peter sandstone...... .... 100 40 60 .
Limerock
to 1,075
Oneota limestone .............. 300 Mixed lime- 380 Tl
stone and
sandstone,
Jordan sandstone......... e aEub 125 800 feet.

The samples of drillings taken from two of these wells are
described as follows:
1. Samples from the Dewitt Park well.

DEPTH, IN FEET.

0 {02 ) R Buff dolomite.

300-350. .500 400 Gray and somewhat porous dolomite.

800 5555 wsmssen Buff dolomite.

680-720........ Sandstone, pure, white and soft, numerous
larger grains about 0.37 mm. in
diameter.

790, 830, 900..Dolomite.

G680 i5:5:95 55 534 .White dolomite, with considerable chert
and grains of quartz sand.

L1025 we o fuiniorats Gray, cherty, dolomite.

188 vy Arenaceous dolomite.

*See Artesian Wells of Iowa, Vol. VI, pp. 241-246.
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2. Samples from the Chicago & Norvthwestern Railvoad Company’s well.

DEPTH, IN FEET.

400............ Hard, gray dolomite.
575 sumivnsisss Fossiliferous limestone and reddish shale.
769 <rsrsriisiani i a White, saccharoidal sandstone, with

rounded grains.

Some other descriptive notes are also furnished: The 100 feet
of Saint Peter sandstone reported in the first City Water-
works well include some shale as well as sand. In the Dewitt
Park well there was some sandstone at the depth of 1,000 feet.
and in the Chicago & Northwestern railroad well the 130
feet of Niagara rock is described as consisting of 100 feet of
“shelly rock” and 30 feet of “hard rock.” Another record of
the strata of the first City Waterworks well is given by Mr.
D. W. Mead, running thus: drift, 10 feet; Niagara limestone,
290 feet; Hudson River shale, 150 feet; Galena limestone, 275
feet; Trenton limestone, 275 feet; Saint Peter sandstone, 100
feet; Lower Magnesian limestone, 175 feet; Potsdam sandstone,
364 feet.* A second record of the Dewitt Park well given
by Superintendent S. M. Highlands is quoted by Professor
Norton as follows: Niagara, 150 feet; Maquoketa, 300 feet; Ga-
lena-Trenton, 250 feet; Saint Peter, 60 feet.

It is clear that there are some discrepancies in the above rec-
ords which can not be accounted for except as due to differ-
ence in the interpretations on the:part of the observers, or else as
due to errors in making the measurements. When measure-
ments are made by the drill rods, such errors are not uncom-
mon. In making out the section for the Clinton wells,
Professor Norton has, as it seems, taken all such sources of
error into consideration and made estimates which find sub-
stantial verification from later explorations.

The Latest Waterworks Well—The latest well for the city
waterworks was made in 1902, several years after Norton’s re-
port was published. The driller’s log describing the rocks pen-
etrated was obtained from the superintendent of the water-
works by the writer. The well was drilled by J. P. Miller &
Company of Chicago. This record is given in full on plate VI.

*Notes on the Hydro-Geology of Illinois in Relation to its Water Supply, table XI. D. W
Mead.
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' SECTION OF THE WELL DRILLED IN 1902 FOR THE CLINTON WATER

WORKS BY J.

P. MILLER.[ ELEVATION OP GURB:

588 FT. A T.]

Depth
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Nature of the Rock.

Age of the Rock.

Limestone, 125 ft.

Niagara,Silurian.

£

Blue shale,227 ft.

Maquoketa, OQrdovician,

600 2

Limestone 318 ft:.

Galena and Trenton,

grdeovician.

Shale,14 ft.

caving shale,e2 ft.

Saint Peter,

Qrdovician.

Limestone, 308 ft.

Oneota, Ordevician

Sandy limgstone,25 ft.

Jordan(?].Cambrian.

Limestone, 156 ft.

saint Lawrence,

Cambriamn.

Shale, 93 £¢.

Samdstone, 2%2 ft.

Shale, 65 ft.
Sandstone,43 ft.

Basal sandstones ana

shales, cambrian.

PLATE VI, Log of the latest well drilled for the city waterworks, at Clinton.
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It will be noticed that the difference between this record and
that of the first city waterworks well is quite unimportant,
and mainly consists in that the later drilling furnishes a some-
what more detailed description than the earlier. The eleva-
tion of the curb of this well is about five hundred and
eighty-eight feet above the sea level.

