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THIRTY-FOURTH AND THIRTY-FIFTH ANNUAL REPORTS OF
THE STATE GEOLOGIST

Towa GEOLOGICAL SURVEY,
DEes MoiNes, DECEMBER 31, 1926.

To Governor John Hammill and Members of the Geologibal Board:

GENTLEMEN: 1 beg leave to transmit to you herewith several papers
with the recommendation that they be published as Volume XXXIT of
the Survey. This volume will constitute the Thirty-fourth and Thirty-
fifth Annual Reports of the Iowa Geological Survey. The titles of the
papers submitted and the names of the authors of the papers are as
follows: !

Mineral Production in Iowa in 1925, by James H. Lees.

Mineral Production in Iowa in 1926, by James H. Lees.

Rock Resources of Iowa, by George F. Kay.

Iowa Coal Areas and Characteristies of Iowa Coal, by James H. Lees.
The Use of Iowa Coal for Steam Production, by T. A. Marsh.

Possible Researches in Towa Coal, by B. P. Fleming.

Geology of Lucas County, by Alvin L. Lugn.

Geology of Crawford County, by James H. Lees.

Altitudes in Towa, by James H. Lees.

Respectfully submitted,

GEeorGE F. Kav,
State Geologist.
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MINERAL PRODUCTION IN IOWA IN 1925

1923
Products " Unit Quantity Value
Cement : Bbl. of 376 b, 5,570,675 $10,351,971
Clay products . 7,033,924
Coal short tons 5,710,735 20,517,000
Gypsum short tons 566,724 5,368,532
Mineral waters gallons 258,831 8,907
Natural gas M cabic feet 80 172
Sand and gravel oo short tons 3,597,160 2,181,881
Stone and lime short tons 611,866 775,134
$46,237,521
1924
Cement BbL of 376 Ib. | 4,881,613 $ 8,811,587
Clay products 5,719,694
Coal short ton 5,468,450 18,097,000
Gypsum short ton 640,953 5,657,339
Mineral waters no Ccensus '
Natural gas M. cu. ft. 575 300
Sand and gravel oo short ton 2,427,626 1,473,066
Stone and lime short ton 610,408 739,632
$40,470,971
1925 ’
Cement Bbl. of 376 lb. 4,856,849 $ 8,674,563
Clay products 5,726,239
Coal ; short tons 4,714,843 14,807,000
Gypsum ...... short tons 702,661 6,734,271
Natural gas M cubic feet 200 100
Sand and gravel ..o short tons 3,297,785 1,546,900
Stone and lime . short tons 808,288 904,669
$38,393,742

The suggestion made in the report for 1924 that indications
pointed toward a continued downward trend in mineral pro-
duction during the succeeding year was in part justified by
events as the total value of the output during 1925 was less than
that for 1924, as were the values and quantities of cement and
coal sold. However, the other major mineral products showed
an increase in both quantity and value of output. Because of
this the decrease for 1925 was much less than that for 1924 be-

* Figures compiled by the Yowa Geological Survey in cooperation with.'the TUnited States Bureau
of Mines and the Bureau of the Census. Acknowledgment is made of the use of tables and other
data published by these organizations.



12 MINERAL PRODUCTION

low the output of 1923, as the latter diminution amounted to
$5,766,550, while the drop in 1925 was $2,077,229.

Preliminary figures for mineral production in the United
States show that, unlike-Towa, the country .as a whole experi-
enced a revival of favorable conditions, for while production
in 1924 had fallen off 11 per. cent.as compared with 1923, the
year 1925 saw a rise of 7 per cent over the preceding year, or
stated in figures of value, a change from $5,305,800,000 in 1924
to $5,696,000,000 in 1925. The total value of metallic products
in 1925 was $1,380,100,000. Nonmetallic mineral produets other
than fuels produced in 1925 were valued at $1,293,900,000 while
the output of mineral fuels—coal, petroleum, natural gas and
natural-gas gasoline, in 1925 had an aggregate value of $3,016,-
000,000. Final figures for 1925 were not available when this
report was written, but the summary statement shows that in
1924 Towa ranked as twenty-fourth state and produced 0.87
per cent of the total value of mineral production in that year.

CEMENT

Shipments of portland cement were somewhat less in 1925
than in the preceding year and the value was slightly lower also.
Evidently the manufacturers cut their production sharply dur-
ing 1925 to dispose of some of the large surplus remaining on
hand at the close of 1924. " Figures for the United States show
that Towa was the only state in which production was less in
1925 than in 1924. In Iowa the decrease was 17 per cent while
in other states the increase ranged from 2 per cent in Illinois
to 35 per cent in Washington. In the matter of shipments also
Towa dropped 1 per cent below the figures for 1924, while Illinois
dropped 3 per cent. Other states increased their shipments
from 4 per cent for Pennsylvania to 39 per cent for Washington.
Twelve states have four or more factories each while seventeen
others have two or less each. Wisconsin began producing and
shipping in June, 1924, while South Dakota began producing
in December, 1924, and shipping January, 1925. The commercial
distriet which includes eastern Missouri, Iowa, Minnesota and
South Dakota has eleven plants. In 1924 the production was
14,822,738 barrels and in 1925 it was 14,571,751 or 2 per cent less,
while the shipments in 1924 were .13,984,167 barrels, valued at
$24,757,538 and in 1925 they were 14,477,932 barrels, with a value
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of $25,317,292, an increase in quantity of 4 per cent. The average
factory value per barrel was $1.77 in 1924 and $1.75 in 1925.
The appended table shows the production of cement in Towa

during the past three years.

Production of Cement in Iowa, 1923 to 1985

1923 1924 1925

Production, bbls. 5,732,470 5,624,466 4,648,145
Stock, Dec. 31, bbls. 952,242 1,695,093 1,479.670
Shipments, bbls. 5,570,675 4,881,613 4,856,849
Shipments, value $10,351,971 $8,811,587 $8,674,563
Average factory priece per bbl. $1.86 $1.81 $1.79
Consumption, bbls. 3,624,857 3,144,001 2,704,872
Consumption per capita, bbl 1.46 1.26 1.08
Surplus production 1,945,818 1,737,612 2,151,977
Annual finished cement

capacity of plants, bbls. 6,875,000 6,685,000 6,935,000
Daily clinker capacity, bbls. 19,308 20,300 20,603
Number rotary kilns 28 28 28

The producing companies remained the same as in previous
years except that the Gilmore factory was sold on October 7 to
the Northwestern States Company. The list of producers in
1925 and 1926 was as follows:

Hawkeye Portland Cement Co., Des Moines; office 806 Hubbel] Building, Des Moines

Lehigh Portland Cement Co., Mason City; office Young Bldg., Allentown, Pa.

Northwestern States Portland Cement Co., Gilmore City and Mason City; office First
National Bank Bldg., Mason City

Pyramid Portland Cement Co., Valley Junction; office 508 Insurance Exchange, Des
Moines.

CLAY WARES

The value of clay wares produced in 1925 was somewhat great-
er than the output of the preceding year, although it fell con-
siderably short of the value for 1923. The increase in 1925 was
due chiefly to the larger volume of brick and sewer pipe which
was sold. The sales of most other classes of ware were some-
what below those for the preceding year. Hollow building tile
of various kinds was the leading product and sewer pipe was
second with drain tile a close third. Thirty-seven counties have
clay wiares plants and among these Cerro Gordo maintains the -
lead it has held for many years, Webster is second, Polk third,
Dallas fourth and Woodbury fifth. The production of various
wares in recent years was as follows:
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Plants Quantity Value
Class 1923 | 1924 | 1925 | 1923 | 1924 1925 1923 1924 1925

thous. | thous. | thous.

Common brick 52 51 42 | 72,558 62,070/ 73,004 $ 921,853 $ 737,898 $ 855,305

Vitrified brick 4 4 1 31,523| 6,507 d7,361 513,684 129,314 d184,939

Face brick 22 19 19 | 29,426| 23,785 30,654 593,791 451,136 536,545
tons tons tons

Hollow bld. tile* 44 37 44 | 297,253| 243,712| 275,781 2,197,515| - 1,740,296, 1,802,145

Hollow bld. tile? 8 16 8 | 26,073| 53,412| 43,227 195,006 446,246 316,116

Drain tile 54 54 48 | 173,678| 147,499| 119,993| 1,508,836 1,266,586 925,958

Sewer pipe 5 5 15 | 54,828 52,998 67,035 865,676 793,840 929,204

Other productse 237,563 154,379 175,937

64 69 67 7,033,924| 5,719,604| 5,726,239

. & Includes partition, load-bearing, etc.
b Includes floor, arch, silo, ete.
¢ Includes flue lining, pottery, raw clay, miscellaneous wares.
d Includes wall coping and roofing tile.

Towa ranks as the twenty-third state in value of common brick

sold, fifteenth in value of face brick, fifth in value of hollow
building ware, second in value of drain tile and eighth in value
of sewer pipe. For many years Jowa led in the making of drain
tile, but drain tile is distinctly an agricultural material, much
of Towa’s farm land has been drained and agricultural conditions
of late have not been conducive to the purchase of tile. Hence
Ohio now stands first in making of this ware with an output
valued at $1,344,847 compared with Towa’s output of $925,958.
Indiana is third with a production valued at $827,518 and Illinois
ranks fourth with an output of $707,859. The other states are
all considerably behind these four.

The output of various classes of clay wares in the United
States in 1925 was as follows:
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Class Quantity Value
Common brick, M 7,565,819 $88,607,199
Vitrified brick for paving, M 448,492 10,350,093
other uses, M. 90,609 1,525,604
Face brick, M 2,474,690 45,427,625
Fancy brick, M. 1,701 50,279
Enameled brick, M. 16,931 1,507,659
Terra cotta, tons . 152,441 19,138,690
Hollow building tile, tons 4,228,286 29,274,545
Roofing tiles, squares 289,956 5,155,301
Other tile, square feet 74,656,401 21,968,508
Drain tile, tons 660,673 4,960,423
Sewer pipe, tons 2,138,672 30,420,828
Stove lining, ' tons 25,852 656,139
Flue lining, tons 182,267 2,480,327
Wall coping, toms 37,124 381,367
Fire brick, M 998,889 41,163,701
Clay sold, tons 656,918 3,482,236
Other clay products. 8,426,249
Total except pottery . imceee 314,976,773
Pottery 112,018,500

The following list gives the output of different wares by
counties or by groups of counties which have less than three
producers each. Statistics are given in as much detail as possible
without revealing the production of individual operators. Coun-
ties are grouped according to geographic proximity as much as

possible.

a



Production of Clay Wares in Iowa in 1925

[~]
& £ | Face brick and
S § Common brick (1) Hollow ware Drain tile Other produets(2)
Counties “re thous. value | tons value tons value value velue
Allamakee (1), Fayette (1), ’

Floyd (1), Grundy (1).e--.. 4 6,759 $ 90,354| 18,059 $132,152| (a) $ 222,506
Appanoose (1), Marion (1),

Wapello (2).eeeereeeeomeemeeeeeeens 4 | 12,467 142,959 12488| 72,919  4,557| $ 25,593 241,471
Audubon (2), Guthrie (1)........ 3 198 2,807 1,212 9,703 1,544 9,578 22,088
Benton (1), Tama (3).ccccoeeeeee 4 2,709 39,408 152 1,395 1,516 13,779 54,582
Boone (1), Hamilton (1),

Hardin (1), Story (2), .

Wright (1) e 6 5,301 70,647 1,786 11,000 2,727 26,834| $ 23,307(5) (10) 131,788
Cerro Gordo 3 4,975 72,833| 160,124| 1,011,398| 42,839 341,999 (8)(b) 1,426,230
Dallas 3 4,272 74,138 51,762 378,790| 10,956 73,940 526,868
Dubuque (1), Jackson (1),

Johnson (2), Jones (1), ’

Scott (1) 6 785 12,165 \¢) 1,561 11,182 26,477(3)(8) (9) 49,824
Henry (1), Lee (1), Wash-

IDZEON (2) meeereeeeoreeenes o ceeereees 4 148 2,380 276 1,997 2,619 17,587 21,964
Jasper (2), Poweshiek (1)........ 3 110 1,614| 1,741 13,042 1,312 13,261 (8) (@ 27,917
Jefferson (1), Keokuk (3),

Mahaska (2) oo 6 3,168 49,921| 5,232 31,874  9,334| 74,757|  198,618(5) (7)(8) 355,170
Polk 6 | 25,613 378,810( 18,911| 121,242 5,399 47,802|  360,853(5) (6) 908,707
Sac (1), Union (1), .

Warren (1), Woodbury (2)....| 5 32,541 403,507 21,779 135,389 2,975 24,045 562,941
"Webster 8 4,595 50,561| 31479| 245,986 25,920| 188,016|  684,840(5)(7)(8)(10)| 1,169,403

TOtals eceeeeeemeecemnene 67 |103,658] $1,391,8501 319,011!$2,118,261! 119,993| $925,958| $1,290,170 $5,726,239

(a) Included with hollow ware.

(b) Included with brick.

(c) Included with other products.

of these items are included with state totals for classes to which they belong.
(1) Includes: Common brick, 73,004,000, value, $855,305; Face brick, 20,654,000, value, $536,545.
(2) Includes: (5) Sewer pipe, 5 producers, 67,035 tons, value, $929,294; (6) Vitrified brick and (8) roofing tile and other, unspecified, products,
7 producers, $264,398; (7) Flue lining, 8 producers, 5,306 lons, value, $57,630; Wall coping, 8 producers, 1,087 tons, $15,946; (9 and 10)
Earthenware and raw clay sold, 4 producers, value, $22,602,

(d) Included with drain tile.

Amounts and values

9T
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CLAY OPERATORS IN 1925 17

The list given herewith shows the operators who reported pro-
duction in 1925 to the Bureau of the Census, together with the
kinds of clay ware which they produced, according to the follow-
ing schedule: 1, common brick; 2, face brick; 3, fancy brick; 4,
building tile; 5, vitrified brick; 6, drain tile; 7, sewerpipe; 8,
other products; 9, pottery; 10, raw clay sold.

Allamalkee County
Postville Mfg. Co., Postville, office Min-
neapolis, Minn.
Appanoose County
Centerville, Centerville Brick Co., 1
Audubon County
Audubon, Audubon Brick & Tile Works,
1,46
Kimballton, Crystal
‘Works, 1, 3, 6
Benton County
*Atkins, Rinderknecht Bros.
Belle Plaine, Buckeye Clay Products
Co., 4,5
Garrison, Garrison Brick & Tile Works,
1, 4,6
Black Hawk County
*Waterloo, Art Novelty Pottery (Wil-
liam Raab), 9
*Waterloo, Waterloo Granite Brick Co., 1
Boone County
Boone, Boone Brick, Tile & Paving
Co., office Des Moines, 1, 2, 5
Buena Vista County
Linn Grove, Linn Grove Brick & Tile
Co, 1, 4,6
*Sioux Rapids, Sioux Rapids Drain Tile
Works, 1, 4, 6
Cedar County
*Tipton, Tipton Brick & Tile Works, 1,
4,6
Cerro Gordo County
Mason City, Mason City Brick & Tile
Company, 1, 2, 4, 6
Mason City, National Clay Works, 1,
2 4,6
Mason City, North Towa Brick & Tile
Co., 4, 6
Clayton Counly
Clayton, Clayton Brick and Tile Co.,
1, 4 .

Springs  Clay

14
Dallas County
Adel, Adel Clay Products Co., 1, 2, 4, 6
Redfield, Redfield Brick & Tile Com-
pany, 1, 4, 6
Van Meter, Platt Company, Ine., 1,4, 6
Dubuque County
*Dubuque, Frank Beutin, 1
*Dubuque, Ulayton Brick & Tile Co., 1,
4,6

Dul:’)uque, John L. Heim & Son, 1

Fayette County ,
Clermont, Clermont Brick & Sand Co.,
1,24
Floyd County
Rockford, Rockford Brick & Tile Com-
pany, 1, 2, 4, 6
Franklin County
*Sheffield, Sheffield Brick & Tile Co., 1,
4 6
*Sheffield, Smith Brick & Tile Co., 1, 4,
p 4

Grundy County
*Reinbeck, Gethmann Brick Co., office
Gladbrook, 2
Guthrie County
Glendon, Glendon Brick & Tile Co.
(Robert Goodwin, Jr.) office Menlo,
1,4,6
Hamilton County )
‘Webster City, National Sewer Pipe Co.,
6,7, 8
Also has clay pit at Nevada, Story
Co., 10
*Webster City, Therm-A-Jug Co., 9
Hardin Ceunty
Eldora, Eldora Sand Co., 10
*Eldora, Estate of Henry L. Huff, 10
Henry County
Winfield, Winfield Brick & Tile Works
(J. E. Pierce), 1, 4, 6
Howard County
*Cresco, (Cresco Brick & Tile Works)
C. A. Marshall, 1, 4, 6
Jackson County
Bellevue, Bellevue Clay Produects Com-
pany, 1, 4, 6, 9
Jasper County
Lynnville, Lynnville Brick & Tile
Works (C. H. Newby), 4, 6
Newton, Newton Clay Products Co., 1,
4,6
Jefferson County
*Batavia, Batavia Brick and Tile Co.,
1,4, €
Packwood, S. F. Steigleder & Son, 6
Johnson County
Towa City, Ferd. Goss Brick Yard, 1
Tiffin, Tiffin Tile Company, 1, 6
Jones County
Monticello, Monticello Clay Works
(Frank D’Autremont), 6
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Keokuk County ‘ '
Hedrick, Hedrick Tile Works, 1, 4, 6
Keota, Iowa Clay Products Go. . oﬂice
‘Washington, 1, 4, 67
*Richland, Yowa Clay Products Co of-
fice Washmgton, , 4, 6
*What Cheer, Nelson Bres. & Sundberg;

1, 9
What! Cheer, What Cheer Clay Prodicts
Co., 4,6,7, 8
Lee County

Fort Madison, Julius Reichelt, 1
Mahaska Counily
New Sharon, Peter Meyer, 1, 6, 8
*New Sharon, Cecil bros., 1, 4, 6
Oskaloosa, Standard Clay Products Co.,
1, 2
Marion County
Harvey, Standald Clay Products Co.,
office Oskaloosa, 4, 6

il

Knoxville, Knox Clay Produects Co.,

Ine., 1, 4, 6
Musoatvne County
*Muscatine, Charles Stark, clay pipes
Palo Alto County
*Graettinger, Graettinger Tile Works, 6
Poll County
Des Moines,
pany, 1, 2
Des Moines, Des Moines Clay Company,
(2 plants), 1, 2, 4
Des Moines, Des Moines Brick & Tile
Co., 4, 6, 10
Des Moines, Flint Brick Company, 1, 5
Des Moines, Goodwin Tile & Brick Co.,
4,6
Des Moines, Towa Pipe & Tile Co., 6, 7,
3 !
Poweshiek County
Grinnell, Grinnell Clay Produets Co., 1,
.4, 6
Sac County
Auburn, Auburn Brick & Tile Com-
pany, 4, 6
Scott County
LeClaire, W. E. Martin & Sons, Inec., 1,
4, 6
*Pleasant Valley, Martin & Sons, 1, 4, 6
Story County
Maxwell Maxwell Brick and Tile Co.,
1, g, 4 6
Nevada "Nevada Brick & Tile Works,
1, 4, 6
Nevadu, National Sewer Pipe Co. (T.
J. Lyman), 10

The Capital Clay Com-

“Tama County

v 3

Dysart Dysart,Brick & Tile Company,
, 6

Gladbrook ‘The Géthmann Brick Co., 2
Also, hazs plant at Reinbegk, Grundy
Co., |
‘Gladbrook, Gladbreok Press Brick &
Tile Co., 1, 2,.6
*Tama, Tama Brick & Tile Co., 1,4, 6
Union County
Creston, Creston Brick & Tile Works,
1,24,6
Wapello County
Eldon, Iowa Clay Products Co., office
‘Washington, 1, 4, 6
Ottumwa, Morey Clay Produets Co., 1,
2,4, 6
*Ottumwa, Ostdeik Brick Works, 1,4,6
Warren County
Carlisle, Carlisle Clay Produets Co.,
Ine., 4, 6
Washington County
Kalona, Kalona Clay Co., Inc, 1, 4, 6
‘Washington, Washington Brick & Tile
‘Works, 1, 4, 6
Webster County
Clayworks, Johnson Clay Works, Ine.,
© 1,2, 4
Fort Dodge, Bradshaw & Company,
2,4, 6
*Fort Dodge, Coats Mfg. Co., 4
Fort Dodge, Fort Dodge Brick & Tile
Co., 1, 4
Fort Dodge, Plymouth Clay Products
Co., 6,7, 8
Fort Dodge, Vincent Clay Produets Co.,
4

1,

t
Lehigh, Lehigh Sewer Pipe & Tile
Co., office Fort Dodge, 6, 7, 8
Lehigh, George F. Drain, 10
Otho, Kalo Brick & Tile Company, of-
fice Ft. Dodge, 1,2, 4,5, 6
Woodbury County
*Correctionville, Woodbury County Tile
Plant, 6
Sergeant Bluff, Ballou Brick Company,
office Kansas City, Mo, 1, 2
*Sioux City, Lehigh Sewer Plpe & Tile
Co., 6, 7
Sioux City, Sioux City Brick & Tile
Co, 1,2, 8
*Sioux Clty, Sioux City Crockery Co., 9
Wright County
Goldfield, Goldﬁeld Brick & Tile Works,
1,46

COAL

Coal production in Towa continued the downward trend which
was noticeable in the industry in the two preceding years. While

* Added from Bulletin 16 of the Iowa Bureau of Labor, 1925.
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the tonnage raised in 1925 was larger than that of 192_1,‘or of
1922, still it was smaller than that of 1923 or of 1924. The value
at the mines of the 1925 output was smaller than that of any
year since 1916. Onme reason for the prevailing condition seems
to be the increasing use of the higher priced but cleaner coals
from states farther east, some of which are operating on a non-
union basis.

Conditions somewhat similar to those affecting Towa in recent
years seem to have been prevalent over the country as a whole,
if one may judge from the figures given below.

Production of Coal in Iowa and the United States

Iowa United States*
~Year ~ tons value Year | tons value
1916 7,260,800 $13,530,383 1916 502,519,682 | $ 665,116,077
1917 8,965,830 21,096,408 1017 551,790,563 1,249,272 837
1918 8,192,195 24,703,237 1918 579,385,820 1,491,809,940
1919 5,624,692 17,352,620 1919 465,860,058 1,160,616,013
1920 7,813,916 30,793,847 1920 568,666,683 2,129,933,000
1921 4,531,392 17,256,800 1921 415,921,950 1,199,938,000
1922 4,335,161 16,119,000 1922 422,268,099 1,274,820,000
1923 5,710,735 20,517,000 1923 564,564,662 1,514,621,000
1024 5,468,450 18,097,000 1924 483,686,538 1,062,626,000
1925 4,714,843, 14,807,000 1925 592,967,000 1,046,000,000

As an indication of the methods used in recovering Towa coal
the following tables will be of interest.
Coal mined in Towa in 1925 was produced as follows:

. tons per ocent
Mined by hand 901,839 19.1
Shot off solid 2,780,633 59.0
Machine ecut 922,405 19.6
Strip pits 229 |
Not specified 109,737 2.3
4,714,843

An article in the August, 1927, Coal Age by H. O. Rogers of
the U. S. Bureau of Mines gave the results of a study of under-
ground haulage as practiced over the United States in 1924.
During that year 7,361 soft coal deep mines used 36,352 animals
and 14,723 locomotives in addition to 649 rope haulage units.
These latter included only haulage on the bottom and not hoists.
A total of 3,585 mines reported the use of some type of under-
ground locomotive and these mines produced 88 per cent of the

* Bituminous coal only. Figures for 1925 are estimates.
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coal mined.. The other 3,776 mines produced 12 per. cent. of the

total output.

Mines using animals only.:—...... 228
Animals used ...ccoecrenee - 614
Rope haulage units .. .. 31
Tons produced . ..ocom.-- 2,715,190
Per cent total production........ ) 49.7

Mines using locomotives and

The following data refer to lowa. . .

Per cent total production........ 48.4
Mines using locomotives only...... 2
Locomotives used ...ocoeecueeee 4
Tons produced ... - 105,842
Per cent total produection. 1.9

Total mines .o eeeeeereecens N 256

animals Animals used -...... 979
Animals used .o Rope haulage units . 31
Locomotives uded Locomotives used .. - 66
Tons produced ...eoeeeeeeewee Tons produced ..oeeceeconecas 5 468,450
The 66 locomotives are classified as follows:

Storage battery, with trolley... 4 Electric trolley cooceeecesccommrcmecens 58
Storage battery without trolley .2 Gasoline 2
Production methods are shown also by the following table:

Mines using electric locomotives = 28  Mines using no eleetric locomo-

Locomotives used ....occoeeeee 64 tives 228
Tons produced Tons Produeed —eoeececcoeocmeee 2,637,538
Per cent of production ......... 51.8 Per cent of production ........... 48.2

The accompanying table giving detailed figures of production
in the different counties shows that twenty-three counties pro-
duced coal in 1925 and that among these Marion was the leader,
Monroe was second, losing the position held for so many years,
Polk was third, Appanoose fourth and Lucas fifth. The number
of mines reporting was 208, although it may be noted that the
State Mine Inspectors’ report, which may be somewhat more
complete, as the inspectors are on the ground, lists 354 mines
as being active in 1925. The same document reports 4,833,631
tons as being the production during this year, or 118,788 tons
more than the figures compiled by the Bureau of Mines. The
state inspectors also report a total of 11,241 men employed as
against the number 10,167 reported to the federal bureau.



Statistics of coal production in Iowa in 1925

Loaded at Si)ld l’co A::{:ege

& o mines for oca, Used at

ag - .shipment trade mine Total production f (?; Number of employees ﬁg;fgegf

S5 - at Under- of days

Counties 2 tons tons tons tons value mine’ ground Surface‘ - Total worked

Adams oo 4 4,881 4881 $ 19,000 $3.89 21 4 25 155
Appanoose 54 466,491 74,022 - 4,507 | 545,020 1,860,000 3.41 2,491 1987 2,689 96
Boone ....... 7 325,836 43,097 5,023 | 373,956 1,481,000 3.96 785 . 63 848 171
JDE1 ) EF: R — 5 363,810 9,826 1,527 | 375,163 1,178,000 3.14 758 65 823 154
Davis (1), - .

Lucas (8) —eeee 3 503,289 10,953 (a) 514,242 1,545,500 4.15,3.00 547 60 607 70, 216.
Greene (1), Story 5 .

(1), Webster (1)| 3 12,122 (b) 12,122 36,000 | 1.89, 3.21, 3.65 43 4 47 | 120,150, 192
(6201718 o - 4 4,053 4,053 16,000 3.95 22 4 26 131
N E:YY 015 8 (b) 37,795 3,539 41,334 140,000 3.39 203 34 237 70(c)
Jefferson (1), .

Van Buren (2).. 3 (b) 6,743 (b) 6,743 16,000 2.84,2.21 19 2 21 179,123
Keokuk 5 6,882 6,882 21,000 3.05 21 2 23 - 145
‘Mahasks .. 22 (b) 43,430 513 43,943 131,000 2.98 106 12 118 152
Marion ... 15 898,191 30,126 19,632 | 947,949 2,811,000 2.97 914 86 | 1,000 233
Monroe 11 765,105 24,393 24,869 | 814,367 2,393,000 2.94 1,293 100 | 1,393 188
Page (2), Tay- ' )

lor (3) eoreeend 5 (b) 33,611 (b) 33,611 146,000 |  4.26,4.57 99 11 110 245,160
Polk ... 19 322,586 336,266 12,020 670,872 2,179,000 3.25 1,511 120 1,631 139
Wapello ... 18 (b) 60,580 (b) 60,580 193,000 3.19 123 21 144 146
Warren ... 3 64,540 159,656 © 5,728 | 229,924 566,000 2.46 279 34 313 204
Wayne 4 (b) 29,201 (b) 29,201 75,000 2.57 100 10 110 128

Totals ..oooeo... 193 3,711,654 905,840 97,349 14,714,843 | $14,807,000 9,337 830 110,167 153

(a) Included in Loaded at mines; (b) Included in Local trade; (c¢) This-low fignre was due to the very short time of dperation of the Colfax Con-

solidated mines.

Other mines operated from 150 to 226 days.

16861 NI IVOD
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The list of operators was as given below.

Adams County

Joe Aukeny, Villisca

John G. Henton, Carbon, R.F.D. 1

Jones -Coal Co., Carbon !

Lockwood Coal Co., Corning

Plessant Valley Coal Co., Nodaway

Smith & Robinson, Carbon

Appanoose County

Acken Coal Co., Mystic

Anchor Coal Mining Co., Ridgeway

Appanoose Coal & Fuel Co., Mystic

Appanoose County Coal Co., Centerville

Armstrong Coal Co., Commerce Bldg.,
Kansas City, Mo.

Barrett Coal Co., Mystic

Beggs Coal Co., Mystic

Bradshaw Coal Co., Dean

Brand Coal Co., Plano

Brazil Coal Co., Brazil

Caldwell Coal Co., Exline

Frank Casale, Centerville

Center Coal Co., Centerville

Centerville Block Coal Co., Centerville

Citizens Coal Co., Centerville

Clarke Coal Co., Centerville

Diamond Block Coal Co., Mystic

Domestic Coal Co., Cincinnati

Duft Coal Co., Mystic

Egypt Coal Co., Mystic

Empire Coal Co., Centerville

Fairlawn Coal Co., Centerville

Fenton Coal Co., Plano, RR. 1

Fowler & Wilson Coal Co., Centerville

Friendship Coal Co., Cincinnati

Garfield Coal Co., Mystic

Helman Bros. Coal Co., Plano

High Test Coal Co., Centerville

C. P. Houser, Seymour

Hunt Bros. Coal Co., Mystic

Towa Block Coal Co., Exline

Johnson Kelly, Centerville

0. A. Koontz, Centerville

Liberty Coal Co., Mystic

Little Walnut Coal Co., Mystic

Allen Long Coal Co., Centerville

W. W. Lowe, Brazil

Maddalozzi Coal Co., Mystic

MecConville Coal Co., Centerville

Monitor Coal Co., Centerville

Mystic Coal Co., Mystie

New Oriental Coal & Mining Co., Cen-
terville

New Phoenix Coal Co., Brazil

North Hill Coal Co., Centerville

Numa Coal Co., Numa

Peacock Coal Co., Brazil

Prospect Coal Co., Exline

Raney Coal Co., R.R. 2, Centerville

Rathbun Coal Co., Rathbun

Rock Valley Coal Co., Centerville

Rosebrook Coal Co., Centerville
Ryals-Yagzy Coal Co., Des Moines
E. Seritchfield, Cincinnati
Service Coal Co., Mystic
Sleeth Coal Co., Coal City
South Side Coal Co., Centerville
Suiishine Coal Co., Mystic
Star Coal Co., Centerville
Swanson Coal Co., Centerville, R.R. 2
Thistle Coal Co., Centerville
J. A. Truby, Mystic -
Wakefield Coal Co., Brazil
‘White Oak Coal Co., Exline
Winifred Coal Co., Mystic
Boone County
Boone Coal Co., Boone
S. O. Currier Coal Co., Pilot Mound
W. D. Johnson Coal Co., Boone
Madrid Coal Co., Equitable Bldg., Des
Moines
Richard May Coal Co., Lehigh
Ogden Coal Co., Boone
Chas. Otis Coal Co., Boone
Scandia Coal Co., 606 Grand Ave., Des
Moines
Dallas County
Dallas Coal Co., Liberty Bldg., Des
Moines
Dallas Products Co., Madrid
Norwood-White Coal Co., 408 6th Ave.,
Des Moines
Radiant Coal Mining Co., 907 So. Sure-
ty Bldg., Des Moines
Scandia Coal Co., 606 Grand Ave., Des
Moines
Shuler Coal Co., 802 So. Surety Bldg,,
Des Moines
Davis County
Henderson- and Goodwin Coal Co,,
Floris
Lunsford Bros. Coal Co., Bloomfield
Greene County
Buckeye Coal Co., Rippey
Keystone Coal Co., Rippey
Riverside Coal Co., Rippey
Guthrie -County
J. E. Lewis Coal Co., Yale
Love Coal Co., Panora
Mallon Coal Co., Guthrie Center
John Mansell Coal Co., Guthrie Center
W. H. Scott, Guthrie Center, R. R. 5
H. M. Sipe Coal Co., Guthrie Center
Jasper County
Colfax Consolidated Coal Co., Colfax
Jeffreys & Binder Coal Co., Newton
McKeevers Coal Co., Colfax
T. J. Morris Coal Co., Colfax
D. E. Norris Coal Co., Prairie City
Prairie City Coal Co., Prairie City
Howard Sheeter Coal Co., Monroe
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Sunny Brook Coal Co., Colfax
William . White Coal Co Prairie City
Jefferson County
R. B. Cross, Birmingham, R.R..2
C. 8. Henness, Fairfield .
EKeokuk County -
Big Four Coal Co., What Cheer
Carson Bros., What Cheer .
Newcomb Bros. Coal Co:, What Cheer
0. W. Olive Coal Co., Delta
Lucas County
Central Towa Fuel Co., 1219 So. Sure-
ty Bldg., Des Momes
Lucas Coal Co., Lucas
Mahaska County .
Adams Coal Co., Oskaloosa
Adey & Leibris, Givin
Chas. Ahrweiler, Oskaloosa
Rosser Davis Coal Co., Beacon
Dixon Coal Co., Oskalodsa
Edwards Bros. Coal Co., Beacon
A. M. Ellis Coal Co., Givin
Evans & Hasselman Coal Co., Eddyville
Equality Coal Co., Albia
Frehn and Cons Coal Co.,-Osgkaloosa
R. H. Furnald Coal Co. .Oskaloosa
Steve Gasper & Steve Gergley, Lakonta
Givin Coal Co., Givin )
Hynick Coal Co Givin, RR. 1
Jones & Mathis Coal Co., Givin
‘Lanning Coal Co., Oskaloosa
Lee Coal Co., What Cheer
Thomas Lewis, Givin
‘Matrison & Morris, Oskaloosa
Nelson Bros., Oskaloosa
O’Brien & Allen, Bedcon
Roberts Bros. Coal Co., Oskaloosa
Snook & Sons Coal Co., Oskaloosa
Swangon & Hohn Coal’ Co., Oskaloosa
Sweitzer Coal Co., Eddywlle

0. R. ThompsonCoal Co., Givin; R.FD."

‘White Bros., Rose Hill

‘Williams Coal Co., New. S8haron

Woodward & Boggs, Coal Co., Oskaloosa

Marion County

Perry Brown Coal Co., Knoxville

Geo. L. Burt Coal Co., Knoxville

Consolidated Ind. Coal Co., 139 West
Van Buren St., Chicago, Illinois

Dunreath Coal Co Des Moines

Chas. Fortner Coal Co., Flagler

Gold Goose Coal & M_mmg Co., Albia

Hayes Bros. Coal Co., Knoxvﬂle

Holland Coal Co., Des Moines

Horse Shoe Coal Co Bussey

C. C. Kendall Coal Co., Marysville

Knox Coal Co., Knoxville

‘Walter MeEhea Dallas

MecXenzie Bros. "& Cook Coal Co.,
vey

Miller Coal Co., Knoxville

Mulkey & Thomas, Knoxville

Har-

Pershing Coal.Co,, 6th Fl. Ins, Exch.
Bldg., Des Moines
Red Rock Coal Co., Des Moines
Suceesg Coal Co., Otley
Vanceunebrak Bros Coal Co. Knoxvﬂ]e
Vernon Coal Co., Dallas.
Monroe County
Air Line Coal Co., Albia
Albia Coal Co., Ottumwa
Central Coal Co Oskaloosa, .
Lockman Coal & M.lmng Co., Lockman
DeRoss Coal & Mining Co., Albia .
Graham Coal Co., Avery
Hocking Coal Co Hocking
Lovilia Coal Co., Lowha
Maple Coal Co., 803 So. Surety Bldg.,
Des Moines
Smoky Hollow Coal Co., " Albia
Superior Coal Co., Glllesple, 1.
Page County
Evans Coal Co., Clarmda
Pearson Coal Co Clarinda
Polk County
Acme Coal Mining Co., Des Moines
Adelphi Coal & Mining Co., 2300 East
24th St., Des Moines, Iowa.
Beck Coal & Mining Co., 507 6th Ave.,
« Des Moines
Bennett Bros. Coal Co., .427 Grand
Ave., Dés Moines
Bloomfield Coal & Mining Co., 513 E.
Grand Ave., Des Moines
Clover Leaf Coal Co., Des Moines
Commerece Coal Co., Commerce
Des Moines Coal Co 910 Grand Ave.,
Des Moines
Des Moines Ice & Fuel Co., 100 Maple
St., Des Moines

Diamond Joe Coal Co., Runnells

Eagle Fuel Co., 716 Grand Ave., Des
‘Moines -~ -

Economy Coal Co., 418 Hubbell Bldg.,
Des Moines

Flint Brick & Coal Co., 411 8th S8t
Des Moines

Independent Coal Co., Des Moines
Moore Coal Co., Des Momes
Norwood-White Coal Co., 408 6th Ave.,
Des Moines
Saylor Coal Co., 606 Grand Ave., Des
Moines, Towa .
Urbandale Coal Co., 804 11th St., Des
Moines
Story County
Summit Coal Co., Ames, Iowa
Taylor County
Bean Coal Co., New Market
New Market Coal Co., New Market
Richardson Coal Co., Gravity
Van Buren County .
J. Daniels & Sons, Douds
Hugh Findlay Coal Co., Douds
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James Tweedy Coal Co., Mount Zion

dJ. H. Logan, Mount Zion -

Wapello County -

Charles Akers Coal Co., Ottumwa

Best Coal Co., Ottumwa, R.F.D.

