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TWENTY-SECOND ANNUAL

Report of the State Geologist

_ Towa GeoroeicaL SURVEY,
Dzrs Moines, DecEmprr 31, 1913,

To Governor George W. Clarke and Members of the Geological

Board:

GextrLEMEN :—I have the honor to report that during the year
1913 the Iowa Geological Survey successfully carried forward
the investigations which were approved by you at the beginning
of the field season. In accordance with the well established
policy of the Survey each investigator was assigned the kind of
work for which he was best fitted by training and experience.
The work of the Survey for the year 1913 may be summarized
as follows:

AREAL GEOLOGY.

Detailed areal work and geological mapping was carried for-
ward in Audubon and Shelby counties by Bohumil Shimek, who
had already done considerable work in this part of the state.
As an aid in the interpretation of the Pleistocene geology of
Audubon and Shelby counties, Professor Shimek made a de-
tailed study of numerous deep cuts which, fortunately, had but
recently been made, just north of Audubon and Shelby counties,
between Coon Rapids and Manilla, by the Chicago, Milwaukee
and St. Paul Railway Company. '

The Director of the Survey continued his studies of the geol-
ogy of Lucas county and also did some work in Union county.
The Assistant State Geologist continued his work on the geology
of Crawford county and also on the physiographic features of
the Missouri slope of western Iowa.

The field work in Floyd county was completed by A. O.
Thomas, in Clarke county by J. L. Tilton, in Cass county by J.
E. Gow, and in Calhoun and Greene counties by T. H. Macbride.
Reports on these counties are now being prepared for publica-
tion. -
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ROAD AND CONCRETE MATERIALS.

For several years S. W. Beyer, H. F. Wright and assistants
have been making a detailed investigation of the road and con-
crete materials of the state. The field work and the laboratory
tests were completed during the year, the latter having been
made at the Experiment Station of Towa State College. The
manuseript is ready for publication. A preliminary report was
prepared for the members of the last General Assembly. The
complete report will constitute a large part of Volume XXIV of
the publications of the Survey.

The information contained in this report will be of great value
to the people of the state. There never was a time when the
people were more interested than they now are in the subject of
good roads. Only recently, for the first time, has a Highway
Commission been created in this state. There is reason to be-
lieve that under the wise direction and supervision of efficient
engineers the roads of Iowa will soon compare favorably with
the best roads of the other states of the country. Road im-
provement and road building depend largely upon the avail-
ability of sand and gravel; clay, limestone, sandstone, glacial
bowlders, and the manufactured products of clay and limestone.
It is gratifying to know that the investigations of Doctor Beyer
and his assistants have shown that the majority of the counties
of Towa are amply supplied with materials suitable for one or
more types of road that are believed to be practical under exist-

ing conditions. ;
INDUSTRIAL WATERS.

During the summer of 1913 George A. Gabriel continued the
investigations of the previous year on the surface waters of
Towa, to ascertain with definiteness their industrial applicability.
The publication of the conclusions of these investigations will be
of great value to many corporations and communities which
have recently awakened to a realization of the great waste re-
sulting from the use of unsuitable waters.

ARTESTIAN WATERS.

Volume XXI of the Survey reports, on the Underground
Waters of Towa, was published last year. This report is.prov-
ing to be of inestimable value to the people of Towa in connection-
with the problem of water supply for domestic and other pur-
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poses. It has been most favorably reviewed in the geological
journals of America and Europe. Since the publication of this
volume the Survey has continued to keep records of the deep
wells that have been sunk within the state, and from time to
time it will publish information additional to that given in the
published report. Professor Norton continues to be in charge

of this work. i
PLEISTOCENE PROBLEMS.

J. E. Carman of the University of Cincinnati has completed a
detailed investigation of the drift sheets of northwestern Iowa.
His work has made it possible to prepare a more accurate map
than the present one of the soils and other surface features of
this part of the state. Professor Carman’s report will soon be
ready for publication.

STRATIGRAPHIC GEOLOGY.

Many of the problems of geology are not limited to a single
state but embrace several adjoining states. In the investigation
of such problems it is of great advantage from every standpoint
" to have close coGperation among the various geological surveys

concerned. At the present time several of the state surveys, in-
cluding those of Oklahoma, Kentucky, Ohio, Illinois, Missouri
~and Towa, are interested in a thorough study of the Mississ-
ippian rocks which occur in these states. During the summer of
1913 the surveys of Illinois, Missouri and Iowa employed Pro-
fessor Stuart Weller of the University of Chicago, who has been
for many years a student of the stratigraphy and paleontology
of the Mississippian series, to act in an advisory capacity in the
study of the Mississippian rocks of their respective states. Un-
der the supervision of Professor Weller field work in Jowa was
done by Francis M. Van Tuyl, who made detailed sections of the
rocks in the southeastern part of the state and collected nu-
merous fossils which will be of great service in correlating the
Mississippian rocks of Iowa with those of adjacent states.
A. O. Thomas began a detailed investigation of the strati-
graphy and paleontology of the Devonian rocks of the state.

THE STREAMS OF THE STATE.

In connection with the study of the flow, floods and water-
power of the streams of the state gaging stations have been es-
tablished for some time on the Des. Moines, Cedar, Wapsipinicon
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and Towa rivers. During the summer of 1913 additional sta-
tions were established on some of the above streams, and also
on Upper Iowa, Maquoketa, Turkey and Skunk rivers. At these
stations gage readings are systematically being made. Dis-
charge measurements also are being made at low and high water

stages of the streams. The work is being done by the Iowa

Geological Survey in colperation with the Water Resources
Branch of the United States Geological Survey, each survey
bearing half the expense.

COOPERATIVE TOPOGRAPHIC MAPPING.

The Iowa Geological Survey continued to codperate with the
United States Geological Survey in making topographic maps of
areas selected by the Director of the Iowa Survey. The Iowa
Geological Survey spent $1,750 in this work, and the United
States Geological Survey spent an equal amount for field work.
As in former years the Iowa Survey paid half the expenses of
the field whereas the United States Geological Survey paid half
the expenses of the field and all other costs connected with draw-
ing, engraving and publishing the maps.

The field work was done under the supervision of R. B. Mar-
shall, Chief Geographer of the United States Geological Survey,
on the Boone, Attica, Chariton and New Virginia sheets. The
drafting of the Ames topographic map was completed and the
map was transmitted for engraving.

The topographic maps of Iowa already issued are proving to
be of great value, and it is strongly recommended that the next
legislature be urged to appropriate to the Survey a much larger
amount than is now available for this important work. The state
of Illinois is spending $10,000 a year for topographic work, in
which state the United States Geological Survey spends an equal
amount. In Ohio about $45,000 a year is being expended, in
Minnesota $20,000 yearly, and in Missouri $12,000. The Iowa
Geological Survey should have at least $10,000 a year for topo-
graphic mapping. If this amount were duplicated, as it prob-
ably would be, by the United States Geological Survey it would
be possible to complete the topographic map of the state in a
much shorter time than can be done with our present small ap-
propriation. ' ' : i e

#yigid
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The development of the state in connection with a highway
system, drainage projects, steam and interurban railways and in
many other ways demands the preparation of topographic maps
as rapidly as possible. Further delay will but add to the great
financial loss that the state has already suffered through a lack
of such maps. At the last meeting of the Iowa Engineering
Society, and also at a recent meeting of the Iowa Academy of
Science, resolutions were adopted urging that efforts be made
to secure for the Iowa Geological Survey increased appropria-
tions for this important work.

ANALYSES OF IOWA COALS.

The Survey has already published much valuable information
about the coals of the state. It now has ready to be published
an additional report that will be of great value to all persons
who are interested in the coal industry of Towa. The report has
been prepared by A. W. Hixson. It consists of proximate and
ultimate analyses of sixteen representative coals of Towa, accom-
panied by a thorough discussion of these analyses. The inves-
tigation has shown that Towa coals have a low heat value on
account of their high sulphur and moisture content; that
the high .sulphur content, moreover, renders the coals un-
suitable for the manufacture of coal or water gas, and
causes them to be destructive to grates and fire boxes. The
coals weather somewhat rapidly, which is an unfavorable feature
in connection with long storage of the coals. The characters of
Towa coals with regard to the manufacture of producer gas and
coke, the probable effect of washing the coals, and many other
features are interestingly discussed. It is stated that the Towa
coals compare favorably with those of northern Illinois and
Missouri. In the closing pages of the report is a discussion of
the purchase of coal under specification. Professor Hixson’s
report will be published as a part of Volume XXIV of the Sur-

vey.
THE CLAY PLANTS OF THE STATE.

During the summer of 1913 A. P. Potts of Towa State College
collected samples of clay from the various plants of the state
which are using the shales of the Des Moines stage. In the
laboratory, Professor Potts will subject these clays to detailed
tests in order to secure information which may be of value to
the industrial users of clays.
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MINERAL STATISTICS.

Early in 1913 the Towa Geological Survey in codperation with
the United States Geological Survey compiled the statistics of
mineral production in Towa for the year 1912. The value of
the output was $22,910,066, which is higher than any previous
figure of record. The year 1910 previously held the record, the
value of the output for that year having been $22,744,572, which
output exceeded that for 1911 by $1,790,955. Coal was in 1912,
as in previous years, the leading mineral product. Its value at
the mines was $13,152,088, which was fifty-seven per cent of ihe
total value of the mineral industry of the state. The five lead-
ing coal producing counties in order of rank were Monroe, Polk,
Appanoose, Mahaska and Dallas. These same counties held
similar rank in 1911. - The average price of coal at the mine was
$1.80 a ton, which is the highest average price on record in Towa.
The average number of men employed in coal mining was 16,370.

The value of clay and clay products was $4,524,492, which ex-
ceeded the figure for 1911 but was less than that for 1910 when
the record value of $5,335,036 was reached. Of the total value
drain tile contributed $2,293,084 and common brick $1,017,097.
In the production of clay and clay products, Webster county
with ten producers ranked first, Cerro Gordo county with seven
producers, second, Polk county with eleven producers, third, and
Woodbury ‘county with three producers, fourth. These four
counties contributed sixty per cent of the total value of the clay
industry.

The value of cement sold in 1912 reached the figure of $2,790,-
396. This was an increase of nearly fifty per cent over the value
of 1911, which was $1,881,253. With three modern plants of
large capacity, and with an abundance of excellent raw material
available, larger and larger productions of cement may bg ex-
pected.

The figures for stone and lime and for sand and gravel were
larger for 1912 than for any previous year. The value of the
stone and lime was $998,236 and of the sand and gravel $563,409.
A large part of the stone was used for concrete and railroad
ballast. Lee county produced more than one-third of the total
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output. This was due to a considerable extent, to the large
amount of limestone used by the Mississippi Power Company in
the construction of the Keokuk dam..

The value of the gypsum output was less in 1912 than in 1911.
Decreases were also shown in the values of mineral waters and
sand lime brick.

Some months ago the mineral statistics for 1911 and 1912 were
published and distributed to the mineral producers of the state.
These statistics will be published also in Volume XXIV of the
Survey.

THE CENTERVILLE GYPSUM DEPOSIT.

A brief reference was made to the Centerville gypsum deposit
in Volume XXT of the reports of the Survey. Recently, a some-
what detailed account of the deposit was written by the Director
of the Iowa Geological Survey for publication by the United
States Geological Survey.*

The discovery of a deposit of gypsum in the Mississippian
rocks of southern Towa is of scientific interest. Whether or not
this gypsum will prove to be of economic importance has yet to
be determined. The evidence indicates that the deposit may be
extensive and the gypsum is of good quality. The presence of
anhydrite decreases the value of the deposit for making wall
plaster and related products. The relation of the anhydrite to
the gypsum and the relative amounts of the two minerals will
have an important bearing on the commercial value of the de-
posit. However, anhydrite is considered by some manufacturers
of Portland cement to be practically as serviceable as gypsum.

The fact that the deposit is more than five hundred feet below
the surface and the presence of large amounts of artesian water
are factors unfavorable to the mining of the gypsum. On the
other hand, the deposit is well located with regard to fuel and
tranSportation, and it is fair to assume that if gypsum products
were made in this part of the state a 0vood market for such
products could soon be developed.

PUBLICATIONS OF THE SURVEY.
During the year 1913 the Iowa Geclogical Survey pubhshed
and distributed to the people of the state-a Bibliography of

*Kay, George F A New Gypsum Deposit in Iowa: Bull. U. S. Geol. Survey,
No. 58¢-E.
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Towa Geology and Mining and a bulletin on the Weed Flora of
Iowa. The former which is Volume XXII of the Survey is a
complete bibliography of all that has been written with regard
to the geology of the state. The author of the volume was Dr.
Charles Keyes, a former Assistant State Geologist of the Sur-
vey. Preceding the bibliography proper are chapters on Geo-
graphic Exploration of Towa-Land, Geologic Reconnaissance in
Towa, Historical Sketch of Mining in Towa, and Systematic
Geologic Surveying in Towa. In these chapters some exceeding-
ly interesting facts are presented. The discussion of geographic
exploration covers a period of three centuries. Reference is
made to the influence that early trade routes had upon settle- -
ment and the establishment of commercial enterprises. In the
chapter on geological reconnaissance it is pointed out that some
of the earliest geological work in America was done within the
limits of our own state. The chapter on the history of mining
in Jowa brings out the fact that the first discovery of lead and
zine in America was in the Dubuque region; that mineral coal
was used by the Iowa Indians before the advent of Europeans in
the region; and that coal was mined here one hundred and fifty
years previous to its discovery in Pennsylvania. The first
practical experiment in the conservation of our mineral re-
sources was tried out seventy-five years ago in Iowa by the
Federal Government, and proved a dismal failure. At one time -
the Dubuque region produced nine-tenths of the lead of the
United States, and one-tenth of the world’s supply. This biblio-
graphy will serve the very useful purpose of making available
and accessible the extensive and widely scattered literature of
the geology of the state.

The Weed Flora of Iowa is a bulletin of 900 pages and con-
stitutes Bulletin No. 4 of the publications of the Iowa Geological
Survey. The need of such a volume had long been felt by all
who are familiar with the enormous damage caused to the crops
of Towa by weeds. A conservative estimate places the injury
at $25,000,000 annually. The publication of concise information
with regard to weeds, such as is given in this bulletin, should do
much to decrease this great loss. If the unexcelled resources of
our soil could be conserved by the extermination of weeds the
farmers would be greatly benefited in a financial way.
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Hach kind of weed is described in detail, its geographical dis-
tribution within the state is shown on a small state map, and
methods of extermination are given. KExcellent illustrations of
the weeds described will be of great assistance to those who are
not familiar with the different weeds but who wish to identify
them. :

Among the most interesting chapters are those dealing with
the general characters of seeds, the scattering of weeds, weed
migration, the injuriousness of weeds, and weeds for medicinal
purposes. A chapter on weed laws gives a summary of the laws
of various states in the Mississippi valley.

This bulletin, which will be of great service to the agricultural
and related interests of the state, was prepared by Dr. L. H.
Pammel and collaborators.

OFFICE WORK.

The Des Moines office has been in charge of James H. Lees,
Assistant State Geologist, and Miss Nellie Newman, the Secre-
tary. Mr. Lees cannot be commended too highly for his thorough
and painstaking work in connection with the preparation and
publication of the reports that have been issued during the year.

From the office have gone out hundreds. of letters giving re-
liable information with regard to the geological features of the
different sections of the state. In response to the continued
demand for the publications of the Survey many volumes of our
reports have been distributed during the year, not only to the
citizens of JTowa, but to many persons in other parts of the
country who are interested in the possibilities for investment
within the state.

Herewith I submit the following papers with the recommenda-
tion that they be published as Volume XXTIV, which is the Twen-
ty-second Annual Report of the Iowa Geological Survey: 1]

The Road and Concrete Materials of ITowa, by S. W. Beyer
and H. F. Wright.

Analyses of Iowa Coals, by A. W. Hixson.

Mineral Production in Iowa for 1911 and 1912, by George F.
Kay.

Respectfully submitted,
Grorce F. Kav.
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| MINERAL PRODUCTION IN IOWA FOR 1911 AND 1912°
BY GEORGE F. KAY.

VALUE OF MINERAL PRODUCTION.

_ 1910. _ ]
Coal ___ S $13,903,913
Clay and clay products__________ 5,335,036
Stone and 1M - oo oo oL 639,831
L6/ 11010 ) e e S T ool T s 943,849
Lead and zinCeoeeo . ___ — 12,128
Sand-iime brick e 31,269
Mineral waters ...___ == . 21,175
Sand and gravel..___ e~ - 464,863
Other produets .- 1,386,508

L0 i, e e S e . U $22,744,572
1911.
Coal—cr - nge g v il $12,663,507

Stone and lime 817,121
Gypsum __._____ 871,752
Lead and zine_____ 5,400
Sand-lime brick 25,300
Mineral waters 20,500
Sand and gravel k- 393,649
Cement .- ot leshesGaE gl Som b Tl = og o iy, T 1,881,253
Other - prodiehsis =" g LeReTe =5 221 S0 ¢ S} 3,790
Tofigd. _ 2 275 by ekl Tl S BRI A S $21,119,111
1912
Coak., =57 =ri' = ik =t e OO R ey 1T e $13,152,088
Clay and clay products___ liias, 4,524,492
Stone and lime 998,236
L6 Crp i) e = Vol B s, CE T~ VAT M DT ol 845,628
TLead and zine_— . _.__ st e 51 B 5,670
Sand-leed tbele. — - ° T - C - T be o 4 o
Mineral waters._.__..__.__ 2 11,325
Sand and gravel ______________ __________ ——— 563,409
Cement - 2,790,396
Other produets..___._______________________________ 18,822
Total ___.._ L St e N $22,910,066

The total value of the mineral production in Towa in 1911
was $21,119,111 and in 1912 $22,910,066. The value in 1912 was

The mineral statistics were compiled by the Towa Geological Survey in co-
operation with the United States Geological Survey. .

*Included -in other products.
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higher than any previous figure of record. The following table
shows the value of Towa’s mineral output during each of the
past ten years.

VALUE OF MINERAL PRODUCTION IN IOWA FOR THE YEARS 1903
TO 1912 INCLUSIVE.

1908 - o e $14,637,480
1904 e R Tt il 14,955,000
1905 _ 15,103,046
1906 - 16,414,447
1907 oo s 17,627,925
1908 - : - _ 18,090,447
1909 - e 20,365,721
1910 T 99,744,572
1911 DR 2, - - 21119111
B e e Lol g S 92,910,066

Previous to 1912, the year 1910 held the record, the value of
the output for that year having been $22,744,572. 1In 1912 there
was an increase over 1911 in the value of all mineral products
except gypsum, sand-lime brick and mineral waters. The most
marked increase was in connection with the cement industry,
the value of the output of 1912 exceeding that of 1911 by nearly
50 per cent. )

The number of mineral producers in Iowa was 726 in 1911
and 665 in 1912,

The total production, by counties, for 1911 and 1912 is given
in Table I. :
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TABLE 1.

VALUE OF TOTAL MINERAL PRODUCTION, BY COUNTIES, FOR 1911.

& ' f

L w i (glay Stox(lle f Sandd Other | T

Counties b} 04 and Clay | an an ota.,
S § Products | Lime |Gravel | Products
z"U
‘ |

Adair L _____ 1jiezalin ot W T e S T AR S e e ! et el
Adains- _.._s-—l 718 18,779 ¥ Ik i 1% 18,779
Allamakee _____ S i T Dy e o Al O T Sl T Minelh i 5,572
Appanoose —____ 69 2,102,485 e * 2 Mo WA 54 s, 2,134,037
Audubon - 7 P e o0 VRS s, e, 07 S I i 10,648
Benton ___ 71 $ 16050 12,316 |- 28,366
Black Hawk ___| 121_ < ¥
Boone _________ 10 413,548 81,294
Bremer - o iy o f =112,
Buchanan _____ 1 -
Buena Vista.._- SRS ee v m T 20,010
Butler .- _—____ 3 _________-7] *
Calhoun _______ 1 2 Al i, &
Carroll ________ P et AT | ¥,
UARSTE i s DU ol i
OB s e L e * * 13,
Cerro Gordo___ 13| ... __ | 731,834 | 50,598 ______. * 782,432
Cherokee - it B SR L s W S 14,554 | oo 14,554
Clarke —-Z______ o AT S0 ‘ v e I K . e D S
[l i CRN S oL P |l e ‘ i W Y el i ‘ e L e e oL
Clayton —______ QP ST ey 17 ‘ & 1,964 PRSIl R 9,264
Glingen ! Ear T5 & 1) et R g 21,600 g 19,251 | 2,604
Crawford -_____ P o T ey g, ! LT S (DR AT B T Uy
DT 9 TR0805 ] 180004 | L o he | i 912,799
Decatur —_______ s e == * Ao R e R e b S, S
Delaware —_____ ) e W 7,840 PR GRS ‘ __________ 7,840
Des Moines_____ 4‘ ___________ * a A0 el - A 1T \ 21,608
Dickinson -____ 18 TR S R P e L7, it Ly | b
Dubuque - —____ O T 41,000 709511 21439 $ 5,400 | 138,790
Emmet —_______ ’ 67 et W e TS T Sy e R  E N S | 6,175
Fayette A7) o " i ! LR | 24,052
Floyd . .___ b R (Tl NN ¥
Franklin -______ i WA § fhe e *
Fremont _______ i AN Bl e
Greene - 7 30,400 =
Grundy -.— ol TS|k tn oo ¥
Guthrie ——______ 1 29,570 | 9
Hamilton .| 1| i e ' A
Hancock —______ ! b £ B *
Hardin - ____ 1 RS L5
Harrison ______ ) ] T P | #
Henry _._____. ] e i | 28,920 L DREbovl WA 23,920
Howard —-__.__ o SRS ‘ * 3,880 R | LA 3,880
Humboldt -___. ! M STNRd L SR O O | T s o0 e L bttt Hr T
Ida ___________ def LBt fo SR MDA e 1,609 {- e __ | 1,609
Towa __________ I TR S | 138315 ) (1 A Gl st il O 1 el | 19,600
Jackson ____.__ 5] R At i §i polce i3 L e [2iF ST 68,658
Jasper ___.______ 14 672,532 | 172335 CMIPHIRLE £ a4 e HUE b 690,085
Jefferson ______ 8 11,236 | 30,040 e s g ] dn | 47,576
Johnson _______ Sl =0 28,150 % 6,750 |ooom oo | 34,900
Jones - N £ * 40343 % I 47080
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TABLE I—Continued

[=]
-t
Lo Clay Stone | Sand
Counties  [55| Coal |[andClay| and | and |potf®T | Total
S § ‘Products | Lime | Gravel Products
Z ~
| .
Keokuk _..____ 17 23,978 30,202 * 54,180
Kossuth 1 o gt
Lee o _____ 15 e * 119,654 125,574
Linn ___________ 16 | oo 19234 | 62,855 104,973
Louisa _ 7 * 3 11,885
Lucas —————___ 4 24,004 & = f 24,004
Lyen So.li oo 3 - | 8,445 | 8,445
Madison 7 (4150 8] A (N T 60,224
Mahaska _____. 26| 1,200,117 83,001 el N R 1,233,118
Marion —_______ 18 ,303 38,280 | ________ ‘ R R by Y | 303,583
Marshall ... A O e 16,716 ol * | 144211
NS e e S 6 5500 | ______ | 5,500
Mitchell 3 HoR ient o= | __________ 658
Monona, - 1 A 3| tle g e Al | Pl
Monroe - | 14| 3402,743 bzt 3,402,743
Muscatine _____ VER) LY Ee=sa e 42581 oo ‘ - St A | 14,253
O’Brien —_ ... _ 4 - ) 6,868 | | 6,368
Osceola ——______ OSSR R e R o i e S e ) TR IR oo 8 R
Page s e iRl Y 6 36,189 L A i et i | 55,110
Palo Alto _____ D2 et oo vy AR B39 e v 5,839
Plymouth _____ i e 08 i ) iEnl! TR ey, 1508 e i ] 15,198
Pocahontas .| 2| _______ * R SR } _____
Pl =Tr =2 47| 2,729,625 587,356 ..______ 84,058 * | 3,401,039
Pottawattamie | 4| _________ 32,209 o | 32,209
Poweshiek _____ e PR 25498 9 | 95498
San e ATt S e G N A S o WOy DR | 82464
SCORIE et ¥ e & ) 32,230 | 121,080 % * | 185,310
Shelby __- i Il aE O BU T R e u } __________
Sioux ____ 6 I Sl T T T ! 3,747
Story Loz_il= | ! i o o B e () | e o m S 6,803
MaT e o f 7 59,585 e e R S T 59,585
Taylor oo oo 7 22,979 (e | i hita a- el o et it 22,979
Unjon o=l noi i [t e A S = G gk w T T LR Dl et -
Van Buren _____ 7 20,340 # i B s e 22,370
Wapello ——____ 22 523,535 70,570 | 11,474 * % | 619,197
‘Warren ________ 4 i GRIDAG) LD o i e Sl el S 69,210
Washington ___| 9 42,522 i (142 o SR SR | 42,634
Wayne _—-______ 8 234,761 e RN et | 234,761
Webster _._____| 22 101,949 | 1,100,237 {_____... 2,201 | 8754721 2,079,859
Winnebago ____| 2 g RO i e el
Winneshiek —__| 5| oo * * G P o S ek 1 | 9,729
Woodbury -..._._ Ol TR 1M 300,886 | . ____- BRIGsE il = 306,781
Worth .________ T el F o g b B e Nl T | o =
Wright —_—.____ (78 Bl ]S s i 31,400 | __- > 15 M iy T | 36,754 -
County values j {
representing |
less than three ‘ l
producers, and |
small coal i :
mines ——______ 4 67,629| 636,895 | 214,374 | 114,057 1,927,123| 2,408,080
Total —_______ 726 1$ 12,663,507 1$ 4,436,839 1$817,121 1$393.649 [$ 2,807,995 \$21,119!111

*Ineluded in “county values” and totals.
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TABLE I—Continued
VALUE OF TOTAL MINERAL PRODUCTION, BY COUNTIES, FOR 1912.

Qo

1

a®» Clay and| Stone | Sand Other Total

Counties = Q Coal Clay and and i)
§ fg) Products| Lime |Gravel Products Value
Z
|

Adair ... | [ L S, *
Adams ________ 618 24,690 » $ 24,690
Allamakee . 7 i o SO * $ 24,277 24,277
Appanoose ..__. 66, 2,506,844 »* - i e 2,534,142
Audubon _______ L A S, . Ll ] LT (0 500
Benton ________ i O L $ 48,892 *® 1 48,892
Black Hawk___| 14 __ 11,389| 22590| * | 33979
Boone _________ 8| 454,731 BT 096 i L ittt 521,827
Bremer —..____ < IR, WS atar W on - - | 3,283
Buchanan ______ 3 f| MRES e 4 Ay * ; e
Buena Vista.__.| 6|.__.___.__._ 15064 §________ 1:08R) ~ = - ) 16,152
Butler ____._____ s oy R b ST T ts CEIFEN | 19,894
Calhoun _______ ) 4 N * BT i
Carroll ________ it A PR » o sy ,
(@171 i P s 1k P il » | PR R | £ 1 R
Cadar2_. ____-_ ) 13 S ¥ - by
Cerro Gordo____| 11|___________ 884,337 e ! * 3,205,546
Cherokee _ el Wl 2 £ KGR (T0)] 16,700
Clarke ———____.__ 7 e S b
[0, o N T 5 - v~ ] il i ot et W e AR L Tk T | 1 e B
Clayton ________ 18 ‘ ___________ i 3,265 24,865 | 28,120
Clinton ... A ey T 16,720 e 16,720
Crawford ______ T e L w1 * ¢l
Dallas - .. 10 810532| 153,340 ‘ 963,872
Decatur ________ 1 L i = x f s
Delaware ______ (o] DS e 8,140 - % 8,140
Des Moines_____ Vi e L Ry X 10,562 R | 23,261
Dickinson ______ 1 A St ) e X il ] il
Dubuque —-.___ i [ P e | 43500 73333 17,9731 5,670 145,476
Fayette ___.___ S e e 1 # A el = L 29,759
Floyd | 4 ot i x A LI FE L 51,587
Franklin _._____ 7 (R | % . :
Fremont .._____ h [f ST x o2y
Greene _________ 6 24,250 it} SRS e e B 36,052
Grundy | 3| __________ faop i T S gk | e P2 24,600
Guthrie —______ 7 16,191 1 025 e EEAOR [ IR ey B St e 27,447
Hamilton .| 1|ocooomoeo_ o ) il
Hancock _._____ 1| A AT o sy gt N i
Hardin ___..___ Qe S Vel 55,166 . R S5 NI 58,699
Harrison _.____ i e Hsls. | x . ot
Hepry _._.____ B A E U *® o A S WP 1 35,893
Howard _______ 1AL RN R ) * = bl (5 S 12,820
Tda __.__________ i SR bt Poooses. ol - o S
Towa __________ b AN T ] * =N
Jackson _______ 2= MEL Y PR 2 Bl o dulfoh A it -
Jasper _________ 17 669,936 10 7] i S S * 687,241
Jefferson ____._. 8 9,170 2l i R SRS b & | 43,475
Johnson -—_____ Bl il 17600 * YT S | 261028
Jones __________ 10 |l - 91,205 0= S S | 106,929
Keokuk ________ 17 26,733 32,819 ®oo el T EL T T 59,5652
Kossuth ____.___ I P S 2 gL ok S P
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MINERAL PRODUCTION IN IOWA FOR 1911 AND 1912

E
& e Clay and | Stone | Sand ‘
Counties }1% § Coal Clay and and POt}lJert VT olt o
s.2 Products| Lime |Gravel | = ro¢ucts 08
A
I | ' [
: 177 N A 355 TR AL | 7,250 | 327,917 | 5452| .. | 340,619
IR e il N 97489 | “55576 | 18,680 |- | 101745
Louisa ———.____ S R ADL SR i 120 | 9,360
Lucas .- 3 * * ' 32,070
1057 | ¢ s S TR R (T [y s L) ' 19,237
Madison _______ Bypiat s S WN. 42,361
Mahaska __.___ 19 944,156 985,466
Marion __._..__ 18 | 315,260 | 374,348
Marshall __.___ L A 207,008
Mills _________ X R Sl Al 6,550
Mitehell _______ AL RS e oD RN o i R S IS
Monroe —_____._. 15 8,757,856 | 3,757,856
Muscatine _____ g ok T Wl 28 13,503
O'Brien ___.____ oy R gy fpa R ot L e O NS TP MO . SISO MR S 1)
Oseceola ____.___ Al ALARERl RS DN L T SN PRI S (S SER AR5 [ T ..
Page __________ 4 % 22,600
Palo Alto ____.__ ol sl i € 9,943
Plymouth _.___ Qe L= i 19 707
Poeahontas ___' AN, ST oL TG e T SR | S T /el S
s 7o) ol T T 481 2,761,723 | 582878 |- | 148,302 * 3,492,903
Pottawattamie { S ER AL ITT S ] T T 0 Tl 32,172
Poweshiek _____ |l S T e e TR LR S MRSt e ] L e L U | 29,004
oL ) ey S ST M B S e S e o Sl Vol S S | 21,722
Seott —_________ i 16 * 44,071 | 128,823 2 * | 216,089
Shelby _________ b I S T AR 0] A U e MR e Dol S A e s e TR
Sioux —_________ G Rl Se il il IS P 24,650 |ae e 24,650
Stany LEE e Gt L) 3 L LeEhivow Eh GRS e 5,530
Tame e s i R sl 59,619 Qe ety W LS L ! 59,619
Ralof = i ‘ 4 12,700 o I e e e e o e i 12,700
05170} c Sapt ot gl =il ‘ ___________ ol Nl \ i
Van Buren_____ W 18,785 * I Ik AP 28,628
Wapello _______ 20| 345324 68,096 | 8,900 22,522 fi 444,842
Warren ________ 3| i = bl B | ST e S 75,602
Washington ___| 5|..____.___ 32,587 ________________ booo S o 32,587
‘Wayne .. _____-_ {* AL LI s RO TR e o eAT (S OOl TR 2,051,182
Webster _______ | 27 107,088 947 T48 |- v 854,178 | 1,909,014
Winnebago m— P e T S S S pE T N L 2t Dol 1, Wl VT 1
Winneshiek —___| & ___._"_____ * ] Tl g Cesia 10,606
Woodbury _____ 8 O 309,466 |- - B0 (! ) U NN 325,586
Worth _______._| L TR } T g oL S a2l [PPSO
Wright .. T T P oS R g e AT I 8400
County values| [
T e presenting| |
less than three| | |
produeers, and |
small coal
mines ________|____ 140,937 | 776,438 | 220,638 | 123,882 | 2,811,923 | 1,191,354
== i
1113 40 B | 665 |$ 13,152,088 |$ 4,524,492 c“998 236 '$563 409 |$ 8,671,891 1$22,910,116
| | J




COAL
COAL.