Wm. Piteh’s Well —Two more wells in this county extend be-
low the base of the Maquoketa shale. One of these belongs to
Mr. William Piteh, and is on the southwest } of section 1, in
Brookfield township. This exploration penetrated the follow-
ing strata:

1. Yellowelay (ALift) ::: 1 conessasssammessnsiisne 10 feet.
2. Limestofie (NIG@ATA) ..ioomenscesinecmsonss s 160 feet.
3. Blue shale (Maquoketa)........covveuunn. +++.200 feet.
4. Limestone of gray color (Maquoketa?) ....... 15 feet.
5. Black and soft shale (Maquoketa?) .......... 8 feet.
6. ‘Gray HDBStONE: « oo s »oiisimeiers s 55 s wimessinzyin Sinas wie 18 feet.

The Dewitt Well.—The other well is in the city of Dewilt and
was made by the Chicago, Milwaukee & Saint Paul Railroad
Company. The record of the strata penetrated here is given in
the table of well records in the pages following the description

of the Geest. (See well No. 42.)

DESCRIPTION OF SECTION.

Believing that differences of interpretation will account for
most of the differences shown in the records of the Clinton
wells, it must be presumed that such records as most nearly
agree with each other are probably nearest to representing the
actual conditions. It is, therefore, believed that the close cor-
respondence of the section of the first well with that of the
latest made in Clinton, testifies to the correctness of both.
The record of the latest well gives a description of the mate-
rials penetrated and thus materially increases our basis of
known facts upon which the identification of the several mem-
bers must rest. Making use of the best data at hand, we may
describe the different members, which, for convenience, may
be taken in order from below upward.

25
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The Basal Sandstones and Shales.—The records of the two
wells which have penetrated this lowest formation are not
exactly alike. One mentions merely “ basal sandstones” while
the other gives two sandstones with a combined thickness of
two hundred and ninety-five feet. The two are in the latter
case separated by fifty-five feet of shale and are overlain by
ninety-three feet of the same kind of material, making the
total thickness penetrated four hundred and forty-three feet.
The same rocks have been explored in the wells in Davenport,
and in Rock Island in Illinois. The resemblance of the sections
in the three cities is strikingly close. In each instance the
upper part of this division consisted of some fine and indurated
sediments, which are variously reported as “shale,” “indurated
sandstone” or “sandy limestone ”. This is from sixty to ninety
feet in thickness. Below this bed there is a water-bearing
sandstone, from one hundred and fifty to two hundred and fifty
feet in thickness, and this rests again on some fifty-five to
seventy-five feet of finer material, sometimes described as a
mixture of shale and limestone. Farthest down, in Clinton as
well as in Rock Island, is a sandstone explored to depths of
from forty to nearly one hundred feet. For a comparison of the
three principal explorations in the three cities, the records are
placed side by side in the table below. The indicated correla-
tions are necessarily uncertain, but they are suggested by the
similarity in the succession. This whole series of sediments is
usually referred to the Cambrian age, and they probably belong
to the Potsdam series. The following table elucidates this
succession:
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TABLE SHOWING THE DIVISIONS OF THE BASAL SANDSTONE IN TEE CITIES OF
CLINTON, DAVENPORT, AND ROCK ISLAND,

Clinton, Waterworks Davenport, Glucose Fac-| Rock Island, Mitchell and
well, 1902. tory well. ‘ Lynde’s well.
|
Shale, 93 feet. Shale, 40 feet. Compact sandstone, 30 feet.

Sandy limestone, 20 feet.| Limestone, 35 feet.

Sandstone, 252 feet. Sandstone, 160 feet. Sandstone, 130 feet.

Shale, 55 feet. Shale, 51 feet. Shaly limestone and shale, 75
5 feet.

Sandstone, 43 feet. Not explored. Sandstone, 97 feet.