Brooke Coal Co., Ottumwa, R.F.D.

R. E. Cooper, Ottumwa

J. W. Dawson Coal Co., Kirksville

W. O. Donaldson Coal Co., Otturnwa

Arthur Gardner Coal Co., Ottumwa

Genochio & Peterson. Coal Co., Ottumwa

Gibbs Bros. Coal Co., R.F.D., Ottumwa

Glendale Coal Co., 1317 Castle St., Ot-
tumwa .

Glenn Bros. Coal Co.; R.F.D., Ottumwa

Hartwig Bros. Coal Co., Eldon

Haseltine Coal Co., Ottumwa

Jones & Rowley, Blakesburg, R.R. 3.

Louis Kellar Coal Co., Eldon

Lone Star Coal Co., Eldon

Mat Mier Coal Co., 914 E. 4th St., Ot-
tumwa

Mier Coal Co., R.R. 8, Ottumwa
Mohnohan Coal Cé., Ottumwa
Richard Reese Coal Co., Ottumwa
Rutledge Coal Co., R.R. 3, Ottumwa
George Simmer Coal Co., Ottumwa
Simpson Bros. & Howard, Ottumwa
Union Coal Cé., Ottumwa

Warren County

Des Moines Ice & Fuel Co., 100 Maple
St., Des Moines

Great Western Coal Co., 201 Equitable
Bldg., Des Moines

Indian Valley Gloss Coal Co., 606 Ob-
servatory Bldg:, Des Moines

Wayne County

L. E. Bennett, R.R. 2, Promise City
Peter Ripper, Harvard

Rissler & Yocum, Promise City
Seymour Coal Co., Seymour

Violet Valley Coal Co., Seymour

Webster County

Geo. Marey Coal Co., Lehigh

_ GYPSUM

The gypsum industry in Towa showed a gratifying advance
during 1925 and maintained the record it has held for several
vears—of increasing its production over that of each preceding
year. This increased production was shared by all but one of
the operating concerns and it was spread over practically every
phase of the industry, from the quantity mined to the quantities
and values of the various finished products. The following table
gives data for the past two years and shows the growing output
from Iowa mills.

Production of Gypsum in 1924 and 1925

1924 1925
tons value tons value
Crude gypsum mined ...cooeeeeeeeec 727,385 800,167
Sold erude—to cement mills ...... 149,972 | $ 371,331 134,200 | $ 330,001
For agricultural and other uses.. 1,236 8,098 6,251 51,585
Total sold erude —.oocoremeciens 151,208 379,429 140,451 381,584
Sold calcined—as stucco 68.280 459,044 21,329 137,903
as neat plaster ... 313,521 2,451,273 380,124 | 2,918,414
as sanded plaster, ete. 1,230 11,031 25,837 185,313
as plaster of Paris ... 5,503 55,626 3,192 37,503
as dental plaster, Keene’s
cement, plate glass works ... 3,660 31,770 4,031 33,221
as plaster board, wall board ...... 55486 | 1,719,322 71,754 | 2,332,141
as partition and other tile ....... 42,065 549,844 50,835 529,581
for insulating, fire proofing,
other purposes ... 5,108 178,611
Total sold calcined .oeereecceceeecs 489,745 5,277,910 562,210 | 6,352,687
Total 8014 v 640,953 | $5,657,339 702,661 | 6,734,271
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The table shows that there was an inecrease of 72,782 tons in
the crude .gypsum raised and that while the amount sold as
cement retarder was less in 1925 the amount used as land plaster
was larger as was that used raw for other purposes, so that the
value of the raw material sold was $2,155 more in 1925 than
in 1924. The total amount of wall plaster sold in 1925 was
427,280 tons, valued at $3,241,630.: This exceeded the sales of
the previous year by 44,249 tons and $320,288. The total output
in 1925 was larger than that -of 1924 by 61,608 tons and the in-
creased value amounted to $1,076,932.

One item of interest in the industry was the sale by the Center-
ville Gypsum Company of anhydrite, the form of gypsum which
has no water of crystallization, for poultry grits. Some parts
of the Centerville deposit contain a good deal of anhydrite and
as this can not be used in making plasters its use as grits and
for similar purposes represents a distinet saving.

Towa continued to hold second rank in the gypsum industry
in 1925, New York having a long lead and Ohio coming in a
close third. In 1924 Michigan’s total output exceeded that of
Towa by $293,483, but in the next year Iowa outstripped Michi-
gan by $1,286,977. The followmg table shows the production
of the leading states.

Pr_od'wctio_n of Gypsum in the United States in 1925

Jg "Mined Sold" erude Sold “caleined

ni:‘ - : ¥ Total

T |_Tons Tons. Value. | -Tong Value .. .value’
7| 800,167 140,451 $381,584| 562,210 $6,352,687 $6,734,271
I 3| 166,952 52,869 126,886 87,656 882,624 1,009,510
5| 649,053 155961 391,093 477,076 5,056,201 5,447,294
- 6| 350130 31471 57.073| 259,603 1,664,736 1,721,809
New York....| 10 | 1,730,254 354,394| 1,017,403| 1,193,520| 15,518,836 16,536,239
OhiOummeeeerererne 3| 551,479| 11,423 32,818 540504/ 6,361,314 6,394,132
Oklahoma..._.. 4| 320,931 * * * * 2,599,463
TeXASrrerremreere 6| 558,132 * * * * 3,721,954
Others(1).._. 18| 551,204| 267,566 816,372| 984,076 9,233,946 3,728,901
62| 5,678,302| 1,014,135] 2,823,229| 4,104,735| 45,070,344 47,893,573

The Hawkeye Gypsum Products Compé,ny of Fort Dodge be-
gan mining and shipping crude gypsum during 1925. Other-
wise the list of producers remained as it has been for some years.

* Included with others.
(1) Includes also Arizona, California, Colorado, Montana, New Mexico, Oregon, South Dakota,
Utah, Virginia, Washington and Wyoming.
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Centerville Gypsum Co., Centerville

Beaver Produets Co., Fort Dodge; -office Buffalo, N. Y.

Universal Gypsum Co Fort Dodge two plants; office 1153 Conwa,y Bldg, Chlcago
Hawkeye Gypsuni “Products Cd., Fort Dodge

Wasem Plaster Co., Warden, Apts Fort Dodge

Cardiff Gypsum Plaster Co., 903 Central Ave., Fort Dodge

United States Gypsum Cé., Fort Dodge; ofﬁce 205 West Monroe St., Chicago

LIMESTONE AND LIME ]

The limestone industry not only recovered from the decline of
the past few years but exceeded in its output that of any year
since 1912. The output of stone and linte for that year had the
highest value of that for any year of which the Survey has any
record, $998,236. The amount and value of production during
the past ten years are shown in the followmg table.’ ‘

Stone and lime production in Iowa, 1916 to 1925

Year _ tons value | -‘ Year tons value

1916 $610,534 1921 423,279 . $563,427
1917 709,956 580,750 1922 627,443 719,203
1918 451,840 444,800 1923 - 611,876 775,134
1919 | 519,030 . 567,356 1924 610,408 - 739, 632

1920 620,665 840,544 1925 808,288 904 669

The lime burning industry shared in the growth shown by the
quarrying trade, as its output was larger in both tonnage and
value than that of the year before.

The table given below shows the production of the various
counties during 1925 and a comparison of the totals for 1924.
Scott county was well in the lead, Marshall was second, Dubuque
held third place and Black Hawk ranked fourth. As the table
shows much the greater part of the output was crushed for road
and concrete work. - »



Limestons and lime production in 1925

Building, Rubble, :

Pro riprap® Conerete, road metal Other uses® Total
Counties ducers tons value | ions | valuz tons | value “tons value
"Allamakee (1), - ¢
‘Clayton (1), ' . . . . .
Mitehell (1) ......... 3 17,180 $26,100- with ‘‘Building, ete.’’ with ‘‘Building, ete.’’ 17,015 |- $26,100
Black Hawk (2), - -
Cerro Gordo (1)...... 3 | e ) . 73,891 $87,552 | with ‘‘Conerete, ete.’’ 73,891 87,552
DubuqUe oo 5 37,710 41,299 41,625 86,259 | with ‘Conerete, ete.’’ 79,335 | - 127,481
Hardin (1), - -
Marshall (2) ........ 3 with ¢¢Conecrete, ete.’’ 182,279 194,177 36,669 $23,367 '218,948 217,544
Clinton (1), '
Jackson (1), N
Johnson (1), ; ) . B
4 with ‘‘Concrete, ete.’’ 40,789 58,168 14,012 21,218 54,801 -79,386
3 8,789 9,838 4,042 3,044 1,925 1,472 14,756 15,254
3 " with" “¢Conecrete, ete.”’ 35,5659 47,191 with ‘‘Concrete, ete.?’ 35,659 47,191.
3 4,193 ‘ 5,.028 265,190 254,619 44,601 44,512 | - 313,984 304,161
27 57,923 | 68,176 547,674 674,903 152,692 161,590 808,288 904,669
Production in 1924 33 49,820 63,938 434,460 533,500 126,128 142,194 610,408 739,632

a Includes: buildiﬁg, etc., 5,983 tons, value $7,983; rubble, 2,862 tons, value $4,166; riprap, 49,128 tons, value $56,027.
railroad ballast and other uses, 38,020 tons, value $30,094; flux, 12,517 tons, value $16,335; sugar factories and lime, 9,148 tons,.

value $483,439; agriculturé, 93,007 tons, value $71,722.

b Includes:

I
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Figures for the United States show that the quantity of lime-
stone sold or used by producers in 1925 was 13 per cent more
than in 1924. The amount used for liming land was 44 per cent
greater than the year before. Sales of lime were 12 per cent
greater in quantity and 8 per cent greater in value in 1925 over
1924. Towa ranked nineteenth in production of limestone. The
following table shows the production for 1924 and 1925.

1924 1925
Use tons value tons value

Building e eeeeeeeee 1,097,530 | $15,805,680 1,204,550 $16,092,079
Curbing, ete. - 5,560 78,264 11,730 98,587
Rubble ......... 392,180 623,844 324,630 513,387
Riprap ... 1,695,280 1,513,443 1,847,330 1,406,714
Crushed .o 46,446,680 47,594,437 51,337,840 52,446,110
Flux 19,683,150 15,827,464 22,840,500 17,318,366
Sugar factories ............ 618,230 1,055,505 471,580 796,974
Glass factories . 177.260 286,164 324,160 412,832
Paper mills .ot e 138,280 236,834 109,730 198,691
Agrieulture ..ocree e 1,352,600 2,046,860 1,954,480 2,880,589
Other coeceenieeeeee e 4,287,680 4,800,461 5,222,910 5,843,699
75,895,430, 89,868,956 85,649,440 - 98,008,028

Portland cement ............ 37,727,000 40,720,100

Natural cement .. 236,000 292,000

LiMe e ceeeeececemecenn aeee 8,144,000 9,100,000

122,001,430 135,761,440

The following list gives the lowa operators of limestone quar-
ries. Lime producers are indicated in the list.

Allamakee County '
John Sampson, Postville
Wilkes Williams, «.F.D. No. 1, Post-
ville .
Black Hawk County
Hawkeye Quarries Co., La Porte City;
office at Cedar Rapids
A. Bartlett, 1165 E. Fourth St., Water-
loo
Bremer County
‘Waverly Stone & Gravel Co., office at
Fowler Bldg., Waterloo
Cerro Gordo County
Henry Kuppinger, Mason City
Ideal Sand & Gravel Co., Mason City
Quinby Stone Co., 24 13th St. N. E,,
Mason City
Clayton County
Marquette Stone Produets Co., Me-
Gregor

Clinton County
Alden Lime Co., Clinton
C. T. Hanrahan, Charlotte
Carl Jensen, Charlotte
Dubuque County-
‘Wm. Becker, 1333 Kaufman Ave., Du-
buque
H. L. Dehner, Cascade
Fred W. Faldorf, 1155 Grand View
Ave., Dubuque
Dubuque Stone Products Co., Dubuque,
also lime
Grassel & Sons, Dubuque
Mulgrew & Sons Co., Dubuque
Ulrich-Paley Co., Dubuque
Thos. R. Welsh, 202 W.
Dubuque
B. N. Arquitt, Farley
Hardin County
Towa Limestone Co., Alden; office 907
Bankers Trust Bldg., Des Moines

Locust St.,
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Howard County .
Cresco Stone & Concrete Co Cresco
Jackson County ’

A. A. Hurst, Hurstville; office at Ma-
quoketa; also lime
Johnson County
River Products Co.,
218 Johnson County Bank Bldg,
Towa City
Jones County,
The Reformatory, "Anhamosa
Geo. B. Shaler,"Stone City
H. Dearborn’s Sons, Stone City
Keokulk County
Russell B. Royce, Sigourney
Lee County
McManus Quarries Co., Inc Ballinger
Sta.; office at Box 93 Keokuk
Keokuk Quarry & Construction Co.,
1325 Main Sf., Keokuk
Burlington Quarry Co., Montrose; of-
fice at 17 S. Seventh St., Keokuk
Linn Couniy
Ellis Park Stone Co., Cedar Rapids

Coralville; office at .

J. E. Colton, Mount Vernon
Madison County
“Peru Stone' & Cement Co., Peru; office
at. 308, West 5th Street Des Momes

) Marshall County

Le Grand Stone Co., L& Grand
.County Engineer, Marshalltown
Mitchell County
Belzer & Brenden, Osage :
Osage Stone Co. (H L. Wilson), Osage
Pocahontas County
" Gilmoré "Portland Cement. Corp., Gil-
more City. Sold to N. W. States
Portland Cement Co., Mason City
Scott County
Otto Thompson, Bettendorf Stone Co.,
Bettendorf; office at 820 Kirkwood
Blvd., Davenport
Dolese Bros. Co., Buffalo; office at 337
W. Madison 8t., Chicago, IIl.
Linwood Cement Co., 713 Kahl Bldg.,
Davenport

SAND AND GRAVEL

The sand- and gravel trade improved somewhat from the con-
ditions prevailing in 1924 although it was not up to the state
of the industry in 1923. The output for that year was 3,597,100
tons with value of $2,181,881, probably the largest, in both ton-
nage and value, in the history-of the state. The following table
shows the various purposes for which sand and gravel were used
in 1924-and 1925.

Summary of sand and g'-ra/veﬂl p}oductiqn

1924 1925
Kind of material tons value tons _ value -
Sand: : ’ : .
LG (5T R ——— 22,397 | § 24,209 33,418 $ 36,134
Building . 653,031 317,068 636,534 321,190
Paving oo 575,835 234,966 882,368 245,900
Grinding and polishing ... with filter sand 19,324 28,223
ENZINe ooovroeeeeeemeeeerereereeeeseones 47,607 24,661 40,350 24,715
Filter 15,681 32,922 6,249 7,127
Other e 10,879 3,954 51,255 24,970
Total sand ..o coroeerroererene 1,325,430 637,780 1,669,498 688,259
Gravel:
Building 311,558 289,584 381,496 - 342,653
Paving ... 563,776 483,003 939,102 426,781
Railroad 226,862 62,699 307,689 89,207
Total gravel ... 1,102,196 835,286 1,628,287 858,641
Total production e 2,427,626 | 1,473,066 | 3,207,785 1,546,900
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An inspection of data of past production shows that there has
not been.a great change in the amount of sand and gravel sold
during each year of the past decade although previous to that
time the output was much less than at present. The sales dur-
ing 1916 were greater than during any other year except 1923,
but the amount received was less than that of any year since
except 1918. Current prices at the pits seem to have fluctuated
more than tonnages. The following table gives the output of
each year since 1916. -

Output of sand and gravel 1916 to 1925

Year tons value ” Year tons value

1916 3,321,691 $980,272 1921 2,641,982 $1,726,958
1917 2,909,441 1,060,586 1922 2,690,798 1,752,233
1918 2,004,444 904,307 1923 3,597,160 2,181,881
1919 2,093,471 1,383,764 1924 2,427,626 1,473,066
1920 2,467,644 1,993,441 1925 3,297,785 1,546,900

Polk county was the leader in production, as regards both
tonnage and value, Muscatine ranked second and Cerro Gordo,
Cherokee, Linn, Sac, Clayton, Wapello, Hardin and Clinton fol-
lowed in order. Each of these produced material worth more
than $35,000 and their combined output was 1,565,269 tons with
a value of $971,658. Clayton county had the unique distinction
of getting over a dollar a ton for her product as it was all sold’
for the finer uses—molding, polishing, ete. The other extreme
was held by Palo Alto county, whose product was valued at only
eighteen cents a ton. It was all railroad ballast, produced by
the railway company for its-own use.

The following table gives, so far as may be shown, the pro-
duction of the different counties. When studied with the list
of producers it will show the various kinds of material derived
from each county.
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& g - Building sand Paving sand Other sand Gravel Total

s 3 -

z ez

Counties tons value tons value tons value tons value tons value

Black Hawk ....oooooveoeeee. 3 32,515 $20,930 a a 32,515 $20,930
Boone (1), Story (2) ... 3 o b 51,484 $14,166| 51,484 14166
Butler (2), Cerro
" Gordo (2) i 4 105,100 37,850 a a 88,700, - 71,895 193,800 109,745
Cherokee ..o, 3 b 209,799 82,465 209,799 82,465
Clay (2), Dickinson (1), o

Palo Alto (1) ... 4 6,117 2,441 a 64,747 12,178  70,864| 14,619
Clayton (2), Dubuque (2),

Fayette (1) woooeeeeeeneen.. 5. 35,255 11,916] ¢ 63,707| $49,429 39,050  21,403| 138,012 -37,053
CHnton e 5" 12,250 10,265 28,978 26,788 41,228 82,748
Dallas (2), Fremont (1).. 3 20,990 12,280 a @ a ) -20,990( 12,280
Des Moines (1), Lee (2).... 3 15,563 8,041 b b 21,0000 20,300 36,563 28,341
Floyd (1), Franklin (1), : .

Tama (1) oo 3 14,469 12,925 a 14,469 12,925
Hardin (2), Marshall (2)| 4 d 76,912| $33,139 d 66,773 35,757 143,685/ 68,896
Humboldt (1), Kossuth ) .

"(1), Webster (1), ; ‘

Wright (2) e 5 28,309| 12,644 a 53,508 25,770 81,817 38,384
Ida (1), Sac (8)wrc.n. 4 20,713| 10,469 a 86,863| 51,403| 107,576 61,872
Jackson (1), Scott (2)....| 3 23,348/ 15,530 b 53,813 32,066/ -77,161] .47,596
JOhNSON oo 3 23,510 14,120 a 23,510, 14,120
Linn 4 | 125553 74,312 a 125,553 74,312
Lyon (1), Plymouth (2)...] 3 40,078 17,235 a 27,727 16,651| 67,805 33,886
Mahaska (1), Marion (1), ' ) -

Wapello (1) 3 a 68,129| 38,383 d 27,591 25485 95720 63,868
Muscatine .......... 5 43,421 31,533 52,386 11,046 34,606 46,514 104,265 86,179| 234,678 175,272
Polk 9 142,082 55,769 105,930 36,653 8,195 3,638/ 208,399 201,670, 464,606 307,730
Sioux 6 15,703 4,508 14,030 9,154 29,733 13,662
Winneshiek ................ 3 d 6,143 3,666 a © 6,143 " 3,666
Pits operated by Hwy. ’

(610} 1112 W . 500,000 100,000 500,000| 100,000/ 1,000,000| 200,000

Totals....coceeeeeeeeee 88 636,534] 321,190! 882,368 245,900 '150,596] 101,169! 1,628,287 -858,641' 3,297,785! 1,546,900

@ Included with Building sand.

b Included with Gravel.

¢Included with Other sand. dIncluded with Paving sand.

gg6T NI TIAVED ANV ANVS

1¢



32 MINERAL PRODUCTION

The list given below shows the active producers of sand and
gravel in the state and the kinds of material each produced in -
1925 according to the following schedule: 1, molding; 2, build-
ing; 3, grinding and polishing; 4, fire or furnace; 5, engine; 6,
paving; 7, filter; 8, other sands; 9, building gravel; 10, paving

gravel; 11, railroad ballast.

Black Hawk County
Towa Sand & Gravel Corp., 908 L. & J.
Bldg., Waterloo. 2, 3,5, 9
Towa Foundry Sand Co., Waterloo. 1
‘Waterloo Dredging Co., Waterloo. 2
Boone County
McHose Sand & Tile Co., Frazer; oftice

at Boone. 2,5, 9 .
Northwestern Gravel Co., office at De
Moines

Bremer County
H. S. Bunth, Waverly
Buena Vista County
Chicago & North Western Ry. Co,,
. Sioux Rapids
Butler Counly
Aplington Cement Tile & Block Works,
Chas. Willeke, Aplington. 2
Waverly Gravel & Tile Co., Shellrock;
office at Waverly. 2, 6,9, 10
Carroll County
Chicago Great Western R. R. Co.,
Lanesboro
Cerro Gordo County
Clear Lake Sand & Gravel Co., Clear
Lake. 2, 9
Ideal Sand & Gravel Co., Mason City.
2,5,6,8,9,10,11
Chicago, Milwaukee & St. Paul Ry. Co.,
Plymouth; office at Chicago, Ill.
Cherokee County
M. J. Gillease Co., Cherokee
E. L. Halford & Son, Cherokee. 9
Ilinois Central Ry. Co., Cherokee. 11
Northwestern Gravel Co., Quimby, of-
fice Royal Union Life Bldg., Des
Moines. 2,9
Clay County
John Stolley, Spencer. 2, 9, 10
Spencer Washed Sand & Gravel Co.,
Spencer. 2,7, 9
Clayton County
Clayton White Sand Co., Clayton. 4
 Langworthy Silica Co., Clayton; office
at 902 Federal Bank Bldg., Dubuque.
1,3 4,5
Clinton County
Clinton Sand & Gravel Co., 604 Wilson
Bldg., Clinton. 2, 9
. - Schneider Sand & Gravel Co., Clinton.
2,9

Jenner Bros., DeWitt; office at 320

First Nat. Bank Bldg., Davenport.
10
A. F. Barber, R. D. No. 2, Grand
Mound. 9, 10 )
Hopkins & Chaffee, Clinton. 2
Dallas County
Portland Cement Sand & Gravel Co.,
Booneville, office at 513 Youngerman
Bldg., Des Moines. 2,5, 6,7,9, 10
Coon River Sand Co., office at 501 Hub-
bell Bldg., Des Moines. 8, 10
Des Moines County
Kelley Sand & Fuel Co., Burlington
(R. J. Dietlein). 2, 6, 9, 10
Dickinson County
Chicago, Milwaukee & St. Paul Ry. Co.,
Milford. 8
Dubuque County

Frank Beutin, Garfield-Kniest Sts.,

Dubuque. 2,5, 6, 9, 10

Chicago, Milwaukee & St. Paul Ry. Co.,
Dubuque

Molo Sand & Gravel Co., Dubuque. 2,
6,9, 10

Fayette County
Clermont Brick & Sand Co., Clermont.
2,10
Floyd County
Iowa Foundry Sand Co., Floyd. 1
Chicago, Rock Island & Pacific Ry. Co.,
Marble Rock

_Franklin County

W. C. Nolte, Sheffield. 2
Fremont County
Nebraska-Iowa Sand & Gravel Co., -
Crosby; office at Nebraska City,
Nebr. 2
Hardin County i
Chicago & North Western Ry. Co., Gif-
ford .
Northwestern Gravel Co., Gifford, of-
fice at Des Moines. 2, 6, 9, 10
Eldora Sand Co., Steamboat Rock; of-
fice at Eldora. 8
Humboldt County
Humboldt Gravel & Tile Co., Humboldt.
2,789 11
Ida County .
Smith Bros., Ida Grove. 2
Jackson County
F. H. C. Habich, Bellevue; office at
Galena, Yll.
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Bellevue Sand & Gravel Co., Belle-
vue; office at Koss Construction Co.,
5th & I. U. Ry. Tracks, Des Moines.
2, 6,9, 10

Chicago, Milwaukee & St. Paul Ry.
Co., Smiths

Johnson County

Hills Sand & Gravel Co., Hills. 2,9

City Sand Co., N. Madison St., Iowa
City. 2,9

E. D. Porter, River Junction. 2

Jones County

Chicago, Milwaukee & St. Paul Ry.

Co., Monticello
Kossuth County

C. J. Lenander, Bancroft, office at 918

Andrews Bldg., Minneapolis. 10
Lee County :

Jos. Jaeger, Fort Madison; office at

Montrose. 2, 5

Keokuk Sand Co., foot of Bank St.,

Keokuk. 2
Linn County
Kings Crown Plaster Co., 98 First Ave.
W., Cedar Rapids. 2
Larimer & Shaffer, 931 North 1st St.
W., Cedar Rapids. 2
John Hoge, Springville. 2, 10
Mrs. Rozella Corbett, Viola. 10
Lyon County
Miller Sand & Gravel Co.,, Box 101,
Doon. 2,9
Chicago, Rock Island & Pacific Ry.
Co., Granite
Mahaska County
Iowa Sand & Gravel Co., Tracey; office
at Oskaloosa. 2, 6, 9, 10
Marion County
Harvey Sand & Gravel Co., Harvey. 9,
10
Marshall County
Empire Sand & Material Co., Marietta;
office at Lock Box 467, Marshall-

town. 2,6,9
Hawkins Sand Co., 1110 N. 3rd Ave,,
Marshalltown. 6, 10

Muscatine County
Chicago, Rock Island & Pacific Ry. Co.,
Fruitland
Automatic Gravel Products Co., Box
34, Muscatine. 2, 3, 5, 6, 7, 8, 9,

10, 11

The Hahn Muscatine Co., 301-302
Amer. Bank Bldg., Muscatine. 2, 6,
9, 10

Sand & Gravel Products Co., Musca-
tine. 2, 9

Northern Gravel Co., Muscatine. 2,
3,5 178, 9

Pearl City Gravel Co., Ed. L. Hahn,
Muscatine. 2, 6, 9, 10

Palo Alto County
Chicago, Rock Island & Pacific Ry.
Co., Graettinger. 11
Plymouth County .

Big Sioux Gravel Co., Akron. 2, 6, 9,
10

Albert A. Wenzel, Pierson; office at
Kingsley. 9

J. J. Kemp, Oyens
Pollc County
Chicago, Rock Island & Paciflc Ry. Co.,
Avon and Commerce
Commerce Sand & Gravel Co., G. N.
Doty, Pres., Commerce. 2, 9
Capital City Sand Co., Lovington; of-
fice at 308 W. Fifth St., Des Moines.
2,5, 6
Consumers Ice Co., 8th & N. Y. Ave,
Des Moines. 6, 8
Coon River Sand Co., 308 9th St., Des
Moines. 2, 9
The Des Moines Sand & Fuel Co., 510
Grand Ave., Des Moines. 2,5, 6, 9,
10
Independent Sand & Gravel Co., S. W,
7th & Tuttle Sts., Des Moines. 2, 6,
9, 10
Flint Crushed Gravel Co., Herrold; of-
fice at Des Moines. 6, 10, 11
Commercial S8and Co., 513 Youngerman
Bldg., Des Moines. 2, 5, 6, 7, 9, 10
Hawkeye Sand & Gravel Co., 906 Wal-
nut St., Des Moines. 2
Sac County
Chicago & North Western Ry. Co,,
Lake View
Northwestern Gravel Co., Lake View.
2, 6,9, 10
Sac County, Office of Engr., Sac City.
10
Scott County
W. G. Block Co., Box 528, Davenport.
2
Builders Sand & Gravel Co., Nahant.
2, 6
Sioux County
D. A. Sorgdrager, R. D. No. 1, Alton.
2

Alton Cement Works, Alton. 9
French & Briggs, Hawarden. 9
C. A. Oehlerking, Hawarden. 10
Schemmer Sand & Gravel Co., Rock

Valley. 2, 10
Rock Valley Sand & Gravel Co., Rock
Valley. 2, 9

Story County
Ames Sand & Gravel Co., Ames.
Bates & Sarsfield, Nevada. 10
Tama County
Tama Sand Co., Tama. 10

9, 10
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Wapello County ‘Wm. McNamara, Decorah. 2, 9
Ottumwa Sand Co., Ottumwa. 1, 2, 5, John T. Nolan, Decorah -
6, 9, 10 J. H. Rosenthal, Decorah
Webster County Wright County
Johnston Bros., Clay Works. 2, 9 Belmond Cement Mfg. Co., Belmond
Winneshiek County Luick Gravel Co., Belmond. 10
Bernatz Bros., Decorah Chicago, Rock Island & Pacific Ry. Co.,
Decorah Stone Products Co., R. Buck- Belmond. 11
nell, Secy., Decorah. 6 Chicago Great Western R. R. Co., Bel-
Geo. Wm. Higgins, Decorah. 2 mond

NATURAL GAS

Natural gas was recovered from a number of small shallow
wells, most of which are in the northcentral part of the state.
No accurate census of these wells has ever been made as all of
them have been drilled by private persons and are used to supply
individual families. The amount for which reports were made
was 200,000 cubic feet with a value of $100, although doubtless
several times this amount was actually consumed.



MINERAL PRODUCTION IN IOWA IN 1926

Products Unit Quantity Valne

Cement shipped .. Bbl. of 376 1b. 4,788,639 $ 8,167,341
Clay ware 4,495,088
Coal ...... Ton 4,625,487 14,214,000
Gypsum Ton 683,201 6,588,203
Limestone and lime ... Ton 944,371 952,141
Sand and gravel ... Ton 2,701,982 1,569,006

$35,985,779

Mineral production in 1926 continued the decline which has
been evident for several years. The decrease from production
in 1925 amounted to $2,407,963 and put the total output lower
than that of any year, with one exception, since 1916, when it
rose for the first time to the sum of $30,210,284. The excepted
year was 1921, when the value was $360,609 less than that for
1926. The diminished value in 1926 was chiefly on account of
the marked decrease in value of clay wares manufactured al-
though cement, coal and gypsum also failed to reach the levels
of the preceding year. Stone and lime and sand and gravel
values were somewhat higher in 1926 and the tonnages of stone
and lime were considerably above those of 1925 although those
of sand-and gravel were somewhat less.

The total values of minerals produced in Iowa and in the
United States during the past decade are shown in the follow-
ing table.

Production of minerals from 1917 to 1926

Year Towa, United States
1917 ' $39,336,372 $4,992,496,000
1918 38,742,009 - 5,540,708,000
1919 37,882,183 4,595,770,000
1920 57,250,317 6,981,340,000
1921 35,625,170 4,138,500,000
1922 36,189,398 4,647,290,000
1923 46,237,521 5,986,500,000
1924 40,470,971 5,305,800,000
1925 38,393,742 5,677,630,000
1926 35,985,779 6,262,000,000

Pennsylvania always heads the list of states, on account of
its immense production of anthracite and bituminous coal. In
1925 Oklahoma, California, Texas, West Virginia, Ohio and
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Tllinois were next, in the order given. ITowa had twenty-sixth
place in the list. The chief minerals hold rank in the order of
coal, petroleum, pig iron, clay products, cement, natural gas,
coke, copper, stone, iron ore. It is noteworthy that iron and
copper are the only metals to be included among the first ten
minerals. Gold is sixteenth and silver eighteenth. Sand and
gravel rank thirteenth.

CEMENT

Only four cement plants were active in 1926 as the Gilmore
City factory of the Northwestern States Portland Cement Com-
pany was not in operation. Production of cement in 1926 ex-
ceeded that of 1925 by 277,666 barrels or 6 per cent but ship-
ments were less in 1926 by 68,210 barrels, a decrease of 1 per
cent, The value of shipments was $507,222 less in 1926 than
during the previous vear. This was in part due to the decline
of eight cents per barrel in average factory prices.

Towa ranks eleventh in amount of production and amount and
value of shipments and fifth in average factory price received.
The following tableé gives summarized data for ITowa and the
United States.

Production of cement in Iowa and the United States, 1924 to 1926

1924 1925 1926
Towa
Production, bbls, . 5,624,466 4,648,145 4,925,811
Stock, Dec. 31, bbls. e meeecreeeeee 1,695,093 1,479,670 1,616,842
Shipments, bbls. 4,881,613 4,856,849 4,788,639
Shipments, value .oeeeoeeeeecene $8,811,587 $8,674.563 $8,167,341
Aver. fact. price per bbl $1.81 $1.79 $1.71
Consumption, bbls. ......... 3,144,001 2,704,872 2,826,839
Consumption per capita, b 1.26 1.08 1.17
Surplus production, bbls. __.. 1,737,612 2,151,977 2,151,977
Annual capacity, bbls. .......... 6,685,000 6,935,000 6,575,000
Daily clinker capacity, bbls. . 20,300 20,603 19,103
Number rotary kilns oo 28 28 26
United States
Production, bbls. e 149,358,109 161,685,901 164,530,170
Shipments, bbls. 146,047,549 157,295,212 162,187,090
Shipments, value ....ecmececdd $264,046,708 278,524,108 277,965,473
Average factory price, bbl. ..., $1.81 $1.77 $1.71
Consumption per capita, bbl. ..ceceee, | 1.29 1.38 1.37
Number plants active eoeeeeeeeee [ 132 138 140
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Pennsylvania has a long lead in the cement industry, as her
shipments in 1926 were over 41,000,000 barrels, while California,
the next in rank, shipped over 13,600,000. Michigan was third
with nearly 12,000,000 barrels to her credit and New York stood
fourth with 8,500,000 barrels shipped.

CLAY WARES

The production of clay wares in 1926 fell below that in 1925
in every department except the making of sewer pipe, which
gained nearly one hundred thousand dollars in 1926, and the
manufacture of pottery, in which an advance of over two thou-
sand dollars was reported. The production of brick of various
classes, of hollow building tile and drain tile was notably less
than during the preceding year. Indeed the output of drain
tile was the lowest it had been since 1901. Coupled with the
parallel increase in the making of hollow building ware this is
the striking feature of clay manufacture in Iowa. Perhaps a
condensed table showing the production of various clay wares
will be of interest.



0
E Common Face Vitrified Hollow Drain Sewer Other Total

Year 9.&: N brick brick brick ware tile pipe ware value

1894 437 $1,817,473 2,950 $ 376,951 $ 8,545 $ 557,312 $ 58,000 58,275 $2,379,506
1895 412 1,095,074 89,430 248,928 19,294 290,515 55,131 76,920 1,870,292
1896 339 1,003,624 417,386 112,985 8,485 225,650 73,039 220,908 1,694,402
1897 330 850,834 60,030 426,056 14,740 872,070 44,300 52,841 1,821,247
1898 349 1,069,947 55,745 290,463 21,013 343,265 83,000 39,050 2,057,022
1899 372 1,328,050 155,590 225,044 350,568 ) 113,946 2,24.0,217
1900 381 1,462,395 03,632 129,677 22,150 379,140 52,452 246,042 2,395,488
1901 349 1,651,928 87,559 227,378 59,270 516,714 53,500 145,656 2,774,200
1902 329 1,624,673 82,501 212,537 104,324 673,122 76,000 70,034 2,843,591
1903 296 1,396,088 84,506 221,481 131,191 1,009,933 88,000 102,384 3,088,583
1904 831 1,430,581 102,330 199,528 164,658 1,321,745 94,800 173,534 3,507,576
1905 311 1,367,742 63,137 130,003 134,418 1,531,376 90,000 90,994 3,408,547
1906 304 1,125,009 101,795 185,990 162,664 1,721,614 114,241 6,014 3,417,327
1907 277 1,085,383 96,316 228,193 176,854 2,011,793 108,369 30,877 3,728,785
1908 301 896,890 86,232 185,112 129,003 2,522,363 211,044 47,983 4,078,627
1909 241 1,072,340 138,218 198,780 304,398 2,880,910 282,637 89,230 4,916,513
1910 237 1,088,266 109,911 223,278 91,346 3,457,455 313,430 48,335 5,835,036
1911 217 1,025,011 114,178 103,384 374,628 2,468,962 284,817 65,859 4,436,839
1912 207 1,019,097 142,637 197,035 535,254 2,293,084 291,872 47,713 4,524,492
1913 188 1,052,036 181,911 222,105 762,563 2,798,816 503,360 54,790 5,575,581
1914 183 1,067,746 148,394 211,905 1,088,397 3,180,836 558,751 154,966 6,405,995
1915 161 898,851 158,324 300,785 1,008,457 3,802,599 448,721 136,351 6,749,088
1916 162 947,247 283,559 393,038 1,141,291 3,986,163 494,428 129,990 7,375,716
1917 142 1,045,790 282,840 53,310 1,542,884 4,004,989 455,561 80,507 7,543,225
1918 127 749,325 188,041 116,522 1,550,076 2,256,200 398,848 38,660 5,318,848
1919 115 941,489 449,491 179,969 2,475,291 8,127,378 902,008 49,698 8,125,324
1920 109 1,146,182 346,164 178,430 3,048,776 4,760,115 918,669 92,896 10,489,232
1921 103 680,689 189,568 1,209,180 2,412,849 783,429 485,868 5,711,683
1922 69 728,508 354,041 2,170,368 1,495,116 681,233 310,183 5,789,449
1923 64 921,853 598,791 513,684 2,392,521 1,508,836 865,676 237,563 7,033,924
1924 69 737,898 451,136 129,314 2,186,542 1,266,586 793,840 154,879 5,719,694
1925 67 855,305 536,545 184,939 2,118,261 925,958 929,294 175,937 5,726,239
1926 53 652,025 511,772 1,539,257 482,794 1,024,763 284,477 4,495,088

88
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One of the notable features shown by this table is the great
decrease in number of plants in operation. There are several
possible causes for this mortality, among them being exhaustion
or unsuitability of available material, the tendency to concen-
trate production into fewer and larger plants, the lack of mar-
kets as farm drainage became more complete and as the local
markets supplied by these numerous smaller operations were
invaded by wares, both cheaper and better, perhaps, produced
by larger plants; Of course general financial conditions have
also been an important factor.