As in previous years, coal was in 1911 and 1912 the leading
mineral produced in Iowa. Its value at the mines, in 1911,
was $12,663,507 and in 1912, $13,152,088. Although the value of
the coal was greater in 1912 than in 1911, the total tonnage in
1912 was less than in 1911. The value of the coal mined in 1912
has been exceeded only in 1910 when the value of the epal output
was $13,903,913. There were twenty-one producing counties in
1911 and twenty-two in 1912, In both years the five leading coal
producing counties, in order of rank, were Monroe, Polk, Appa-
noose, Mahaska, and Dallas.

In 1911, the average price of coal at the mine was $1.73 a ton,
and in 1912 the average price was $1.80 a ton, the latter figure
being the highest average price on record in Iowa. In 1911,
there were 16,599 men employed in coal mining in Towa; in
1912 there were 16,370.

The table below gives the tonnage, value, average price per
ton, average number of days worked, and average number of
men employed, in Iowa, during the past decade, according to
the United States Gteological Survey:

Average Average

| Average | Numberof | Number of
Year | Total Tons Value Piics days Men

i worked Employed'
6,419,811 | $10,563,910 $1.65 226 | 14,162
| 6,519,933 10,504,406 1.61 | 213 | 15,629
6,798,609 | 10,586,381 | 1.56 | 209 15,113
| 7266224 | 11,619,455 | 1.60 | 224 C 15,260
1907 7,574,322 12,258,012 | 1.62 | 230 15,585
1908 .. | 7,161,310 11,706,402 | 1.63 [ 214 I 16.021
1909 . - N 7,757,762 12,793,628 1.65 ot v 17,286
1910 | 7,928,120 13,903,913 1.75 218 | 16,666
1911 7,331,648 12,663,507 1.73 203 16,599
1.80 188 16,370

1912 . | 7,289,529 13,152,088

In 1912, during the month of April and a considerable part of
May, many of the coal mines were shut down pending the settle-
ment of the wage scale. When the mines were again opéned, it
was found that many of the miners had left the state and that,
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furthermore, there was a great shortage in cars to handle the
coal.: The railway companies had diverted the cars which were
available before the shut-down for the hauling of coal to other
lines of traffic. Never, in the history of the state, has there
been a greater car shortage than in 1912,

The output, disposition of product, value, average price per
ton, -average number of days worked and average number of
men employed in 1911 and 1912 are g1ven, tabulated by counties,
in Table II.



TABLE IL
COAL PRODUCTION FOR IOWA IN 1911, BY COUNTIES, IN SHORT TONS.

Sold tolocal

Used at

Average

Average

Loaded at ? : Average
Counties Mine for | “ad 3 | JMine for, | Total Quant ot value Price | NZmber | Numbor of
Shipment Employees Heat per Ton Adtsn Employees
AJAIS, me i dme ke el s L et i e SR TR W ' 7472 | $ 18,779 |$ 2.51 120 52
Appanoose —-_ . ___. 1,023,405 55,051 26,267 1,104,723 2,102,485 1.90 163 4,066
Boong £ hr o it e 174,932 26,388 13,120 214,440 413,548 1.93 | 206 653
Dallas - . 371,794 | 7,204 6,590 385,588 731,805 © 1.90 257 707
GLEOME. = e oo e | o i e farrs 11,800 30,400 2.58 160 43
GUEHTTO ——n e e o 10,390 |ocoeoeeeo 10,390 29,570 2.84 142 | 59
Jaspar, oo o N R R S R s 292,427 672,532 2.30 219 648
FJERABISON,: e atn ool v W TS N RSN SR ) 5,129 11,236 2.19 192 22
Reokul - - e ho 5 cetsol 11,697 815 12,512 23,978 1.92 188 29
1701 T RS P vy 0 e S [ L =8 13,337 24,004 1.80 184 43
Mahaska ________.______. 733,178 22,152 21,859 777,189 1,200,117 1.54 213 1,425
Magion o oo o o lad 149,803 15,446 6,080 171,329 265,303 1.55 225 ‘ 327
MoOnroe - —ceooeeoeee-. 2,140,265 55,181 63,793 2,259,239 3,402,743 1.51 217 | 4,266
124 v TR R e el 11 IIB0ARIIC. T 12,396 36,189 2.92 126 62
BONR e e e o T e 1,302,029 173,288 56,693 1,532,010 2,729,625 1.78 217 | 2,995
i1 3P o e R o 4,565 PR i 9,950 22,979 2.32 135 | 58
Van Buren.______ . _)eceee 50 = 8,656 20,340 2.35 208 | 15
Wapello . ________. 268,784 . 38,690 ! 4,858 312,332 523,535 -1.68 226 572
WATHE: e -5 o . toiy =l et e b Sl SN RE  FIo 116,382 234,761 2.00 203 | 379
Webster . _______. 37,749 6,425 1,852 46,026 101,949 213 173 | 169 .
Counties with less than : ‘
three producers and
small mines__________| 388,395 i 92,826 2,303 28,321 (it A P i TS Oy Lias ] ‘ 9
Total oo 204,230 | 7,331,648 173 | 203 | 16,599

6594899 | 532,519 ‘

$ 12,663,507 '$

TV00

1T




COAL PRODUCTION FOR IOWA IN 1912, BY COUNTIES, IN SHORT TONS. .

iSold to Local
Trade and | Mine for

(44

Total

Quantity

9,868
1,252,666
212,168
436,206
9,590
5,870
271,301
4,248
14,290
578,843
182,068
2,393,412
1,486,053
5,120
9,154
206,102
99,168
48,074

65,328

(=]
W ‘g Loaded at
Counties hs) S Mine for
s=| Shipment
4
Adamy Lo Lot Dl e S
Appanoose  ______________ 463 1,168,776
150707 1 1; L SR s e e 45 172,585
Dallas: = oui freioadarss b | 420,980
(REEADE . TP e N o =St &
COIERDE — oo Al al TRl AR P TS
Jasper < s T 10 ¢ 237,221
" Jefferson ____.______._______ S A
ROkl ' e A s i o e
Mahaska _______________ 15 546,100
MAPIB: 1o T L e 12 161,655 |
Monroe __ . _______ L 15 | 2,272,658
i AT L ) 22 | 1,226,294
5 NI} e O O PP e pE = T
Van Buren. ... _________ 1 e SRt o
Wapelln: - oo Reo i ol vl 9 175,031
WAROE oo it s [ R, o
Webster .. 5 | 42,320 l
Counties with less than
three producers® and, [
small mines.___________ A=l 95,677
i ey 11 w1 el et I____| 6,519,307

7,289,529

Luecas, Page, Scott and Warren,

Total Valuo

$ 13,152,088 l$

ZI6T ANV TI6T HOA VMOI NI NOILONAO¥d TVIENIN
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Jowa’s rank as a coal producing state, in 1912, is given in the
which follows. It will be seen that Towa ranked eleventh in

table

tonnage and ninth in value.

tonnage and ninth in value.

In 1911, Towa ranked ninth in

RANK OF LEADING COAL-PRODUCING STATES IN 1912, WITH QUAN-
TITY AND VALUE OF PRODUCT AND PERCENTAGE OF EACH.*

Production.
: Percentage
Rank State Quantity |~ o motay
(Short Tons) | produetion
H Pennsylvania: .
Anthraeite ... .______________________ 84,361,598 | 158
Bituminous oo ___ 161,865,488 | 30.3
2 Wess VIREMN® - - = e 66,786,687 125
3 51 0y - e A e L. O 59,885,226 | 11.2
4 ORl0: - e 34,528,727 6.4
5 Kentueky oo 16,490,521 3.1
6 Alabama - 16,100,600 | 3.0
7 | To@iana oe oo 15,285,718 | 2.8
8 | Colorad0 oo 10,977,824 2.0
A T . 7,846,638 15
10 | Wyoming . 7,368,124 14
11 o L e 7,289,529 14
, |
Total for United States__ . _________ 534,466,580 |  100.0
Value.
Percentage
Rank ‘ State Value of Total
) > Value
i Pennsylvania:
Anthracite _______________________________ | $177,622,626 25.6
Bituminous - 169,370,497 24.4
2 Illinois 70,294,338 10.1
3 ‘West Virginia.___ 62,792,234 9.0
4 Offed ot =00 — . 37,083,363 53
5 Alabama 20,829,252 3.0
6 Todiammse oo 00 | 17,480,546 2.5
7 Kentueky oo 16,854,207 . 24
8 | Colorade T T 16343336 | 24
9 Towa . 13,152,088 1.9
10 Wyoming - ___________________ 11,648,088 17
11 Kansas _____________________ .. 11,324,130 16
Total for United States..______________ $ 695,606,071 ‘ 100.0

1();Zg‘rom Advance Chapters of Mineral Resources of the United States for



14 - MINERAL PRODUCTION IN IOWA FOR 1911 AND 1912

CLAY AND CLAY PRODUCTS.

The value of clay and clay prodﬁcts in Towa in 1911 was
$4,436,839 and in 1912, $4,524,492. In both years the value fell
below the record value of 1910, which was $5,335,036.

The output of clay products during 1911 and 1912 was dis- -
tributed as follows

Product 1911 1912
uantity in uantity in

QI‘hous.m);ds. Value 'QI‘housa,gds Value

Common brick__ . _____ 154,434 $1,025,011 148,472 $1,017,097

Paving brick . ____ 8,879 103,384 15,033 197,035

Face brick . __________ 9,241 114,178 11,912 142,637

Drain tile_______ 2,468,962 | ______ 2,293,084

Sewer pipe___-__ 284817 | ______ ; 291,672
Fireproofing, terra cotta lum- |
ber, hollow bulldlng block BT

(07 1) L AR R R B S, SR ) 374,628 | ______ 535,254

Pottery teoio————_ 2 v 198089 | et 30,141

Other products 55T | okt 15,406

Clay .. 3,965 | oo 2,166

Total ___ $4,436,839 | ... $4,524,492

In the production of clay products in 1912, Webster county
with ten producers, ranked first; Cerro Gordo county with seven
producers, second; Polk county with eleven producers, third,
and Woodbury county with three producers, fourth. These
four counties contributed 60 per cent of the total value of the
clay industry. Iowa continues to be the premier state in the
manufacture of drain tile, the value of this product in 1911
having been $2,468,962 and in 1912, $2,293,084. The two lead-
ing producers of drain tile are Cerro Gordo and Webster coun
ties. In 1912, there was a marked increase over 1911 in the
quantity produced and the value of paving or vitrified brick.

The clay product is tabulated by counties, in Table III in
which the distribution of the leading products is given:
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TABLE III.

VALUE OF IOWA CLAY wAND CLAY PRODUCTS FOR 1911,

te | . ‘
= Paving .
Counti % gi Common | Brick Face | Drain OEfI]?eI Total
ounties © & " Brick or Brick |. Tile d gl Value
s 3l Block ucts :
z"| :
|
Adair _______.__ *
Adams ________ * * ' __________
ﬁpgaﬁoose . g : <
udubon ._____| 2| * ||| ¥ L o® .
Benton ______.. 41% 11,600 | e ’$ 16,050
Boone _________ 3 * ‘ * 81,294
Buena Vista_._| 3 A T 20,010
Butler ——_______ 1 i el A 1 ol e ol { sl il
Calhoun _.___. 1 AN e TR T T O ML -0 Tk
Carroll - %.5 I e ] P S
v gl e IR dimcstta R R s
Cerro Gordo___| 7 52,090 |- 603,891 |$ 75,853 731,834
Clarke ______._. }: : __________________ e
WY i = { AT S (S SO B | R ———l | -
Clayton _______ l 2 o Y, el N Y | * LA e
glint(f)n ________ g : __________________ = ____3 21,600
EgyEtord-— -\ 2 ¥ o oy
Dallas ... 5 i PO S 167,512 4970 180,994
Decatur —______ 1 BAS M Tor . T i . Hhm A e TR TN
Delaware —_____ 1 3 | UL | T 0 PN IOVESe 5,620
Des Moines..__.{ 1 (e V| OIS e M [ : * T ;
Dubuque _______ 3] AHLO00M . o e Il - o TR o B TR 41,000
Fayette ________ 1] B s T e Tl Pl S I e R G e, = R
Moyd _ -1 -7 1] i x L B LTl
Franklin ____._ 1] o *
Fremont ______ 2] R T (125 Tat W) 3/ MSFTRA 1Y |- {ops e = E TRy
greelae _________ %i : — : |
randy _____._. fuL = & | T e | dem i SRR T L
Guthrie ________ 3| 1,519 || W11 AR 9,420
Hamilton ____. 1 /T NN I * -1 L
Hanecock __.____ 14 O S I R o3 {
Harrison ______ 1 * e » |
Hardin ._______ 2 * * o * ‘ __________________
Henry _.___.__. 3| * | B ] S 23,920
Howard _______ 1 * | | * |
—)[':Iumboldt _____ é\ ____________________________ * |
oOWa .. _____ S (S F il 7 =l 19,600
Jacson ... 2 S P * |
asper _________ 6 o P st ol [ 17,553
Jefferson ______ 4 * [ NSV S 27,712 | * 36,340
gohnson _______ 121 : __________________ ¥ I 28,150
ones __________| 2 ¥ || . x | S flame
Keokuk .. 10 A A N 23,501 ‘ T S00
Kossuth _.__.__ 3 O (PSR (I LA L T S
Tee oo 2| U * | I
Linn __________ 5 L S F L P 19,234
Louisa ________ 2 Lol P A Y S
Lueas _____.___ 1 *




Counties with
less than three
producers ____

319,953 | 103,384

16 MINERAL PRODUCTION IN IOWA FOR 1911 AND 1912
TABLE ITI_Continued
E Paving
Counties ot E Common Brick Face Drain (:)t:.:;ar Total
© 5! Brick or Brick Tile d cté‘r Value
25 Block u
|
Mahaska ______ 3 10,101 * * 13,100 * 33,001
Marion __._.____ 3 Sl (S, 13,340 ® 38,280
Marshall __ 6 7,224 * * L 16,716
Mills - 4 S (O S I 5,500
Muscatine _____ 4 ¥ S 7,537
Page o _e_ 2 * | * ‘ L I
Palo Alto______ 1. [ —_— * ‘ A AU
Plymouth ____. 1 S PSP VS5 PR — S F——
Poecahontas | 1| | _____ * T WS——
Polk . __ 11| 167,983 * * 153,174 | 155,255 587,356
~Pottawattamie| 3| B2 200 |, e ket 32,209
Poweshiek ____| 4 LA s 7> L AT, 23,099 * | 25498
(Y | 1 » e et n s R [ W Pplas e 5o RS M Pl
Seott 3 7,194 | T e * ‘ * 32,230
Shelby .- 1 A (U ATILE ¥ LS =210 RO A [ e el | W |
Story e 2| T Wt Bl * | * 34,262
2100, R 6| 19839 L s=El * A AT S 59,585
Taylor _.__.___ 1 (L i o PR Cot i N R (tilad < PR
Union _______ 1 i n g et S T e i [ (fsoc b ot
Van Buren_____ 1 L 2l bl el BRI G 2 S ek I____-_-____
Wapello ______. 3 W St Lt * ¥ [ * 43,187
Warren ________ 3 A EQARSE A AR ) o * 69,210
Washington ___| 6 14,350 | _______ D2 SN 23,522 | * 42,522
Wayne _________ 1 * padses o L I________ MY\ 1 P VI O v e S
Webster —______ 11 61,320 | S | P | 708,287 | 319,990 | 1,096,297
Winnebago _.__| 1 ol rants 2 A L i IR LA
Winneshiek ____| 1 i ot e ‘ ‘ ________ | R, S
Woodbury _____ 4 234,472 | l -y o * | 300,886
Worth ________ R = ; | __________
Wright ________ 3 | 31,400
**Pottery 5 36,319
**(lay sold__.__| 3 3,965

|
i

114,178’ 700,134‘ 128,952| 658,058

217

$- 1,025,011

$ 103,384 "$114,178 fs; 9,468,962 tsess,ozo is 4,436,839

tIneludes fancy brick, sewer pipe, fireproofing, ete.
**Tncludes Delaware, Muscatine and Wapello counties.
***Tncludes Hardin and Webster counties.

N
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TABLE III—Continued

VALUE OF IOWA CLAY AND CLAY PRODUCTS FOR 1912,
TABULATED BY COUNTIES.

17

Counties

Common
Brick

Paving
Brick
or
Block

Other
Pr
ducts

Total
Value

Audubon

Cedar
Clarke

Clinton ____
Crawford
Dallas
Delaware
Des Moines____|

Jasper

0
1Y)
53]

-9

W %k ok ok ok KOO

W
S
S

*

I

[\

DTk ok xRk RO K ok ¥

—
~
o
1=

SEDLIT & I REO) e T &
______ Rl NN ERR TR T
ERCRREL Batn A BT 2
_____________ n —mges
* T AT R S T e
________ 7,993 i 11,256
________ * * ;
_____ 5 LRl Al
o~ *
*
*

*

17,300

41,310



18- MINERAL PRODUCTION IN IOWA FOR 1911 AND 1912
TABLE [II—Continued
é Paving
Counti & 2| Common | Brick Face | Drain O?O?l Total
ounties S &| Brick or Brick Tile | Jucts Value
25 Block :

Marion ___—____ |3 b Y E. 9,500 * 41,800
Marshall ______ | 7 9,311 | o * 55,360 * 93,971
Mills o | 4 6,550 |~om oo | 6,550
Muscatine ... | 4] * R F * emdmmae] 8,191

ALE el 2| S N A NS (SR
Palo Alto___.__ 1. — - -| * A |
Plymouth ___._ 1 S PO E— S, (S ——
Pocahontas ___| 1| mifezas ‘ *
Polk - _______ 11 135,891 e L * 161,697 582,878
Pottawattamie| 3| BT L e e b [ 32,172
Poweshiek _____ 4 LA |15 SRl | A S ‘ 24,974 * 29,004
Sa¢ oo | 1 b R e * R (STl =
Scott oo | 4 16,518 |- 'H e SR . * * 44,071
Shelby oo (1 ‘ = o ] S iy et Ml
Story e 2 i (WIS TP =N g o et o
TR G s e 6 P o Wi 25 B 59,619
Taylor - 1 i e R fi= g
Thion . _o-sciur 1 i e it | & L SR
Van Buren_.___ ’ 2| T s Tl ' i ikl HER S = T
Wapello _______ 3| 28,486 * g @ = 44,607
Warren ________ 2' B i hi 2l i Tl —
Washington | 5 v ‘ & 20,292 ¥ 32,587
Winnebago ___.| 1 7 i et il (el P e |
Winneshiek _.__| 1| A Patliema i Lt TS |
ARIE o1 720 N 10 90,334 i = 587,808 | 257,917 946,058
Woodbury _____| 3 % # i i e 309,466
Worth _ s Y Sl i T PN ey
‘Wt 4ot o i i iy 1o B R e =R 1 =
**Pottery .- AR 1 30,141
***Clay sold____, 4 L¥ 2,166
Counties withi

less than three 'y, a0

producers ____1____‘ 467,404 | 197,035 $142,637; 684,091 | 227,091 831,128

Total .- 207 |$ 1,017,097 [§ 197,035 | 142,637 684,091} 227,091 831,128

tIncludes faney brick, sewer pipe, fireproofing, ete.
**Ineludes Delaware, Museatine and Wapello counties.
**¥Includes Hardin and Webster counties.
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The following table shows the rank of the ten leading states
in value of clay produects in 1911 and 1912. It includes, also,
the number of operating firms and the percentage of the total
value produced by each of the ten states:

TEN LEADING STATES IN VALUE OF CLAY PRODUCTION IN
1911 AND 19121

1911.

oNf%nI})eE:I _Va.]lu?i not Percenftr

; including age o

State ‘ Rank ;‘frné]gq raw clay Total

Report’g sold Product
v e e N 1 633 [§ 32,663,895 20.13
Pennsylvania .. e -2 423 20,270,033 12.49
New Jersey - 3 162 18,178,228 | 11.21
TN oo oo 4 330 14,333,011 |. 8.83
New York _____ . ______ Sl 5 222 10,184,376 | 6.28
Indiana 6 302 7,000,771 4.32
Missouri . ________________________ | 7 122 6,274,353 3.87
California oo __ ‘ 8 92 4,915,866 3.03
West Virginia - ________ 10 55 4,333,420 2.67
lowa 9 214, 4,432,874 ‘ 2.73
Total for United States___..__'..____ 4,628 '$ 162,236,181 100,00

1912.

cl;\Io. of Vaiile not Percent-

perat’g | including age of

State Rank Firms raw clay Total
Report’g sold Product
Ohio e 1 596 ' 34,811,508 | 20.14
Pennsylvania .__ 2 393 21,537,221 | 12.46
New Jersey e 3 155 19,838,653 | 11.48
TINoiS - oo 4 301 15,210,990 | 8.80
New York 5 219 | 12,058,858 6.98
Indiana oo 6 278 7,935,251 | 4.59
Missouri . _______ - 7 110 6,412,861 | 3.71
California _._ 8 91 5,912,450 3.42
West Virginia 9 54 4,775,874 2.76
Towa —_ . 10 200 | 4522326 262
Total for United States______'______ 4,284 |$ 172,811,275 ! 100.00

It will be seen from this table that in 1911 Towa ranked mnth
and in 1912, tenth.

tAdvance chapter from Mineral Resources of the United States for 1912.
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STONE AND LIME.

The quarry production for 1911 and 1912 showed a marked
increase over 1910. ‘The value of the output in 1910 was
$639,831, in 1911 the value reached $817,121, and in 1912 the
record figure of $998236 was reached. The output for 1911
and 1912 was distributed as follows:

| | 1agig
|
Limestone— | |
Building . | $ 39,350 $ 54,809
Riprap and rubble_________________________________| 118,471 155,945
Crushed stone— [
Road making__________________ . ____ | 39,496 | 30,821
Railroad ballast.____________ Y| 162,704 | 235,326
Conepskeda ot e - oo -4 | 267,936 | 404,302
*Other PUTPOSES_ oo 51,938 83,682
27 s S LS 0 RO 80,914 51,800
Total limestone and lime_________________ $760,809 : $996,685
: |
: |
Bandstone? T In L W cx i mA Y I § 56,312 $ 1,551
|

Total stone and lime______________________ | 817,121 | §968.236

*Paving, curbing, flagging, ete.

The distribution of limestone and lime is given, by counties, in
Table IV.



TABLE 1V.

PRODUCTION OF LIMESTONE AND LIME IN 1911.

Counties

Allamakee . ______________
Appanoose __ . _____________
Benton
Blaek Hawk__________________
Buchanan
Cedar
Cerro Gordo--_______________
Clayton
ABTER e o M ST e
IR R ! SIS s
Des Moines ___________________
Dabugiie. oo m = T

Bapetter s —nl oo o

L O T e O e e A R e s 0o
1T D 1 i S NS TR T
4 Sl S R R Y el
Howard
Hngholat 28— Lo Dl b oL
MFRCKEa nale - e T T W SR
JONREO e et 1 - b s A
e e e et
Rgoimit i e e e
Lee
il = 2o e A L o ) o
LOMIE 2l s L I e s e
Y Madisen’ < o=l L SIE Tt
Mahaska
Maxrshall
Mitechell

No. of Pro-
ducers

Building
Stone

|
|
!
-‘!
l

Riprap

Crushe{d Stone

and

Rubble Road- | Railroad

* e e T A el ha e T i o,
6,350 1§ 35,925 | 8,100 -,
it [T TSNS B e
B T A Rk e
_____ e e
S R e T T S s
2,199 | 21,598 e o
# * o 1 || e Sieas
% 20,935 17,475 ¥
e RN | * *
B 1 AR Y T AT e
*® * R L7
e T FWMAN % = Abe=(EL 7

making | Ballast |

Joncrete

1,070 70,951
s e 1,867

P (L ety 1Nl
____ % |7 3880
'''' * 40,343
"""" * 119,054
__________ [ 62855

HNWIT ANV ENOLS

13



TABLE IV—Continued

gl
Bl (82 B3 Ripra Crushed Stone
Counties ‘8 § Bgtlgﬁgg a,rx)ldp Lime %tgle:r ‘l;gltﬁé
32 Rubble Road- |Railroad |~ orete
iz making | Ballast
1
Pocahontas __________________ ik BTG LTI PR N T TR | o S P . Il R St v =
el g L e b s SRR T 6 428 16,394 4130 ($ 39,538 39,327 |occoee 1 20,860 120,677
A5 1Y TR ANl s el A ) L e T S e T || et s L RS JO I (S | e
Vap- Butenc. = i ore et i g N (e | | ceesGaes Hall =y
W RDRLLON ~ 2 it ser bty gl aly o | et e o DRl e s S et S SR ISR = Sy [ p—
Washington __________________ | 3 87| i e | 15t & | __.iic e s I
Winneshiek _______ ____________ ] L R R | T T | s |k e e T
Counties with less than three ;
PROAYCELE bt i EALE 25,452 18,389 9,791 123,166 51,738 80,914 i 8,725 199,895
. -
THOBRL = o conmn i s iz Y !_-__ $ 393508 1184713 39,496|3 162,704 |$ 267,936 |% 80,914|$ 51,938 760,809

(42
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C T TABLE IV—Continued
PRODUCTION OF LIMESTONE AND LIME IN 1912

3 B T
2 | ' Crushed St
g Ri m | rus one
Counties "ag Bglggmg | p . e ——— | Lime Other 'I;otal
o8 pe | Rabhle | Road | Railrond S Uses Vatua
A ‘ making | Ballast | ZOBCre®
. ]
Allamakee - oo foie ii| 8|ecmmmmern) oo PR S ] e
ADPDPanoose —- - ____________ S £ Lo S0 T L B | =
BEntoR e s v S5 A, T on 1 N St e T = ERE=ETINS
Black Hawk__________________ £ J 157 I — | * [ *
Buchanan ____________________ 1 S R R el S R e
(CRAET) e e Sl [acsinsudloa ittt i e ) AR
Cerro Gordo_ .. _____________.. R o dies STV R
Clayton ______________________ # N e e
Delaware _ . ________________ i LT S0 1 N e [
Des Moines__ . _______________ T I e ale B
Dubuque . __________ 9 10,700 1$ 37,673 % 12,460 #
Fhavalte - - — - . o R N SN S B e e T D
1 Toonic | = T 2 et ERE R G o S ANERRe S S i S
E 5 0 0 C il I S el 2 L SR e T ey S
Erarrison” = - oo o i e E| FEA Rl | & T 1y 2 T
] AT T P LN R SR ¥t 1 . | Wi |45 SRt [& X il id
Howard 1| S L e e Jah L s S
Jackson el ak Tl T A ) ale el
Johnson 1 #® : o WG NGNS
Jonagia e o= Ji 22,827 18,533 * B
Keokuk ] e e T
N R R 9 * 24,662 8,920 __________
Tinme = o o) beta ST 6 ¢li| SR b e 1T (e T ; e * AR PO -~ 55,576
FOMiRA - o e e DL e Pl T ST v -4 540 L e fon. = gl | sl i e i 1 T2 oo
Midlgon - - O e 4 s 2 P ‘ __________ 38,868 |- ___...___ * 42,361
Moo - i e ) SRR Ty A AR (i s < Mk = I e
Marshall _____________________ bt e . L=ee S oy o fling * il N O TY, S ‘ __________
Mitchel. e oo oo e R catey S e N ERRRNEL o Lt e, T e LI L =t | i __________ e
* ¥ * l

Pocahontas - ———ooo—o_____ e e SRR Y S L - e = T T | N (N e R

FWIT ANV INOLS
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TABLE IV—Continued

: I
(=]
= : Crushed Stone
a9 Nine | Ripra -
Counties -] § Bgltlgligb and P Lime %ts};gl ‘nggit
SiE Rubble Road- | Railroad Conerote
7 j making | Ballast
| ‘ l
{101 g At T3S ST o] 6 | ¥ 33,233 # = RS 4 =04 g 127,661
THNA =Ll T2 e e 2 1 LSl IE S R o e T AT e S ] e S ) 5 S e
Van Buren____________________ 1| i B I o R T Do Rl T e
ALTE: ) £Y5) U o e R R S e 3 RN L A N l __________ ot i e 1 N S 8,900
Winneshiek - __________ 29 B | s R D e L e sl Ll e S B R ) R L LN
Counties with less than three | !
Produeers oo K E=Sil 18,147 41,844 9,441 i 235,326 56,845 | ___ 63,682 220,548
Potalbe=yi, A s Tl I i“ﬁ 54,809 |§ 155,945 % 30,821 §$ 235,326 |3 404,302 (% 51,8001 63,682|% 996,685

i

¥e
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The tables show that a large part of the stone was used for
concrete and railroad ballast. ILee county produced, in 1912,
more than one-third of the total output. This was due, to a
considerable extent, to the large amount of limestone used by
the Mississippi Power Company in the construction of the
Keokuk dam.