Saint Lawrence, Jordan, and Oneota.—Above the basal sand-
stone and shale, the wells in this region penetrate a magnesian
limestone which is five hundred to eight hundred feet
in thickness. This rock is somewhat variable in char-
acter. It contains an admixture of sand which some-
times increases to the exclusion of other ingredients. Drillers
generally report it as limestone, but in places where
the sand is copious they sometimes report it as sand-
stone. In most wells the sand is most abundant near the
middle. Keyes has therefore separated these beds into three
divisions, which he correlates with the Saint Lawrence, the
Jordan, and the Oneota, the two former belonging to the Cam-
brian series, and the latter being equivalent to what is usually
known as the Lower Magnesian limestone of the Ordovician, or
Lower Silurian system. The middle (Jordan) sandstone is re-
ported from all the wells that have reached its depth in Clin-
ton, and its thickness, when recorded, varies from twenty-five
to one hundred and twenty-five feet. These differences in
the reports are probably chiefly due to differences in
judgment as to the most suitable terms descriptive of vary-
ing mixtures of lime and sand. That the limestone both above
and below contains some sand is known from samples of wells
in Davenport, although the fact is reported from only the
Dewitt Park well in Clinton. The similarity of texture which
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characterizes the three divisions sometimes leads drillers to
report it under one item as “limestone” or “sandy limestone,”
and it may yet be questioned whether all three divisions may
not be regarded as equivalents of the Lower Magnesian alone.
Thirty miles farther south, where this rock measures 800 feet,
drillers have found it so uniform in nature thatthey have
described it all under one and the same designation as lime-

stone.
Saint Peter—This overlies the Oneota limestone, but it is

usually separated from the latter by some greenish shale or
clay, which in the waterworks well of 1902 is reported as having
a thickness of ninety-two feet. Some shale generally also overlies
this sandstone and in the above mentioned well this measures
fourteen feet. In the other Clinton wells these shales are not re-
ported, but the small development of the sandstone indicates
that the shales probably exist, and that they may have been
referred to the other formations above and below the sand-
stone. In Davenport, in Moline, and in Rock Island the shales
are present in all wells where detailed records have been made.
Probably they have also been penetrated by the deep wells in
Clinton. The present writer is inclined to think that they
should rather be classified with the Saint Peter, as the thick-
ness of this formation usually varies inversely with the thick-
ness of the shales; and as the combined measure of the three
maintains a greater constancy than that of each of the three
taken separately, they seem to replace each other.

Galena and Trenton.—These rest on the Saint Peter sediments
and consist of dolomitic limestone above with a variable
thickness of calcareous limestone below. The latter breaks
into thin, flaky fragments under the drill. The measurements in
the several wells range from two hundred and fifty to four hun-
dred and fifty feet, owing apparently to differencesin the identi-
fication of the several observers. The close correspondence
between the two most accurate records suggests that these
come nearest the facts, one making it 325 and the other 318 feet.

Maquoketa Shale—The Maquoketa succeeds the Galena up-
ward. Measurements in the different wells range from one
hundred and forty to three hundred feet, but some of these
measurements are clearly unreliable. In the well in Brook-
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field township the drill, after penetrating the body of the
shale, went through fifteen feet of limestone and then
eight feet of a black shale. In Scott county, and south
of the Mississippi, in Illinois, the base of this formation
is often very dark and bituminous and this horizon may be the
equivalent of the “black shale” under the limestone. It is
evident that there may be alternations of shale and limestone
between the main bodies of the two formations and this may
account for some of the discrepancies in the measurements.
The most reliable measurements agreed fairly well, viz: 180,
180, 227 and 223 feet.

Niagara Limestone.—This is the bed rock at Clinton and over
almost the entire county. Its upper surface is quite uneven
and this may partly account for the extreme differences in the
measurements of its thickness in the several wells, which range
from ninety to three hundred feet. Three of the wells agree
very closely making it 120, 130 and 125 feet respectively at
Clinton, and no doubt this is near the correct figure for the
altitude of the land where the wells were bored.

In the absence of descriptive records for the most of the wells
it seems safest in making a summary estimate of the nature and
thickness of the several underlying terranes at Clinton, to
average only such as corroborate each other by essential agree-
ment. There is no evidence of faulting, and nothing short of
this could account for some of the extreme differences which
exist in records.

Summary of the Section—It seems, then, that in making a
deep well in Clinton one should encounter rock materials
essentially as indicated below: '

13. Limestone (Niagara) ... . ceweeisvassssiionasssses 125
12. Shale (Maquoketa):..coeesesensomenssss sswsasime 202
11. Limestone (Galena and Trenton)............ s 321
10. Shale (age not kNOWN).. ..ccuveessiovsonecssaaas 10

9. Sand (Saint Peter). ... svissasismsssminmmm sl 55
8. Shale (age uncertaifi). . caseensessnssovesnnses 90
7. Sandy limestone (Oneota)......cvcvvevve veneas 304
6. Sand, with little or no calcareous material (Jor-

) (o €25 017 ) SRR P A= Py 0 e e 50
5. Sandy limestone (Cambrian, Saint Lawrence).. 202
4, , Shale (CAMBIIR) o « « ssmammmmnioss snowsmsmsmes
3. Sandstone (Cambrian) -

2. /Shale (Cambrian)es ieueavs@ess s simismes v
1. Sandstotie(CaRmbrian), : ssswmee cassevonesosonsss
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The Ordovician System.
THE MAQUOKETA SHALES.