Naturally unit prices have risen markedly and are as import-
ant as total production in accounting for the increased values
above earlier years. The following short table will give a gen-
eral idea of these two factors.

Quantities and prices of clay wares

- 1897 . 1905 1915
Quan. Price Quan. Price Quan. Price
Common brick, M - 140,032 $ 4.80| 170,067| $ 8.03] 125752 $ 7.15
Face brick, M . ceeeemeee 10,669 6.10 5,937 10.63 11,916 12.87
Vitrified brick, M ... 56,315 714 12,963 10.03)  20.573 14.62
1920 1923 1926
Common brick, M _......... 60,470 $ '18.95 72,558 $ 12.71 57,381 $ 11.36
Face brick, M woeeeeenees 13,678 25.31| 29,346 2011/ 30,963 16.50
Vitrified brick, M ............ 6,116 28.85 6,500 19.00 7,600 20.00
Hollow ware, tons ............ 293,081 10.40| 323,326 7.40| 260,194 5.91
Drain tile, tons ................ 453,122 10.51| 173,678 8.69 74,445 6.62
Sewer pipe, tOnS .ccoeeenne.. 41,634 22.07| 54,828 15.79| 71,883 14.26

Figures are not available for quantities of hollow ware, drain
tile or sewer pipe previous to 1919, The figures for vitrified
brick in 1923 and 1926 are only approximate.

The table which follows shows as fully as is possible the pro-
duction of different wares in 1926, The decrease in the number
of operators in different counties makes the showing of county
productions impossible in most cases. Thus fifty-three opera-
tors from thirty-two counties reported production in 1926 and
Dallas, Polk and Webster were the only counties in which three
or more plants were working. In 1897, by contrast, 330 operators
reported from 81 counties. Data from fifty counties could be
given in detail. The figures for 1926 show that forty-one plants
made common brick, twenty-four made face brick, thirty-six
made hollow building tile, thirty-four made drain tile, five made
sewer pipe, five flue lining and four wall coping.



Production of Clay Wares in Iowa in 1926

S ,» | Common brick,
oS face brick, L
S 3 vitrified brick Hollow ware Drain tile Other products (a) T(;tal
o value
Counties A Thous. | Value | Tons | Value | Toms | Value Value
Appanoose(1), Henry (1), Lee(1),
‘Washington (1) 4 3,120 $ 34,643 4,130 $ 24,590 b $ 59,233
Audubon (2), Pottawattamie(1),
Union (1) 4 1,667 17,572 1,961 12,430| 3,880 $ 25,684 55,686
Benton (1), Grundy (1), Hardin(1), *
Tama (2) 5 3,428 47,095 731 5,915 (9)e 53,010
Cerro Gordo (1), Dubuque(1),
Fayette (1), Floyd (1), Wright(1)....| 5 9,708 129,717 109,823| 609,335| 32,461 174,731 913,783
. Dallas(3), Guthrie(1) orieeenns 4 2,852 37,609 33,364 194,566| 8,341 52,979 285,154
Jackson(1), Johnson (1), Jones(1), -
- Seott (1) 4 342 5,208 1,077 4712 4d $28,367(8) 38,287
Jasper (2), Keokuk(1), Poweshiek(2) | 5 d - 1,302 10,153 1,997  18,071| 230,182(5) (6) (7) (8)| 258,406
Mahaska (2), Wapello (1) weuonenee 3 7,911 88,828| 18,034 113,048 5,152 30,862 232,738
Polk(5), Warren (1) - 6 20,281| 467,090, 29,450{ 172,122| 6,805 59,974 209,795 908,981
Story (2,) Woodbury (2) e - 4 29,070 367,118 5,325 39,763 b 406,881
. Webster 8 8,409| 115,722 57,503| 373,628| 12,687 95,105| 698,474 (5) (6) (7)(9)[ 1,282,929
53 95,9421 1,314,244| 260,194 1,539,257| 74,445! 482,794/ 1,158,793 4,495,088

(a) Includes: (5) Sewer pipe, 71,883 tons, value $1,024,763; (6) Flue lining and (7) wall coping, 5,732 tons, value $66,193; (8) Other ware and

pottery and (9) raw clay sold, value $67,805.

(b) Included with Hollow ware; (c) Included with Drain tile; (d) Included with Other products.
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The following summary table gives data of produection for
the nation in 1926.

No :
Class Est. Quantity Value
Common brick, M .o, 1,220 7,520,411 $ 88,249,925
Vitrified brick, for paving, M 80 381,684 8,918,947
other uses, M .o, 51 85,896 1,365,794
Face brick, M 456 2,439,820 44,516,236
Fancy and enameled brick, M __....... 9 15,556 1,279,284
Hollow brick, M S 39 63,359 692,258
Terra cotta, tONS o] 34 155,564 19,666,880
Hollow bld. tile, partition, ete., tons . 396 3,698,778 23,560,571
Hollow Bld. tile, floor arch, ete. tons.. 66 397,639 4,257,857
Roofing tile, SQUATES .oeroecermeeceeaee 44 408,724 7,015,775
Floor tile, sq. £t coooeeeeceeeeeeees 65 24,920,354 5,521,965
Mosaic tile, sq. ft. . - 19 22,573,178 4,865,967
Faience tile, sq. ft. e 33 7,702,558 4,794,128
Wall tile, sq. ft. 26 39,009,986 12,787,359
Drain tile, tons 301 519,483 3,858,408
Sewer pipe, tons 111 1,994,333 29,303,094
Stove lining, tons 20 14,573 472,904
Flue lining, tons _... 89 241,465 2,857,309
‘Wall coping, tons 54 56,345 + 685,303
Fire brick, M 230 1,048,694 42,706,932
Clay, tons 292 107,836 3,995,059
Other Ware .o 94 6,581,590
2,008 $317,953,545
Pottery : 351 116,488,308
Totals..ooeeeccecereen 2,359 434,441,853
COAL

A study of the data on coal production in 1926 and comparison
with similar data for previous years brings out several interest-
ing facts. While the list of producing counties remains about
the same there are some important shifts in relative rank. In
1916 three counties mined over a million tons each, namely, in
order, Monroe, Polk and Appanoose, and in fact Monroe county
usually has been the leader. In 1926 the three leaders were
Marion, Monroe and Polk, although neither county reached the
million ton mark. Marion has attained the supremacy in recent
years through the output of three large mines—the Consolidated
Indiana, Pershing and Red Rock. Appanoose, on the other
hand, produced less than half as much coal in 1926 as in 1916.
Another noteworthy fact is that Appanoose county mines always
require more men per ton of coal raised than any of the other
large producers. Probably this is due to the combination of
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low coal and numerous small mines—fifty-seven in 1926—which
renders large output per man difficult or-impossible. . It would
be an interesting study to determine the number of tons of coal
produced per man in different fields and under different work-
ing conditions; It-may be stated here that the output per man
in Appanoose in 1926 was 233 tons and in-Marion, with fourteen
mines, the output was 778 tons per man. Adams county miners
recovered only 141 tons per man.

It may be noted again that while the number of men employed
in mining increased up to 1909, when 17,286 were engaged, the
number has declined since then until in 1926 only 8,869 men
were reported. In comparing figures for 1925 and 1926 it may
be noted that while the production in 1926 was only 89,356 tons
less than in 1925, yet 1,298 fewer men were required to produce
the tonnage of the later year and that on the average the men
worked thirty days more than in 1925.

The small field in the Nodaway bed in Adams, Page and Tay-
lor counties continues operation on about the same small but
steady scale and it is noteworthy that its average value and
average days worked are among the highest in the state.

As a rule the larger mines and more important counties are
well served by railroads. Every mine in Monroe county except
one has railroad connections and thirty-nine Appanoose mines
are served by railroads. However, only six Polk county mines
are on railways, Wapello has only one railroad mine and Ma-
haska has none. . o

The number of operators decreased from 193 in 1925 to 184
in 1926 while the number of active mines dropped from 208 to
193. The table given below shows the data regarding produc-
tion in the different counties and for the sake of comparison
gives totals for 1925.



Coal production in Iowa in 1926

Loaded
at mines | Sold to

& m | forship- | local |Used at
F’\: § ment trade | mines Total production Average | Number of employees Average
= value : number
. 2z per ton | Under- of days
Counties tons tons tons tons value at mine | ground |Surface| Total | worked
Adams 4 6,088 6,088 $ 23,000  $3.78 41 2 43 125(a)
N 03070 110 R 52 425,708 52,653 2,136 480,497 1,592,000 3.31 1925 144 2,069 114
Boone 6 354,434| 65,882 7,066 427,382 1,402,000 3.28 751 51 802 - 219
Dallas 5 348,023 9,972 1,416| 359,411 1,064,000 2.96 676 62 738 148
Davig(1), Lucas(2) 3 411,246 5,009 18,596 434,851 1,307,000/3.563, 3.00 505 51 556( 149, 249
Greene(3), Story(1) 3 4,899 4,899 12,400 2.44, 2.51 17 4 21| 129, 40
Guthrie 4 5,591 5,591 15,000 2.68 26 1 27 123
Jasper 6 (b) 21,344\ 2,750 24,094 94,000 3.90 67 14 81 132
Jefferson(2), Keokuk(2) ... 4 2,369 2,369 7,000|2.89, 3.05 16 3 19| 81, 65
Mahagka 24 55,133 (b) 55,133 147,000 2.67 118 9 127 161
Marion 14 878,474| 33,120 14494 926,088 2,588,000 2.79] 1,104 86/ 1,190 238
Monroe 11 826,000| 24,226 24,746/ 874,972 2,690,000 3.07 1,231 100 1,331 210
Pago(2), Webster(1) ........ 3 (b) 25,258 25,258 96,000/4.11, 2.50 58 7 65| 225, 180
Polk 17 318,722| 345,184| 10,549 674,455 2,163,000 321 1,102 88 1,190 190
Taylor 4 (b) 13,424/ (b) 13,424 58,000 4.32 48 4 52 208
Van Buren .ococeecececeeeeeeees 3 (b) 6,643 (b) 6,643 18,000 2.711 16 2 1 145
Wapollo e cceeeaenen 14 (e) 50,743| 1,765 52,508 153,000 2.92 115 8 123 151
Warren 3 214,104 9,381 9,134 232,619 725,000 3.12 313 33 346 223
Wayne 4 19,205 (b) 19,205 60,000 3.13 63 8 71 134
Totalsmeeeeeeeee 184 | 3,791,893 740,136/ 93,458|4,625,487| 14,214,000 3.07) 8,192 677| 8,869 183
Totals for 1925 wreceeceeeeecee 193 | 3,711,654| 905,840 97,349|4,714,843| $14,807,000 9,337 830 10,167 153

(a) Low figure due to short operation of one mine.

(b) Included with Sold to local trade.

(¢) Included with Used at minbs.
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GYPSUM

The gypsum industry was unable to live up to its record for
several years of increasing output each year. The quantity
mined in 1926 was 1,743 tons larger than that mined in 1925
and the amounts of neat plaster and wall board were larger
also, but several other items were somewhat smaller, so that the
total value of the output was $146,068 less than the value of the
product for 1925. The amount of raw gypsum used in agricul-
ture does not increase much although it fluctuates a good deal.
The value of gypsum as a soil amendment has been fairly well
demonstrated and probably its cost and the lack of knowledge
as to its qualities are the only deterrents to wider use. The
Towa Geological Survey has issued a pamphlet entitled Gypsum
in Agriculture and the Towa Agricultural Experiment Station’s
Bulletin 232 gives results of tests on uses of gypsum on various
soils,

The following table gives the output of different products in
1925 and 1926.

Gypsum production in 1925 and 1926

1925 1926
tons value tons value

Crude gypSUm TMined .oeeeeeeeeeememeecsveerencs 800,167 802,910
Sold crude—to cement mills 134,200 $ 330,000 | 125.956 ¢ 268,507
for agriculture and other uses ....... 6,251 51,5685 | = 3,847 28,347
Total sold erude 140,451 381,585 | 129,803 296,854
Sold calcined—as stuceo . eceoeieeeeecens 21,329 137,903 30,355 236,804
as neat plaster ... | 380,124 2,918,414 | 402,005 3,005,877
as sanded plaster ... .| 25,837 185,313 164 1,751
as plaster of paris . 3,192 37,503 2,455 23,266
as dental plaster ............ 4,031 33,221 1,823 17,781
as wall or plaster board . .| 71,754 2,332,141 87,395 2,603,715
as partition tile .o 50,835 529,581 18,481 171,621

for insulating, fire-proofing,

other USES worermseemscrma o ecascneee 5,108 178,611 10,820 223,504
Total sold caleined ..ooooovoeeccccerericcaecaeae 562,210 6,352,687 | 553,498 6,291 346
Total 801d —eeeeeceeeeee e 702,661 6,734,271 683,201 6,588,203

The list of producers remained the same as in 1925 except
that the Centerville Gypsum Company was reorganized as the
Federal Gypsum Company with headquarters at Des Moines.
This company increased its sales of anhydrite for poultry grits
very notably over those for 1925. The Hawkeye Gypsum Pro-
ducts Company marketed its entire output to the cement trade
for retarder. The table given above shows that three items
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accourit for much the greater part of the amount and value of
gypsum products sold, namely raw gypsum for cement retarder
and calcined gypsum used as neat plaster and as wall and plaster
board. These amount to 619,203 tons, valued at $5,908,476 out
of total sales of 683,201 tons with a value of $6,588,203.

LIMESTONE AND LIME

The production of limestone and lime in 1926 was one of the
bright spots in the mineral industry in Towa and one of the few
in which marked gains were made over production in 1925. In
fact the output of limestone was next to the largest recorded
in the history of the industry. The peak of production was
reached in 1912 when the limestone produced was valued at
$944885 and the sandstone and lime marketed were worth
$53,351, which was somewhat more than the value of the lime
burned in 1926. Hence the total output of stone and lime in
1912 was valued at $998,236 or $46,095 more than the value of
the 1926 production. As compared with conditions in 1925 the
industry shows a gain of 136,083 tons, and $47,472. Substantial
"increases were madeé in amounts and values of lime burned, of
rough stone used for rubble and for riprapping and of crushed
stone used as railroad ballast, flux, sugar clarifier and notably
as agricultural stone, which reached the highest production in
the history of its use in Towa. As is natural in these days of
road building and concrete construction the production of
crushed rock for these purposes occupied much the largest part
of the attention of quarrymen and the output was larger by
79,616 tons than that of 1925. However, owing to somewhat
lower prices the total value was $75,413 less than that of the
product during 1925. Ior the first time in many years no pro-
duction of building stone was reported. Mr. Wilkes Williams
of Postville, who conducted the one establishment in Iowa for
dressing native limestone, has recently died and hence it is
probable that this industry will not be revived. Sixteen counties
reported production in 1926 as against fifteen in 1925. The Iowa
Limestone Company of Des Moines has recently taken over the
Alden quarries in Hardin county and is already becoming an
important factor in the production of crushed stone for various
uses.

The table given below will explain the statements made above
and will show the details of production by counties so far as
possible.



Production of Limestone and Lime in 1926

N g Rubble, riprapa | Concrete, road metal Other usesb Total
o .
Counties A tons value tons value tons value tons value
Black Hawk(2), Cerro Gordo(1) ....... 3 58,498 $ 67,871 9,802] ¢ 6,446 68,200 $ 74,297
Clayton(1), Clinton(1), Marshall(1),

Winneshiek (1) 4 50,270| $42,270 52,755 55,004 77,784 78,057 190,809 175,531
Dubuque 5 27,241| 27,859 54,121 72,003 4,635 43,911 85,997 143,770
Hardin (1), Jackson(1), :

Johnson (1) 3 115,092| 132,700 49,353 55,207| 164,445 187,907
Jones 3 9,305| 9,640 12,202 11,462 4174 3,110 25,681 24,212
Lee 3 [ 27,883 38,352 14,400 21,216 42,283 59,568
Linn (1), Lousia(1), Mitchell(1) ... 4 3 ¢ 14,483 21,229 14,483 21,229
Scott 3 6,670 7,789  201,070] 214,347 44,640 43,601 368,580 265,827

Totals 27 97,300 94,917 627,290 599,490 219,781 257,734 944,371 952,141
Totals for 1925 27 57,923| 68,176 547,674 674,903 152,692 161,590 808,288 904,669

a Includes: Rubble, 5 producers, 6,150 tons, value $7,161; Riprap, 10 producers, A i
b Includes: Railroad ballast, 3 producers, 75,190 tons, value $69,670; Flux, 5 producers, 14,280 tons, value $17,677; Sugar factories and lime, 5
producers, 15,711 tons, value $68,767; Agriculture, 16 producers, 114,700 tons, value $101,620.

0 Included in Other uses.

91,150 tons, value $87,756.
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SAND AND GRAVEL

The total quantity of sand and gravel produced.in 1926 was
considerably less than the output of the previous year, but as
prices averaged somewhat better the combined values were a
little higher in the later year. Individual grades differed both
in amounts and in values. For the first time, figures of washed
material were collected and these show that a large share of
the production goes through some process of preparation for
use. The following summary shows the kinds and amounts of
material produced in 1925 and 1926 and will permit comparison
of outputs.

Summary of sand and gravel production

. . 1925 1926
Kind of materidl No. No.
Sand pits tons value || pits tons value

Molding e, 4| 33418 ¢ 36,134 5 27,843 | $§ 23,259

Structural 58 636,534 321,190 50 664,062 354,341

Paving i 27 882,368 245,900( 30 524,761 235,285

Cutting and grinding ... 5 19,324 28,223 3 13,688b 14,555

Engine ... S 13 40,3501 24,715 11 43,091 30,225

Filter ... 6 6,249 7,127 4 10,773 2,882

R.R. ballast .oeeceeceecececeee. 5 47,438 16,616

Other oo, 10 51,2554 24970 7 17,551c 8,988

Total sand...ccoooo... 1,669,498 688,259 1,349,207 686,151
Gravel

Struetural o eeeeceeeeene] 47 381,496 342,653 39 307,610 282,125

38 939,102 426,781 34 661,782 430,777

8 307,689 89,207 13 377,472 162,983

~ 4 5,911 6,970

Total gravel..........| 1,628,287 858,641 1,352,775 882,855

Total production .......... 3,297,785 1,546,900 | 2,701,982 | 1,569,006

Zﬁsgggg gﬁlli:s:aiagfd and Fire or furnace sand.
¢ Includes Fire or furnace sand.

An attempt has been made this year to show the production
of gravel in a little more detail than formerly and in the table
by counties the output of different kinds is shown so far as
possible. Structural sand includes that used in concrete and
mortar and structural gravel is used in concrete for building.
That used in paving and roadmaking is included in the column
headed Paving and other gravel. The table shows also that Polk
county maintained rather a long lead in production of both sand
and gravel, Muscatine was second and Cherokee had third place.
Mahaska, Marion and Wapello are worthy of note for such large
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production from southern Iowa, where sand and gravel are rela-
tively scarce. It is unfortunate that so few counties have three
or more producers—from the standpoint of the statistician as
well as that of producers and consumers, because the small num-
ber prohibits revelation of data regarding most counties. In
1926 eighty-five producers were distributed over forty-two coun-
ties and only six counties had three or more operators.

Production of sand in the United States in 1926 amounted to
92,114,279 tons, valued at $55,675,988, while gravel production
was 90,986,539 tons, valued at $55,662,713, making a total pro-
duction of 183,100,818 tons, with a value of $111,338,701. The
Bureau of Mines estimates that this material represents the
volume of a ditch a yard wide and a yard deep extending three
times around the world.

New York ranked first with a production of 19,334,000 tons,
Illinois was second with 17,777,000 tons and Jowa ranked eight-
eenth. |
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Production of sand and gravel in 1926
" Structural " Paving and
Counties E g sand other sanda Total sand
g -
© tons value tons value tons value
Black Hawk(1),
Butler(2) .eee-—- 3 28,301 $ 13,918 b 28,301 $ 13,918
Boone(1),
Marshall (2),
Story (1) eceeeme- 4 21,640| 10,912 19,664| $ 8,765 41,304 19,677
Buena Vista(0),
Clay (1),
Dickinson(1),
Lyon(1),
Osceola (1) ... 4 9,705 3,095 9,047 678 18,752 3,773
Cerro Gordo(1),
| Floyd(1),
- Franklin(l),
Wright(0)  eed 3 84,568 34,000 b 84,568 34,000
, Cherokee(3),
Plymouth (2) 5 72,560 21,036 b 72,560 21,036
Clayton (2),
Dubuque(2),
Fayette(1),
‘Winneshiek(1) .. 6 13,458 8,075 62,2906| 26,732 75,754| 34,807
Clinton(2),
Jackson(2) ....... 4 5,586 4,102| 18,389| 11,759 23,975 15,861
Dallas(0), :
' Des Moines(2),
Les(2),
[S{0612 7 ¢2) JpE—— 6 43,761 30,631) 46,018) 33,584 89,779) 64,215
, Hardin(2),
Humboldt (1),
Kossuth (0),
1 Palo Alto(1) ... 4 23,341 17,317 b 23,341 17,317
- Ida(l), Sac(1),
‘Webster(1) ... 3 21,409 10,570 b 21,409 10,570
! Johnson(2),
i Tama(l) - 3 38,050 17,500 b 38,050| 17,500
[ 71.) I 3 89,917 64,783 43,609 23,830 133,526 88,613
| Mahaska (1),
i Marion (1),
) Wapello(1) ........| 3 179,199/ 100,757 b : 179,199 100,757
{ Muscatine 5 38,131 34,720) 116,536) 59,241) 154,667 93,961
]Polk ......... 9 152,535 55,062/ 132,919| 54,807| 285,454 109,869
S Y011 5 QO 5 79,535 45,885 24,591 10,102 104,126) 55,987
! Totals .coeroeeeee] | 70 664,062 354,341\ 685,145 331,810|1,349,207| 686,151
_Totals for 1925 l 632,695 318,587[ 1,023,231 360,859|1,669,498| 688,259
la[ncludes: Molding, paving and roadmaking, cutting and grinding, blast, fire or furnace, !

engine, filter, railroad ballast, and other sands.
b Included with structural sand.
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Production of sand and gravel in 1926
. R Struetural Pavling and I_ thal sand gnd Total quantity
[=]
£ § -gra.vel other gravele gravel washed
Counties © Tons value fons value tons value tons value
Black Hawk(2), -
Butler (1) oomem 3 26,228| $ 21,559 '54,529| $ 35477| 53,219 $ 34,947
Boone(1)
Marshall(2), '
51T ) J— 5 6,447 8,642| 95,306/ $ 11,000 137,051 37,219| 47,751| 28,319
Buena Vista(l), ’
Clay(1),
Dickinson(1),
Lyon(2) . .
Osceola (1) wee-ee- 6 7,992 3,256 15,779 2,175 42,603 9,204 14,009 2,821
Cerro Gordo(1)
Floyd (0) ’
Franklin (0),
Wright(2)  ceeree 3 a 84,352| 83,787 168,918 117,787
Cherokee(3)
Plymouth(2) | 5 31,034 20,543 187942 77,860 292,436 118,439 141,861 65,681
Clayton (0)
Dubuque (2),
Fayette(li,
Winneshiek(0) .| 3 a 30,550| 10,338 106,304| 54,145/ 85,230 45911
Clinton (3) ,
Tackson(2) o 5 19,537| 15,225 62,890| 44,908 106,402 75994 106,402/ 75,994
Dallas(1)
Des Mo’ines(Z),
Lee(0),
IrSY() — 3 a 36,156| 34,637 126,035 98,852 102,745 76,175
Hardin(1)
Humboldt (1),
Kossuth(1),
Palo Alto(l)) o ! 27,253 - 17,228] 76,366 15,732| 126,959 50277| 61,378] 40,677
Ida(0), Sac(2 -
ebs'ter§2) | 4 31,623| 29,643 106,208] 23,150| 159,240| 63,363 156,663 62,700
Johnson (2
Tama (1) weoeeeeeeee 3 d 6,100 4,600 44,150] 22,100
Linn e 2 b 132,833 88,613 132,747 88,599
Mahaska (1
Marion(1),
Wapello (1) weuemmr 3 b 59,019/ 74,566 238,218 175,323 237,935 174,746
Muscatine ... 4 21,882 19,600 109,159 100,230] 285,708 213,801 285,708 213,801
POIK e 7 58146 74,589 197,583 145,053 541,183 329,475 538,197 323,999
1531015, Q. 3 35,386) 22,950 e 139,512|  78,037| 133,135 76,825
Totals -eeeeerrrr 63 307,610 282,125 1,045,165 600,730| 2,701,982 1,569,006 2,294,289 | 1,444,995
Totals for 1925 ... 1381,496| 342,653| 1,246,791| 515,988 3,297,785| 1,546,900

b Included with structural sand.

Paving and roadmaking, railroad ballast, and other gravel.
@ Included with paving gravel.

e Included with structural gravel.

¢ Includes:



ROCK RESOURCES OF IOWA

GEORGE F. Kay

Introduction .

Rocks in the wide, scientific use of the term include all classes of
earthy or stony material, whether consolidated or not. Soft chalk,
softer clay, or the loose bed of sand or gravel—if produced by nat-
ural physical agents—is to the geologist as truly rock as the hard
granite bowlder found in places in our prairies. In accordance,
however, with a somewhat prevalent notion, the rocks of Towa may
be divided into hard and soft, into indurated and non-indurated
rocks, into the regularly-bedded deposits that are recognized as
rocks by even the non-geological observer, and the loose, superficial
materials that almost everywhere conceal the beds of the indurated
series.

The hard or indurated rocks of Iowa consist chiefly of limestones,
sandstones, quartzites, various forms of shale, coal, and gypsum.
All of these rocks except coal are of marine origin. Over the hard
or indurated rocks there is spread a covering of unconsolidated ma-
terials—mantle rock—ranging from a few inches to more than five
hundred feet in thickness, and forming the soils and subsoils which
are so important an element among the many causes of Iowa’s pros-
perity. These unconsolidated materials ineclude the drift, of glacial
origin, loess, the result of wind action, geest, a residual product of
weathering, and alluvium, which is a flood-plain- deposit.

The indurated and the mantle rocks are the geological formations
of the state. Detailed studies have been made by the staff of the
Towa Geological Survey and by other persons of the different geo-
logical formations, their extent and thickness, the character of the
different kinds of rock included, something of the contained fossils,
and the economic features of the formations. Careful examinations
have been made of the various economic minerals and their distribu-

This paper and the three which follow were presented at the Iowa Power Conference,
held March 30 and 31, 1927, at the State University of Iowa under the auspices of the

College of Engineering and the Extension Division. Reprinted by permission from Ex-
tension Bulletin no. 170, April 15, 1927,

v
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tion, geology, properties, and uses. More than thirty volumes have
been published by the Iowa Geological Survey alone on the many
phases of the rocks and minerals of the state.
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Figure 1

In this paper discussion will be limited largely to the considera-
tion of the rocks of the state which are of economic value, and hence

are related closely to our industrial development.

These rocks be-
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long in age to several of the wel established geological systems.
From oldest to youngest, the systems represented by rocks in Jowa
are Algonkian, Cambrian, Ordovieian, Silurian, Devonian,- Missis-
sippian, Pennsylvanian, Permian, Upper Cretaceous, and Pleisto-
cene. The subdivisions of each of these systems in Towa are given
in Figure 1; also the thickness and character of the rocks of each of
the formations. It will be noted that many of the formations bear
geographic names. These names are derived from localities where
.the beds are well exposed or typically developed. Thus, the Des
Moines series is named from the river along which the beds of this
age are found as surface rocks; the St. Louis, from the city where
the formation was first studied; and other geographie names have
similar reasons for their application.

The areal distribution in Iowa of each of the systems of rocks is
shown on the geological map of Iowa, Figure 2.

Rocks of Economic Importance

The rocks of economic importance have a wide range in use, in
origin, in age, and in distribution. The Sioux quartzite, although
not quarried in Iowa, is used in adjacent states as a building stone,
for paving blocks, and other purposes. The Croixan is the best
water-bearing horizon in Iowa, owing to its wide outerop in Wis-
“consin and Minnesota, and the St. Peter forms the next most reliable
aquifer. The lead and zine of Dubuque county are found in the
Galena limestone. The different limestones of the state yield abun-
dant supplies of crushed and dressed stone, notably the Ordovician
and Silurian. The cement plants at Mason City get-their limestone
and shale from the Devonian. The plant at Gilmore uses limestone
from the local beds of Mississippian age, which also supply the
Pyramid plant at Valley Junction, while the Hawkeye plant, near
Des Moines, gets shale from the Des Moines series and limestone
from the Missouri. On account of its stores of coal and shale the
Des Moines series comprises probably the most important rock strata
of Towa. The rocks of St. Louis age at Centerville contain a bed of
gypsum whieh is being used for making wall plaster, and the ex-
tensive bed of gypsum in the Permian system at Fort Dodge sup-
plies several large mills which manufacture various kinds of build-
ing materials. The great shale formations of the state, such as the
Maquoketa, the Kinderhook, the Des Moines, and the Colorado, also
the glacial drift sheets and the loess, supply numerous clay works
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with raw materials for brick, tile, pottery, and other wares. Sand
and gravel beds in the drift or in stream.valleys, and to a less ex-
tent beds of sandstone, supply the demands for these materials for
building, road construction, and other uses.

The extent to which the rock resources of Iowa are being de-
veloped may-be indicated best by referring to the annual production
of various minerals. Although it would be of great interest to
trace the history of development of each of our mineral resources
the discussion in this paper will be limited to a consideration of the
output of the last few years. Figures of yearly production will be
given for the year 1920 and each succeeding year including 1925;
figures for 1926 are not yet available.

Chief Mineral Products

The chief mineral products being produced commercially in Towa
are coal, cement, gypsum, clay produets, sand and gravel, and stone
and lime. The total annual mineral produection in recent years is
shown in Figure 3.

1OWA MINERAL PRODUCTION
/920 5725037 |
1921 \35625470
1922 136189398
1923 | 4623752/
1924 | 4047097
/925 38393742

_ Modvction indellars annve! vel..tien

Figure 3

It will be seen that in this six-year period the greatest production
was in 1920, the smallest in 1921. Without attempting to discuss
the many factors which contributed to the marked differences in
yearly production it may be stated that 1920 was the inflation year;
in this year the production was $20,000,000 higher than in the
previous year; prices were at their peak and the demand for pro-
ducts was above normal. In 1921 and 1922 the production dropped
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back more than $20,000,000 each year. Then in 1923 there was an
inerease of more than $10,000,000 above the production of the pre-
ceding year., It is noteworthy that in this year the increase was not
limited to one product but was shared by all the major branches of
the mineral industry. The decline of 1925 below 1924 was due al-
most entirely to the reduction in tonnage and value of the coal pro-
dueced in the latter year as compared with that of the year before.
The following table shows the value of the chief products for each
of the years from 1920 to 1925.

Clay Sand and  Stone

Coal Cement Gypsum Products Gravel and Lime
1920 $30,793,847 §$ 8,742,854 $4,422,065 $10,489,232 $1,993,441 $840,544
1921 17,256,800 7,439,983 2,922,700 5,711,583 1,726,958 563,427
1922 16,119,000 7,709,313 4,146,182 5,739,449 1,752,233 719,203
1923 20,517,000 10,351,971 5,368,532 7,039,924 2,181,881 775,134
1924 18,097,000 8,811,587 5,657,339 5,602,147 1,473,065 739,632
1925 14,807,000 8,674,563 6,734,271 5,726,239 1,546,900 904,669
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Figure 4

In 1925 the order of values of the chief products from the highest
to the lowest was coal, cement, gypsum, clay products, sand and
gravel, and stone and lime. The relative values of these materials
are shown graphically in Figure 4.

Coal

The value of coal each year greatly exceeds the value of any other
" mineral produet in Iowa. The values for 1920 and each succeeding
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year including 1925 are shown graphically in Figure 5; and the
tonnage production and value in Figure 6. In 1920 the value
reached $30,793,847, which is the highest figure in the history of
coal mining in the state. In that year the total output was 7,813,916
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tons with a value of $3.94 a ton at the mine., The number of em-
ployes was 11,905 men. The average number of days worked in the
coal mining counties was 250. In 1921 the value of the output was
$17,256,800; in 1922, $16,119,000; in 1923, $20,517,000; in 1924,
$18,097,000, and in 1925, $14,807,000. The value for 1925 was the
lowest of any year since 1916.
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The chief coal is mined from the Des Moines series in the Des
Moines valley, but some coal is mined in Adams, Page, and Taylor
counties from the Nodaway coal seam, which averages only about
18 inches in thickness. In 1925, Marion county ranked first in
value of coal produced Monroe county ranked second, Polk county
third, Appanoose county foln"ch Thuchs coutitysfifth, Boone county
sixth, and Dallas county seveatkh_.,n -Figure. 7, shows the coal pro-
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Figure 7

ducing counties in Towa in 1925; the numbers indicate the rankings
of the most important counties. It has been estimated that at the
present rate of production there is sufficient coal in Towa to last for
more than twenty-five hundred years.

Cement

Only a comparatively few years ago Iowa entered the field as a
producer of Portland cement, yet to-day she ranks high among' states
in this regard. In 1920, the value of the output was $8,742,854; in
1921, $7,439,983; in 1922, $7,709,313; in 1923, $10,351,971; in 1924,
$8,811,587; and in 1925, $8,674,563. These values are shown graph-
ically in Fiigure 8. The banner year was 1923, when 5,732,470 bar-
rels were produced, and 5,570,675 barrels were shipped. The ship-
ments were made by the following five plants: the Gilmore Port-
land Cement Company, Gilmore City; Hawkeye Portland Cement
Company, Des Moines; Lehigh Portland Cement Company, Mason
City ; Northwestern States Portland Cement Company, Mason City,
and the Pyramid Portland Cement Company, Valley Junction. The
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Pyramid and Hawkeye plants use the wet process; the others use
the dry proeess. All the plants use limestone and shale and burn
the clinker with coal. In this year there were twenty-seven produe-
ing states in the United States, and Iowa oceupied eighth place in
both production and shipment. The Portland cement factories of
Towa manufactured 4,648,145 barrels of eement in 1925, and during
the same year they shipped 4,856,849 barrels, which at an average
price of $1.79 per barrel were worth $8,674,563. In this year Iowa

CENENT”

. ’.Z.-ﬂ mlle 203 of Jo//aﬁ.s_ sonvel (prodvefinn
Figure 8 S
was the only state in the Union which suffered a decline in produe-
tion, and was one of the two states where shipments declined in
amount and value, the other being Illinois. The raw produets, lime-
stone and shale, from which Portland cement is being made in Iowa
are widely distributed in the state, and at several places the rocks
are of unusually good quality and occur in such quantity that they
are available for extensive future development.

Gypsum

For many years Iowa has been one of the important producers of
gypsum and its products—wall plaster, fireproofing, tile, blocks,
boards, ete., plaster of Paris, and other materials. For many years
New York has ranked first of all the states in the Union in value of
gypsum, and Iowa with few exceptions has been second. Volume
XXVIII of the reports of the Towa Geological Survey deals with
the subject of gypsum in a most comprehensive manner. The geo-
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logie, chemical, economie, and technologic aspects of gypsum are
deseribed.

The value of the gypsum in 1920 was $4,422,965 ; in 1921, $2,922,-
700; in 1922, $4,146,182; in 1923, $5,368,532; in 1924, $5,657,339;
and in 1925, $6,734,271. These values are represented graphically
in Figure 9. The value in 1921 was less than in 1920, but since
1921 the value has increased consistently until in 1925 the value was
the highest in the history of the gypsum industry in Iowa. The
gypsum products industry in Towa is one of the few branches of the
mineral business which shows constant gains from year to year, even
during the adverse conditions that have prevailed during most of
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the past few years. The tonnage of crude gypsum raised in 1925
was 800,167. Of this total 140,451 tons was sold erude to Portland
cement mills as retarder, for agricultural gypsum—*‘land plaster’’
—and for various other purposes. Most of the gypsum mined is
caleined to make plaster of various sorts, wall board, partition and
roof tile, and other materials. Five plants are operating at Fort
Dodge and one plant at Centerville.

Clay Products
The value of clay produets in 1920 was $10,489,232, the highest
figure in the history of the industry; in 1921 the value dropped to
$5,011,583 ; in 1923 it rose to $7,039,924; in 1924 it again dropped
to $5,692,147, and in 1925 it rose somewhat, the value being $5,-
726,239. The values during these years are shown graphically in
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Figure 10. The kinds of clay products marketed are hollow build-
ing tile of various kinds, sewer pipe, drain tile, common brick, face
brick, flue lining,}paving brick, and pottery. In Iowa there were
sixty-seven establishments in 1925. The chief producing counties
in reecent years have been Cerro Gordo, Webster, and Polk. Our
state ranks twenty-third in the United States in value of common
brick sold, fifteenth in value-of face brick, fifth in value of hollow
tile, second in value of drain tile, and eighth in value of sewer pipe.
Slowing down in building operations and in other civie improve-
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ments wherein clay produects are used, as well as in land improve-
ment represented by drainage and similar work, have a marked
effect upon the clay working industries. Although Iowa has abun-
dant clay for all ordinary uses the state does not possess, so far as

is now known, any strietly first-class refractory clays in commer-
cial quantities.

Sand and Gravel

The value of the sand and gravel produced in Towa in 1920 was
$1,993,441; in 1921, $1,726,958; in- 1922, $1,752,233; in 1923,
$2,181,881; in 1924, $1,473,065, and in 1925, $1,546,900. The values
during these years are shown graphically in Figure 11. The sand
was used mainly as building sand, paving and road making sand;
some was used for molding, cutting and grinding, fire or furnace
purposes, engines, filters, and various other purposes. The gravel
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was used in the building trade, for railroad ballast and for paving
and road making.