SAND AND GRAVEL.

The value of the sand and gravel industry in 1911 was
$393,649 and in 1912, $563,409, the latter figure being higher
than that of any previous year on record.

The sand and gravel sold during 1911 and 1912 may be
classified as follows: '

1911 ; 1912
Kind—
Value | Value
Sand used for—

Moldmag oabliea ot L oy i £ R S ieE L e or s VR $ 4,582 $ 3,572
IBURIQIRE: robmns o ot oy 20 B SO B i L T 226,675 328,882
Hintsine” il T aon TE e T T b G oY 5,527 4,556
SOBHErS sadet T ok iR I el L kT T 31,842 68,543
GEavell=er B on g e . S Al ST NS ST 125,023 - 157,856
Total sand and gravel_________________________ $393.649 $563,409
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MINERAL PRODUCTION IN IOWA FOR 1911 AND 1912

Table V shows the distribution of sand and gravel by counties:

TABLE V.
VALUE OF SAND AND GRAVEL PRODUCED IN IOWA IN 1911.
:
. Molding | Building | Engine| .Other k.
County °5| sand Sand | Sand | Sana |Gravel| Total

=

Zi|
Appanoose ____| 1 & 2] il
Audubon 5 1% 10,525 | _.___ * * 1§ 10,648
Black Hawk___| 7$ 950 13,340 | __..____| $ 67 s 20,990
Bremer 4 L Y W = i$ 3,709 | 4,917
Buena Vista._.| 2 1 et
Butler 2 R, T 4 ] e, S * [rr e R i e
Carroll 1 - ol e L T e PTRE
Cherokee - 5 3,440 ¥ 1,741 9,355 14,554
Clayton _______ 1. T | ________ * | F e e
Clinton ________ [, e 2,998 * * 15,405 19,251
Des Moines _—__| 2| ______.... c: Lo AT I * L [
Dickinson _____ et L e O * s 9l s el Sl
Dubuque ______ 5 * 8,601 * s * 21,439
Emmeét ________ 5 ¥ 5,425 | _____ % A 6,175
Fayette _._____ ATl e T X 4,855 | S A T T AN 5,202
Floyd ___ 1 e Sy e AR KA Ao B
Greene 1 o S e e | S i AU L LAY O
Grundy _ 1 * i L |
Hardin 3 * * S L) Bl I o
Howard _______ o]t NS PN T i TR Rl L2
Ida - Ly Lo w et oo ! (el e 1,609
Johnson 4 5,202 il i e e
Jones 1 o = =
Ted¥ Wt 2 e Y [SRE=mEY IR JRSMEN Bo/T A el
Linn. === 17,034 * f I 5575 22,884
Louisa 1 g i e mE o ATk o it i, )
YO s e S B o B o 5445 |________ ! SRR & 8,445
Marion 2| o st ol e | i) o] Rpeiie Ry T T
Marshall __.____ 2| i N = e By ST R S Rl M P
Monona ' ______ 1l St G e L 3 L SE LR ‘ ___________________ R,
Muscatine _.___ IO s RS o TS | ki | e
O’Brien ________ T ARk 6,840 | . SRS 6868
Osceola ________ o Bl IS, g [l < AN A o T U
Page oo io-ce 14 e e i e S e | AP TSP e |
Palo Alto______ N E TR S AN e \ 6 TR 5,839
Plymouth _____ Gl 13,686 |___—____ g i 15,198
Polk __________ 13 | ;i 55,096 ($ - 939 * 23,070 84,058
Sac 2| ! F e i [ T e
Scott _________. Ohje=r e yasl L -5 || N | o 5 [ Tl ol
Sioux _________ GHrmis = o | 3,060 |________| i & 3,747
Story —_________ [ s e 5122 |________ | b 1,531 6,803
Van Buren__.__ i M 7 AL EEEESIATE 2.0 5 1 SR
Wapello _______ 2| i * b < L = R—
‘Webster __.____ 4| LR 1,624 | _____ ¥ | i 2,201
‘Winnebago | 1| | ST S I % 01 0 i I
Winneshiek ____| 2 * Rl RO S5, 5 1< s H A —
-Woodbury __.__ 54 I —— 4995 | _____ 5 * 5,895
Wright ________ e * L ST oA 5,354
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TABLE V—Continued

27

County

No. of
Producers

Molding lBujlding Engine
Sand | Sand Sand

| Gravel | Total

Counties with
less than three

producers ____|____

Total

3,632 59,387 | 4,588

23,401, 66,378 l 121,572
|

______ ‘ 157

|
$ 4,582‘5 296,675 $ 5,527

$ 31,842 $125,023 ' 393,649
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TABLE V_—_Continued .
VALUE OF SAND AND GRAVEL PRODUCED IN IOWA IN 1912.

o
et
Q
f w 8| Molding | Building | Engine| Other o
County o '§ Sand Sand g Sgn a Sand Gravel | Total
=]
ZA
. ‘ i
Appanoose ._..| 1 il Gt S S R i AL T R
Audubon ______ 2 R, L N i | E Rt R B | o NP
Black Hawk___| 8 i $ 14,900 | ________ $ i * 18 22,590
Bremer ‘ 3 o L S e 18 3,283 3,283
Buena Vista__.| 3 |-cceeae ;A TN S s * * 1,088
Butler - I 2 L et 0 eof o ol AN PVIU N
Cherokee “ 4___ 1,900 - :?,970 5,830 16,700
ek R B e R AT D s
Dubuque 4 v I e el RS 10,081 | 17,973
glayeé:te ? 4012 e e e R L 289 | 5,414
oy 2 % L el R
Greene ‘ 1 ‘ - F T o A
Grundy e p e 1]l 1 L iy et S T
Hardin 31 O e T s ot S i { o2 3,533
Howard 1 \ S SR e ey % TN et e SR
Tda -___ Sl | S R il S R R e R AN Sy
Johnson 4 e e\ Xt 2 8,428
Jones i} R N i T A Gy vl b R A il -
Lee —____ s 1] i3 AL BN T W 5,452
Il SIS ftnds —doe =T 15,290 oyl SRR TAETE N ; R 18,680
Louisa ___ 1 * S i, S oLl e R
Lyon et 13,175 * % 5,324 19,237
Marion g ¥ 2 * 17,288
Marshall ______ ol i o 2 i}
Muscatine {12 % ! et
(08 B3 1, it el L MWL N I = :
Osceola -_ el o B
Palo Alto_ (%48 e = ot 9,943| 9,943
Plymouth _____ ot e e A oy R Sl i ) 19,707
Polk’™ oozt s 14 % 1052,172 ; : 29,;'359| : 1%«;3,333
el o e R e ey A G
%%OUX --------- g ----------- lg,(7)§5 ------------------ 7925 24,6;38
SEOTY, ol S R e T 033 | 2 5,5
Van Buren 1 < O e Pl (Rhho L A B [RL A YO S SBEL
‘Wapello _______ 3 * it LRt (Y, e R e e I 22,522
Webster _______ R e e B Wl R S I e s Sy
AT (3 T2y TR e (S o S ety (LGS W Y el Bt R e SR )
Winneshiek ____| 2|______.____ ' EoVaenaar T ¢l N 3
Woodbury __._. Bl e S | 12,650 | oo ik i 16,120
“Wright ________ 2 L NG AT et AN K ol PR Lo o Y O (N TR 7).
Counties with X
less than three| | ‘ [
producers ____ ____‘i$ 3,572| 120,655 |$ 4,556 38,633 6B8.664| 124,382
Total ____-_ 140 |$ 3,972 i?; 328,882 |$ 4,556 1% 68,543 $157,856 |3 563,409
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GYPSUM.

The value of the gypsum industry in Towa, in 1911, was
$871,752 and in 1912, $845,628. The figures for both of these
years are smaller than for 1910 when the value of the output of
gypsum was $943,849, the largest figure in the history of the
industry in the state.

The principal items of production and distribution were as
follows:

! 1911 ' ' 1912

i,
Short tons Value Short tons|  Value

Crude gypsum mined—.__.____ | 354204 |- APT80 R T
Distributed as follows— .
Sold crude— ‘
To Portland cement mills, |
paint mills, plaster
mills, and as land plas-

R S 11,032 | § 14,465 42443 | $ 40,824
Sold caleined— | |

As hard wall plaster_____ 195,274 777,095 223,756 | 708,198

As plaster of Paris, ete.-_ 26,501 60,546 1,282 | 4,575

Other purposes___________ j 8,115 19,646 48,078 92,031

- Total sold calcined_____ [ 229,890 $857,287 273,116 | $804,804

Total sold-.____ b BT 240,922 $871,752 315,559 ' $845,628

In both years, 1911 and 1912, there were seven mines and six
mills in operation. No gypsum has yet been mined from the
deposit at Centerville which was_found in 1910, by the Scandi-
navian Coal Company while prospecting for coal. A company
has been formed and a shaft is being sunk of sufficient size to
be used in hoisting the gypsum to the surface.

LEAD AND ZINC.

During 1911 and 1912 there was little activity in the lead and
zine region in the vicinity of Dubuque. The Avenue Top mine
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which was in operation in 1910 was closed during 1911 and 1912.
The ledad derived from lead concentrates obtained from small
mines, as a result of development work, was sixty tons, valued
-at $5,400, in 1911, and sixty-three tons, valued at $5,670, in 1912.

The outlook for any marked improvement in the lead and
zinc industry in Towa, in the near future, is not promising.

MINERAL WATERS.

The value of mineral waters sold in 1911 was $20,500, and in
1912, $11,325. These figures show a decrease when compared
with 1910, when the value of mineral water was $27,175. In
1911 the total quantity sold was 176,000 gallons, and in 1912,
84,300 gallons. About one-fifth of the output was sold for
medicinal purposes, the remainder for table use. The Crystal
Spring, at Estherville, reported for the first time in 1911, and
in 1912 the Egralharve, on the west shore of Lake Okoboji,
began to produce. The six reporting springs in 1912 were as
follows: '

Crystal Spring, Estherville, Emmet County.
Egralharve Spring, Montgomery, Dickinson County.
Fry’s Spring, Colfax, Jasper County.

Heston’s Spring, Fairfield, Jefferson County.

Red Mineral Springs, Eddyville, Wapello County.
‘White Sulphur Spring, Davenport, Scott County.

PORTLAND CEMENT.

Towa now has three up-to-date Portland cement plants, two
of which are at Mason City and the third at Des Moines. The
Lehigh Portland Cement Company, of Mason City, first began
to produce in 1911. The output of the three plants in 1911 was
1,952,590 barrels with a value of $1,881,253. In 1912 these
same plants shipped 3,190,354 barrels with a value of $2,790,396,
which is an increase of nearly 50 per cent over the value of
1911, Towa has an abundance of raw material for Portland
~cement and hence, year by year, larger and larger productions
may be confidently expected.
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The growth of the Portland cement industry in the United
States has been exceedingly rapid. The figures for the quantity
and value of the Portland cement shipped by the ten leading
states in 1912 are as follows:

SHIPMENT OF PORTLAND CEMENT BY STATES, 1912

Average
. |Shipping| Quantity Price
State Plants (Barrels) Value per
Barrel

| 27,539,076 | $18,918,165 | $0.687

Pennsylvania 26
Indiana ; 5 9,634,582 7,237,591 51 .
Californig_._.———-.___ e e 8 6,093,790 8,215,894 1.348
Missouri --__ 5 4,614,547 3,700,776 .802
Illinois 5 4,602,617 3,444,085 | .748
New York - 7 | 4,543,060 3,448,735 759
New Jersey —_ 3 4,490,645 @ 3,052,098 .680
Michigan oo 10 3,651,094 3,145,001 |  .861
Kansas oo 12 3,592,148 | 2,815,113 784
Iowa __ ‘ P 3 1 3,190,354 | 2,790,396 875
Total (ten states)_ __——________ fepds 1T b 1 71,951,913 | $56,767,854
Total (other states) ‘ i 13,060,643 | $12,341,946
|
Total, United States ‘\____ { 85,012,556 l $69,109,800
{

SAND-LIME BRICK.

The production of sand-lime brick in Towa has declined rap-
idly during the past few years. In 1909 the value of the output
was $48,210, in 1910 it had decreased to $31,269. In 1911 and
in 1912 there were only two producers and during each of these
years the production was considerably less than in 1910.

NATURAL GAS.

In Louisa county small amounts of gas continue to be ob-
tained from pockets of sand in the drift. This gas is used for
illuminating purposes.. In 1911, the total value of the gas was
$70 and in 1912, $120.

*From advance chapter of Mineral Resources for 1912.
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IRON ORE.

Although the Missouri Iron Company has been carrying for-
ward experimental work on an extensive scale in connection
with the Waukon iron ore, no ore has yet been mined for com-
mercial purposes.
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ROAD AND CONCRETE MATERIALS IN IOWA

BY S, W. BEYER AND H. F. WRIGHT.

Introduction

The materials in Towa which properly come under the above
classification are:

A. Natural Products,—including sand and gravel, lime-
stone, sandstone, glacial bowlders and clay, mostly loess clay.

B. Manufactured products of clay and limestone.

In counties rich in road and concrete materials, especially
those counties in which these materials are generally distrib-
uted over the entire county, no attempt.is made to list or
map all of the possibilities. ‘Only the more important or more
representative deposits are recorded. In counties poorer in
such materials the records are more complete.

A. NATURAL PRODUCTS. Sand and Gravel—Nearly
three-fourths of the counties in the state are supplied with
sand and gravel suitable for some form of road work. Not

~all of these counties have a sufficient quantity within their

borders to improve all of the roads, but enough for use on
the main roads. The principal supply must be obtained from
the larger streams, or from their immediate vicinity. Such
sands and gravels occur as terraces or so-called ‘‘second bot-
tom deposits,”” and in the present channels of the streams.
Terrace gravels are especially important along the streams
which flow from the Wisconsin Drift area in north-central
Iowa. Well-known pits in which these terrace gravels are
being developed are located at Mason City, Iowa Falls, Gif-
ford, Belmond, Clemons, in and around Des Moines, near Grand
Junction, Lake View, Spencer, Cherokee, Milford, and well
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within the Wisconsin area, Emmetsburg and Estherville.
These terraces furnish an enormous quantity of material suit-
able for road and concrete work, not only sufficient for the
needs of the counties in which they are located, but for neigh-
boring counties less fortunate in available road materials. In
addition to stream and terrace gravels, gravel knobs, geolog-
ically known as kames, are common in the north-central por-
tion of the state. Some of these gravel hillocks are conspicuous
topographic features. The best known examples are Ocheyedan
Mound in Osceola county, and Pilot Mound in Boone county.
While individual deposits of this type are usually not great,
the number of mounds available will afford an important re-
source for road making. Interstream gravels are of some
importance in northeastern Iowa, from Howard and Mitchell
on the north, at least as far south as Buchanan and Black
Hawk counties. Similar outwash gravel plains cover consider-
able portions of O’Brien and Osceola counties in northwestern
Jowa and add considerably to the sum total of sand and gravel
suitable for road work. Much of the terrace, stream and
interstream gravels are suitable for concrete work. The kame
gravels often carry too much clay for first class concrete, but
can be used when the clay is washed out.

Limestone.—Limestone is available in quantity sufficient for
road and concrete purposes in rather more than two-fifths of
the counties of the state. The stone varies greatly in compo-
sition and physical properties, and therefore in its suitability
for road and concrete work. The leading quarries and out-
crops of limestone are to be found in the eastern half of the
state, especially in those counties immediately bordering the
Mississippi river and its larger tributaries. A few of the
inland counties are well supplied with a good grade of lime-
stone, notably Humboldt, Hardin, Marshall and Wapello
counties.

Sandstone.—Sandstone is not as widely distributed in Iowa
as limestone, and as a rule, barring the Sioux quartzite, which
is a completely cemented sandstone, is not sufficiently indurated
for road work and deserves no further mention.
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Glactal Bowlders.—Granitoid and gneissoid bowlders are to
be found in great numbers, and oftentimes of large size, in
the north-central portion of the state. They are especially
" common on the Wisconsin and Towan drift surfaces. Glacial
bowlders afford material much more resistant to wear than
limestone and gravel, and when crushed and properly sized
could be used as a wearing surface on macadam and concrete
roads. The cost per cubic yard would considerably exceed
the cost of the gravel and crushed limestone. '

Clay—In certain portions of the state roads are almost im-
passable during certain seasons of the year on account of
their sandy character. Such roads are especially common in
the vicinity of the larger streams, notably on the east side of
such streams. The sandy roads may be greatly improved by
the addition of clay, especially the loess clays which form a
surface veneer over the upland portion of the southern half
of the state and large areas of upland in the eastern and west-
ern quarters of the north half. The treatment of sand roads
with clay would probably be less expensive than the surfacmg
of clay roads with sand and gravel.

While the use of clay in road work is important in certain
Iowa counties, and of more or less importance in nearly all,
it is not considered within the province of this report.

B. MANUFACTURED ROAD MATERIALS. Burnt Clay
Products—Burnt clay products suitable for road work are
burnt clay ballast and brick. Burnt clay ballast was manu-
factured in considerable quantities some years ago and used
as ballast by several of the leading railroads in Iowa. There
is no reason why burnt clay cannot be used for public road
work where other materials are scarce, and the price prohibi-
tive. Clays suitable for burnt clay ballast are widely dis-
tributed over the state, especially in the south-central portion
where gravel and limestone are scarce or wanting. The burnt
clay used by railroads is not, as a rule, sufficiently burned to
be used as a substitute for either gravel or limestone. In or-
dinary practice not more than fifty to sixty per cent of the
clay is reduced to a clinker. The under-burned clay slakes
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when exposed to the weather. It is believed, however, that a
better clinker can be produced by using more fuel. ‘

2. Portland Cement—In the manufacture, of permanent
roads, Portland cement is one of the most expensive and im-
portant materials used. Three Portland cement plants are in
operation in Jowa at the present time, insuring a high grade
of cement at reasonable cost.

Brick and concrete are certain to assume importance when
Towa reaches the stage of building ‘‘Permanent Roads.”” The
present report is confined to a discussion of natural materials.
In addition to a consideration of the geology and distribution
of road and concrete materials, the report contains in tabu-
lated form the results of several hundred tests of sands and
gravels and limestones, and directories of the commerclal pro-
ducers of these materlals

The writers were assisted with the field work by Professors
Ira A. Williams and W. F. Coover and Mr. James H. Lees,
Agsistant State Geologist, and later by Mr. A. W. Hess. Most
of the laboratory tests were made by C. E. Scott, H. B. Tyson
and L. S. Packman. )

The work was carried on in cooperation with the Engineering
Experiment Station of the Towa State College. All of the labor-
atory work was done in the station laboratories. A brief of this
report will appear as an Engineering Experiment Bulletin.

THE GEOLOGY OF IOWA ROAD AND CONCRETE MATERIALS.

GENERAL CONSIDERATIONS.

The Proterozoic.

The Proterozoic is represented by the Sioux Quartzite, which,
while known to underlie a considerable area in the northwest
corner of the state, exhibits outcrops over a very limited ter-
ritory in the extreme northwest corner of Lyon county. Small
openings have been made and small quantities of the indurated
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sandstones have been removed from time to time. While Iowa
is capable of producing much larger quantities, owing to lack
of transportation facilities the trade is supplied from the quar-.
ries at Sioux Falls, Sbuth Dakota, and the Pipestone district
in Minnesota. :

The stone varies from a light pink to a deep purple in color,
with shades of red prevailing. It also varies greatly in state
of induration, texture and structure. As a rule it is typically
quartzitic, presenting the characteristic porcelain-like fracture
on freshly broken surfaces. Oeccasionally it is poorly cemented
and may be erumbled between the thumb and fingers. In tex-
ture it presents normally a fine even grain, although conglom-
eratic facies on the one hand and slaty on the other are known.
In general the quartzite occurs in fairly heavy to massive
beds, in approximately horizontal position or dipping at a low
angle. In places the beds thin greatly, lack constancy and even
show false bedding.

The normal quartzite affords the most durable structural
material native to Iowa, and is especially well adapted for
heavy masonry, street paving, road surfacing, especially for
the wearing course on concrete road construction and for all
purposes where strength and durability are required. It is
also well adapted for use in fronts and trimmings of buildings.
It takes and holds a high polish and is desirable for decorative
purposes. On account of its great hardness it is expensive
to dress and because of this fact will never be used extensively
save for the most costly and permanent structures.

The Cambrian.
POTSDAMIAN SERIES.

THE SAINT CROIX SANDSTONE.

Only the uppermost division of the Cambrian is known to
occur in Iowa. The principal outcrops are confined to the
Mississippi river and its immediate tributaries in Allamakee
and Clayton counties and are referred to the Saint Croix stage,
supposed to be the equivalent of the Potsdamian of New York.

The Saint Croix comprises three rather easily separable
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members, the Dresbach sandstone, the Saint Lawrence ‘lime-
stone and shales and the Jordan sandstone, named in ascend-
ing order. As a rule all of the beds comprising the series are
wholly unindurated or are but poorly indurated and as a con-
sequence are of but small importance as a source of road and
concrete materials. Certain layers immediately below the Saint
Lawrence shales are slightly indurated and have been used
to some extent for structural purposes. So far as known such
use has been confined to Allamakee county. The chief openings
were made along the Mississippi and immediate tributaries
from New Albin to Lansing and in a horizon varying from
one hundred to one hundred and fifty feet above the river.

The sandstone carries a calcareous cement, lacks durability
and is not readily accessible. It deserves mention only as hav-
ing been used to a very limited extent as a structural material.

.The Ordovician.

The Ordovician system of rocks comprises three series, a
lower, the Canadian, a medial, the Mohawkian and an upper,
the Cincinnatian. The first may be readily subdivided into
two stages, one of which is prevailingly a massive dolomite
and known in the later publications of the United States Geolog-
ical Survey as the Prairie du Chien limestone* and the other,
a well-marked sandstone horizon, the Saint Peter.

The Prairie du Chien limestone comprises a lower massive
dolomite which the present Survey has designated the Oneota
limestone, a medial sandstone, the New Richmond, and an
upper dolomite, the Shakopee limestone. Near the base of the
Oneota limestone, above about ten to fifteen feet of arenaceous
limestone, thirty to forty feet of evenly bedded dolomite, ex-
cellently adapted for the various grades of dimension stone
and other structural purposes, constitute the most important
horizon in the Prairie du Chien limestone.

*In the reports on Winneshiek and Clayton counties, volume XVI of these
EoBod by the tas here d5ed In acoordance wifh.a recent decision of the Board

of Geologic Names of the U. S. Geological Survey. See Lancaster-Mineral Point
¥olio, page 3. :



46 ROAD AND CONCRETE MATERIALS IN IOWA

The beds representing the Saint Peter sandstone are usually
not sufficiently indurated to merit consideration as road or
concrete material. Occasional beds are indurated locally and
- have been developed to a very limited extent.

The Mohawkian series comprises the Platteville and the
(talena stages, according to the present terminology adopted
by the Survey. All of the members furnish some indurated
material, although quarrying operations have been limited to
the Platteville and to the dolomitized portion of the Galena.
The most important horizon, known as the ‘‘Lower Buff Beds,”’
attaining a thickness of more than twenty feet, occurs near
the base of the Platteville and is separated by a few feet
of ghale from the Saint Peter sandstone.

The upper Platteville, while usually thinly bedded and often
decidedly argillaceous, is quarried to some extent. The Galena
limestone, as it occurs in Dubuque county, affords stone suit-
able for massive masonry and has been so utilized to a limited
extent. To the northward it becomes less magnesian to non-
magnesian and is practically worthless as a dimension stone.
The Galena is separated from the Platteville by a calcareous
shale, the ‘‘Decorah Shale’”” of Professor Calvin, the ‘‘Green
Shales’’ of the Minnesota geologists, which. is worthless save
as a possible source of material for cement manufacture.

The uppermost series, the Cincinnatian, which in Towa in-
cludes only the Maquoketa, is of small importance as a source
of quarry products. The Middle Maquoketa cherts may prove
to be serviceable road material, while the calcareous to dolo-
mitic layers in the Lower and Upper Maquoketa have been
quarried locally. The shales of the Lower Maquoketa afford
material suitable for the manufacture of Portland cement.

It is probably true that no other rock system is potentially
richer in quarry products than the Ordovician. This wealth of
material has been but little developed in Iowa. The lack of
development is due to several causes. In the first place, first-
class material constitutes only a small proportion of the entire
assemblage of beds. While the demand for the waste which
could be utilized as crushed stone has been small, it is growing
rapidly on account of the demand for road material and aggre-
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gate for concrete. In the second place the counties in which
the Ordovician beds occur are poorly supplied with transpor-
tation facilities away from the immediate vicinity of the Mis-
sissippi river. Stone of usable quality can be obtained in
every township, oftentimes on every farm over considerable
portions of the Ordovician area. The outlook is encouraging
and greater activity may be confidently expected in the near
future.
The Silurian,

NIAGARAN SERIES.

The Niagaran limestone, as developed in Iowa, comprises
two stages, the Hopkinton, typically developed in Delaware
and adjoining counties and formerly known as the Delaware .
stage, and the Gower, from Gower township in Cedar county,
where this stage shows its typical development. The Hop-
kinton stage comprises a series of dolomites varying consid-
erably in composition and structure. In general, they occur
in heavy beds, with bedding planes obscure or wanting. At
certain horizons and in certain localities, the beds are evidently
laminated and even become flaggy in character. They range
from hard, slightly vesicular, suberystalline, massive dolomites,
to soft, earthy deposits. Certain horizons carry large quan-
tities of chert. The Hopkinton attaing its maximum develop-
ment in Dubuque and adjoining counties. According to Pro-
fessor Calvin* the following members of the Hopkinton can be
recognized and he assigns their thickness as follows:
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Number 5 is often suberystalline and essentially a pure dolo-
mite and is of excellent quality for lime burning. It is used
extensively in Jackson county.

*Geology of Dubuque county, Iowa Geol. Surv,, Vol. X, page 459.
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The Gower includes two fairly distinet substages, the Le-
Claire and the Anamosa.

The latter consists typically of soft, laminated, light buff to
yellow dolomite in thin to medium heavy beds which are often
practically parallel and nearly horizontal. Texturally the beds-
are porous, often highly vesicular, and usually present a rather
dull and earthy luster. The layers are divided by ocecasional .
vertical joints.

The LeClaire beds on the other hand comprise a hard, bluish
gray to a grayish yellow, suberystalline dolomite. The pre-
vailing color above the ground water level is some shade of
yellow or buff. Texturally, while the LeClaire is usually sub-
crystalline, it is generally vesicular and presents a decidedly
rough appearance on a freshly fractured surface. It is some-
times brecciated or conglomeratic. Structurally, the LeClaire
oceurs in mounds and presents a very uneven surface which -
ig filled by the even beds of the Anamosa. It sometimes ap-
pears to be massive, the bedding planes being scarcely rec-
ognized; at other times the bedding planes are apparent but
are highly inclined; in still others, the beds are evidently
laminated and nearly horizontal. The LeClaire, when typically
developed, is an essentially pure dolomite and excellently
adapted for the manufacture of a superior grade of lime and
is so utilized at a number of points in Towa and Illinois ; notably,
Cedar Valley, Sugar Creek and Viola in Iowa, and Port Byron
in Illinois; while the Anamosa beds are especially prized as a
dimension stone on account of their unusual uniformity in
bedding, composition, texture and state of induration. More
than three-fourths of the bridge and dimension stone of the
state is derived from these beds. The entire assemblage of
beds comprising the Niagaran is suitable for conecrete, and
while rather soft is usable for road work. The leading quar-
ries are located at Cedar Valley, Stone City, Farley, LeClaire

and Mount Vernon.
The Devonian.

