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THIRTIETH AND THIRTY-FIRST ANNUAL REPORTS OF THE 

STATE GEOLOGIST. 

IOWA GEOLOGICAL SURVEY, 
DES MOINES, DECEMBER 31, 1922. 

To Governor Nathan E. K endall and Members of the Geological Board: 

GENTLEMEN: I transmit to you herewith a report on The Strati
graphy of the Mississippian Formations of Iowa by Dr. Francis M. 
Van Tuyl, and a report on . The Mineral Production in Iowa in 1921 
and 1922 by Dr. James H . Lees. 

The report by Doctor Van Tuyl is based on field and laboratory 
studies extending over several years. The formations which are de
scribed are of economic as weHas scientific importance. They contain 
valuable deposits of clay, building stones, road material, and cement 
rock; several of the formations are known the world over for their 
profusion of fossil remains. Furthermore, the type sections of the 
Burlington and Keokuk limestones which represent members of the 
standard Mississippian column of North America occur in this State. 
It was discovered also that one formation exists in Iowa which had not 
previously been known to be in the State, and many new facts were 
obtained regarding the thickness, character, stratigraphic relations, 
fauna, and distribution of the deposits which had not been recognized 
by earlier investigators. The remarkably well developed geodes of the 
vVarsaw formation, specimens of which appear in many of the mineral
ogical museums of the world, are described in detail, and many puz
zling features regarding their origin are explained. The diagonal belt
like outcrops of the Mississippian formations in Iowa are ascribed to 
a late Mississippian tilting and erosion which outlined the Western 
Interior Geosyncline, later occupied by a sea from which rocks of 
Coal IVf.easures age were deposited. 

I recommend t~at the papers of Doctor Van Tuyl and Doctor Lees 
be published as Volume XXX of the Survey. This volume will con
stitute the Thirtieth and Thirty-first Annual Reports of the Iowa 
Geological Survey. 

Respectfully submitted, 
GEORGE F. KAy, 

State Geologist. 
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Mineral production in Iowa in 1921 and 19221 

Products 

Cement ... _ ........................................... . 
Clay products ......... _ .... _ .......... _ .... _. 
Coal ............... _ .... _ .... _ ................ _ .... . 
Gypsum ... _ ............ _ ........ _ ................ . 
Mineral waters ... _ .... _ ................ _ .... . 
Natural gas ... _ .... _ .......... _ .... _ .... _ .. . 
Sand and gravel ... __ ........ _ .... _ .... _. 
Stone and lime ............. :._ .............. . 

Cement ... _ ...................... _ .................. . 
Clay products ......... _ .... _ .. __ .... _ ...... . 
Co,al ... _ .... _ .... _ .......... _ ................ __ .. . 
Gypsum ... _ ............ _ .. _ .... _ .... _ .... _ .... . 
Mineral waters ... _ .... _ ................ _ .... . 
Natural gas ... _ .... _ ................ _ .... _ .. . 
S{lnd and gravel ... _ .. _ ...... __ ._._._. 
Stone and lime ... _ .......................... . 

Unit 
H)20 

Bbl. of 376 lb. 

short tOllS 
short tons 
gallo,ns 
M cubic f eet 
short tons 
short tons 

1921 

Bbl. orf 376 lb. 

short tons 
short tons 
gallons 
M cubic feet 
short tons 
short tons 

1922 

4,421,783 

7,774,916 
571,895 

38,877 
827 

2,467,644 
, 620,565 

4,151,439 

4,531,392 
301,587 

21,100 
700 

2,641,982 
42,3,279 

Vat~£e 

$ 8,742,854 
10,489,232 
30,793,847 
4,422,965 

3,419 
290 

1,993,441 
840,544 

57,250,317 

$ 7,439,!J83 
5,711,583 

17,256,800 
2,922,700 

2,105 
300 

1,726,958 
563,427 

35,625,170 

4,475,074 Cement ......... _ .. __ .... _ .... _ ...... _ .......... ·1 Bbl. of 376 lb. $ 7,70!J,313 
Clay products ......... _ .... _ .......... _ .... _. . ...................... _..... . ...... _ .. _... 5.7i1!l,449 
Coal ... _ ...................... _ .......... _ .... __ ... short tons 4,335,161 16,119,000 
Gypsum ... _ ............ _ .. _ .... _ .......... _..... short tons 452,451 4,146,182 
Mineral waters ........................... _..... gallons 25,561 3,788 
Natural gas ... _ ................ _ .......... _... M cubic feet 460 230 
Sand and gravel ... _ .......... _........... short tons 2,690,798 1,752,233 
Stone and lime ... _ .......... _............... shoct tons 627,443 719,203 
------------------------~I --- -------~----~--~--·3~6~,1~8~9~,3~98 

The value of mineral production in Iowa in 1921, $35,625,170, 
represents a decrease of $21,437,147 from the peak production 
of the preceding year. In fact it dropped below the produc
tion of both 1918 and 1919, the years which represented war 
and immediately postwar conditions. This decrease from the 
1920 figures is due chiefly to the great r eduction in the output 

1 The statistics for these years were collected b:r th~ Iowa Geological Survey in coopera· 
tion wi th the United States Geological Survey. with the exception of data on clay products, 
which were compiled by the Bureau of the Census. 



10 MINERAL PRODUCTION IN IOWA 

of coal, though a sharp restriction is evident in other lines 
also, notably clay products, gypsum and cement. 

During 1922 the production of coal suffered a slight further 
decline, but clay products and cement sales increased slightly 
and the output of gypsum products was much larger than dur
ing 1921. There was a slight gain also in the minor products. 
These changes made an increase of $564,228 in the output over 
that of 1921. Coal held the chief place in the list of producers 
and accounted for nearly half of the total value of the output. 
It is noteworthy, however, that whereas in previous years clay 
products have been second in the list, during both years here 
considered the output of cement · exceeded that of clay wares 
and gave it rank as the second mineral product of the state. 

The production of minerals in Iowa in the last decade is 
shown in the following table. 

Production of minerals from 1913 to 1922 

Year I Coal I Clay wal'es I Gypsum I Cement I Other (a) I 'l'otal 
1913 $13,496,710 I $ 5,575,581 $1,157,930 $3,972,876 I $1,409,239 \ $25,6]2,345 
1914 13,364,070 6,405,995 1,321,457 4,008,915 1,201,428 26,301,865 
1915 13,577,608' 6,749,088 1,278,128 4,119,952 1,338,174 \ 27,062,950 
1916 13,530,383 7,383,289 1,496,795 5,063,647 1,692,367 30,210,284 
1917 21,096,408 7,540,213 2,041,997 6,870,863 1,663,2006 39,336,372 
1918 24,703,237 5,315,143 1,946,414 5,423,926 1,353,289 \ 38,742,009 
1919 17,352,6210 I R,125,324 2,634,444 7,798,347 1,977,048 37,882,183 
1920 30,793,847 I 10,489,232 4,422,965 8,742,854 2,837,694) 57,250,317 
1921 17,256,800 I 5,711,583 I 2,922,700 7,~39,983 I 2,294,104 35,625,170 
1922 16,119,000 I 5,739,449 I 4,146,182 7,709,313 2,475,454 36,189,398 

COAL 

The production of coal in 1921 fell below that of 1920 by 
3,282,524 tons, a decrease of 42 per cent from the banner pro
duction of the preceding year. The value of the output natur
any decreased also, the drop being from the record figure of 
$30,793,847 in 1920 to $17,256,800 in 1921. The diminished 
value was due both to the smaller output and to the lower price 
per ton received-$3.81 in 1921 as compared with $3.94 in 
1920. These figures repn'lsent a reaction from business and 
jndustrial conditions in 1920, when there was a temporary re
covery from the relatively unfavorable situation of 1919. 

The coal output of 1922, moreover, did not show the r ecovery 

(A) Includes iron ore. lead and zinc, mineral waters, natural gas, potash, 5and and gravel. 
stone and lime, ferroalloys . 
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that was in ' evidence in other lines of the mineral industry. 
The tonnage showed a 'slight decline-196,231 tons-and both 
the total valq.e and the value per ton were lower-by $1,137,800 
aHd nine cen~s respectively. The tonnage produced in 1922 was 
the lowest since that of 1896. For some reason it took' 1471 
more men to get out the smaller output of 1922, 'as compared 
with that of .1921, although they worked only 131 days in 1922 
as against 14:8 days in 1921. It is evident that some stabiliz
jng element ~s needed to allow these men to work and the mines 
to produce coal more than about forty per cent of the total 
Humber of work days available. 

The folloWing table shows the production in Iowa during 
1921 and 1922. 

1 

1 
. : 

• 



Appanoose 
Boone 
Dallas 

COUNTY 

Greene(2). Guthrie(l) 

Jasper 
Jefferson (1). Keokuk(l). 

Van BlIl'en(2) 

Lucas 
Mahaska 
Mru'ion 
M'onroe 
Polk 

Adams(2), Page(2). Taylor (1) 

Coal PI'od1boUon in 1921 by C01mties 
-------

~ Sold to local I.h 1l Loaded at mines trade and used Used at mines for fi~ 8 
.g for shipment by employees steam and heat Total No. of employees g 0 .~ 

£ II I I I I I I I I I I g),~ g),§ 

• .." Q,) c;l ttl ~ ~ 

Z
o iI ~ ~ "; al"CI iI ~ 

::I C+-4 .+J > > 
I Short Short Short Short 11 0 ~ 0 ..: ~ ..: 
1 tons Value tons Value tons Value tons I Value p to en Eo< 

52 540.191t $2.057.0001 57.0031 $217.0001 1a.2031 $ 27 .0001 609.397 $ 2.301.000 2.925 273 3.198 92 $3.81 
4 152.968 727.000 43.179) 249.000 2.591 6.000 198.738 982.000 502 46 548 159 4 .94 
3 299.324 1.150.000 6.618 30.000 3.946 . 15,000 309,888 1.195,000 600 55 655 179 3.86 
3 ________ __________ 7,P.J3 38.539 __________ ____________ 7,913 38,539 35 1 36 i~~ 4.92 

3 Incl. in " cal trade" 1 101,4011 407,000 8,009\ 24.0001 108.410 431.000 276 41 317 124 .3.98 

incl. in "~cal trade") 11,590) 39.100 _________ \ ___________ ] 11,590 39,100 22 4 26 ~!~ 3.37 

3 Incl. in "Local trade" 1 226 •. 0121 847 ,000 10.811 40,000 236.8231 887.000 394 ~5 439 211 3.78 
9 Incl. in "Local trade" ) 46.660 167,000 1.091 4.000 47,7511 170.000 88 10 98 139 3.58 

13 527.561 1.939.0001 37,159 136.000 18,468 65.000 583.188 2,140,0001 972 96 1.068 149 3.67 
10 1,447.9021 5,302,000\ 31,546 118.000 39,843 81.000 1.519,29 1 5,501,000/ 2.702 217 2,919 172 3.62 

\ 
1 180 

16 519,549 2.001.000 213,044 1,017.000 17,758 52.000 750,351 3.070,000 1.514 141 1.655 179\4 .09 

1 1 60 
5 Incl. in "Local trade" 25,8211 102.436 __________ ____________ 25,821 102,436 68/ 6 74 277 3.95 

Wapello 8 2.700 4.0001 47,799 131,000 Incl. in "Loaded at Mines" 50 ,499 135,000 85 10 95 175 2.67 
Warren(l) , Wayne(3) 4 56.1 83\ 202.1581 15.549\ 62.179/ Incl. in "Loaded at Mines" / 71,732 264.337 229 29 258\ 143\ 3.84 

1371 3.891.3681 14.663.000, 521,4651 2.269.2001 118.5591 324.6001 4 .531.3921 17.256,8001 10.4121 9741 11,3861 1481 3.81 

..... 
I:o:l 

~ 
~ 
~ 
I-d 
~ 

g 
g 
>-3 
H o 
Z 
H 
Z 
H o 

~ 



COUNTY 

Adams(3), Page (2). 
Taylor (1) 

Appanoose 
Boone 
Dallas 
Greene(2). Gut h

rie(2), Hardin(l) 
Jasper 

Jeffcrson(l) , Keokuk 
(1) Van Buren(2) 

Lucas(2), Warren(l) 
Mahaska 

Marion 
Monroe 
Polk 
'Vapello 

Wayne(2), 48 small 

Colil Prodll~otUm in 1922 by Cownties 

Total ~I Loaded at I Sold to local I Used at mine 
~ mine for trade and used for steam e Shipment by employees and heat 1_ 

_' t tons f p., Short tons Short tons 

6 7,809 
i7 761,209 
5 176,024 
4 299,640 

Incl. in 
5 uLocal trade" 
3 73,739 

Inc!. in 
4,"Local trade" 
3 454,424 

10 29,288 

14 
9 

17 
8 

483,125 
978,614 
-340,059 

1,263 

52,273 

30,512 
48,240 
39,900 
11,289 
8,049 

7,395 

14,477 

5,616 
Inc!. in 

"Shipped" 
36,935 
30,055 

265 ,840 
23,939 

Short tons ISho 

12,854 
7,868 
1,842 

Inc!. in 
"Local trade" 

Inc!. in 
"Shipped" 

Inc!. in 
"Loca l trade" 

14,120 
Inc!. in 

"Shipped" 
13,847 
27,629 
17,973 

Inc!. in 
"Shipped" 

Value 

38,323 $ 178,000 
822,303 3,187,000 
223,792 1,058,000 
312,771 1,137,000 

8,049 39,000 

81,134 331,000 

14,477 44,000 

474,160 1,449,000 
29 ,288 . 98,000 

533,907 1,930,000 
,036,298 3,675,000 
623,872 2,505,000 

25,202 81,000 

111,585 407,000 

Average 
value per ton 

$4.57, 4.46, 5.09 
3 .88 
4.72 
3.64 
5.44, 3.50, 5.00 

4,()8 

3.00, 2.94 , 3.78 

3.02,3.45 
3.36 

3.62 
3.b5 
4.02 
3.23 

mines 1 50 
59,312 3.45,4.00 

11801 ~.653,352 I 579.907 I 101.902 1 4,335.161 1- 16.119.000 I 3.72 

-------_ .. - - - - ... --~-

Number of employees Average 
number days 

U nder- ISur face I Total worked 
ground 

85 4 89 186, 199, 260 
2,979 260 3,239 120 

659 53 712 140 
646 62 708 154 
41 7 48 143, 155, 60 

270 41 311 79 

21 2 23 198, 180, 257 

1,560 80 1,64( 119, 170 
95 9 104 111 

1,154 111 1,265 135 
2,560 191 2,751 137 
1,621 175 1,796 134 

70 7 77 128 

85 9 94 155 

I 11.846 I 1.011 I 12.857 I 131 

8 
~ 
~ o 
t:;j 

23 
>-:3 
H o 
Z 

Z 
...... 
~ 

"" "" 

...... 
to> 



MINERAL PRODUCTION IN IOWA 

The production of coal in Iowa during the last ten years, 
which includes the war period, is shown in the subjoined table. 

Proooction of Coal in Iowa, 1919 to 1922. 

Year Value 
1913 7,525,936 $13,496,710 
1914 7,451,022 13,364,070 
1915 7,614,143 13,577,608 
1916 7,260,800 13,530,383 
1917 8,965,830 21,096,408 
1918 8,192,195 24,703,237 
1919 5,624,692 17,352,620 
1920 7,813,916 30,793,847 
1921 4,531,392 17,256,800 
1922 4,335,161 16,119,000 -

In the tables Isho'wing production by counties those in the 
southwestern field, mining the Nodaway coal, have been group
ed together to avoid revealing individual production. This 
grouping also shows the output from this small but interesting 
field. The Nodaway coal averages only about sixteen inches in 
thickness and owes its value to its distance from other fields 
and the constancy of its occurrence. It is noteworthy that in 
number of days worked these counties stand among the highest 
in the state. 

Monroe county was the leader in both tonnage and total 
value. Polk and Appanoose occupied second and third places 
in 1921 but reversed positions in 1922. 

The statistics for 1921 show that during this year 71.2 per 
cEnt of the coal mined, or 3,227,867 tons, was shot off the solid; 
1.2.7 per cent, or 572,754 tons, was m~ed by hand; and 15.4 per 
cent, or 698,443 tons, was mined by machine. The method of 
production of 0.7 per cent, 32,328 tons, was not specified. The 
corresponding percentages in 1920 were 62.7, 15.2, 20.7 and 1.4. 
It will be seen that the proportion mined by machine was 5.3 
per cent less in 1921. There "ven:) 100 machines in use in 1920 
and 98 in 1921. The number of machines in the bituminous 
mines of the country in 1921 was 16,618, and the amount of 
coal mined by their use was 272,702,389 tons. 

~Phe year 1921 was one of the quietest of recent years in the 
industry in Iowa so far as strikes and lockouts were concerned. 
There were only 897 men out on strike for a total of 1,840 'man
days. 
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The table showing the leading coal producing states, which 
follows, shows that Iowa was not alone in the slight decline 
in 1922, but that several others experienced similar conditions. 
All of these states shown in the table as having a smaller out
put in 1922 are central and western states, and the same condi
tion held true of most of the western producers, Washington 
and North Dakota being notable exceptions. This would seem 
to indicate that, in general, business conditions had not iln
proved so much in the weRt as in the east. Estimates of pro
duction in 1923 indicate that most of these central and western 
~tates will have an increased output. Iowa's output is esti
mated at 6,500,000 tons. 

pj'oducti<m of coal iIn the United States iIn 19£1 and 19££. 