More than forty counties are producing sand and gravel; the
chief producers are Polk, Muscatine, Cerro Gordo, Cherokee, Sac,
Linn, Hardin, Boone, Black Hawk, and Wapello. It may be noted
that several of these counties—mnamely, Cerro Gordo, Cherokee,
Polk, Sac, Hardin, and Boone—in the central part of the state are

IAND * GRAVE L
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in the area covered by what is known as the Wisconsin glacial drift.
This drift sheet contains great amounts of sand and gravel, both
incorporated in the body of the drift and as masses of nearly clean
material. These latter are all ready for the shovel of the excavator,
as in Cherokee, Cerro Gordo, and Sac counties, and the former
yields its store to the streams, from which it may readily be dredged,
as is the case in Polk county. The other important counties are
located on large streams—the Mississippi, the Cedar, and the Des
Moines—which have gathered their stores from the glacial drift
across which they flow. .

The sands and gravels of Towa are by nature better fitted for the
coarser uses rather than for finer ones such as glass making, mold-
ing, polishing, and filter sands. However, some of these latter pur-
poses are served by carefully selecting and preparing some of the
finer and better grades of sand.
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Limestone and Lime
The value of limestones and lime produced in Iowa in 1920 was
$840,544 ; in 1921, $563,427; in 1922, $719,203; in 1923, $775,134;
in 1924, $739,632; and in 1925, $904,669. These values are repre-
sented graphically in Figure 12. The value in 1925 was the largest
reached by the industry since 1912. The limestone is used in con-
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crete and road work, in agriculture, for railroad ballast, flux, in
sugar factories and for building. The chief producing counties are
Scott, Dubuque, and Black Hawk.

Lime is burned at Dubuque and at Hurstville near Maquoketa.

Oil and Gas .

0il in' commereial quantities has never been found in Towa. Gas
has been found and no doubt will econtinue to be found in various
parts of the state in small quantities in sands and gravels of Pleis-
tocene age. One is not justified-in making the statement that oil
and gas will never be found in commercial quantities in the indur-
ated rocks of Towa, but it is proper to assert as has been asserted
frequently in reports of the Towa Geological Survey and elsewhere
that all the evidence that has been gained from a study of the
geology of the state, especially in connection with the many deep
wells that have been drilled in efforts to get supplies of water, points
consistently to the conclusion that in nearly all parts of Iowa it
would be a waste of money and effort to drill deep wells with the
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sole expectation of obtaining commercial quantities of either oil or
gas. In volume XXIX of the reports of the Iowa Geological Survey
there is a thorough discussion of the possibilities of finding oil and
gas in Iowa. The geologic formations are discussed in detail, and
the probabilities of oil being found in such well known horizons as
the Platteville (Trenton), Silurian, Devonian, and the Cherokee
shales are considered. The prospect is stated to be distinetly dis-
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Figure 13

couraging. The only part of the state for which any hope is held
out is the southwestern, including most of the three southern tiers
of counties as far east as Winterset, Osceola, and Leon. There is
no use in drilling, either here or elsewhere, below the upper part of
the St. Peter sandstone. The chance of failure, even in southwest-
ern Iowa, is very high.

Natural Fertilizers

A few years ago it was reported that potash was present in Iowa
lakes, but investigation showed that there was no foundation for
such rumors. Gypsum has been found useful as a soil amendment,
and Towa has abundant supplies. Peat, which is found in the many
bogs which lie on the Wisconsin glacial drift of north central Iowa,
can be used for chemical fertilizers and is inoculated with nitrify-
ing bacteria. No extensive deposits of phosphates have been found
in Towa, but some limestone beds contain traces of this material, al-
though not enough to make them very valuable on that account.
Towa has large deposits of limestone which is suitable for agricul-
tural purposes. The best and most extensive beds are near those
localities where the need for limestone is greatest. A recent report
on the fertilizers of Towa, prepared by Professor John E. Smith,
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was published in volume XXXT of the reports of the Iowa Geolog-
ical Survey. Professor Smith states that nearly ninety per cent of
Towa soil could be made more productive by the addition of lime-
stone. :
Towa with her rich soil is one of the foremost agricultural states
of the Union. Perhaps our pride in our soil resources causes us to
underestimate the importance of our other natural resources. The
rocks of the state are a great asset. Their value will be realized
more and more as we assume to a greater exfent than we have in
the past our obligation to use in connection with the development
of our industries and in other ways our own. natural resources
rather than ship into the state from other states similar materials
of no better quality than are to be found within our own borders. -

IOWA COAL AREAS AND CHARACTERISTICS OF
IOWA COAL

JaMmes H. LEES

I feel that the subject assigned to me for discussion is of very
serious importance to the interests represented here, for no matter
how we may designate the present stage of eivilization—whether the
age of steel or electricity or radio or even jazz—it still remains true
that fuel is the basic resource of industry, and of the great primary
sources of power and heat—coal, water-power, oil, natural gas—
coal is now and probably in our generation will remain well in the
lead. If thisis true it is well that every citizen should have an in-
telligent interest in this resource—its occurrence, its extent, its
character and the best methods for its recovery and use.

A generalized time-scale to show those periods which are of special
interest in this study may well be given here and is as follows:

Present
Pleistocene—Glacial period
. Pliocene
Cenozoic : . . .
Miocene—Some coal in California
Oligocene
Eocene—Coal and lignite
Cretaceous—Coal
Mesozoie Jurassie
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._Professor E. C. Jeffrey of Harvard University in summarizing a recent paper on Con-
ifers and the Coal Question says: ‘It is clear from the structural study of Tertiary
coals and their contained woods that these coals can not have been formed in silu as is
generally assumed, since the woods are those of land and even desert trees.” ‘‘Tertiary

coals in general - - - are to be regarded as the result of water transportation and
aqueous sedimentation.”” Science, N. S., vol. LXV, p. 357, April 8, 1927.
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was published in volume XXXT of the reports of the Iowa Geolog-
ical Survey. Professor Smith states that nearly ninety per cent of
Towa soil could be made more productive by the addition of lime-
stone. :
Towa with her rich soil is one of the foremost agricultural states
of the Union. Perhaps our pride in our soil resources causes us to
underestimate the importance of our other natural resources. The
rocks of the state are a great asset. Their value will be realized
more and more as we assume to a greater exfent than we have in
the past our obligation to use in connection with the development
of our industries and in other ways our own. natural resources
rather than ship into the state from other states similar materials
of no better quality than are to be found within our own borders. -

IOWA COAL AREAS AND CHARACTERISTICS OF
IOWA COAL

JaMmes H. LEES

I feel that the subject assigned to me for discussion is of very
serious importance to the interests represented here, for no matter
how we may designate the present stage of eivilization—whether the
age of steel or electricity or radio or even jazz—it still remains true
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sources of power and heat—coal, water-power, oil, natural gas—
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telligent interest in this resource—its occurrence, its extent, its
character and the best methods for its recovery and use.
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aqueous sedimentation.”” Science, N. S., vol. LXV, p. 357, April 8, 1927.



66 IOWA COAL AREAS

Permian
Pennsylvanian—Coal
Mississippian—Some coal

Paleozoic Devo_nmn
Silurian
Ordovician
Cambrian

Proterozoie

Archeozoic

The Towa coal fields, in common with those of the Interior and
Appalachian districts, belong to the Carboniferous, or as it is now
coming to be known, the Pennsylvanian system of strata. Much of
the coal of the Rocky Mountain provinee, on the other hand, is of
Cretaceous age, while the lignites of the Gulf region and the Great
Plains provinece and the coals of the Pacific coast are nearly all
found in strata of Eocene age. Theoretically there is no direct re-
lation between the geologic age of a coal bed and the character of
the coal therein, but practically it is true that under normal con-
ditions of deposition and preservation the older coals are of higher
grade than are those of more recent age. This is illustrated in the
gradation from the high grade bituminous coals of Pennsylvanian
age in the eastern and central interior states through the softer
bituminous and sub-bituminous coals of the Rocky Mountain Cre-
taceous to the Eocene lignites of the southern states and the north-
ern Great Plains.

Then too the thickness of cover is an important factor in the hard-
ness and general character of ecoals. For example the Pennsylvanian
system of western Pennsylvania—the bituminous fleld—has a max-
imum thickness in the southwkstern counties of 2600 feet and the
upper division, which is the least produective but which furnishes
the heaviest cover, is €00 feet thick above its one merchantable coal
bed. The Pennsylvanian strata of the Illinois fields have a max-
imum thickness of 2000 feet, although the basal barren sandstones
are in places 700 feet thick. Coal No. 6, the Herrin bed, the famous
Franklin county coal, is reached in Franklin county at depths rang-
ing from 200 to 700 feet. The Des Moines series, the productive
coal measures of central and southeastern Iowa, are usually assigned
a maximum thickness of 750 feet, but in most places the depth to
the coal beds is much less than this, and few mines exceed 300 feet
in depth. These figures naturally take no account of the thickness
of strata which may have been removed by erosion in the immense
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interval which elapsed between the uplifting of the Pennsylvanian
beds and the oncoming of the glaciers of the Ice Age, which covered
these beds with a protective mantle of glacial drift. Then too the
presence or absence of crustal movements and of voleanic activity
involving coal beds is an important and in many cases a decisive
factor in determining whether a g'ven coal will eventually be anthra-
citie, bituminous or even sub-bituminous. The best known illustra-
tion of the effect of erustal, or dynamie, activity is the anthracite
region of eastern Pennsylvania and the semi-bituminous fields of the
Appalachian region. Several small fields of anthracite in the Rocky
Mountain provinece and the Cascade Mountain region are due to
igneous intrusions coupled in some measure with regional meta-
morphism. If it were not for these disturbances the coals now af-
fected by them probably would be no better than those in neighbor-
ing regions—bituminous in eastern Pennsylvania, sub-bituminous
in the Rocky Mountain province, and sub-bituminous or lignite in
the Cascade region of Washington. The combination of a progres-
sively thinning cover and of gradually diminished metamorphism
from the Appalachian mountain region toward the Mississippi val-
ley and the Great Plains forms an important if not a dominating
factor in the progressive softening of the coals from the anthracites
of eastern Pennsylvania to the bituminous coals of Towa and Texas.
There is no basic difference between the coals of different provinees.
They were formed from similar materials and under approximately
similar conditions. The Eastern province owes the thick strata of
its Pennsylvanian system to the presence of a large and probably
high land mass to east and northeast, from which large quantities of
mud and sand were transported to the lagoons and marshes of the
coastal regions. On the other hand the land area which drained
into the inland sea covering the present Mississippi Valley—TIsle
‘Wisconsin a.nd, probably, the Canadian Shield—furnished less wast-
age. perhaps because of lower elevation, and hence thinner layers of
rock material to enclose the newly formed coal beds. It seems like-
ly too that conditions during coal formation were more stable in
the Eastern province than farther west, in that the oscillations of
sea and land were less frequent but of longer duration, judging
from the thickness of the coal beds, and probably of the sediments
also.

The coincidence of heavy sedimentation and strong diastrophism
in the East on the one hand and lighter sedimentation with practic-



68. IOWA COAL AREAS

ally no diastrophism in the Mississippi Valley on the other hand is
no mere accident but follows as the resultant of well established
causes. The thick deposits were near the continental margin, and
such a combination was bound to result in crustal movement with
crumpling, faulting, heating and all the changes that go on under
the general process of metamorphism, with consequent compression
and hardening of the coal and expulsion of much of the volatile sub-
stances. The Mississippi valley has, throughout its known geologic
history, been more stable than the east and west coasts and less sub-
jected to igneous or dynamic disturbances. Hence the strata here
are more nearly in the condition and position they assumed when
they consolidated.

I have dwelt at some length on these differing conditions of sedi-
mentation, igneous intrusions and dynamic activity or diastrophism
because they are fundamental in the formation and character of
coal deposits and of the strata in which these coal beds are contained
and because a knowledge of these conditions is invaluable in a
geologic or economic study of the coals and their utilization. I
should like now to consider in some detail the local conditions under
which our Towa coals were formed.

At the opening of Pennsylvanian time the land surface of the
east-central part of the United States, say from Nova Secotia and
southern New England westward to eastern Kansas, was low-lying
but very irregular. In the Rocky Mountain and Pacific coast re-
gions deep-sea conditions prevailed, so those areas are of no further
concern to us. Some interesting evidence of the irregularity of the
surface of the Mississippian strata has been revealed by drillings in
Polk county. At Mitchellville the Mississippian limestones were
reached about 760 feet above sea level, on the southeast edge of Des
Moines 600 feet, in the western part of Des Moines 374 feet and at
Commerce, west of the city, 300 feet above sea level. Another in-
stance which recently ecame to my attention is shown in the new Chi-
cago, Burlington and Quincy railroad well at Tracy, southeast of
Des Moines. On the east bank of Des Moines river, opposite the
village, the sandy limestones of St. Louis (upper Mississippian) age
rise several feet above water level. In the well, which was drilled
in the bottoms, only a few feet above river level, the Pennsylvanian
shales were penetrated ninety-two feet before the St. Louis lime-
stones were reached. There is here a difference in elevation of a
hundred feet within two miles. Very similar conditions prevailed
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throughout the general region in which the coal beds were later to
be formed.

The movements which had brought Mississippian deposition to a
close and had raised above sea level large areas of land across the
central-eastern part of the United States had developed a great
geosynecline which extended from north-central Iowa southwestward
as far as central Texas and perhaps farther in each direction. Prob-
ably similar synclines existed in the eastern part of the Mississippi
valley and in the Appalachian region, where the eastern coal fields
now exist. .

Climatic conditions at the beginning of Pennsylvanian time be-
came more favorable than ever before for the development of a very
extensive and abundant vegetation. This was not a sudden develop-
ment, for eoal beds in Mississippian strata of the eastern states show
the presence of similar conditions, although these were but the
precursors of the exceptionally favorable situation of the Pennsyl-
vanian, It does not seem necessary to assume, as was formerly done,
the presence of a hot dense moist atmosphere through which the
sun’s rays had never penetrated and whose heavy gases were ab-
sorbed by the vegetation of the period. On the contrary the evi-
dence points rather to possible aridity as well as to lower temper-
atures than were formerly assumed.

Under these general conditions then, the Pennsylvanian period
began with the continental sea advanecing up the Western Interior
geosyneline from the southwest, just as it was advancing over other
land areas farther east. On the low-lying marginal reaches between
uplands and ocean a series of great coastal swamps was forming,
similar to the Great Dismal swamp and the coastal marshes of Vir-
ginia and the Carolinas. Similar bogs or marshes no doubt devel-
oped over poorly drained areas remote from the sea, just as is true
to-day, and so fresh water, brackish water, and salt water swamps
existed simultaneously, each with its appropriate vegetation. This
vegetation consisted of giant tree-ferns and horsctails, Lyecopods
such as Lepidodendron and Sigillaria, whose stems are now so often
seen in coal and the associated rocks, and of an undergrowth con-
taining smaller ferns and other lowly phases of plant life. The
flowering plants and the modern types of trees had not yet appeared
on the earth. Probably there was a growth of vegetation over the
drier land areas, but as is the case with similar growths to-day such
vegetation would normally leave no record of its existence. The
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elements of this marvelously developed flora, however, which lived
in the swamps, as they died fell into the waters from which they
had sprung and were there partly preserved. During the process
of decay in the open air the carbon and hydrogen. of wood unite
with the oxygen of the air or of the wood and so form carbon dioxide
and water and pass from our notice. But under water atmos-
pheric oxygen is largely excluded, and the reactions are chiefly
among the elements of the wood itself. Under these conditions
marsh gas (C H,) is formed, with some carbon dioxide (C O,) and
water (H,0). All of these processes would use up the carbon less
rapidly than the other elements and so would result in the propor-
tionate inerease of carbon in the residue.

As generation after generation of the ancient plants lived, died,
and fell to the floor of the swamp there was gradually accumulated
an inereasing layer of vegetable material which was constantly
undergoing progressive changes which earried it further and further
from its original state and into peaty and possibly lignitic stages.
How fast this vegetal material accumulated is very difficult and
perhaps impossible to estimate with any degree of accuracy. The
abundance of vegetation and its rate of growth, the percentage
which would be preserved, the prevailing climatic conditions and
doubtless other factors would affect the problem. The estimate has
been made that under conditions as we know them nearly 10,000
years would be required for the formation and preservation of a
foot of vegetal material having a specific gravity of 1.4, about that
of average coal.

In the course of time the interior sea reached Iowa. The marsh
and bog types of vegetation grew and accumulated here as we have
described the processes above and Towa’s coal resources began their
formation. The statement has.already been made that the surface
over which the Pennsylvanian sea advanced was very irregular. Be-
cause of this faet the earliest deposits on a slowly sinking land area
would be in the valleys and depressions and the burial of the hills
and uplands would come later, perhaps much later. Some of the
coal swamps which were formed in these depressions were limited
by walls of limestone, and miners of the present day find these walls
barring their further advance and marking the limits of the coal
bed they are working.

Most of the basins and depressions in which the Towa coal swamps
formed were rather limited in extent, and so the accumulations of
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vegetable matter which' later became consolidated into coal are not
very large, most of them being only a few hundred or at most a few.
thousand acres in size. These beds are mostly lenticular in vertical
section, being much thicker near the center than on the margins,
where they usually feather out and finally disappear. One note-
worthy exeeption to this rule, however, is the bed known as the Cen-
terville or Mystic seam. This bed, although it has an average thick-
ness of only about two and a half feet, and has a rather wide vertical
range, still is very uniform in its character and appearance, as well
as in its thickness, and is estimated to underlie in workable condi-
tion about 1500 square miles in Appanoose and Wayne counties in
Towa and several neighboring counties of Missouri.

It must not be supposed that the interior sea progressed uniform-
ly and uninterruptedly from southwest to northeast, or that condi-
tions remained the same throughout Pennsylvanian time. On the
contrary there were many oscillations of the land and since much of
the area under discussion was near the critical level of crustal
movement, the sea level, it was inevitable that because of these
movements the coast line should frequently swing back and forth
over the marginal areas on either side the strand. These oscillations
resulted in equivalent alternations of deposits—when a given area
was at the proper position above sea level vegetation was accumulat-
ing, but when this area was under the sea it and its contained bed
of vegetal matter became covered by a layer of sand or mud or
perhaps limy ooze, depending on local conditions. These materials
in due time were consolidated into sandstone or shale or limestone
and also by their weight compressed the underlying bed of vegetal
matter until it assumed the characters of lignite or the various
grades of bitumous ecoal. The thickness of each deposit depended,
of course, on the length of time it was acecumulating, in other words
the interval between  successive effective oscillations, the rate at
which material was contributed, the amount of condensation caused
by compression or drying or chemical changes and doubtless by
other factors. The estimate has been made that a vigorous growth
of vegetation would yield annually about a ton of dried matter per
acre. If the annual yield for a thousand years were all preserved,
except for the natural loss by escaping gases, and were duly com-
pressed it would yield less thanan inch and a half of coal. In spite
of this slow growth some Iowa coal-beds are known to have thick-
nesses of eight to ten feet, and one bed with a measured thickness of
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thirteen and one-half feet and a reported thickness at another point
of sixteen feet has been found in Marion county. Most of the beds
which are worked, however, are four to five feet thick on an average.
From these thicknesses they range down to mere films between lay-
ers of shale or other rock. I know of no estimate of the total thick-
ness of coal in the Towa measures, and indeed such an estimate would
be difficult to make and of little value when it was made owing to
the limited extent of the beds, their differing thickness, and the fact
that the beds of a given locality are not all actually superimposed,
but may be widely scattered. It may be said with assurance, how-
ever, that the coal beds form only a small percentage of the total
thickness of the Towa coal measures, as is true in other states. The
purity of the accumulating material—viewed from the standpoint
of the vegetation—would depend on the amount of waste matter—
mud and sand—which was washed in from surrounding uplands or
brought in by streams. If such material were nearly or entirely
absent the ‘deposit might, after the necessary processes, become a
high grade coal while conversely a large amount of this detrital
material would cause the deposit to be bony coal or perhaps only a
carbonaceous shale. It must be kept in mind that this feature is
quite apart from the presence of that mineral matter which is an
original and essential constituent of the plant and which on com-
bustion would become ash and sulphur. This will be discussed some-
what in connection with the character of Towa coals.

" The rock makers of the Pennsylvanian—conglomerates, sand-
stones, shales and limestones—form much the greater bulk of the
strata, even though they are not quite so important economically.
The source of these materials has been mentioned above, and it may
be said in addition that the conglomerates would accumulate close
to the land, where the streams and the currents would first begin to
drop their loads, while the sands and clays would be carried and
dropped progressively farther off shore, where the waters were
quieter and the currents had less and less carrying power. The
limestones would form in still, clear, though not necessarily very
deep waters, but nevertheless under more typically marine condi-
tions. With a knowledge of these varying conditions under which
different strata form we are able to recreate to some extent a picture
of the circumstances under which the earlier beds of the Pennsyl-
vanian system of Towa were laid down. These beds are known as
the Des Moines series, and at present they cover southwestern Iowa
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and extend as far north as Onawa and Humboldt while their east-
ern margin may be defined roughly as along a line drawn between
Iowa Falls and Keokuk. Undoubtedly the Des Moines seas had a
much wider extent as outliers of their deposits are known at many
places as far north and east as Iowa City and Maquoketa, and a
large mass with workable coal beds is present between Muscatine
and Davenport. Probably at their widest extent the Iowa and Illi-
nois arms of the epi-continental sea were united over eastern Iowa
and western Illinois. Most of these outliers, however, contain no
coal beds or only very thin ones, indicating that econditions in those
localities or at those times were not favorable to the accumulation of
vegetal material as coal. Formerly the strata exposed or otherwise
known to exist at a number of places in western Iowa, such as Logan
and Atlantic, were thought to belong to a higher series than the Des
Moines, but more recent study points to their Des Moines age. It
is a peculiar fact and one of large economic interest that very little
coal has been found in these strata west of Guthrie Center and Jef-
ferson-—or in other words, west of the eastern margin of the overly-
ing strata. A few evidences of the presence of coal have been found,
as at Missouri Valley and Denison, but here again conditions for
extensive and recurrent coal formation do not seem to have been
present.

In southwestern Towa the Des Moines series is overlain by a group
of beds known as the Missouri series. This consists of many alter-
nating beds of limestones and shales of marine origin together with
two beds of coal, which resemble the Mystic bed in their uniformity
of thickness and character and their rather wide distribution. The
upper or Nyman coal is too thin to be of economic importance, as it
is not more than a foot thick. The lower bed, the Nodaway coal, is
about sixteen inches thick and has been mined in Montgomery and
Page and western Adams and Taylor counties. It comes to the
surface in the latter two counties but is known from borings as far
west as Nebraska City.

Overlying all the older formations of northwestern and west-
central Towa are the sandstones of the Dakota stage and the lime-
stones and shales of the Colorado stage, both belonging to the Cre-
taceous system. The Cretaceous of northwestern Iowa carries some
lignite, but the beds are too thin and of too poor quality to be of
economic value. The sandstones extend as far east as Jefferson and
Guthrie Center and as far south as Cass and Adams counties, with
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outliers beyond, hut their chief importance lies in the fact that they
cover up the Missouri and Des Moines beds and so render these
formations more difficult of access. . ,

Mr. M. R. Campbell in 1913 estimated the original area of the
known productive coal field of Towa as 12,560 square miles, with an
estimated tonnage of 29,168,000,000 short tons. Similar estimates
had been made previously by the United States Geological Survey
in which the total area of the coal-bearing formations of Towa was
usually given as about 20,000 square miles of which about 13,000
might be considered potentially produective. I do not know on just
what basis of extent and thickness of coal beds these estimates have
been made except that Mr. Campbell states that 14 inches is taken
as the minimum thickness. That would just take in the Nodaway
field, and Mr. Campbell’s map indicates that as one of the workable
fields.

In connection with this study I have made the following computa-
tions. The area of Towa underlain by beds of Des Moines age is
24,250 square miles. I suppose that all of this area may be con-
sidered as legitimate prey for the promoter if not for the prospector.
The area of Des Moines beds which are not covered by Missouri or
Cretaceous strata is about 11,250 square miles, or 7,200,000 acres,
and.it is a rather remarkable coincidence, as T have suggested, that
the region which is overlain by these later beds is the least pro-
ductive part of the Des Moines series. If now we consider all of
this area to be coal-bearing, which probably is an exaggeration, and
if we assume an average thickness of workable coal of four feet,
which probably is a sufficiently liberal allowance and which will give
a content of 4000 tons per acre, we shall have a total original volume
of 28,800,000,000 tors. The total possible area underlain by the
Nodaway coal of southwestern Towa is about 1500 square miles or
960,000 acres, according to recent studies of that region. The max-
imum thickness which we may assign to this coal is 1.2 foot, which
would give a yield of 1,150,000,000 tons. The total coal supplies
from the two series of strata, then, would be 29,950,000,000 tons.
Now on the one hand future explorations may extend the knewn
areas of workable coal beyond the western 1jmits which I have sug-
gested, and further requirements may necessitate the use of thinner
and deeper beds than those now being mined. These factors if
realized will increase the available supply. On the other hand it is
practically certain that hundreds of square miles within the pro-
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ductive territory are absolutely barren and that other hundreds
confain only beds that are too thin to be of great service under any
economic conditions. Then too there are bodies of eoal of workable
extent and thickness which have too poor roof or too much water to
be available under present or reasonably calculable future mining
possibilities. These factors will decrease the available supply by an
unknown amount, but by one which will, I fear, at least counter-
balance the favorable factors.

‘With regard to the possible depth of mining in Towa it may safely
be said that there is no danger of the economical limit being reached
for the simple reason that coal absolutely does not exist in Iowa at
the great depths which are entirely feasible with modern mining
and hoisting machinery. The deepest mines in the state are in
Dallas county near Waukee and are 373 feet and 417 feet deep.
The Des Moines and Missouri strata are thickest in the southwestern
part of the state, and here the records of the wells at Glenwood and
Bedford place the base of the Des Moines series—the lowest possible
horizon for finding coal—at 1235 feet and 1340 feet respectively
below curb, probably as great depths as these strata reach anywhere
in the state. In 1913 the Assumption Coal Co. was hoisting coal in
Christian eounty, Illinois, from a depth of 1004 feet. A good many
shafts in the anthracite field of Pennsylvania are more than 1000
feet deep. An English colliery is hoisting coal from a two- to six-
foot bed at a depth of 3900 feet, and another is mining a two-foot
bed 2460 feet below the surface. These figures indicate the possibil-
ities in future Towa mines if necessity arises.

Up to the end of 1925 Towa coal mines had produced 264,300,000
tons, of which practically 100,000,000 tons had been mined since
1910. If we assume, as is usually done, that half a ton was left in
the mine for each ton that was removed, that means a total ex-
haustion of 396,450,000 tons or a little less than 1.4 per cent of the
total supply. If we estimate the annual exhaustion as 10,000,000
tons, the average for the past fifteen years, we shall see that the sup-
ply is still good for 2950 years. Even if it seems best to reduce the
estimate by fifty per cent, the supply is sufficient to remove worry to
the distant future—as human life goes. The Nodaway field, at the
present rate of exhaustion, about 35,000 tons a year, should last for
35,000 years.

The earliest recorded production of coal in Towa was given in the
U. S. Census for 1840 as 400 tons. In 1848 the production reached
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10,000 tons; In 1867 it was 150,000 tons; in 1876 the output was
1,250,000, and by 1899 it had reached 5,000,000. The largest pro-
duection was 8,965,000 tons in 1918, although the greatest spot value
was reached in 1920, when the output was valued at $30,800,000.
Since 1920 the production has been less than during most of the
earlier years of the present century. This decline in production
probably is to be assigned in part to adverse financial conditions in
the state, in part, to increasing use of outside coals by Iowa people
and in part to the mine labor situation. Approximately 15,000,000
tons of coal are used in Towa every year, and of this amount nearly
two-thirds is shipped in from other states. The reasons for this
condition can be best discussed in connection with the character of
Towa coal. Discussions of the financial and labor situations really
have no place in this paper.

The Nodaway coal is mined by the longwall system, by which the
coal is undercut and breaks down by its own weight and that of the
superineumbent strata. Powder is not used to a great extent, and
hence the coal is not shot to pieces so badly as by other methods. A
few machines have been used for undercutting, but most of the work
is done with picks. Similar methods are used in the Centerville bed
of Appanoose and Wayne counties, the former of which divides
with Polk county the distinetion of using more than half of the
mining machines in operation in Iowa. In most of the other Iowa
mines, the shortwall or room and pillar method is used, and the coal
is ““shot from the 'solid.”” That is, it is drilled and blasted with
powder or other explosive, after a cut has been made along the side
of the room. This method produces a great deal of small coal which
must be sold as steam coal, but it seems to bé preferred by the min-
ers. However, machine minitig and the longwall system are used in
some mines, About eighty mining machines are in use in the state.
Shortwall mining necessitates léaving about one-third of thé eoal in
the ground, while longwall methods permit nearly complete ex-
traction. :

Now what are the outstanding characteristics of Towa coals? All
of them are relatively soft, some of them more than relatively. All
are high-ash-and-sulphur coals, with the percentage of volatile mat-
ter nearly as high as that of the fixed ecarbon—within about 6 per
cent on the average. They do not stand air storage very well as the
sulphur oxidizes and the coal breaks down. On the other hand a
casual inspection of a large number of analyses of Illinois coals, for
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example, will show that those coals do not contain many more heat
units on the average than do Iowa coals. Neither do the analyses
show a vast difference in chemical composition. Why then are Illi-
nois and eastern coals supplanting Towa coals in Towa markets? 1
believe that the answer to this question lies as much in the physical
character of the coals as in their chemieal analysis and their B.t.u.s.
Because of their cover and the other conditions mentioned earlier
in this paper the Towa coals have not been compressed into so hard
layers as have the eastern coals. All coals show more or less alter-
nating bright and dull laminae, of which the latter are somewhat
softer than the former and contain more mother coal or mineral
chareoal. This mother coal is softer than the brighter coal, and a
coal which contains much of it will not have the hardness and the
ability to stand up under rough handling and other treatment that
brighter more solid and uniform coals possess. Doctor Savage of
the Illinois Geological Survey has suggested that the mother coal
and the dull laminae were formed when the water level of the swamp
was a little lower than usual and decay of the vegetation went on
for a time in the air. When the water level rose the layers formed
under water would make the briglt bands. Iowa coals contain a
good deal of mother coal and dull laminae. So do Illinois coals, but
the eastern coals are more uniformly bright.

Owing to these physical characters, and perhaps to others, when
Towa coal is fed into the ordinary house furnace it is decomposed
rather quickly and easily. Much of the volatile matter and some of
the carbon are driven off before they can be heated to the ignition
point. Hence a large amount of smoke and soot and gas goes into
the chimney, where it is valueless for heating purposes. Hence the
hue and ery about dirty Towa coal. Henece the swing over to hatder
coals with less ash and sulphur and the use of ten million tons of
foreign coal in Towa and.only five million tons of domestic coal.

As between the different Iowa fields it may be said that the Cen-
terville bed is somewhat softer than the other coals but that it stores
well if it is kept from undue moisture. In such conditions it loses
weight somewhat, showing that it is giving up its own moisture. On
account of its softness and of its block structure it requires careful
handling and shielding from moisture to avoid excessive breakage
and slacking. Therefore it should be shipped in closed cars. The
Nodaway coal is in general similar to the Centerville, and as it is
mined by similar methods it needs similar treatment. The coals of
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the other parts of the Des Moines series, in what may be called the
shortwall or shooting fields, do not differ greatly in physical char-
acters. Some are harder and some are softer; some contain less ash
and sulphur, and some contain more. In a few cases the volatiles
exceed the fixed carbon, as in one analysis which follows. But one
can not draw any areal limits and put the eoals of different qualities
therein. The good coals are where you find them; the poorer ones
hold the rest of the field.

In 1917 I made a statement in the Jowa Magazine which I may
summarize as follows:

Ash, per cent B.t.u. Cost
Average Iowa coal 11.63 10,657
Average Illinois coal 8.80 11,148
Difference, favor Illinois 2.83 491
Four Des Moines coals 10. 11,400 $4.50
Franklin Co., Ill., coal 9.04 12,276 7.00
Difference, favor Illinois 1. 876 or 7% 2.50

‘We may let these statements stand as representing, with changed
cost values, the present situation for domestic fuels. However, I
should like to give here a few analyses of Towa coals and of foreign
coals that are competing in our markets for the domestic trade.
The prices given are for retail delivery in Des Moines. The
analyses are of coal ‘‘as received,”” and most of them are from car
samples. The last one is not strictly comparable as it is a computed
average of analyses of sixteen coals which were colleeted from mine
faces by the writer. Still it will serve in a general comparison.

Analyses of Lump Coals

A B C D E
Moisture 1.72 1.32 3.75 4.65 6.80
Volatile matter 10.46 38.31 36.75 36.85 39.06
Fixed carbon 79.50 56.67 55.30 52.65 50.28
Ash . 8.32 3.70 4.20 10.85 10.66
Sulphur 2.49 0.62 0.70 1.58 3.22
B.t.u. 13,876 14,270 14,110 12,500 12,880
Cost per ton $13.00 $13.00 $12.00 $10.00 $10.00

i G H I J
Moisture 12.19 17.13 10.78 19.11 15.07
Volatile matter 39.48 35.44 41.56 30.45 34.09
Tixed carbon 37.28 40.36 36.75 38.86 39.21
Ash 10.71 7.07 10.91 11.58 11.63
Sulphur 4.56 4.00 443 4.26 4.52
B. t. u. 10,446 10,932 11,253 10,233 10.657
Cost per ton $7.00 $7.50 $7.00

A. Arkansas semianthracite, Hartshorn seam, Johnson county.
B. West Virginia semianthracite.
C. Eastern Kentucky ‘‘Hot Spot,’’ Perry county.
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D. Western Kentueky, bed No. 12, Muhlenberg county.

E. PFranklin county, Illinois, John A. Logan Coal Co., bed No. 6.

F. Great Western Coal Co., Des Moines, Orillia mine. Average of several
face samples. Data from Mr. J. H. Durrell, Mgr.

G. Centerville, Iowa, Mystic mine No. 3.

H. Norwood—White Coal Co., Mine No. 8, Herrold, Polk county, Iowa.
Pace sample. This analysis is rather unusual in that the volatile matter is
greater in amount than the fixed carbon.

I. Nodaway coal, Campbell Coal Co., New Market, Taylor county, Iowa.

J. ¢‘Average coal.”’ Average of sixteen selected samples.

The facts and conditions outlined above apply with even more
force to the power users of the state. On the one hand much more
attention has been paid to scientific and efficient combustion under
power boilers than in domestic furnaces, but on the other hand
steam sizes of Towa coals are of much poorer quality than domestie
sizes. Mpr. Marsh in his recent book on combustion in the power
plant says that Towa coals have proved the undoing of more stokers,
probably, than any other fuels. However, it seems to me that he
gives us rather the worst of it when he says that ‘‘in this state coal
containing 16 per cent of ash is really choice fuel and even 26 per
cent ash coal is only ‘poor.” Bad Towa coal contains 35 to 40 per
cent of ash.”” T believe that the analyses of lump coal given above
and those of steam sizes given below will bear out this contention.

Analyses of Steam Coals

A B C D E F
Moisture Dry 16.99 16.64 1012 11.09 13.66
Volatile matter 37.7 30.45 29.38 31.60 29.65 30.35
Fixed carbon 48.6 35.93 31.80 34.58 34.29 38.00
Ash 13.7 16.63 2218 23.70 24.97 17.99
Sulphur 4.0 411 4.38 5.39 6.72 4.24
B.t.u. 12,510 9,082 8,478 8,884 8,167 9,266
Cost per ton $3.75 $3.97 $2.97 $2.63 $2.48 $2.74
G H I J K
Moisture 13.66 6.53 5.98 6.58 9.30
Volatile matter 27 K2 37.47 38.71 37.51 33.20
Fixed carbon 30.44 46.12 46.14 45.03 51.30
Ash 28.38 9.88 9.17 10.88 6.20
Sulphur . 6.20 3.06 3.17 3.31 2.80
B. t u 7,333 11,962 12,143 11,823 12,995
Cost per ton $2.65 $6.52 $5.74 $5.09 $6.00

A. Scandia Coal Co., mines in Dallas county, Iowa. Analysis by U. 8.
Bureau of Mines. Based on 20 cars 6 by 2 inch egg delivered to Fort Des
Moines. Moisture as received was 13.2 per cent. B.t.u. 10,860. Data from
Mr. K. G. Carney.

B. and C. Scandia Coal Co. B, crushed mine run; C, steam coal. Analyses
are ‘‘as fired’’ and moisture is about 2 per cent higher than as received.

S ]}3 ]F]int Coal Co., Des Moines. Nut mixed as delivered to Roosevelt High
chool.

E. Des Moines Coal Co., Des Moines. Nut mixed as delivered to North
High School.
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F. Economy Coal Co., Des Moines. Nut mixed as delivered to East High
School.

G. Des Moines Coal Co., Des Moines. Nut mixed as delivered to Lincoln
High School.

Analyses B to G are by Mr. J. A. Lysaght, chemist for Des Moines City
Railway. B and C, courtesy Mr. Carney; D to G, courtesy Mr. W. R. Spry,
custodian of school buildings.

H.I.J. John A. Logan Coal Co., Chicago. Mines in Franklin county, I1li-
nois. H is egg coal, T is No. 2 nut, J is 134 inch screenings. All analyses as
received. Furnished by Mr. K. G. Carney.

K. Western Kentucky steam coal. Car load lot, three-fourths inch screen-

ings.