The Devonian as developed in Iowa comprises a rather diver-
sified assemblage of limestones and shales. The latter are of
interest as a quarry product only so far as they are suitable
for the manufacture of Portland cement. The limestones vary
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greatly in composition, texture, state of induration, thickness
of beds and weathering qualities. They range in composition
from a pure calcium carbonate as in the white, compact, brittle
limestones, developed in Cerro Gordo and Mitchell counties,
to typical granular dolomites and argillaceous limestones.
They range texturally from rather coarse suberystalline lime-
stones and dolomites to compact lithographic stone. The range
in state of induration is equally pronounced, from hard lime-
stone which gives a metallic sound when struck with the hammer
to soft, earthy limestone. In certain horizons the beds are
thin and flaggy while in the ‘‘State Quarry’’ type, the beds
attain thicknesses of five or six feet. The beds in the so-called
Fayette substage are much broken or crushed and are practi-
~ cally worthless for coursing stone. All of the divisions of
the Devonian furnish some quarry stone, though the most im-
portant horizons are found in the Wapsipinicon, Cedar Valley
and State Quarry stages. In all three of these stages deposits
ranging from hard, brittle limestones to dolomites prevail and
afford excellent material for crushed stone purposes.

The Devonian beds occupy a belt varying from twenty-five
to seventy-five miles in width and extending across the state
in a northwest-southeast direction. The belt is included be-
tween Worth to Howard counties on the north and Muscatine
and Scott on the south. The most important quarries belong-
ing to the Wapsipinicon stage occur in the southern portion
of the area; the Cedar Valley stage is quarried throughout,
but perhaps most extensively in the northern portion while
the State Quarry stage is limited to Johnson county. Detailed
descriptions follow by counties.

The Carboniferous.
MISSISSIPPIAN SERIES.
THE KINDERHOOK.
The Kinderhook is typically developed in the vicinity of Bur-
lington in Des Moines county and comprises a series of shales
below and limestones above, separated by finely arenaceous de-

posits. The shales constitute the most extensive member at
4
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Burlington, exceeding one hundred feet in thickness but thin-
ning northwestward along the line of strike, while the limestone
member. becomes relatively more important. The medial sand-
stone is fairly persistent but becomes less important north-
ward. The calcareous member shows a decided tendency to
become oblitic and ranges in texture from a compact, brittle
limestone to suberystalline and o6litic in character. It is equally
variable in composition, showing all gradations from a pure
limestone, as the odlite in Marshall county and the white lime-
stones in Hardin and Humboldt counties, to the sugary brown
dolomite of Hardin county. The upper member, which has
been extensively exploited in Marshall and Hardin counties
furnishes an excellent grade of -material for road and concrete
work. The shale and sandstone members of the Kinderhook -
are of no importance in this connection.

THE OSAGE LIMESTONE.

The Osage limestone occupies a triangular area in the south-
eastern portion of Iowa, the base of the triangle resting on
the Mississippi river from Louisa to Lee counties, and the
apex extending to the northwestward, reaching Keokuk county.
Beds referred to this stage of the Lower Carboniferous are
most extensively and typically developed in Des Moines county
and especially in the vicinity of the town of Augusta. Five
fairly well-defined substages may be recognized and as all are
well represented in Des Moines county their detailed descrip-
tions appear in the discussion for that county and a repetition
is unnecessary here. It may be said, however, that the in-
durated beds are chiefly limestones and that these supply an
abundance of material suitable for crushed stone purposes.

THE SAINT LouUis.

The Saint Louis stage of the Lower Carboniferous has been
separated by Bain into three substages. The lowest of these,
‘the Springvale beds, comprises a limestone formation varying
from earthy or argillaceous limestones as developed in Keokuk
county at the type locality to massive limestone beds in Henry
county. As a rule the beds are not important as a source of
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usuble stone for any purpose. The middle member, or Verdi
beds, is exceedingly variable in composition and texture, rang-
ing from sandstones to shales or limestones. The different
kinds of sediments give place horizontally one to another so
that a stratum that is shale in one part of the exposure may
be represented by sandstone or limestone at no great distance
to the right or left. No important quarries belong to this hori-
zon. The uppermost member, or Pella beds, is the most uni-
form in character and is fairly persistent over considerable
areas. The beds are usually quite pure limestones, are of good
thickness and evenly bedded. The Pella beds comprise the
most important member of the Saint Louis stage from an eco-
nomic standpoint. :

PENNSYLVANIAN SERIES.
TeE DES MOINES.

The Lower Coal Measures are not important in the produc-
tion of quarry products. They consist essentially of shales,
shaly sandstones, sandstones and occasional thin bands of
limestones. The sandstones, as a rule, are pocrly indurated
and not of pleasing color. Occasionally they are sufficiently
cemented to be used for foundations of unimportant structures
and for other rough masonry. Such deposits usually assume
a lenticular form and are exceedingly variable in texture, color
and state of induration both horizontally and vertically. The
most important lenses occur in Marion, Jasper, Wapello,
Boone and Webster counties. The Red Rock sandstone repre-
sents perhaps one of the best known examples and is described
later. The best examples of the possibilities and also of the
limitations of this stone may be seen in some of the residences
along West Grand Avenue in the city of Des Moines. Less
extensive deposits appear in the Coal Measure outliers in
Johnson county, where the stone was used in some of the oldest
buildings of the district. The Coal Measure sandstones are of
little or no value for road and concrete purposes.

The limestones are usually more or less argillaceous and
have not proven satisfactory as a quarry stone. The best
examples may be seen in Appanoose county.
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The shale cannot be used directly for road work, but when
burned is of some service. The waste dumps about Iowa coal
mines usually contain enough low grade coal to partially slag the
clay and shale. This material when intelligently used on the
roads gives fair results.

THE MISSOURL

The Missouri stage of the Upper Carboniferous is made up
largely of off-shore deposits in which shales greatly predom-
inate. Interbedded with the shales is a series of thin limestone
beds varying from a few inches to twenty or even thirty feet
in thickness, and persistent over considerable areas in the
southwestern portion of the state. These limestones are usually
guite free from such impurities as magnesia and pyrite, but
they often display a decided tendency to become argillaceous.
The ledges constituting the more important limestone zones
are usually separated by clay partings, varying from a fraction
- of an inch to a few inches in thickness. The most important
horizons belong to the Bethany substage and are named after
localities where they are typically exposed. From the base
upwards the principal limestone members are as follows:
1, the Fragmental limestone, typically developed at Bethany,
Missouri; 2, the Earlham limestone; 3, the Winterset lime-
stone; 4, the DeKalb limestone; and 5, the Westerville lime-
stone, from the town of the same name in Union county.

A sixth limestone horizon far above the strata of the Bethany
may for the present purposes be designated the Stennett lime-
stone. It is typically developed at Stennett in Montgomery
county, and is believed to be present in the adjoining counties.
The second and third members are by far the most important
and have been extensively developed at a number of points,
notably at Earlham, Winterset and Peru in Madison county.
The stone representing the different horizons varies consid-
erably in weather-resisting properties but when properly se-
lected, excellent material can be secured for all sorts of strue-
tural and crushed stone purposes.
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The Permian,

In the vicinity of Fort Dodge in Webster county a series of
red clays associated with gypsum occur over a small area and
comprise a well-marked formation. In the earlier volumes of
the present Survey these beds were referred by Keyes to the
Cretaceous. The concensus of opinion at the present time
favors Wilder’s reference to the Permian and the strata are
so considered in this report.

None of the beds are-sufficiently indurated to merit consider-
ation in this connection.

The Cretaceous,

The Cretaceous system is represented in Iowa by rather
loosely aggregated sandstomes, clay shales and marly lime-
stones. The sandstones are prevailingly calcareous. Occasion-
ally they are sufficiently indurated to merit consideration as
a source of structural materials. This is notably true in Wood-
bury county where the stone was developed formerly and sold
as ‘‘Sioux City Granite.”” No commercial quarrying is being
done at the present time on account of the excessive overburden.

The calcareous deposits have been explored to some extent
but with slight promise of future development.

The Quaternary.
PLEISTOCENE SERIES.

The Pleistocene history of Iowa is recorded in the several
drift sheets, the interglacial sands and gravels and in the post-
glacial river, lake and wind deposits. The following sequence
of events can be made out quite readily:

10. Postglacial, alluvial and aeolian deposits predominate.

9. Wisconsin, glacial, represented by a drift sheet covering the north cen-
tral part of the state. Capitol Hill in Des Moines is the apex of the lobe.

8. Peorian, interglacial, probably includes the loess.

7. Iowan, glacial, represented by a thin sheet of drift carrying large num-
bers of giant bowlders, mainly granites.

6. Sangamon, interglacial.

5. Illinoian, glacial, represented by a rather unimportant drift sheet which
covers portions of the Mississippi river counties from Scott to Lee, in-
clusive.
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4. Yarmouth or Buchanan, interglacial, represented by important gravel
deposits.

3. Kansan, glacial, represented by a drift sheet which covers almost the
entire state.

2. Aftonian, interglacial, the leading gravel terrane in southwestern Iowa.

1. Nebraskan or Sub-Aftonian glacial, the oldest drift known in Iowa.
Rarely seen save in artificial excavations.

The interglacial and postglacial deposits are of greatest im-
portance as sources of road and concrete materials. With the
exception of the Peorian and Sangamon, these deposits are
inereasingly important from the oldest to the youngest, in terms
of availability. '

The Aftonian gravels are of wide occurrence but in general
are too deeply buried by the younger deposits to be commer-
cially important as a source of structural materials. They con-
stitute an important water-bearing horizon over a large portion
of the state. They have been developed for road and concrete
work only in the southwestern portion of Iowa. The type
section may be viewed at Afton Junction in Union county.

The Buchanan gravels are as a rule less deeply buried and
are generally available over the northeastern third of the
state. Two types are easily recognized, the valley and the up-
land. The Buchanan terrane is second only to the post-Wis-
consin gravels as a source of road and concrete materials.
Excellent examples of both types may be seen in Buchanan
and adjoining counties.

The Sangamon and Peorian furnish little material of interest
in this connection, unless certain of the gravels in northwest-
ern Iowa belong to one or the other of these stages.

The post-Wisconsin gravels are by far the most important
of the Pleistocene deposits for road and concrete work, when
all factors are taken into consideration. The valley type is
the most important here as in the Buchanan.

The leading points of production are listed in the intro-
duction.

The drift sheets furnish large numbers of bowlders, many
of which are of large size. This is especially true of the Towan
and Wisconsin. The bowlders are usually more or less con-
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centrated along the drainage lines and when crushed are
excellently adapted for road and concrete work.

In addition to the bowlders the Wisconsin drift contains
many gravel hummocks or kames, already mentioned in the
introduction. While these individually are not of great im-
portance, collectively they are second in importance only to
the valley gravels which commonly appear as terraces. Kame
gravels are limited to the Wisconsin drift area. '

The present streams have done and are doing some work
in the classification of material. The Des Moines river has
been the most efficient in accumulating materials suitable for
road and concrete work., In a considerable number of counties
the streams are the only sources of sand and gravel. This is

especially true in the counties far removed from the Wisconsin
drift.

DESCRIPTION OF ROAD AND CONCRETE MATERIALS BY
COUNTIES.

ADAIR COUNTY.

SAND AND GRAVEL.

Adair county is not far removed from the Wisconsin drift
front. It so happens, however, that none of its drainage lines
issue from the area covered by the youngest drift sheet and
they are therefore not accompanied by the usual gravel train.

With the exception of small amounts of gravel and sand in
Middle river, Adair county is practically devoid of these ma-
terials. Near where this stream leaves the county small
amounts of gravel are taken from its bed, and deposits of
sand continue intermittently some three or four miles north
of this point in Harrison township. In places this sand is
quite clean and is used by the farmers in cement work. The
interglacial gravels are not known to be available in quantity.

All of the sand and gravel used on work of any importance
within the county is shipped in, large amounts coming from
Des Moines and vicinity.
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STONE.

Adair county is included within the area in which the Mis-
souri strata are believed to be the country rock. Cretaceous
beds probably overlie in part the Carboniferous rocks in the
western part of the county but the all but universal conceal-
ment of the indurated strata by the loess and glacial bowlder
clays renders accurate data difficult to secure. The shales
and more calcareo-argillaceous beds of the Des Moines stage
of this series are believed also to appear beneath the fragmental
beds of the Bethany at a few points on Middle river, along
which the only quarry operations known in the county are
carried on.

A well marked limestone horizon with associated beds out-
crops on Middle river and its small tributaries where it crosses
the northeast corner of Brown township. Below Howe, in
sections 11 and 12, on a small branch from the southwest,
quite extensive quarrying has been done. The openings are
on the land of Mr. W, P. Perry and stone has been taken
out for over twenty years. The following section may be ob-
served in the northwest corner of section 12, close to the con-
fluence of the above tributary and Middle river:

FEET.
10. Soil, loess, and drift conglomerate containing Cretaceous material.. 7
9. Limestone, broken into blocks which are rounded by weathering
and solution; buff in color, fossiliferous, narrow band of chert in

residual clay, botlh above and below..........coicvivrnnnrnnnnn 1/
8. Limestone like No. 9 with two inch cherty clay residue below.... 16
7. Limestone, firm ledge somewhat broken by weathering; marked

tendency to separation into blocks by vertical joints........... 34
6. Shaly limestone, chert bearing, by weathering forms a reéntrant

b0 187 5 T N0 V2 o b . ol Bt il e Ll e et o i e S 1Y/
5. Limestone ledge, persistent ........... ..ottt %
4. Limestone, shaly, blue to gray where unweathered, but iron-stained

at crop; persistent and forms a conspicuous reéntrant .......... 134

3. Limestone, light brown, compact; has tendency to dissolve along

joints to form caverns. At its base is a heavy band of chert which

in places is pulverulent and white.................. ..ot /12
2. Limestone, cavernous, with tendency to jointing, separated as a

rule by thin shaly partings into three distinct ledges, 5, 10 and 9

2 0oy XY b e 1o o ST T TR el R R R e R R S 21/,
1. Limestone, regularly bedded, compact, brown to bluish, in six inch

to one foot ledges, commonly separated by thin, brown clay part-

ings, contains occasional chert nodules near the top; highly fos-

siliferous throughout to base of exposure...........c.cvovuiunn 5
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Stone has been taken out along a quarry face four to five hun-
dred feet in length, the work being apparently limited by the
heavy stripping. The base of the present exposure is about
fifteen feet above Middle river. The lowest bed rests on earthy
and carbonaceous shales, the contact being marked by numerous
springs and seeps.

The best stone comes from numbers 8 and 9 near the top
and from the basal member of the section. Number 1 especially
affords excellent dimension material of any desired thickness.
. The output of this and neighboring quarries is used to a large
extent locally for foundations, and for this purpose it is also
bhauled to Stuart and Greenfield.

To the south of the branch, and but fifteen to twenty rods
distant from the foregoing, the same layers are worked. The
beds cuterop also west of the road in section 11, where some
quarrying is done. To the eastward, along the south side of
Middle river, the limestone forms a terrace which is not deeply
covered and where any quantity of stone is available.

Stone is also quarried in the southwest quarter of this same
section, on the farm of Mr. Jas. Chambers. In the main the beds
can be correlated with those of the Perry quarry section al-
though the overburden is not so great and would prove less of
a hindrance to development.

The Missouri beds outcrop at rare but gradually increasing
intervals southeastward along Middle river to its exit into
Madison county. They are quarried at a few points in Harri-
son township. At, and in the vicinity of the mill dam at Port
Union, the following succession of strata can be made out:

FEET.
12. Shelly, fossiliferous limestone to be seen one-eighth mile
above the dam in the hillside where rock has been quar-
FAD ™ o, o o it e Bl e s SR L e b BT T e L o 4
11. Firm ledges, good building limestone, to be seen at same
60 T T TR e o il SRSt ol e L I e e e 3-4

10. Limestone breccia, containing angular pieces of compact
limestone of a maximum size of 2 to 3 inches; there are
occasional fragments of dark chert in a soft limestone
matrix., Conspicuous in hillside 20 rods above site of dam 2

9. Ocherous red and ' purplish weathered shale, in view...... 214

ShellyVilinlestonEr iy E oy PR o L e O s, St § o i ?

7. Solid ledge compact, durable limestone forming a shelf over
underlying shale, at south end of dam at level of water in
o} o) 27c AN oM S NIC TP SRS i, ) 1 S P LS °/a

o
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FEET,
8. Gray shale with nodules and streaks of hard limestone,
cylindrical forms, apparently vegetal remaijns.......... 1%
5. Bluish limestone capped with thin layer composed almost
entirely of well preserved brachiopod remains.......... 1/s
4 Trarkoblue, -clean Shalg ¥l 2 Faem i sk b3 a8 b oo S Ebdeiaa b oo te’ w5 2
3. Brownish, cavernous limestone, not persistent............ %
2.7 Bldek 1 8laty. istales T L e | e B L 1%
1. Shelly limestone, breaking into nodular flakes and lenses on

exposure; in bed of stream below dam where it causes a
low falls. Known in excavation for mill wheel to consist
ol Lotosi:2 bt lEyengtyma it S R R B R e T o L e e 2

Below is a “gummy” clay or soapstone which is practically im-
penetrable to the churn drill.

At all points observed, these strata occur beneath great thick-
nesses of glacial deposits. The limestone members of the sec-
tion have afforded building material but their exploitation is
of necessity limited. The beds above the fragmental limestone,
number 10, are said to be quarried for local use on the farm of
Robert Murphy on Middle river near the east county line, and
at other points in this vicinity.

The two sections given above appear to include the basal
members of the Missouri and the upper strata of the Des Moines
stage, if regarded alone on stratigraphic position and lithologic
similarity. There seems little question that number 10 of the
Port Union section represents the base.of the Bethany and
that the nonbrecciated beds above are the equivalent of the
Earlham limestone in Madison county.* The Fragmental lime-
stone does not appear in the Perry section as a distinetly brec-
ciated layer. In other respects, the lowest member here visible,
No. 1, is its equivalent, and the underlying shales therefore
belong to the Des Moines. The limestones throughout are suit-
able for crushed stone purposes.

ADAMS COUNTY.
SAND AND GRAVEL,

Adams county has no streams worthy of mention, and yet
the loess-covered Kansan drift surface is profoundly stream
dissected. The numerous small creeks are without gravel ter-
races and have accumulated but little sand and gravel in their

*Geology of Madison county, Towa Geological Survey, Vol. VII, page 511.
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channels. The older interglacial gravels are thoroughly con- .
cealed and therefore are not available. Gravel and sand for -
large undertakings are shipped in from Raccoon and Des

Moines rivers.
STONE.

The country rock in Adams county is in general deeply con-
cealed by the glacial deposits and outcrops at but a few points
along Middle and East Nodaway rivers. As in adjoining
counties, the Missouri rocks consist largely of shales, which
may become highly calcareous and even marly, interstratified
with usually thin beds of limestone which are in some instances
of a character and extent to be of value. Similar also to bor-
dering counties, beds of otherwise valuable stone are so deeply.
buried that their utilization is out of the question.

The Upper Coal Measures outcrop at Carbon in Douglas town-
ship, where the Nodaway seam is mined. The ‘‘cap rock’ is an
eighteen inch ledge of firm limestone and appears near water in
the river. It is quarried for local use here and at intervals along
the stream to Mt. Etna in Washington township, but it is of
little importance and is difficult to obtain.

Stone was formerly quarried at Corning in the banks of the
East Nodaway. Limestone appears at a number of places in
the bed of the river fora few miles southwest of the town. The
abandoned French quarry is located south of the river in see-
tion 3, Jasper township. Talus obscures the old quarry face,
but a few hundred feet to the north in the bottom and bank of
the river, the following sequence may be made out:

; FEET,
B, DT Ly Tt e b s ol B ] i ] o i, i 3
4. P neE HAN Tt TP OIS LRI ETR o5 atl 0 o im s, Homome o Tk i o} o i e b SRR 4
3. - Shaley Hght! blue; splastic’ .5 . .. ioadae 0h i s dduleaan s 54
2. Limestone, hard, compact, gray in color, fossiliferous;

breaks easily at right angles to bedding planes and appar-
ently does not weather easily on exposure............ 214

1. Limestone, fossiliferous, yellow, weathered, to water level 1%

There is evidence that quarrying has been carried on here on
a scale of some magnitude, and the Corning stone is known and

has been distributed over not only Adams county, but adjacent . -

territory as well. The limestone is of good quality, and while
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extensive development is of necessity restricted by the heavy
stripping, it should rank locally as a valuable resource.

ALLAMAKEE COUNTY.
SAND AND GRAVEL,

Sands and gravels are very abundant in the valleys of the
two main watercourses of Allamakee county—Mississippi and
Oneota rivers—and to some extent in the smaller valleys. At
numerous localities along the valley of the Mississippi or in the
breaks of its wall where there is opportunity or where pro-
tection has been afforded, terraces of more or less magnitude
remain as remnants of the immense bodies of detrital material
which once occupied this valley. Probably the most important
of these terraces is that upon which Harpers Ferry is built.
This extends along the canyon wall a distance of two or three
miles and reaches a height of twenty to forty feet above the
river. Another deposit of considerable importance is located
at Lansing. Here a small stream enters from the west, occupy-
ing a valley of considerable size, up which terraces twenty feet
or more in thickness extend for a short distance. Just back
of the box factory near the Chicago, Milwaukee and Saint Paul
depot the deposit has been opened and a pit twenty feet deep
exposes the gravels. Below eighteen inches of soil is a three
foot layer of gravel mixed with some sand and clay. The
pebbles of this layer reach a diameter of one to two inches. Be-
neath this are fifteen feet of alternatingly coarser and finer
materials which gradually become finer below. At the bottom
of the pit is a fine clean sand which is said to be suitable for
plastering. The gravels from this pit are being extensively
used on the roads and streets in Lansing.

The materials composing the deposit in this valley evidently
become much finer with inereasing distance from the river.
At a point on the south wall of the valley opposite the cemetery
and probably a mile above the river the stream impinges upon
the bank and has exposed a section in the terrace material which
. here reaches a height above the water of forty feet. The lower
twenty feet of this deposit consists of very fine sands and clays
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interbedded and packed quite hard except near the top of the
exposure, where they become somewhat friable.

At a few places along the west bank of the Mississippi there
are, within the county limits, small terraces in addition to the
two described, but none of these are extensive. The gorge of
Oneota river, however, is thickly sprinkled with terraces of
varying size. One of these, near the middle of the east line
of section 16, Iowa township, is fifty-five feet high and consists,
so far as observed, of loose fine sand, with some gravel and
chert fragments. These sands are evidently of comparatively
recent age, probably Wisconsin, as are those of the numerous
other terraces farther up the valley. But some bear testimony

. to their greater age in their relations with other deposits. For

instance, in the southeast quarter of section 35, Union City
township, is a body of sand clinging to the hillside to a height
of nearly sixty feet above the flood plain. This sand is over-
lain by a layer of fine silt which shows the gray color and iroun
‘“‘pipe stems’’ characteristic of the Kansan loess. Near by,
the same bed of sand is covered with yellow Iowan loess. A
short distance up the road, in the same section, a gully exposes
Towan loess to a height of ten feet, with an equal thickness of
clean yellow sand overlying it. The sand in the latter case is
probably related to the Wisconsin glaciers while that of the
other is of Buchanan age.

Terrace deposits of more or less magnitude are fonnd bor-
dering the Oneota valley to the county line and indeed as far
west as Decorah. In some cases these consist of fine sands, in
others considerable gravel is present. :

The smaller stream valleys of the county do not bear such
extensive gravel deposits as does the Oneota, a difference no
doubt largely due to the fact that the greater watercourse ex-.
tended well into the region occupied by the glaciers and thus
afforded an outlet for the heavily charged waters issuing there-
{rom, while the smaller streams rise within the driftless area
or at most extend only a short distance beyond its borders and
hence have never received any large quantity of material of
foreign origin. Thus Yellow river displays no terraces, not
even in its lower reaches, with the possible exception of one in
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section 19, Fairview township. This consists chiefly of lime-
stone pebbles with some foreign material and a little sand,
and seems to be banked against two hills of circumdenudation
in the valley. These latter also show some banks of .detrital
sand and chert overlain by loess. There is some sand in the
river plain in this vicinity, but very little gravel. The sand
may be of local derivation, as the Saint Peter sandstone out-
crops in the hills bordering the flood plain. Farther up the
river, in the neighborhood of Forest Mills, are banks of coarse
material, chiefly limestone, with some foreign pebbles but very
little sand. These have been used for concrete and are reported
to give excellent satisfaction. Their adaptability for road work
has not been tested.
STONE.

The Ordovician covers the entire county with the exception
of narrow belts along Mississippi and Oneota rivers and their
immediate tributaries, where the beds have been removed
through erosive agencies and the Saint Croix sandstone ex-
posed. Good quarry stone occurs at several levels, notably
near the base of the Oneota and of the Platteville limestone
formations.. Above the ten or fifteen feet of arenaceous lime-
stone or calcareous sandstone at the base of the Oneota there
are thirty- or forty feet of evenly bedded, fine-grained, buff,
dolomitic limestone in layers varying from a few inches to
three feet in thickness and in blocks oftentimes many feet in
width and.length. In the eastern portions of the county in the
vicinity of New Albin, Lansing and Harpers Ferry the beds
have been worked to some extent but are not of especially good
quality. In the northwestern portion of the county, the same
beds afford material of superior quality for the various grades
of masonry, although on account of the absence of suitable
facilities for transporting the product, they have been but little
developed. Great blocks detached from the parent ledges
through the undermining of the friable sandstones below, retain
their angularity and otherwise demonstrate their durability
though they have been exposed for hundreds of years. At the,
present time only sufficient quarrying has been done to dem-
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onstrate the wonderful possibilities of this horizon as a source
of wealth which may in time be utilized.

Above these beds in the basal portion of the Oneota there
are occasional beds suitable for struectural purposes but as a
rule the stone is massive, with only occasional irregular bed-
ding planes, which renders quarrying difficult. Besides, the
beds are rather coarse textured, vesicular, and oftentimes
arenaceous or cherty. The upper Prairie du Chien beds gen-
erally show layers of sandstone and shale interstratified with
the dolomitic beds, and possess little to commend them for
quarry purposes. ‘

As a rule the Saint Peter sandstone is not sufficiently indu-
rated to deserve notice as a quarry stone. There are a few
small patches which are exceptions to the general rule, the

. stone being sufficiently cemented to be used for rough masonry.

It has been so used to a limited extent. Such outcrops may be
viewed three miles east of Waukon in the south half of section
27 in Makee township and in the southwest quarter of section
14, Franklin township, near Smithfield. At the latter place the
sandstone carries a siliceous cement and forms cliffs thirty or
forty feet in height and in some cases breaks into massive an-
gular blocks showing marked ability to resist the agencies of
disintegration.

The second important quarry horizon in the Ordovician in
the county comes in the lower Platteville and is the equivalent
of the ‘“Lower Buff Beds’’ of the Wisconsin geologists. These
beds are separated from the Saint Peter sandstone by five or
six feet of greenish or bluish shale and comprise a heavy bedded
dolomitic limestone aggregating twenty to twenty-five feet in
thickness and composed of layers varying from six inches to
three feet or more in thickness. The stone is hard and com-
pact and yellow to buff in color and is capable of furnishing
blocks of almost any desired dimensions. These beds are avail-
able at numerous points in the county, notably in the valley of
Paint creek in Paint Creek township, and in Franklin township,
but they have been but little developed.

The Platteville, above the Lower Buff Beds, is very Varlable
lithologically. There is a continual alternation of shales and
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limestones, the limestones predominating. The limestone in
general is dull colored, shades of blue prevailing and is often
argillaceous. It is generally fine-grained, compact, and occurs
in thin beds rarely exceeding six inches in thickness. It breaks
with a conchoidal fracture and does not tool easily. Beds
which appear to be firm when first quarried, slake readily when
‘exposed to the weather. The upper beds have been quarried
. to a limited extent near Waukon along Village creek. The
stone is a blue to slaty colored limestone, but weathers to
various shades of yellow and buff; is hard and fine-grained
and occurs in layers from three to six inches in thickness. The
layers are variable in composition and state of induration and,
as a consequence, in weather resisting qualities, and they must
be selected with considerable caution when used in permanent
structures. Similar sections may be viewed north of Postville,.
where some quarrying has also been done.

The upper quarry beds north of Waukon are overlain by an
important deposit of calecareous shale aggregating twenty to
thirty feet.

The Galena as developed in Allamakee county affords noth-
ing of importance in the way of quarry products.

A few of the quarries of the county are described in detail
in the following paragraphs.

At the top of the bluff overlooking the Mississippi on the
south side of Clear creek valley, opposite Lansing, and at
the extreme edge of the precipice, a quarry has been opened
in the Oneota limestone. From this may be made the following
section:

FEET.
1. Heavy blocks outcropping in the talus slope above the
(R0 % AL o okl e 10 (e TR R TR e et S AR TS, b5 4
DT R R W D e s N T R R TR S D S N 3
3. Heavy "ledge, ‘Tough, esiCular, .15 Lo . il ¢ e sl vl el 3
4. Fine-grained, soft, gray stone ............. ..., 1/s
5. Two nine-inch layers, similar to that above............... 1%
6. Heavy ledge of similar rock. This, with the layers above
it, is seen in other parts of the quarry to break into thin
layers suitable for range work ...........c.ciieeeannnn 6
.7. Buff, sugary, fine-grained, dolomitic rock................ 1t/
8. Two layers similar to above .................cieviiinnn. 4

9. Heavy ledge of similar appearance ...................... 4
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This quarry represents a considerable amount of rock over-
lying the Saint Croix over eastern Allamakee county. Along
the bluffs it is difficult of access, as in the present case, but
farther back from the river it becomes more easy to secure.