Ezposures—The lowest, hence the oldest, rock which comes
into view in this county is the Maquoketa shale. It does not
cover a very large area, being confined to some places in the
valleys of the Mississippi and of the Elk river, in Elk Riverand
Spring Valley townships.

The most southern outcrop is seen in the base of the bluffs of
the Mississippi river, just north of the city of Lyons, now in-
cluded in Clinton. At this place there is seen nearly 100 feet
of the yellow Niagara limestone in the cliff of the above men-
tioned bluff. This rests upon fifteen feet of Maquoketa shale.
It is a greenish-gray shale with nodules of iron pyrites and with'
layers of impure dolomite. The shale is of uniformly fine
texture. ‘Under the microscope it was seen to contain oc-
casional crystal-like grains of a bright green color, and also
some very minute crystals of pyrites. The particles making up
the shale range from .01 to .005 of a millimeter in diameter and
fragments measuring as much as 0.1 of a millimeter in diam-
eter are exceedingly rare.

About one-fourth of a mile north of the exposure above de-
scribed there isanother outerop close to the tracks of the Chicago,
Milwaukee & Saint Paul railroad. Here there is a thickness of
forty feet exposed. The nature of the material is the same as
at the first place, except that the pyrites nodules seem to be
more frequent, though of small size. The shale is overlain by -
about forty feet of yellow limestone.

Another small exposure of the shale, only four feet in thick-
ness, was found along the railroad track near the northeast
corner of section 18, in the same township. No fossils were
noted in any of these three localities.

In the northwest 4 of section 20 in T. 83 N. and R. 7 E. some
more of this shale was seeun along the south side of Elk river.
There were eight feet of bluish shale resting on two feet of
greenish-yellow disintegrated limestone. In the shale were
several bands of dolomitic, bluish limestone measuring from
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one to three inches in thickness, and in these layers a few joints
of erinoid stems were noted, and also numerous clusters of small
cubical crystals of pyrites. The rock was quite impure and
contained streaks of bluish clay. The limestone which lies
under the clay partakes of the same nature, and exhibits some
concretionary lumps of pyrites and other material. On its
upper surface there occurs a Pleurotomaria, an Orthoceras, and
a great number of poorly preserved fragments” of brachiopods
and bryozoa. ‘
Along the highway in the southwest  of section 13 in Elk
River township, some of this shale is seen in a tributary of Elk
river which comes in from the southwest. A thickness of only
about four feet is exposed. The shale is greenish-gray in color,
and in places it is somewhat indurated. There is some pyrite
and a great number of dark, nodular grains of small size, rang-
ing from one to three millimeters in diameter. The texture is
variable but approximates the same asis found in other places.

In this shale many fossils occur, representing forms like the
following:

Pleurotomaria, sp.
Rhynchotvema capazx.
Strophomena plicata.
Leptena rhomboidalis.
Rafinesquina alternala.
Plectambonites sericea.
Orthis biforaia.

0. biforata laticosta.
O. occidentalis.
Orthoceras, sp.
Chetetes, sp.
Dalmanites, sp.

On top of this shale there rest at this place two feet of a
yellow or bluish-yellow, dolomitic limestone, in which were
some pockets of crystalline calcite.

Thickness and Geographical Distribution.—The thickness of the
Maquoketa can not be made out from these exposures, but from
the data already given in the discussion of the wells it is appar-
ent that this must be about two hundred feet. Its extent of
outerop as a bed rock, underlying the mantle rock, can to some
extent be inferred from the topography. The steep bluffs on
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the west side of the Mississippi bottoms which extend north
from Lyons up to the north boundary of the county, indicate
that the valley is now cut below the base of the Niagara lime-
stone this entire distance, and that the shales constitute the
bed rock under the flood plain north of Lyons on the west side
of the river. In the Elk River valley the cutting has also
reached the shale, and in all probability shale underlies the
drift for three or four miles up this valley, although it has been
laid bare at only a few scattered points.