T am not going to discuss the burning of steam coal, as Mr. Marsh
can do that more practically than I can. T should like to suggest,
however, the desirability of econtinued study of the questions related
to that problem, by both coal users and coal producers. The ques-
tion of reducing the ash content of steam coals, for example, by dry
cleaning and by washing merits most careful consideration. A re-
cent paper in the Proceedings of the Australasian Institute of Min-
ing and Metallurgy on ‘‘The Burden of High-Ash Coal’’ classifies
ash as inherent, which cannot be reduced, and extraneous, which
may be removed by careful mining and cleaning. Both forms im-
pose a burden which mounts to immense figures, as for instance in
steel making in the United States where each per cent of increase in
ash content adds 33 cents to the cost of producing a ton of pig iron,
a total added cost of $13,000,000 annually. A brief paper by Doctor
Olin and Mr. Troeltzseh, published recently by the Iowa Geological
Survey, gives the results of crushing and flotation tests on several
Iowa coals and offers encouragement for further study and experi-
mentation in this direction. In this paper the authors classify
sulphur in coal as organie, which cannot be removed, and inorganie,
mainly pyrite, a good deal of which is removable and which it should
be the object of all concerned to remove to the greatest possible ex-
tent.

In summary we may state that: Coal was formed in swamps,
many of which were of great extent. The thicker the cover the
harder the coal.

Crustal movements and metamorphism help to make harder coal.
Towa coal is of Pennsylvanian age, as are the eastern coals.

The coal beds alternate with other strata owing to changes in
level of sea and land and changes in deposition,

The known productive coal areas of Towa amount to about 12,750
square miles, of which 11,250 square miles are in the Des Moines
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series and 1500 miles in the Missouri series. The possible tonnage
of this area is 29,950,000,000.

No coals exist in Towa beyond the economical limit of mining.

Only a little more than one per cent of the possible supply has
been used so far. At this rate there is coal enough to last nearly
3000 years.

The Centerville and Nodaway coals are mined longwall, without
shooting. Most other coal is shot and is mined shortwall.

Because of thinner cover and less metamorphism Iowa coals are
softer than eastern coals. Also they contain more alternations of
softer dull laminae and harder bright laminae, which adds to their
softness.

Towa coals are dirtier and make more smoke than most other coals
used in this state but with careful use will yield good results.
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Coal Deposits of Iowa, Henry Hinds. Fuel Values of Towa Coals, F. A. Wilder.
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Analyses of Towa Coals, A. W. Hixson: Iowa Geological Survey, vol. XXIV,
Distribution of Ash and Sulfur in Iowa Coals, H. L. Olin and J. R. Troeltzsch:
Towa Geological Survey, vol. XXXI.

Missouri Séries of Pennsylvanian System in Southwestern Iowa, J. L. Tilton:
Iowa Geological Survey, vol. XXIX.

Report of Towa Mine Inspectors, 1924 and 1925.
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Geological Survey, Bull. No. 29.
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THE USE OF IOWA COAL FOR STEAM PRODUCTION
T. A. MArsH.

Engineer, Combustion Engineering Co., Chicago

The coals of Iowa aré among the most easily burned fuels found
anywhere. This statement may sound somewhat startling, neverthe-
less it is a fact. Towa coals give less difficulties than the anthracites
or some of the eastern coking coals.

I do not wish to give the impression that few difficulties have been
encountered in the past with Towa coal. Quite the contrary. How-
ever, when in the light of to-day’s knowledge we take a retrospect
of the past 25 years’ practice, experiments and development in the
art of burning Towa coals, we can find little or no logic or engineer-
ing reason for much of the work.

Most of the early designs of grates and furnaces were as evidently
in error as would be a bridge not strong enough to carry the load of
a train or a c¢ylinder not strong enough to resist steam pressure with-
out bursting.

The many faulty engineering designs and failures to properly
burn the coals of Towa were due largely to the following causes:
lack of thorough information regarding the fuel characteristies;
lack of knowledge in the art of combustion; the fact that in many
instances if Towa coal gave difficulties, 1llinois or other coal could
be substituted.

To-day, with the elements of the problem well understood and
with many plants burning Towa coal with marked success and high
efficiency, it is interesting to look back and note the various steps
leading to the development of present day successes.

The coals of Towa are now well known chemically. Their physical
" and combustion characteristics are well established. In general,
Towa coals classify as free burning bituminous coals of high ash con-
tent. The ash fuses at a temperature usually below 2200° F.

The high ash content of the coal makes it difficult to ignite and
rather slow to burn in fuel beds. The low fusion temperature of
the ash renders the coal very susceptible to clinker formation at
ordinary furnace temperatures, Clinker formation on grates re-
tards combustion and therefore further reduces the amount of coal
that can be burned.

The above general remarks state broadly the problems to be met
in the burning of Towa coals. During the last twenty years prac-
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tically all known types of stokers have been tried with Iowa coal.
The earlier installations at the beginning of this century were large-
ly of the inclined overfeed type of stoker. With this type of stoker
the fuel bed was agitated, and the ash from the lower part of the
fuel bed was frequently brought up to the hotter zone near the top
of the fuel bed. The temperature near the top of the fuel bed being
above that of the fusion temperature of the ash, fusion resulted and
clinker was formed.

These early types of stokers were provided with clinker dumping
devices. The high percentage of ash found in Iowa coal naturally
increased considerably the amount of ash and clinker to be removed
from the furnace and made the performance of stokers using dump-
ing plates quite limited.

It was very evident that such fuel bed action could not be at all
successful with Towa coal. The formation of clinker in large quan-
tity clogged the grate and disrupted the fuel bed. Combustion
rates were low, ash pit losses were high, operation was most difficult
and maintenance excessive.

At about the same time, a number of early designs of underfeed
stokers were installed throughout Iowa. These stokers used forced
blast and built up high temperatures in ard just above the fuel bed.
The limitation of this type of stoker was again due to the formation
of clinker, and while good combustion rates were obtained for short
periods eclinkers formed so rapidly and were removed with such
difficulty that the operation was very strenuous and the service of
the stokers short-lived.

A thorough knowledge of the fuel and its characteristies would
no doubt have saved expense and prevented numerous failures of
stokers of these types for burning Towa coal.

Following the era of overfeed and underfeed stokers in Towa came
what might be termed the chain grate period. From the general
analysis of average Towa coal, it was evident this type of stoker was
basically more suitable than either the overfeeds or underfeeds as
clinkers were avoided.

The reasons for this were, first the ash was continuously seavenged
from the furnace leaving no deposit for clinker formation and the
subsequent periodic dumping was eliminated. Second, the fuel bed
was undisturbed, and the ash remained where it was formed, at the
bottom or cooler side of the fuel bed.

Even with these characteristics in their favor, most of the early
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chain, grate installations were very limited in performance. Difficul-
ty was experienced in igniting the fuel at proper rates, owing to lack
of knowledge of furnace design and arch length and location.

Most early installations were quite limited in the item of rating.
This was attributable to two causes in so far as stoker and furnace
were concerned, namely improper furnace design and insufficient
grate area. 7

Among the successful early installations were the Des Moines City
Railway Company’s installation, installed about 1913, at which
plant work was done on Iowa coals. The work of the Iowa Rail-
way and Light Company has been a most valuable addition to the
knowledge of the burning of Towa coal with chain grates.

About six years ago the forced draft chain grate was successfully
applied to bituminous -coals. This factor added much to the per-
formance obtainable with Towa coals. Some of the poorer grades of
Iowa coal are so inert that under natural draft conditions combus-
tion rates are too low to maintain high furnace temperatures. This
in turn reacts on the ability to ignite more coal. The use of forced
draft in various zones or compartments in stokers furnishes a means
of regulating the air supply which improves ignition and greatly in-
creases the combustion rates obtainable.

One of the first in the state to make an installation of forced draft
chain grates was the Fort Dodge, Des Moines & Southern Ry., at
their Frazer plant. The local coal is very high in ash, frequently
above 25 per cent. The calorific value is frequently below 7500
B.t.u. With natural draft chain grates they found it difficult to
ignite and burn enough fuel for their required ratings. Forced
draft with increased combustion rates, higher furnace temperatures,
higher capacities and much less sensitive operation produced the
required results.

One of the most recent installations in Towa, the Des Moines Sta-
tion of the Iowa Power & Light Company, is equipped with this
stoker type and is giving excellent results with Towa coal.

While the development of the natural and forced draft traveling
grate was progressing, the multiple retort underfeed stoker was go-
ing through a similar development. An early installation of this
type of stoker was made at the Cedar Rapids plant of the Towa Rail-
way & Light Company. Similar to other stoker types that had en-
tered this field, the grate surfaces were hot made so liberal as is
now known to be desirable. This type of stoker agitates the fuel



USE OF PULVERIZED FUEL 85

bed and clinker formation results. The higher the combustion rate
the more serious the clinker problem becomes. Much improved re-
sults have more recently been obtained by stokers of this type, but
‘they are considerably more liberal in grate area than the early types.
This stoker type has been installed at the Riverside plant of the
United Light & Power Company near Davenport, which is one of
the more recent power plants of the state.

Towa coal burns best when reduced to a size all of which will pass
through a 1 in. round hole sereen. The tempering or moistening of
Towa coal is very important, and the better combustion engineers of
the state have learned much in this regard. Three to five per cent
moisture added at least two hours before burning improves results
in regard to combustion rates, CO, and carbon in the ash. From
operating reports this is said to be the case with all types of stokers.

The past five years have seen the adoption of pulverized fuel by
large central stations and major industrials. Naturally when the
larger new Iowa plants were being designed, decision had to be made
between stokers and pulverized fuel.

At the time that the Big Sioux station of the Sioux City Gas &
Electric Company was contemplated, that company was thoroughly
familiar with overfeed stokers, underfeeds and chain grates, having
used all types in their various Sioux City stations. However, no
tests had been made on Towa coal in pulverized form. The possibil-
ity of the slagging of furnace walls and floor was a question, as were
also the power requirements for pulverizing.

Accordingly the Sioux City Gas & Electric Company sent several
carloads of their coal to the Lakeside plant of the Milwaukee Elec-
tric Railway Light & Power Company for tests in actual operation.
The findings of these tests resulted in a decision for pulverized ¢oal
for the Big Sioux Station.

It was recognized that with the low fusion temperature of the ash,
ample cooling elements should be installed in the furnace to reduce
the temperature of the walls and hearth to a point below that of
the melting point of the ash. This was done by means of water
sereens. .

The Iowa Railway & Light Company have recently installed in
their Cedar Rapids plant two unit systems of pulverized coal with
completely water cooled furnaces.

The excellent results possible from Towa coal in pulverized form
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lead to the conclusion, as with-most other fuels, that the finer the
degree of preparation of the fuel the better the combustion results.

It is evident that the ideal method of burning Iowa coal is in
pulverized form. Whether or not this can be justified in any plant
under consideration becomes a problem of first costs involving in-
vestment charges, preparation charges, in fact all items involved in
the final and total cost per thousand pounds of steam.

During the last three years air preheaters have figured strongly in
the equipment of modern power stations. Air preheaters utilize the
heat in the escaping flue gases to raise the temperature of the air
used for combustion. Sometimes temperatures of combustion air
are raised to as high as 350° or 400°. The air so preheated helps the
coal to ignite, raises the furnace temperature and so improves com-
bustion that not only is there the gain due to the heat returned to
the furnace, but there is the additional gain in capacity, improve-
ment in ash and reduction in combustion losses. The use of preheat-
ed air for combustion is very desirable with Iowa coal.

As combustion rates and furnace temperatures have been in-
creased with the use of low fusible ash coals it is evident that some-
thing other than refractory walls are necessary for certain parts of
furnaces.

In part then, for furnace protection and the utilization of radiant
energy from the fuel, has come a development of radiant water walls
and radiant steam walls which play a most important part in the
modern installation. Elements exposed to radiant heat operate at
very high absorption rates. With the use of forced draft stokers
and pulverized coal at high ratings, radiant walls are most desir-
able. 'Where highly preheated air is used radiant water or steam
walls become more necessary to reduce furnace maintenance.

To summarize the situation as it stands to-day, in major plants
burning Iowa coal we have, therefore, pulverized fuel, natural and
foreed draft chain grates, multiple retort underfeeds, air preheaters,
water walls. Air preheaters and water walls lend themselves better
to the pulverized fuel furnace than to the stoker furnace. Larger
areas can be covered with radiant water walls or radiant superheat-
ers in pulverized fuel furnaces than in stoker furnaces.

As the problem now stands the ideal furnace of to-day for burn-
ing Towa coal would be the pulverized fuel furnace with radiant
water walls or radiant steam walls or both, in combination, and the
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use of highly preheated air under definite regulation in connection
with definite regulation of fuel.

In cases where the economies of the problem indicates stokers, the
most desirable type of stoker is the forced draft traveling grate with
preheated air and water walls. For those installations not requiring
the higher capacity obtainable with pulverized fuel or with forced
draft, the natural draft chain grate is suitable. Such installations
should be made with liberal arches, at least 60 per cent of the stoker
length and set high above the fuel bed. Stokers for Iowa coals
should have liberal grate area and should preferably be 12 ft. long
or longer. '

‘We have, therefore, very suitable and highly efficient methods of
burning Towa coal. Such methods and such state of the art have
required years of development. _

Now that the methods are known, the burning of Towa coal is in-
deed easier than the burning of many other supposedly superior
coals from other localities.

As a supplement to this paper the author appends drawings show-
ing the general furnace designs and some combustion results of the
Big Sioux Station, Sioux City Gas & Electric Co.; the Des Moines
Station, Towa Power & Light Co.; the Cedar Rapids Station, Towa
Railway & Light Co.; the Des Moines City Railway, Des Moines,
Towa; State University of Iowa, Towa City. (Not printed.)

The United Light & Power Company reports that they do not
burn Towa coal in their Riverside plant. To date only 4 or 5 cars
have been used. They submit however, some Iowa coal tests made
at the Moline, Rock Island Manufacturing Company’s plant with

Towa coal.

IOWA COAL TESTS AT MOLINE
ROCK ISLAND MANUFACTURING CO.

Type of stoker—Multiple retort underfeed
Kind of coal—2-in. screenings from Tracy, Towa

Per cent moisture 17.82 20.03 20.41 18.08
Per cent volatile 30.23 27.57 26.30 29.46
Per cent fixed carbon 33.67 3515 35.21 35.32
Per cent ash 18.28 17.25 18.08 17.14
B. t. u. per pound of coal as fired 8461 8021 8113 8445
Pounds of coal per sq.ft. of grate per hr. 24.2 31.5 37.7 48.6
CO, in flue gases—per cent . 10.82 12.13 11.01 10.65

Combustible in ash—per cent 9.30 13.40 22.51 43.59



88 IOWA COALS FOR STEAM MAKING

Type of stoker—Natural draft chain grates
Kind of coal—2-in. screenings from Tracy, Iowa

Per cent moisture 16.70 18.96 15.14 18.17
Per cent volatile 31.27 30.71 32.19 30.32
Per cent fixed carbon 33.75 33.65 36.21 35.23
Per cent ash 18.28 16.68 16.46 16.28
B. t. u. per pound of coal as fired 8572 8468 9402 8760
Pounds of coal per sq.ft. of grate per hr. 27.1 30.2 32.6 374
CO, in flue gases—per cent 13.13 12.42 11.95 13.18
Combustible in ash—per cent 29.26 32.87 35.28 41.60

IOWA COAL RESULTS FROM SIOUX CITY GAS & ELECTRIC CO.
BIG SIOUX STATION, WITH PULVERIZED COAL FIRING

The Big Sioux Station of the Sioux City Gas & Electric Company is equipped
with the bin and feeder system of pulverized coal. They report that during
the months of December, 1926, and January, 1927, they pulverized and burned
coal from eight different states, namely, Xowa, Illinois, Kentucky (western),
Oklahoma, Arkansas, Colorado, Indiana and Missouri, and from fifteen dis-
triects within these states. No trouble was experienced in majintaining high
ratings whenever required with any of these coals.

The average boiler rating for the two mionths was 198 per cent. The max-
imum was 300 per cent. The average CO, was 13 per cent, and the boiler effi-
ciency for the two months was 83.3 per cent. They report no difficulty in oper-
ating with Towa coal at ratings of 350 per cent and more and very little diffi-
culties with slag.

During the month of April, 1926, the major portion of the coal used was
from Waukee, Lowa. This month gave the best month’s efficiency in the station
history. In February, 1927, practically all Tuwa coal was burned. The average
analysis was 9100 B.t.u. with 18 per cent ash. The monthly boiler efficiency
was 84.5 per cent.

The high efficiencies of Towa coals in this station have caused some
thought to be given as to the reason. A .theory has been advanced that the
surfaces of the ash in suspension accelerate the burning of fuel by increasing
the radiant energy and create an accelerating effect on combustion. This is in
adeord with tests made at the mines de Blanzy, France, in which it was proven
that ash particles in suspension have & beneficial effect on combustion when
pulverized fuel is burned by short flame travel.

The results with Towa coal at the Big Sioux Station certainly establish the
fact that Iowa coals burn excellently in pulverized form and indicate that
Towa coals even have advantage over many other coals in this regard.

DES MOINES CITY RAILWAY
ANNUAL STATION BOILER PERFORMANCE RECORDS

Year 1922 1923 1924 1925 1926

B.H.P. banked 8,203,020 10,073,980 10,266,301 10,074,000 9,880,860
B.H.P. service 9,193,360 10,419,190 10,257,700 9,501,700 10,073,820
B.H.P. developed 17,650,748 19,365,159 18,819,379 17,564,826 17,954,963
% Banked to service 89.23 96.70 100.08 106.03 98.11
% Service to gen. 35.59 36.37 35.98 35.04 37.49
% Dev, to service 191.99 185.88 183.45 184.89 178.28

Water evaporated
1000 1b. 580,877.00 639,722.00 621,391.10 580,497.00 594,837.00
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Coal burned 1000 1b. 88,228.10 105,967.30 102,722.95  93,516.70  96,967.00
‘Water evap.

per lb. coal 6.42 6.04 6.05 6.21 6.13
% Moisture as fired 14.62 15.43 15.72 15.82 15.90
%Ash as fired 18.70 21.24 19.41 17.05 19.05
B.t.u. as fired 9152.68 8593.63 8905.63 9290.56 8933.90
B.t.u. per 1b.

water evap. 1426 1423 1472 1497 1456
Efficiency of boilers,

furnaces and grates 71.02 71.13 68.99 67.88 69.61

The great number of these tests and the length of time covered by test per-
iods give unusual reliance to these results.

In this station the yearly operating records also give an excellent check of
test results. This station is remarkable for the keeping of unusually careful
records of performance and the close relationship between test and operating
results. This company is to be given much credit for results obtained.

ILLINOIS POWER AND LIGHT CORPORATION

The Illinois Power and Light Corporation has two plants in Des Moines.
The old station has natural draft chain grates, no economizers and no air
heaters. The new station has forced draft chain grates, economizers and air
heaters on some of the units. Comparative months operating results are given
on page 91.



IOWA COAL PERFORMANCE ON NATURAL DRAFT CHAIN GRATES
AT THE DES MOINES CITY RAILWAY COMPANY
DES MOINES, IOWA
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DES MOINES POWER STATION OPERATING COMPARISON

Old Station New Station
Month October, 1924 November, 1926
Name of fuel Iowa Towa
Tons fuel burned 13,048 10,443
Average B.T.U. as fired 8,970 9,185
Average boiler efficiency 73% 83.3%
Average rating 127% 152%
Average combustible in ash 199% 71%
Average CO, 119% 9.99,
Average uptake temp. 575° 200°
Steam pressure—gage 180 Ibs. 382 lbs.
Superheat—average 90° 250°
Type of stoker Natural draft chain grates Forced draft chain grates
Air preheaters- None 12,420 sq.ft.
Superheaters 100° F. 250° F.
Econcwmizers None 10,000 sq.ft. .
Furnace side walls None 310 sq.ft. fin. walls

Fuel
At old station: from Pershing Coal Co., 9048 tons from Pershing Mine, and
from Norwood White Coal Co., 4000 tons from No. 7 Moran
Mine.
At new station: from Pershing Coal Co., Pershing and Tracy Mines, and
from Norwood White No. 7 and No. 8 mines, Moran and
Herrold, Iowa, respectively.
Quantities from different mines not known.
Botlers in Service

At old station, all boilers with exception of two in service.

At new station, all boilers in service much of month due to regulating super-
heat on new boilers No. 2 and No. 4. This lowered average CO, due to high
banking H.P. hours.

New station average boiler rating is brought down due to above noted boilers
in serviee, also due to low night loads which results in high banking H.P. hours.

The comparative results of these stations is of interest. The higher éefficiency
of the new station during this comparative period is due mostly to better heat
absorption of boilers and economizers and air heaters. The load conditions,
however, are unfortunate and the CO. and rating results do not represent the
results obtainable from forced draft chain grates under more suitable load con-
ditions and without such a large proportion of banked boiler hours.

POSSIBLE RESEARCHES IN IOWA COAL

B. P. FLEMING
Professor of Mechanical Engineering, University of Iowa

Among the many sources of wealth with which Nature has blessed
Towa are its coal measures. Dr. Lees has discussed the extent and
characteristics of these deposits, and Mr. Marsh has shown what
may be done to utilize this coal effectively in processes of combustion.

Towa coal suffers from an inferiority complex due to the fact that
its disagreeable and its poor qualities have been more persistently
and widely broadeast than its good qualities. It also suffers from
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severe economic handicaps. Take as an example the domestic use
of Iowa coal in Towa City. The freight rate on domestic sizes of a
certain class of Towa coal into this city is $1.80 per ton and on West-
ern Kentucky, $3.52. If at the mine you pay $4.00 for Iowa coal
and $1.65 for Western Kentucky you have immediately a difference
of 63 cents per ton in favor of the Kentucky coal laid down in Towa
City. This diserepancy in price at mine is undoubtedly due to the
greater difficulty in the securing of Towa coal in its shallow beds
and to general economic conditions affecting the cost of mining not
necessary to be mentioned here, However this may be the fact that
a coal considered superior to the Towa coals which have been offered
for sale here can be bought at a lower price places a handicap on
the sale and use of Towa coal which even better coals would have
difficulty in surmounting. Both in domestic use and for industrial
purposes Iowa coal shows certain qualities and properties which
militate against its more general use. Let us catalogue a few of
these disagreeable qualities.

First, a high motsture content. Aside from causing the purchaser
to pay a good price for water, this moisture has the effect of caus-
ing the coal to crumble as it dries out so that for domestic purposes
it is hard to stock it in any quantity in lump form.

Second, ¢ high ash content. The ash content is due not only to
inherent inorganie impurities but to deposits of earthy materials
coincident with the formation of the coal bed such as partings, clay
streaks, pyritic and shaly materials, as well as foreign materials
such as fragments of roof and floor of the working, not: removed in
the cleaning processes at the mines. Unfortunately this ash is not
only abundant, but it is of low fusibility, and thus elinkers readily
and even may freeze to and into the air openings in grates. The
low fusibility of the ash of Towa coal along with and probably due
to the high iron content of the ash may be said to be its worst chaxr-
acteristic and is mainly responsible for the low esteem in which it is
held.

Third, sulphur content. ITowa coals in general are high in sul-
phur, combined of course with iron, and this characteristic not only
adds to the disagreeable qualities of its smoke but makes the ash
refuse particularly unpleasant to remove and handle.

‘Fourth, low heating value. Published calorimetric tests of Towa
coal seldom or never fall below 10,000 B.t.u. per pound. This is
low as compared with many bituminous coals, but many combustion
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engineers regard Towa coal as possessing even less than this low
figure in heat actually available in commercial conditions. '

As a résumé of these counts against Towa coal we may therefore
cite the following:

High moisture, high ash of low fusion point and with high iron
and sulphur content, high volatile content and low thermal value.
It would seem that Iowa coal therefore has every quality that it
should not have and few things to recommend it. These qualities,
however, while characteristic of coal of the state as a whole, are
modified in the coals of certain localities and certain veins.

It will be evident at once that in general Towa coals are lower in
fixed earbon and higher in volatile, sulphur, moisture and ash than
are the coals from Illinois and Kentucky with which they are com-
pared. On the other hand it will be noted that although high in
moisture a sample of Appanoose county (Mystic vein) coal excelled
in heating value even the best of the Illinois coals and was distinetly
better in every way except moisture than the poorer Illinois coals.
Thus we may say that while Iowa coals as a whole are distinctly in-
ferior to the better Illinois and Western Kentucky coals they are
no worse than the poorer grades of Illinois coals, and the better
grades of Towa coal are distinetly better than the inferior grades of
Illinois coal. From this statement we may derive some comfort, but
it is not a solution of the way to increase the use of Towa coal. Towa
coal will continue to be used in the vicinities where it is mined, by
industrial plants, power houses and domestic users who will put up
with its poor qualities or go to large expense to overcome them so
long as they can buy Iowa coal cheaper than they can buy better
grades of coal brought into the state from surrounding fields. The
difficulties in storage of Towa coal can be avoided by delivering it
from the mine to nearby users as it is needed, and for those who
must have a guarantee against coal shortage the storage of coal
under water will be practiced where economically feasible. These
conditions mean, however, a limitation on demand which promises
little growth for the coal mining industry of Iowa and a future
dominated entirely by the growth of purely local markets. No
amount of advertising, no amount of organization, no amount of
appeal to state pride and loyalty will cause the average Iowa con-
sumer to pay as much or more for Iowa coal as for a coal which
he believes is superior in quality even though it comes from outside
the state lines. If this is admitted then an extension of the uses of
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Towa coal outside of purely local markets must lie in the discovery

of entirely new uses for it, in the discovery of new and better ways
of burning it for power, industrial, and domestic uses, in the devis-
ing of possible ways of storing it cheaply without deterioration in
size or quality and without spontaneous combustion, in the devising
of treatments and processes which will enable it to be used in ways
and for purposes now forbidden by its undesirable qualities.

" In outlining possible fields of research having as their aim the
extension of uses of Iowa coal we should not be deterred or discour-
aged at the outset by a feeling that the coal is so inferior that little
expectation of success may attend our efforts. We might also be
inclined to say that even though some encouraging laboratory meth-
ods are evolved, the general economiec situation is such that there is
little hope of extending the methods into actual commereial opera-
tions. We must remember, however, that we are not building entire-
ly for the present, new discoveries and new applications may com-
pletely change the economic conditions of to-morrow, and who knows
but that Iowa coals, despised and more or less discredited to-day,
may become extremely important in the eommercial and industrial
life of the state in the next decade. Iowa coals present to the sci-
entist practically an unexplored field. Little has been done in an
investigation of their properties by the industrial chemist.

‘We are attempting to burn these coals in a raw state. What may
be accomplished by attempts at purification we can merely surmise.

Possible researches on Iowa,coal therefore may follow along these
general lines.

1. An improvement in quality by removal of those impurities
which most seriously impede successful or satisfactory combustion

.in industrial and domestic furnaces, and which interfere with sue-
cessful ground storage. Can a method of washing or of dry cleaning
of Towa coal be evolved which will so far reduce the ash and sulphur
content as materially to improve the qualities of the coal? There is
here a very promising field of investigation which will involve a
study of the most feasible methods of separation of the heavier im-
purities, whether by flotation in ecommereial sizes and grades, or air
separation after grinding and subsequent briquetting of the purified
product for the market.

2. We are attempting to burn Towa coal in domestic heating ap-
pliances which for the ‘most part were developed for eastern coals.
It is entirely conceivable that such devices are ill adapted to the
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burning of Towa coal and that designs of furnace and combustion
space, grates and smoke passages, heating surface shape and dis-
position could be evolved that would be a great improvement on
devices in use. We may say safely that in general, house heating
furnaces are undersized to promote the best conditions for com-
bustion, and in such furnaces when using a high volatile, high ash
and low heating value coal such as that of Towa it is only to be ex-
pected that extreme difficulty will be encountered in securing satis-
factory heating service and that the difficulties with smoke, soot
and clinkers will be such as thoroughly to discourage the user. The
determination by trial and experiment of the best shape and sizes
of domestic heating furnaces for Iowa coals for a given set of condi-
tions is a problem deserving attention.

3. Iowa coals give great promise of béing of value in pulverized
form for industrial and boiler furnaces. We have had but little ex-
perience with this fuel in this form, however, and many questions
remain unanswered as to the most cfficient methods of preparation
and its possible storage in the pulverized stage, whether its high
moisture content is a detriment or an advantage, and what may be
the effect of its high ash content. Are water sereens necessary, or
may their function be replaced by radiant heat water cooled walls;
what is the best shape and size of furnace for a given set of condi-
tions to produce most effective combustion and give least trouble
with ash accumulation? How does the generally slow burning qual-
ity of Towa coal affect burner and furnace design? These and many
other questions will be answered in time by experimenters and
pioneers in the use of Iowa coal as powdered fuel, and it will be
necessary to spend much time and thought, doubtless, in full-sized
experiments before a satisfactory technique will be evolved. The
experiments and developments at Des Moines and Sioux City are
very encouraging indeed, and it may be that in the unit pulverizer is
the long sought answer to the problem of how to burn low grade
coal for steam making in power boilers. If this is true for power
boilers of large capacity what about similar devieces for smaller heat-
ing or power installations?

4. Low and high temperature carbonization processes. Iowa
coals because of their high sulphur and ash content have commonly
been regarded as valueless for gas making and as a source of fuel
coke or metallurgical coke. We are just beginning to realize, how-
ever, that we know very little about those curious and mysterious
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substances in coal which give coking properties to one and deny
them to another. It may indeed be quite possible by treatment or
method to make out of Towa coal coke of very superior quality
when we learn the seeret which underlies the coking property. Sim-
ilarly the high volatile content of Towa coal leads to an expectation
that it should yield fuel gas and by-products of commercial value.
All these matters, however, are now entirely in the field of surmise
and conjecture. Much has been done in this country and in Europe
in the investigation of other coals, but Iowa coals have been given
practically no attention. What has been done elsewhere may be
.used to guide us here and stimulate our interest as well as confirm
our belief in the possibility of finding ways and means of using
Towa coal for the production of marketable gas and eoke.

There is an attractive possibility in power plant operation of con-
verting low grade non-coking or indifferently coking coals by low
temperature carbonization processes into a pulverized semi-coke
more suitable for efficient power production than the original coal.
If by such a process there may be secured by-produets such as mar-
ketable gas, tars, and substances saleable to the chemical trades, the
cost of power production from the standpoint .of fuel only will be
lowered materially by the revenue derived from sale of by-products.
A combined property such as a gas and electrie station would find
many ways of saving in fuel costs if the carbonization process could
be so far perfected as to afford the needed flexibility to meet the
peak load conditions of both kinds of service. 'Will Towa coal per-
mit of such treatment, and is there any hope for the successful use
of carbonization processes by plants in Towa using our native Iowa
coal ¢

5. A fascinating new field is that of producing o’ls from coal by
methods distinet from distillation or earbonization. That ITowa coals
should not yield to such treatment as well as those of other countries
or other districts in our own country we certainly have no reason
to believe. It is by no means certain of course that in our genera-
tion, eoal gasoline will be manufactured at a price to compete with
gasoline derived from ecrude oil, but if methyl aleohol made from
coal can threaten the extinetion in this eountry of an industry mak-
ing the product by the older method, who shall say that a perfection
of the coal process may not in a few years seriously affect the natur-
al gasoline situation ?

Of this much we may be fairly sure, and that is that the coals
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which in a raw state are least valuable as primary fuels will be the
logical sources of raw material for a synthetic product such as coal
gasoline. Are Iowa coals suitable for this purpose, and will it be
possible to build up in Iowa a future industry to supply from our
coal measures liguid fuel for our 600,000 automobiles, trucks, and
farm engines? This is a problem for the future perhaps, but at
least it opens up interesting possibilities. Other more pressing prob-
lems of Towa coal should be solved first, but it is comforting to be-
lieve that we have, at least potentially, sources of liquid fuel which
a perfection of methods and the economic urge may some day make
available.

While we at the University view with eoncern what seems to be a
gradual decline in the production and use of Iowa coal we may be
accused of doing little in a practical way to help out in the situa-
tion, for as a matter of fact little or no Towa coal is used for
domestic purposes in this locality, and, so far as the University is
concerned, of the 15,000 to 20,000 tons used annually perhaps 25
per cent will be Towa coal. This illustrates two common reasons
why Towa coal is not more used.

First, the economice reason. Towa coal because of our geographie
location in eastern Iowa cannot be sold here at prices which will
meet the competition of coals coming from the East.

Second, the equipment now in use at the University is not ade-
quate for the burning of Towa ceoal. With a boiler plant working
up to 200 per cent of rating it is next to impossible with the com-
bustion equipment now in use to keep up steam with Towa coal.
Firemen do not like it, do not know and perhaps cannot learn how
to handle it and find an abundance of reasons why they cannot
maintain pressure when they are forced to use it.

In making up specifications for the ecombustion equipment of the
new boiler plant of the University the fact that Towa coal was to be
used was particularly emphasized. Both the mechanical combus-
tion equipment and the arch were let to one reliable and well kmown
concern who assume responsibility for the entire furnace design, and
we have the assurance of this concern that we shall be able to burn
Towa coal successfully at 150 per cent rating with a draft of 0.35
inch over the fire, The stokers are natural draft chain grate with
water back, and the arch is of the conecave convex type. The grates
are 13 feet long and 11 feet wide, and the boilers, which are the
vertical water tubular type, are rated at 612 H.P. set with mud
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drum 8 feet above the floor. Thus it is apparent that we are doing
what we can to make provision for the use of Iowa coal, subject of
course to the limitation that when the market justifies it, coals from
outside of Iowa will be bought and used when money can be saved
by so doing.

One rather difficult situation here has been the storage of Iowa
coal. Tt is no unecommon thing to see a carload of Iowa coal come
into the yards on fire. To store on the ground any large reserve of
Towa coal without danger of fire is practically impossible. We hope
in time to solve that problem by creating an underwater storage
plant near the new power plant, the position of this plant on the
river front and below the dam being unusually favorable for the
development of underwater storage.

As T have said before although we here at the University recog-
nize the problem which the miners and operators of Iowa’s coal
mines are now facing and are doing what little is possible, subject
to practical limitations, to extend the use of Iowa coal locally, we
feel that our real province and the way in which we can be of most
serviee to the coal industry of the state is in utilizing our staff and
facilities for promoting and carrying on research or investigation in
the lines previously mentioned.

For some time the Department of Chemical Engineering here has
been directing researches in the properties of Towa coal by its ad-
vanced students, and some things are being learned which Dr. Olin
can tell you more about than I. Tt is difficult, however, to conduct
small sized laboratory experiments in the purifying of coal or in
low temperature carbonization or in the preparation, storing, and
utilization of pulverized coal from which results that may be useful
in practice can be obtained or which will attract or merit the confi-
dence of men in practice. Particularly is this true in arriving at
conclusions with regard to the cost of a process. Experiments on a
full sized scale are almost essential in work in combustion, carbon-
ization, and purification.

Fortunately the University -has some space and facilities which,
modified to suit the requirements of the work, could be utilized in
certain full sized experiments. Upon the completion of its program
of providing new facilities for generating and.distributing steam,
the University will probably be able to retire from active service
the existing main plant at the corner of Madison and Washington
streets behind the Engineering Building. There is here a variety of
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boiler and draft equipment some of which could be adapted to ex-
periments with Iowa coal in pulverized form and in mechanical
stokers of different types. There is also considerable space which
could be devoted to equipment for coal purification treatment and
low or high temperature earbonization. One advantage would be
that steam formed could be turned into the high pressure system of
the institution, in fact there would seem to be no serious problem
as to what to do with the heat products of such a laboratory.

Thus we have the enthusiasm, the space, and some of the equip-
ment. The matter of expense is the greatest stumbling block. Al-
though our Graduate College has funds for research it will be by no
means adequate to provide for so extended and expensive a pro-
gram, even were this College disposed to support it. Consequently
we must wait till either the coal industry, the manufacturers of com-
bustion and other equipment, or the State itself becomes sufficiently
interested to offer us support. Meanwhile we can only stand by
helplessly wishing that Towa coal were better but knowing that un-
less economic conditions change very materially the Towa coal in-
dustry will continue to decline until it becomes merely of local im-
portance in the vicinity of the few mines which can continue to be
worked. .

Pror. H. L. OLIN: The possibilities of research on the better utilization of
the coals of the state are so great that I can outline here only some of the
most important and urgent.

Professor Fleming has pointed out the major faults of a typical Iowa coal—
high ash, volatile matter, and sulfur. Moreover, because of their physical
structure some of them tend to slake rapidly on exposure to air and are there-
fore difficult to transport and store. A beginning at least should be made on a
study of the classification of the different Towa coals, for it is highly probable
that certain seams in the state are lignitic in character while others are more
highly devolatilized. Codordinated with such a study should be the testing of
the rate of slaking and of deterioration in storage and of determining methods
for improving storage conditions.

Elaborate studies should be made on the semi-plant scale of wet and dry
washing methods for the elimination of ash and sulfur. Laboratory investiga-
tions covering a period of five years or more have been made in the Depart-
ment of Chemical Engineering of the University, some of the results of which
have been published in the latest yolume of thé Towa Geological Survey. We
are now ready for practical scale work in order to determine costs. It seems
possible to eliminate a large percentage of undesirable constituents without
undue loss of fuel matter. There seems to be no good reason why a washed
domestic or steam grade of Towa coals should not be produced and marketed
go far as technical difficulties are concerned. ’

The need for research in the use of powdered coal has already been dis-
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cussed. The most promising feature of this method is the apparent possibility
of operating with fuels of high ash content with the attainment of high thermal
efficiencies. Iowa coal with high volatile matter should be particularly suscepti-
ble to treatment in this way and thorough tests under a wide range of condi-
tions should be made on carload lots from the various seams.