The guarry of John Ross, near New Albin, has been opened
in the finer ledges of the Oneota similar to the upper’ quarry
beds of the Lansing quarry.

About a mile northeast of Dorchester, in the northeast quar:
ter of section 13, Waterloo township, stone has been removed
from the lower beds of the Oneota, perhaps fifty feet above
the base of this formation. Some of the layers are rather fine
in texture, some coarser and sugary. While the stone is too
soft for macadam it might be used to advantage in concrete,
and for similar purposes. In the village is a quarry showing
similar stone but bearing some flint nodules. A mile and a
balf northwest of town on the Caledonia road stone similar
to the first is quarried. The beds in this quarry are four to
six feet thick, split easily and dress well.

In an old sink hole near the road on the uplands in the
northeast quarter of the northwest quarter of section 34, Union
Prairie township, limestone of the Platteville stage is exposed
and has been quarried to a small extent. The stone is rather
soft, although some is harder, presents a granular, sugary ap-
pearance and is buff in color, stained with iron oxide. Above
. the stone is a dark red, jointed clay, probably geest, also nu-
merous foreign pebbles. .

An old quarry on the north edge of Waukon in the north-
west quarter of the northeast quarter of section.30, Makee
township, has been recently reopened by Mr. A. Simon and
considerable stone has been taken out for building purposes as
well as for use on the roads. About ten feet of fresh material
is exposed and above this two or three feet of waste which is
taken to the crusher. The stone is in layers one to two feet
thick although some of the ledges show lamination on weath-
ered faces. The crushed stone together with the residual ma-
terial has been used by the city for streets and crossings. The
quarry is equipped with a Champion portable jaw erusher

driven by a gasoline engine. ‘
5
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A short distance north along the road green shales outerop
at a level below that of the quarry. These are the upper
layers of the shaly and limy member of the Platteville as
deseribed by Calvin,* and the quarry rock belongs to the hard,
blue member overlying these shales.

A number of openings have been made in the ravines south
of Lycurgus. One of these, in the southesst guarter of the
northeast quarter of section 2, Makee township, shows about
‘eight feet of heavy blue ledges, six inches to two feet in thick-
ness. Above these lie one to two feet of soft, thin, yellow, ar-
gillaceous layers with stony bands one inch thick intercalated.
These layers grade upward into the rock waste. The blue
layers are hard, firm, fine-grained, weathering to a buff,
. sugary, vesicular material. They should make serviceable
stone for almost any purpose but are rather inaccessible.

The quarry is near the base of the Platteville as is shown
by the presence up a small lateral ravine of an outerop of
Saint Peter sandstone about eight feet high and also of an
cuterop of green shales, doubtless the Glenwood shale, a little
farther up the ravine. The base of the quarry is at least fifteen
feet below the top of the Saint Peter and there is evidently
an unconformity of somewhat more than this amount between
the two formations. The limestone belongs to the ‘‘Lower
Buff’’ beds. Along the road on the ridge a mile or so to the
northeast are green shales which belong to the succeeding
assemblage of mixed shales and limestones.

The quarry of Peter Rude, in the center of section 17, Water-
loo township, is opened in the upper two or three feet of the
blue beds at the top of the Platteville. The layers are six
to eight inches thick and are overlain by the green shales of
the Decorah formation. These are the same beds as those
shown in the lower Halloran quarry at Decorah, 200 feet lower.

In the southwest quarter of section 16, Post township, on
the east side of the road is a cliff face 200 feet long whence
considerable quantities of stone have been removed. The
quarry is in the upper, nondolomitic beds of the Galena. It
shows ten to twelve feet of beds which are in layers six to

*Towa Geological Survey, Vol IV, pp. 76-77.
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twelve inches thick. Above them are six feet of broken stone
and waste. The material appears to be quite hard and solid
and should prove very serviceable for road work. It is very
conveniently situated for use and could be removed without
unusual difficulty.

The Cherry Valley quarry, in the southwest quarter of the
northeast quarter of section 19, Franklin township, owned by
“Wm. Evans, shows ten feet of heavy bedded ledges which split
into layers three to eight inches thick. They are light gray in
color, finely granular and quite hard. Above them come four
feet of thin bedded gray rock and overlying these are a few
feet of waste.

About one-fourth mile to the west is the quarry of Seward
Swenson. It is about fifteen feet higher than the Kvans quarry
and shows ten feet of rather heavy bedded blue ledges, firm
and well bedded. The rock is harder than that found in the
_ Evans quarry.

A little more than two miles north of Luana, at the turn of
the road in the northeast quarter of section 32, Franklin, is
a quarry which shows six feet of hard blue stone, fine-grained,
in ledges three.to nine inches thick. Heavy gray layers six
feet thick overlie these beds and three feet of waste form the
top of the exposure. This quarry, together with some about
two miles south, near Luana, is somewhat similar to those in
Cherry Valley. They all present clean, solid rock faces and
are conveniently situated for installing crushers and remov-
ing stone. This is especially true of those near Luana, which
are close by the roadside and high enough to allow the use of
gravity.

Over the areas in this and neighboring counties where the
Fort Atkinson, Galena-Platteville or Oneota are the surface
rocks the geest is suitable for use on the roads, especially where
it is mingled with chert from the limestone. If gravel or
crushed rock were mixed with the geest it should make excellent
road metal.
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APPANOOSE COUNTY.
SAND AND GRAVEL

No sand or gravel is found along Chariton river. A small
amount of sand of rather poor quality is obtained from Cooper
creek north of Centerville, but nearly all material of this
~ kind is shipped in from Des Moines river. TUdell and Union-
ville obtain a portion of their supplies from Soap creek north
and northwest of Unionville and from a tributary of Soap
creek which joins it in the southeast quarter of section 29,
Union township. The sand is somewhat dirty and carries a
high percentage of fine material. s

Almost no gravel is available in the county and the very
limited supply of low grade sand is confined to the channels
of the present streams. The older gravels are almost wholly
.concealed by the loess veneer, and no outcrops of commercial
importance are known in the county.

STONE.

The Des Moines stage of the Upper Carboniferous underlies
the whole of Appanose county, and consists of shales with sev-
eral well defined limestone horizons of small thickness. The
principal limestone beds are known as the ‘‘float rock,”’ which -
~varies: from two to four feet in thickness; the ‘‘fifty-foot’’
_limestone, ranging from four to ten feet; the ‘‘seventeen-foot
. limestone,”” or ¢‘little rock,”’” running from one to three feet; the
‘““cap rock,”” showing from two to four feet; and finally . the
“‘bottom rock,’’” which attains a thickness of more than three
feet.. One or more of these beds are exposed at numerous
points along the various steamways, and oftentimes are fairly
accessible. All are essentially nonmagnesian, reasonably pure,
and occur in moderately thick beds. They resist the weather
as well as the average limestone, but on account of their lim-
ited occurrences, will never lead to the establishment of an
important quarry industry. Some uarrying has been done in
the vicinity of Centerville, Milledgeville, and Mystic, mainly
from the ‘‘fifty-foot limestone.” ‘
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The Chariton conglomerate has been exploited in a very small
way in the vicinity of Moravia, but the openings have long since
been abandoned, and promise nothing for the future.

. A quarry producing crushed rock from the Des Moines hori-
zon is now being operated by Mr. W. B. Swan at Plano.

AUDUBON COUNTY.

SAND AND GRAVEL.

There is no gravel produced in commercial quantity in Audu-
bon county. The sand -and gravel used in the county are
shipped in from Des Moines and vicinity, or from Platte river
in Nebraska. A yellow stained gravel, somewhat clayey, is
being shipped in at the present time from the Lanesboro pit
northeast of Carroll.

BENTON COUNTY.

SAND AXD GRAVEL,

The gravel and sand deposits of Benton county are of two
classes, viz., Buchanan gravels and sand bars in the channels
. of the streams. Beneath the Kansan drift the Aftonian gravels
are occasionally found, but these are at too great a depth to
be considered as an important source of this material.

Buchanan Gravels—In connection with the Buchanan gravels
in this county, Mr. T. E. Savage* says: ‘‘The gravels that ap-
pear in all of the known exposures of the county belong to what
Professor Calvin has designated as the valley phase of this
formation. (See Buchanan county report in this volume.) 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 present, and a rusty color is not generally im-
parted 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 hberated by
the rapid melting of the Kansan ice.”’

Beds of moderately fine gravel overlying the Kansan drift
occur at several points in Benton county. ' This™ terrane -is
.mmogical Survey, Vol. XV, p. 20A6, 1906.
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usually concealed beneath a deposit of fine-grained soil. In see-
tion 14, 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, 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 con-
tinuously for more than a dozen rods. A few miles farther
east, on Bear creek, a bed of gravel appears a short distance
west of Shannon’s brick and tile plant at Shellsburg. The latter
is probably the continuation of the deposit on Wild Cat creek,
mentioned above. Such beds are also exposed in sections 33,
Taylor, and 35, Eldorado townships.

An area of several square miles in the south portion of Flor-
ence 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 most
of the streams in this portion of the township. West of the
station of Walford this deposit has been utilized in the im-
provement of public roads. A bed of gravel four feet in depth
has been worked near the southwest corner of section 10, St.
Clair township. :

Besides the terrace in Florence township mentioned above,
these gravels appear beside the west river road one and one-
half miles north of Vinton. The area of the terrace is a square
mile or more, but the area of the gravel cannot be known with-
out careful testing. The depth of the gravel and sand is four
feet or more.

Stream Deposits—Just below the bridge at Vinton, on pub-
lic property, is a sand bar up to three feet deep and four or
five acres in extent. Along the river here these bars will ag-
gregate five to ten acres per mile. Another bar covering about
one acre is located one-half mile east of the Ballenbaugh quarry
in northeast Vinton. This bar varies in depth from four inches
to a foot. The sand contains small quantities of fine gravel
and is used locally for concrete and cement. Material for use
in concrete bridges and culverts in the vicinity of Mount Au-
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burn has been hauled from a bar on the farm of Frank Aungst,
three and one-half miles north of Vinton.

Miscellaneous.—A short distance northwest of the town of
Norway is an elongated paha ridge which rises to an elevation
of about eighty feet above the surrounding plain. At the north-
west end of this hill the drift is overlain by a bed of loose sand
sixt to ten feet in depth. Passing toward the southeast the
material becomes finer, so that the covering of all but the upper
end of the paha is typical loess.

About a mile northeast of the town of Watkins there is a
similar ridge having a trend in the same direction. Near its
summit strongly oxidized bowlder clay with abundant gravel
appears within two feet of the surface, while a mantle of loess,
in places seven feet in depth, covers the lower portion of the
slopes.

There is an abandoned river channel one-half to one mile
in width extending in a southeasterly direction from the site
of the old town of Benton City, on Cedar river below Vinton,
to the southeast corner of Benton township. It meets the pres-
ent channel of the river about one-half mile east of the Benton-
Linn county border. This old valley is known locally as ‘‘Sand-
Prairie.”” Beds of sand resembling river bars abound over the-
lowlands, and deposits of similar materials crown the summits
of the bordering bluffs. Cedar river doubtless occupied this
-valley at one time. .

STONE.

All of the outerops of indurated rocks in the county belong
to the Devonian. All of the important sections are found in the
northeast third of the county, along Cedar river and its imme-
diate tributaries. The best quarry rock belongs to the Coggan
beds which are at the base of the Devonian series as exposed
in Benton county. Good exposures of these beds are praecti-
cally limited to Cedar, Harrison and Taylor townships where
they have been exploited at a number of points. ‘The rock is
essentially a highly magnesian limestone, very hard and fine-
grained and yellowish in color, imperfectly bedded and non-
-fossiliferous. These dolomitic beds outerop low in the bluffs
and are overlain by brecciated limestone belonging to the Fay-



72 ROAD AND CONCRETE MATERIALS IN IOWA

ette substage. Near the southwest corner of section 31, Harri-
son township, a representative exposure may be seen. The
quarry operated by Aungst Brothers is in the west bluff of
Cedar river and shows the following beds below the drift:
FELT.

2. Limestohe, brecciated, gray; the angular fragments usually
small and very fine-grained in texture, nonfossil‘it'erou_s. ... 20

1. Limestone, buff, magnesian, massive ledge which is fine-
grained, 1mperfectlv separated into layers one to two feet in
thickness, nonfossiliferous ............... ..., 12

Similar exposures are to be found in section 36, Cedar town-
ship, and section 6, Taylor township. The beds have been quar-
ried at both places. The brecciated beds have been developed at
several points in addition to those just mentioned, notably on the
south bank of Prairie ecreek, near the northeast corner of section
10, Taylor township, where the following succession of bheds may
be studied:

6. Soil and drift of variable thickness.......................
5. Limestone, shattered, light gray, fragments irregular in size

905 [ TR A s e bR e 6 TR T i | 1 e s G ol
L i i Crle) (O R i, Sl b N R g T e el Y 12
3. Limestone, light gray, in broken layers from three to six or
seven “inghes i “Ehickiess - 3T in i L e S A 1%/3
2. Limestone, gray, made up of imperfect layers two to eight
TEehed I S EAIGISHENE & i et W st ] Lo o Bt ht ool s he iy sl o < e % o o a3 4

1. Limestone, light gray, a rather massive .bed which is cut by
numerous oblique joints into rhomboidal blocks, some of
which are slickensided; material weathers readily into
small, irregular fragments............ccoiiiiiiii... 8

Some years ago the above quarry was operated by the Iowa
Paint Company of Vinton. Number 1 was pulverized and used
as a basis in the manufacture of paint. The company has since
moved its plant to Fort Dodge, Iowa. In Benton county, as
elsewhere, the brecciated stone is imperfectly bedded and only
-rough, irregular blocks can be obtained. It is suitable only for
rough masonry and crushed stone purposes.

A large percentage of the stone produced in the county comes
from the beds of the Cedar Valley stage. While the grade of
stone. furnished by these beds is not equal to the stoue lower in
the series it is suitable for foundations for ordinary buildings,
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Fi1c. 1—Long’s guarry in the east bank of Cedar river, Section 4, Harrison town-

ship, Benton county.

for walling up dug wells and for retaining walls. The stone
has been used to some extent for bridge work with fair results.
Near the county line a quarry has been opened a short distance
below the bridge and near the northwest corner of section 6,
Harrison township. The layers exposed are as follows:

12.
11.

10.

; FEET.
Dark colored, fine-grained, pebbleless soil.................. 1
Bed of reddish brown clay, containing numerous pebbles of
quartz and greenstone with occasional granite bowlders of
HEEEr ey R R e i L S el T 2
Layer of much decayed fragments of brown limestone;
g i et 03wt SRR TR SRR e TR A R TR PR L F A0 10 0 3
Bed composed of two layers of yellow, earthy limestone,
each about eight inches in. thickness, fine-grained and
Witholrt oS A Bhkc 3 e ere b G o Ay B 5 S okt nea ot s e 4 1Y/
Bed of gray limestone which weathers into thin layers about
one inch in thickness; without fossils.................... 3
Layer of very hard, earthy limestone, yellow in color and
fine-grained in texture; fossils wanmting.................. /s
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FEET.
6. Bed made up of layers of buff, earthy limestone two to six
inches in thickness, which are fine-grained in texture and
M OROS ST STONS Pl L. e e e b S e el il o & am 3%
5. Layer of yellow, impure limestone which weathers into
indistinct layers three to six inches in thickness; with-
GRS OGS HE: T s T s s o S SIS L SRS 1%

4. Layer similar to number 5 above..........cccveeiiniinnn 2

3. Yellowish brown layer of fine-grained, impure limestone;
carrying occasional concretions of chert which are most
numerous adjacent to the division planes................ 215

2. Layer of variable, impure limestone, fine-grained and very
hard. Near the base of this layer chert nodules are abun-

{0 R L A S B A R 0 et iy AT P A R Y O 2

1. Bed made up of two layers of buff, earthy limestone in
which, at irregular intervals, occur bands and numerous
masses of chert; without fossils; to base of the exposure
which is about four feet above the level of the water.... 4

The layers in this quarry are cut by numerous, oblique joints
which divide the ledge into large rhombic masses. The material
of which the beds are composed is mostly a fine-grained, earthy
nmestone. Many of the layers are strongly magnesian, and
some of them are so thoroughly dolomitic that they respond bt
slightly to the application of cold hydrochloric acid. The en-
tire ledge is regularly bedded, and furnishes quarry stone of
convenient dimensions and durable quality.

Similar sections may be seen down the river, and quarries
have been opened at several points on both sides of the stream.
Near the northwest corner of section 27, Taylor township, a
quarry has been opened in the east bank of Mud creek. The
beds exposed are as follows: N

VINTON SECTION.

FEET.
10. Soil, dark colored, fine-grained and without pebbles........ 1%
9. Gravel and sand stained a reddish brown color.......... 2
8. Limestone, composed almost wholly of coral fragments.... b
7. Limestone, hard, gray, weathers into thin pieces, crinoidal. 3

6. Limestone, light gray, very hard, weathers into layers
ranging from four inches to a foot in thickness.......... 6
b. Limestone, gray, very hard, composed largely of brachiopod
PEaTEmE: e e L L R L R o s [P 1t/s
4, Limestone, similar to 5, but finer textured.............. 13
3. Limestone, drab, similar to number 8, but less compact.... 1

2. Limestone, white, fine-grained; shows a bluish tinge in a
fresh ledge, cherty, much shattered and weathering into
thin layers ....... s oy AR e e AR s 2 ¢R 4 T e b 2

1. Limestone, very hard, cherty and crinoidal .............. 114
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The lower two numbers are supposed to belong to the brec-
~ciated stage and are equivalent to number 1 in the old quarry

of the Iowa Paint Company. In the above section they are hard
and the most durable stone that the quarry produces. It is
used extensively in Vinton. In addition to the lower beds, num-
bers 4 to 7 furnish an acceptable material for foundations and
the rougher grades of masonry..

Numerous small quarries have been opened from time to time
in the vicinity of Vinton. Over considerable areas the stripping
is not great and almost the entire section eould be used for road
and concrete work.

On the south bank of Bear creek near the middle line of
section 14, Canton township, a quarry shows the following beds
which may be considered representative for this part of the

county.
SHELLSBURG SECTION,

FEET.
9. Soil, dark gray, without pebbles or bowlders .............. 1%
R T T R S e PR A R T S AR S R LR ek T 2
7. -Limestone, much decayed.............. SRR e (2 3
6. “DmeStene; ‘corallifel rias i w n s U R, o Lo 2Ya
5. Limestone, light gray, weathers into chipstone ............ 1%
4, Limestone, gray, hard, in places forms a smgle ledge, fossil-
N R T R R e A e m s Tyt S Bl I 1t 2 e A e
3. Limestone, dark gray, two ledges of about equal thickness.. 3%
2. Limestone, similar to 3, but shelly........coeevveennns S A
1. Limestone, in three layers..............cceeitoaiiasanss 41/

Bast of north of the Shellsburg quarry on Cedar river, Wild
Cat bluff presents an escarpment of more than forty feet of
limestone. Nothing especially new is developed however.

Away from the river, westward, quarries have been opened
on section 8 in Cedar township, and section 28 in Jackson town-
ship, near Garrison. The latter is the more representative and

1s given below.
GARRISON SECTION.

9. S0il and Ariff. o cilimim 1 Emm o amaiar i s & oo b msthgsyin i atus sl ATy 5

8. Limestone, light gray, subcrystalline, very hard, and some-
what brecciated, contalmnfr numerous spherical stromato-
POTOidS . ... . ek i b g aCemy i s iy o o A A e s o s (o 3

7. Limestone, gray, massive, dense, composed largely of various
species of stromatoporoids and masses of Idiostroma-like
stems, few of which can be Hacogmzed This bed is also
somewhat brecciated in places..........ccvieiinriinaains [
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FEET.
6. Limestone, hard, gray, weathers into two indistinct layers,
and contains masses of spherical stromatoporoids........ 3%
5. Limestone, very hard, white, subecrystalline; without fossils 1%
4. Limestone, yellowish gray, nonfossiliferous, fine-grained and
very hard. The upper portion bears numerous small cav-
ities, the largest of which are nearly one inch in diameter 4
3. Limestone, dense, gray, fine-grained and very resistant to
weathering; without fossils............. ..., 314
2. Limestone, composed of several layers, very hard, fine-
grained, white in color and without fossils. The layers are

six to fifteen inches in thickmess...................... 5%
1. Limestone, bed made up of two layers, yellowish brown. The
material is fine-grained, and contains no fossils....... .. 3%

F1c. 2—Abandoned quarry on Hinkle creek near Garrison, Benton county.

The upper and middle beds in the above section more closely
resemble the beds of the Cedar Valley stage as developed in
other counties, notably, Johnson county to the south, and
Mitchell, Floyd and Cerro Gordo, to the north. While an abun-
dance of stone crops are available, and numerous quarries have
been opened in times gone by, none of the quarries now in op-
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eration are of more than local importance as no stone is ex-
ported.
BLACK HAWK COUNTY.

SAND AND GRAVEL.

‘Black Hawk county is plentifully supplied with sand and
gravel. The Buchanan gravels are to be found over practically
the whole county, and are abundant in the vicinity of Cedar
Falls.

Large quantities of sand suitable for mortar are found in
the various streams.

Buchanan Gravels—In every township in the county ome or
both phases of the Buchanan gravels may be found. -(See Bu-
. chanan county report.) Some of these are very thin and show
little stain or other evidence of weathering, but their position
‘makes their relationship quite certain. :

Along the banks of Dry run and its branches are numerous
extensive deposits of these gravels. At Olsen’s quarry the up-
land phase has a thickness of ten feet. The lower part is less
ferruginous and is interstratified with layers of fine sand. The

Fi1e. 3—Buchanan gravel east of Teac%\ers College, Cedar Falis, Black\ Hawk
county.
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upper layers are highly ferruginous. At Carpenter’s ‘quarry
the gravel is much thinner and lighter in color, but is more
uniformly coarse.

On the east side of the creek one-half mile east of the Teach-
ers’ College is the most extensive deposit observed in the county.
It is of the valley phase, and is very uniform in size of particles.
The material is a fine gravel or coarse sand of a yellowish color
and very distinctly stratified except in the upper part. It is
twenty feet or more in thickness and many acres in extent. In
faet, in this neighborhood the whole valley of the main stream
is more or less filled with this material. In one place the gravel
is a very dark red-brown and cemented into ledgelike sheets;
in another it consists of pebbles and cobblestones of chert,
jasper and other forms of quartz, greenstone, etc., all deeply
stained with iron. For the most part the gravels are of a rather
sandy nature.

On the interurban line of the Waterloo and Cedar Falls Rapid '
Transit Company, where it cuts into the bluff, is a deposit
ten feet thick containing,pebbles and cobblestones, rotten gran-
ite, iron concretions and cemented gravel, all deeply iron-stained.
Spheroidal, lenticular and tabular bodies of sand are not unusual
in this section. This deposit is interesting for the variations
occurring within short distances, both in vertical and lateral
extension.

The Cedar Falls Sand and Materials Company has a pit on
the east side of the river. At this place about a square mile
is practically all Buchanan gravel under a cover of soil varying
in depth up to two feet. It has been worked to a depth of
twenty feet and still shows good material below. Of this, about
twelve feet are below the level of ground water. The sand
and gravel are decidedly stratified and variable, and in most
places observed the former is predominant. A steam dredge
operated by Mr. P. M. Smith, a short distance east of this pit,
has opened the gravel to a depth of twenty-five feet, the lower
fifteen feet of which are below water.

One-half mile northeast of Voorhies, in Lincoln township,
where the road crosses a small creek, Buchanan gravel appears
under two and one-half feet of Towan drift. Similar conditions
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exist over the great Towan plain between Cedar and Wapsipini- -
con rivers. The most characteristic occurrences are perhaps
in Barclay and Bennington townships, and in the 'west half
of Fox.

Stream Deposits.—The city of Cedar Falls obtains its supply
of gravel from the bed of Dry run a few rods south of the
wagon bridge near Fourteenth street. Here the gravel is coarse,
ranging in diameter from three-fourths to one inch, and is sev-
eral acres in extent. The depth of the pit is about six feet,
which is.probably greater than the average depth of gravel
over the entire area. _

After a freshet, sand may be found along the bed of Crane
creek from Dunkerton eastward. These temporary bars will
average one to two acres per mile. On the Wapsipinicon east
" of Dunkerton bars of sand and occasional bars of fine gravel
aggregate two to five acres per mile. Much of this contains
silt and produces weeds unless removed soon after deposition.

The larger valleys have been flooded at seasons of high water
ever since they assumed their present character. Each over-
flow leaves its increment of sediment usually a fine silt. Sand
is the most abundant material of these valleys, but coarser
sands and gravels are variously mingled in places where
stronger currents have run over the plains. Also shifting stream
beds have left coarse materials in considerable quantities here
and there. h

Low terraces occasionally appear along the margins of the
valley, but nowhere are they a noticeable feature of the topog-
raphy.

Knoll Gravel.—In section 31, Bennington township, is a small
pit in a knoll about one-half acre in extent. Similar deposits
occur sparingly in other parts of the Iowan area.

STONE.

With a single exception all of the indurated rocks which ap-
pear at the surface in the county may be referred to the Cedar
Valley stage of the Devonian. A very insignificant natural ex-
posure of Wapsipinicon beds, according to Arey, appears along
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Spring creek, on the northwest quarter of section 13 in Fox
township. It is of no importance from an economic view point.
The Cedar Valley limestone presents numerous outerops along
the principal drainage lines, and quarries have been opened at
many points. None are of large capacity and but few are am-
bitious to supply more than their own immediate localities.
The principal quarry districts are in the vicinity of Cedar
Talls, Waterloo and Laporte, while some quarries of secondary
importance near Raymond, and two quarries about three miles
east of Eagle post office supply the country trade.

For the Cedar Falls district the Nielson quarry may be taken
as a type. It is located west of Main street about one-eighth
mile west of the old Carpenter quarry. The principal beds ex-
posed are as follows '

FEET,
15. Limestone, firm, yellowish, with intermingled “geest”.... 3
14. Limestone, lithographie, somewhat nodular, more or less
weathered and inconstant. .. .. ... o cviiviee s onriairna 2
13. Shale, yellowish clay, with interbedded hard ledges in
places, very variable in thickness, averaging.......... 1'/s

12. Limestone in three layers, finely laminated, fine-grained and

smooth, slightly iron-stained, 6, 2 and 10 inches respectively

Fin e 8 13 8] THES (053700 0 Nl P S 9 ) | e s, B WO 1%
11. Limestone, variable, sometimes splitting easily into layers,

sometimes firm and even textured, finely subcrystalline,

with earthy streaks, rusty in patches, crystals in pockets

and calcitic sheets intersecting one another, making pitlike

areas along the joint planes, averaging.................... 1
10. Limestone, fine-grained, bluish gray, with occasional patches

of crystals, quarried in sheets, and used for Wmdow and

door sills and caps, and ashlar.................c........ /s
9. Bluish gray stone of good quality, grading into a shaly
§0%: 0o $ oA ratonsaee, Ko dpne el R L Fos W0 Y R BT R i o o Yo

8. Limestone, gray, finely brecciated, with seams of crystals
below, upper part yellowish, earthy. If quarried in cold
weather, it is reduced to fragments readily, but, if dried
out before freezing, it makes a durable stone............ 3

7. Limestone, firm, fine-grained, bluish gray, with occasional
pockets of crystals, in two layers. Makes an excellent

range stone. The lower layers yield fine large flags...... 1
6. Limestone, uniformly fine-grained, yielding flags........ /e
5. Limestone, heavy bedded, shelly on the under side, abound-

ing in erystals, bluish gray......... ... i, 1/s
4. Limestone, fine-grained, more or less streaked or banded.. 1%/s

3. Limestone; light colored, becoming still lighter in color
below, often weathers in a remarkable way, yet makes a
durable stone, when it has been dried out................ 114

2. Limestone, yellowish, full of pockets...................... 1
1. Soft, chalky stone, exposed.
Numbers 1 and 2 are no longer worked.
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North and northwest of Cedar Falls, there are no important
rock exposures. Limestone outcrops at numerous points on both
sides of the Cedar river and doubtless good material for
crushed stone purposes might be developed at small expense.

North and northwest of Waterloo, quarries have been opened
in the well marked stone-supported terrace which faces the
Cedar river. The most important section may be seen in the
quarry of the Waterloo Stone Company, which is located on
the northwest quarter of section 14, township 89 north, range
XIII west. The beds worked at this point are as follows:

WATERLOO STONE COMPANY'S QUARRY.

FEET,
8. Detritus and wash...... ... . ... 6
7. Limestone, hard, dolomitic, subcrystalline................ 1
6. Limestone, weathered, yellow..... ... . ..ot 1
5. Limestone, heavy bedded, gray-blue, cherty toward the top. 12
4. Limestone, blue, thinly bedded, slightly argillaceous....:. 3
3. Limestone, buff, conci"etionary, with numerous cherts...... 3
2. Limestone, gray-blue, subcrystalline, cherty, weathers buff. 3
R E ) DF 1 e P S R AR G S T 1/s
1. Limestone, buff to yellow, exposed........................ 2

All of the beds tend to weather into thin layers and weathered
surfaces present a decidedly shattered appearance. Number 3
appears to break down especially easily when subjected to re-
peated freezings and thawings. The cherts are small and more
or less irregularly distributed throughout the entire mass. The
joints are stained a brownish yellow and all of the quarry rock
tends to weather the same color on long exposure.