1921 II 
I Av. I N:~~~J' II I Av. I Number 

I 
per I per em-

STATE Value ton . ployees Value ton ployee'3 
Penlllsylvania $ 322,538,300 $2.781190,643 II $ 351,777,000 $3.11 188,838 
West Vlrgima. 206,661,500 2 .~4 101,850 I 236,162,000 2.93 110,014 
Illinois 190,986,000 2.74. 95,431 168,925,000 2.89 96,336 
Kentucky 85,092,600 2.69 50,521 127,037,000 3.02 60,924 
Ohio 84,686,500 2.65 51,785 87,056,000 . 3.23 54,194 
Indiana 52,269,000 2.57 32,687 54,524,000 I 2.85 33,208 
Alabama 38,713,000 3.08 25,809 42,856,000 1 2.34 28,169 
Colorado 32,377,000 3.55 14,529 31,701,000 3.16 13,506 
Wyoming 23,358,500 3.24 8,484 18,162,000 3.04 9,045 
Virginia 22,947,700 3.06 11,922 27,083,000 2.58 13,399 
Iowa. 17,256,800 3.81 11,386 16,119,000 3.72 12,857 
U. S. 1,199,983,600 I 2.89 I 663,754 " 1,274,820,000 I 3.02 I 687,958 
Anthracite 452,305,000 5.00 I 159,499 273,700,000 5.01 156,849 

Total 1.652.288,600 I 3.26 I 823,253 II 1,548,520,000 I 3.25 I 844,807 

The averl~.ge tonnage per man per day ranged in 1921 from 
2.42 in Texas to 6.10 in Utah. Both of these figures, however, 
are somewhat abnormal and the average in most of the states 
is between three and four tons. Physical conditions in the 
mines have much to do with the tonnage average. For example 
the high average of Utah is due to the great thickness of the 
seams, some of which are sixteen feet or more· in thiclmess. 
The average recovery by each Iowa worker was 2.69 tons. 

CLAY P R ODUCT S 

The output of clay wares in 1921 and 1922 was much less 
than that of the two preceding years. The year 1920 had been 
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the record year in clay production as it was with coal, and the 
production during the next year fell from the value of $10,489,-
232 reached in 1920 to that of $5,711,583 in 1921. This was no 
doubt due to irregularity and depression in the building trades 
during 1921, conditions ·which continued, apparently, in large 
measure into 1922, as the output increased only very slightly 
during that year. The following table will show the amount 

\ . 
and value of the various products during 1921 and 1922. 

Production of clay wares by classes im 1921 and 1922 

1921 

CLASS 
I I i 
IPlants I Quantity I 

\ 

l'hous. 
Common bric.k 65 48,844 $ 
Face brick 

I 
14 10,196 

tons 
Hollow building 56 161,136 

tile or block 
Drain tile 

I 
77 269,554 

Sewer pipe 5 49,564 
Other products (.) 10 

I 103 I 

I 
\ 

~ I 
I 

Value 

680,689 
189,568 

1,209,180 

I A vel'a,ge I 
. I 

prIce I I per 
I unit t 

I 
$13.94 

18.59 

7.50 

2,412,849 . 8.95 
783,429 I 15.81 
435,868 I 

5.711.583 I 

1922 

I I Ave~,ge 

J:'er 
cent of 

total 
of U. S. 

1.2 
1.0 

8.1 

28.8 
3.6 

2.1 

Per I 
cent Per cent 

of 

Plants \ QUMltity I 
prIce I 
per tot;aJ. Quan- ! 

CLASS Value unit 10fU.S. tity 
l'h01£8. 

Common brick 50 56,030 $ 728,508 \ $13.00 1.0 \ 14.7 
Face brick 11 18,510 354,041 19.13 1.3 81.5 

tons 
2,170,368/ Hollow building 40 308,366 7.04 11.0 91.4 

tile or block 
Drain tile 

I 
52 176.8~4 1,495,116 I 8.45 29.0 -39.1 

Sewer pipe 4 38,359 I 681 .233 I 17.76 2.9 -22.6 
Other products (.) 6 _31y~83 I I I 

6~ I I 5 n~A4.9 I 1.8 I 

increase 

Value 

7.0 
86.8 

79.5 

-38.5 
-13.0 

0.5 

These tables when compared with those for the two pre
ceding years show several facts of interest. One is the im
portant drop in the quantity and value of common brick as 
compared with the production in 1920, which was 60,270,000 
bricks valued at $1,~46,182 . Another is the fluctuation in pro-

(0) Include.: fancy brick. vitrified brick. miscellaneous products. 
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unction of face brick. In 1919 this had risen to 20,603,000. 
In 1920 it declined to 13,678,000 and in 1921 it went still lower, 
but it witnessed a large rise in 1922. Probably the manufac
ture and sale of drain tile is a fairly accurate barometer of 
agricultural conditions. If this be true the following facts are 
worthy of note. In 1919 the sales of drain We amounted to 
$3,127,378, in 1920 to $4,760,115, in 1921 to $2,412,849, in 1922 
to $1,495,116. This last figure marks the lowest value of the 
drain tile output since 1904, when it was $1,321,745. It must 
he remembered, too, that unit values were much lower then 
than now. 

The production of clay wares in Iowa during the last ten 
years may be summarized as follows: 

P?'od~£ction of olay wares in .row a, 1913 to 1920. 

CLASS l!HS I HH4 ! hJ l <.i I IvHl 
Common briCk $1,052,036 $1,067,746 $ 898 .... 851 $ 947,247 
Vitrified brick 222,105 211,905 300,785 393,038 
Face brick 181,911 148,394 153,324 283,559 
Drain tile 2,798,816 3,180,836 3,802,599 3,986,163 
Sewer pipe 503,360 558,751 448,721 494,428 
Fireproofimg 

or 

I hollow block 762,563 1,083,397 1,00S,457 1,141,291 
Other products 52,890 150,716 130,878 127,563 

5575,581 I 6.405,995 I 6,749,088 I i ;]75.716 

, CLAS':; 1917 1918 H1l9 Hill 0 

Common brick $ 947,247 I $ 749,~25 $ 941,489 I $ 1,146,182 
Vitrified brick 83,310 IJ6,522 179,969 I 176,430 
:E'ace brick 282,840 I 188,041 449,491 

I 
346,164 

Drain tile 4,004,989 2,256,200 3,127,378 4,760,115 
::'lower pipe 455,561 398,848 902,008 918,669 
Fireproofing 

or 
hollow block 1,542,884 1,550,076 2,475,2I.H 3,048,776 

Other products 72.145 32,206 49,698 92,896 
, 

7.54~ .225 I 5.H1S .84H I 8.125.324 I ]0.489 .232 

The production of clay ·wares in the leading states of the 
Union during 1922 is shown by the following table. 
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Production of clay wares in the ten leading st(1Jtes of the United States in 19£2 

STATE 
Oh~o 1 
Pennsylvania 2 
New J el'sey 3 
Illinois 4 
New York 5 
Califorma 6 
Indiana 7 
West Vil'gin~ 8 
Missouri 9 
Iowa 10 - . l llllted States 

Brick, I 
tile, etc. Pottery Total 

$ 38,128,927 $ 33,218,387 I $ 71,347,314 
35,760,030 5,923,014 41,683,044 
17,243,445 20,881,443 38,124,888 
23,041,251 3,743,012 26,784,263 
1'1,862,925 5,685,884 20,548,809 
12,680,942 2,008,888 14,689,830 
10,451,027 3,491,112 ] 3,942,139 

3,158,12'3 9,821,258 12,736,172 
11,649,495 96,513 

I 
11,746,008 

5,739,449 --------------.. ---- -- 5,739,449 

P er cent 
of 

total 
22.2. 
13.0 
]1.8 

8.3 
6.4 
4.6 
4.3 
4.0 
3.7 
1.8 

I 229.508.106 I 91.986.297 I 321,494,403 I 100.0 

There were 1,797 plants producing brick, tile and other wares, 
and 301 pottery plants, a total of 2,098 for the nation. 

CEMENT 

The production of Portland cement in 1921 dropped to five 
per cent below that of 1920 as compared with a drop of one per 
cent for the industry throughout the United States. At the 
same time the shipments dropped six per cent. The decrease 
in production continued in 1922 and brought it down to seven 
per cent under that of 1921. However, the shipments during 
1922 were eight per cent greater than those of 1921 and the 
consumption in 1922 was ' greater than that in 1921 also. The 
following table will give the data for the state in detail. 