The possibilities of low temperature carbonization have been a matter of
keen interest to fuel technologists for more than two decades, and much ad-
vancement has been made. We know little or nothing about the coking proper-
ties of Iowa coals at either high or low temperatures, nor about the yield and
character of the by-products, gaseous or tarry. Industry is preparing for ex-
pansion along this line, and scientific studies should be made without delay to
meet the needs as they arise.

Such a program as I have outlined would be in itself a large one, without
considering other possibilities. The University stands ready to begin this work
when funds shall have been provided for carrying it on.
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GEOLOGY OF LUCAS COUNTY
Introduction

Location and Area—Lucas county is in the south-central part
of Towa just east of a north and south line through the central
part of the state and in the second tier of counties from the Towa-
Missouri line. Its position in this tier of counties is sixth east of
Missouri river and also sixth west of Mississippi river. Warren
and Marion counties are on the north, Monroe county is on the
east, Wayne county on the south and Clarke county on the west.
It corners with Appanoose county on the southeast and with
Decatur county on the southwest.
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Fic¢. 1.—Location of Lucas county in Iowa.

This is one of the smaller counties of the state and is rectangu-
lar in shape. It contains twelve congressional townships, with
approximately 432 square miles or 276,480 acres.* The twelve
congressional townships are everywhere conterminous with the
civil townships, each containing thirty-six sections, and comprise

1 Area &s given by the Fourteenth Census (1920) in Bulletin of Agriculture: Iowa.
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townships 71, 72 and 73 north and ranges 20, 21, 22 and 23 west
of the Fifth Principal Meridian. The latitude and longitude of
the Court House in Chariton, the county seat, are 41° 00’ 55 N.
and 93° 18 22" W.- . SR

This county is underlain by formations of the Des Moines ser-
ies of the Pennsylvanian system and has become an important
coal producing county in the last few years. It is served by main
lines of the Chicago, Rock Island and Pacific and the Chicago,
Burlington and Quiney railroads. . _

Previous Geological Work.—Very little detailed geological
work has been -done in Lucas county up to the present time. Most
of the early surveys followed the main water courses of the state
and did not pass through this county. Geological work on the
coal formations has been done in all of the surrounding counties.
In the Geological Report of 1870, Orestes H. St. John, under the
direction of Dr. C. A. White, then State Geologist, discussed at
some length some of the best surface exposures. This county
‘has received some attention also in numerous miscellaneous pa-
pers on the general Coal Measures area of south-central Iowa.
The reports of the State Mine Inspectors and the Annual Re-
ports of Mineral Production for the state in the volumes of the
Towa Geological Survey also include Liucas county. The work of
Dr. George F. Kay, State Geologist, on the Pleistocene of Towa
in its many phases both in and areund this county is of the great-
est value in interpreting the Pleistocene materials.?

Physiography
TOPOGRAPHY AND TOPOGRAPHIC DEVELOPMENT

The topography of Lucas county is of the dissected plain type.
The upland areas present an ‘aspect of planeness, though some-
what narrow valleys have been carved into this once extensive
plain. This plain was developed during the Pleistocene or Gla-
cial period. The Kansan glacier was the last ice sheet which

2 The list below includes the important references on Lucas county.

The Geology of Towa (1870), Vol. II, pp. 77-95.

Towa Geol.” Survey, Vol. IT, Coal Deposits (now superseded by Towa Geol. Survey, Vol, XIX).
Vol. XTIV, Geology of Clay; Lucas county, p. 447. Vol. XVII, Geology of Quarry Products;
Lucas county, pp. 475-476. Vol. XIX, Coal Deposits of South-Central ITowa; Lucas county, pp.
218-227. History of Coal Mining in Iowa; Lucas county, pp. 550-554. TFuel Values of Towa
Coals; Lucas county, pp. 409, 416, 458, 472, 475. Bibliography of Towa Coals; Lucas county,
p. 678. Analyses of Towa Coals, Lucas county, pp. 504-505. Vol. XXTI, Underground Water
Resources of Towa; Lucas county, pp. 949-955. (Same as U. S. Geol. Survey Water Suﬁ)ply
Paper 293, pp. 783-788.) Vol. XXII, Annotated Bibliography of Towa Geology. Vol. XXIV,
Rfo%d an% Concrete Materials of Towa; Lucas county, pp. 416-417. Bulletin 2, Report on Tests
of Towa Coals.
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covered this area and it mantled the pre-Kansan topegraphy
with thick drift. Hence, it is impossible to determine in detail
the nature of the topography of either the pre-Pleistocene (Plio-
cene) or pre-Kansan (Aftonian) surfaces although it is known
that the Coal Measures (sub-drift) surface, where it is still bur-
ied under glacial deposits, has a relief of at least 265 feet within
restricted areas.

It is impossible to state with certainty whether the preglacial
(Pliocene) surface was level or had considerable relief; what-
ever it was this surface was covered with a mantle of glacial
drift by the Nebraskan ice and on the retreat of this first ice sheet
a ground moraine plain with little relief and poor drainage re-
mained. On this plain a considerable thickness of Nebraskan
gumbotil developed in Aftonian time. It is uncertain to what
extent this Nebraskan gumbotil plain was dissected before the
advent of the Kansan ice but the preponderance of evidence is
that it was well drained and had essentially mature topography.
The streams in some places cut through the drift into the Coal
Measures and only patches of the Nebraskan gumbotil plain re-
mained.

Another outstanding fact is that, as mentioned previously, the
Coal Measures were extensively eroded in some parts of the
county in pre-Nebraskan (Pliocene) or pre-Kansan (Aftonian)
time or in both cycles. In Otter Creek township, where the drift
is at least 100 feet thick, the present streams have just reached
the Coal Measures in a few places. In Jackson township the
drift is still thicker, being nearly 200 feet thick. In Union town-
ship no Coal Measures are exposed and at Humeston, in the
northwest corner of Wayne county, a drilling has shown a thick-
ness of 406 feet of glacial drift.* The upland surface slopes from
1104 feet to 1040 feet above sea level between Humeston and Ot-
ter Creek township. Drift covered indurated rocks rise much
higher both to the east and to the west of the above mentioned
localities than do the rocks found at these places and so give evi-
dence that a pre-Kansan valley or valleys extended along the
west side of Liucas county.

The same kind of evidence shows that the present Chariton
river is flowing over a pre-Kansan valley. Similar evidence

8 Wayne county report, Iowa Geol. Survey, vol. XX, p. 224.
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shows the Coal Measures to have been eroded deeply in parts of
Liberty township and in the southeast corner of Pleasant town-
ship and also under much of Cedar township.

With the coming of the Kansan ice the Aftonian topography
was greatly altered; the valleys were filled and the divides erod-
ed. On the disappearance of the Kansan ice the surface must
have been much as it was following the retreat of the Nebraskan
ice. There was a level plain with poor drainage and on this
plain thick Kansan gumbotil was formed in Yarmouth time.
This seems to imply the passage of a very long time before effi-
cient drainage was developed. Lucas county has not been in-
vaded by an ice sheet since Kansan time and it is on this Kansan
gumbotil plain that the present drainage has developed. In some
places the courses of the present streams, such as Chariton river,
were predetermined by slight initial slopes which the streams
working headward into the county found advantageous. There
are also many small valleys that are strictly post-Kansan in age.

Topographic development progressed to such an extent that
the region became essentially mature, though probably with not
quite as great relief as it now has, for during Peorian time near-
ly the entire surface was mantled by loess which in places is fif-
teen feet thick. Probably some loess was deposited during all of
the time from Kansan to Peorian but the Peorian was the time
of greatest loess accumulation. Since Peorian time the estab-
lished streams have continued to deepen and widen their valleys
and in general to further reduce the region.

The north and northeastern parts of the county are more ma-
turely dissected than is the southwestern part, hence the max-
imum relief is in the northeastern part of the county and the
most extensive areas of undissected upland are in the western
part. One notable topographic feature is the upland divide
which extends in an east-west direction across the county south
of the middle. The Mormon Trace road follows this divide.

The accordant remnants of the Kansan plain show that if the
plain were reconstructed it would slope gently to the northeast.
The highest elevations in the county are those of the upland
areas at or near Derby in Union township, which are about 1100
feet above sea level. Toward the middle of the county the up-
lands are at an elevation of about 1040 feet above sea level and
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in Pleasant township the upland flats are 1000 to 1020 feet above
sea level. In Otter Creek township the Norwood upland is 1040
feet above sea level and in Washington township the upland
remnants are 1020 to 1030 feet above sea level.
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F1G. 2.—Topographic Profile of Norwood Upland.

Figure 2 is a profile from south to north through the upland
area nearly one-half mile east of Norwood in Otter Creek town-
ship. The south end of the profile is about one-quarter mile
north of Harmony school and the north end is at the north county
line. Figure 3 is a topographic map of the Norwood remnant
upland area, which is typical of all such areas in the county.
The figure also illustrates how the streams are working head-
ward and rapidly dissecting these last remnants of upland. Such
upland areas are everywhere mantled by loess, which is under-
lain by the thick Kansan gumbotil. Other similar flat upland
areas of peculiarly noticeable extent are: Williamson upland
in English township, Belinda upland in Pleasant township, Char-
iton upland in the center of the county, Derby upland in Union
township, and the Russell upland in the corners of Lincoln,
Cedar, Benton and Washington townships.



110

GEOLOGY OF LUCAS COUNTY

| W20V Y IINER AT S
%‘ o
P oS A
N( ! \\
(e

Na\"A2I a8

8 :
. ;,:’\B -?: r\ﬁk\
.:_..u..;.r/ o '.\) \

i
)

2 o o S ) )
NA_. P@”J”/ SrSlnr

F1a. 3.—The Norwood upland.




ANALYSIS OF TOPOGRAPHY 111

Jeoo7 A ' B
750
geo
§50

jeo

750 7 7
Altitude Scale Miles | - | |

onN
LONA“— Yy rni Wef NE Cov. Sec. & PLEASANT Tw?.

B - MiddleE side Sec. 6 PLEASANT Twp.

F1G. 4—DProfile across Pleasant township.

Figure 4 is a profile cross section illustrating the topography
developed in Pleasant township. The section extends from (A),
middle of the north side of the northeast quarter of section 6 to
(B) middle of the east side of section 26.

The accompanying table gives a quantitative analysis of the
topography by townships in terms of square miles and per cent.
The maximum relief in each township is tabulated also.



Topographic Analysis

Upland Slope Bottom Flat Maximum
Township Sq.Mi. | Per Cent | Sq.Mi. | PerCent | Sq.Mi. | Per Cent Relief
220 ft. N. Fork, North Cedar
Pleasant 6 1614 28 7% 2 51, 200 ft. N. Cedar
' 180 ft. Little White Breast
English 8% 2334 a7 75 14 1% 140 ft. English
Liberty 5% 151 28 78 214 7 180 ft. White Breast
90—100 ft.
Otter Creek 10 27% 24 66% 2 5% Otter Creek
Jackson 7 19% 26 72 3 814 200 ft. White Breast
White Breast 8 22 | 25% 71 2% 7 180 ft. White Breast
100 ft. Chariton R.
Linecoln 91% 2614 25 69%% 1% 4 140 ft. Little White Breast
180 ft. N. Cedar
Cedar 1014 29 25 6915 %) 11, 140 ft. Whites Cr.
100—150 ft.
‘Washington 11 30% 21 58%% 4 11 Chariton R.
Benton 10 2714 21 58%% 5 14 100 ft. Chariton R.
Warren 12 33 20 5514 4 11 90 ft. Chariton R.
Union 16 44 | 19 53 1 3 90 ft. Chariton R.
’ ‘ , Highest Pt. 1100 ft. A.T.
County (entire) 114 26-4- 289145 67+ 2814 64 Lowest Pt. 750 ft. A.T.
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Very accurate topographic maps of the Chariton and the Mel-
cher quadrangles cover about half of the county. The townships
so mapped are Pleasant, English, Liberty, part of Otter Creek,
part of Jackson and nearly all of White Breast, Lincoln and
Cedar. In the accompanying table of altitudes, no figures are
given for the area covered by topographic maps, with the excep-
tion of the railroad stations, and only such altitudes are given as
might be useful and as are at points easily located.

Table of Altitudes

FEET ABOVE
SEA LEVEL
Otter Creek township
SW. corner sec. 16 1040
Bridge middle N. side NE. %4 sec. 17 920
SW. corner sec. 9 1020
Jackson township
Luecas, C., B. & Q. RR, station 885.69
Road corner, middle west side of NW. 14 sec. 34.......... 975
Cleveland, C.,, B. & Q. RR station 899
Union township
Derby, Ifair ground gate 1100
Derby, C., B. & Q. RR station 1093
Bridge, middle NE. 1 sec. 13 1010
Warren township
NW. corner sec. 21 1030
East middle sec. 13 1055
Chariton river, middle SW. 14 sec. Zicriceeieeces 970
Benton township .
East middle see. 18 1075
Wolf creek brige, NW. corner sec. 22.ccvmeoeeeenee 930
Middle north side sec. 10 1030
Chariton river bridge, SE. corner sec. 24 mmnnencs 915
Liberty township
Oakley, C., B. & Q. RR station 995
‘White Breast township
Indianola Junetion, C.,, B. & Q. RR station............ 1040
Troy, C.,, B. & Q. RR station 881
White Breast, C., B. & Q. RR station....ceom . 1042
English township
‘Williamson, C.,, R. I. & P. RR station 1022
Lincoln township
Chariton, C., R. I. & P. RR station 1014
Chariton, C., B. & Q. RR station 1041
‘Washington township <
Russell, C., B. & Q. RR station 1035
Middle west side of see. 15 1010
Chariton river, NE. ¥ sec. 35 850-875
North middle see. 11 1030

DRAINAGE AND DRAINAGE HISTORY
The drainage of Lucas county is divided into two parts. The
south one-third of the county drains into the Chariton river sys-
tem and the northern two-thirds drains into the Des Moines river
system. The Chariton-Des Moines divide crosses the county
from west to east.
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F1¢. 5.—Drainage map of Lucas county.

Chariton river with its minor tributaries, including Wolf
creek, drains the southern tier of four townships almost in their
entirety and also parts of White Breast and Lincoln townships.
It empties into Missouri river in Chariton county, Missouri,
which is located in the north-central part of that state. The total
area included in its drainage basin within Lucas county is ap-
proximately 138 square miles, or nearly 32 per cent of the total
area of the county. The river has a widely differing gradient in
this county; from the north side of section 17, Union township,
to the middle of the northeast quarter of section 13, Union town-
ship, a distance of 5.3 miles, it has a gradient of approximately
one foot per mile; from the latter point to the north part of the
southwest quarter of section 30, Lincoln township, a distance of
ten miles, the gradient is about nine feet per mile; for the next
22.5 miles of its course to its exit from the county its gradient is
about 4.3 feet per mile. The average gradient for the thirty-
seven miles of its length in this county is about 4.5 feet per mile.
The elevation above sea level of the river at its point of exit from
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F1g. 6.—Gradient profile Chariton river.

the county is about 860 feet. Figure 6 illustrates the gradient
profile of Chariton river. The valley is not deep, 90 to 100 feet
below the upland areas, but it has many of the characteristics of
maturity. Its walls are gently sloping, the north side having
generally a more gentle.slope than the south side, and it has a
well developed flood plain along most of its course, Figure 7
shows a profile cross section of the valley diagonally across sec-
“tion 30 of Lincoln township and brings out very plainly the more
gently sloping north valley wall and the level flood plain.

Coal Measures strata are exposed in the bed of Chariton river
only in a few places in Benton and Washington townships.
Otherwise, the valley is cut entirely in glacial drift, although it
is known that on either side of the valley Coal Measures strata
lie under the drift of the uplands at elevations higher than the
bed of the river. It is guite obvious, therefore, that Chariton
river has developed its present valley on or in a sub-drift valley
of at least pre-Kansan age. Well records in section 30 of Lincoln
township show the
bottom of this an-
cestral valley to be

S.W. N.E.

1050 about fifty feet be-
1000 . : low the present
940 N Chariton channel.
o0 - e one mile " The present stream

Proile ox CHARITON RIVER VALLEY | appears fo be at
grade. Its present

. course was deter-
mined largely by initial slopes on the Kansan gumbotil plain, as

F16. T.—Profile of Chariton river valley.
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previously explained. The ancestral Chariton river may or may
not have flowed in the same direction as the present stream.

The north two-thirds of the county drains into Des Moines
river through numerous tributaries and tributary systems. The
main divisions of the Des Moines drainage are: Otter creek,
‘White Breast and Little White Breast creeks, English, or Wild
Cat creek, North Cedar creek and tributaries. The drainage
map (Figure 5) outlines the above drainage basins.

Otter creek flows into South river in Warren county, within
whose limits also South river joins the Des Moines. Otter creek
drains an area of about thirty-four square miles in Lucas county,
or nearly 7.9 per cent of the county, and it has a gradient of three
to five feet per mile.

The White Breast-Little White Breast system including Stony
creek drains a total of 154 square rniles, or a little more than
3515 per cent of the county. White Breast creek proper drains
98 square miles, or nearly 23 per cent of the county, and Little
‘White Breast drains 56 square miles, or approximately 13 per
cent of the county. Little White Breast creek joins White Breast
creek in Liberty township of this county and White Breast creek
flows into Des Moines river in Marion county. The gradient and
profile changes in White Breast creek are shown by the map of
the Chariton quadrangle. In a distance of 4.8 miles between the
880 and 860 foot contour lines the fall is approximately five feet
per mile. Between the 860 and 840 foot contour lines, a distance
of 10.2 miles, the fall is two feet per mile and for the next five
miles to the 820 foot contour line it is four feet per mile. Be-
tween the 820 foot contour line and the 800 foot contour line (out-
. side the county), a distance of seventeen miles, the gradient is
1.2 feet per mile. This profile is shown in Figure 8.

§o0

> 700

Gradient Prosile WHITEBREAS Ter. Scale v 10 Miles ]

Fra. 8.—Gradient profile White Breast creek.
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Figure 9 illustrates the profile of Barker creek, a tributary of
White Breast creek, and figure 10 shows a cross section profile of
White Breast creek diagonally from northwest to southeast, west
of the town of Lucas, from the north middle of section 15 to about

fao
800 Poo

GradientProtile BARKER Creek Scale oiMile ,

¥1¢. 9.—Gradient. profile Barker creek.

the middle of the southwest quarter of section 23, Jackson town-
ship. Tt illustrates

the gently sloping

1080+ N W. S.E. no_rth valley wall

1000 and the well devel-

9%0 oped flood plain;

400 / also a tributary
g6 valley.

200 ‘White  Breast

Scale |__One_nmile , | valley is the only

_Pratite WHITEBREAST CREEH stream valley in

Fra. 10.—Cross section profile White Breast creek. Lu cas ¢ ounty that

has any terrace development and this is very insignificant. Some
suggestion of terraces exists along the south valley wall south
and east of Old Cleveland; these are ‘‘rock benches’’ of more
resistant Coal Measures materials. Another similar bench of
greater extent is in sections 28 and 33, Liberty township, where
there is a bench area nearly one-half square mile in extent.
The creek formerly flowed west of this bench against the north-
west valley wall. The bench is about thirty feet above the pres-
ent stream and is now somewhat dissected by gullies. These
terraces have been developed in the normal course of the stream’s
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history and imply no diastrophie changes. St. John made note
of this feature when he visited the county in 1867.

White Breast creek valley is cut in part into glacial till, in
part into Coal Measures, and in part into fluvio-glacial material
that underlies the till. This material was deposited-in one or
more preglacial valleys in front of the advancing ice, and has
been exposed in the present erosion cycle. It is well exposed
along the county line in the east valley wall and at other points
along White Breast creek. The upper half of figure 11 shows

T

F1a. 11.—Coal Measures and fluvio-glacial deposits exposed on White Breast creek.

this material in section. White Breast creek is then in part fol-
lowing pre-Kansan drainage, as is Chariton river. The creek
has a fairly well developed flood plain of rich alluvial soil that
rests for the most part on Coal Measures strata. It is subject to
flood in times of high water. It appears to be at grade below
Lucas.

Little White Breast creek has a fall of about 514 feet per mile
and its valley is narrow, V-shaped and young. In age it is post-
Kansan. Figure 12 shows a cross section proflle along the high-
way in sections 32, 5, and 33, Lincoln township.

Stony, Barker and Indian creeks, tributaries to White Breast
creek, drain an area mostly in Liberty township where the thick-
ness of the drift seems to be at least equal to the land relief, that
is 100 to 140 feet. There seem to be no Coal Measures outerops
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along Stony creek as far east as the east part of section 4, Liberty
township. No Coal Measures outcrop along Barker creek west of
the south side of section 9,
oo W . we | Liberty township, with
g one exception noted below,
':1 —v—_ and perhaps no Coal Mea-
900 i
150 VTt sures occur in the valley
LITTLE WHITEBREASTSeslotattles | wol]s for some distance
north and east of this.
Coal Measures do not out-
crop along Indian creek west of the road in section 30, Liberty
township. . This seems to point to the conclusion that pre-Kansan
erosion had developed a wide valley extending in a northeast
and southwest direction across Liberty township. It may have
connected with the main valley previously mentioned as extend-
ing along the west side of the county and may have included one
or several streams. Part of the present White Breast valley
also may occupy parts of this subdrift valley. The evidence
warrants the conclusion that the area was reduced to a wide
level flood plain, at or below the present stream grade, with a
Coal Measures divide on the east rising to elevations of 940 to
950 feet above sea level and occupying the northeast part of
Liberty and adjacent parts of English townships and swinging
around toward the town of Luecas across the south part of Lib-
erty and the north part of White Breast townships. The south
point of another such Coal Measures divide reaches from the
north into the county in sections 1 and 2 of Otter Creek township.
A second explanation is possible: there may still be Coal Mea-
sures hills completely covered under the upland divide areas and
the three streams, Stony, Barker and Indian creeks, may be oc-
cupying separate pre-Kansan valleys. This seems quite unlikely
for it would mean a more irregular pre-Kansan surface. It is
supported, however, by the presence of Coal Measures about 920
feet above sea level along Barker creek between sections 18 and
19, Liberty township. This is not a surface exposure but was
reached in digging a well and is the only known point of the kind.
The evidence seems to be preponderantly in favor of the first ex-
planation.
English or Wild Cat creek flows into Des Moines river in Mar-

F16. 12.—Profile of Little White Breast creek.
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ion county. It drains about twenty-five square miles, or nearly
6 per cent, of the county and has a gradient of about fourteen
feet per mile. It is largely post-Kansan in age; at least most of
its course in Lucas county is post-Kansan. Its valley is narrow,
V-shaped and young.

The Cedar creek drainage includes a number of streams that
do not unite within the bounds of the county but that farther
down join Cedar creek, which enters Des Moines river in Ma-
haska county. The main divisions of the Cedar drainage are:
North™ Cedar creek, Columbia creek, Flint creek, Carruthers
creek, Whites creek and South or Little Cedar creek. The total
area drained by these creeks is eighty-one square miles, or about
19 per cent of the county. The gradients of all are comparative-
ly high, that of North Cedar creek being about ten feet per mile.
Figure 4 illustrates the cross section profiles of some of the creek
valleys of Pleasant township.

The northern part of this Cedar drainage is made up of Co-
lumbia creek, Flint creek or North Fork and Carruthers
creek, which unite into Little North Cedar creek, which in turn
empties into North Cedar creek in Marion county. The Little
North Cedar drainage comprises about 3% per cent of the coun-
ty, or sixteen square miles, in the northeastern part of Pleasant
township. All parts of the above creeks, in-so-far as their
courses are in Liucas county, are occupying young V-shaped post-
Kansan valleys and have exposures of Coal Measures strata at
various points in their valley walls. There is evidence that the
Coal Measures strata were quite deeply cut out in parts of sec-
tions 9, 10, 15, 16, 21 and 22 of Pleasant township during some
previous erosion cycle.

North Cedar creek drains about forty-five square miles, or
nearly 10l per cent, of the county and flows into Cedar creek,
which joins Des Moines river in Mahaska county. Its narrow
valley is deeply incised into the glacial filling of the pre-Kansan
valley which it follows and at a few places into the Coal Mea-
sures strata. Its very narrow rich alluvial flood plain is suhject
to overflow in time of high water. North Cedar creek is, like
Chariton river and White Breast creek, at grade and probably
has not cut quite as deeply as its ancestral pre-Kansan stream.
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It does not seem to carry as much water as formerly and is build-
ing up its flood plain. »

‘Whites creek drains about eight square miles in the east part of
Cedar township and has cut deeply into the glacial drift. It joins
Coal creek in Monroe county and Coal creek empties into South
Cedar, which flows into Cedar creek in Marion county. Whites
creek probably is post-Kansan in age though it drains part of
a deeply drift covered area from which the Coal Measures strata
were extensively eroded in pre-Kansan time.

South Cedar creek drains about twelve square miles in Cedar
and Washington townships and like Whites ereek flows into Coal
creek in Monroe county. It, like Whites creek, probably is post-
Kansan in age and has not exposed Coal Measures.

It has been shown that the deposition of Kansan drift filled all
pre-Kansan valleys except in-so-far as such old valleys were re-
flected on the new Kansan surface as initial slopes, which were
controlling factors in locating the present drainage lines. Active
drainage and erosion did not come into existence until the Kan-
san gumbotil was developed and so the present drainage systems
and the present topography have been developed not only since
Kansan glacial time but since late Yarmouth time. The present
drainage lines were established before the maximum loess deposi-
tion, that is in early or pre-Peorian time. The development of
the present valleys has revealed some of the principal pre-
Kansan valleys and clearly some of the present streams are
flowing in valleys that coincide essentially with their ancestral
valleys.

The streams seem to carry less water on the average the year -
around than formerly. This seems to be due not to any decrease
in rainfall but rather to a quicker run-off, which is the result of
deforestation of the valley slopes. This forest cover formerly
retained large amounts of the rain water, which gradually was
fed to the streams as ground water between rains. But when the
hillsides are unprotected by the forest covering they are deeply
eroded by the more rapid run-off and the material supplied by
this gully-washing is earried into.the main streams by the scores
of small tributaries. The main streams are overloaded and, if
the precipitation is heavy, the sediment is deposited on the flood
plains in time of high water. The water quickly drains off and
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the channels are soon dry until the next heavy rain. The main
streams are so overloaded throughout the period of rapid run-off
that their effectiveness in deepening their channels is negligible.
St. John reported a detailed section of Coal Measures strata ex-
posed at Wheeler’s bridge in Liberty township which he visited
in 1867 ; in 1924 the same stratum is still exposed in the bed of
‘White Breast creek and to no greater depth. White Breast
creek at this point at least has not deepened its channel a measur-
able amount in more than half a century. If these streams were
not already at grade they have been hastened to that condition
through the settlement of the county by man and through his
subsequent activity.

FiG. 13.—White Breast creek in flood about July 23, 1924,

Attention has been called to the more gently sloping north
valley walls in connection with the cross section profiles of Chari-
ton river valley and White Breast creek valley. In general it is
true that streams whose course is east or west, or those that have
much of an easterly or westerly component, have very gently
sloping north valley walls while the south valley sides are steep-
er. This fact has been noted quite generally in southern Towa and
at least two explanations have been suggested. G. K. Gilbert* at-
tributed such phenomena to deflection of the streams due to the
rotation of the earth. Gilbert’s theory is considered inadequate
and is not further considered. The most plausible explanation

4 Gilbert, G. K., Memoirs of the Nat. Acad. Sciences, vol. III, First Memoir, Washington, 1884.
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and the one adopted here was suggested by Calvin.® e attribut-
ed the phenomena to a more rapid weathering and erosion on the
south-facing slopes. Calvin states‘‘ As soon as these streams cut
channels of any considerable depth, the two sides of each channel
were differently affected by the agents of erosion. The north-
ward facing surfaces suffered less than the opposite side of the

FIG. 14.—White Breast creek in time of comparatively low water,

channel from the alternations of freezing and thawing and con-
sequent effects of erosion, in early winter and spring. They
were less affected by the droughts of summer, which tended to
check the growth of vegetation and render the surface more pul-
verulent and more easily attacked by dashing rain storms. The
result was that as the channel was’deepened the north side of the
valley receded more rapidly than the south, the slopes soon be-
came gradual.”’

Stratigraphy
GENERAL RELATIONS OF STRATA
The only indurated rock exposed in Lucas county belongs to
the Des Moines series of the Pennsylvanian system and over much
of the county this is deeply covered by glacial drift. Good ex-
posures are limited mostly to the northeast six townships, al-
though a very few good but small exposures are known in the
south and west tiers of townships. Approximately the upper
half of the Des Moines is known from surface exposures and the

5 Calvin, 8., Geology of Johnson county: Iowa'Geol. Survey, vol. VII, p. 51; 1896.
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unexposed 50 to 250 feet of the series is known from drill records
made in prospecting for coal. It is doubtful, also, if the upper
division of the Des Moines series, the Pleasanton, outcrops at
more than one or two places, owing to the extensive pre-Kansan

erosion along the west side of the county.

The relations of the several series and stages are shown in the
accompanying table. A discussion of these formations will be

given in the pages that follow.

Synoptical Table

Group System Series Stage Character of Rocks
Recent Alluvium and other

surface soil
Peorian Greatest loess depo-

sition

Cenozoie Quaternary

Probable loess
deposition

Pleistocene Yarmouth

Gumbotil (Kansan)

Kansan

Glacial drift

Aftonian

Gumbotil (Nebras-
kan)

Nebraskan

Glacial drift

Pleasantons

Thick shales, thin
coal seams, some
fairly persistent
limestones, sand-
stone locally. Char-
iton conglomerate

Henrietta
Pennsylvanian| Des Moines

Persistent beds of
shale and limestone
and lenses of sand-
stone and thin coal

Cherokee

Paleozoic

Upper. Mostly thick
shales with thin
limestones and sand-
stone. Coal.

Lower. Shale and
sandstone, some coal

Ste. Genevieve

Limestone and
shales
(not exposed)

Mississippian | Towa
PP St. Louis

Limestone
(not exposed)

Undifferentiated

(not exposed)

6 The Pleasanton, with the exception of the Chariton conglomerate, is known from only one or

two exposures.
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NOMENCLATURE AND DEFINITIONS

The group and system names given in the above table are ac-
cepted generally. The Iowa Geological Survey has designated
the Pennsylvanian as a system, making the Missouri a series.”
Hence the Des Moines is a series paralleling the Missouri and its
stages or formations are called the Cherokee, Henrietta and
Pleasanton, following the nomenclature and definitions of the
Missouri Bureau of Geology and Mines.® In Iowa the Cherokee
includes all strata from the base of the Des Moines to some dis-
tance above the Mystic-Lexington coal bed of Bain, placed by him
in the Appanoose formation.,” Bain’s Mystic coal bed is then in
the upper part of the Cherokee. The lower part of the Cherokee
has mueh more sandstone than the upper more persistent beds.
The' Henrietta formation includes the remainder of Bain’s Ap-
panoose formation. In Missouri it includes the Fort Scott lime-
stone at its base, the Pawnee limestone at the top and the Labette
shale in the middle, The Pleasanton includes strata from the top
of the Henrietta to the base of the Hertha limestone,' the basal
member of the Missouri series. In Missouri a well marked un-
conformity is recognized within the Pleasanton as channel sand-
stone deposits that have not so far been seen to lie on or cut
across upper Pleasanton or higher formations have been noted
in many places in that state. These sandstone deposits are con-
sidered to be younger than the Henrietta and the lower Pleas-
anton and to have been made at a time of general emergence and
erosion. Hinds and Greene™ state that, ‘‘Bain’s Chariton Con-
glomerate of Appanoose County, Iowa,* is evidently the same as
that recently found in Schuyler and adjacent counties in Mis-
souri.”” The Chariton conglomerate is exposed at the surface in
Pleasant township, Lucas county; at least there is a channel de-
posit of sandstone and conglomerate that is here so correlated.
In addition several buried sandstone channel deposits seem to
belong to the same type, but these are known only from drillings

7 Tilton, J. L., The Missouri Series of the Pennsylvanian System in Southwestern Iowa: Iowa
Geol. Survey, vol. XXIX, pp. 223-314.

8 Hinds and Greene, The Stratigraphy of the Pennsylvanian Series in Missouri: Missouri
Bureau of Geology and Mines, vol. XIII, Second Series.

9 Bain, H. F., Geology of Appanoose County: Iowa Geol. Survey, vol. V, pp. 374-409.

10 Tilton, J. L., Geology of Clarke County: TIowa Geol. Survey, vol. XXVII, pp. 105-170;
also Tilton, J. L., The Missouri Series of the Pennsylvanian System in Southwestern Iowa:
Towa Geol. Survey, vol. XXIX, pp. 223-314.

11 Op. cit,, pp. 94 and 95.
12 Bain, H.'F., Op. cit., pp. 394-398.
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and not enough is known of their extent to enable one to map
them. To quote further from the above work of Hinds and
Greene: ‘‘The Red Rock sandstone of Marion* and Jasper'*
counties, Towa, lies in a channel 215 to 3 miles wide that has been
traced for 27 miles from Kagle Rock northeastward. This sand-
stone has a maximum thickness of 100 feet and has all the char-
acteristics of the Warrensburg and Moberly sandstones. Iowa
investigators have assigned its origin to contemporaneous ero-
sion, but Miller notes its similarity to the Warrenshurg, and Wil-
liams, from a study of the cross-bedding, considers it to have
been made by a current of water flowing in a definite direction.
There are other similar channels in Guthrie, Boone and other
Towa counties that may be contemporaneous with those in Mis-
sourt.”’ T

The Coal Measures strata of Lucas county are correlated
with equivalent strata in Missouri. It would be,very desirable
to be able to subdivide the Pennsylvanian of the Western Inter-
ior coal field into units equivalent to the subdivisions of the
standard Pennsylvania section, but sufficient data for such a step
are not yet in hand.

‘It is to be hoped that additional paleontologic evidence may
result in the near future in a new subdivision of the Pennsylvan-
ian into groups correlative with those in the Appalachian region.
It is fairly certain that the lower part of the Cherokee shale is of
Pottsville age and the upper part is of Allegheny age. From
incomplete collections already made it is tentatively suggested
that Allegheny time ends at the horizon of the unconformity in
the upper part of the Pleasanton formation and that Conemaugh
time ends well up in the Shawnee formation.’”*®

The stage names Aftonian, Kansan, Yarmouth and Peorian
are now quite generally accepted and need no particular explana-
tion. In 1909 Shimek®® proposed the name Nebraskan for the
older drift in place of the terms pre-Kansan or sub-Aftonian.
Kay in 1916 proposed the term Gumbotil.”

The two older glacial drift sheets are represented by till made

13 Miller, B. L., Geology of Marion County: Iowa Geol. Survey, vol. XI, pp. 153-161; 1901,

14 Williams, I. A., Geology of Jasper County: Jowa Geol. Survey, vol. XV, pp. 316-822; 1905,

15 Hinds and Greene, '“The Stratigraphy of the Pennsylvanian Series in Missouri,” p. 7.

16 Shimek, B., Aftonian Sands and Gravels in Western Iowa: Bul. Geol. Soc. America, vol.
20, p. 408; 1909,

esé'f Klzsi,e(}. F., Gumbotil, a New Term in Pleistocene Geology: Science, N.S., vol. 44, pp. 637-
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up of clay, sand, gravel and bowlders in the most heterogeneous
relations. On the basis of lithology, color, degree of oxidation or
leaching these two tills are indistinguishable one from the other
in the exposures seen in Lucas county. They are distinguishable
only when they are exposed in a single section and are separated .
by Nebraskan gumbotil, or when the above three formations are
exposed close enough together to establish their stratigraphic
relations.

Aftonian time is represented by the Nebraskan gumbotil,*®
which is developed on the lower till. No peat beds occur in the
county at this horizon or at any other horizon so far as is now
known. The many small lenses of gravel associated with till
which are present in this county would, no doubt, at a former
time, have been interpreted to be Aftonian'® but the writer finds
no evidence supporting such a view, Gravels are not regarded
as being necessarily indicative of interglacial time, either Afton-
ian or Yarmouth, though such beds may happen to occur at those
horizons.

The Kansan till overlies the eroded Aftonian surface, the dis-
sected Nebraskan gumbotil plain, as previously explained. Yar-
mouth time is represented in part by the Kansan gumbotil.

The Illinoian, Sangamon and Iowan stages are not represented
by definite, distinguishable deposits but some of the loess may
have been deposited during one or more of these times.

The time of greatest loess deposition was the Peorian, and the
loess of south-central Towa is correlated with the Jowan loess of
eastern Towa. The time since this period of greatest loess deposi-
tion is represented by weathering, erosion, the development of
soil and the acecumulation of alluvial deposits.

PALEOZOIC HISTORY AND STRUCTURE

Records are not available of any drillings that go more than a
short distance into the Mississippian rocks. Such records as are
at hand show quite clearly the stratigraphic relations of the
Pennsylvanian and Quaternary systems and the Pennsylvanian-
Mississippian contact. Three diamond drill holes were sunk to
depths of over a thousand feet within a small area two or three
miles east of the town of Lucas more than a score of years ago.

18 Kay, G. F'., and Pearce, J. N., Origin of Gumbotil: Jour. Geol., vol. XXVIIT, p. 89; 1920.
19 Calvin, S., Aftonian Gravels: Proc. Davenport Acad. Science, vol. X, pp. 18-31.
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The records of these drillings were not.filed and preserved for
future reference and such records as were kept privately for a
long time were completely lost by fire only a few years ago. The
only value these costly drillings now have is one of inference only
and that of negative results. Evidently these drillings did not
penetrate anything of economic value below the Lower coal, and
it was already known. They evidently did not penetrate import-
ant artesian aquifers, oil bearing horizons or zones of mineraliza-
tion. The driller, not being a geologist nor informed on the sub-
ject of stratigraphy, could not draw any conclusions as to the
horizons he had penetrated, so no direct information is in hand
as to the elevations or thicknesses of the deeper strata that un-
derlie the county.