Two samples of the rock from the McWilliams-Mowry quarry
were analyzed and found to be strongly magnesian. The anal-
yses were as follows: :

1 2
ELTTEE(A) 50 014 o FREIVEIT SO R st T S, S SR SR T 192 atats
Eron, ap@ AIUDIRAE. fe s e sosbos o 4 8 586 4,20 4l
Caleium " earHonBte: « Ve, sve v i d whime 50 s o mais s 8369 .. ...
Magnesium carbonate ................... ..., 30.92 12.18
Sulphur .....viviiinins 1 Tt e Lt e Trace*  .....

Number 1. Blue unweathered _limestone.
Number 2. Yellow limestone.
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In Laporte and vicinity a large number of quarries have been
opened and operated intermittently for many years. The prod-
uct is sold and was formerly reported in the mineral statistics
as ‘““‘Laporte Sandstone’” on account of its sugary or sub-
crystalline character.

A quarry located along the wagon road about one-half mile
northwest of town will serve as a type for the distriet. The beds
exposed are given herewith: ’

. EKET.
_ 4. Drift and soil; some of the quarries in the near vicirity
show a much thicker overburden.................. e 24
3. Limestone, considerably shattered; stained yellow to brown-
ish yellow; bedding planes disappear upward............ 10
2. Limestone, brownish yellow to buff, irregularly bedded,
quartz geodes and chert nodules present................ 2
1. Limestone, gray-blue, presents a granular appearance; in
medium heavy beds ranging from 15 to 24 inches; joints
weathered a yellowish brown, fossiliferous; calcite balls
antl “Feodes COMMINOTIL o« wi e pms asss a8 s & sagmssssnsysss i 10

The beds dip to the southwest at an angle of about five de-
grees and appear to thicken down the dip. They appear to be
strongly magnesian, especially the lower beds, which are sub-
crystalline.

Quarries have been opened on either side of the Hagle-Big
Creek township line near the middle. The quarry west of the
line is the more extensive and is as follows according to Arey:

EAGLE TOWNSHIP QUARRY,

: FEET,
18. Limestone, thin-bedded, broken stonme.............c.c..00.. 7
12. Limestone, in two layers, blue where unweathered...... 415

11. Limestone, in three layers, hard, eompact, good quality, dur-
able, brittle, having conchoidal fracture, with drab nodiles
of varying sizes, and in the upper part with stromatoporoid
masses thoroughly coalescent with the rest of the rock.... §

10. Limestone, bluish, earthy, much jointed and irregularly

b7 s | e . o R e . 3
9. Limestone, dark, drab, caleitic at top.................... 1%
8. Limestone, blue, buff where exposed, caleite plentiful, in
seven or eight layers............. ...l 1°/e
7. Limestone, drab .........c.iuiiiiiiiniiatitaiienienaaan %
6. Limestone, buff, earthy, finely streaked with yellow lines.. 2/,
5. Shaly partings with very wavy lines of contaect above and
5723 15 %
i 4. Limestone, hard, brittle, drab, middle portion developing

D= 3/
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. . FEET.
3. .Limestone, blue, of good quality, firm, finely crystalline,
with pockets of crystals, thickness not taken............
2. Limestone, gray, finely subcrystalline, yielding good flags.. .
1. Limestone, gray, somewhat crystalline, fracture coarsely
conchoidal, of good quality....... A ettt e e 214

This quarry and its double east of the township liné supply
the southwestern portion of the county with foundation stone.
Quarries have also been opened in the vicinity of Raymond.
Their chief interest comes from the fact that this is one of
the classic sections in the correlation of the Devonian deposits
in Towa and not on account of its economic importance. The
quarries have been little worked for many years and the sec-
tions are much obscured.

The Lowell quarry located about the middle of section 5,
Union township, near the village of Finchford, shows the fol-

lowing section:
UNION TOWNSHIP QUARRY.

FEET.

A% Sodkiaid-drifh ...l 0 ec i sane cmne wed e lo S SRR 1

3. Limestone, much broken into chips which are hard and
L s EAT I L WU omgan . o M ST oot - o B

2. Limestone, mottled bluish and yellow; hard, fracture un-
even; carries crystalline calcite...............cccieonn. 3

1. Limestone, brownish gray, conchoidal fracture; slightly lith-
(0 =0 e R MR e oY el 15 o s s B ) ey S AR, Rl Py o

The quarry floor is about ten to fifteen feet above the water
level. Several acres are available here under comparatively
light stripping. Other limestone outcrops occur in Finchford.

An old quarry south of Winslow near Newell lake furnished
stone used for riprap work just above Washington and Union
bridge. The section was obscured by talus when visited. In
all of these outcrops the beds as a whole furnish a fair grade of
material for crushed stone purposes.

BOONE COUNTY.
SAND AND GBAVEL,

Boone county has sand and gravel deposits of two kinds,
terraces along and beds in the channels of the present streams,
and pockets in the Wisconsin drift hills.
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STREAM GRAVELS. Terraces—There are two or more
terraces visible along Des Moines river. From the lower one of
these at Moingona the Chicago and North Western Railway has
removed enormous quantities of material. These gravels belong
to the yalley train of the Wisconsin ice. They usually carry
from two to five feet of stripping and are rather dirty for
concrete work. '

Just north of its new viaduct in section 34 of Douglas town-
ship, the Chicago, Milwaukee & St. Paul Railway has opened
a pit in a terrace some seventy feet above the river. Up to
twenty feet of gravel has been developed here. The terrace
has an area of fifty acres or more. Gravel from this pit is
being used on the streets of Madrid. The same terrace is being
worked near Fraser.

A gravel terrace twenty to twenty-five feet above water may
be followed along Beaver creek from the Dallas county line to
Beaver and beyond. The materials of this terrace, which has
been opened in many places, consist of sand and gravel in vary-
ing proportions. In places these are interbedded, in others
cross-bedded, and in still others piled in with no signs of classi-
fication whatever. Gravel is now being taken from various
rlaces in this terrace, among which may be mentioned a pit
in the southwest quarter of section 10, and the northeast quarter
of section 4, Union township, in the northern portion of sec-
tion 4, Beaver township, and in southeast section 31, Amaqua
township. In the first named pit up to six feet of cross- and
interbedded materials are exposed under two or three feet of
cover. The town of Berkley obtains its supply from section 4
of Union township, and the pit last named above supplies the
town of Beaver. ' '

Channel Deposits.—Although the deposits are not continuous
throughout the county, the channel of Des Moines river is
choked with gravel and sand in many places. At Fraser im- -
mense quantities are being removed for local use and to supply
~ the needs of neighboring towns. The river has deposited large
amounts along its course west of Boone, but the high steep hills
bordering the river make its distribution'costly. These channel
gravels are, on the whole, cleaner and more desirable than the
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terrace materials, and in many places excellent opportunities
for their recovery by pumping are offered.

GLACIAL DEPOSITS.—Boone county lies entirely within
.the area covered by the Wisconsin drift, and its surface ex- -
hibits the characteristic topography of the youngest drift sheet.
Many of the hills and hummocks of this drift sheet contain
gravel and sand, sometimes as a sheet capping the clay, and
again ag lenses or pockets within the drift. The most important
of the deposits of this kind is Pilot Mound, near the town of
the same name. The Minneapolis & St. Louis’ Railroad has
operated a pit here for some years, the product being used for
ballast. The local demand for road and concrete materials is
also supplied from this pit. '

BREMER COUNTY.

SAND AND GRAVEL.

Most of the deposits of gravel found in Bremer county belong
to the Buchanan stage, which immediately followed the Kansan
ice invasion. ’ :

Professor Calvin has recognized two types of these gravels
(see Buchanan county report)—an upland phase of outwash
composed of sand and gravel, much of the latter material being
in an advanced stage of decomposition, and a valley phase of
quartzose sand and gravel. This latter phase forms gravel
trains and the remains usually appear as stream terraces.

In some parts of the county river bars form important sources
of supply. :

Valley Phase—The quartzose gravels found in the wide
valleys of the Cedar, Wapsipinicon, COrane creek and other
streams are undoubtedly continuations of valley trains which
in other counties have been called by Calvin the valley phase
of the Buchanan gravels.

Stream terraces of the Cedar are extensively utilized for
their contents at Waverly and vicinity and a number of pits
have been opened. Just south of Waverly on the west side of
the river, Mr. A. L. Woodruff has five acres of terrace which
shows the following section:
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‘ 3 FEET.
Soil (with lenses of fine 8and) ...........ocveriuenneennnn. 2-5
GTaVEl " . oo VMY e e b2 AL IR I o Mk s = DTN 144-

This gravel is stratified and cross-bedded, and two-thirds of
~ it ‘will not pass a one-eighth inch sereen. Only five feet of the
gravel are -above water and this is slightly coarser than the
material below. Mr. J. H. Russell owns two acres of this ter-
race adjoining Mr. Woodruff on the west. Directly across the
river there are eight acres of terrace similar to this, except
that the gravel is somewhat coarser,

, Other good deposits of gravel are found in the neighborhood.
The Eureka Cement Tile Company owns five acres of gravel
terrace at Janesville. Numerous other localities along Cedar
river have gravel terraces but little or no use has been made -
of them as yet.

Concrete material is obtained from a pit on P. C. Griffin’s
land along the East Wapsipinicon four miles east of Frederika.
Several acres containing three to four feet of gravel under as
much soil are known in this vieinity. The city of Tripoli has

2 pit along this river about one and one-half miles north of
the town.

Small amounts of gravel and sand are produced from benches
along Buck and Crane creeks.. Mr. Fred Stalhut has two acres
of terrace about three miles west of Sumner. Here there are
six feet of gravel of varying fineness under two or three feet
of soil.

Upland Phase.—Deposits of the upland phase of the Buchanan
gravels are found in different parts of the county, and in many
places form valuable deposits. One worthy of mention is on
the top of a hill in the southern part of section 14 of La Fayette
township. Six feet of iron-stained gravel appear beneath one
and one-half feet of soil. All the pebbles are small and the
granites are thoroughly decayed. Clay till is interbedded in
the gravel at one place. A few other deposits of importance
are located in sections 11 and 36 of La Fayette township, 18
of Polk, and in the vicinity of Readlyn and Artesian.

Reworked Materials.—Sand and gravel bars oceur along most
of the streams and a considerable amount of material is pro-
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duced annually from this source. These deposits are more or
less transient, and many of them are quickly exhausted, al-
though new ones are formed and readily found. Bremer county
owns five acres in Cedar river near Plainfield.

STONE.

The Niagaran limestone is known to appear at the surface
at but few points in Bremer county. The most important sec-
tion appears along Baskin creek in the southeast quarter of
section 17, range XIII west, township 91 north. The beds which

may be seen in this quarter are as follows:
FEET.
3. Limestone, brecciated; composed of sharp angular fragments
of a drab, laminated limestone of lithographic fineness of
grain; In a ‘gray malrix.....fv. .. oliieii s s canie s I
2. Sandstone, filled with small angular fragments of white
chert, in two or three layers, apparently conformable with

1. Dolomite, light buff, subcrystalline, vesicular, with cavities
up to eight inches in diameter; in heavy, irregular, rough-
faced beds up to two feet thick.............. ... . .cu.. 12

The lower beds were quarried formerly and used in the manu-
facture of lime of excellent quality.

Similar, but less extensive sections oceur in section 20 of the
same township and in section 36 in Douglass township, three
and one-half miles west of Tripoli. An analysis of the last men-
tioned occurrence shows its true dolomitic character, and is
given below:

ST Ot T W s T e R e e e 1.53
BRI E T 0h 1m0, (G (i P B AR o e SR sy e Ll S o B 0.48
Calohiimd Al omREET L - e e R, & vy el o e B o i 54.32
MagnesTurn  cCaDONEEEET. w e = s e e Tt s 15 sl B g e o s e 43.41
Glizenl s oYl b o 1) HE D ety = o SR K e el R s 0.26

Nore of the outcrops mentioned have been utilized to any ex-
tent commercially. All are located remote from towns and
railways and notwithstanding their excellent quality for lime,
and the fact that but little stripping is required, it is not prob-
able that they will be important in the quarry industry for some
time to come.

The Wapsipinicon and Cedar Valley stages are well repre-
sented in Bremer county. Beds of the latter age are supposed
to occur immediately beneath the drift over more than five-
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sixths of the county while known outcrops of the former are
limited to points along Cedar river from Janesville to Waverly,
and along Quarter Section run and Baskin creek southeast
of Waverly. The best section available appears in the southeast
guarter of the southwest quarter of section 20, township 91
north, range XIIT west. The beds exposed are as follows:

FEET.

6. Limestone, massive, in one undivided layer weathering to
scoriaceous surface in places and in other places to
smooth’ surface. Color mottled, prevailingly a light brown-

ish drab, weathering to lighter gray, slightly vesicular,
fracture uneven ......... B ST R SRS W e T T 4
Limestone of same facies as above in layers of about eight

YR b A s o B el i, sl e e B 5 W rie g ey Sl 3 545
D] 12 8001, [0 L R O [ o0 Iy o< ] W i, s Y T 1|5
Limestone similar to Nos. 5 and 6, but in separable laminge 1
Cherty sandstone; in layers from four to six incheg thick,
chert fragments angular, small, those of an inch and one-
half being rare, and sand fine, of moderately well rounded
grains of clear quartz and of minute, angular grains of
cryptocrystalline silica, cement calcareous. Not seen in
place but scattered in slabs over aslopeof................ 5
1. Niagaran limestone, exposed a few rods down stream...... 8

(=1}
Lo

O oo

The Wapsipinicon beds are not worked to any noteworthy
extent at the present time. The Cedar Valley on the other hand
is being or has recently been quarried at four leading localities,
Janesville, Waverly, Frederika and along Cedar river north
of Plainfield. With a single exception the individual quarry
output is small. The sections given below will afford a fair
idea of the potential wealth of the county in structural mate-
rials. The beds developed in Mores’ quarry located on the left
~bank of the Cedar in the town of Waverly are as follows:

MORES QUARRY SECTION, WAVERLY.
FEET.

3. Limestone, yellow, fine-grained; nonfossiliferous so far as
observed, heavily bedded, crossed with close diagonal joints
containing mumerous geodic cavities up to six inches
in diameter lined with dogtooth spar, and concretionary
balls marked with reddish concentric ferruginous staing.. 10

- 2. Limestone, yellow, argillaceous, weathering above to calca-
reous plates one-half inch and upwards in thickness; below
more massive, weathering to irregular chipstone, geodifer-

ous, sparingly fossiliferous ..................... a¥ 53 8
1. Limestone, yellow, hard, tough layers up to four feet thick,
fossiliferous; to flood plain of river...........ccocuoion.. 10

Extensive cuts along the Chicago Great Western railway
one-half mile east of the station, show a yellow, profoundly
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decayed limestone. Underneath is a soft, buff, massive lime.

‘stone containing numerous geodes. It is strongly dolomitic.

The Cedar River Stone Company, formerly the largest oper- :
ator in the county, has gone out of business. The plant was.
located on Cedar river one and-one-half miles southeast of Wa-
verly and was connected with the Chicago Great Western rail-
way by a short spur. The quarry pit and hillside show the
following beds:

FEET.

5. Stripping, limestone, light gray,'sof-t, broken by the weather
into layers from 2 to 4 inches thick, fossilg rare..........

4. Limestone, dense, hard, tough, yellow-gray, lowest layers
about 3 incheg thick, divided by diagonal joints and bed-
ding planes into rhombic blocks 1 to 4 feet in diameter.
Occasional geodic cavities an inch or so in diameter lined
with drusy calcite are present; fossiliferous.............. 25

22 COmIRE R e I e R Rt T, o S e L TR 12

2. Breccia of Wapsipinicon stage, hard and dense ............ 5

3

1. ‘Conéeaded fo-water!s edBe. covi. i ionl ekl Gii,

The quarry was developed to a depth of about thirty feet.
The stone presents a clean, subconchoidal fracture, is almost
impervious and carries but little clay. It is considerably fis-
sured, the openings are often large and filled with a clay of
putty-like consistency of gray to gray-blue color when freshly
exposed but iron-stained where weathered. The quarry drains-
directly into the river. At present there is but little stripping,
the removal of which is done by hand. The quarry is ideally
located for the installation of a hydraulic plant for removing.
the overburden. Practically the entire produet of the quarry
consisted of crushed stone of excellent quality.

North of Waverly the limestone outerops at numerous points
on both sides of the river to the north county line. On the
southwest quarter of section 16 in La Fayette township the fol-
lowing beds may be made out:

FEET.

3. Limestone, light brown, weathering to drab, hard, ringing,
unfossiliferous, laminated to plates one-half inch thick.. 8
2. Limestone, magnesian, soft, buff.......................... 10

(51

1. Unexposed to flood plain of river.............civivivrnn..

North of Plaiﬁﬁeld, several small quarries have been opened.

Seven feet of buff, compact, magnesian limestone, in layers from
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six to ten inches thick, and containing irregular concretions,
have been quarried. The beds are thin and argillaceous for a
few inches at the top. '

East of Cedar river and the immediate vicinity the country
rock is deeply covered with drift and the only exposures of the
indurated beds are in the immediate neighborhood of Frederika
along Wapsipinicon river, and a limited outcrop of Niagaran
limestone west of Tripoli.

F16. 4—Iowan bowlder fence near Horton, Bremer county.

At Frederika the drift covering is comparatively thin and
the limestone bears evidence of considerable superficial weather-
ing in the enlarged joints and limestone residuum. The Brodie
quarry facing the Wapsipinicon is a fair average for the dis-

trict. The following beds may be observed:

! FEET.
3. Limestone, yellow, shattered by the weather to coarse rhom-

93 P 10 e 119 115 e S e P N PR P e T R P 9
2. Limestone, hard, yellow, magnesian, in heavy courses up to

three feet thick, not laminated; bedding planes quite even

and regular, geodes up to six and eight inches in diameter

DOt UDCODIMION & ¢« ih s vliseie s cs oo seie 5ax sl slare soiame oo sleaess 6
1. Limestone, bluish weathering to buff; hard, ringing, sub-

conchoidal fracture, in two layers, the lower being one

foot and the upper two feet thick. Sparingly fossiliferous 3
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BUCHANAN COUNTY. .
SAND AND (GRAVEL.

All the sand and gravel deposits of Buchanan county are
those laid down at the time of the retreat of the Kansan ice.
These deposits were first studied and identified as a definite
horizon by Professor Samuel Calvin, who worked in this region
prior to 1897, and by him were given the name of the county.
The characterization of these beds and the theory of their
origin, as given here, are taken from that author’s reports on
Buchanan* and Howard** counties.

Characteristics of the Buchanan—In the latitude of Buchan-
an county the disappearance of the Kansan ice was attended
by strong currents of water flowing away from the ice margin.
These currents were loaded with glacial debris including frag-
ments ranging from fine silt to bowlders a foot or more in
diameter. The course of the currents was marked by deposits
of sand and gravel more or less sorted and stratified, and not’
infrequently cross-bedded on an extensive scale.

The Buchanan gravel presents two phases, an upland phase
in which the materials are relatively coarse, and a valley phase
composed largely of sand and fine gravel. Bowlders ranging
to more than a foot in diameter are not uncommon in the up-
land deposits; pebbles more than an inch in diameter would
rank among the unusually large constituent fragments in the
lowland phase. The upland gravels are distinguished by the
presence of coarser and less perfectly assorted materials.
Cobbles and bowlders of all sizes up to ten or twelve inches
in diameter are found indifferently mixed with pebbles and fine
sand, and many of the larger erratics show glacial planing and
striation on one or more sides. While the gravels have all the
characteristics of deposits made in flowing water it is certain
that the planed and striated cobbles have not been rolled or
transported very far. The valley gravels, on the other hand,
are quite uniform as to the size of the pebbles. It is seldom
that any of the material exceeds three-fourths of an inch in
diameter. The usual size is about half an inch, and the great

»Iowa Geological Survey, Vol. VIII, p. 203.
*»QOpus cit, Vol. XIII, p. 23.
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body of the valley phase is composed of well-rounded, polished,
siliceous pebbles. Cross-bedding is more common in the up-
land than in the valley gravels.

* One of the principal characteristics of the Buchanan gravels
is the distinct evidence of age. They are almost invariably much
iron-stained, and decayed, the granites in particular being dis-
integrated so completely as to be readily crushed in the hands.
This feature is more distinetly noticeable in the upland than in
the valley phase, probably due to the fact that these were long
exposed to the weather before the drift which now covers them
was deposited. The valley gravels were covered soon after
deposition by a layer of silt, and the action of weathering
agencies thus retarded.

F16. 5—Buchanan gravels, Illinois Central Railway pit east of Independence,
Buchanan county.

The type exposure of Buchanan gravel occurs at the gravel
pit of the Illinois Central Railroad in the northwest quarter of
cection 32, Byron township. Here the deposit is about twenty
feet in thickness. It consists of stratified, often cross-bedded,
sand and’ gravel with many bowlders, six, eight, ten or twelve
inches in diameter. A very large proportion of the bowlders °
show unabraded glacial-planed surfaces which would indicate
that if they had been transported by current action for any
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considerable distance they were not rolled, but probably had
been carried by floating ice. In some parts of the pit the gravels
are very ferruginous and weather stained. "Many of the granite
bowlders are completely decayed and crumble to sand on the
application of very slight force. ' ' '

¥i1c. 6—An abandoned part of Ielahs?ocx)? %?Z?ébqélnﬁéﬁéél pit showing Iowan bowlders,

There are a number of localities near Independence at which
csands and gravels are found. Just north of the Illinois Central
stock yards a bed of light vellow, rather fine gravel six feet
thick is exposed along the river bank and this is shown to ex-
tend for some distance up the stream. Up Harter creek these
gravels show in several natural exposures. They are all quite
fine, none of the material exceeding one-half inch in diameter.
‘Within a mile, however, coarser material enters and bowlderets
up to six, eight and even twelve inches bécome common, with a
‘large number of pebbles of two to four inches in diameter. The
gravels are discernible as far up the stream as this has any
‘valley, until it grades into the prairies of the uplands. They
extend in most cases up to the grass roots. ‘

On the summit of a hill about a mile east of Independence in
section 2, township 88 north, range IX west, there is found a
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capping of reddish yellow ferruginous gravels which are darker
than those described above. This lower coarse bed is overlain
by fine cross-bedded sands and above these is another coarser
and darker layer. Above this are two feet of sandy Iowan till.
This deposit extends across the road into section 36 of Wash-
ington township where it is being dug for various purposes.
The ‘“State Road’’ running east from Independence across the

. county and into Delaware, has been gravelled for several miles

with this material and is an excellent highway. The roadbed
1s smooth and hard although a little dusty. These are the Bu-
chanan gravels which are so abundant in this and neighboring
counties. They belong to the upland phase while those along
Harter creek belong to the lowland or valley type. Similar
deposits outcrop along the road to Quasqueton and show the
same characteristics of oxidation, granitic decay and the like.

In the west bank of Pine creek in sections 20 and 21, Liberty
township, are coarse red gravels which show a thickness of
twenty feet. Pebbles two, four, or six inches in diameter and
even larger are not uncommon. Above the gravels is a very
fine yellow sand to the grass roots. Across the creek the bank
is forty feet high, cut entirely in limestone. In the stream bed
one mile west of Quasqueton is a fine bank of cross-bedded sands
and gravels, some of the layers of which are somewhat more
ferruginous and are partially cemented. The bed is revealed
to a height of fifteen feet. A mile south of Quasqueton in sec-
tion 3, Cono township, is a long, well defined terrace of gravels
of the rather fine valley type. It is set back from the stream
and a wide, old flood plain ten feet high intervenes. A similar
flood plain fifteen to twenty feet above the river occupies the
northeast corner of section 33, Liberty township, and extends
into section 28. It is built up of fine gravels, is very level and
is bounded by old bluffs. In sections 29 and 30 of this township
is a terrace which is now thirty-five feet high. It is covered
with fine yellow gravels resting on a foundation of the breec-
ciated limestone which forms the bed rock of this region and
is set back one-fourth of a mile from the river. In the south
part of Independence this terrace is again evident, and is here
capped with fine fresh sands probably of recent age. In places
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these are not over four feet thick and cover coarse, dark red
sands and gravels probably of Buchanan age. The upland
gravels are seen in the south half of section 32, Liberty town-
ship, crowning the hilltops. They are coarse, bowldery and of
the usual type.

The road from Independence to Littleton on the north side of
the river follows along a terrace of Buchanan gravels which
are overlain by one or two feet of Towan drift. This terrace is
frem less than one-fourth mile to a mile back from the stream
and six to eight feet above the lower flood plain which in turn
is about six feet above the stream. This flood plain is underlain
by fine yellow river gravels which rest upoa old, red, coarse
gravels,

Terraces similar to those on the north bank of the Wapsi-
pinicon border its southern bank also. A continuation of these
terraces extends up the Little Wapsipinicon as far as the middle
of section 32, Fairbank township.

A little beyond Littleton, in the center of section 8, Perry
township, is a pit in a hill of Bnchanan gravel. This is a dark
red, rather coarse deposit overlain by a thin veneer of Iowan
till. Indications of gravel are also seen in the northeast quar-
ter of section 29, Fairbank township. :

All along Otter creek the sands and gravels of the valley
phase of the Buchanan gravels are much in evidence. Thus on
the west line of section 17, Washington township, the bank re-
veals a bed of coarse, red gravels thirty feet above the stream.
At the bridge near the southwest corner of section 5 is a twenty-
foot terrace of fine, clean, yellow sand without pebbles. The
terrace borders the stream very closely and leaves only a very
narrow flood plain. It extends for some distance up-stream and
back from the stream it merges into the Iowan plain. The same
fine, yellow, unoxidized sands occur in a terrace ten to twelve
feet high in the northwest quarter of section 33, Hazelton town-
ship. They bound the rather narrow flood plain and are marked
very distinctly from it. The same terrace is seen again in the
northeast quarter of section 21 and bears the same character-
istics. The bank of a small creek on the north border of Hazel-
ton, where the road crosses, consists of sand and clay ten feet
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high and capped by a foot of coarse gravel. Beyond the bridge
the road follows Otter creek and the terrace here shows red sands
and gravels at the top. On both sides of the bridge over Otter
creek in the center of section 4 are terraces with light yellow,
unoxidized, fine sands overlain by two feet of coarse red gravels
with pebbles up to two inches in diameter. These extend up to
the sod. These terraces follow up the creek beyond Oelwein,
as described under the caption Fayette county, until they merge
with the Towan plain.

Along the uplands bordering Otter creek the coarser, more
ferruginous upland gravels are abundant. Thus on the side of
a hill in the northwest quarter of section 4, Washington town-
ship, is an exposure in which pebbles up to two and three
inches in diameter are abundant. Only about 100 yards back
from the bank of clean yellow sands in section 21 the road is
cut through a bed of upland gravels of very coarse type.

F1c. 7—Pit showing B;xv(;};%noa,ané'ix;)a.t\}'lc;lo;))'v%x;llg.}ilgngﬁ };g‘:ﬁ&_driﬁ about two miles

Banks of gravel are exposed along the east and west branches
 of Buffalo creek from the north county line to their junection
and in places form terraces of considerable height. Many of
the deposits are rather coarse and well oxidized, while in places
finer gravels underlie these. At the junction point of the two
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branches these terraces are well marked, are eight to ten feet
high and in places are set back several hundred yards from the
present stream. South of Winthrop the terraces continue in
force. In section 6, Middlefield township, is a bank twelve feet
high made of rather coarse gravel whose surface grades into the
level Towan plain beyond. These gravels are found for miles
bordering the creek valley.

F16. 8—A near view of the Winthrop gravel pit showing coarse material above
stratiil‘led sands. This is a typical exposure of upland phase of the Buchanan
gravels.

- At the point where the Maquoketa river enters the county
gravel appears in the banks and becomes quite abundant in the
neighborhood of Lamont. The terraces here are built up of
rather fine, yellowish gravels rising ten feet above the stream.
They are continued into Delaware county to the east.

Upland gravels are common in this part of the county, as
they are elsewhere. The hilltops between Lamont and Aurora
are capped with these deposits, often rather coarse, carrying
cobblestones of four, six and eight inches diameter, rusty and
weathered for the most part though one bed in the southeast
quarter of the northeast quarter of section 10, Madison town-
ship, well up and away from the stream, is made of fine, yellow
gravel, quite like the valley type. One of the best of these
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upland beds lies about two miles west of Winthrop on the ¢‘State
Road’’ and has been opened in the northwest corner of section
3 of Liberty township. Here are several feet of fine yellow
sands overlain by coarser ones. The old Illinois Central pit
immediately west of Doris is the classic locality for the Bu-
chanan gravels but it has been abandoned for years.

STONE.

The Niagaran limestone occupies a triangular area in the
northeast one-third of the county. Outerops appear along Otter
creek in Hazelton township, and in Buffalo and Madison town-
ships. The usual type exposed is the coarse, granular dolomite.
Near Hazelton, in section 2 of Hazelton township, the coarse
dolomite passes beneath fine-grained nondolomitized limestone,
varying in.color from light drab to blue. Small openings have
been made in all of the above areas but little stone has been
taken out.

FIG 9—View in City quarry at Independence showing effect of crushing in the
Spirifer pennatus beds, upper part of brecciated zone.