The Silurian System.

THE NIAGARA LIMESTONE.

AREAL EXTENT.

Excepting the small area just described as underlain by the
Maquoketa shale, and leaving out a few patches of still smaller
extent of Carboniferous rock, the Niagara limestone is every-
where the bed rock in Clinton county. It underlies the drift
over ninety-seven per cent of its entire surface, and there is
only one township in which no outcrops of this rock have been
noted—the township of Berlin. In the bluffs of the Mississippi
rock is almost everywhere seen, and north of Clinton it fre-
quently rises one hundred feet above the level of the river. Over
the central and western part of the county the drift has not
been so extensively eroded, and the bed rock appears mostly
only in scattered places along the water courses. In order to
prcsent the details of the various exposures throughout the
county the outcrops for the several townships may be described
separately.

DESCRIPTION BY TOWNSHIPS.

Berlin.—This is the only township in the county where no
outcrops of the Niagara limestone were observed. The land is
low and drift covered, and although the rock probably lies at
no very great depth, the drift has nowhere been entirely cut
through by any of the drainage channels as far as is known
to the writer.
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Bloomfield. —A littie to the northeast of the center of sec-
tion 1 there are several exposures in the bluffs of Sugar creek.
The rock is a much weathered and disintegrated, dolomitic
limestone, which contains thin layers of gray chert and casts of
Pentamerus oblongus, Halysites catenulata and some individuals of
species of Favosites. On the north side of the creek and a short
distance away from it, there are some towers of this limestone,
with vertical walls, about thirty feet high. These towers are
evidently erosion forms which have been buried under the drift,
and are now again exposed by the more rapid removal of the
latter. The Niagara limestone was also seen near the same
creek one mile farther west, and near the Chicago, Milwaukee
& Saint Paul railroad, in section 18.

Broolkfield.—Over the central part of this township the drlft
is heavy and the bed rock is concealed, but it appearsat the
surface in a few places to the north. Inthe northwest § of
section 11 and in the southwest 1 of section 12, ledges of
weathered rock are seen rising on the slopes of some of the
tributaries of Prairie creek. Other places where rock was
noted are as follows: In the southwest$ of section 1, near the
northwest corner of the southeast 1 of section 2, in the north-
east corner of the southeast  of section 17, in the northwest
corner of the southeast % of section 5, and in the southeast } of
section S. At the latter place the rock has been quarried by
Mr. E. L. Cook. The face of this quarry is about six feet high
with two feet of drift stripping above. The rock is a yellow,
porous limestone, unevenly and indistinetly bedded. Halysites
catenulata, Pentamerus oblongus, and fragments of an Orthoceras
were noted. In the town of Elwood, rock has been found
within thirty-six feet of the surface, but at a place in section 9,
onJ. W. Whilsell’s farm, a well went down 250 feet before rock
-was reached.

Camanche.—On the lower uplands of this township rock is
usually not deeply covered and outcrops are moderately com-
mon. In the bluffs bordering the lowlands limestone fre-
quently crops out. Most of the surface rock is a porous,
disintegrated limestone with frequent pockets of crystals of
dolomite. Ledges which lie deeper down are apt to be more
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fine-grained and compact. Some of the outcrops examined
may be mentioned. In the west bank of Rock ecreek, in the
southwest corner of the northwest 1 of section 32, ledges of
limestone rise to seven feet. In the northwest 4 of section 25,
at one place close to the Chicago & Northwestern railroad, and
also on the farm belonging to J. H. Thiessen, irregularly
bedded and mostly soft and porous, dolomitic limestone is
exposed, and it has been quarried in the place last mentioned.
A rock face ten feet in height shows no marked ledges and
the rock, which is porous, has some of its cavities filled with
a floury form of dolomite. Near the railroad a specimen of
Fuavosites niagarensis was noted. ‘

Centre.—The drift is thick in this township, and the bed rock
is mostly covered. It comes up to the surface in the east bluffs
of the Goose Lake valley, in sections 3 and 10, and is occasion-
ally seen in the bed of a tributary to Brophys creek, which
comes in from the west in section 28. On a farm belonging to
Mr. C. Kearney there is a quarry near the northeast corner of
the southwest } of section 6. This exposes about nine feet of
rock, the upper part of which is disintegrated and ‘‘shelly,”
while the lower part is more fine-grained and compact.