Production olf cmnl!'nlt in Iow(1J, 1920 to 1922 

I 1920 1921 1922 
~~~~~---------r-~~~~-7--~====r_~--~~= 
Production, bbls. I 4,849,228 4,590,920 4,272,432 
Stock, Dec. 31, bbIs. I 553,607 993,090 790,447 
Shipments, bbIs. 4,421,783 4,151,439 4,475,074 
Shipments, value $8,742,854 $7,439,983 $7,709,313 
Average factory pl'iee per bbl. I $1.98 $1.79 $1.72 
Consumptiou, hhIs. 3,360,089 3,118,469 3,246,436 
PopulatiQII1, E'st. I 2,422,485 2,440,948 2,459,411 
()onsumption pel' cauitfl.. bbl. Ul9 1.28 1.32 

During both 1921 and 1922 the commercial district which in
dudes eastern Missouri, Iowa and Minnesota, and which con
tains nine active plants, ranked third in production, with an 
output of 11,393,552 barrels in 1922. In value of shipments, 
however, this' district ranked fourth, as California's shipments 
reached a higher value, though the amount was less. The fol
.lowing table will sho'\v the production in the leading states. 
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Cement production in the United 'States in 1921 amd ' 192~ 

I .Production, barrels II ;ShIpments 

Active I Inc. 1921 
STATE Plants per ---

1922 I 
cent I 1921 I 1921 1922 1922 Barrels Value 

Pennsylvania 22 22 I 27,628,598 33,276,093 I 20 26,622,367 $ 46,881,625 
Calliorn.ia 9 9 7,302,784 8,711,515 19 7,180,,700 16,856,258 
Michigan 11 12 5,777,533 6,243,805 8 5,680,156 10,300,289 
Illinois 4 4 5,587,825 6,407,129 15 5,237,510 9,092,982 
New York 8 !l 5,294,188 5,922,706 12 4,993,341 9,403,015 
Missollri 5 5 4,446,091 6,170,633 39 4,375,712 8,034,540 
I ow:1. 4 4 4,590,920 4,272,432 -7 4,151,43iJ 7,439,983 
Ka.lIsas 7 7 3,781,494 4,634,287 23 3,643,583 7,253,944 
Texas 5 5 2,668,741 3,628,756 / 36 2,514,045 5,902,863 
o,hio 5 5 2,56o,773 2,835,243 11 2,518,723 4,615,492 
Total for U. S. 1 115 I 118 I 98,842,049 I 114,789,984 I 16 II 95,507,147 I 180778,415 

i::>hipmenlS, ()ont. I ConsumptIOn 
-------.1-9-22-------1[---1-9-21---. \. 1-9-22---

'-A "-1-1- ' .-,1-1-verage 

STATE Value 

factory 

I' price I 
per bbl. I I 

mIl 1922 . \ 
Per I Per 

Barrels I capita Barrels I capita 
002 I $1.76 ! $1.63 9,268,804 1.04 10,457,809 1.16 
577 2.35 2.26 6,173,132 1.69 8,356,362 2.23 

73 1.81 1.76 6,112,986 1.59 6,196,586 1.58 
71 1.74 11.61 6,366,563 0.96 9,667,741 1.43 
26 1.88 1.73 10,301,525 0.97 13,272,157 1.23 
57 1.84 ' 1.6 2,236,368 0.65 ' 3,017,859 0.83 
~13 1.79 1.72 3,118,469 1.28 3,246,436 Ul2 
68 

I 1.99/ 
1.79 

/ 

2,292,363 1.28 2,692,'345 1.50 
932 2.35 2.01 2,303,573 0.48 2, 92,922 0.59 
87 I 1.83 1.80 6,7B7 .~35 1.13 7,770,331 1.28 

Pennsylvania 34,02S,695 I $ 55,528, 
California 9,041,788 20,478, 
Michigan 6,349,751! 11,145,5 
illinois 6,554,945 10,584,1 
New York 6,194663 10,694,4 
Missouri 6,239,144 10.457.5 
Iowa 4,475,074 7;709,. 
Kansas 4,556,517 8,138,2 
Texas 3,730,477 7.515, 
Ohio 2,913,035 5,243,6 
';'T-ot"--<!l7l -;f;-o-1' ""'U""'.--'S::;-,,-*-1-1--:;1=17. 701.216-1 - 207.17 ° .4BO I 1.89 I 1.76 II 94.2R6.002 I n >27 I 116.306.P 0 7 1 1.06 

• Other producin~ states are Alabama, Colorado, Georgia. Indiana. Kentucky, Maryland, Minnesota, Montana, Nebraska, 
New Jersey. Okla homa. Oregon. Tennessee, Utah, Virgini:L, Washington and West Virginia. 

A comparison of this table with that for the two years pre
ceding will show that Indiana has dropped out of second place, 
which has been assumed by California, also that the latter 
state during both years here consi~ered held first place in 
per capita consumption-perhaps due to California's aggres
sive road building program. Iowa may well take notice and 
cJimb out of fifth place. Mississippi consistently kept her po
sitionat the foot of the list of consumers. 

An estimate of consumption of Portland cement in 1922 as 
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furnished to the United States Geological Survey by the Port
land Cement Association is of interest as showing the distri
bution of this materiaL 

Barrels 
Public iliIld commercial buildings ......... _ .... _ .......... _ .......... _ ................ _ ........... 29,000,000 
Dwellings ................................. _ ............................... ... _ ........................................... 11,000,000 
Sidewalks and private driveways ............. _ .... _ .... _ .... _....................................... 8,000,000 

~~:~t~n~i~ ~~~~ .. ~~~.~.:::=::::::: :::::: :::::::::=::::=::::=::::::::::::::==::::::: :::=::::::::::=::=: 2~:~~~:~~ 
~:r~!y:n~ .. ~~~~~:.~ .. :::=::::::::::::::::=::::::::::::::::::::::::::::::::::::=::=::::::::::=::::=::::::::: 2~:~~~:~~~ 
Bridges, river andl harbor ~ork, dams and water power proje~ts, 

storage tanks, reservoll'S ............................................................. _ .... _....... 3,500,000 
Miscellaneous uses ........................... _ .......................................... _ .... _ .... _............. 2,000,000 

116,500,000 

The four plants in operation in Iowa are those of the Gilmore 
Portland Cement Company at Gilmore City, Pocahontas county; 
the Northwestern States Portland Cement Company and the 
Lehigh Portland Cement Company at Mason City, Cerro Gordo 
county; and the Hawkeye Portland Cement Company at Des 
Moines, Polk county. The figures show that the average fac
tory price received by these plants decreased during both 1921 
and 1922 until it was twenty-six cents per barrel less than the 
average price for 1920, $1.98, vyhich was the record price for 
recent years. Similar conditions prevailed throughout the 
producing districts of the United States. 

GYPSUM 

~"ollowing- the goreat increase. in the production and sales of 
gypsum in 1920 the industry experienced the slump which 
~eemed to be common to the mineral industry in general. Thf' 
f.a]es of gypsum and gypsum products in 1920 amounted to 
432,239 tons with a value of $4,422,965. Then in the succeeding 
year the production dropped to 301,587 tons valued at $2,922,-
700. There was a slight decline in the p.roduction of the 
eountry at large although only in Kansas and Wyoming was 
this decline comparable with that in Iowa. Several states ex
p(~rienced an advance in 1921, as a result of which Ohio passed 
Iowa and took second place, next to New York, both in tonnage 
mined, in tonnage and value of calcined products and in total 
value of material sold. In the value of the crude gypsum sold 
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for agricultural uses Iowa was the leader in both 1921 and 1922, 
although the value in both years was less than the correspond
ing figure for 1920, which was the highest thus far reached for 
sales of this commodity. Iowa ranked fourth in the amount 
and value of crude gypsum sold for Portland cement and other 
purposes in 1921 and third in 1922. 

In 1922 Iowa regained very nearly the grolmd she lost in 
1921. The tonnage mined was somewhat less than that of 1920 
-536,905 tons as compared with 571,895 in 1920, the largest 
figure so far attained in the history of the industry-but the 
tonnages sold for agriculture, for cement and as calcined pro
ducts were all larger than during 1920. Owing, however, to 
~omewhat lower prices per unit the values of all these items 
were somewhat lower than during the banner year 1920. 
Iowa also regained second place in total production as Ohio 
made but slight gain while as stated above Iowa made a gain 
which brought her back nearly to normal production. 

The Iowana Gypsum Company began the construction of a 
mill near Fort Dodge in 1920 and put it in operation during the 
next year. This mill uses the method of making plastic gypsum 
which is described in Doctor Wilder's report on Gypsum in 
volume XXVIII of the reports of this Survey. 

The Universal Gypsum Company was organized in Chicago 
in 1922 and has taken over the properties of the Iowana and 
the Plymouth Gypsum companies, both at Fort Dodge. 

The following table gives the details regarding gypsum pro
duction in Iowa in 1921 and 1922. 
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Produmion of Gypsum vn Iowa m 1921 and 1922. 

1!Jll1 
I ,I --

Tons 1 Value T ons I Value 
Crude gypsum mined _______________________________ ! 350,247 536,905 
Sold crude--

JtiO Po'rtland cement mills ____________________ 58,2.93 $135,727 80,452 $ 223,187 
agricul tural gypSUID. ________ ____________________ 26,364 98,311 45,062 136,451 

--
Total sold crude _______________________________________ 84,657 234,038 125,514 359,638 

--
Sold calcined-

as stucco _________________________________________________ 37,383 387,528 11,691 98,608 
as mixed wall plaster -----------------_ ..... 133,717 1,346,452 260,167 2,272,290 
as pastel' of Paris, molding, 

1,369 15,04;1 3,263 33,341 casting, 
etc. _________________________________________ 

as Keenes cement, dental 
plaster, etc ________________________ __ __________ _____ __ 582 13,363 3,927 75,635 

as plaster board and wall board ________ 20,610 598,700 23,720 862,061 
as tile and block,___________________________________ 23,269 327,578 24,169 444,509 

--
Total sold calcined __________________________ _______ . \ 216,930 2,688,662 I 326,937 3,786,544 
Towl sold____ __________________ ____ ______ __ _________________ 301,587 2.922,700 452,451 4_146,182 

The production of gypsum in different states is shown be
low. 

Gypsum production by states_ 

HIlW I I 1921 

STATE 
Sold 
cruCLe 

Sold 
calcined 

Total 
Value 

4 
!! 

Sold 
crude 

Sold 
calcined 

Total 
value 

Iowa $ 414,431 $ 4,008,534 $ ,422,965 $ 234,038 $ 2,688,662 $ 2,922,700 
Kansas 103,964 864,334 968,298 89,792 574,601 665,164 
Michigan 268,968 3,252,060 3 

1 
6 
2 

,521,028 369,185 2,942,911 3,312,096 
Nevada 32,123 1,036.158 ,100,261 45,477 1,471,960 1,533,037 
New York 987,503 5,451,426 ,438,929 694,518 5,715,703 6,410,221 
Ohio 35,707 2,122,223 ,161,038 28,672 3,163,265 3,191,937 
OklaJtoma. 64,019 772,749 816,768 242,382 1,046,844 1,289,226 
Teocas 47,961 
Wyoming I 125 
Other states(&) 778,502 

1,391,382 
410,599 

2,658,405 

1 

3 

,439,491 33,068 1,732,463 1,765,600 
410,724 1,298 222,960 224,258 
,253,563 531,496 1,874,910 2,386,051 

I 2,565,195 I 21967.870 I 24,533,065 II 2.265_011 I 21,434_279 23,700,290 

1922 
---------------------------------+--~S~oTld'---.-~Sol~d--~--~T~o-ta-' l~-

STATE crude calcined vallll' 

i2::~a;--:::::::::::::::=::::::::::=:::::::::::::::::::::::::::::::::::1 $ 3~~:~i~ $ 3,~~:~~~ $ 4,~~~:~~~ 

f&t~<:~~::::~=:~~~:;:;:~~~::~~1 :i;ill I~iim~ l:ir::m 
~:!i~i--:::::::::=:::::::::::::::~':::::=::::::::::==::=::::=:\ ~~:bi~ 2;~~~:~~~ 2,g~~:~~~ 
O __ tl_le_r __ s_ta_t_e_s (_a_) -----------------------------------------------------------------"--"-7-1----=,-6",4",,0"-0,901 1 1,994,009 2,546,220 

, 244R,R4f)- '- 2f) ,917_805\2:Q:R6i:151 

(0) 1920 and 1921: Alaska , Arizona, California, Colorado, Montana, New Mexico, Oregon, 
South Dakota, Utah and Virginia_ 1922: same states with Arkansas in additian_ 
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The total quantity of gypsum mined in the United States 
in 1921 was 2,890,784 tons and that mined in 1922 was 3,779,-
949 tons. Sixty~two plants were reported as operating in 
1921 and sixty-four in 1922. The amount sold without cal
cining for agricultural uses decreased from 104,966 tons, valued 
nt $490,902, in 1921 to 101,904 tons, valued at $387,203, in 1922. 
During the same time the amount sold for cement and other 
}J11rpOSes increased from 537,978 tons, valued at $1,775,109, to 
668,821 tons, valued at $2,056,143. In both years New York 
was the chief contributor to the supply for cement mills and 
furnished nearly a third of the tota1. 

SAND AND GRAVEL 

The sand and gravel industry suffered a decline in 1921, 
although this decline was not so serious as was that in some 
other lines of the mineral industry. The greatest drop was in 
the amount and value of the sand used for building and in fact 
the amounts and values of paving sand and of gravel were 
larger in 1921 than in 1920. Lower prices prevailing in 1921 
tended to reduce the increase in the values of these commo
dities below what it would have be.en otherwise. Most of 
Iowa's sand and gravel deposits occur as beds in the glacial 
drift or in the valleys of the larger streams. Such materials 
are by nature better fitted for the coarser uses. than for finer 
ones such as glass making, molding, polishing and filter sands. 
However, some of these finer purposes are served by carefully 
selecting and preparing some of the finer and better grades of 
sand. Some sand and gravel is prepared by crushing and siz
ing, though most of that which is prepared is simply washed 
and sized. 

The year 1922 witnessed a slight upward trend in some lines 
of the industry, notably those using gravel. There was a 
slight decline in the tonnage of both sand and gravel used in 
building but a large increase in the amount and value of gravel 
used for paving. 

'1'he following table will show the tonnage and value of the 
different kinds of sand and gravel produced during the past 
three years. 



24 MINERAL PRODUCTION IN IOWA 

Produotio'/lJ of sand and grave! in Iowa by uses. 

HJl::U II 1921 II 19l!::l 

CLASS Tons Value II (rons I Value i I Tons I Value 
Sand I 

13,132 I $ Molding ] 0,366 $ 13,254 10,401 29,809 $ 32,613 
Building 1,058,990 788,184 887,470 524,627 842,254 466,326 
Grinding and polislting .. _.--.------- 3,248 3,403 2,454 6,225 6,961 
Engine 27,334 16,366 37,042 24,443 59,778 27,568 
Paving 

I 
205,893 152,337 288,163 160,478 286,303 146,030 

Filter 41,084 28,130 16,465 9,339 12,255 4,682 
Other I 

159,514 106,116 64,763 40,172 76,700 36,835 
'fatal I 1,503,381 I 1,108,635 II 1,310,438 I 

I 770,914 II 1,313 324 I , 721,015 
Grave! 

· 1 ... ~~~:~~:. \ 
Building 256,600 291,758 333,097 282,771 314,541 
Roofing 16,677 26,202 10,390 13,893 .------------_._ .. 
Paving 499,0'72 521,360 505,229 548,576 757,329 1 629,549 ! 
Railroad ! 191,914 46,486 392,828 110,804 291,848 87,128 

Total -I 964,263 I 885,806 II 1,331,:>44 956,044 II 1,377,474 1,031,218 
Sand flJ1d /travel I 2.467.644 I 1,993,441 II 2,641.9R2 1,726,958 II 2.690.798 1,752,233 

No separate figures are given for roofing gravel in 1922 as 
these are included with thos.e for building gravel. The pro
duction by counties so far as these figures can be made public, 
is given in the following table. 



Pl·oduction of samd wnd gravel im. 1921.-

COUNTY 

Bl{fck Hawk : ....... :..: ...... :::._.: .. _~ ... _: ... _ ...... _ .. _ .... . 
Boone(l), Bremer(l), Butler(2) ... _ .......•..... 
Carroll(l), Cerro Gordo(l), Cherokee(2), 

Clay(2) ... _ .......... _ .......... _ .... __ .............. ~ ..... . 
Clayton (2) , Clinton ( 4) ... _ .... _ ............ _ .... _ ...... . 
Des Moines(2), Dickinson(l), Dubuque(2) 
Emmet(l), Fayette(2), Floyd(2), Frank· 

lill(4) .~._ .... _ .......... _ .... _ .•................ : ..... . 
Fremollt(l), HardimJ(l), Harrison(l), 

'" 
~ 
::l 
'0 
o 

~ 

11 
6 . 

~ I 
I 

9 I 

Humboldt(l), Jackoon(3) ..... _................... 7 
Jolmson(3), Kossuth(l), L ee(2) ..... _ .. _ ........... 6 
Linn(3), Lyon (2), Mahaska(l) ... _ ...... .. .. _....... 6 ' 
Mari(}Jl(l), Marshall(2), Monroe(l) ................ 4 
Muscatine ... _ .......... _ ............................ _ .......... _... 6 
O'Brien (2,), Osceola(2), Palo Alto (2), 

Plymouth (3) ... _ .......... _ .... _ .... _ .......... _....... 9 
Polk .................... ...... ............... _ ............................. 13 
Sac(2), Scott(2) .................................................. 4 

Sioux 
Story(2 ) , Wapello(3) 
Webstel'(4), Winneshiek(l) 
Woodbury(2) , WTight(2) .. 
Counties with loss tlIrun 3 producers 

6 

!I 

Building 
sand 

$ 17,916' 
2,470 

45,334 . 
* 

7,580 

7,703 

29,098 
22,590 
58,276 
10,726 
49,111 

12,432 
95,804 
50,603 

47,827 
36,461 
23,185 

* 
6,000 

Paving 
sand 

* 
* 
* 

* 

$51,274 
* 
* 
* 
* 

* 
39,780 

Inc!. in 
Grav~ 

* 

Other sand (a) 
(3") .' 
(3) . 

$12,587(1) (5) 

(1) (5) , 

(4)(5) 

(2)(4) 
(1)(3) 
(2)(3)(4)(5) 

15,783 (3) (4) (5) 

(1)(4)(5) 

.~~~~~! 57 ~i9 
109 I 524.6217 I 160:478 I 85.809 

• Included in: Counties with less than 3 producers . 

Gravel 

* 
* 

$ 184,511 
19,523· 

. 44,'026 

2],122 

120,888 
* 

13,121 
* 

102,739 

55,954 
145,429 

88,708 

64,676 
49,470 

5,791 
20,503 
28,583 

I---.~I~
I Tons I 

55;833 
25,002 

469,757 
37,779 
78,147 

50,138 

209,057 
52,167 

141,436 
41,626 

204,299 

198,137 . 
423,300 
1~8,il30 

17~,716 
133,344 

33,765 
116,151 I 

I 

Value 
31,416 
11,465 

232.497 
33;436 
64,662 

41,942 

201,936 
26,005 
82,208 
27,434 

177,107 

68,506 
296,796 
139,311 

112,503 
103,421 

28,976 
52,337 

956.046 I 2.641 .9S2 1 1.72n.958 

(a) Includes: (1) molding, $10,401; (2) grinding and polishing, $2,454; (3) engjne, $23,443; (4) filter, $9,339; (5) not 6jlecifled, $40,172. 
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<JJ 
;... 

Paving 1 
'" <> 

- COUNT-Y _.- -_. . --".' .g 
0 Building .... 
~ sand sand I Other sand (q.) 

Black Ha.w k (2), Boon.e( 2) ___ ____ _______________________ 4 $ 24,288 ._-_ ....... (3) 
Butler (2), Cerro Gordo(l), Cherokee(2) _____ 5 8,730 * (3)(4) 
Clay (1), Clayton (2), Clinton ( 5) ___ __ _________________ 8 * (1)(2) ----.-._--. 
Dallas(l ), Des Moines(2), Dubuque(2) _______ 5 8,280 $ 5,599 (5) 
Emmet(2), Fayette(2), Floyd(l), Frank-

lin-(2) _______________________________________________________ 7 18,250 * (1) (5) 
Fremont( l ), Rardin(2), Harrison(l), 

- Humooldt(l) ______________ _____________ ________________ 5 21,228 * (3)(5) 
Ida(l ), Jackson(2), Johnson(3) ___________________ 6 14,541 * (3)(5) 
Lee (2.), Linn (5) ________________ ____ ____________________ :-___ 7 51,254 * .. _------------------------------
Lyon(2), Mahaska(I), Marion (1), 

* Marshall (2) ___ ____________________________________ ________ 6 29,058 (3) 
Muscatine ______ __ ______ ____________________ __ __ _______________ 5 52,529 * (2) (3)(4) (5) I 
O'Brien(l), Osceola(2), Palo Alto(2), 

Plymouth (2) 7 5,610 .--------.---- ---- ---------------------_._--_. ------_.--_ ..... _--- .--_ .. -.----Polk ____ __ ______________ __ ___ _____________ ______ _____________________ 15 66,215 41,405 $20,634(1) (3) (4) (5) 
Sac (1), Sc.ott( 2), Sioux (6) _____ _______ ____________ ___ __ 9 67,298 * .------------------------------
Story(2), Webster (2), Winneshiek(l) __________ 5 12,750 .-.--._--. ----------------- ------------ -- -.---Wapello _____ ___________________________________ _________________ 

3 * 2-2,457 (1)(5) I Woodbury (2), Wa-ight (3) __________ ____________ _______ 5 ~~;~~~ I -72;569 -----------------.:. .. - --- ------
Counties with less than 3 producers _____ __ ____ 88,025 

102 I 466,326 1 146,030 I 108,659 

• Included in: Counties with less than 3 producers_ 
(a) Includes: (1) molding, $32,613; (2) grinding and polishing, $6,961; 

(3) engine, $27,568 ; (4) filter, $4,682; (5) not specified, $36,835_ 

I 

'" 0> 

I Total 

I I 
_I 

Gl"avel I Tons I Value 
$ 81,140 172,501 $ 109,428 

176,643 437,899 207,950 
21,125 61,128 57,749 

~ 52,426 118,589 84,305 H 

~ 13,481 43,292 34,832 ~ 
>-

42,126 105,010 70_945 t"' 
25,778 81,027 56,414 ~ 8,580 116,003 67,964 

0 
t:! 

30,007 105,003 68,640 q -
171,008 291,313 ll64,192 a 

>-3 
H 

19,884 53,695 26,286 0 
Z 181,554 446,469 315,009 
H 

96,934 277,2083 1 174,232 Z 
11,767 86,157 24,517 H 
35,477 116,917 87,590 0 
48,087 168,512 I 102,179 ~ 

1,031,218 I 2,690,798 I 1.752.233 
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Iowa occupied twelfth place among the states in production 
of sand and grave~ in 1921 and tenth place in 1922. This 
speaks well for the development of the industry, especially in 
view of the fact that this is essentially an agricultural state 
with no very large cities. The following table may be pre
sented as sho'wing the comparative production in the leading 
states in 1921. 

LeMilng states iIn the prod1~ction of Sland and grOlVel iIn 19f1. 

Total sand TotiaJl gravel. Sand a.DJd; gravel 

STATE Tons I Value Tons I Value Tons I Value 
PEiIllIIlsylvania 

I 
4,596,982 $ 5,674,633 2,043,352 1 $ 1,926,078 1 6,640,334 $7,600,711 

Ohio 2.665,436 2,394,013 2,472,840 1,666,473 5,138,276 4,060,486 
Illinois 3,343,996 2,346,236 3,115,696 1,670,570 6,459,692 4,016,806 
New York i 4,521,619 2,649,120 1,499,610 1,024,007 6,021,229 3,673,127 
California i 1,876,714 1,376,822 21,827,500 1,872,257 4,704,214 3,249,079 
Michigan 

\ 

1,848,784 995,894 3,666,469 2,019,402 5,515,253 3,015,296 
Indiana 1,723,703 850,920 3,553,801 1,930,379 5,277,504 2,781,299 
New Jersey 2,553,291 1,734,491 1,015,489 701,807 3,568,780 2,436,298 
West Virginia I 908.768 1,487,888 465,911 551,154 1,374,679 2,039,042 
Texas 1 591,700 432,088 2,378,868 1,415,653 2,970,568 1,847,741 I 

Wisconsin I 1,308,967 743,746 1,590,842 1,039,432 2,899,809 1,783,178 
Iowa. 1 1,310,438 770,914 1,331,544 956,044 2,641,982 1,726,958 

Total U. s. 1 38,294,954 1 29,148,329 1 41,550,054 1 27,434,2!)5 1 79.845,008 1 56.582,624 

The total production, including both sand and gravel, of these 
states in 1922 ,~as as follows: 

I 

L eadilnu states iIn prodllOtion of sand and gravel iIn 19££. 

STATE Tons 

Pennsylvania ..... _ .............. _ ...................... _... 7,352,988 
Ohio .................................................................. 6,999,962 
illinois .............................................................. 8,840,293 
New York ...................... _ .................... _........... 8,303,392 
Califoll"nia ..................... ~...... .... ........... ............ 5,946,892 
New J ersey ........................................... _ .. __ .. _... 4,854,433 
Michigan ...................................... _ .... _ ...... _ ....... 1 5,962,916 
Indiana ..................... _...................................... 5,824,330 

:~:!o;:~g~~.~ ... ~~~~.~~~=~~~~=~~:~~~=~:~:::=:::~=~:::=: ~:~~~:~~~ 
I owa .................................................................. 2,6!)0,798 
--"""'U~m-:·.,..te"""'d:-S;::-ta:-:-tes-.-.. ·.-.. -... -_.-.. -... -... -.. -._-.. -... -... -.. -... -+1---=9..,.-':.4.867.046 I · 

V<alue 

$ 7,413,686 
5,503,374 
5,411,821 
5',085,312 
4,033,856 
3,425,013 
3,222,043 
2,977,008 
2,063,781 
1,957,624 
1,752,233 

64.617.664 

It will be noticed that there is a wide range in the value per 
ton in diff.erent states. This is due in part at least to the dif
ferent uses for which the material is intended. Pennsylvania's 
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output in 1922, for example, is valued at over a dollar a ton. 
Over two ,million dollars' worth of this , output was used for 
glass making, molding, polishing and grinding. The glass sand 
sold for $1.86 per ton and the other grades here mentioned sold 
for over a dollar and, a half pel' ton. Most of Iowa's output 
of both sand and gravel, on the other hand, was used for build
ing and paving and these grades do not command nearly such 
high prices, only sLxty-five cents per ton in this case. The 
average value per ton in the United States was sixty-eight 
cents. 

S,T ONE AND LIME 

The production of stone and lime in Iowa amounted in 1921 
to 423,279 tons with a value of $563,427. This was a decrease 
irom 'the previous year's output of 207,386 tons'. a~d of $277,117. 
During 1922, hO'wever, the industry regained much of this lost 
ground, as .the tonnage rose to 627,443 and the 'value to $719,- ' 
203, a gain of 204,H~4 in tonnage and of $155,776 in value. The 
tonnages of various classes of material produced during the two 
years :were as follows: 

Ton7ULges of stone and lime pro.d~,oed imJ Iowa. ' 

USE 1921 

2,470 
63,070 

299,890 
31,090 
11,500 
15,259 

423,279 

1922 

5,560 
117,950 
417,550 

59,720 
8,100 

]8,5113 
627.443 

Building stone is also computed in cubic feet, and in 1922 
these amounted to 64,500, an average of 11.6 feet per ton. 

The following table will show the production of stone and 
lime by countie,s in 1921 and 1922, so far as these may be given 
without revealing individual outputs. 



STONE AND LIME IN 1922 

Production of stone amd lime in 1921. 

COU,NTY 

Allamakee(l), . 