Beds belonging to the Devonian are found immediately be-
neath the mantle of drift over about two-thirds of the super-
ficial area of the county. The lowest Devonian beds -which
afford any quarry products, are represented by a rather soft,
imperfectly bedded limestone, which, as a rule, yields readily
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to weathering influences. It is very much shattered and jointed,
and has been referred to the Wapsipinicon stage of Norton. A
number of small quarries have been opened in the beds in the
vicinity of Independence. Along Pine creek in Liberty township,
and on sections 33 and 34 in Newton township, the equivalent
beds are harder and generally better in quality. An average
section for Independence is taken from a quarry located in the
eastern edge of town and is as follows:

FEET.
3., Limestone, yellowish, rather hard, rings when struck with the
hammer, in rather thin layers, and containing numerous
corals, among which Cystiphyllum americanum and Acer-
vularig profundae are the most characteristic species
2, Limestone, the Spirifer pennatus beds, showing the usual
assemblage of fossil species, not definitely bedded, but inter-
~ sected by a great number of joints. The phenomenon of
“slickensides” is developed on the joint faces on an ex-
tensive scale
1. Limestone, the barren beds, lithologically like the 8. pen-
natus beds above

No. 3 of this section is the lowest member of the Cedar Valley
stage of the Iowa. Devonian.
Similar sections may be observed along Pine creek and the

Wapsipinicon in Liberty township. Also along Dry ecreek in
Newton township.

FI16. 10—0'Toole quarry east of Independence showing Cedar Valley limestone-
’ overlying the shattered beds of the Wapsipinicon.
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The most important quarries have been opened in the Cedar
Valley limestone. The stone is harder, resists weathering in-
fluences better and occurs in more regular beds than the Wap-
sipinicon. These beds have been developed at Fairbank, near
Littleton, Jesup, and Brandon, and near Quasqueton, where a
small outlier of the Cedar Valley occurs some miles from the
main body. The beds quarried are about the same at all of
these places. '

At Fairbank a quarry -in the west side of the river shows the
following beds:

; FEET.
5. Very dark brown residual clay or geest; a few inches to.... 1
4. Limestone, in thin layers...........cooiiiiiiiiiinn. 4
3. Limestone, fossiliferous .......... ... 1
2. Limestone, yellowish, soft, evenly bedded, in layers ranging

up to six or eight inches in thickness....................

1. Limestone, heavy beds, not fossiliferous, exposed at base of
(6 (06 T, N A L S L T Sy P L = o - et R 2-3

Farther south more extensive sections are shown. At Little-
ton extensive natural sections aggregating seventy feet, may
be seen both above and below the dam. Here is one of the classic
sections in the county, but it is of little economic importance.
Only the uppermost beds bhave been quarried, two small quar-
ries having been opened north and northwest of town on top
of the bluffs. The beds woiked consist of a yellow, earthy lime-
stone, ocecurring in even layers varying from two to eight inches
in thickness. Nearly twenty feet is exposed in the quarry face.

At Jesup there are two quarries, one on each side of the cor-
rection line road, one-half mile southeast of town. The north
quarry shows the following section:

JESUP SECTION.

FEET.
(AN S 1L e (EATTL oy ) 2 M CTROMRLEE A0 1 e IR, e S £ T 1-2
5. Limestone, yellow, broken and decayed, more or less dis- .

AT T e M e L B G R et e R S e 2-3
4, Limestone, yellowish, not very fossiliferous, affords some

L h g e e e R B gD i e S Tt A S 5
3. Limestone, soft, easily affected by the weather .......... 2

2. Limestone containing numerous stromatoporoids and  true
- -corals. Some fair building stone
1. -Limestone, figsile, with few fossils
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The strata dip slightly toward the east and are somewhat.

contorted. At the quarry south of the road the upper beds are
worked and dip slightly to the south. The beds quarried at
Quasqueton are very similar to those exposed at this point.

Several small quarries have been opened along Lime creek
in the vicinity of Brandon and for several miles to the northeast.
Just south of Brandon near the north line of section 34 the
following section is exposed:

BRANDON SECTION.
FEET. '

4. Limestone, soft, grading up into.yellow shale, which carries

silicified brachiopod individual§ ..............c..covnnnn
3. Coral reef consisting of Acervularia, Favosites, Ptycho-

phyllum and other corals ...........civveivnenennrenns
2. Limestone, evenly bedded, -with few Tfossils or none...... 4
1. Limestone, regularly bedded, and capable of being quarried,

in layers from two to six inches in thickness, the thinner

beds serving well as flagging.......... ... .o, 4

F16. 11—Iowan bowlders in field. immediately north of Illinois Central gra.vel

pit, east of Independence. .
%
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F1c. 12—Group of Iowan bowlders southeast of Winthrop, Buchanan county.

‘While the Devonian is capable of supplying an indefinite
amount of fairly good material suitable for road and concrete

work, but little quarrying has been done, and that for local
use only.

FiG. 13—Iowén bowlders, mostly granitoid and gneissoid, piled along fence on
section 9, Fairbanks township, Buchanan county. The bowlders afford é&x-
cellent material for crushed stone products.
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- BUENA VISTA COUNTY.
SAND AND GRAVEL.

The sand and gravel deposits of Buena Vista county, like
those of the other counties’along the border of the Wisconsin
drift sheet, are of two kinds, outwash gravels, in this case oc-
curring as stream terraces, and beds in the mounds and hum-
mocks of the drift area.

Stream Terraces.—dJust as is the case in Clay and Cherokee
counties the gravel terraces along Little Sioux river are of out-
standing prominence. The approach of the moraine at Gillett
‘Grove in Clay county seems to have added new material to that
deposited in the river bed from sources farther north, and
from this point southward high gravels appear at intervals
capping jutting hills of drift. They appear kamelike, but in
Herdland township (Clay county), especially in sections 16, 21,
22, 27, 34 and 33, and in section 4 of Lee township, Buena Vista,
the bench is such on the east side of the river as to leave no
question as to its being a remnant of a high terrace twenty-five
to thirty-five feet above water. Gravels are taken out in the
road on the west side of section 4, Lee township. These are
in part very coarse and somewhat dirty, but good material is
found in places. The low terrace which is continuous all along
the river in Clay county persists at intervals here as it does

- farther north.

From Sioux Rapids west there appears another series of ter-
races now on one side (the concave side of the river curves),
now on the other. The town of Sioux Rapids is built on these
terrace gravels. In sections 1 and 2, Barnes township, they
are on the north side, failing where the river crooks into Clay
county, and appearing again at Linn Grove.

At Sioux Rapids, and especially is it noticeable in sections
1 and 2 of Barnes township, there are three terraeces, the highest
forty to fifty feet above the river. Often these benches are
little else than drift, but vary from this through a bare veneer
or capping of gravel to vast beds of great depth. The latter
is the case at Sioux Rapids and again north of Linn Grove,
‘where pits are opened along the roads in section 5. Fifteen to
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eighteen feet are in view, varying from bowldery and coarse
above, to fine clean gravel with depth.

- At Sioux Rapids the upper bench gravels are opened for city
and road use near the Minneapolis & St. Louis depot in .the
northeast part of town. Fifteen feet of gravel are in sight here
under one and one-half feet of soil. The top two and a half
feet are iron-stained, bowlders large, up to a foot or so in
diameter. The granites are badly rotted. Below this is bright,
moderately coarse gravel as a rule containing considerable
amounts of fine brownish clayey matter throughout. There is
very little clean sand in this bank. This material is being used
on the road to the northeast, the same being in excellent con-
dition for miles.

Brooke creek heads in a long depression, mapped by Macbride
as alluvium, but little else than an old glacial pond with drift
immediately below. Through northeast Elk township it is an
erosively active stream and has cut deeply into the drift. There
are no gravels except gravelly drift. Through Brooke town-
ship it has channelled its way 100 -feet or more as it approaches
the Sioux. In section 36 and even in northeastern Elk town-
ship it begins to show signs of gravel and of a terrace. They
are conspicuous in sections 35, 26 and 25 and become even more
conspicuous down the stream. In the sections last named are
itwo benches, one very largely gravel ten to fifteen feet above
the water. This has been opened on a side branch in northeast
section 35. The gravel is good, and there are vast quantities
of it. Here also thirty feet or so above water is a marked drift
terrace, usually gravel or sand capped, which blends with the
high terrace on the river. Gravels of this bench are seen in
the road between sections 25 and 36 of Brooke township.

- Raccoon river meanders through a narrow alluvial valley
which narrows to zero where in southeast Grant township it has
incised its way into hills of new drift. At the edge of Grant
and Providence townships these hills are sharp and a good
exposure is seen along the river. TUsually there is only, drift,
but some sorted materials are present. There are pits in the
road both east and west of the river on.the south side of section
36, Grant township. After breaking through a range of hills
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here the topography is milder to the union of Storm lake outlet
southwest of Newell. Here again the Raccoon river has an
alluvial valley. '

The outlet of Storm lake is a considerable stream, and con-
tributes largely to the Raccoon. It winds its way through drift
hills, and in places along its coturse has put down beds of impure
gravel and, in its channel, sand, that are highly serviceable
on roads and for other purposes locally. Such a gravel bed
appears and is used in southeast section 21, Providence township.

Morainal Deposits—The margin of the Wisconsin drift sheet
in Towa, known as the Altamont moraine, passes through Buena
Vista county in an almost due north and south direction. The
moraine crosses the southern boundary of the county at the
southeast corner of Hayes township, proceeds thence in an al-
most straight line to the northwest corner of Washington town-
ship, then follows the eastern boundary of Elk and Brooke
townships almost to the Little Sioux, and borders that stream
on the south side leaving the county again a few miles north-
east of Sioux Rapids. The relation of the river to the drift
area as mapped by Macbride would seem to indicate that the
former had been pushed from its course by the advance of the
ice and forced to seek a new channel.

In Buena Vista county the distinguishing characters of the
drift are far more distinet than is usual in this part of the
state. Over the Wisconsin area ranges of low hummocks are
common, all being very gravelly drift with occasional masses
of clean sand and gravel. The former affords fair road mate-
rial, the latter excellent, and both have been sought out and
used quite generally on the highways.

In southeast 2, Barnes township, on a hilltop 120 feet above
 the water in Little Sioux is a pit from which clean, fine sand
of excellent quality is obtained under a few feet of good fine-
grained gravel. It is near the top of an enormous mass of drift,
and appears to be a local pocket and to have no relation to the
river terraces. There are also sand and gravel beds on a hilltop
north of Sioux Rapids in section 1 of the above township. Serv-
iceable gravels were also observed in southwest 29, Barnes town-
ship, and northwest 31 and southwest 1 of Scott township. Sand
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and fine gravel from the latter pit are used in Rembrandt for
all kinds of cement work.

A notable chain of hillocks, often shar’p and pointed, extends
west from Rembrandt and then turns sharply south, continuing

with spurs to the east, to Storm Lake. These are often very

gravelly where dissected in roads, and frequently contain good
gravel. '

Northeastward from Storm ILake the country becomes
knobby; not rugged but low round and elongated hills, always
gravelly and sometimes exhibiting both gravel and sand. These
hills have been opened in northwest 1, Hayes; southwest 20,
Grant; and south 14 and southwest 27, Washington township.
Gravel from the latter two openings is now being hauled to
Storm Lake.

The eastern two-thirds of the county is all Wisconsin drift.
It is impossible to predict with any degree of accuracy the pres-
ence of gravel and sand in the knobs and hummocks of the Wis-
consin drift area.

Miscellaneous.—Within the area of the older (Kansan) drift
in the western third of the county some deposits of sand and
gravel have been found. Notable among these is a sharp knob

- four miles south of Alta, at the corner of sections 10, 11, 14

and 15 of Maple Valley township. From this place much ma-
terial has been and is being taken. The top few feet here are
dirty and much iron-stained, with numerous granite bowlders
so disintegrated that ‘they cleave with the shovel or break even
with the matrix, so soft are they. Below is firm gravel and

sand. This is dirty and not fit for cement work but is excellent
for roads, to which latter the condition of the north and south

road here attests. There is no loess here; all is O'I‘avel to the
very grass.

South of the Little Maple through Maple Valley township
is a more or less conspicuous range of somewhat sharp-pointed

‘hills leading on into Diamond township in Cherokee county.

Many of these are so gravelly at the surface as to be unfit for
cultivation and they sometimes run inte pockets of gravel and

" sand. Where seen in road cuts they are a very gravelly yellow

till, especially notable at and south of Hanover in sections 19
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and 20, and an especial prominence near the northeast corner
of section 25 of Diamond township, Cherokee county.

The beaches at the east end of Storm lake furnish some ma-
terial for building and concrete purposes in the town, A good
quality of building sand, but somewhat dirty, is obtained here.

BUTLER COUNTY.
SAND AND GRAVEL,

As in several counties mear to and adjoining Butler, the
Buchanan gravels have a wide distribution. Both phases (see
report on Buchanan county) are extensively developed. All the
larger streams and many of their tributaries have wide valleys
largely filled with gravel, and deposits of the upland type are
encountered in road cuts and other shallow excavations praecti-
cally everywhere.

Valley Phase—Along the three principal streams of the
county—the Shell Rock, West Fork of Cedar river and Beaver
creek—extensive valley trains are prominent, often to a depth
of thirty feet or more. The larger tributaries of these streams
have similar deposits on a smaller scale.

Valley trains of gravel appear along Shell Rock river within
its first mile in the county. Mr. P. H. Green has a pit just
north of the town of Greene and on the west bank of the river
which shows the following section:

! FEET.
R o U e B« - e e - o AR G ok B o e s e S 1—1
Gravel, COATSE ....uuuunemunnnnnareaernaaneeaaaaienaeaeeeens 214
Gravel, fine and cross-bedded ..........oiiiiiiiiiiiiiieiaa, 3

- Gravel, coarse, cross-bedded, and containing some fine sand... 7

- The terrace has an area of about twenty acres. = Across the
river Mr. J. W. Butler has a pit showing the following strata:

FEET.
0] 0 S O T o L a3 b n L SN
MoldIng SaMA ...t iiit it e et ee e 3
YelloW Clay ..ovii it e i et i e it 3—4
Blue clay ...... i~ o T T O P+ 1-11%

Gravel and sand, cross-bedded ............ i iiiiiiiii e 24
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A well close by did not reach the lower limit of the gravel
at a depth of sixty-five feet. There are a few similar pits south-
east of Greene. .

A gravel pit extensively used by the Chicago Great Western
Railway just northwest of Clarksville has been excavated to
the depth of ten or twelve feet below the soil, which here is
about two feet thick. The lower six or eight feet are cross-
bedded, the grades running from a coarse sand to a coarse
gravel containing pebbles and cobbles from two to five inches
in diameter. In addition to pebbles of the usual kind there
are iron nodules and numerous limestone fragments.

The Illinois Central Railroad has a pit in section 23 of Wash-
ington township where an area of about five acres has been
excavated to water level, a depth of eight or ten feet. At
present this pit supplies gravel for the manufacture of cement
blocks.

The following is a typical section for other pits along Beaver
creek :

S L e R L e - AP bR SN 2
SOl BRA Bravel | .l e e e e e 1
Fine sand and some fine gravel .................... RPN 1
1500 2 TSRt <) e S R AU UG PR 2
Fine sand, some gravel ............viiiiriviniiiuininnenns 1
Fine gravel, some sand ..........c.co il 2

The three lower members are usually cross-bedded and all
are more or less iron-stained. :
Dry run, a tributary of the West Fork of the Cedar, has
large deposits along its course, the following being a gener-
alized ‘section:
FlaY ) iy S SNyl gt WLl s s, s O, 42 [T M I P 1-3

Gravel, fine to coarse, SOMe CIAY ......eevvrrenernanennnn.. 2-3
Sand, coarse to fine, some gravel .................coveaiinn

These deposits have smaller pebbles than river deposits and
their area will aggregate two to five acres per mile.

ifpland Phase—Since these deposits were supérﬁcial until
covered by the Towan drift or loess, they appear to be much older
than contemporaneous deposits of the valley phase which were
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- soon covered and in which, therefore, oxidation was greatly re-
tarded.

The pit in section 30 of Pittsfield township belonging to Mr.

T. H. Ahrens is one of the most important of this type in the
county. The section is as follows:

FEET.
S0il, pebbly ...ttt W T e LN 7 Rl Lt 1-2
Gravel, coarse, some cobbles up to six inches in diameter, large

and small pebbleg in same stratum ...................... 4—6
Gravel, coarse, but finer than that above, stratified, a few inches

very fine, with some sand ............ ..., 2-3
Gravel, coarse, but some fine with cobbles up to eight inches

to Bottomgat ot o s o, s e e g e el 4

The granite pebbles are often completely disintegrated, espe-
cially in the lower part. In places this pit is eighteen feet deep,
and several acres will probably produce a good yield if opened.
A similar deposit has been opened in section 9 of Madison
township. :

Mr. William Hites has eight acres of gravel at the surface
in section 15 of Ripley township. Other deposits are located
in section 36 of Jackson township, 27 of Fremont, section 1 of
Bennezette, and in the vicinity of Allison.

STONE.

The Devonian is believed to immediately underlie the drift
over nearly, if not all of the county. Stone crops appear along
the principal streams at numerous points, especially along Shell
Rock river and its immediate tributaries. Outerops may be no-
ticed along the Illinois Céntral between Ackley and Austinville;
along the North Western between Kesley and Dumont; along
the Great Western between Dumont and Bristow, and from near
Clarksville to Shell Rock and beyond.

Between Dumont and Bristow some quarrying has been done.
The stene may be seen in street crossings and foundations in
both Dumont and Bristow. The beds range from six to ten
inches in thickness and can be taken out in almost any length
" and width. All of the stone is hard and compact and splendidly
adapted to crushed stone purposes. The quarries are not in
operation at present.
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-~ Along Shell Rock river small openings appear in the bluff
on the east side of the river and a small quarry is being oper-
ated about three and one-half miles northwest of Clarksville.
The section exposed in the pit is as follows:

F1c. 14—Schrader quarry, Clarksville, Butler countyv, showing the flaggy,
lithographic: - facies of the Cedar Valley.

FEET.
3. Soil and drift of variable thickness ................ . ... 1-3

' 2. Limestone, yellow to brown, magnesian to dolomitic, in thin
layens: evenly ‘bédded . ... .. .. o1l mEl U TR EC N A 6

1. Limestone, white to gray, hard, brittle, evenly bedded, com-
pact to lithographic; certain of the layers show fossils in
weathered surfaces but these are firmly bedded and do not
show in fresh fractures, exposed .............covvueunn.. 7

The beds exposed here are very similar to those which are
-exposed at Marble Rock in Floyd county and correspond to the
two lower members in the section at that place. Equivalent
‘beds are, however, somewhat thinner and the shaly partings are
‘rather more pronounced, perhaps due to more advanced weather-
ing. The brecciated layer near the top of the white limestone
is equally as prominent as in the Marble Rock section. Good
material is available in the small quarries east of Clarksville.
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The W. H. Moore quarry rhay be considered represehtative. A
similar sequence may be made out in the openings near Greene.

The Charles Matthews quarry is located in the northern part
of the town of Greene east of the railroad. About twenty feet
“of limestone somewhat variable texturally and structurally witlx
occasional thin- shale and clay partings comprise the quarry
section. The limestone beds are predominantly hard and com-
. pact and well adapted for crushed stone purposes. The:strip-
ping is light and several acres are easily available at this place.

Southeast of Greene limestone outerops continue, the stone

.is of good quality and considerable quantities are obtainable

at small expense. Small quarries have been opened near Shell

Rock. Both white limestone and the dolomitic layers have been

used quite generally throughout the eastern pomion of the

county for foundation purposes and formerly for the walls -
of some of the less important buildings. Both, when properly

selected, give good service and appear to be fairly durable.

The limestone has also been used for flagging; blocks six to
ten inches in thickness and of almost any dimensions in length
and breadth can be obtained quite readily. The white lime-
stone throughout is very hard and compact and admirably
adapted for crushed stone purposes. The stone can be obtained
at several places without much stripping but as yet the industry
can scarcely be said to have been started. ‘

CALHOUN COUNTY.
SAND AND GRAVEL.

The supplies of sand and gravel in Calhoun county are de-
rived from two sources, terraces along the streams, and pockets.
in and cappings on the Wisconsin drift hills.

Stream Terraces—Raccoon river crosses the southwest corner-
of the county, cutting diagonally across Jackson township. A.
low gravel terrace, indistinet in places, entirely absent in others;,.
can be followed along its whole course within the county. A
bend in the river has exposed the gravels at the bridge near-
the center of section 25, Jackson township. The gravels which.
are exposed here are plainly of two generations. The lower,.
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ihe top of which is some ten feet above water, is so old that
its pebbles have all broken down, and nothing is left but a deep
red coarse sand. Resting on this old material and separated
distinetly from it are some ‘six feet of fine, clean, sharp sand.
Above the sand are a few inches of dirty gravel, covered by a
foot or so of alluvium.

A few hundred yards north and east of the bridge men-
tioned above is a small pit a short- distance back from the
road. The material exposed is somewhat similar to that at
the bridge, but has a considerably larger proportion of gravel.
On the north side of the river at least as far west as the june-
tion of Lake creek the river ‘‘bottoms’’ will average from a
quarter to a half mile in width, and farmers along the river
report ﬁndm gravel and sand practically all over it at depths
varying from eighteen inches to three or four feet. The river
exposes the gravels in several places along its banks in sections
25 and 26. An open pit in this low bench is located near the
middle of section 36, on the west side of the river.

Just west of the bridge over Lake creek in east section 22,
Jackson township, is a small open pit on the edge of this same
bench, in which there are exposed about six feet of somewhat
coarse, iron-stained, water-laid gravel under one to two feet
of alluvium. Many pebbles up to six or eight inches in diameter
are to be found, but the large majority are not over three or
four inches. Probably six or eight acres are available. An
opening of quite similar material may be seen at the corner
of the roads in east section 21. The cover is deeper here, and
the available area is not to exceed one or two acres.

Farther up the river the bench becomes less and less easy
to follow, and seems to merge into the flood plain of the present
stream in the vicinity of the Sac county line. Although the
same or similar gravels and sands may be present they are
covered with alluvium so deeply that pits have not been opened.

Lake and Prairie creeks have low terraces which have been
opened in a few places. Near the crossroads at the east quarter-
corner of section 10, Jackson township, the bench along the
latter has been opened and a considerable amount of the ma-
terials removed.” This opening shows very coarse, unassorted,
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slightly iron-stained gravel under one to two feet of soil. The
gravel is very coarse and dirty and would probably have to be
screened even for road purposes. The bench here is only six to
eight feet above water in the creek, and will average perhaps
a hundred yards wide for a quarter of a mile to the northeast.
The same material shows along the creek south of the road
and also west of the bridge at the south quarter-corner of sec-
tion 10. " Another pit is now open in a piece of this same bench
on.the east side of the river in west section 15, Jackson.. The
material here differs from that exposed in section 10 in that
it is much finer throughout and cross-bedding is noticeable,
whereas that in the latter place, as noted before, is coarse and
unassorted. There are some five feet exposed, and perhaps a
total of two acres or so might prove available.

¥F1a. 15—Gravel pit near Lake City, Calhoun county.

The supply of sand and gravel for the town of Lake City

comes from a pit on a bench of Lake creek in the northern part
8
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of section 7, Calhoun township. Several acres of the material
have been removed and large quantities are still available. The
pit section is:

AT 22 ot Lo L oo 10 Sl e e T L et v s 1-2
Gravel, earthy, with some cobblestones ...............cocvn..n 2
Sand and gravel, clean ...........c.iiiiiiiiiii i 6

This terrace continues intermittently down the creek to its
junction with Raccoon river.

Kast and northeast of Lohrville a few stray remnants of a
low terrace along Cedar creek may be seen. Perhaps the most
prominent one of these is that which the road cuts into slightly
near the southwest corner of section 6, Reading township. The
top of the bench here is about twelve feet above water. Where
the road cuts into it there is exposed a fine to medium gravel
which is dirty and somewhat iron-stained. The pebbles are
limestone, greenstone, granite, shale and some quartz, and some
of them run up to three inches in diameter. There is an acre
or so of available material under one and a half to two feet
of cover.

Several small pieces of the same terrace may be seen near
the forks of Cedar creek in southeast section 31, Cedar town-
ship, and a small amount of gravel has been removed. from one
of them on the south side of the road just below the fork. Above
the fork the bench is not prominent along either stream and
while small pieces of it may be present it is quite certain that
deposits suitable for more than local use will not be found.

Along Cedar creek from Lohrville to its union with Raccoon
river in Greene county there are no gravels of any importance.
The creek flows through a narrow valley in Wisconsin drift
hills which becomes deeper and sharper down the stream. No
signs of the low terrace above Lohrville are to be seen along
this portion of the creek. . The total absence of gravel on the
roads in this portion of the county presents a marked contrast
to the condition of the highways in other parts of this and other
counties within the Wisconsin drift area.

- Along Purgatory creek there is a gravel terrace which is
not at all conspicuous but which may be seen in sections 9 and
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10 of Union township. There are two pits here which have not

* been'recently worked but which indicate the presence of gravel.

Upland Deposits.—Calhoun county lies wholly within the area
covered by the Des Moines lobe of the Wisconsin ice. The
whole surface of this drift area is thickly dotted with more or
less rounded knobs and ridges, known to the geologist as kames
and eskers. - Sometimes these hummocks are composed entirely
of sand and gravel; again these water-deposited materials form
cappings on or pockets within the drift clays; and quite as often
gravels are entirely absent. In Calhoun county gravel deposits
of this nature are reported in practically every township. Those
occurring in section 3, Reading, section 24, Twin Lake, section
11, Lake Creek and section 11; Sherman townships may be cited
as being representative of this type. No definite predictions as
to the possibility of finding gravel in any particular place can,
of course, be made, but it is safe to say that a little careful pros-
pecting in the vicinity of highway and bridge improvements is
likely to lead to discoveries which may considerably reduce the
cost of materials for such work. '

Reworked Materials—Sand and gravel beds and bars are to
be found in many of the streams of Calhoun county. Raccoon
river is particularly noteworthy in this respect, and many an-
other smaller stream will furnish quantities that are usable
locally in a small way. These materials vary greatly in both
quantity and quality, and are not to be depended upon for work
of any size and importance.

STONE.

Imperfectly indurated beds belonging to the Cretaceous are
known to outecrop along Lake creek, about one and one-half
miles northwest of Lake City. Similar beds are reported to
outerop along North Raccoon river in the southwestern portion

 of the county. Near the plant of the Lake City Brick and Tile

Company, the following section may be observed:
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FEET.

5. Drift and wash .......... R A [k g, e s B A L 10

4, Shale, somewhat fissile, grayish blue to dark blue, dries a
it e BASDIID: ™ ol g b o o o 8 o R b it o o Bl b o i .4

3. Sandstone, friable, in three ledges of about equal thickness;
the lower ledge ferruginous and concretionary; the middle
layer unindurated, white; the top layer stained a variable

L e S Pt U e v el Sl i 0 B S R S ey G M 2
2. Shale, clayey, mixed, not laminated; variable ............ 7
1. Sandstone, ferruginous and concretionary, exposed above bed

(0D ) A s et~ WANGE . Oy o s PR L AR SN 5

Only the concretionary portions of the sandstones are suffi-
ciently indurated for structural purposes and none of the beds
exposed are suitable for crushed stone purposes when viewed
both quantitatively and qualitatively.

CARROLL COUNTY.
SAND AND GRAVEL,

The gravel and sand deposits of Carroll county, as is true
with many another which lies upon or within the edge of the
Wisconsin drift sheet, are of two main types, viz., gravel trains
along the streams, and beds and pockets in the drift hills. The
Altamont moraine, which bounds the area of this latest sheet of
drift, ecrosses the county in a northwest-southeast direction and
divides it diagonally into two almost equal parts, the surface
to the east of the dividing line being Wisconsin and that to the
west loess-covered Kansan.

Stream Terraces.—Terraces and plains of outwash materials
from the melting ice are about as poorly developed in Carroll
as in any county having a similar situation in regard to the
moraine. With the exception of North Raccoon river, some ten
or twelve miles of whose course lies within the county and which
is terraced throughout practically all of its length from Sac
county to where it joins Des Moines river in Polk, there are
no gravel benches of any particular prominence within the
county. : )

In section 17 of Jasper township, about two miles southwest
of Lanesboro, the Lanesboro Cement Tile Company is removing
sand and gravel from a bench on the north side of Raccoon
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river. Several feet of coarse gravel were removed over a tract

twenty or twenty-five acres in extent by the Chicago Great West-
ern Railroad at the time its line was built some ten or twelve
years ago. The gravel grades to sand below which in turn rests
on gravel. The present company uses a centrifugal pump and is
working below the level of the water in the river. Beside what
is used in the manufacture of cement drain tile, screened and
washed sand and gravel is shipped throughout a wide territory,
and is used for practically all purposes. The minimum thick-
ness of the gravel as worked is given at twenty feet.

This terrace continues on down the river to the county line
and beyond. In most places it is not prominent, since it rises
but a few feet above the narrow flood plain of the river. It is
covered by alluvium which varies in depth up to ten feet or
more, and has a width between the high bounding hills of drift
of one-half to over a mile. Actual exposures of the gravel are
very few, but almost without exception the farmers say that
wells in the river bottoms are in gravel and sand.

The conditions are practically the same from the Lanesboro
pit to the north county line. Where the river has cut into the
west bank at the bridge on the north line of section 7, Jasper
township, some six feet of sand grading downward into medium
gravel are exposed. A distinet wet line shows its contact with
the clay below, and jt is also sharply defined from the four or
five feet.of alluvium which overlies it. The bench is a half
mile or so in width on the west side of the river at this point.