Deep Creel:.—Along Simmons creek in the northern part of
the township there are a number of small outerops of limestone,
and also in the blufts of Goose Lake channel further south. In
the north bank of Simmons creek, in the northeast  of section
15, the limestone forms two columns, which rise some twelve
feet above the ground, and are only eight or ten feet wide. It
is probable that these columns antedate the time of the depo-
sition of the glacial drift, and their intact existence at the
present time is evidence that the flow of the ice at this point
must have been very slow and gentle, being too weak to tear
down these towers. It is to be remembered that this part of
the county lies near to the driftless area, which reaches down
to within a few miles in this direction. Two quarries deserve
separate mention. One is in section 28, about one-fourth of a
mile north of the town of Goose Lake. This has a face of
eighteen feet, which consists of a yellow and porous, magne-
sian limestone of a shattered appearance, without well-defined
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ledges, and with streaks of white and powdery dolomite. The
uppermost layer of the quarry, for a thickness of three inches,
is literally filled with casts and moulds of fossils which are
more or less distorted as from pressure. The most frequent
forms were Pentamerus oblongus and Halysites catenulata. A
Favosites, a Zaphrentis and a specimen of Syringopora verticel-
lata were also noted. The other quarry is on the north bank
of Simmons creek, in the northeast § of section 14, and it shows
the same kind of rock, which is honeycomnbed by small cavities
set with small crystals of calcite. = Pentamerus oblongus occurs
in this quarry also; and in addition, Halysites catenulata, Favo-
sites niagarensis and Zaphrentis stokesi were noted.

Dewitt.—In the east part of this township the bed rock is
mostly covered. Two exposures were seen in section 12, T. 81
N.and R. 4 E. One of these is just to the north of where the
east-west road crosses Cherry creek, and the other outeron is
north of the same road in the west part of the section. In sec-
tion 12, T. 81 N.and R. 3 E., there are numerous small expos-
ures along the bed of Silver creek. In all of these places the
rock is porous and disintegrated, and fossils are scarce. Near
the centre of the south half of section 2,to the northwest
of the point last mentioned, a small pillar of the limestone
rises above the drift. The following section seen on Silver
creek, in the southwest % of the southwest 4 of section 2, T. 81
N.and R. 3 E,, is the largest exposure of the Niagara lime-
stone in this township:

FEET.

T DBAEE eitais vn oo s §o b s m oA 58 R, e RS P13

6. Yellow, disintegrated dolomite, with irregular
BEAAING . s:vc v « siars ianericsmin arvtes slgipaiasios o'qan s 33

5. Fine-grained dolomite of yellow color............. 13

4. Dolomitic limestone in broken laminez from 1to 5
INCHER 1 ERICKIOHS: ¢ s s o v 0 5ws @B 6.3 5 Ssi@aone 5

e CONCBAICH o eiaim i o ersiersisresiaiors nne wisls 5 iiaiFhoninin & pra » 5 Biareiss 4

2. Disintegrated, dolomite rock.. -........iiiiiannn 4

1. Yellow, porous limestone forming one single ledge,
without distinct bedding planes, and containing
specimens of a Zaphrentis, Halysites catenulata
and Pentamerus 0DIONGUS .. cvveviiviisivvsovans 6
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In all of the ledges of this section there was evidence of crush-
ing and brecciation, and most of the fossils were in broken
fragments. The bedding planes had a dip of 5° to the south-
west, evidently an oblique lamination.

FEden.—Most of the land in this township is low, and the bed
rock is aimost everywhere hidden. Some limestone was noted
near the southwest corner of section 6, T. 80 N., near the Wap-
sipinicon river, also about one-half mile east of Malone, where
a small quarry has been opened on the south side of the rail-
road, and likewise at a point near the railroad about three-
fourths of a mile east of Brophys creek.

Elkl River.—In sections 5,8 and 17 in R. 7 E. the uplands
terminate in a bluff, sometimes 150 feet high. The face of this
bluff consists of the Niagara limestone with the overlying drift.
The limestone rises in places as high asone hundred feet. The
lower twenty-five feet consist of a dolomitic limestone, in
which there are frequent bands of chert, varying in thickness
from five to twelve inches. Above this cherty rock is the por-
ous, yellow, often disintegrated dolomite with small cavities
frequently lined with calcite crystals. This horizon occasion-
ally contains abundant specimens of Pentamerus oblongus,
Halysites catenulata and Favosites sp.. Along Elk river the
rock sometimes rises in towers resembling those seen in Deep
Creek and Dewitt townships, and exceeding these in size. On
the farm belonging to Wood and Struve, the following section
was noted near the southeast corner of the northeast % of sec-
tion 12, R. 6 E.