Black Hawk(l), 
C1aytoni(2) , 
Clinton. ( 2). ,________ 6 

Cerl'o Gordo ____ __ ___ 3 
Des Moinesr(l), 
Hardin (1), 
Hemy(l) 
Jackson (2) ____ .__ __ 5. 

Dubuque .... __ . _______ .. 4 
Johnson (1) 
Linn(2) ___ __ .. __ .. _____ . 3 

Jones _____ .. _ ........ ______ 4 
Lee __________ ._. __ . __ .. _____ :1 3 
Madison (1), 
Marshall (1) , 
Mitchell (1 ) 
Pocaihontas(l) __ .. 4 

Scott ___ .. ______ ._________ 4 
Counties with 

less than three 

Build
ing 

$2,880 

.. 

* 

Rubble 
aJl]jd 

l'iprap 

.. 
* 

$21,400 
7,017 

17,273 

Cbil1crete 
and 
road 

metal 

$ 39,746 . 
* 

33,454 
* 

45,000 
6,547 

60,160 

45,708 
120,774 

Agri- Other 
culture uses a 

* 
* 

* .. 
* 

$ 602 
* 

* 
18,641 

-- --T------

$17,400 I 

* 
* 

.. 
9,400 

Total 
value 

29 

$ 48,696 
18,860 

77,472 
62,855 

48,175 
27,669 
62,561 

51,051 
166,088 

_p~r_o_d_u_ce_r_s __ -_--_--_.-_--_--~~~~2~,2~4~6~~~5~,8~1~6~~~2~8~,5~2~4~~~6,~8~2=2~_=5~4,~4~9=7~~~~= 
I 36 I 4.126 I 72,026 I 379,913 I 26,065 I 81.297 I 563.427 

., Included w ith: Counties less than 3 producers . 
• Includes: stone sold to sugar factories, $22,400; lime, railroad balIast and flux, $58,897. 

St01'le and lime production in 1922. 

til ... 
Build- Concrete ~ Rubble 

'" ing a,nd an'd Agri- Other Total 
. COUNTY '0 road culture uses a . VlMue 0 stone riprap . ... metal il< 

Allamakee(~), 
·X· 

I 
.. .* Cerro GOl'do(2) 4 * $ 39.,635 -- _._P ... _---

Incl, . in 
Black Hawk ... ----_.- 3 _ __ _ 0 ___ -. ._---------- $ 50,854 Concrete ------------ 50,854 
Clayt.on(2) , 

I 1 
I Clinton(l), 

I 
Des MoiniEls(1) _ ... 4 

I 
* * 

I 
* * ., 34,190 

Dubuque , ___ ... ____ .. __ __ 6 * $19,341 34,978 * * 89,168 
Hardin(l), 
Jackson(l) , I 

I 
I 

Lin.n(2) 4 
I 

* 26,645 .. .. 63,556 ._-------------- _ ___ eo_eo. 

JoJmson(l), 
Jones(2) , 

! I Keokuk(l) .. _--·_ .. -1 4 
\ 

18,033 38,420 · * * 58,080 
Madison (1) , I 
Marshall (1) , I I I Mitchell (2) 
Pocahontas (1) -- -- 5 ---_'o_-----

I 
39,744 * * 42,624 ------.-. 

Scott ------------ --------- 4 --------- 43,324 184,301 $36,742 $12,271 276,638 
Counties with 

less than three I 
producers ~------ - --- 1 $9,470 I 32,991 I 77,001 1 12,484 74,361 

I 34 I 9,470 I 121,932 I 451.943 I 49,226 I 86,632 I 719_203 

• Included under: Counties with less than 3 producers. 
a Includes: Sandstone and lime sold, $62,047; stone sold to sugar factories, $11,670; rail

road ba llast and flux , $12,885. 



30 MINERAL PRODUCTION IN IOWA 

Iowa's output of limestone does not place the state in a very 
high position among the producers of this material. In 1921 
her rank was sixteenth in tonnage and eighteenth in value of 
output. The reasons for th~s situation are chiefly the very 
small amount of building stone produced and the further fact 
that Iowa is not so active in those lines of industry which make 
heavy demands on the limestone resources of some other 
states, espeeially ore smelting and certain manufacturies. Per
haps a comparison of the following table with those above 
which show production of stone in Iowa will make this clear. 

Lime,~tone sold 1m the ,United States, by uses. 

USES 
Building ......................................................... . 
Rubble ................................... _ .......... _ .... _ ...... . 
Riprap ... _ ...... _ .. _ .................................. _ .... _ .. . 
Crushed ......... _ .... _ ................ _ .... _ .... _ ............ . 
Flux •.. _ .... _ .......... _ .................. _ ...................... . 
Sugar factoTies ............................. _ ............ " .. 
Glass works ... _ .................. _ .............. _ .......... . 
Paper mills ......... _ ... , .......... _ ............... , ......... \ 

~&!~ul.~~.~~ .. ::: ~::::::~::::::::::::::~=::::::~::::~::::::::: I 
Total ................. _ ...... _ .............. _ ...•. 1 

1921 ' 

$ 7,920,390 
280,067 

1,003,399 
32.,233,438 

9,428,767 
],019,288 

232,715 
223,601 . 

2,355,339 
3,053,590 

57.749.594 

1922 

$12,418,873 
' 470,264 
925,760 

33,224,879 
14,208,457 

634,511 
291,854 
264,130 

2,150,435 
3,808,764 

68.397.92'7 

Crushed stone was used in 1922 as follows: for concrete and 
road metal $28,966,511;. for railroad ballast $4,258,368. When 
we compare Iowa's output of $452,000 worth of stone used for 
concrete and road: metal wi.th the total used in the country it 
seems as if Iowa were scarcely contributing her share. The 
tonnage of limestone used in the United States for all purposes 
m 1921 and 1922 is shown below. 

Lim'estone 1bsed for a·ll purposes 1m the United State.s. 

USE 
Limestone as given m table above ............ / 
Po,rtland cement .................. ............... _ ........ . 
Natural cement ......... _ .... _ .......... _ .... _ ........... \ 
Lime ................................................................ 1 

Tons 
1921 

45,621,000 
24,400,000 ' 

90,000 
5,060,000 

75.171.000 

'l'ons 
1922 

58,928,660 
30/070,000 

148,000 
7,280.000 

96,426.660 

'fhe amounts given above under cement and lime are included 
under those topics, hence they are ' not included in th€l total 
production of limestone. 
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The output of a few of the leading states in order of their 
importance is shown in the following table. 

L eadiJng states in pro&u,ction of limestO'1tle in 1922. 

STATE I BuHdmg I Crushed Flux I Agriculture I Total 

Indiana ------------1 $11,352,690 $ 1,626,631 $ 53,095 $ 67,176 \ $13,203,146 
Pennsylvarua ____ 50,709 3,506,610 5,569,056 339,761 9,848,290 
Ohio _________________ 41,642 4,708,567 2,061,629 82,136 7,473,525 
New York -------- 101,663 5,277,871 162,570 211,292 6,512,291 
illinois ------------ 31,405 4,947,104 682,525 293,894 6,423,573 
Michigan ._._ .... --- ------------------- 695,805 2,390,692 211,192 4,533,998 
Missouri .------'._-- 172,897 1,490,512 41,319 36,12~ 2,409,202 
West Virginia -- -------------------- 653,752 1,407,170 65,298 2,126,265 
Kentucky .. --- --- -- 159,107 1,418,341 13,932 25,341 1,653,506 
Virginia ----- ------- --- .. -------_ .... _-- 1,169,987 36,688 53,485 1,527,430 
Iowa ---- --------- -- --- 9,470 451,943 -- --_._._------_ .... - 49,266 719,203 
United States --I 12,418,873 I 33.224,879 1 14.208,457 I ii,150,435 I 68.397.9ii7 

As is suggested by this table, the leading states in production 
of limestone for building are Indiana, Missouri, Minnesota and 
Kentucky, in the order named. Minnesota's product was val
used at $274,525. Other materials, chiefly crushed stone, brought 
the state's total production up to $583,467. Indiana owes her 
great preeminence to the deposits near Bedford and Blooming
ton, in Lawrence and Monroe counties. 

There were only two operators producing lime in Iowa and 
these kept Iowa in twenty-ninth place by quantity and thirty
first by value_ The lime sold at a~ average of $9.35 per ton. 
"Then all classes of stone are considered Iowa held thirty
second place among the states of the Union in 1922. I 

MINERAL WATERS 

Three mineral springs were reported as being in use in 1921. 
The total sales from these amounted to 21,100 gallons valued 
at $2,105.. In addition 122,632 gallons were used for making 
soft drinks. 

In 1922 the sales were somewhat larger, amounting to 25,561 
gallons, with a value of $3,788. The quantity used for soft 
drink8 was 168,000 gallons. The average price for table and 
medicinal water was ten cents per gallon in 1921 and fifteen 
cents in 1922. The springs operating in 1921 were Fry's well 
at Colfax, Hawkeye Hygeia at Siolu City and Lime Rock at 
Dubuque. In addition to these the Grand Hotel of Colfax re-
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ported sales in 1922 and also stated that it operated a bathing 
e'stablishment. 

The mineral water industry is of considerable importance, 
taking the country over. In 1922 the value of water sold for 
medicinal and table use was $5,498,269. Wisconsin was the 
10ading state, with la production valued at $2,120,669. The 
next state was New York, far ' in the rear with sales of $800,
Sin. Forty-three states reported sales during the year. The 
waters used for soft drinks amounted to 5,831,635 gailons. 
This is additional to the 38,492,881 gallons sold for medicinal 
and table use as discussed abov'e. 

NATURAL GAS 

The production and use of natural gas from pockets in the 
glacial drift continued on a small scale as in previous years. 
The production reported in 1921 amounted to 700,000 'cubic 
feet, with a vahle of $300. Six wells were productive. 

Daring 1922 there was an estimated production of 460,000 
feet with a value of $230. . The active wells are in Louisa and 
Guthrie cotinties. Pockets of gas ' are frequently encountered 
in the course of well drilling. " In some cases this gas is inflam
mahle while in others it is not. · In many cases the pockets 'are 
~oon exhausted, but in a few instances the supply is continuous, 
as in the case of the wells ' here listed, which have been produc
ing for many years. The wells are shallow, not much over a 
hundred feet deep; arid some of them are being abandoned. 

Attempts are continually being made to find petroleum in 
Iowa, but so far these have met with uniform failure. The 
chances are strongly against comm'ercial production of oil in 
this state. 
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THE STRATIGRAPHY OF THE MISSISSIPPIAN 
FORMATIONS OF IOWA 

CHAPTER I 

THE MISSISSIPPIAN SYSTEM IN IOWA 

Introduction 
As a result of the development of a cooperative plan of study 

and correlation of the Mississippian formations of the Mississ
ippi Valley by the several' state geological surveys of the area 
and the U. S. Geological Survey in 1913, the writer ·was re
quested by Doctor Kay of ·the Iowa Geological Survey to under
take a stratigraphic study and revision of these formations in 
Iowa under the direction of Professor Stuart Weller of the 
University of Chicago. 

Field work was carried on during the summers of 1913, 1914, 
1915 and 1917. In addition the months of October to June, 
1914-1915, were spent at ,Valker Museum, The University of 
Chicago, in a st.udy and identification of fossil collections made 
during the progress of the field inyestigations. 

For encouragement and helpful suggestions the writer is in
debted to both Doctor .Kay and Professor '\Veller. Doctor A. 
O. Thomas of the State University of Iowa has kindly assem
bled and prepared the material for the plates illustrating 
typical Mississippian fossils. 

Distribution and Importance 
The Mississippian formations constitute the bed rock in a 

diagonal belt twenty to sixty mile;;; wide extending from the 
southeastern corner of the state northwestward through the 
central and north-central parts into southern Minnesota. There 
are also a number of small patches and linear areas of these 
rocks to the west and southwest of this belt as a result of the 
erosion of the Pennsylvanian rocks by the larger streams. Drill 
records indicate their presence beneath younger deposits over 
the entire southern and southwestern parts of the state. There 
is evidence that they likewise formerly extended 'some distance 
northeast of the present belt of exposures as will be brought 
out on a later page. 
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Occasional small outliers of ~ennsylvanjan strata appear ill 
the main Mississippian area. 

The system is of considerable economic as well as scientific 
importance. It contains valuable deposits of clay, building 
stone, road material and cement rock. In addition it involves 
the type sections of several formations of the lower portion or 
the standard Mississippian column which are known the world 
over for their profusion of excellently p;reserved fossil remains. 

Topography 

The state of Iowa lies entirely in the Prairie Plains physio
graphic province. The elevation of the surface of the area in 
which the ,Mississippian formations are the highest consolidated 
rock ranges from a little more than 500 feet in the valley of 
Mississippi river .below Keokuk in southeastern Iowa· to about 
1300 feet in the north-central part. 

The Mississippian belt lies in the path of the continental 
glaciers and partakes of the characteristics of a glaciated re
gion. In the southeastern and central parts of the state where 
the glacial deposits are of early Pleistocene age the topography 
is of the mature type. However, the relief is not great except 
adjacent to Mississippi river. Exposures of the consolidated 
rocks are numerous along the larger streams and their tributar
ies. In northern Iowa, on the other hand, the surface is under
lain by glacial deposits belonging to the late Pleistocene. The 
topography is youthful and the relief slight. The drift if> 
thicker and rock exposures are less comInon . 

. Drainage 

The area in Iowa in which the Mississippian rocks are ex
posed lies entirely within the drainage basin of Mississippi 
river, which crosses the belt along the southeastern boundary of 
the state. The runoff is through four southeasterly trending 
tributaries of the "Father of Waters", namely: Cedar river, 
which parallels the Mississippian belt on the northeast; IOvYa 
river, which crosses the belt in central Iowa; Skunk river, which 
crosses it in southeastern Iowa; and finally Des Moines river, 
which parallels the belt on the southwest. The postglacial 
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drainage lines do not conform to the preglacial ones at many 
points along the stream courses. For this reason the distribu
tion of outcrops along the valleys is often erratic. . The more 
typical exposures are usually at those points where the streams 
have been diverted from their preglacial courses and have been 
compelIed to cut new valleys through the drift and the indur
ated rocks below. 

Character and General Rela.tions 

R elation to' the Type S ection.-The Mississippian succession 
was formerly regarded as a subdivision of the C.arboniferous 
system, which was made to include the Mississippian at the 
base, the Pennsylvanian in the middle and the ~ermian at the 
top. At the present time there is a tendency to elevate each of 
these to the status of a distinct system. . 

The standard section of the Mississippian system is in the 
Mis~issippi valley, extending from southeastern Iowa into 
southern Illinois and sout~eastern Missouri. 

Subdivisions.-The following classification of the Mississipp
ian formations of the standard section, after 'Veller, incorpor
ates several revisions necessitated by recent work and may be 
regarded as representing the latest word on the subject.1

;2 

An of the f()rmational units of the Iowa Series are represent
ed in Iowa. ' ·The type sections of the Burlington and Keokuk 
formations are ~t the cities of thes~ names in southeastern 
Iowa, while the Warsaw beds derive their n~me from the town 
of Warsaw, Illinois, on the east bank of Mississippi river, ' near
ly opposite Keokuk, Iowa. The Spergen, St. Louis and Ste. 
Genevieve formations are represented iIi Iowa by marginal de
posits only. 

N one of the Chester formations is represented in the state, 
and it is probable that the Chester seas never extended this far I 
north. 

Thickness and Lithological Character.-The thickness and 
lithologic character of the formational · units 'in southeastern 
Iowa, where the system attains its most complete development 
in the state, are indicated in the accompanying generalized 

1 Illinois State Geo!. Survey, Bull. "1, p . 80; 1920. 
2 Jour. Geo!., vol. XXVIII, p. 281; 1920. 
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CLASSIFICATION OF THE MISSISSIPPIAN FORMATIONS OF THE MISSSISSIPPI VALLEY 

(AFTER WELLER) 
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columnar section (fig. 1). In central and north-central Iowa the 
character and succession of the formations is somewhat differ
ent as ~ill be pointed out in later pages. 

Stratigraphic R,elations 

The Mississippian system succeeds the Devonian in Iowa. 
Along the northeastern boundary of the belt of outcrops of 
Mississippian strata the Kinderhook is in contact with the 
Cedar Valley limestone except in western Butler, northeastern 
Franklin, southwestern Cerro Gordo, northeastern Hancock and 
southeastern Winnebago counties, where it rests upon the over
lying Lime Creek shales. However, exposures showing the con
tact of the two systems are very rare, owing to the drift cover-
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ing and to the tendency of the basal Kinderhook shales to 
weather in such a way as to conceal the tmderlying strata. 

The relation of the Mississippian system to the overlying 
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FIG. l.-Generahzed columnar sectIOn of the MISSISSIppian system III south.astern Iowa. 
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rocks is much more diversified, owing (1) to variation in the 
original distribution of the Mississippian formations, (2) to 
the profound erosion which followed the retreat of the Mississ
ippian seas and preceded the Pennsylvanian transgression and 
(3) to the erosion which ensued between Pennsylvanian and 
Cretaceous time. 

In southeastern Iowa and in \Vebster county the border of 
the main body of Pennsylvanian ' strata rests on the St. Louis 
and Pella formations but occasional outliers of the" Coal Meas
ures" to the northeast rest on older beds ranging down to the 
Kinderhook. In central and north-central Iowa the Pennsylvan
ian beds are in contact with the Kinderhook almost everywhere 
along the boundary of the two systems except in Webster coun
ty as noted above, and in western Humboldt and western Kos
suth counties, where the Cretaceous sediments succeed the 
Kinderhook. \ ' I ~ I ,4 

The stratigraphic relations of the Mississippian formations 
among themselves are somewhat complex as a result of the os
cillation of the strand line during deposition. The Burlington, 
Keokuk, Warsaw and Spergen formations are confined to the 
southeastern part of the state. The St. Louis limestone over
laps these deposits and rests directly upon the Kinderhook in 
north-Central Iowa Southea stern I owa 

PELLA 

ST. :WUIS 

. FIG. 2.~Showing stratigraphic relations of Mississippian formations in Iowa at the close of 
Ste. Genevieve time. The dip of the pre·St. Louis formations is exaggerated. 
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north-central Iowa. The Ste. Genevieve deposits extend' to this 
section of the state also. In the Fort Dodge area they are found 
above the St. Louis rocks. The accompanying diagram (fig. 2) 
expresses the approximate stratigraphic relations of the forma
tional units of the Mississippian of Iowa as they appeared at 
the close of Ste. Genevieve time. 

Regio-nal Structure 

The diagonal belt in which the Mississippian formations are 
the highest consolidated rocks is on the flank of a large gently 
dipping geosyncline the axis of which plunges to the southwest 
through southwestern Iowa into northwestern Missouri and 
northeastern Kansas. The reader is referred to Norton's maps 
showing the elevation of the Saint Peter sandstone in Iowa, and 
to Van Tuyl's structure contour map4 of the Western Interior 
geosyncline for details regarding the character and extent of 
this basin and its influence upon the distribution of the outcrops 
of the Paleozoic systems. The probable age of this basin and 
its influence on the present distribution of the Mississippian 
deposits .is discuss,ed on page 349 of this report. 

PrevioUSI Work 

Owen5 was among the first geologists to study the forma
tions in Iowa which are now referred to the Mississippian sys'
tern. He grouped the beds into ten units chiefly upon the basis 
of their lithologic character. Severa] of these units correspond 
to formations recognized in the modern classification. He 
placed them in the Subcarboniferous period. . 

The foundation for all later work on the Mississippian of 
Iowa was laid by Hall,6 whose classification and nomenclature 
of the formations, published in 1858, paved the way for succeed
ing investigations. The formations recognized by him in as
cending order were as follows : Burlington limestone, Cherty 
limestone of Keokuk rapids, Keokuk limestone, Geode bed, War
saw formation and the St. Louis limestone. The strata directly 

3 Iowa Geol. Survey, vol. XXI (pocket); 1912. 
4 Jour. Geology. vol. XXV, p. 152; 19 17. 
:5 Rept. Geol. Survey Wiscons in , Iowa and Minnesota, p. 92; 1852. 
CRept. Geol. Survey State of Iowa, vol . I, part I, pp. 46 lind 92 ff. 
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below the Burlington limestone were regarded by him as 
Chemung in age. The Carboniferous age of these was later 
demonstrated by Meek and W orthen7 who named them the 
Kinderhook beds because of their typical development near the 
town of that name in illinois. WhiteS later recognized the beds 
below the Burlington limestone at Burlington as Kinderhool\: 
and described other exposures of' this group in central and 
northern Iowa. He also further enhanced our knowledge of the 
overlying formations. His classification differs from that of 
I-iall in that he grouped the cherty limestone, Keokuk limestone 
and Geode bed all as Keokuk and the Warsaw formation and 
St. Louis limestone inclusive as St. Louis. Keyes' classification 
of 18939 recognizes three major divisions of the Mississippian 
in Iowa, namely: the Kinderhook, the Augusta and the St. 
Louis. The Augusta is made to include the Lower and Upper 
Burlington limestone, the Keokuk limestone, the Geode bed and 
the Warsaw shales and limestone. 

The same author in the reports on the geology of Lee and Des 
Moines counties1o contributed several new points on the strati
graphy of the formations in the southeastern part of the state. 
He designated the cherty limestones of Hall the Montrose 'cherts 
and again included all formations from the Burlington lime
stone to the base of the St. Louis in his Augusta series. The 
ad~sability of ,the use of this term, however, is questioned by , 
~E:lper,l1 who po~nts out th~t the name Osage as proposed by 
Wil:liams12 for deposits of the same age along Osage river in 
M;i.ssouri has priority. 

In Gordon's report on tl].e Geology of Van Buren county13 the 
Montrose cherts of Keyes are referred to . the Burlington, and 
the Keokuk limestone, Geode shales and Warsaw shales and. 
l~estones collectively to the K.eokuk groul{. The overlying St. 
Louis is subdivided into arenaceo-m~gnesian beds at the base. 
brecciated limestone in the middl~ and compact and granular 
limestone at the top. 

7 Am. Jour. Sci., 2d series, vol. 32, p. 288; 1861. 
S GeoL of Iowa, vol. I, p. 192; 1870. 
9 Iowa GeoL Survey, vol. I, p. 50. 
10 Iowa GeoL Survey, vol. III, pp. 305·492; 1895. 
11 Am. Geologist, vol. XXII, p. 12; 1898. 
12 U.S. GeoL Survey Bull. 80, p, 169 ; 1891. 
13 Iowa GeoL Survey, vol. IV, p. 206; 1895. 
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H. F. Bain, in his description of the geology of Keokuk14 and 
Washington15 counties adopted the Augusta series of Keyes for 
the Burlington and Keokuk limestones, which he believed to be 
incapable of differentiation in that part of the state. He sub
divided the ·St. Louis of earlier workers into three units which 
he designated the Springvale at the base, the Verdi in the mid- I 

dIe and the Pella at the top. Additional data regarding the 
Mississippian deposits of Iowa have appeared in numerous 
other county reports and in scientific articles published in many 
journals and proceedings of learned societies. Reference is 
made to the more important of these elsewhere in this volume. 

On the accompanying chart an attempt IS made to show the 
evolqtion of the present classification of the Iformatlons in Iowa. 

14 Iowa Geol. Survey, vol. IV, pp. 257·311 ; 1 895. 
15 Iowa Geol. Survey, vol. V, PI>. 113·173; 1896. 

I 



CHAPTER II 

THE KINDERHOOK GROUP 

Definition 
.. 

The name Kinderhook group was applied by Meek apd 
yVorthen'6 in 1861 to the strata between the black slate and the 