Along the top of the bordering bluff on the east side of the
river gravel and sand are exposed in several places between
the southwest corner of section 8, Jasper township, and the
Calhoun county line. The top of the bluff is flat, and has the:
appearance.of a huge terrace. Beside the road at the south-
west corner of section 8, Jasper township, there is an open pit
at the top of the hill. The pit section shows about three feet
of soil covering, then coarse dirty sand with fine dirty gravel
below. it, the latter grading downward into sand. The depth
of cover increases rapidly back from the edge of the opening.
A mile farther north, where the road cuts into the hill on the
south side of the southeast quarter of section 6, there are
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about three feet of fine sand, somewhat dirty, resting upon
the drift clay and covered with a yellowish soil which is loess-
like in appearance. Again, on the edge of the same high bench
along the road near the middle of the west side of section 5
is an open pit from which sand and gravel are now being taken.
This opening shows about eight feet of cross-bedded sand and
fine gravel, somewhat dirty, and much iron-staired in places.
The cover is up to three feet in thickness.

Along Purgatory creek there are to be seen at a few places
what appear to be remnants of a low bench, but which are not
at all continuous or well defined. On the west side of the creek
near the middle of section 25, Jasper township, there is a small
pit in one of these. The top is about eighteen feet above water.
The pit shows dirty gravel which is much iron-stained through-
out. There is only a small amount of it here, but sufficient to
be useful locally. :

At the bridge over Purgatory creek in section 1 of Glidden
township coarse, dirty, iron-stained gravel may be seen beside
the road. About six feet or more of gravel are exposed and
seem to lie upon Dakota sandstone as mapped by Bain. The
latter is exposed along the creek a few yards.south of the
bridge. The surface is flat over an area of two or three acres
on the east side of the creek.

Along Middle Raccoon river gravel trains are developed to
nowhere near the extent that might be expected of a stream
bearing its relation to the ice margin. The river cuts through
the moraine in section 26 of Pleasant Valley township and runs
outside to section 1 of Newton township. This portion of the
 valley seems to have been ponded by the ice and formed a
temporary lake. While in this condition it was filled up with:
gravel to a level sixteen feet above the present stream. Into
this gravel the river has since cut until the old filling is now
represented by remnants of a fringing terrace. At Coon Rap-
ids, where the drainage of the ice was turned into the valley of
the small stream from the west, a gravel terrace was formed,
and the main part of the town .is located on this terrace.
Patches of the same terrace can be found along the river valley
for some miles south of town. The terrace at its upper end
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rises fifty feet above the river, but to the south it declines until
it eventually reaches the level of the flood plain. Most of the
pebbles of the gravel are hard and fresh, but some are decayed.
Iron-stained streaks are not uncommon. A section taken on
. the north side of the railway pit at Coon Rapids showed the
following beds:

FEET.

4. Loam, brown to black, with a few scattered pebbles....%—-21%
3. Gravel, stained, much rotted material, sharply limited below 1
2. Q@ravel, coarse, irregularly colored and hedded .......... 5
1. Gravel, fine, worked farther south in the pit............ 1+

. The gravel shows east of the river, where the railway cut
crosses the small side lobes of the bluffs. This soon gives
place to the unassorted material of the bowlder clay, which
contains much the same pebbles as are common in the gravel.

The bowlder clay, except where patches of gravel occur,
forms the surface material throughout the northeastern portion
of the county.

In the vicinity of Carroll and on down the river to Pleasant
Valley township gravel terraces are entirely absent. The river
plain southeast of town is but a mud flat between bordering
hills of Wisconsin drift, and even the bars in the stream are
composed of mud. A drainage ditch some twelve to fifteen
feet deep is now being dug to straighten the chanmnel of the
stream, and this excavation has revealed nothing but alluvial
silts and clays.

Glacial Deposits.—All of the northeastern half of the county
is covered with Wisconsin drift. The hills and ridges of this
area are often composed largely of gravel, ofttimes containing
water-laid materials as pockets and lenses. A good example
of gravel deposits of this type is the pit on ‘“Mount Moses,”’
a huge esker in section 13 of Carroll township, northwest of
Carroll. Other pits have been opened in sections 18, 20 and
- 30, Grant; sections 13 and 24, Glidden; sections 1, 12 and 24,
Jasper townships, ete. In many places along Purgatory creek
tributary rivulets and gullies have exposed sands in the bor-
- dering hills. This is particularly noticeable in section 36 of
Jasper township, on the east side of the creek. The hills rise
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some seventy-five to one hundred feet above the stream, and
are deeply gullied. Some of the hills are gravel capped,-and
some of the gullies show gravel and sand under varying depths
of drift.. The materials vary from coarse rotten gravel to
fine sand, clean and white.

CASS COUNTY. |,

SAND AND GRAVEL.

Small amounts of sand and gravel are obtainable from ter-
races along Nishnabotna river in the vicinity of Atlantic. The
chief supply is obtained from a pit on the farm of J. O. Fudge,
about a mile southwest of town. The pit is located on the bank
of a creek near its junction with Nishnabotna river. The sand
at the top is fine and interbanded with clay, and immediately
underlies a covering of loess which varies in thickness from
three to ten feet. The upper sand zone ranges from four to
ten feet in depth, and rests directly upon a lower bed which
is considerably coarser and occasionally carries clam shells
and bones. The beds throughout are variable in thickness and
continuity. _ :

The sand from this pit has been used for more than a quar-
ter of a century. The pit was opened to furnish sand for the
High School building, and later was also used in the Govern-
ment building. The waste is utilized by the city for crossings.

East of town the Chicago, Rock Island & Pacific Railway at
one time used considerable amounts of sand on its road bed.
The pit from which this material was taken, and which is now
abandoned, was in a terrace about fifty feet above the Nish-
nabotna bottoms. North of Atlantic the principal terrace of
the Nishnabotna appears to be some twenty-five to thirty feet
above the flood plain, but is not deeply enough dissected to
show the sands which probably are present.

At Lewis and vicinity the bluffs are supported by a soft
friable sandstone. About a mile southeast of town a pit has
been opened, from which most of the sand used for building
purposes is obtained. The bank shows a vertical exposure of
about thirty feet above the creek, a tributary of the Nishna-
botna from the east, and has no cover. The sand ranges in
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color from almost white to various shades of yellow.and light
brown. Certain ledges and spheroidal masses are slightly in-
durated, but on the whole almost the entire section can be
used. It becomes more firmly cemented, however, toward the
northeast. These beds belong to the Cretaceous.

A large part of the sand used in the county is shipped from
Commerce, on Raccoon river, or from Platte river in Nebraska.
The latter is considered the better, and is retailed at about
$2.00 per ton as against $1.60 or thereabouts for the Raccoon
river product. The local material brings about $.75 per yard.

STONE.

Cass county is as a rule heavily covered with loess and drift,
and the indurated rocks appear at intervals only along the
larger waterways in the southern part of the county. The
Missouri- strata are known to be overlain in part with the
Dakota sandstones of the Cretaceous.

Stone was formerly taken out at the old Fox quarries on the °
south bank of the West Nodaway in the southeast quarter of
section 36, Noble township, and just across the road in section
31 of Edna township. The beds in these quarries belong to the
same horizon as those exposed near Grant and described under
Montgomery county, although no accurate correlations of in-
dividual strata can be made. The following section is compiled
- in large part from the Geology of Montgomery County:*

FEET.
13. Soil and loess, heavy covering.

12. Broken limestone, shales and residual clay .............. 2
11. Greenish shale, iron-stained .................... ... ..... 4

10. Limestone, light gray to buff, contains fossils; split by verti-
cal joints into large blocks; two ledges separated by thin
band of shaly limestone, upper ledge, 2 feet 3 inches, lower
17 OO adt MMOMAS: o awssic T8 5 o & 54 5 ot s s gl oo § vmnels am s 4 gy ssats # 37 /12
9. Calcareous shale, fossiliferous ........................... 1
8. Limestone, subcrystalline, gray to brown, in ledges from 9
to 14 inches; where exposed for only a few years, this stone
is badly shattered and intervening shaly bands separate it
into many thin ledges .............. T e o e s a9 T /12
. 1. Shale, calcareous ....... it 818 5B B B i S T A ) £ o i /a

*H.. H. ‘Lonsdale, Iowa Geol. Survey, Vol. IV, pp. 393 and 435
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‘ FEET.
6. Limestone, brownish, subcrystalline to dull .............. 1/16
5. Shale, in part gray, bituminous in lower portion ...... 114
4. Limestone, dark gray, coarse textured ..... e 3
3. Shale, buff to gray, fossiliferous ........................ 11/s
2. Shale, variegated, lower part carbonaceous, micaceous, and

splits into conchoidal fragments ........ e 214

1. Limestone.

At the present time, no quarrying is done at this point, and
the lower members of the section, 6 to 1 inclusive, are largely
covered up. All of the limestone ledges were used in 'heavy
masonry work, and blocks of nearly any desired dimensions
were obtainable. The base of the section is approximately -
twenty feet above the river. Coal blossom appears near water
level in the river. The location of these quarries is favorable
for supplying stone to Adams, Cass and Montgomery counties
but their development has been and will be hindered by lack of
transportation facilities and by the heavy stripping required.

Limestone and shale appear at a few points farther north
along the West Nodaway and its branches, but always under
heavy overburden. Near the southeast corner of section 20,
Edna township, stone has been removed. The limestone beds -
appear also at points on Seven Mile creek, notably near Galion
in Bear Grove township.

On East Nishnabotna river near Lewis, and on Turkey creek,
its principal tributary from the east, the Missouri strata ap- .
pear in places. Stone has been taken from the west bank of
the river on the farm of George Roberts, southwest of the town. -
At present, there is exposed one foot of light gray limestone
overlying eight to ten inches of yellow clay and soft, disin-
tegrated limestone. The lower bed is fossiliferous, and is ap-
proximately thirteen feet above water in the river. The ex-
posure is covered with drift and loess aggregating fifteen to
twenty feet. :

Two miles north of Lewis on Turkey creek, in the northwest
quarter of section 1, Cass township, ten inches of blue, hard,
partially crystalline limestone outcrop in a ravine a few hun-
dred feet back from ‘‘Rockyford,”” where limestone was for-
merly quarried. In the northeast quarter of section 1, six feet
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of weathered limestone are in view in ravines leading into
Turkey creek, in places overlain with Cretaceous sandstone and
plastic clays. Throughout, all exposures in this part of the
county are covered with ten to sixty feet of superficial mate— '
rials, which renders utilization out of the question.

Although but few exposures are known, the gravels, sand-
stones, and clays of the Nishnabotna substage of the Dakota
probably occupy considerable areas in Cass county. The sand-
stone is, as a rule, friable and the grains are not sufficiently
well cemented to make it of value for ecrushed stone purposes.
Directly south of the town of Lewis in section 15 of Cass town-
ghip, and to the east of the river, is an outerop in which the
sandstone is of a fairly firm texture and from which large
amounts have been removed, to be used locally. It is composed
largely of fine, even grains of sand, with occasional larger frag-
ments of limestone, partially cemented together with iron oxide.
Small mica scales are scattered through it. While the Stone
is tender and requires careful handling on first exposure, it
is said to harden very materially on drying, and with age. The
sandstone breaks somewhat irregularly, but as readily in one
direction as in another. Kight to twelve feet of the rock are
exposed. So far as known, this is the only locality in the county
where the Dakota beds afford a quarry product.

CEDAR COUNTY.
SAND AND GRAVEL,

Sand deposits of economic importance are of two types,—
bar and bank deposits in and along the present streams, and
subloessial. The first afford the principal supply. The Bu-
chanan gravels are known to be present in the county, but good
outerops are exceedingly rare. Gravel deposits easily available
and extensive enough to be of commercial importance are not

known in the county.
STONE.*

Cedar ranks among the first counties of the state in the value
of the yearly output of building stone, a pre-eminence due

*Professor Norton's excellent write up on Buillding Stone in his report on "the
Geology of Cedar county has been revised and used almost in its entirety.
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chiefly to the quarries at Cedar Valley. Formerly Lime City
was an important producer, but at the present time, it con-
tributes but little to. swell the county total. Building stone of
excellent quality is found widely distributed over the county,
and while the small quarries which have been opened in almost
every township do not greatly add to the large amount contrib-
uted by the Cedar Valley district, yet their value and convenience
to the rural districts and neighboring towns is greater than
mere statistics could show. There is hardly a section in the
county where a farmer or townsman can not get a load of cheap
good stone within easy hauling distance. Thus in Pioneer town-
ship there are quarries at Peet’s mill and elsewhere on Clear
creek; in Cedar township at Cedar Bluff and two and one-half
miles north of that village; in Gower township at Cedar Valley
and Plato; in Center at several quarries south of Tipton; in
Rochester along Rock creek; in Iowa near Atalissa; in Sugar
Creek at Lime City and a number of quarries north of that
village; in Springfield southwest of Lowden; in Massilon along
the Wapsipinicon, and in Dayton township near Clarence.
Nearly all of the building stone quarried in the county is fur-
nished by the Gower stage of the Silurian, the only exception
being that of the Devonian quarries in Iowa township near
the Muscatine county line. The good qualities of the Anamosa
phase of the Gower limestone have long been recognized and
have frequently been set forjh in the reports on the counties
of eastern Iowa. Its even and smooth bedding, its uniform
grain, its comparative softness in working with saw and chisel
when fresh from the quarry, and its hardness when recementa-
tion has taken place on drying, its obduracy to all chemical
agencies of rock decay, and its resistance to frost, its pleasing
color and the absence of any injurious minerals which might
weaken or strain the stone or impair its ease of working, all
these characteristics contribute to make the Anamosa one of the
best building stones of the west.

Bealer Quarries—In value of output, and perfection and cost
of machinery, these quarries are the most noteworthy in Iowa
and are among the largest of the Mississippi valley. They are
located some six miles southwest of Tipton on the right bank



Prare II—Main pit of Bealer quarry showing channelers in foreground. Cedar Valley, Cedar county.
The chief output of the quarry at present is crushed stone and quarry methods have changed very materially.
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of the Cedar. The village which has sprung up about them is
called Cedar Valley, and a spur connects with the Cedar Rap-
ids-Clinton line of the Chicago, Rock Island & Pacific Railway,
near Plato, about two miles northwest. The sequence of beds
is, as follows: ‘

BEALER'S QUARRY, CEDAR VALLEY.

’ FEET.
9. Limestone, buff, magnesian, very soft, Cogzan stage...... 14
8. Limestone, weathering into chipstone, in layers up to six

a7 1V e WELES o —pt] ] Y SR T L) T eyl PR 1%
7. Limestone, light gray, rough, massive, very vesicular .... 3
6. Limestone, fragmental, argillaceous ...................... 1
5. Seam of blue argillaceous material extending for 180 feet -

BRE - o' 7ol (1 1T Ciengh (o[ B TRRECRL PSPl e et DN R N . 0—2
4, Limestone in thin spalls, hard, dense, “flinty” .......... 5%
3. Limestone, hard, rough, buff, crystalline, highly vesicular,

with moulds of spire-bearing brachiopods, the spires often
=TT 0 10 s b I T R R e N R A e A et L SN e o 07 0 4 5
2. Limestone in layers from two to eight inches, laminated.... 4
1. Limestone, light buff, granular; lustre dull, homogeneous in
grain, slightly vesicular, destitute of silica in any form,
fracture even, soft when first quarried, rapidly hardening
on drying, bedding planes horizontal, even and compara-
tively distant, laminated, joints distant, master joints run-
ning south-southeast. All quarried for building stone, to-
gether with Nos. 2—8, Gower stage ...................... 94

The quarries were opened nearly a third of a century since
by Mr. B. J. C. Bealer, who, as a practical bridge architect, saw
the great value of the stone at this point for bridge piers and
all heavy masonry. The chief quarry now in operation was
.opened some years ago and no expense has been spared to equip
it with modern and effective machinery. A levee costing $20,000
has been built along the river front for protection against floods.
Railways tracks in the quarries are so built that the force of
gravitation is utilized to the utmost and no locomotive engines
are required to make up the train of loaded cars which in busy
seasons is sent out daily. The stripping of the quarry, consist-
ing of twenty-five feet of soft silt known as loess, and less than
ten feet of pebbly glacial clay, is cheaply and expeditiously
handled hydraulically by means of a high duty steam pump and
suitable pipes and hose. In quarrying the stone there are em-’
ployed one single and three double steam channellers and sev-
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eral steam drills. The plant is well equipped with boilers and
engines of sufficient capacity to furnish an abundance of power
to operate the channellers, drills, pumps, machine shop equip- ‘
ment, crusher plants and numerous derricks. A large machine
shop, well equipped for repairing and rebuilding the tools and
machinery of the plant completes the equipment.

The output consists chiefly of bridge stone of three grades.
The proprietor contracts for completed bridge piers and has a
large force employed in their construction. Dressed dimension
gtone is cut in the yards and crushed stone, riprap, rubble and
curb stone are included in the products of the quarry.

The quarries were opened in natural ledges fronting the river
in the face of the bluffs, rising about 120 feet above the stream.
These ledges have been quarried away over an area of several
acres and on the platform thus formed an extensive pit has been
sunk to a depth of sixty feet below the level of water in the river,
and another of like dimensions has recently been opened. The
lower ninety-four feet is used for bridge and dimension stone,
the stone becoming of finer grain and better quality, it is said,
with inereasing depth, to the present quarry floor. Above this
lies a ledge twenty-two feet thick used only for riprap, rubble,
railway ballast, and macadam, for which it is admirably
adapted. It includes hard, fine-grained spalls, a four-foot layer
of hard, highly vesicular, crystalline limestone, and four feet of
laminated limestone in layers from two to eight inches thick. On
this ledge rests a bed of about twelve feet of soft, earthy lime-
stone, called the Coggan, wholly worthless for any industrial
purpose, and constituting a part of the stripping.

The quarry stone belongs to the Gower stage of the Niagaran,
according to Norton. It consists of laminated, light buff, gran-
ular, even bedded dolomite which withstands chemical decay and
mechanical disintegration remarkably well. Open bedding
planes are so few that they are found to be practically impervi-
ous, a fact markedly at variance with similar beds at Anamosa
and Stone City in Jones county. The chemical composmon of
the rock was found to be as follows:
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BUILDING STONE QUARRY, LIME CITY.
" Caleium carbonate (CaCOs) ..ovnrneeneneneeaannen.. 55.3

Magnesium carbonate (MgCOs) ...ovvvvveerrnnnrennnn. - 43.0
Ferric and aluminum oxides (Fe:0: and ALOs) .......... 1.4
Silica (Si02) ...viivm i e e e e - 0.6

100.3

BUILDING STONE, BEALER'S QUARRY, CEDAR VALLEY.

Calcium carbonate (CaCOs) ..... e e 56.4
Magnesium carbonate (MgCOs) ........................ 42.6
Ferric and aluminum oxides (Fe:0s and Al:Os) ....... . 0.7
Silica (Si0:) . .ciniiii i e e 0.4

100.1

The rock, however, is laminated throughout and may be split
along these planes to layers one foot in thickness without diffi-
culty, and in places to eight and nine inches. On natural out-
crops adjacent, long-weathered surfaces often show close lines
of lamination, but these are strongly coherent, beyond the usual
in this formation, and permit the quarrying of permanently
solid blocks of as great thickness as called for. The common
size of the blocks raised from the lower part of the gharry is
six and one-half feet long and three and one-quarter feet wide
and thick, weighing each something more than four tons.

In some of the outcrops of the Anamosa phase of the Gower
stage, there are found, especially toward the summit, thin layers
or laminz of a compact drab, fine-grained limestone, called by
workmen ‘‘flint’’ on account of its hardness, brittleness, and
fracture. Such seams are a direct injury; under the weather
they break into small rhombic chipstone. Since their coefficient
of expansion is different from that of the adjoining layers, they
tend to form in time a horizontal cleavage of the block of which
"they form a part. At Bealer’s quarry these seams are prac-
tically absent, and the stone free from this element of weakness
as well as of all deleterious accessories, can be strongly recom-
mended as of the highest durability.

Of late years the demand for cut stone has diminished and a
large part of the output of the quarries is in the form of erushed
rock. The proprietors contract for conerete bridge work as well
as for masonry piers and foundations and for this work the rock

9
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from these quarries is excellently adapted. The upper layers
are blasted down and crushed and the waste from the lower
quarry beds is brought up and sent through the same process
and mixed with the other. The crusher used is of the Blake
type and has a capacity of 200 yards per day.

Cedar Bluff —Immediately above the bridge at this village, =
ledge of Anamosa stone has been quarried to some extent for
local supply. The face of the ledge is here some thirty-five
feet. The upper seven or eight feet are weathered to thin spalls.
In the middle lies a stratum of seven feet of fine-grained, light
yellow limestone of pure Anamosa type. Below this the stone
shows an alternation of harder and softer lamina, the harder
‘being of finer grain and more brittle. The best building stones
.are said to be taken from the bed of the river at the base of
the ledge. ied o

Below the village the same formation outcrops on both sides
of the river, in ledges up to fifty feet in height, showing the same
granular laminated limestone, horizontally bedded in even
-courses, weathering in places to thin calcareous plates, but for
the most part standing in undivided layers up to two feet in
thickness. :

Along the banks of the ‘Wapsipinicon north of Massilon are
‘bluffs of yellow, vesicular or granular dolomite. Some has
been quarried for rough use, but it is not suitable for building.
It seems rather soft for road work. The stone lies in heavy
beds, eighteen to twenty-four inches thick in places, elsewhere
massive. Large quantities are available and might be obtained
-without undue difficulty.

" McLeod’s Quarry, southwest quarter of section 12, Spring-
‘field township.—On the left bank of the Wapsipinicon, less than
one-half mile below Massilon, this quarry shows a face of
twenty-five feet of vesicular, semicrystalline limestone, the up-
per fifteen feet massive or obscurely bedded, the lower ten feet
in rough layers from eighteen to thirty inches thick, all buff
in color, and sparingly fossiliferous. Just below the village ou
“the right bank of the stream, the same layers form a picturesque
ledge about thirty feet high.
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PLATE III—Quarry section showing irregu%arly bedded Gower limestone of Cedar
county. .
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Fic. 16—Weathered face of Miller quarry showing beds dipping to the north-
east. Lowden, Cedar county.

-One of the largest quarries in northeastern Cedar county is
that of Mr. Claus Miller, located in the southwest quarter of
section 4, Springfield township. Quite a deep opening has been
made here and large amounts of stone have been removed. The -
pit face shows at the top about six feet of thin slabs of yellow
stone which grades down into six to eight feet of gray, lamin-
ated, fine-grained, magnesian limestone. Below this is a heavy,
buff vesicular ledge five feet thick, following which are twenty
feet of evenly bedded, yellowish stone in layers three to twelve
inches in thickness. The latter weathers to a grayish color. The
upper gray ledges resemble the upper beds of the Champlon
quarry at Stone City.

-The quarry. is equipped with a Cedar Rapids No. 2 erusher
which has a capacity of thirty-five to forty tons per day. The
beds dip steeply to.the northeast and the entire quarry floor is
inclined in that direction. One wall is a massif in which no
bedding is apparent.
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Frink’s Quarry, northwest quarter of southeast quarter of see-
tion 14, Dayton township.—The following section is here shown:

. FEET.
4. Limestone, rough, in layers from one-half to one foot thick,
W T . et A e T o T g P o BT o A 4
3. Limestone, in eight INnch JAYErs .......covvervmennnneenenns 2
2. Limestone, exceedingly rough, crystalline, deeply pitted with
rounded cavities up to five inches in diameter .......... 2
1. To creek level, not eXPOSed .......uviviivnnnnnnannnennnns 13

The layers here form a gentle syneline dipping 2° north at the |
south end and 6° south at the north end.

Burrough’s Quarry, southwest quarter of section 22, township
80 north, range ITI west.—The Gower is here quarried on a
small scale on the left bank of Rock run. For eight feet above |
the creek, a very fair granular building stone lies in layers from
seven to eighteen inches thick, weathering superficially to spalls |
two to four inches thick. The dip to the southeast is perceptible. |
An adjacent ledge reaching a height of twenty feet above water |
level is composed of laminated limestone, hard, gray and crys- |
talline. A few rods away an old pot kiln attests the possibilities .
of the stone as a lime maker. Here a layer identical with No. 4
of Whann’s quarry is found above the limerock. Across the
_ creek and down the stream on the same farm, about fifty feet of
this hard, erystalline, laminated limestone is displayed in over-
hanging ledges and hillside outcrops. Toward the base the rock
weathers to thin spalls, but above the lamina are coherent and
the cliff breaks down in immense blocks. About fifteen feet
above the limestone a few fragments of yellow sandstone were
seen in a shallow ravine, but no distinct outerop was found. All
the limestone in this section resembles the Anamosa stone in
its lamination and in its horizontal or nearly horizontal bedding.
Nowhere is it disturbed, tilted, or conglomeratic, as is so com-
monly the case with the LeClaire. And yet in their hardness,
color, and crystalline texture, these beds on Rocky run are dis-
tinctly of the LeClaire type.

Wallick’s Quarry, east half of section 16, Linn township.—
Two and ene-half miles north of Cedar Bluff the Anamosa phase
is quarried for local uses. The rock rises to the surface in the
low hills, so that no stripping, except of weathered spalls, is
necessary. The rock is of the ordinary phase of the finely lam-
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‘inated, fine-grained, light buff building stone of the Gower. It is

in thin layers, dipping 11° SE.., and shows a face of twenty feet.

Hecht’s Quarry, northeast quarter of northeast quarter of
section 14, Dayton township. —The following section is seen at
Hecht’s quarry:

FEET.

3. Limestone, spalls, irregularly shaped chipstone, buff, resem-
bling conglomerate of harder centres with matrlx of lime-

TR TSI i o e i N | S S i S 4
2. Limestone, rough, semicrystalline, cores gray, weathering to’
RN I R T o e o I TTIRE L PR [ e g mutr 1

‘1. Limestone, for the most part evenly bedded, buff or gray,
thickness of layers from above downward in inches: 8, 18,
10, 15, 19, 24, 12, 18, 18. At west end dip of 3° W.; in
center slightly S.; at east end a perceptible dip SW...... 11%/

Cary’s Quarry, southwest quarter of section 13, township 80
north, range IIT west.—About two and three-fourths miles
southwest of Tipton, two quarries have been opened on Rock
creek, Mr. M. C. Cary here quarries a face of fifteen feet in
layers mostly of the thickness of flagging, but some reaching
nine inches. At the west end of the quarry, the stone is hard
and crystalline, of the LeClaire phase, in layers six inches thick
and upward and dipping 12° SSE. Two rods east this has passed
into the Anamosa phase, but slightly harder and more crystal-
Jline than typical, dipping 3° E., the juncture being now con-
cealed.

Twenty-five rods southwest of this section a small quarry has
been opened showing a mound of hard limerock at the north end,
and, the juncture again being obscured, at the south Anamosa
stone, some layers being soft and granular, and others harder
and more compact. The layers here run from one and two inches
to nine and twelve, and dip from 30° WNW. to 38° NN'W.

Whann’s Quarry, northeast quarter of northwest quarter of
section 14, township 80 north, range III west:

Y FEET.
5. Limestone, light buff, hard, fine-grained, lustre earthy, re-
sembles Bertram beds of Linn county ....................

4, Limestone, buff, softer, with numerous branching vertical
tubes one to two mm. in diameter ................... ... 1

3. Limestone, hard, gray, crystalline ............ . coovniint. 1'/e

2. Limestone, buff, more or less vesicular, in layers from 8 to
30 inches thick, with bands of harder crystalline gray rock. 5

1. Limestone in layers as above, buff, granular, laminated. ... 614
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The dip here is a gentle one to-the southwest. A few rods up.
stream the ledge is seen to form a low syncline. |

Beds of Devonian age cover a large triangular area over the
southwest fourth of the county and numerous outerops are to be
seen along’ Cedar river and its more important tributaries,

" Rock and Sugar creeks, often showing the Niagaran beds below.

Notmthstandmg the avallabﬂlty and large areal distribution of
these beds they are overshadowed in importance by the Ni-.
agaran and are of local importance only. The only producers
are small quarries on the west bank of the Cedar in Iowa town-
ship near the Muscatine county line. The quarry section is
given below. '

FEET.
4. Limestone, hard, compact, gray and buff, mottled, in layers
. from 2 to 4 inches thieck, overlain with red geest........ 114
8. Limestone, shaly, yelloW ............cueeennns B L 1%
2. Limestone, yellowish drab, splitting into irregular layers,
froma, 2te 6 inches TRICK ... . .. .ie oot ce vt sy nis sechbi s 3
1. Limestone, tough, hard, gray, evenly bedded, resmtant to
weathering, in two or thrée layers..............covvuuen 31

About thirty-five feet above the base of the hill layers of a
comparatively barren limestone have been opened up. In the
five feet here exposed no fragments large enough to identify
were found, The stone is yellow, breaking up into chipstone.

CERRO GORDO COUNTY.
SAND AND GGRAVEL.

The Wisconsin drift covers rather more than the western tier
of townships and for the most part the entire belt is decidedly
morainal in character. The leading streams of the county head
in the Wisconsin drift area and as a rule are margined with im-
portant terraces. The gravel terraces along Lime creek and its
immediate tributaries are well described in Professor Calvin’s
report on the Geology of Cerro Gordo county*. The description
is given herewith. '

Within the morainic belt, in Grant township, the course of
Lime creek is very tortuous, since of necessity it winds back and
forth to avoid the lawlessly disposed knobs and hills of drift. In

*Towa Geql‘ogical Survey, Vol. VIE, p. 137.
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this region the channel is new, dating only from the retreat of
the 'Wisconsin ice. -It now occupies a mere shallow .trough in
loose glacial detritus, showing only an inconsiderable amount of
erosion ‘since the stream began work upon it. There is here
properly no river valley, nor are there any tributary streams
with definitely marked channels. The drainage waters:from
adjacent l