FEET,

5. Fine-grained, yellow, dolomitic limestone, un-
evenly bedded, with numerous bands of chert
from two to eight inches in thickness, and fre-
quently containing nodules of chert from one

to three inches in diameter ..........cicenenne 20
4. Layet Of CHEIE . isiscciis v s soaunsames 65 samissasesn %
3. Thin bedded, dolomitic limestone, containing

NOBUIESOF ICheTue s siws 45 o dwimmivms s s pasisiamesny ne 4

2. Brownish-gray, compact and fine-grained, dolo-
mitic limestone; apparently in one single ledge
without marks of stratification................. 10

1. Dolomitic limestone, gradually changing in color
from yellow above to bluish-gray below. The
rock readily breaks up into small, angular
blocks. Chert nodules measuring from three to
four inches in diameter are found.............. 30
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At this place the face of the rock shows the effect of solution
by water, which has opened crevices along some of the joints,
extending into the rock. One of these was large enough to ad-
mit of entrance.

On the south side of the creek, near the centre of the
north line of section 11, is another exposure of asingle ledge of
yvellow rock, which measures fifteen feet in thickness. This
rests on eight feet of laminated limestone. Near the center of
the south 4 of section 18, R. 7 E., is a cherty limestone which
contains the usual Halysites and Pentamerus together with a
number of undetermined brachiopods. About one mile west
from this point, in section 13, R. 6 E., there is a small quarry
south of the road, on M. D. Shadduck’s farm, which shows three
ledges as follows:

FEET.
3. Yellow, disintegrated, dolomite limestone, with
BANAS OFCHERE Vineass  5amXivieiitbns s s diboreniraalkas o & a 10
2. Five layers, each a little more than one foot in
thickness, and separated one from the other by thin

bands of chemtuue'ss'ss somsenns s ss s owmmessesss s i 7
1. Fine-grained limestone, separated into thin layers
and containing some chert nodules.............. 15

Hampshire.—In this township a single exposure of limestone
was noted on Mill ereek in section 34, at a place where a branch
comes in from the northwest. Therock wasyellowand porous.

Liberty.—The only outerops of bed rock in this township are
in its west half, and near the Wapsipinicon river. The usual
phase of the yellow limestone appears in the west bank of the
river in section 17. A small quarry has been worked near the
highway close to the southeast corner of the southwest } of
section 18, and some rock also appears near the sounthwest
corner of section 29.

Lincoln.—In this township more quarries have been worked
than in any other in the county. This, in the first place, is due
to the local demand for building stone in Clinton. In the
second place rock is plentiful in the bluffs of the Mississippi,
and many exposures are also found along the creeks farther to
the west. The stream beds are sometimes cut in ledges of the
Niagara dolomite.
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Near the Agatha hospital, in the city of Clinton, there is a
quarry with a face about sixteen feet in height and about four
feet of drift above. The uppermost three feet consist of a
yellow, soft rock, which contains occasional heads and stem
segments of crinoids, together with numerous moulds and
casts of brachiopod shells. Below this there is more compact
stone with small cavities containing crystals of dolomite. This
is six feet thick and contains the usual fossils, such as Zaphrentis

F1a. 81. View showing Niagara limestone in Mr. Peter Gypsum’s
quarry. Clinton, Iowa.

stokesi, Halysites catenulata and Pentamerus oblongus. The lower
seven feet consist of more evenly bedded and compact, fine-
grained ledges of a yellow or sometimes brown color. Several
ancient caverns have been exposed by the excavation, one of
which was four feet wide and at least five feet deep. All of
these caverns ave filled with shale of a later age. Ledges hav-
ing the same appearance, and containing the same fossils as in
the above quarry, appear at the foot of the bluff near Fourth



THE NIAGARA LIMESTONE. 399

Avenue along the “bluff road”, and also in Peter Gypsum’s
quarry farther to the northeast (Fig. 81). In both of the last
two places specimens of an Orthoceras were noted. In D.T.
Baldwin’s quarry, which lies opposite the Spri