base of the BUrlington limestone at Kinderhook, Pike county, 
Illinois. Similar, beds at Burlington w~re referred to the same 
group. They , regarded the KinderhoQk as basal 9ar,bonjferou:-; 
in age. . Five iYears later Worthen 17 further .·defined the group 
and point~q. out that the so-called ,"Chunlung group" a~ de
scribed by Hall' s at Burlington, Io"va, ~>{as of Kinderhook age. 

In northeastern Missouri the group is ;represented by the fol
lowing sectipn, ·according to Weller :'9 

Osag~ group . ) , 
4. Burlington limestone ' 

Jrinderhook group 
3. Fine-graiI1ed, compa.ct, buff limestone . ____ .... __ .. .- __ .. ______ ....... _ .. ____ . ____ 10-15 
2. "'Vermicular sandstone and shale" (Hannibal sandstone)_______ 70 
1. COmpact blue-gray limestone with lithographic texture 

(Louisiana limestone) _____________________________________________________________ 60 

He s'tates20 that" in central MissoUri the entire Kinderhook is 
represented in the' Chouteau limestone, about 100 feet in thick
ness ". 

In southwestern Missouri and in Jefferson county, twenty
five miles south of St. Louis, it exhibits still other variations. 
'Weller remarks that "in no case can any formational unit be 
traced continuously throughout the entire basin". 

Areal Distribution 

The Kinderhook group is the bed rock over a larger area 

16 Am. Jour. Sci., 2d series, vol. 32, p. 288. 
17 Geol. Survey of Illinois, vol. I, pp. 108 ff. ; 1866. 
10 Rept. Geol. Survey Iowa, vol. I, part I, p. 90; 1858. 
19 Monograph I, Illinois State Geol. Survey, p. 14; 1914. 
20 Idem, p. 14. 
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than any other division of the Mississippian of Iowa. With the 
exception of a small outlier of shale in Muscatine county which 
may possibly be of this age the group forms the highest con
solidated rock over a continuous belt extending from Lee coun
ty in the extreme southeastern corner of the state northeast
ward and thence northward along the valley of Mississippi river 
to Louisa county, from which area it runs northwestward in the 
form of a broad irregular band to the north-central part of the 
state and doubtless continues across the boundary into Minne
sota. However, no outcrops of the formation appear north of 
Humboldt county, owing to the heavy drift cover in that direc
tion. 

This Kinderhook area is bordered on the northeast by Middle 
and Upper Devonian limestones and shales. On the southwest, 
however, the boundary is much more complicated, owing to the 
disconformable relationship of the Kinderhook with several 
younger formations. In southeastern Iowa it is bordered by 
the Burlington limestone, presumably as far northwest as 
Poweshiek county, although the exact extent of the latter forma
tion to the northwest beneath the drift is unknown. From this 
point to Humboldt county the Pennsylvanian rocks form the 
southwest boundary. In Hardin and Grundy counties the Kind
erhook belt is scarcely half its normal width, owing toa tongue
like extension of .Pennsylvanian deposits to the northeast. Be
ginning in Humboldt county, Cretaceous deposits form the west 
boundary, the trend of which shifts from northwest to nearly 
due north and thence to northeast in .Kossuth county near the 
north boundary of the state. 

Lithologic Character 

In southeastern Iowa the Kinderhook gTOUp is represented 
chiefly by clastic deposits with shale predominating over sand
stone.. Near and at the top of the group several limestone beds, 
one of which is oolitjc, are ' present. The proportion of lime
stone in the upper part gradually increases to the northwest. 
In central Iowa there is a continuous bed of limestone more 
than sixty feet thick at the top of the se:r:ies. In north-central 
Iowa there js an even greater development of limestone in the 
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upper part of the formation with a corresponding reduction in 
thickness of the underlying clastic strata. 

Thickness 

The thickness of the Kinderhook in Iowa has been determined 
only by the study of deep well logs. The individual exposures 
are all of limited vertical and lateral extent and the strata are 
so gently tilted that traverses from contact to contact are 'not 
practicable. 

At the cjty of Keokuk wh.ere the group is ent~rely bene:;tth 
the surface its thickness is given by Norton21 as 270 feet: In 
a deep well drilled at Burlingtpn the upper ,limit of the group 
was not definitely determined but the full thickness is probably 
between 300 and' 350 feet . A deep well at . M;ui1t Ple~sant, in 
Henry county, passed through 360 feet of Kind~rhook, accord-
in 0' to N orton.22 . 

b . , . 

. A prospect hole at Marf:lhalltown, in central Iowa, whjch 
started at the 'top of the Kinderhook, encountered the Devonian 
lime'stone at 320 feet. In the vicinity of Iowa Falls, in Hardin 
county; the total thickness, as determined by the study of sur
face ~xposures in conjunction With the log of a well, is about 
300 feet. There is some evidence of a thinning of th~ group to 
the southwest of the outcrop belt. For example, N orton23 gives 
its ' t:l).ic~ness as 125 feet at Pella, in Marion county, and as 16Q 
feet at Des 'Moines, in Polk county. 

Subdivisions 

Owing to ,the lithologic and faunal variations in the Kinder
hook beds in passing from southeastern· Iowa to the' north-cen
tral part of the state it is n0t possible to subdivide the group 
into formational units of more than local application. 

In Lee, Des Moines and Louisa counties no formation names 
have been applied. The Washington county succession has been 
subdivided by Bain into the Maple Mill shale at the base, the 
English River grits tone in the middle and the Wasson'Ville lim~
stone at the top. Still farther northwest in Marshall county, . , 

21 Iowa Geol. Survey, vol. XXI, p. 683; 1912. 
22 Idem, p. 647. 
23 Idem, pp . 970 and 893. 
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Beyer used the names LeGrand beds and Marshalltown shales 
for the upper exposed part of the group. 

During the present investigation it was found advisable to 
subdivide the Kinderhook group of north-central Iowa into six 
distinct formations "which, from the bas(~ upward, are designatpd 
the Sheffield shale, the Chapin beds, the Mayne Creek formation, 
the Eagle City beds, the Iowa Falls dolomite and the ~A..ldell 

limestone. 

Stratigraphic Relations 

The stratigraphic relations of the Kinderhook beds with the 
underlying "Devonian deposits are not well understood since the 
contact is everywhere concealed except possibly in Muscatine 
county where dark shales o~ questionable age rest upon Cedar 
Valley limestone. However, the evidence points to the presence 
of a dis conformity between the Devonian and Mjssissippian 
systems in Iowa. III tlle southeastern and central parts of the 
state the relation of basal Kinderhook and Cedar Valley out
crops is such as to indicate that these groups are in contact 
while in north-central Iowa the Kinderhook is known to rest 
upon the younger Lime Creek formations of the Devonian. 

The formations in contact with the Kinderhook above are of 
variable age. In southeastern Iowa there appears to be a 
transition into the Burlington limestone but to the northwest 
where there is a pinching out of the Burlington, Keokuk, WaJ'
saw and Spergen formations the Kinderhook is succeeded di
rectly by the St. Louis limestone. As a result of the erosion of 
the overlying Mississippian deposits prior to the advance of the 
Lower Pennsylvanian seas deposits of Pennsylvanian age rest 
upon the Kinderhook in the form of occasional outliers in 
northeastern Washington county while for a considerable dis
tance along the southwestern boundary of the Kinderhook in 
central and north-central Iowa the main body of the Penns~1-

vanian overlies the basal Mississippian deposits. At the north
western extremity of the Mississippian belt the Dakota member 
of the Cretaceous system rests upon the Kinderhook beds. 

Areal Deseri ption by Counties 
GENERAL STATEMENT 

Previous to the present investigation the Kinderhook beds 
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have received careful study only in the southeastern part of the 
state, especially, near the city of Burlington in Des Moines 
county. The character of the group to the northwest has been 
discussed in a general way in several county reports, but no 
detailed examination of the succession of beds has been made. 

It is now known that the Kinderhook strata of north-central 
Iowa, central Iowa and southeastern Iowa are very different 
both lithologically and faunally. For this reason the areas are 
described separately. 

KINDERHOOK OF SOUTHEASTERN IOWA 

L ee County.-Regarding the Kinderhook . of Lee county, 
Keyes24 has this to say : 

"Although this member of the Lower Carboniferous is such 
an important formation in Des Moines county, immediately to 
the north, and in northeastern Missouri to the south, it lies al
most entirely belo'w the river level in Lee. It has only been 
recognized in a single place on the Skunk river near the Chi
cago, Burlington and Kansas City railroad bridge over that 
stream." 

Des Moines County.-The area over which the Kinderhook 
beds form the surface rock in Des Moines county is confined to 
the valley of :Mississippi river and the lower courses of' its 
larger tributaries in the eastern part of the county. 

The most representative and complete section of the Kinder
hook in this county as well as in the ",rhole of southeastern Iowa 
is in the Mississippi river bluff at Burlington. The Prospect 
Hill exposure is especially favorable for field study. A review 
of the literature on the Kinderhook of this area is given by 
W eller25 in .his report on "The Succession of Fossil Faup,as in 
the Kinderhook Beds at Burlington, Iowa." After a discussion 
of the descriptions of the strata by earlier investigators he 
adopted the following classification based , upon the lithology 
and fossil content of the beds: 

Section of Kinderhook beds at Burlington (After W eller) 

~: ~Ulb~~li~~tik!:oe:!O~~ .. :::::::::::::::::::::::::::::::::::=::::::::::::::::::::::::::::::: 
24 Iowa Geol. Survey, vol. III, pp. 339. 
25 Iowa Geol. Survey, vol. X, pp . 63-79; 1900. 

FEET 
3·5 
2·4 
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5. Fine·grained yellow sandstone ... _ ..... ~ .... _ .. _ .. _ .. _ .... _ ...................... _. 6·7 
4. Fine·grained, compact, fragmental gray limestone ............... _..... 12·18 
3. Thin band of hard impure limestone filled with Chont7tes; in 

some places associated with a thin oolite band ................. _............. lA,.%, 
2. Soft friable argillaceous srundstone, in some places harder and 

bluish in col<>r, filled with fossils in the upper part, the most 
abundant of which is Chonopectus jisoheri ........................... _......... 25 ' 

1. Soft blue argillaceous shale (exposed) .................. _......................... 60 

In the present investigation, Weller's subdivisions have been 
adopted 'without modification. A mor~ detailed description of 
the beds at Prospect Hill than has hitherto been given follows: 

Seotion of Kinderhook beds at Prospeot Hill, Bllrlington 

7. Limestone, soft, buff to browmsh, d<>lomitic; with casts of fossils; 
grading up into the Lower Burlington limestone .........................• 

6. Limestone, white, oolitic, scaling off obliquely on weathered 
surfaces ..................................... _ .... _ ...................................................... . 

5. Sandstone, soft, :fine· grained, drab weathering buff; shaly in 
upper part; some seams filled with casts of fossil shells; bear· 
ing occasional plant remains ............................................................... . 

4. Limestone, upper one to two feet brownish and dolomitic. Lower 
layers consisting of dense gray lithographic·like limestone mottled 
w~th small patches of ·bro,wuish do~omite which in some in· 
stances follow small fractures. Small calcite geodes occur in 
the dolomitic lareas, and occasional small pockets of sphalerite 
appear in both the limestone and dolOlnite ....................... _ ............ . 

3. Limestone. Lo,wer half coarse·grained and filled with Chonetes. 
Upper half oolitic. Upper sl,lrface very undulating, although 
there is a transition from the oolite into the limestone above. 
Contact witli bed below :im: places irregular ............ : ...................... . 

2. Sandstone, :fine·grained, soft, drab weathering buff, massive; 
with occasional thin intercalated layers of shale; upper two 
foot filled with casts of fossils, most abundant of which is 
CMnopectus jisoheri ......... ,. ..... _ .................... _ .......... _ .............. _ .......... . 

1. Shale, bluish, argillaceous, locally calcareous, drab, sparsely 
fossiliferous, grading into the bed above. The greatest thick· 
ness of this bed is in the old clay pit, where nineteen feet is 
shown. Between ,the bed of the pit and the level of Mississippi 
river, about fourteen feet more is concealed. The total thick· 
ness of this member at Burlington, as indicated by deep borings, 
is probably not less than three hundred feet . Exposed ........... . 

FEET 
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3 
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10 
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19 

" Almost cOI).tin~ous exposures of the Kinderhook beds appear 
i~ the Mississippi river bluff for more than two miles to the 
southwest of. the above s,ection, but owing to the fact that the dip 
of the beds is slightly greater than the gradient of the stream, 
only the uppermost beds are exposed. In the Albert Kirschner 
quarries at Picnic Point, two miles southwest of Prospect 
Hill, beds 6 and 7 outcrop in the lower part of the openings. 
Bed 7 is only three feet in thickness and is represented almost 
entirely by brownish crinoidal· limestone. 

The same beds are exposed at the base of the section in the 
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Kemper quarries one mile south of the last named locali.ty 
(NW.1/4 sec. 29, T. 69 N., R. 2 W.). 

Other outcrops of the Kinderhook occur north of Prospect 
Hill. In the Main Street cut at North Hill, in Burlington, the 
succession involves the same beds as at Prospect HilL 

Similar exposures appear along Flint river at Starr Cave 
(NW.1/ 4 sec. 19, T. 70 N., R. 2 W.) two miles northwest of 
Burlington. The section here involves all the beds from the 
lower sandstone (bed 2) to the lower part of the Upper Burl
ington limestone. 

Fau,na of the Kinderhook Beds at Bu·rlington. 

Our knowledge of the faunas of the individual beds of the 
Kinderhook at Burlington has been greatly. enhanced through 
the efforts of Weller26 to assign the species, which had been 
described from the group at this locality, to their respective 
stratigraphic horizons. The following faunal lists are his with 
occasional changes in nomenclature and with additions necessi
tated by the writer's studies. The additions are indicated by 
asterisks. 

List of Fosstils from bed 1 of the Kilnderho07c Group at Burlington 

SPONGIAE-

Dictophyton sp. undet. 

CRINOIDEA

Crinoid stems 

BRAcmoPoDA-
Lingula sp. undet. 
Ol'biculoidea sp. undet. 
Schizophoria sp. undet. 
Rhipidomella sp. cf. R. burlingtonensis 

(Hall) " 
Productella sp. undet. 
Productus ovatus Hall 
Productus sp. undet. 
Eumetria altirostris (White) 

PELECYPODA-

A viculopecten sp. undet. 
GASTROPODA

Platyschisma sp. undet. 
Porcellia sp. undet. 
Conularia sp. undet. 

CEPHALOPODA

Gomphoceras sp. undet. 
CRUSTACEA-

PalaeopalaemOII1 newberryi Whitf. , 
VERTEBR.ATA-

Coelacanihus welleri Eastman 
PLANTS-

Fragments of stems and leaves 

List of Fossils from bed 2 of the Kinderhook Gro'up at Bu·rlington 

CRINOIDEA-

Joints of crinoid stems 
I 

VERMES-
Worm burrows 

26 Idem, pp. 69 to 78. 

BRACHIOPoDA-

Lingula membranacea Win. 
Orbiculoidea capax (White) 
Schellwienella inaequalis (Hall) 
Chonetes illinoisensis Worthen 
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Chonetes sp. cf. C. geniculatus White 
Chonetes sp. undet. 
Chonopectus fischeri (N. and P.) 
Produetus curtirostris Win. 
Produetus mesicostalis Weller 
Produetus oooperensis Swallow 
Productus ovatus H all 
Productella nummularis (Win.) 
Schizophoria sp. 
P f1.ryphol'hynchus transversum 'Weller 
Rhynchonella sp. undet. 
Eumetria altirostris (White) 
Composita , corpulenta (W'in.) 
Spirifer subrotundus Hall 

"Spirifer platynotus Weller 
Spirifer biplicatus Hall 
Syringothyris extenuatus (Hall) 
Reticularia eooperensis (Swallow) 

B RYOZOA-
FelWstella sp. undet. 

PELECYPODA- . 
AvicuJopeeten tenuicostus Win. 
Aviculopecten caroli Win. 

* Avieulopeeten sp. 
Pterinopeeten ef. P. laetus Hall 

*P ernopecten cf. P. eooperensis (Shuro.) 
Per1lJOIp<'lcten f sp. undet. . 
Leiopteria spinalata (Will.) 
Avicula strigosa (White) 
Pteronites whitei (Win.) 
MytiJarca occidentalis (W. and W.) 
MytiJarca fibristriata (W. and W.) 
Goniophora jennae (Win.) 
Parallelodon oochlearis (Win.) 
Parallelodon modesta (Win.) 
Grammysia plena Hall 
Grammysia amygdalinus (Win.) 
Edmondia burlingtOilL€'l1sis (W. and W.) 
Edmondia quadrata (W. and W.) 
Edmondia a.equimarginalis Win. 
Edmondia nitida Win. 
Edmondia jejunus (Win.) 
Sphenotus rigiduB (W. and W.) 
Sphenotus bicarinatus (Win.) 
Sphenotus iowensis (Win.) 

Spherootus bicostatus Weller 
Spathella ventricosa (W. and W.) 

*Nucula iowensis W. and W. 
Cardiopsis megambonata Win. 
Schizodus iowensis Weller 
Schizodus burlin gtonensis Weller 
Cyprical'dinia sulcifera (Win.) 
Glossites elliptica (Win.) 
Glossitesf burlingtonensis Weller 
Promacrus euneatus Hall 
Posidonomya f ambigua Win. 

GASTROPODA-
Loxonema shumardana (Win.) 
Loxonema oligospira Win. 
Loxonema sp. undet. 
Mu rchisonia quadricineta Win. 
Strophostylus bivolve (W. and W.) 
Sphaerodoma pinguis (Win.) 
N aticopsis depressa Win. 
Stl'aparoUus maeromphalus Win. 
Straparollus ammon (W. ll!nd W.) 
Straparollus angularis Weller 
Platysehisma barrisi (Win.) 
Platyschisma depressa Weller 
Ph~~rotinus parllldoxus Win. 
Bellerophon bilabiatus W. and W . . 
Bellerophon vinculatus W. and W; 
Bellerophon panneus White' 
Bucanopsis defieetus Weller 
P atellostium scriptiferus (White) 
Poreellia crassinoda W. amd W. 
Porcellia obliquinoda White 
Porcellia rectinoda Win. 
Conularia byblis White 

SCAPHOPODA-
Dentalium grandaevum Win . . 

CEPHALOPODA-
Orthoceras whitei Win. 
Orthoceras heterocinctum Win. 
Orthoceras indianense Hall 
Phragmoeeras expansum Win: 
Cyrtoceras unicorne Win. 
Agoniatites opimus (W. and W.) 

The strongly Devonian aspect of this assemblage is com
mented upon by Weller.27 All the genera of the pelecypods, 
for example, except two are represented in the Devonian faunas 
of eastern New York. The cephalopods also have Devonian 
affinities. The brachiopods, on the other hand, are chiefly 
Carboniferous types. Weller states that" the strongly Carbon
iferous element among the brachiopods in the Chonopectus 
sandstone, is to be considered as a weightier evidence than the 
holdover pelecypods and cephalopods." 

27 Iowa Geol. Survey, vol. X, pp. 73, 74; 1900. 
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List of Fossils from bed 9 of the Kilnderhoo1c Group at B1wlington 

BRACHIOPODA-
*Schellwienella sp. 
·Chonetes gregarius Weller 
Ohonetes cf. C. geniculata White 
Chonopectus fischeri (N. and P.) 

*Rhipidomella sp. 
*Rhynchonella sp. 
*Paryphorhynchus sp. 
*Spirifer platynotus Weller 
*Spirifer biplicatus Hall' 
*Spirifer subrotundus RaIl 

PELECYPODA-
A viculopecten iowensis Miller 

*Per!L(}pecten sp. 
ParaJlelodon leptogaster (Win.) 

*Schizodus sp. 

GASTROPODA
*BellerophoIIJ sp. 
*Straparollus sp. 

Holopea subconica Win. 
Holopella Iilira Win. 

List of Fossils from bed ./, of the Kilnderhoo1c Group at Burlington 

BRACHIOPODA
*Chonetes sp. 
*Chonetes sp. 
Chonopectus fischeri (N. and P.) 
Rhynchonella unica Win. 
Rhynchopora pustulosa (White) 
Paryphorhynchus striaticosliaJtum 

(M. and W.) 

Allorhynchus heteropsis (Win.) 
* Allorhynchus sp. 

Syringothyris halli Win. 

PELECYPODA
* Allorisma sp. 
"Schizodus sp. 

List of Fossils from bed 5 of the Kilnderhoo1c Group at Burlington 

BRYOZOA
*Ptilopora sp. 

BRACHIOPODA-
Leptaena convexa Weller 
Schellwienella inaequalis (Hall) 

*Chonetes sp. 
Productus arcuatus Hall 
Productus parvulus Win. 

"Productus blairi Miller 
Pustula morbilliana (Win.) 
Camarophorella lenticularis (W.andW.) 
Cranaena , allei (Win.) 
Spirifer biplicoides Weller 

*Spirifer platynotus Weller 
Brochythyris JlCculiaris (Shum.) 

*Syringothyris sp. 
Reticularia cooperensis (Swallow) 
Cyrtina acutirostris (Shum.) , 

PELECYPODA-
Pterinopecten nodocostus (W. and W.) 
Pernopecten cooperensis (Shum.) 

*Lithophaga d. L. minuta Weller 

Parallelodon parvus CW. and W.) 
Edmondia nuptialis Win. 
'Edmondia strigillata Win. 
Spherootus cylindricus (Win.) 
Spathella phaselia Win. 
Nucula iowensis W. and W. 
Palaeone1lo microdonrta (Win.) 
Palaeoneilo barrisi (W. and W.) 
L eda saccata (Win.) 
Dexiobia ovata (Hall) 
Dexiobia haIli Win. 
Schizod'us trigonalis (Win.) 

"Cypricardinia sulcifera (Win.) 

GASTROPODA-
Straparollus angularis Weller 
Straparollus sp. undet. 
Bellerophon sp. undet. 
Bucanopsis perelegans (W. and W.) 

SCAPHOPODA-
Dentalium grandaevum Win. 

VERTEBRATA
"Fish t eeth. 

List of 'Fossils from bed 6 of the Kinderhoo1c Gr01!p at B1!rlington 

ANTHOZOA-
Zaphrentis sp. undet. 

BRACHIOPODA-
Leptaena convexa Weller 
Schellwienella infiata (W. and W.) 

''Schellwienella planumbona Weller 
*Schellwienella 'inaequalis (Hall) 

"Schellwienella crenulicostata Weller 
Chonetes logani N. and P. 

"Chonetes burlingtonensis Weller 
Chonetes illinoisensis Worthen 

"Chonetes sp. 
Productus arcuatus Hall 

"Productus ovatus Hall 
Productella concentrica (Hall) 
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*Rhipidomella thiemei (White) 
*Schizophoria subelliptica (W. and W.) 
Cranaena , allei (Win. ) 
Spirifer platynotus Weller 

'-Spirifer biplicoides Weller 
*Cliothyridina hirsuta (Hall) , 
Athyris crassicardinalis White 

PELECYPODA-

*Pernopecten cooperensis (Shum.) 
Pernopecten circulus. (Hall) 
Conocardium pulchellum W. and W. 

GASTROPODA-
StraparoUus obtusus (Hall) 
Pleurotomaria quinquesulcata Win. 
Lo~onema sp. undet. 
Capulus sp. undet. 

CEPHALOPODA-

Orthoceras indianensis HaU 
Gyroceras burlingtonensis Owen 

CRUSTACEA

*Griffithides 7 sp. 

List of Fossils from bed 7 of the Kinder:hook Group at B~trlVngton 

ANTHOZOA

*Zaphrentis sp. 
*Syringopora sp. 
Leptopora typa Win. 

CRINOIDEA-

*Seve.ral undetermined species ' 

BRYOZOA

*Cystodictya sp. 
*Fenestel1a sp. 
*Ptilopora sp. 

BRAcmoPoDA-
*Leptaena convexa Weller 
Sch.el.lwienella in:fiata (W. and W.) , 
Schelhyienella inaequalis (Hall) 

*Schellwienella sp. 
*Chonetes multicosta Win. 
*Chonetes logani N. and P . 
*Chonetes illinoisensis Worthen 
"Chonetes sp. . 

Productella concentrica (Hall) 

*Productus sampsoni Weller 
*Productus sp. 
*Rhipidomella thiemei (White) 
*Rhynchotetra caput-testudinis (White) 
Rhynchopora persinuata (Win.) 
*Dielasm~ burlingtonensis (White) f 

Spiriferina solidirostris White 
*Spirifer cf. S. mundulus Rowley 
*Spirifer grimesi HaUl 
*Spirifer forbesi N. and P. 
"Spirifer platynotus Weller 
*Syringothyris sp. 
*ReticUlaria cooperensis (Swallow) 

Nucleospira barrisi Wlhite 
*Cliothyridina glenparkensis Weller , 

GASTROPODA-
Pleurotomaria mississippiensis W.andW. 
"Strophostylus bivolve (W. and W.) 
Bellemphon panneus White 
Igoeeras undata (Win,) 
Crupulus paralius W. and W. 
Capulus vomerium (Win.) 

The vertical range of the Kinderhook species at 'Burlington 
is indicated in the following table: 

Table Showing Range of Species in Kinderhook Beds at Burlington 

I Horizons 

\~-\ 3 1--'-4 1-'------5 1 6-'-1 7 I 
SPONGIAE I 

Dictophyton sp. undet. _______________ : __ ;: _____________ ___ . _______ ._ x ______________________________ . _____ .. ____ _ 

ANTHOZOA 

Zaphrentis sp. undet. _______________________________________ . _____ ._ _______ _______ _______ _______ _______ x ______ _ 