Deep drillings have been made at numerous places north, east
and south of the county and much can be inferred from these
records, as they have been carefully interpreted. Such inter-
pretations and conclusions as are given below for Lucas county
are tentative and may not prove correct in detail, although they
should be at least suggestive.

The deep well records®® of Des Moines, Pella, Station No. 10
(sec. 8, Bluff Creek township, Monroe county), Oskaloosa, Cen-
terville and Corydon are tabulated in summarized form in the ac-
companying table. The thicknesses of the systems, series or
formations and also the elevations of the tops of the systems and
formations are stated. A noticeable but natural feature is the
‘great range in thickness of the various formations. KExact in-
formation for Lucas county is in hand on only the Quaternary
and Pennsylvanian systems and the upper Mississippian surface.
The assumption is that the stratigraphic relations of the deeper
strata are essentially as they are in other parts of the state where
they are known from drillings or where they outerop. A com-
plete upper Mississippi valley Paleozoic section from the Penn-
‘sylvanian down is quite certainly represented.

The last double column in the accompanying table gives for
Luecas county the known and what seem to be the most probable
thicknesses for the various strata and also the probable eleva-
tions above or below sea level of the systems, series or forma-

20 Well records taken from Underground Water Resources of Towsa, by W. H. Norton and
others, Towa Geol, Sux‘vey vol. XX7T,



SYSTEM, SERIES DES No. 10 OSKA- | CENTER- Average (ggn(iﬁtsivg"]‘)mtty
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: 4 -+ : -+ -+ : 4+ T+ =+
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Des Moines 488 : 858| 195: 733 |None : 111: 793| 436: 927 310 200 to 400 -+675
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Shakopee 124:1153| 60: 832 763 125(%)
New Richmond 94 : 1277 100(%)
Oneota 175 : 1371 715 200(9)
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Total Depth 3000 : 1760 : 1345 : 1200 : 2495 : 1240 :
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tions. Sea level elevations are abbreviated A. T. (above tide)
plus or minus. The evidence on which these judgments are based
cannot all be shown in the table, but it is believed that the data
presented are the best that are now available. The conclusions,
as previously stated, do not represent finality but rather, it is
hoped, progress on these problems. It is desirable that addition-
al and fuller data be obtained and preserved for use in the future.

The elevations of the Coal Measures surface can be accounted
for on the basis of pre-Kansan and recent erosion for the most
part but there is little doubt that this surface is in part structural.
In general the strata have a southwesterly monoclinal dip, but
this dip is not uniform and is less across Lunecas county than it is
in counties to the east and northeast or to the west and south-
west. All strata seem to dip more steeply west of a line only a
short distance east of the Clarke-Lucas county boundary. The
structure of the Des Moines series in Lucas county will be dealt
with more fully later.

The Mississippian system appears to thicken from Des Moines
to the south and southeast and its surface, while very irregular,
is lower at Des Moines, Centerville and Corydon than at Pella,
No. 10 or in Lucas county. As will be shown later, this Mississip-
pian surface has a relief of more than 200 feet and this fact
might account for the above differences, assuming that high
points had been struck at Pella, No. 10, Oskaloosa and in Lucas
county, and low points at Des Moines, Centerville and Corydon.
The top of the Mississippian is known to be at higher elevations
near Des Moines than that given in the table. This view would
seem more probable were it not for the fact that the top of the
Kinderhook beds and the top of the Devonian system show a
similar rise in the middle wells and by inference in Lucas coun-
ty.. This fact seems hardly fully explainable on the basis of un-
conformities and suggests a structural explanation.

The surface of the Mississippian at its lowest recorded eleva-
tion in Lucas county (541 feet above sea level) is higher than the
top of the same system at Des Moines, Centerville and Corydon.
The highest elevation of the Mississippian system recorded in
Lucas county is nearly 200 feet higher (736 feet above sea level)
and is essentially accordant with the top of the system at No. 10
and at Oskaloosa. This latter accordance may be accounted for
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in part by assuming the presence of younger Mississippian strata
under Lucas county and at No. 10 than at Des Moines and Cory-
don. The higher elevation at No. 10 and at Oskaloosa is in part
explainable on the basis of the southwesterly dip of the forma-
tions across this part of Towa.

The Devonian surface shows a condition paralleling the above
even more clearly than do the higher strata. It is low at Des
Moines, Centerville and Corydon and. higher by more than 100
feet at Pella, Oskaloosa and, by inference, under Lucas county.
The combined thickness of the Devonian and Silurian systems is
not so noticeably greater to the southward as is the thickness of
the Mississippian. The relations of the Maquoketa and Galena-
Platteville formations are not so well shown, as these strata
have not been reached in all cases, and the St. Peter surface also
is quite problematical. However, the St. Peter seems to be low-
est at Des Moines and highest at Centerville and at intermediate
elevations at Pella and in Lucas county. Its surface is more
nearly a plane than are the higher surfaces.

The Geologic Map of Towa in volume XXT of the Towa Survey
reports shows the St. Peter surface as occurring in Lucas county
at depths from 1000 feet to 1250 feet below sea level, from east
to west across the county. According to the accompanying table
the St. Peter should be reached at depths from 800 feet to 1000
feet below sea level from east to west across the county. At
Chariton the St. Peter might be expected at 2050 feet or less be-
low the surface (surface elevation 1040 feet above sea level).
There is a sharp change in dip along the west side of the county
and this change becomes greater in a southwesterly direction.
However, it is not believed to be great enough to carry the St.
Peter as low as 1400 feet below sea level at Osceola, Clarke coun-
ty, as stated by Tilton.** It is thought, from evidence known
from Lucas county, that the St. Peter should be reached at abont
1200 feet below sea level at Osceola.

The base of the Pennsylvanian (Des Moines) has been mapped
as oceurring a little over 500 feet to less than 400 feet above sea
level, from east to west across Lucas county.?> However, the
known base of the Pennsylvanian ranges from less than 537 feet
to 736 feet above sea level and rests unconformably on the Mis-

21 Tilton, J. L., Geology of Clarke County: Iowa Geol. Survey, vol. XXVII, pp. 158-182.
22 Towa Geol. Survey, vol. XXI, p. 1001,
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sissippian surface, which has a relief of at least 200 feet. The
earlier estimate is in error by fully 200 feet.

Paleozoic deposition in this part of North America took place
in a wide shallow geosynecline which varied greatly in depth and
at times was entirely drained. The sediments were for the most
part fine in texture and probably were derived from rather low
lands. If there were high lands to the north and northeast they
were quite remote. This geosyncline was, most likely, just a
deeper part of the more or less widespread seas that covered the
upper Mississippi valley region periodically during the Paleozoic
era. As sedimentation went on this great depression deepened
or sank as it filled but less rapidly. By the end of the
Paleozoic era the lower formations, such as the St. Peter, came
to be greatly concave while the overlying ones were less de-
formed by the settling that accompanied deposition and were
more nearly horizontal.

The history of the deeper rocks is not revealed and a detailed
interpretation is not attempted.

Towards the close of Pella or Ste. Genevieve time or possibly
as late as early Chester time, the geosyncline was elevated and
somewhat reversed; the deeper and more central parts were
raised more than the shallower lateral parts. This tended to
make the lower formations less concave and the younger forma-
tions not only less concave but even slightly convex. As the sea
withdrew from the upper Mississippi valley the Mississippian
rocks were subject to weathering and erosion and the area of
Lucas county rémained a land area to the close of Mississippian
time. There may have been some tilting to the southwest at this
time, giving these formations in part their southwesterly dip.
This'monoclinal structure is not simple but there are minor folds,
small anticlines and synclines and possibly domelike warps that
are not strictly classifiable as anticlines.

Following the period of uplift and erosion there was further
general submergence and a return to geosynclinal conditions at
““critical level’’| the condition favorable for coal formation. The
geosyneline was now shallower than it had ever been before and it
was occupied by the shallow Pennsylvanian seas and embayments
that covered large areas in what is now the upper Mississippi
valley. The Coal Measures formations came to overlie uncon-
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formably the older formations. The Pennsylvanian submergence
involved parts of Towa, Missouri, Nebraska, Kansas and other
areas to the southwest, in general the Western Interior Coal
Field.

In Pleasanton time (horizon of unconformity recognized in
Missouri) there occurred a period of uplift and erosion with sub-
sequent subsidence and deposition of channel (terrestrial) de-
posits. The upper part of the Pleasanton formation was deposit-
ed under conditions similar to those prevailing prior to the per-
iod of uplift and the area was generally submerged. Later, per-
haps near or at the end of Pleasanton time, there was differential
movement resulting in a further tilting to the southwest; ter-
restrial conditions prevailed to the northeast and marine condi-
tions to the southwest. Following this the Missouri series was
deposited under generally more stable conditions than had pre-
vajled during Des Moines time, but also with many fluctuations.
Lucas county at this time may have been either a land area or
under the shallow sea or alternating in position. If any Missouri
sediments were deposited over Lucas county they were removed
prior to glaciation.

At the end of Pennsylvanian time the geosyncline involving
south-central Towa was uplifted and still further reversed, with
the result that the lower formations, like the St. Peter, that had
been concave came to be nearly plane and the upper formations,
such as the Devonian and Mississippian, came to be relatively
convex with a few minor warps. One of these minor structures
extends into Lucas county from the northeast. The area of south-
central Jowa was subject to weathering and erosion from the up-
lift following Pennsylvanian time to the Pleistocene, when the
region was rejuvenated by two glaciations.

The average elevation of the Lower coal in Pleasant township
is about 720 feet above sea level and its average elevation in the
vicinity of Luecas is about 620 feet above sea level. This shows
that the coal dips about six feet per mile in a direction approx-
imately 18 degrees south of west. The White Breast coal horizon
has a dip of about five feet per mile in the same direction. If
this difference in dip is a real difference and not due to the un-
dulatory nature of the beds the Cherokee shales seem to thicken
in a southwesterly direction. West of Lucas the strata have a
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much steeper dip. The formations have an appreciable dip to
the northwest (as much as fifteen to twenty feet per mile in
places) from-a line drawn from a-point about three miles north-
east of Lucas to the northeast corner of the county. They have a
very slight dip to the south from the same line.

THE MISSISSIPPIAN-PENNSYLVANIAN AND PENNSYLVANIAN.-
PLEISTOCENE UNCONFORMITIES, AND THE THICKNESSES OF
THE PENNSYLVANIAN AND PLEISTOCENE DEPOSITS

The existence of erosional unconformities between the Missis-
sippian and Pennsylvanian and Pennsylvanian and Pleistocene
systems is well recognized but quantitative data in geological re-
ports are usually obscured by the mass of otherinformation, In
many cases such data are not given at all. The Mississippian
surface in Liucas county is known only froim drill records made in
prospecting for coal, hence it is difficult to correctly estimate the
quantitative effect that differential uplift or subsidence has had
on the attitude of this surface, but that effect does not seem to
have been great. :

The accompanying table and Plate I summarize the important
data on these unconformities. Plate I gives generalized sections’
of fifteen coal prospect holes. They are numbered in the circles
above and are similarly designated on the general map. The
vertical scale at the left refers to elevations in feet above sea
level ; necessarily it is greatly exaggerated. The horizontal spac-
ing is not proportional to actual distance between holes but is
relative when the holes are projected from their normal locations
onto a straight line extending from section 25, White Breast town-
ship (location of No. 26), to section 13, Pleasant township (loca-
tion of No. 2). This is not an exact profile section of the surface
nor a true structure section of the geology, but it is of value in
order to bring together the drill logs that contain the data. The
conclusion has been reached, after a careful study of more than
forty drill records from the same part of the county, that if
enough records were available from holes drilled to great enough
depth and in a straight line almost anywhere through the county,
they would reveal the same relations in detail that Plate I reveals
in general.

Mussissippian Surface—Logs 5 and 6 are approximately one
mile apart and the relief on the Mississippian surface between



Drill Section No. 26 21 18 31 16 14 33 35 15 6 5 4 3 1 2
Township-Section |W.B.25| Ln.7 | Ln.15 |Lib. 12| Ln.2 |-Cdr.7 |Eng. 35|Eng. 24| Cdr. 3_ PL27 | PL.26 | PL22 PL22 | PL12 P1. 13
Elevation of Curb,
feet above sea level] 960 QQ7 888 832 1030 980 986 1004 900 818 805 948 968 808 791
Thickness of Drift, K
feet 60 35 23 20 92 104 134 113 ‘225 40 35 104 226 30 21
Elevation of top ) .
of Coal Measures,| 900 872 865 812 938 876 852 891 Not 778 770 | . 844 742 778 770
feet above sea level Reached ' -
Thickness of Coal .
Measures, feet 340 220 328 198 284 281 | 214 181 ? 237 122 56 ? 42 70
Elevation of Low- ! ’ - !
er Coal, feet above| Cutout 653 688 1 710 ¢ ¢ 718 Cut ¢ 761 794 Cut 750 721
sea level out out ? :
Elevation of top of
Mississippian, feet| Not Not Not 614 Not 595 Not Not Not 541 648 Not Not 736 700
above sea level |Reached |Reached | Reached | - Reached Reached | Reached | Reached Reached | Reached
Bottom of Hole,
feet above sea level] 560 652 537 526 654 539 638 710 675 540 647 788 742 724 623
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Generalized sections of coal prospect drill holes.
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these points is 107 feet. Number 6 is down the dip from No. 5
and if the dip is as much as five feet per mile (which it probably
is not) still the erosional relief is over 100 feet. Numbers 1 and
6 are about 3% miles apart and located diagonally to the direc-
tion of the dip. In these holes the Mississippian surface differs
by nearly 200 feet, as its elevation in hole No. 1 is 736 feet above
sea level and in No. 6 it is 541 feet. In hole No. 18 the Mississip-
pian rock was not reached, so at this point it must be lower than
537 feet above sea level, but as this location is down the dip from
the higher points on the Mississippian surface the importance of
this record is somewhat diminished. In the vicinity of the town
of Lucas Mississippian rock has been reached about 620 feet
above sea level, a comparatively high élevation. Near the center
of Monroe county, fifteen miles east of Lucas county, the Missis-
sippian surface is as low as 600 feet above sea level and this is up
the dip from the points in northeastern Luecas county.

Even with the large number of drill records available it seems
quite unlikely that either the highest or the lowest points on the
Mississippian surface should have been found. The conclusion
seems justified therefore, that the relief on this buried surface,
in Lucas county and in south-central Towa, is at least 200 feet and
may be as much as 250 feet. The Mississippian surface has the
characteristics of a mature topography.

Des Mownes Surface—~Drill holes 3 and 4 are but one-eighth of
a mile apart, yet in that distance the Coal Measures surface
changes in elevation by 102 feet. Numbers 15 and 35 are about
five miles apart along the strike and between these holes the
Pennsylvanian surface differs in altitude by more than 216 feet,
from 891 feet above sea level in No. 35 to less than 675 feet in No.
15, where the drill did not completely penetrate the drift. Num-
bers 15 and 16 are four miles apart in a line diagonal to the
strike and the relief on the Des Moines surface between these
places is over 263 feet, as this surface was reached at 938 feet
above sea level in No. 16 and had not-been reached at 675 feet
above sea level in No. 15. Furthermore No. 15 is located up the
dip relatively to No.16. Surface exposures of Coal Measures are
known between 940 and 950 feet above sea level and as it is very
unlikely that the lowest point would have been found in hole No.
15 it seems conclusive that the Coal Measures surface has a ma-
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ture topography and a relief of at least 265 feet. This surface
has an average slope of about 122 feet in a distance of seventeen
miles or about seven feet per mile towards the northeast from
the center of the county.

The irregular surface between the Coal Measures and the
Pleistocene deposits may be due entirely to pre-Pleistocene ero-
sion or it may be the composite result of both pre-Pleistocene and
Aftonian erosion. The Nebraskan and Kansan drifts cannot be
separated except where their stratigraphic relations to the Ne-
braskan gumbotil can be determined. It is not certain to which
drift such valley fills as those represented in holes 3 and 15 be-
long. The buried valleys may have been cut in pre-Nebraskan
time and the drift may be Nebraskan, or erosion in Aftonian time
may have cut through the Nebraskan drift in some places and
eroded valleys into the Coal Measures, in which case Kansan
drift now fills them. Both tills may be present if the valley ex-
isted prior to the Nebraskan ice invasion and was filled with
Nebraskan drift and if Aftonian erosion excavated a valley along
the same general lines as the pre-Pleistocene valley but did not
remove all of the older drift and the Aftonian valley afterward
became filled with Kansan drift. Recent erosion, no doubt, ex-
poses in many places sections of till where the lower part-is Ne-
braskan and the upper part is Kansan but the pre-Kansan (Af-
tonian) erosion had removed all of the Nebraskan gumbotil and
now the similar tills lie in contact. In a few places the Nebras-
kan gumbotil still remains, protected by the overlying Kansan
drift. : !

Thickness of the Des Moines Deposits—It is apparent from
the data given above that the Des Moines series is of greatly dif-
fering thickness, owing to the uneven surface on which it was
laid down and to the erosion it has suffered subsequent to its de-
position. The minimum thickness which has been found at any
point in this area is forty-two feet, in hole No. 1. The lowest
elevation of the base of the Des Moines series found in the north-
eastern part of the county was in hole No. 6, where the Missis-
sippian was reached at 541 feet above sea level. In hole No. 16,
about 414 miles west of No. 6 in a line diagonal to the strike, the
top of the Coal Measures surface is 938 feet above sea level. The
difference between the uppér and lower surfaces of the Coal
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Measures at these places.is 397 feet and very likely represents
nearly their greatest thickness in the northeastern part of the
county. Near the town of Lucas the Coal Measures are known
from hole No. 26 to be over 340 feet thick and the bottom of the
hole does not reach the Mississippian surface. The Lower coal
in the same vicinity is about 275 feet below the top of the Coal
Measures. In other parts of the county the Lower coal horizon
is as much as 200 feet above the lowest known elevation of the
‘Mississippian surface. (Compare data in holes 1, 5 and 6 in the
table on page 135.) Hence the Des Moines series may be nearly
566 feet-thick in the western part of the county. '

Thickness of the Pleistocene Deposits—The present known
thickness of the Pleistocene deposits ranges from nothing to
more than 226 feet, the latter thickness being found in hole No. 3.
The drift is probably thicker in hole No. 15, where the drill pene-
trated 225 feet of glacial material but did not reach indurated
rock. Number 15 is situated in a valley and the curb elevation is
900 feet above sea level. This valley at one time must have been
filled with drift up to or nearly to the elevation of the upland,
the Kansan plain. This plain, when intact, had an elevation of
about 1000 feet above sea level, hence the Pleistocene deposits
at this point must once have been fully 325 feet thick, Under
the present surfaces of the upland areas, remnants of the once
extensive Kansan plain, the Pleistocene deposits are almost no-
where less than 100 feet in thickness.

DETAILED STRATIGRAPHY
MISSISSIPPIAN

The Mississippian system is known only from drill records.
No drilling has penetrated very far into these strata, but as the
relief on the Mississippian surface is fully 200 feet, at least this
thickness of Mississippian rock is known to some extent. Un-
fortunately, almost no samples or cores have been preserved, so
‘exact identification is impossible. One small length of a drill
core in hand is from Pleasant township and was taken between
6321, feet and 61714 feet above sea level. The material is a very
hard caleareous white shale or shaly limestone and contains one
practically perfect specimen of Spirifer pellaensis, index fossil
of the Ste. Genevieve or Pella. The Ste. Genevieve formation in
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Towa is known to be only about fifty feet thick and in most places
is less than this.

Drill Record No. 1, referred to in table on page 135, shows that
the Mississippian rock rises at least 736 feet above sea level.
Thus a thickness of fully 100 feet of alternating limestone and
sandstone exists above the Spirifer pellaensis horizon and below
the base of the Des Moines. This cannot all be assigned to the
Ste. Genevieve, unless this formation is abnormally thick here.

On the other hand this abnormal thickness, together with the
lithologic character of the upper beds, alternating limestones and
sandstones, at least suggests the possibility of the presence of
some strata of Chester age.

The lowest point at . which Mississippian rock has been reached
is 541 feet above sea level although other holes go deeper and do
not reach it. This depth is seventy-five to one hundred feet be-
low the Spirifer pellaensis horizon and this thickness cannot all
be assigned to the Ste. Genevieve, so the lowest Mississippian
known in the county probably belongs to the St. Louis .or the
Warsaw, and these limestones are thicker and more massive than
the higher beds.

A drilling made near the east side of section 13, Pleasant town-
ship, penetrated 65 feet.of Mississippian rock.. This record is
.given in full in the appendix (Drill Section No. 2) and in con-
densed form below. :

THIOKNESS
Feet Inches

Surficial material 21 6

Coal Measures . - - 81 3

Mississippian (top at 700 feet above sea level)

Hard light colored limestone 20

Soft blue lime shale ' 1

Hard light colored sandstone 3

Hard light colored limestone .. 17 6

Hard light colored sandstone ..... 6

Hard light colored limestone 4 6

Hard light colored sandstone 9

Hard light colored limestone 4

Another drilling in the southwest corner of section 7, Cedar
township, reached the Mississippian at 595 feet above sea level
and the drill passed through fifty-five feet of limestone. The
record of this hole is given in the appendix. as Drill section No.
14. Near the center of section 12, Liberty township, the top of
the Mississippian was reached at 614 feet above sea level and the
drill passed through eighty-eight feet of alternating beds of lime-
stone and sandstone. The detailed section of this hole is given
below.
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Drill section No. 31, North of center of section 12, Liberty township.

DO DO DO N2
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Curb elevation 832 feet above sea level.

THICKNESS
Ft. In.

Soil and clay 12
Sand and gravel 8
Hard blue limestone 6
Soft black shale 4
Soft light shale 2 2
Hard light limestone 7
Medium soft light sandstone ..., 1 10
Soft light shale : : 2 9
Hard medium light shale .o 1
Variegated shale 7 2
Soft light sandstone 7 6
Variegated- shale - 2
Soft light sandstone 9 6
Soft light sandy shale 3
Soft medium dark shale i 3 1
Coal i 11
Soft light sandy shale 3
Soft black shale . 3
Medium soft light sandstone .. .coeeen 3
Medium soft dark shale o 12 7
Coal - 2 6
Light soft clayey limy shale ... 6 11
Medium soft medium dark shale ... S
Light medium soft sandy shale 6
Soft light sandstone 3
Soft light shale 1
Medium dark soft shale .o 6
Coal : : 2 2
Medium soft light shale 3 1¢-
Soft medium dark shale ... 4
Medium soft medium dark sandy shale 10 ’
Bony coal - 5
Medium light medium hard sandy shale........ 3 7
Medium dark hard sandy shale ... 3
Hard blue rock 1 6
Medium dark. medium soft shale with light
partings and sulfide balls .ol 26 6
Medium dark medium hard shale ... 16
Medium hard dark shale with quartz bands 6
Dark hard shale 5
Soft light clay shale 3
Dark medium hard shale .o 4
Light medium soft shale ... — 2
Medium hard dark shale .o 8
Soft limy shale 5
Hard gray limestone (Mississippian) ......... 6
Hard white limestone 19
Hard dark crystalline limestone ............. 1
Light medium soft sandstone ... 4
Soft medium light limestone a....occeecomeeceee 16
Soft light sandstone 12
Hard light limestone 7
Medium soft light sandstone .meeeeeeeeee 15
Hard light sandstone 7
Hard light limestone 1

Total depth 306 feet.

Top of Mississippian 614 feet above sea level.
Bottom of hole 526 feet above sea level.
Thickness of Mississippian penetrated 88 feet.

DEPTH
In.

Ft.
12
20
20
24
26
27
29
31
32
40
47
49
59
62
65
66
69
72
75
87
90
97
98

104 -

107
108
114
116
120

124

134
134
138
141
142

169

185

191
196
199
203
205

213 -
© 218

224
243
244
248
264
276
283
298
305
306

HEH
Om COoOHW®PS

141



142 GEOLOGY OF LUCAS COUNTY

I0WA GEOLOGICAL SURVEY
COLUMNAR SECTION

PLATE II

me No.| SECTION |FEET)| LITHoOLaOGY

-1 | oess.
6-10 Gumbotil only
where drift ts thick,

Glacial drije.
Red shale.

Shale, clay, limestone.
Coal and fire clay,

%

Shale and clay, with
carbsndceons seams
and limestene lonies.

Limestane.

Shale and clay, mixed.

Limestone, massive.
Clay and shale, with
mas3es af limertene
Limestone, deve-celared,
wirh small gastropsds,
Coal and fireatny.
Shale dnd sandstone,
Seme limestona bewltders’

HENRIETTA

Codl and fireclay,
Shale,bluish.
Limestone, earthy gray.
-Shala, blursh. arr
Limastone, earthy gray,
Shele, blagh, fissile,
oal and pire eluy.
Shate, lightcolered.
imestons.
Clay dnd shale
oal.

Shale , light cotored.
thdclme, hard,
Shdh, very dark.
Codl ana fire tlay.

Shale, dark bended,

very tAin coal seams,

CHEROKEE

Shale and cldy, wirh
Carbonacecus Jeams

and & lirtle limestone.
Coal,
Shate, hard sendy,

Shale,hard banded,

Coal,

ik #-8
2 =

CHEROKEE

Edledreaus shale.

Hard bandad shale,
Some sSandstone,

thin {imestone lenses.

anchol) and
Jira elay.
Lawuéhuokee;
Shale, hard banded,
Sandatene, thin coal
Saamt and rthin
disecontinuous
Limestone beds,

Mississippran.
thick limestones,
thin sandstohes,

Spirifer pellden;:s

near the middale.

Bl

“PL.= PLEASANTON

5,3,3and ¥ areknown only frem drill-sectioms

St #0 cnelugive Anomn from surfece esposures

General Columnar section of Lucas county strata
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DES MOINES

The lower part of the Cherokee formation is known in Lucas
county only from drill records made in prospecting for coal.
The Cherokee is divisible into two parts on the basis of lithology.
The part below the Lower coal is extremely lensy and variable
with no very persistent horizons. It is made up largely of thick
lenses of sandstone and shale with smaller bodies of limestone
and thin coal seams of very small extent. The Lower coal is the
lowest horizon that is recognizable as being widespread, even
though the coal lenses are not everywhere connected.

The upper part of the Cherokee also is made up of sandstone,
shale and thin layers of limestone. The various beds are rela-
tively persistent over quite extensive areas; such beds as the Two
Layer limestone and the White Breast coal are excellent horizon
markers. The strata are more persistent and less undulatory
near the top of the formation. There is no definite lithologic
break or discernible unconformity between the Cherokee and the
overlying Henrietta formation.

The Henrietta formation is made up of relatively more lime-
stone and very much less coal than the Cherokee, but its strata
are no more persistent than are those in the upper part of the
Cherokee, ,

Surface exposures reveal only about the upper one-third of the
Cherokee formation. The Henrietta is known from a few fairly
good exposures. The Pleasanton, with the exception of the
Chariton conglomerate, which is well exposed, is seen in only one
or possibly two exposures.

Correlation is possible with certainty only when exposures
are very close together. In the detailed sections which follow,
certain horizons are named and by comparing adjacent sections
the geologic column for Lucas county can be pieced together.
The lower sections stratigraphically are in the northeast part of
the county and the highest one is in the vicinity of the town of
Lucas. All sections are referable to the Columnar Section, which
is self-explanatory.

Surface sections are designated by number only (as No 9);
coal prospect hole sections are designated, Drill section No. 10,
ete. On the general map the drill section numbers are enclosed
in circles.
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Fig. 15.—1&1}1_3'?‘}1:&05&1;%‘&%Ctlieer(;lfl?gdlf:-ds in Pleasant township, with a thin sandstone

Cherokee I'ormation—The term Lower Coal is used as a
proper name for the coal horizon known throughout the county
by that designation. White Breast is here applied to a coal bed
that was first worked along White Breast creek. This coal was
called ‘‘Panora’’ in the Towa Geologic Report of 1870, but this is
of doubtful significance and is an inappropriate name for local
use. Two Layer limestone is a persistent and characteristic
earthy limestone made up of two layers, each four to twelve
inches thick, which are separated by two to six inches of shale. It
is nearly everywhere seen in the same sections as the White
Breast coal. Wheeler coal was named by St. John in the Towa
Geologic Report of 1870 and the name is just as applicable now
as it was then and has been retained. These names are suggested
for local use only and are used as means of correlation in the
sections which follow.

Surface section No. 1. Middle of east side of section 1, Pleasant township.

FEET INCHES

16. Drift and loess mantles upper slope to

top of hill 20
15. Shales, sandy and light ceeeieeees 8
14. Clays, light and mixed . oeeveoeeeeeaes 7
13. Coal, soft rotten ‘‘blossom’’ (11 of the

Columnar Section) about 840 feet above

sea level 1 6
12. TFire clay 1 to 2
11. Clay and shale mixed and variegated..... 17 to 18
10. Limestone, bluish, impure, brittle............ 4

9. Shales, dark bluish, in part carbonaceous 2 to 2%



COAL BEDS IN CHEROKEE STRATA 145

8. Clay shales, mixed, limestone nodules..._... 14
7. Shale, dark bluish, carbonaceous............ 1 to 1%
6. Sandstone, soft, light oo 6
5. Clay, yellow 1
4. Clay, ash-colored like underclay or fire clay 9
3. Carbonaceous matter, ‘“coal blossom’’ ... 2 to 3
2. Shale, hard, banded red and dark, upper
10 feet more sandy 35
1. Coal, No. 5 of Columnar Section, not ex-

posed but mined at about 765 feet above
sea level 2
Base 765 feet above sea level.

Bed No. 1 has been rather extensively mined in this part of the
county. It lies forty to eighty feet above the Lower coal, which
is mined at Tipperary and Olmitz. The range in the distance of
this coal bed above the Lower coal is due to the ‘‘rolls and
pitches’’ characteristic of the lower part of the Coal Measures.
It is below the coal reported from near the center of section 10,
Pleasant township. Numbers 5 to 12 inclusive of the Columnar
Section are represented in this surface section.

Other surface sections in this part of Pleasant township are
much like the one above but naturally there is considerable var-
iation in minor details from place to place. The coal bed, No. 13
above, outerops at an elevation of about 865 feet above sea level
near the middle of the south side of section 1, Pleasant township,
only about three-quarters of a mile southwest of the location of
the above section. At the same place another band of carbon-
aceous matter is exposed about twenty feet below the coal. This
second carbonaceous bed probably belongs somewhere in horizon
8 of the Columnar Section. A nine foot bed of light buff sand-
stone, interbedded with thin clay lamina, occurs about twelve feet
below the carbonaceous stratum. Thus in a comparatively short
distance some of the clay and shale beds of Surface section No.
1 are represented by sandstone. Such lateral variation is com-
mon in the Des Moines series and especially in_the Cherokee
formation of this county.

A coal bed eighteen inches thick has been worked to some ex-
tent in the vicinity of the southwest corner of section 11, Pleas-
ant township. It seems to be the same horizon as No. 13 in Sur-
face section No. 1, page 144, and No. 11 in the Columnar Section.
Its elevation is about 840 to 845 feet above sea level.
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Surface section No. 4. Near middle of north side of section 24, Pleasant township.

FEET
5. Shales, light, clayey .oaeees 10
4. Clay, light ash-colored .ermcaceee 4 to 6
3. Shale, light, sandy 15 to 20
2. Shale, banded red and black wmeeeeee. 30
1. Coal, with lime rock ‘‘bowlders’’ ............ 2 to 3

- Base at 780 to 790 feet above sea level.

This section is similar to that of Surface section No. 1, page
144, in section 1, Pleasant township. The coal bed in this ex-
posure is the same as that mined at or below the creek level in
sections 1, 11, 13 and 24, Pleasant township. It is the same hor-
izon as bed No. 1 in Surface section No. 1, and is No. 5 of the
Columnar Section.

Coal bed number 13 of Surface section No. 1, page 144, is again
exposed in the creek bank a little east of the center of section 10,
Pleasant township. Here it is eighteen inches thick and at an
elevation of about 840 .feet above sea level. This may be the
same coal bed worked in the early days at Dale’s mine, which
was located near this point. The strata at this place are some-
what deformed, being sharply folded downward at the east end
of the exposure. The folding is of very small magnitude but be-
cause of it, this coal bed'has never been sucecessfully mined to any
extent in this vieinity. :

The base of the above Surface section is-two to five feet
above the coal bed exposed in the creek bank half a mile east,
which is the same as stratum No. 13 in Surface section No. 1,
page 144, Strata 2 and 3 above are represented by bed No. 13 in
the Columnar Seection.

Surface section No. 12. Middle northwest quarter section 10, Pleasant township.
FEET INCHES

12. Shale, badly slumped and covered ... 10°
11. Coal (White Breast), about 870 feet

above sea level
10. Fire clay
Limestone, fossiliferous ...ooocmmececmeeees
Shale, light
Limestone .
Shale, light and clayey .ceoeooomcoceeeeeee.
Shale, carbonaceous, coal blossom, at 850
feet above sea level 9
Shale, badly covered ... S 15 to 20
Sandstone, thin layered, soft ..., 1
Sandstone, ‘‘cap rock’’, hard and quartz-
itie, light gray on fresh surface, uneven
thickness . 2
1. Shale, black, fat 5

Base at 825 to 830 feet above sea level.
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Several exposures along Flint creek in the northern and west-
ern part of section 16 and in the northeast quarter of section 17,
Pleasant township, yield the composite section which follows:

Surface section No. 13.

FEET INCHES

13. Shale, light, sandy, gray and yellowish.... 10
12. Coal (Wheeler), 885 to 890 feet above sea

level 1
11. Fire clay 2 to 3
10. Shales, light blue, gritty, with limestone

nodules 7 to 8

Limestone, fossiliferous,
9. Two Layer earthy, 4 inches .
limestone..... Shale parting, 6 inches 1 6
Limestone, fossiliferous,
earthy, 8 inches

Shales, dark bluish 7
Limestone, bluish, impure, weathered
brown 8
Shale, black, fissile, overlying White
Breast coal
Coal (White Breast), 860 to 870 feet
above sea level
Fire clay
Clay shale, with fossiliferous limestone
masses and nodules 6 to
Limestone, impure, brown, fossiliferous,
with two inch clay parting in upper part
Shale, carbonaceous, black -.oreereeruenns
Base about 850 feet above sea level.

Ll S S A e F ot
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The lower beds of this section are equivalent to the upper beds
of Surface section No. 12, page 146. The black fissile shale over-
lying the White Breast coal is unusually thick in this section.
Both the White Breast and Wheeler coals have been mined to
some extent in this vicinity. Beds numbered 6 to 13 inclusive in
the above section are well exposed at one place in the creek bank
near the middle of the northeast quarter of section 17, Pleasant
township. This place was visited by St. John in 1867 and the ex-
posure was described by him and was used as one of his type sec-
tions. '

Near the middle of section 3, Pleasant township, the Wheeler
- and White Breast coals can again be recognized and the sequence
of strata is the same as in the above section except that the White
Breast coal and the Two Layer limestone are separated by about
eighteen feet of shale instead of ten. - The elevation of the White
Breast seam at this place is about 850 to 855 feet above sea level,
and the Wheeler bed is about twenty-six feet higher. The se-
quence of strata below the White Breast coal is almost identical
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with that in other sections already given except that the shale
beds are thicker. A coal stratum one foot thick which oceurs
twenty-eight to thirty feet below the White Breast bed also is ex-
posed in this vieinity. Probably it is the equivalent of bed num-
ber five in Surface section No. 12, page 146, but lies at a lower ele-
vation. This bed of coal is separated from a still lower eight
inch bed by about four feet of light colored shale and fire clay.
The strata exposed in this locality lie at a somewhat lower eleva-
tion than they do a mile or more farther south and southeast.
Thus the-strata seem to have a local northwesterly dip in this
part of the county.

The thin seam of coal outeropping at about 870 feet above sea
level a little north of the middle of the west side of section 21,
Pleasant township, may be the White Breast bed.

The White Breast coal, characteristically overlain by one foot
of carbonaceous fissile shale which in turn is covered by a thin
layer of earthy gray fossiliferous limestone, outerops near the
middle of the north side of section 5, Pleasant township. The
above limestone, which is about ten inches thick, is overlain by
seven and one-half feet of bluish dark shale and this is followed
by the Two Layer limestone, which has an additional clay part-
ing near the top. The beds exposed here duplicate almost exact-
ly beds 3 to 10 inclusive, previously given in Surface section No.
13, page 147. However, at this place the White Breast coal bed is
at an elevation of about 900 feet above sea level, somewhat h1gh-
er than should be expected.

Surface section No. 19. Southeast quarter, section 7, Cedar township.

FEET INCHES

6. Shale and drift (covered) ...oeoemeeeeeee
5. Clay, yellow, with 6 inch impure Jime-

stone band 1
4. Shale, fissile, black, hard . ueeercoreeeeeen. 114 to 2
3. Shale, carbonaceous oo 215 to 3
2. Coal and brittle shale (White Breast).... 10
1. Shale and clay, light colored ... 8 to 10

Base at about 860 feet above sea level.

The White Breast coal has been mined in this vicinity. The
‘Wheeler coal outerops at about 895 feet above sea level, about
one and one-half miles northwest of the location of the
above section, near the middle of the north side of section 12,
Lincoln township. It is underlain and overlain by light colored
shales which are poorly exposed. The beds exposed at this place
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are equivalent to and seem to be almost identical with part of 10,
all of 11 and 12 and part of 13 in Surface section 13, page 147.
The Wheeler coal in this exposure is in the normal stratigraphie
position relative to the White Breast bed exposed along North
Cedar creek one and one-half miles to the southeast.