~~~i~a:~~::~~;::::::::::::::::::::::=::::::::::::::::::::~~: :::::::: :::=::: ::::::: :::=::f::::: :::=::: ~ 
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Table Showing Range of Species 1m, Kim,derlwo7c B eds at Burlitrogton-C01!,tinued. 

1 Horizous I 

lll2lsl415j6j7j 
BRYOZOA 

Feuestella sp. undet ............ _ .. _. __ ... _ .. _................ ........ x ... _ ...... _ ...... _ ...... _ ...... _ .. . 
Fenestella sp .......................................... _ ........... _ .............. _ ...... _ .............. _ ...... _... x 
Ptilopo,ra sp .... _ ........................................................... _ .... _ ... _._ ........... _... x ... _ ..• ... _ .. . 
Ptilopora sp .... _ .......... _ ............................................................... ... _ ...... _ ...... _ ...... __ • x 
Cystodictya sp ..................... __ ... _ ........ _ .... _ .................. _ ...... _ ...... _ ...... _ ...... _ ...... _... x 

B R.A.cmoPoDA 

Lingula membr3lI1acea Win .... _ .. _ .. _ ............................ _... x ... _ .............. _ ...... _ ...... _ .. . 
Lingula sp. undet ................................................ _..... x ........... _ ...................... _ ........... . 
Orbiculoidea capax (wnite) ........................... _....... ........ x ... _._ ... _ .............. _ ... ... _ .. . 
Orbiculoidea sp. undet ........ _ .............. _._ .... _..... x ........... _ ...... _ ...... _ ...... -., .... - .. . 
Leptaeua couvexa Weller ... _ ................... _ ... _ ......... _ ... _ ... ... _ ...... _ ... ... _... x x x 
Schellwienella inaequalis (Hall) .............................. ........ x ... _ ... ... _... x x x 
Schellwienella infiat8J (W. and W.) ... _ .... _ ................................ _... ........ ........ x x, 
Schellwienella planumbona Weller ... _ ........................ _ ..•... _ ...... _ ...... _ .. , ... _... x 
Sch.ellwienella crenulicostata Weller ........................ "._ ..•... _ ...... _ ... ........... _... x 
Schellwienell3i sp .... _ .... _ .... _ .... _ ...................... _ ............ _ ...... _... x ... _ ...... _ ... ... _ .......... . 
Schellwienella sp ...... _ ........ _ ....................................... ... _ ...... _ ...... _ ... ... _ ...... _ ... ... _... x 
Chonetes illinoisensis W orthen................................ ........ x ... _ ........... ... _... x x 

g~~:;: ~;~~~ri;e:~~~~ .. ~~.~~::::::::::::::~::::=::: :::=::: ... ~... ~ :::=::: :::=::: ::::::: :::::::\ 
Chonetes burliIl:gtonensis Weller ................................. _ ........... ... _ ........... ... _... x ........ , 
Chonetes loganl N. and P ............................ _ .... _ .............. _ ...... _ ... ... _ ...... _... x x 
Chonetes multicosta Win .... _ ............................ _ .......... _ ...... _ ... ... _ ... ... _ ... ... _ ...... _... x 
Chonetes sp. undet ........................................................ _... x ........ ................... _ ...... _ .. . 
Chonetes sp ........ _ .................. _ ........ _ ........................... ... _ ...... _ ...... _ ...... _... x ........... _ .. . 
Chonetes sp .... _ ........ _ .. _ .... :. .. _ .... _ .. _ .............. _ ...... _ ... ... _ ...... _ ... ... _ .............. _ ...... _... x 
Chonetes sp .................. _ ........ _ ........ _ ................. _ .......... _ .............. _... x ... _ ...... _ ...... _ .. . 
Chonetes sp ........ _ ........ _ .................. _ .............................. _ ... ........... _... x ... _ ...... _ ...... _ .. . 
Chonetes sP .... _ ............ _ ................................................ "'-'" "'r'" ••• _ ................... , x ....... . 
Chonopeetus fischeri (N. and P.) ............................. _... x x x , ... _ .............. _ .. . 
Productella nu=ularis (Win.) ......... _.................. ........ x ........ ... _ ...... _ ... ... _ .......... . 
Productella concentrica (Hall) ........................... _ .............. _ ...... _ ........... 1 ... _... x x 

~~~~~~i~~a c;;ti:!~!~··w~::=::::::::::::::::::=::=::::=::: ... ~ ... ... ; ... :::=::: I:::~::: :::=::: :::=::: :::=::: 
~~~~~~i~: ~~~1~~e~:Il~::~~~~::::::::::::::::::::::=::::::::: ... ~... ~ :::=::: :::=::: :::::::: ... ; ... :::=::: 
Productus mesicostalis Weller ................................ ... _... x ... _ ...... _ ... ................ ... _ .. . 
Productus arcuatus HaJj.......................................... ........ ........ ........ ........ x x 
Productus blairi Miller ............................................................ ... _... ........ x ... _ .......... . 
Productus parvulus Win .... _ ................................ _ ... ... _ ...... _ ... ... _... ........ x ... _ ... ....... . 
Productus sampsoni Weller ................................................. _ ... , ... _ ... , ... _ ... , ... _ ...... -... x 1 
Productus sp .................................. _ ................................... ... - ...... _ ... ... - ...... - ...... _... x I 
ProductllS sp .......................... · ....... _ ............... ·· .......... 1 x 1 ... _ ...................... _ ...... _ ...... _ .. . 
Pustula morbilliana (Win.) ...................................... .... ····1· .. ····· ... _ ... .. · .... ·1 x , ... _ ........... , 
Rhipidomella thiemei (White) ........................................ , ... _ ... ... _ ...... _ ... \ ... _... x x 
Rhipidomella cf. R. burlingtonensis HalL......... x ... _ .............................. _ ......... .. 
Rhipidomella sp .................................................................... _... x ... _ ... 1 ... _ ...... _ ........... \ 

Schizophoria subelliptica (W. and W.) ........................... _ ................... , ... _... x ... _ ... 
Schizophoria sp................................................... ....... ........ x ........ ... _ .............. _ ...... _ ... 1 
Schizophoria sp. undet ........................................ _..... x ... _ ................... , ... _ ...... - ... ........ 1 

Paryphorhynchus transversum Weller.................... ........ x ... _ ........................... 1 ... ·· .. ·1 
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Tabl~ Showitng Eam,ge of Species itn Kitnderhoo1c Beds at Burlington---Continued • 

./::£orizons 1 

I. \1!2!3!4!51 6 17 ! 
ParypllQrhynchus striatocostatum (M. BlllJd W.) ..•. I==== ........ ,----x-== ...... __ ........ 
~~~J:~~~{I~C~~iC~Pwi~::::::::::~::::::::::::::~::::::~::::::: :::~::: :::=::: ... ~ ...... ; ... :::=::: :::~::: :::::::: 
Rhynchonella sp ...................... _ ............................ _ ...... _ ...... _... x ................... _ ......... .. 
Rhynchonella sp. ~et ..... ~ .......... _ ......... _ ..... _ .. __ .. , .. _... x ... _ ...... _ ...................... _ ... 
Allorhynchus heteropsis (Win.) ...................................... "._". ........ x ........... _ ... ...... .. 
Allorhynchus sp.' ................. _ .... _ .................. _ ........ _ ............. __ .... ........ x ........... _ .......... . 
Rhynchotetra caput·testudinis (White) ............................ _ ...... _ ...... _ ...... _ ...... _... x 
Rhynchopora pel'sinuata (Win.) .............................. __ ....... _ ...... ___ .... ___ .... ___ . __ ._.__ x 
Rhynchopora pustulosa (White) .... __ .L_ .................... _... ........ ........ x .......... --.......... .. 
Dielasma burlingtonensis (White) L ............................. _ ...... _ ...... _ ...... _ .. ' ... _... x 
Crana.elll.a f allei (Win.) .. , .. __ ..... · ...... _.: ....................... _ ...... _ .............. _... x x ... _ .. . 
Cyrtina acu tirostris (Shum. ) L._ ................ _ .......... _ ...... _ ...... _... ........ x ... ___ ........ . 
Spiriferina solidirostris White ... ___ ....................... __ ... _ ...... _ ...... _ ...... ___ . __ ._ ...... _... x 
Spirifer platyno.tus Weller...................................... ........ ·x x ........ x x x 
Spirifer subr6tundus Hall ......................... ___ .... __ . ____ ... _... x x ... _ ...... _ ... J _____ •• _____ • 

Spirifer biplicatus HaIL ____ ...... __ .. __ ... _ ........ __ .. _______ . __ .. ____ x xt ... _., .... ___ . __ ... __ .... -.--
Spi1'ifer grimesi HalI .......... __ ..... __ ........ :.. .. __ .................. _ .............. ___ .. ,._ ...... _ ...... ___ . x 
Spirifer biplicoides Weller ............ __ ................................... _ ...... _... ........ x x ... - .. . 
Spirifer forbesi N . and P ............................ _ ..................... _ ...... _ .............. _ ...... _... x 
Spirifer cf. S. mundulus R()wley ................................. __ .... _ ........... ... _ ... ... _ ...... _... x 
Brachythyl'is peculiaris (Shum.) ............................ ........... - ...... _ ... 1 ........ 1 x ...... -- ....... . 
Syrin:gothyris haJ.li Win .......... _ ................. ________ .... __ ........ --...... __ ._ ... 1 x 1"'-'" --.---...... --. 
~~:~::;;f: :~~~~~~ ... ~~~.~ .. :~.::~.::~ .... ~~~.: ... ~~ ...... ~ .. :: :::~::: --.~--. :::=::: :::::::: ... ~--. :::::::: :::::::: 
Syringothyris sp. __ .. ________ .. __ . ___ ... ________ ..... _ ..... __ .. ____ .... ' __ . ___ . ________ .... ____ .. __ .... ______ .... ____ .. x 
Reticularia cooperensis (Swallow) ... _ ............ ______ . ________ x ... ___ . ____ .... x ........ x 
Eumetria altirostris (White) __ .. __ .. __________ ... _ .. __ .... __ . x x ... _ ... __ " __ " ...... ______ ......... __ . 
Nueleospira b8Jl'risi White ______ ._ .. ____ .. _ ...... __ .... ___ ........ _ ...... _ ... __ ................. _ ...... _... x 
Cama.rophorella lenticularis (W. and W.) ....... _ ...... _ ... __ ._ ...... _ ... __ ...... x --......... - ... 
Athyris crassicardinalis White ... _ .. __ ..................... __ .. __ .............. : ................ _... x ... _ .. . 
Cliothyridina glenparkensis Weller L .......... __ ........... __ ........... _ ...... _ ...... _ ...... _... x 
Cliothyridina hiI'suta (Haill) ~ .......................... ____ .................................. " __ "__ x ...... .. 
Composita (f) corpulenta (Win.) ................ __ .... : .......... x ...................................... .. 

PELECYPODA 

Promacrus cuneatus HalL ........................ ,............. ........ x ...................................... .. 
Glossites elliptica (Win.) ... _................................... ........ x ...................................... .. 
Glossites , burlingtou'ensis Weller ... _ .... _.: .... _ .. _. ........ x ........ __ ...... .............. __ ...... .. 
E·dmondia burliugtonensis 'iV. and W................... ........ x ...................................... .. 
Edmondia quadrata (W. and W.)........................ ........ x ........ .............................. .. 
Edmondia aequimal'ginalis W:in .... _......................... ........ x .... __ ................................ .. 
Edmondia nitida W:in ...... __ ................ __ ........ _ .............. _... x .................. __ .... __ ............ .. 
Edmondia jejunus (W:in.) ...................................... ........ x ........................ .. __ ........... . 

~:~~~~l; n~~~~t~!~:r~;~~:~::::::::::=::::::::::::::::::::: :::=::: ::::::: :::::::: :::::::: ~ ::::::::1:::::::: 
Sphenotus bicostatus Welle1' ........ ____ ... _................... ........ x .......... __ .... ...................... .. 
Sphenotus ventricosa (W. and W.)........................ ........ x ........................................ I 

~~~:~,~~~: r~~~~a\:· (:i:)!.:::::::::::::::::::::::::~::: :::::::: ~ :::::::: :::::::: :::::::: :::::::: ::::::::1 
Spheootus iowensis (Win.) .......... __ ...................... __ ........ __ x ........................................ I 
Spathella vent1'icosa W . and W ____ ...... _ .... __ .... · ....... I __ . ___ .I x ... _ ........................ --. ........ I 

~~:::;;~i!~=a ~f.:::::::::::::::::::::::::::::::::::::::::::::I:::~:::1 .. ·;-·1:::~:::1::::::::1 ... ~ ... 1::::::::1::::::::1 
Grammysia. amygdalinus (Win.)............................ ........ x ................ --...... ...... -- __ ...... 1 
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Table Showing ' Rangd of Species in Kittderhoo"k Beds at Burlington-Continued. 

I Horizo'liJS 
1 1 

1112/3/4/5/6/71 
Cardiopsis megambonata Win .. __ . ___________________ ________ === -x-====== == === ________ 1 

Nucula iowensis W. and W. ____ .. _____________________ _________ _______ x _______ ________ x _______________ _ 
Palaeoneilo microdonta (Win.) ___ ._ ___ __________________ __ __ __ __ ____ _______ _______ ________ x __ __ ___________ _ 
Palaeoneilo barrisi (W. and W_)_________________________ ________ _______ _______ _______ x _______________ _ 
Leda saccata (Win.) _____ . ____ . _____________________ . ______________ ._ ____ __ __ _______ _______ _______ x _______________ _ 
Dexiobia halli Win. ___________ . _____ . ______ _______________________________________________ . ________ x _____________ . 
Dexiobia ovata (Hall) ______________________________________ .____ ________ _______ _______ _______ x ________ _______ _ 
Pal'allelodon cochleal'is (W i!lI, ) ____ . ___ . _______ . ____________________ : x _______________________ _____ __________ _ 
Pal'allelodon modesta (Win.) ___ .________________ ________ ______ _______ x __________________________________ . ___ _ 
Parallelodon leptogastel' (Win.)_ .... _. ________ .-.---------- _______ _______ x ___________________ __ ___ __ __ _ 
ParaJlelodon pa,rvus ('V. and W.). ___ ... __ . _______ . _____ . _________ ______________ .. _____ x ______________ __ 
Mytilarca occidentalis (W_ and W.}___________________ ________ x ___________________________________ __ 
Mytilarca fibristl'iata (W. and W.)______________________ ________ x _______________________ _______________ _ 
Conocardium pulchellum W. and W_________________ _____ _______ ________ ________ ________ ________ x 
Avicula strigosa (White)________________________________________ ________ x __________________________ . __________ __ 
Pteronites whitei (Win..)___________________________________ ________ x ______________________________________ __ 
Leiopteria spinalata (Win.) __________________________________ _______ x __________________________________ ____ __ 
Posidonomy~ f ambigua Win ______________________________ .. _______ x ______________________________________ __ 
Schizodus iowerisis Weller ________________________________________ \ _______ \ . x \-------- ------- ------- ________ \ _______ 1 
Schizodus burlingtonensis Weller __________________________ ------- x ------- -------- -------- -------- ________ I 
E8~H~: :i~~:~~~~:::~:~L::::=::::::::::::=::::::::::::::: :::=::~ :::~::: :::~::: :::~::: :::~::: :::=::: :::~:::I 
Aviculopecten tenuicostus Win .. ____________________________ _______ x ______________________________________ __ 
Aviculopecten caroli Win .. ____________________________ _________ _ ________ x _____________________________ ________ __ 
Aviculopecten iowensis Miller _______________________________ .. _ _______ _______ x ____________________________ __ 
Aviculopecten sp. undet___________________________________________ _ x _______ ___ __________________________________ _ 
Aviculopecten sp______________________________________________________ _ ________ x _____________________________________ __ 
Pter~no'Pecten cf. P. laetus H.all.. ______________ .. _______ .. _ _______ x _______________________________________ \ 
Ptermopecten nodocostus (W. and W.) _______ _______ _ ________ _______ _______ ________ x ______________ __ 
Pernopecten cf. P. coopercnsis (Shum.)__________ __ ________ x _____________________________________ __ 
Pernopecten cooperensis (Shum.) ____________________ .. _______ :_ ________ ________ ________ x x 
Pernclpecten circulus (Hall)__________________ _________________ ________ ________ ________ ______ __ ________ x 
Pernopecten f sp. undet.._______________________________________ ________ x ______________________________________ __ 
PernopectellJ sp_________________________________ ____________________________ ________ _______ x _____________________________ __ 
Goniophora jennae (Win.) ______________________________________ ________ x ________ ________ ____________________ __ __ 
Lithophaga cf. L. minuta Weller__________________________ ________ _______ _______ ________ x ______________ __ 
Allorisma sp .. _______________________________________________________________ ________ ________ ________ x ____________ __________ _ 
Cypricardinia sulcifera (Win. ) ______________________________ ________ x ________ ________ x ______________ __ 

SCAPHOPODA 

Dentalium grandaevum Win .. _________________________________ __ _____ x x 

GASTROPODA 1 

Pleurotomaria quinquesulcata Win. _________________________ ------- ------- ________ 1 __ __ ____ ________ I x 
Pleurotomaria mississippiensis W_ and W .. ______ ... ------- ------- --------1-------- -------- --------I x I Porccllia crassinoda W. and W .. _____________________________ ________ x ______________________________________ __ 
Porcellia obliquinoda White. ________________________________ .. _ .. --.. -- x -------- -------- -------- -------- ________ 1 

Porcellia rectinoda Win ___________________________________________ -------- x ________ 1 ________ ------:- ________ 1 ______ __ 

i1o:::~i~~n~i· q~:~~1~~~t;:--wi~::::::::::::::::::::::::::::::::: ---~--- ---;---:::=::: ::::::::, ::::::::, :::=::: 1 :::=:::, 
Bellerophon bilabiatus W. and W _____________ ____________ -------- x -------- ______ :_1 ____ ____ 1 ________ 1 ________ 

1 
Bellerophon vinculatus W. and W ________________________ ------- x -------- -------- -------- -------- ________ 1 

/ 

• 
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Table Showmg Ban.ge of Species m Kinderhook Beds at Burlmgton-Oontinued. 

I Horizons \ 

( 1 ( 2 ( 3 ( 4 ( 5 I 6 I 7 I 
Bellerophon panneus White L ......................... _ ...... _... x ... _ ...... _ ...... _... ........ x \ 

~:ii:~~~~~! ~~:··;;;;·d;;t::::::::::=::::::::::::::::::=::::::::::::::: :::=::: :::::::: ... ~ ... :::=::: ... ~ ... :::::::: ::~=:::I 
Bucanopsis deflectus Weller ..................... _ ............. ... _... x ................................... _ .. . 
Bucanopsis perelegans (W. and W.) ... _ .................. _ .............. _ ...... _... x ........... _ .. . 
Patellostium scriptiferus (White) .......................... ........ x ... _ .............................. _ .. . 
Straparollus macromphalus Win............................. ........ x ................................... _ .. . 
Straparollus ammon (W. and W.) ........................ ... _... x ... - ... ........... - ...... _ .......... . 
Straparollus angularis Weller.................................. ........ x ... _ ...... _... x ........ ... _ .. . 
Straparollus obtusus (Hall)_ .......................... _ ....... _ ................................... _... x ....... . 
Straparollus sp. undet ........................ _ ........ _ .... _ ........... _ ....... _. ........ ........ x ... __ ........ . 
Straparollus sp ........ _ ............................................ _' ............. ,.... x .................... _ .......... . 
Platychisma barrisi (Win.) ......... _ ......................... ... _... x ... _ .............. _ ...... _ .......... . 

~l~E1::;s s~e:~~~~;.~::::=::::::::::=::::::::::=::::: :::~::: ... ~ ... :::::::: :::::::: ::::::: ::~=::t:::::: 
N aticopsis depressa Win ......... _ .... __ .. _ .................... _ ... _... x ... _ ........... .. __ ...... _._ ........ . 
Loxonema shumardana (Win!.) ................................. _... x ....•.............. _ ...... _ .. ....... . 
Loxonema oligo spira Win ................ _ .......... _ .... _ ...... _... x ... _ .............. _ .................. . 
Loxonema sp. undet ................ _ ...................... _ .......... _... x ................... _ ...... _ .......... . 
Loxonema sp. undet ........................................ _ ....... ................................... _... x ... _ .. . 
Holopea subconica Win ........................................ ,.. ........ ........ x ........ ... _ ...... _ .......... . 
Holopella miJ:a Win................................................... ........ ........ x ........ ........... _ ... ........ \ 
Igoceras undata (Win.) ....................................................... _... ........ ........ ........ ........ x 
Capulus paralius W. and W ................................ _ ............................................ _... x 
Capulus vomerium (Win.) ........................... _......... ........ ........ ........ ........ ........ ........ x 
Capulus sp. undet .......................................................................................... _... x 
Strophostylus bivolve (W. and W.) ............... _ ........ _... x' .. ", .. , ........ ........ ........ x 
Sphaerodoma pinguis (Win.) ... _ .... _ .......................... _... x ........................... _ .......... . 
Conularia byblis White ........................................... _ ... _... x ................... _ .................. . 
Conularia sp. undet .............................. _ .. _............... x ... _ ...... _ ...................... _ .. _ ....... . 

1 

Orthocems w:::A::~:~ ................................. _ ............. ) x \ ... _ ... , ... _ ........... ', ........ , ....... .1 
Orthoceras heterocinetum Win .... _ .............. _ ......... \ ........ \ x ........... _ ... \ ................... _ ... \ 
Orthoceras indianense HalL ......................... _ ......... I ... _ ... ) x , ... _ ... \ ........ \ ........ \ x , ........ \ 
Gomphoceras sp·········· .. ··· .. ····:··· .. · .. ·.······ .. · .... ··· ... · ..... ··1 x ... - ...... - ... \ ................ 1 ... _ ...... _···1 
Phragmoceras exp,ansum Will ................................. _. ........ x \ ........ \ ................ , ........ \ ........ \ 
Cyrtoceras unicorne Win ................................................. 1 'x \ ........ \ ........................ , ........ 1 
Gyroceras burlingtonensis Owen ...................................... ) ........ ) ........ \ ................ , x ........ 1 
Agoniatites opimus (W. and W.) ............... _ .... _... ........ x ........ / ................ \ ................ / 

CRUSTACEA 1 \ 1 1 \ 

1 \ / \ Griffithides , sp ...................... _ .......................... _ ..... \ ................ , ........ ........ \........ x ....... . 
Palaeopalaemon newberryi Whitf. L ·· .. ··· .. ····· .. ····I x ... - ...... _ ... 1 ........ 1 ... _ .............. _ .. . 

Coffi_th" ::::::""~~__I x IIL.I.I.I 
, , 1 1 , 1 I 1 

PLANTS 1 1 'I , ' 
1 1 1 1 1 , 

Fragments of stems and leaves ............... _ ............. , x , x \ ........ \ x \ ........ \ ... _ ... \ ........ \ 
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It "will be observed that the Upper Kinderhook beds carry Ii 
typical Mississippian fauna, the Devonian aspect which charac
terizes the collections from the lower beds being entirely lost. 
The appearance of such forms as Spirifer grimesi and Spirife1' 
forb esi in the topmost bed of the IGnderhook together' with the 
lithologic character of this member at Burlington suggests a 
transition into the limestone of the Lower Burlington. Such a 
relationship is indicated also by the field relations of the two 
formations. Attention is called to the Chouteau affinities of the 
fossils of beds 6 and 7 of the Kinderhook beds at Burlington. 