The drillings in the northeast part of the county are, for the
most part, drilled from valley bottoms and the elevations of their
curbs are in many cases as low as the bases of the surface sec-
tions. Drill sections can be correlated with a fair degree of ac-
curacy, using the Lower Coal horizon as a datum plane. Drill
section No, 7, which follows, represents quite typically the deep-
er strata in the northeast part of the county. Bed No. 10 in this
hole is stratum No. 13 of Surface section No. 1, page 144. The
reader should bear in mind that in most cases the Surface sec-
tions are given in greater detail than the Drill sections.

Drill section No.?. Three hundred fifty fee't east of middle of west stde of éwthwest
quarter of section 22, Pleasant township.

Curb Elevation 898 feet above sea level. )
THICKNESS  DEPTH
Ft. In. Ft. In.

1. Soil 12 12
2. Sand and clay 30 42
3. Soft light clay shale 7 49
4. Hard limestone 1 50
5. Soft light shale 4 54
6. Soft variegated shale 6 60
7. Soft light shale 2 62
8. Hard rock 6 62 6
9. Medium soft dark shale 3 6 66
10. Coal (No. 11 of Columnar Section) ........... 1 67
11. Medium light sandy shale ... 14 81
12. Medium soft variegated shale 7 88
13. Medium hard dark shale ..coocnneccneee 2 90
14. Medium soft medium light shale ............... 8 3 98 3
15. Coal (No. 7 of Columnar Section) ... - 9 99
16. Medium hard dark streaked shale . .70 169
17. Hard medium light banded shale ............... 14 183
18. Carbonaceous shale 1 184
19. Coal (Lower) ; . 6 2 190 2
20. Medium hard medium dark shale'............ 10 191
21, Medium hard light fire clay .o 4 195

Total depth 195 feet.
Top of Lower coal (19) 714 feet above sea level.
Bottom of hole 703 feet above sea level.

Drill section No. 11, located near the center of section 32, Pleas-
ant township, and given in the Appendix, page 225, almost dupli-
cates hole No. 7, except that the different strata show some var-
iation in thickness and the coal beds are at slightly different ele-
vations. Drill section No. 17, located near the center of the south-
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east quarter of section 12, Lincoln township, is quite typical of
records from this vicinity.

Drill section No. 17. Near center of southeast quarter of section 12, Lincoln township.
Curb Elevation 1010 feet above sea. level.
THICKNESS DEPTH
Ft. In. Ft. In.

1. Surface soil, loess, gumbotil . eerierineces 24 24
2. Sand and clay, some bowlders -..cceeoreeeca 68 I 92
3. Sand : 23 115
4. Blue clay 14 129
5. Shale, medium hard, variegated .eeeeeees 3 132
6. Shale, medium dark 6 138
7. Shale, hard, dark, ‘‘carbonaceous’’ ......... 5 143
8. Coal (may be White Breast) ... —- 9 143 9
9. Shale, medium hard and light ... 19 3 163
10. Shale, hard and medium dark e 4 167
11. Blue rock, hard 3 170
12. Shale, hard and dark 4 174
13. Blue rock, hard 1 175
14. Shale, hard and dark 15 190
15. Coal (No. 11 of Columnar Section) 1 191
16. Shale, medium soft and light 9 200
17. Sandstone 3 203
18. Sandy shale, hard and light womeeeeccereniccee 4 207
19. Shale, medium hard and medium dark ...... 7 214
20. Shale, medium hard and medium light ....... 11 225
21. Shale, hard and dark 3 228
22. Coal (No. 7 of Columnar Section) ... 1 229
23. Shale, hard, medium dark —.......: emeeeeemaen 62 291
24. Coal (Lower) 5 2. 296 2
25. Sandstone, soft and light e 2 10 299

Total depth 299 feet.
Top of Lower coal 719 feet above sea level.
Bottom of hole 711 feet above sea level.

Coal bed No. 15 of the above section may be No. 11 of the
Columnar Section. Number 8 in this hole is 857 feet above sea
level and this is about the same as the elevation of the White
Breast coal along North Cedar creek about a mile farther east.
It seems quite probable that bed No. 8 is the same as the White
Breast coal described in Surface section No. 19, page 148, Coal
bed number 5 of the Columnar Section, which is mined at several
places in the northeastern part of Pleasant township, does not
seem to occur in the vicinity of holes No. 7 or No. 17, but it does
appear in a hole drilled near the southwest corner of section 36,
FEnglish township. The record of this hole is given in the Ap-
pendix as Drill section No. 32.

Drill section No. 14, given in the appendix, page 226, is the
record of a hole put down a little east of the northwest corner of
section 7, Cedar township. At a depth of 385 feet the Mississip-
pian limestone was reached (959 feet above sea level) and not a
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single workable coal bed was passed through. This hole in rela-
tion to others previously given illustrates the fact of the lenslike
character of the coal beds. Another drilling, Drill section No. 16,
given in the appendix, page 227, and located near the southeast
corner of section 2, Lincoln township, penetrated to a depth of
376 feet and here the Lower coal horizon together with over 100
feet of strata above and below it are entirely replaced by light
colored sandstone. '

The exposures of Coal Measures in the eastern part of English
township along English creek essentially duplicate exposures
farther east. This fact is evident when the surface section which
follows, taken from the northeastern part of section 1, English
township, is compared with Surface sections 12 and 13, given on
pages 146 and 147 respectively. The elevation above sea level of
the corresponding beds is a little higher in English township than
would normally be expected.

Surface section No. 21. Middle of north side of section 1, English township.

FEET INCHES

14. Glacial drift 15
13. Shale, light 10
12. Coal (Wheeler) 1
11. Fire clay 1 6
10. Clayey shale, yellowish ......ocomeiiiee 6
9. Limestone, in two layers, Two Layer

limestone ' 3
8. Shale, bluish . 10
7. Carbonaceous material (White Breast

coal) : . 10
6. Clay and shale, mixed, varieolored.......... 21
5. Shale, variegated, limestone nodules in

upper 2 feet 10
4. Shale, blue-gray 4
3. Carbonaceous band 4
2. Clay, mixed, varieolored and in part sandy 12 6.
1. Shale, bluish to gray, becoming sandy at

top 12

Base at 840 feet above sea level.

Bed No. 7, the White Breast coal, is not typically exposed in
this section but this horizon is recognizable as such in the viein-
ity. The impure buff-colored limestone that usually overlies it
1s absent but 1s well developed a short distance away along the
creek. This limestone ‘“cap rock’’ is not continuous in this local-
ity but is represented by a stratum of ‘““bowlders’’ typical of the
margin of a limestone lens. The White Breast coal again out-
crops in the southeast quarter of section 2, English township,
about 875 feet above sea level.
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The White Breast and Wheeler coals, separated by about
twenty feet of shale beds and the Two Layer limestone, which is
typically developed, are well exposed in the southeast quarter of
section 11, English township. The characteristic thin limestone
““cap rock’ overlies the White Breast bed at this place. The
elevation of the White Breast stratum is about 885 feet above
sea level. In addition a higher coal horizon occurs eighteen to
twenty feet above the Wheeler coal. Both the White Breast and
‘Wheeler coals have been mined in this locality.

Surface section No. 24, which follows, illustrates very typically
the relations of the White Breast and Wheeler coal beds. Where
these two coal beds are exposed together the character of the
intervening strata and their sequence are almost everywhere the
same and the beds are widespread over much of the county. The
beds represented in this section are the best horizon markers in
the geologic column of Luecas county. This exposure was de-
seribed by St. John.

Surface seotion No. 24. Northeast quarter section 15, English township.

FEET INCHES

10. Shale, sandy 25 to 30
9. Coal (Wheeler) 1
8. Fire clay 1
7. Shale, light yellowish, poorly bedded ...... 15
6. Limestone, Two Layer .. 2
5. Shale, light bluish and yellow oceereieeeceee 10
4. Limestone, bluish gray . ... 6
3. Shale, black, fissile 1 6
2. Coal (White Breast) .oeoimoneee 12 to 15
1. Shale, mixed, limestone nodules 4 feet

from top 12

Base at 890 feet above sea level.

The White Breast coal has been mined in this vieinity. A four
foot bed of white limestone is exposed at the same level as the
‘White Breast coal, which oceurs a short distance from the lime-
stone exposure, along Long Branch creek near the middle of the
east side of section 4, English township. This limestone is be-
lieved to be bed No. 31 of the Columnar Section and is again re-
ferred to on page 157.

The upper English creek valley area has been quite thoroughly
prospected for coal and a number of drill holes have been made.
In this locality the Lower coal is from four to seven feet thick
and of excellent quality. Drill section No. 35, which follows, is
typical of records from this area. It is quite similar to Drill sec-
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tions 7 and 17 previously given on pages 149 and 150. Other sec-
tions from this field are given in the Appendix (Nos. 34, 37 and
38). The main shaft of Mine No. 4 of the Central Towa Fuel
Company was sunk on this hole.

Drill section No. 85. (Main shaft of No. 4 mine sunk on this hole.) West middle of
northwest quarter, section 24, English township.
Curb elevation 1004 feet above sea level.
THICKENESS DEPTH
Ft. In. Ft. In.

1. Soil and loess 18 18

2. Yellow clay 23 41

3. Gravel 2 45

4. Blue clay 4 49

5. Gravel 2 51

6. Blue clay 3 54

7. Gravel 1 55

8. Blue clay 8 63

9. Blue clay, sand and gravel ..o 15 78

10. Sand and gravel 4 82

11. Blue clay 5 87

12. Gravel 2 89

13. Blue clay 20 109 ’
14. Yellow clay and sand 4 113

15. Shale, light 5 118

16. Shale, soft, gray 6 6 124 6
17. Coal (may be White Breast horizon) ... 6 125

18. Shale, soft, light and dark banded.......... 54 179

19. Rock, hard, gray 1 180

20. Shale, hard, dark 3 183

21. Coal (may be No. 11 of Columnar Section).. 1 184

22. Shale, medium hard, light omiieees 6 190

23. Shale, soft, light 3 193

24, Shale, hard, light, sandy 1 194

25. Shale, medium hard, light . 15 209

26. Coal (may be 7 of Columnar Section) ......... 8 209 8
27. Shale, hard, gray 10 4 220

28. Shale, gray, sandy 12 232

29. Sandstone, soft 4 236

30. Shale, medium hard and medium dark ... 49 4 285 4
31. ¢‘Shoddy’’ top 8 286

32. Coal (Lower) 6 9 292 9
33. False bottom 3 293

34. Fire clay, light 1 294

Total depth 294 feet.
Bottom of hole 710 feet above sea level.
Top of Lower coal 718 feet above sea level.

At a point three-eighths of a mile northeast of this drilling a
fifteen inch coal seam appears in the road above the highest coal
in this log (No. 17). It may be the Wheeler bed.

Surface section No. 28. General vicinity of northeast corner of ILiberty township,
along White Breast creek.

FEET INCHES
14, Three feet covered, drift above ........
13. Sandstone, soft, no fossils .....comoreveeenen 5 6
12. Clay or silt, sandy 2 6
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11. Shale, bluish, grading up into 3 feet of

clay 12
10. Coal (No. 28 of Columnar Section) ... 1
9. Sandstone and sandy shale (plant fossils
in upper part) 15
8. Shale and clay, sandy —eeceees 20
7. Coal (Wheeler) 1 10
6. Clay, blue, and light fire clay ceeeeieee 3
5. Limestone, earthy,
fossiliferous «..ceeeee Two layer 6
4. Clay shale, fossiliferous limestone 6
3. Limestone, earthy,
fossiliferous ...cceeoeoemene 8
2. Clay shale, blue-gray ceceeomeccrreracanac 3
1. Shale, sandy, buff 9

Base at 835 feet above sea level.

The White Breast coal is known to occur a few feet below the
base of the above section and it outcrops in the bed of White
Breast creek in the northeast quarter of section 11, Liberty town-
ship. Number 7 in the above section is the Wheeler coal and
number 10 is a higher coal that is well developed farther south,
where it is overlain by a bluish gray cap rock limestone. An-
other coal bed, fourteen inches to two feet thick, which lies below
the Two Layer limestone, appears in outerops a mile to a mile
and a half to the northwest. There seem, then, to be four coal
beds represented in the vieinity of Surface section No. 28. The
strata here have a dip to the northwest of about twenty to twenty-
five feet per mile and this struectural feature brings the Two Lay-
er limestone up much higher in section No. 27, which follows.
Drill section No. 31, given on page 141, shows the relations of the
deeper strata.

Surface section No. 27. General vicinity of the middle of the west side of English
township, along Little White Breast creek.

FEET INCHES
15. Glacial drift, reddish and sandy
14. Shale, light, calcareous .eeereee.ee .. 5 to
13. Coal (No. 28 of Columnar Section) _._..
12. TFire clay
11. Shale and sandstone ....coeeeeeee
10. Clay and shale, light and sandy ............ 1
Coal (Wheeler)
Clay, yellow, grades into light fire clay
Two Layer limestone . .eoooiaeee
Shale, light gray
Coal, poor quality (White Breast)
Shale, light, grading into fire clay .
‘Sandstone, in part calcareous ime......... 1 to
Shale, sandy and in part calcareous,
with fossils
Shale, light blue to gray - .oiceeeean
Base at 860 feet above sea level.

8 to 12
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The coal, No. 13 above, is the same as bed No. 10 in Surface
section No. 28. This upper coal is said to be overlain in most
places by a two foot layer of hard ‘‘cap rock’’ limestone. The
sandiness of the underlying beds also is typical for these hori-
zons. A similar sequence, with the ‘‘cap rock’’ limestone above
the coal, is conspicuous in Swede Hollow, four and a half miles
to the southwest. Both bed No. 9 and bed No. 13 of this section
have been mined along Little White Breast creek.

The Wheeler coal and the coal next above it in the preceding
section (No. 27) also have been worked to a considerable extent
in the southwest corner of Fnglish township, in the northwest
corner of Lincoln township and in section 1 of White Breast
township, along Little White Breast ereek and some of its tribu-
taries. These coal beds are separated by sandy beds twenty to
thirty feet thick and the upper bed is overlain by the ‘‘cap. rock”’
limestone. It should be noted that the ‘‘lower’’ surface coal of
this vicinity is not the White Breast coal of other localities but
is the Wheeler bed, which lies above the Two Layer limestone.
The stratigraphic relations of these beds have been shown in
Surface sections No. 24, No, 28, No. 27, and in the Columnar Sec-
tion. These relations are essentially the same for the northwest
part of Lincoln township.

Near the middle of the west side and in the southwest quarter
of section 4, Lincoln township, the Wheeler coal, eighteen inches
to two feet thick, again outerops at an elevation of about 900 feet
above sea level, nearly the same as in Surface section No. 27. A
coal that corresponds to bed No. 13 of Surface section No. 27 is
known in this vieinity also. It is underlain by sandy strata and
overlain by mixed shales that are not well exposed, but the cap-
ping limestone seems to be absent.

The unexposed strata of the vicinity along Little White Breast
creek about three and one-half miles northeast of Chariton are
quite typically shown in Drill section No. 19, which follows.
Other drill records from this locality are recorded in the ap-
pendix as Drill sections 18, 20, 21 and 39. This section is the
record .of the hole on which the main shaft of the ‘“0Old No. 1”?
mine of the Central Jowa Fuel Company was sunk. The Lower
coal was well developed in this basin but has now been ‘‘“mined
out.”” On account of the variability of the Coal Measures strata
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it is difficult to correlate all of the horizons, especially where sur-

face exposures are few and shallow as they are in this vicinity.

However, it seems quite probable that bed No. 7 of this section

is the Wheeler coal horizon.

Drill section No. 19. Inland shaft or ‘0ld No. 1’°, northwest part of the northwest
quarter of section 9, Lincoln township.

Curb elevation 925 feet above sea level.

THICKNESS DEPTH
Ft. In. Ft. In.

1. Soil and clay 14 14

2. Clay and sandy clay 8 22

3. Sand and sandy clay 10 6 32 6
4. Clay, sand and bowlders e 2 34 6
5. Shale, light, soft and seamy .. - 7 41 6
6. Shale, dark, soft and scamy ... - 11 52 6
7. Coal, good (may be Wheeler bed) oo, 2 54 6
8. Fire clay 2 56 6
9. Fire clay, hard and sandy oo 3 59 6
10. Sandstone 2 61 6
11. Limestone 1 62 6
12. Light sandstone 2 64 6
13. Shale, light and sandy 11 75 6
14. Shale, variegated 8 6 84

15. Shale, light 6 90
16. Shale, black 8 98
17. Coal 1 99
18. Fire clay 3 102
19. Shale, light 4 106

20. Shale, dark and hard 10 116

21. Limestone 6 116 6
22. Coal 1 6 118

23. Fire clay, dark and hard .ol 7 125

24, Sandstone, light and hard .o 3 128

25. Shale, light and hard 2 130

26. Shale, dark and medium hard . ceeeeemel 15 145

27. Coal 3 145 3
28. Shale, dark and hard 1 146 3
29. Carbonaceous shale . 6 146 9
30. Fire clay, hard 6 3 153

31. Sandstone, light and medivm hard ..o 31 ‘184

32. Shale, dark and hard 10 194

33. Sandstone 2 196

34. Shale, medium dark and medium hard ... 43 239

35. Coal (Lower). 7 246

36. Fire clay 3 249

37. Sandstone, hard 9 258

Total depth 258 feet.
Top of Lower coal 686 feet above sea level.
Bottom of hole 667 feet above sea level.

Swurface section No. 832. General vicinily of the upper part of Little White Breast
creek mortheast of Chariton.
FEET INCHES
9. Shale (covered) and Arift .eoeeoemeeeecee 60 -
8. Limestone, very pure and white in places
and divided by clay and sand partings
in other places 4 6
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7. Shale, bluish in part, sandy, uneven
thickness 9
6. Limestone, discontinuous . weeemeeeeeeeee 8
5. Shale and clay (covered) iieieen 2 or 3
4. Coal (bed 28 in Columnar Section) ....... 1
3. Shale, light, mixed, in part sandy ............ 12 to 15
2. Coal (Wheeler, 900 feet above sea level) 1 9
1. Shale, light, mixed, in part sandy ........ . 15

Base at 885 feet above sea level.

There is little doubt that No. 2 above is the Wheeler coal of
other sections. Bed No. 4 is another coal horizon of rather lim-
ited extent. These two coals have been thought to be the White
Breast and Wheeler, but the White Breast probably is forty to
fifty feet below the base of this section and is not exposed. - The
second coal (No. 4) in this section also has over it in places an
eight inch cap-rock limestone which is thought to be the basal
member of the Henrietta formation. Probably it is the coal that
outerops at the Chariton water reservoir spillway, about 915 feet
above sea level. At this latter place it is one and a half to two
feet thick and is underlain by fire clay and sandy shale which
grades into a fairly resistant sandstone farther north. The over-
lying shales also are sandy. Both coals of this section have been
mined along Little White Breast creek.

The relatively thick limestone (No. 8) of this vicinity is of
very good quality and is white in color. It was quite extensively
quarried in an earlier day in the southeast quarter of section 16,
Lincoln township. The same limestone is poorly exposed in the
southeast corner of section 16, English township. In this place
it is in the proper stratigraphic relation to the Wheeler and
White Breast coal beds, which are shown in a surface exposure
a mile to the northeast, described in section No. 24, page 152. Tt
is known to be present also in the east part of section 4, English
township, where it was formerly exposed in the Smith quarries
on Long Branch creek, about 930 feet above sea level, which is
toolow. These quarries were open at the time of St. John’s visit
in 1867 and he noted the anomalous position of these beds.?® St.
John thought they had slumped from a higher position and this
seems to be the correct interpretation, as the White Breast coal
occurs only a few rods distant at nearly the same level as the
limestone.

A four foot bed of white limestone, which was formerly quar-

23 The Geology of Iowsa (1870), vol. II, p. 90.
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ried, is exposed about 910 feet above sea level, at a few places in
Washington township, along Chariton river and its tributaries.
A coal bed has been worked a few feet above the limestone and
. another bed several feet below it, but these beds are not now ex-
posed. This rock may be the same as the relatively thick lime-
stone, No. 31 of the Columnar Section, occurring northeast of
Chariton and at other points above noted. This bed has been re-
ported from the northeast part of Wayne county. It is believed
to be Henrietta in age.

, The only drill section in hand from the southeast part of the
county is given below. Sandstone and-sandy shale beds are more
conspicuous in this section than in sections from other places in
the county. Very little coal seems to have been formed in this
vicinity as no prospecting has revealed a workable bed.

Drill section No. 40. Northwest corner of the northeast quarter of section 18, Benton
township.

Curb elevation 979; feet above sea level.

THICKNESS DEPTH
Ft. In. Ft. In.

1. Soil 7 7
2. Blue clay 5 12
3. Sand - 5 . 17
4. Sand and clay 10 27
5. Dark blue clay 21 48
6. Sand and gravel 6 54
7. Light clay 40 94
8. Yellow clay L. 16 110
9. Light shale 2 112
10. Light shale 23 135
11. Dark sandy shale 8 143
12. Gray limestone (may be about the horizon
of the Two Layer limestone) ......o.ceoeceema- 1 4 144 4
13. Dark sandy shale 3 8 148
14. Soft light sandstone 36 184
15. Sandstone 16 200
16. Coal (may be about the horizon of No. 11
of Columnar Section) 3 200 3.
17. Limestone 3 9 204
18. Hard sandstone 1 205
19. Soft gray sandstone 19 224
20. Sandstone ; 32 256
21. Dark shale 4 260
22. Light shale 2 6 262 6
23. Bone coal (about horizon No. 5 of Columnar
Section) 1 264
24. Fire clay 2 266
25. Dark sandstone ; 24 290
26. Sandstone 18 308
27. Limestone 4 7 312 7
28. Coal (Lower coal hOTiZON) «eccocececcocecas 3 312 10
29. Fire clay 1 2 314
30. Limy shale 4 6 318 6
31. Dark shale 4 6 323

Total depth 323 feet.
Bottom of hole 656 feet above sea level.
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No surface exposures are known in the southwestern part of
the county. A number of drillings have been made southwest
of the city of Chariton and Drill section No. 27, which follows,
represents the sequence of strata for the area. The Lower coal
occurs in this distriet but it has a wide range in elevation and it
has not been mined here. In the section below its elevation is
693 feet above sea level and in another hole (No. 23, appendix)
about two and a quarter miles east and a little north the eleva-
tion of the Lower coal was only 654 feet above sea level. In a
third hole (No. 24, appendix) located in the southeast quarter of
section 24, White Breast township, the lower coal is 668 feet
above sea level. It occurs at an elevation of 670 feet above sea
level in a hole drilled about a mile southwest of hole No. 24. In
the same hole (No. 26 of the appendix) the drill penetrated 110
feet of strata below the Lower coal horizon, which in this hole
was only six inches thick, and fully two-thirds of these beds were
sandstone while the remainder were sandy shales. This range
in elevation and the similar range in thickness of the Lower coal
are not unusual. The differences in elevation of the Lower coal
bed are quite large in all of the mines and are known to be more
than forty feet in some. This is discussed in greater detail on
pages 183 to 186 inclusive.

Drill section No. 27. Middle east half section 34, White Breast township.
Curb elevation 1012 feet above sea level.

THICKNESS DEPTH
Ft. In. Ft. In.

Soil and clay, drift in part . eeene 48 48
Sandy drift : 30 78
Medium hard light shale .. 19 97
Hard dark shale 1 6 98 6
Hard medium light shale ....ieiiiciceeaes 17 6 116
Coal 1 117
Soft medinm light shale ... .. 7 124

Hard medium light shale with sand streaks
Hard dark banded shale ..o
Coal
Soft light shale
Hard lLimestone
Medium soft medium light shale ............... 151
Hard dark shale 152

4 128
6
1
8
2
5
1
Soft light shale 5 157
9
2
8
7
3
1
6

134
6 135 6
6 144

146

Medium hard medium light sandy shale ...... 166
Medium hard medium dark shale ........... 168
Variegated shale 176
Soft medium light shale .ol 183
Hard dark shale 186
Coal (White Breast %) 187
Soft medium light shale .. 193

Bt bt bt et
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23. Limestone (may be horizon 17 of Columnar

Section) 1 194
24. Medium hard variegated shale ... 2 196
25. Hard medium light shale .o 5 201
26. Hard variegated shale 3 204
27. Hard limestone 1 7 205 7
28. Medium hard light shale oo 1 5 207
29. Hard dark shale 2 209
30. Coal, rotten (about No. 11 of Columnar Sec-

tion)
31. Medium soft medium dark shale
32. Medium soft light shale .._....
33. Medium soft variegated shale . 220
34, Medium light medium hard shal 228

1 210
4
3
3
. '8
35. Hard medium dark shale ....eoceeeceececeeceecens 4 232
6
3
5
4

214
217

36. Sandstone 238
37. Hard medium light shale 241
38. Sandstone 246
39. Hard dark shale 250
40. Coal (may be about horizon No. 7 of Colum-

nar Section) 6 250 6
41. Soft light sandstone 25 6 276
42. Hard medium dark shale .o 43 6 319 6
43. Coal (Lower) 6 3 325 9
44. Sandy fire clay 4 3 330

Total depth 330 feet.
Top of coal (43) 693 feet above sea level.
Bottom of hole 682 feet above sea level.

Good Coal Measures exposures occur along’ White Breast
creek from the south part of Liberty township in the vicinity of
““Wheelers’’ bridge to the town of Liucas, and also in Swede Hol-
low, a small tributary of White Breast valley. The exposures in
this locality essentially duplicate exposures already desecribed
from English, Pleasant and Lincoln townships. Strata exposed

FI1c. 16.—Strata of part of exposure north of Wheeler’s bridge.
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in outerops in the south part of the southeast quarter of section
28, Liberty township, are almost exactly like beds 1 to 5 inclusive
described in Surface section No, 13, page 147. From this point
southwest along White Breast creek the strata have an appre-
ciable southwestward dip.

Surface section No. 36. South of Wheeler’s bridge near the middle of section 83,
Liberty township.
FEET INCHES

14. Clay, covered

13. Coal (Wheeler)

12. Shale, light, yellowish and bluish ...........

11. Limestone, fossiliferous ] Two layer

10. Shale, greenish to gray limestone )
Limestone, fossiliferous | 1
Clay shale, yellow
Shale, light bluish gray . ceeneecaennne
Shale, dark, carbonaceous .........
Limestone, earthy and fossiliferous 8
Shale, fissile, black, hard ¢‘shoddy top’’ 12 to 18
Coal (White Breast) ..o 15 to 18
Shale, bluish and yellowish ool 3
Shale, gray, hard and calcareous with
nodules
Base at 830 feet above sea level (water level),

D
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Surface section No. 36 is the type section from which the White
Breast coal has been named by the writer. It was to beds num-
bered 9, 10 and 11 in this section that the writer first applied the
name Two Layer limestone. It is persistent over much of the
county where exposures are known, as has been seen from such
surface sections as Nos. 13, page 147, 21, page 151, 24, page 152,
28, page 153, 27, page 154. The Wheeler coal received its name

F1a. 17.—Typical Coal Measures exposure in Swede Hollow.
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also from this section. The term Wheeler, applied by St. J bhn,
has been retained because of its occurrence near ‘‘Wheeler’s
bridge’’ in section 33, Liberty township. One-half mile southwest
of the location of Surface section No. 36, along White Breast
creek, the Wheeler coal seam, two feet thick, outcrops eleven feet

above the Two Layer limestone.

Henrietia Formation—In Swede Hollow, south middle of
Liberty and north middle of White Breast townships, a higher
coal outerops and has been quite extensively mined. It occurs

F1G. 18.—Sandstone in Swede Hollow.

twenty to thirty-five feet
above the Two Layer lime-
stone.  The intervening
beds are made up of shales
and clays that grade into
sandstone locally.  The
‘Wheeler coal does not seem
to have been developed here
and does not outcrop in
Swede Hollow. The sand-
stone is in places as much
as twelve feet thick and at
other points only a few rods
distant it 1s less than one
foot thick. In the section
which follows (No. 37) the
coal (No. 5) is thought to
be the equivalent of coal
No. 4 in Surface section No.
32 on Little White Breast
creek (see page 156).

Surface section No. 37. Near middle of northeast quarter seotion 3, White Breast

. township.
FEET
10. Drift (to the upland) ...... 120
9. Shale, poorly exposed ........... 10
8. Limestone, blue-gray, no fossils 1
7. Shale, poorly exposed wuooceococerciecciceeee 15
6. Limestone, dark gray or dove-colored,
massive, crowded with small gastropod
shells to 3
Coal (Bed 28 in Columnar Section and
top of Cherokee formation) ... 134

4. Clay and fire clay
3. Sandstoue, thin bedded
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2. Sandstone, heavy, cross-bedded .......... 3
1. Shale, dark (may be horizon of Wheeler
coal) 4

Base at 860 feet above sea level.

In this vicinity the coal (bed No. 3) is characteristically over-
lain by the heavy ‘‘cap rock’’ limestone and is quite undulatory.
The limestone No. 6 is divided near its middle in some places by
a thin clay parting. This is very probably the basal Henrietta
member (basal Fort Scott). It contains an abundance of several
kinds of small gastropod shells as well as other fossils.

F16. 19.—Contact of Cherokee and Henrietta formations in southeast quarter of sec-
tion 5, White Breast township.

The saie coal bed with its cap rock limestone is well exposed
near the middle of the southeast quarter of section 5, White
Breast township. The shale in the lower part of this exposure
contains many large limestone ‘‘bowlders’’, which are in reality
true septaria. Septaria occur at many places in the county and
at many horizons but nowhere else are there as many nor as large
ones as in this exposure.

Surface section No. 839. General vicinity of sections 16 and 17, White Breast township.

FEET INCHES

15. Shale, covered 2
14. Limestone, hard, fossiliferous, weathers

earthy 1
13. Coal, shaly, bed No. 35 of Columnar Sec-

tion (about 930 feet above sea level) ... 22
12. Shale and elay, variegated, with limestone

bands in places i8  to 20

11. Shale, carbonaceous, black, slaty, lower
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part is caleareous and fossiliferous and
dips southwest about 7° ool 3

10. Shale, gray, blue and yellowish, upper
part has limestone nodules and some car-
bon 5 to 7
9. Clay and shale, mottled .comermericeeenc 5
8. Limestone band, hard, gray, fossiliferous 6 tol2
7. Shale, bluish, not well exposed -........... 7 .
6. Shale, bluish, in part sandy, molds of
fossils 1
5. Shale, light bluish, bedded, limestone
nodules at top 4
4. Shale, carbonaceous 6
3. Shale, bluish and yellow, poorly bedded.... 5
2. Shale, carbonaceous and black ... 1
1. Clay, ocher-colored and bluish, upper part
contains limestone nodules ....oooooiieeeeeeeeel 4

Base at 890 feet above sea level.

This section, which is not seen in its entirety at any one ex-
posure, so far as known, represents the only good outerops in
Lucas county of these horizons, which are thought to be the mid-
dle and upper parts of the Henrietta formation. The shaly coal
blossom (No. 13) outerops and has been mined to some extent in
the south and west parts of section 20, White Breast township,
at 920 to 925 feet above sea level. It is there underlain by eigh-
teen to twenty feet of shale and overlain by two feet of sandstone.
At a depth of forty-two feet below the base of the preceding sur-
face section a good seam of coal has been mined by shaft. This
deeper coal may be the same bed as the coal (bed 5 of Surface
section No. 37, page 162) that is mined in Swede Hollow to the
northeast at a higher elevation or it may be the Wheeler coal.

The equivalents, in part, of the upper members of Surface see-
tion No. 39 again outerop one and one-half miles west of the pre-
ceding surface section. One-eighth mile north of the center of
section 18, White Breast township, a thickness of about thirty
feet of shale with a thin compact white limestone layer near the
top is exposed. Above the limestone layer occurs about five feet
of highly calecareous shale containing thin limestone bands and
small limestone lenses. A bed of carbonaceous shale about two
feet thick, lying about five feet below the limestone, is thought to
represent the coal horizon (bed 13) in Surface section No. 39
given above.

These beds are believed to represent the upper members of the
Henrietta formation. No other exposures are known to the west,
‘where the Coal Measures have been deeply eroded and the Pleis-
tocene deposits are very thick.
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An exposure of Coal Measures near the center of section 9,
Benton township, is believed to be equivalent to part of Surface
section No. 39. It is given below.

Surface section No. 45. Southwest of middle of section 9, Benton township, along
Chariton river.

: FEET
5. Shale, gray, with limestone nodules .......... 1
4. Clay, yellow 1 to 1%
3. Shale and limestone, very carbonaceous.... 3
2. Shale, blue 114
1. Clay, yellow 1

Base at 920 to 925 feet above sea, level.

About a quarter of a mile farther west ten to fifteen, feet of yel-
lowish clay and shale, with thin interbedded limestone layers,
outerops at an elevation slightly higher than the section given
above. Itis very much like the upper beds in Surface section No.
39, page 163.

The unexposed strata beneath the upper White Breast creek
valleys are known from drill sections, one of which is given below.
Drill section No. 28. Old Cleveland mine, one-fourth mile west of center of section

17, White Breast township.

Curb elevation about 880 feet above sea level.

THICENESS DEPTH
Ft. In. Ft. In.

1. Soil 7 7

2. Yellow clay 11 18

3. Blue clay 2 20

4. Blue clay, dark and gritty e 11 31

5. Light shale 13 44

6. Coal (may be bed 28 of Columnar Section).... 1 6 45 6

7. Fire clay 2 6 48

8. Dark sand rock 7 55

9. Light shale 7 62

10. Dark shale 2 64

11. Light shale 10 74

12. Coal (may be Wheeler horizon) ..cocoeaee. 2 6 76 6
13. Fire clay 2 6 79

14. Gray sand rock 2 81

15. Dark shale with 3 inches coal and 1 foot fire

clay 2 9 83 9

16. Light sand rock with sand balls .ooeeeeeememmeeee 4 87 9
17. Light shale 10 97 9
18. Dark shale 8 3 106

19. Red clay 3 109
20. Coal 1 110
21. Light shale 6 116
22. Sand rock 4 120
23. Light shale 12 132
24. Limestone 1 133

25. Dark fissile shale, ‘‘slate’” . eeeeees 3 136

26. Coal (may be about horizon No. 15 of

Columnar Section 1 137"

27. Dark shale 4 141

28. Fire clay 4 145
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29. Light shale 5 150
30. Lime rock 1 151
31. Blue shale 4 155
32. Black shale, slaty 6 161
33. Lime rock 1 162
34. Black fissile shale, “slate” ............................ 1 163
35. Coal 1 164
36. Dark shale 1 165
37. Black ‘‘slate’’ 1 166
38. Black rock : 1 167
39. Coal (may be between horizons 7 and 11

of Colummnar Section) 1 168
40. Fire clay 5 173
41, Gray sand rock 8 ‘181
42. Light blue shale, ‘‘slate’’ _.eieaeees 3 184
43. Black shale, ‘‘slate’’ 4 188
44. Light blue ‘‘slate’’ 60 248

45. Coal (Lower) 5 3 253 3
46. F¥ire clay
Total depth 254 feet.
Bottom of hole 626 feet above sea level.

The Lower coal is known to occur 622 feet above sea level at
the bottom of the shaft of the old Big Hill mine at Lucas. Two
higher veins also have been worked in this mine, one at a depth

f 49 feet and the other at 99 feet below the curb, which is 900
feet above sea level. A somewhat generalized record of this hole
is given as Drill section No. 29 in the appendix.

The Coal Measures of Otter Creek township are known only
from insignificant exposures of dark shale along Otter creek, one
to two miles northwest of Norwood, from the Eaton well and
from the Cackler mine shaft. The record of the Eaton well is
given below. From this hole it would seem that the Lower coal
oceurs in this part of the county, although of course, one drilling
1s not sufficient to establish the presence or absence of workable
coal where the beds are as lenticular as they are known to be in
this county. This drilling also reveals the fact that the strata
below the Lower coal horizon are predominantly sandy, for the
most part sandstone. It is an interesting fact that these sandy
beds were dry and since the well was drilled for water it had to
be abandoned. No other attempt has been made to drill for water
or to prospect for coal in this township.

Drill section No. 30, ‘‘Eaton Well.”’ Middle of southeast quarter, section 21, Otter
Creek township.

Curb elevation 1000 feet above sea level.
THICKNESS DEPTH

Ft. "Ft.
1. Soil and clay 25 25
2. Blue ‘““mud’’, drift 120 145

3. Sand 1% 146%
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Coal Measures shale and coal seams, etc. ...... 53% 200
10

4.

5. Purple clay shale 210
6. Shale 34 244
7. Coal and carbonaceous shale .. cocomreeeees 4 248
8. Shale and ‘‘slate’’ 18 266
9. Hard rock (%) and thin shale at bottom ... 15 281
10. Coal, may be in part shale (Lower coal) ...... 6 287
11. Sandstone and sandy shale streaks ......._. 113 400

Bottom of hole 600 feet above sea level.
Total depth 400 feet.
Top of eoal (10) 719 feet above sea level.

An eighteen to twenty-eight inch bed of coal was formerly
mined at an elevation of about 885 feet above sea level at the
Cackler mine located in the northeast corner of section 2, Otter
Creek township. Two four inch veins also were noted in this
hole. The record of this shaft is given in the appendix, but no
correlation of these beds is attempted, except that they are prob-
ably Upper Cherokee.

Pleasanton?—A few small exposures of Coal Measures strata
oceur along a small creek about one and a half miles southeast of
the town of Liucas. One of these, near the northwest corner of sec-
tion 30, White Breast township, shows a few feet of shale and two
thin limestone beds, which, however, do not seem to be in place.
No attempt has been made to correlate this exposure except that
it may belong to the Pleasanton formation. Not far from the ex-
pos