Louisa CO'Ltnty.-In this county the Kinderhook succession is 
much the same as at Burlington, but some of the individual 
members of the series are more attenuated. 

The best and most complete section exposed in the county is 
described by J. A. Udden28 in his report on the geology of the 
county. This appears "in and near Anderson's Quarry on the 
east bank of Smith creek, west of the center of the SW. 1/4 of 
sec. 29, Tp. 73 N., R. 2 'V." The succession there as revised by 
the writer is as follows: 

S·Q.ction at Anderson qUa1"ry. 
FEET INCHES 

8. Drift ......... _ ........... _ .......................... _ .......................... _ .......... _ .... _..... 5 
BURLINGTON. 

7. Limestone, brownish and dolomitic below, but gray and cri· 
noidal above ......... _............................................................................... 28 6 

KINDERHOOK. 
6. Limestone, yellowish to brownish, dolQmitic; with geodic 

cavities lined with calcite ... _ .............. _............................................. 6 
5. Limestone, light gray, oolitic ............. _........................................... 3 
4. Sandstone, ash· colored, :fine·grained _ ..................... _ ................... __ 3 
3. Limestone, irregularly bedded, bro·wnish, dolomitic ......... _......... 3 6 
2. Sandstone, ash·gray, :fine· grained ....... _ .......................... _................. 9 6 
1. Shale, bluish, argillaeoous; progressively more calcareous be

lQw; with a carbonaceous seam about eight inches thick near 
the middle. Exposed in the east bank of the creek about 
forty rods north of the quarry ... _ ................ _ ...................... _ ......... 20 

The fauna of the Kinderhook beds at this locality is listed be
low: 

FQ/UOO of the Kinderhook Beds, Anderson Quarry Seotion. 

BRACHIOPODA 

Lingula sp .......................................................... _ .... _............ x ........ ................... _ ......... . 

28 Iowa Geol. Survey, vol. XI, p. 74; 1901. 
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FUII.IIfW, of the Kinderhook B eds, Anderson,' Quarry Sectionr---Continued. 

Horizons , 

g~~~~~s g!nr~~;:t~;"Whl;~~~~~~~~::~=~::::::=::~~:::=~~~::::::~::::: :::::::: ~ :::=::: ~:~::::: ::::::::\::::::~: 
Chonetes sp .................................. ¥....................................... ........ x ............................... . 
Chonetes sp .................................................... _......... ........... ........ x ........ x x ....... . 
Ohonetes sp.......................................................................... ........ ........ ........ ........ x ....... . 
Chonopectus fischeri (N. 3J1d P.)..................................... ........ x ........ ........................ . 
Productella sp....................................................................... ........ x ............................... . 
Prod ctus cf. P. curtirostris Win ............ _.................... .......• x ... _ ...... _ .................. . 
Productus ovatus Hall ............. _........................................ ........ x ... _ .................. _ .. _. 
Productus arcuatus Hall. .. _ .... _ ... _ ......... _....................... ........ ........ ........ x ............... . 
Productus blairi Miller ............ _ .. _.................................. ........ ........ ........ x ... _ .......... . 
Productus sp ............................ _ .... _ ... _ ....... _ ..... __ ............ x ....................................... . 
Productus sp .......................................................... _............ ........ ........ ........ x ............... . 
Rhipidomella thiemci (White) ....• ____ ...... __ ........... ........ ........ ........ x x ...... .. 
Schizophoria sp .......................... _ .... _................................. ........ x ... _... x ............... . 
Rhynchonella sp ...................... _ .... _ ....... _ .... _._......... ........... x x .............................. .. 
Paryphorhynchus transversum Weller ... _......................... ........ x ............................... . 
Spirifer biplicatus Hall... ........................... __ ............... ........ x ............................... . 
Spirifer biplicoides Weller ......... _ ................ _.................... ........ ........ . ....... x ............... . 
Spirifer platynotus Weller .......................................................................... _... x ...... .. 
Spirifer subrotundus Hall ......... _............................ .......... ........ x ............................... . 
Spirifer sp .... _ .. _ ....... -r ........................ _................... ........... ........ ........ ........ x ............... . 
Brachythyris burlingtJonensis Weller ............................... \........ ........ ........ x ... _ ......... .. 
Reticularia cooperensis (Swallow)................................. ........ ........ ........ x ............... . 
Ambocoelia. parva Weller ....................... _ .. _ ..... _.. ........... ........ ........ ........ x _ ............ .. 
Nucleospira barrisi White................................................. ........ ........ ........ x ........ ...... .. 

. Composita , corpulenta (Winchell).................... ........... ........ x ................ ............... . 

PELECYPODA 

~g:~~g~~ ~~ti:~ ;.!~~~~~ ... ~.~~:::::~=::::::::::===:=::::~::::::I::~::::: :~:::::: ~:::::~: ~ ~::=::: ::::~::: 
Sphenotus iowensis (Win.) ............... _ ......................... _... ........ x ................................ . 
Sphenotus sp............................................................. ........... ........ ........ ........ x ............... . 
Grammysia plena Hall ............................... ,........................ ........ x .............................. .. 
Nucula iowensis W. 3J1d W................................... ........... ........ ........ ........ x ............... . 
r..e<1a saooata (Win.) ... _ ........................................ _............ ........ ........ ........ x ............... . 
Parallelodon parvus Wand W .......................... _. ........... ........ ........ ........ x ............... . 
Schizodus trigonalis (Win.) ........................................................ _... ........ x ... _ .......... . 
Pernopecten cooperensis (Shum.) ................................... ........ x ........ x ... _ .......... . 

Dentalium gr::;a::

A 

Win ....................................................... -.. ./.. ...... 1 x 

GASTROPODA \ \ , )' 

Bellerophon sp .......... _ ......................................... , ........................ / ........ / ........ , 

g~~~~~Ht\~~;~~::::::::::::::::::::::::::::::::::::::::::::::::::~::: .::::::::::: ::::::::\ ::::::::1:::::::: , , , 
VERTEBRATA , , , 

, , , 1 

. . . 1 , 1 1 
Fish teeth .................... : ................ _ ....................................... 1 ........ 1 ... _ ... 1 . ....... , 

, 
~ 1"';'''1::::::::\ 
x ................ 1 

x , ... _ ... , ........ \ 

\ I I 
1 , 1 

x 1 ........ 1 ........ 1 



KINDERHOOK FOSSILS IN LOUISA COUNTY 65 

In the Anderson quarry section, bed 1 is equivalent to the 
shale member (bed 1) at Burlington. Bed 2 is the attenuated 
equivalent of the Chonopectus sandstone (bed 2) and bed 3 is a 
thin dolomitic facies of bed 4. The thin limestone (bed 3) at 
Burlington is absent in Louisa county. The oolitic limestone 
(bed 6) and the overlying buff limestone (bed 7) at Burlington 
ar e equivalent to beels 5 and 6 in the above section. 

The higher beds of the Kinderhook are again well exposed 
in the east bank of Smith creek near the bridge in the NW. 1/4 
of sec. 31, T. 73 N., R. 2 W. The section given below is slightly 
modified after U dden.2 9 

Section of K inderhoo7c beds, Smith creek. 
B URLINGTON. FEET 

9. LimestQne, brQwnish, crinQidal, bearing L obocrim/.S pyriformis, a 
Pentremit-es and P1'od~ictus burlingt<mensis _________ _________ .. ___________________ 8 

8. Chert .... __ .. _ .. ___________________________ __ _____ __ _______________________ __ _______________________________ ___ 1 

7. LimestQne, buff, (lQlQmitic, irregularly bedded; with casts oil' crinoid stems ______________ ___ .. ____ .. ________________ ____ .. ______ .. __ _____ __ ____ __ __________ __________________ __________ 5 

6. Limestone, SQft, gray weathering yellQwish; with fragments Qf 
crinQid stems ____ .. ____________ ______ _____ _____ .. ____________________________________________________ __ ____ 3 

5. LimestQne, gray, crinQidal ; with seams Qf brQwnish dQlQmitic 
limestQne ; mQTe irregularly bedded and cherty bellOw ____________________ 10 

KINDERHOOK_ 
4. LimestQne, blxHvnish, SQft, dQlQmitic, in tWQ ledges, each three 

f eet in thickness ________ ________ .. __ ____ __ __ .. ____________ ____ __ __ ___ __ ____ __ ________________________ 6 
3. L imestone, light gTay, oolitic ______ .. __ ______ __ ____ __ __ __ ____ ________ __ __ __ ____________ ______ 2% 
2. Sandstone, bluish, fine-grained, with a thin seam Qf shale near 

'the middLe ____ .. __ ___________________________________________ __ ____ .. ____________ __ __________ ____________ __ 3lh 
1. LimestQne, dark gray, fine-grained, imperfectly dQlQmitizecl, ex-

p osed _____ .. __ __ ______ .. __ ________ .. __ __ .. _________________ _____ .. __ __ ______ ________ ____ __ __ ____ ____ ____________ 11h 

The fauna of the Kinderhook beds in this section follows : 

FiIlUna of Kinderhook Beds, in Bank of Smith Creek. 

Horizons I 

II! 2 I 3 141 
ANTHOZOA I i I I 

~;;:;~~~~:p~p::::: :::::::::::::::::::::::::: :::::::::::::::::::::::::::::::: :::: :::::::: ::::::::::::1 :::::::: 1 :::::::: I ~ I:::::::: 
B RACHIOPODA I I II 

Leptaena convexa Weller ---------------------------------------------------------------------- ________ I x 1 _______ --------

Schellwienella planumbona Weller L __________ ______ __ __ ______ __ ________________ __ __ --------\--------1 X ' --------

~~~~::::~: !~~~~~---~~:--~~~--~-.-~---~---~--~~~~----~~~~--~~--:::::::::::::::::::::::::::::: :::::::: I ---~--- l ---~--- :::::::: 
29 I owa Geol. Survey, vol. X I , p. 74; 1 9 101. 
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Fauna of Kinderhoo·"k Beds, Smith C7'ee"k, Lo·wisa Co·unty-Continued 

Horizons 1 

I 1 I 2 I 3 141 

g~l~~~~C~:~··~:·~~::~::::::::::::::=::::::::=::::::::=::::::::::::::=:::::::::::::::I···~···II:::::::: :::~::: :::~::: 
Chonetes burlingtonensis Weller .......................................................... 1........ ........ ........ x 
Chonetes multicosta WiIn ...................................................................... 1........ ........ ........ x 
Chonetes sp............................................................................................. ........ ........ x ..... , .. 

g~b~:~:: :~::::::::=::::::::::::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::: ... ~ ... :::::::: :::=::: ... ~ .. . 
Productus parvulus Win....................................................................... ........ x ............... . 
Productus arcuatus Hall...................................................................... ........ ........ ........ x 
Productus sp........................................................................................... ........ ........ ........ x 
Productus sp ........................... :............................................................... ........ x ............... . 
Rhipidomell.a thiemei (White)............................................................ ........ ........ x ....... . 

i~~~~1~~ ~~~~i~i;::~~i;~:.:j~~~~~~~~~~::~:::::::::~:~~:~::::::::::::::::::::::::::::::\:::~::: ... ~ ... :::~::: :::::::: 
Rhynchotetra caput·testudinis (White) ............................................ ........ ........ ........ x 
Rhynchopora pustulosa (White) ................................................. : ....... 1 x .............. _ ....... . 
Spiriferina solidirostris (White)........................................................ ........ ........ ........ x 
Spirifer platynotus Weller.................................................................. ........ x x ....... . 
Spirifer biplicoides Weller.................................................................... ........ x ........ x 
Brachythyris sp ............................................................. ,......................... ........ x ............... . 

Athyris crassicardinalis White............................................................ ........ ........ x ....... . 
Nucleospira barrisi White .................................................................... \........ x ........ ........ \ 

PELECYPODA 1 

Cypricar?inia. s~l~ife:a ~Win.).......................................................... ........ x ................................ \ 
Worthema mlsslsslpplensls W. and W............................................... ........ x 
Palaeoneilo barrisi (W. Ihlld W.)..................................................... ........ x ........ 1 ........ 1 
Nucula iowensis W. and W ............. __ ............................................... ........ x ................ I 
Edmoodi. ":::.0: w~-------·----------r-- x 1--"1--1 
Dentalium grandaevum Win .. ·· .. ········ ................................................. I........ x \ ... _ ... \ ........ \ 

GASTROPODA 1 I I 
Bucanopsis perelegans (W. and W.) ........................................ _ ...... I ........ ' x ........... _. 
Bellerophon sp ....................................................................................... 1........ x ........... __ . 
Murchisonia quadricincta Win ........ · .......... ·· .. ·· .. · .. · .... · .. ··· .. · ................ ·I· ...... ·1 x I I 
Straparollus obtusus (Hall) .. · .. · ........ · .. · .............................................. I ........ 1 x ... ~ ... :::=::: 
Straparollus sP ...................... · .................. · .. · .... · .... · .............. · ..... · .. · .. · .... ·I ........ I x ................ 1 

1 1 1 I ' 1 

I I I \ I 
Orthoceras indianense Hall .... · .... · .......... · ........ · .. · .. ·· ........ · .................... I ........ 1 x 1 x 1 ........ 1 

CEPHALOPODA 

Orthoceros sp ...... · .......... · ...... · .... · .... · ............ · .... · ................. · .................... 1 ........ I x 1 x 1 .. · .... ·1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 

Phillipsia f sp ........................................ _ ....... _ ...................................... J ........ 1 ........ 1 ........ 1 x 1 

TRILOBITA 

Several other exposures of the Kinderhook in Louisa county 
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have been described by J. A. Udden.30 The location and de
scription of these are taken from his report. 

Sections in the Bluffs and Creeks North and East of Morning 
Sun 

Section 011J the first c'reek in the Mississippi blruffs north of the county line S01!thwest 
of Oakville, t,n the SW. 1,4 of seo. 35, T. 73 N., R. 2 W . (.After Udden. ) 

BURLINGTON. FEET 

11. Disintegrated crinoidal limestone .................................................... 6 
10. Chert ............. _........................................................................................... 1 

9. Disintegrat ed crinoidal limestone ............... _................................... 3 
8. Blue shale ................................................................................ ................ 1 
7. Hard white crinoidal limestone with chert in upper layers ... _ 8 
6. Beds grading from a disintegrated yellow shaly residue below 

t o a somewhat crumbling crinoidal limestone with much chert 
above ......... _............................................................................................... 20 

KINDERHOOK. 
5 . Yellow magnesian limestone with irregular bedding above and 

occasional quartzose Iloncretions ...................................................... 7 
4. Oolitic yellow or brown fossiliferous disintegrated limestone .... 2 
3. Fine sandstone, like number 1 ................................................... _ .... _. 1112 
2. Compact dark gray limestone, somewhat weathered, showing 

small cavities and veins f illed with calcite ................................ 3 
1. Bluish white fine sandstone, weathering yellow, with casts of 

gastropods and lamellibranchs .......................................................... 8 

Seotio7IJ on the Mississippi river bluffs 0711 the second creek north of the c01!nty line 
in the east half of seo. 34, T. 73 N ., R. 2 W . (.AfPer Udden). 

BURLINGTON. 
15. Blue shaly beds, weathering yellow, with some calcareous and 

cherty bands above ........................................................................... . 
14. Goncealed ...... ~ .......................... _ ..................................................... ....... _ 
13. Chert ................................................................................ ....................... . 
12. Brown limestone and chert ........................................................... _ 
11. Brown limestone, disintegrated ......................................................... . 
10. Bluish shaly material, with quart z geodes below ......... _ ............ . 

9. White crinoidal limestone, with quartz geodes in a shaly seam 

8. 
7. 
6. 
5. 

near b ase .......................................................... ....................................... . 
Concealed ................................................................................................. . 
White crinoidal limestone ............................. ...................................... . 
Concealed ................ .................................. ............................................... . 
H ard white and yellow crinoidal limestone, moderately f ine· 
grained, with layers of chert ........ .. ....................... ........................ .. .. . 

KINDERHOOK. 
4. Yellow rather fine·grained dolomitic crinoidal limestone, broken 

with many joints in upper part ................................. _ ................... _ .. _ 
3. Oolitic limestone with Spirifer 'IIuM·ionensis, Productella oonoen· 

trioa, Spirifro1' (undescr. sp .), .Athyris sp., Zaphrentis sp., and 
Orthoceras sp. . .................... _ .. _ ........................................................ _ .... . 

2. Yellow or rusty brownish weathered compact limeston:e, with 
arenaceous 110ck a,bove ............ _ .............. _ ............................... -- ............ . 

1. Bluish fine sandstone, weathering yellow, with teeth of H elo&u81 
and casts of brachiopods in upper part. Syringothyris extenuatus 
occurs near the top of the lo·west member j also Spirifo1' bipli· 
ootus and ProW!wt1!S sp . ........................................ ........................... _ .... . 

30 Geology of L ouisa County, I owa Geol. Survey, vol. XI, pp. 72-82 ; 1901. 

FEET 

15' , 
1 
21h 
1 
2 

8 , 
4 , 

10 

10 

3 

5 

9 
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Beds 1, 2, 3, and the lower portion of 4 of this section are to 
be referred to the Kinderhook. All above belong to the Lower 
Burlington. 

Section in a creeTc one mile sootheast of ElricTc J~mctiolfl. in the sooth part of sec. 
29, T. 73 N., R . 2 W. (After Udden) . 

KINDERHOOK. 
5. Yellow limestone, exhibiting oOlitic structure below _________________ . ___ __ _ 
4. Blue evenly bedded argillaceous sandstone __ _______ . ___________________________ _ 
3. Fine-grained, concretiona.ry yellow or brown limestone, disin-

tegrated ____ . _____________________ ___ __ __________________________________ . ____________________ __________ _ 

2. Soft fine-grained sandstone, with H eloOOs teeth at base ___ .......... . 
1. Blue soft sandy material, with wavy yellow stained bands con-

taining Chonopectus fischeri, above ................................................... . 

FEET 
10 

2 

4 
23h 

6 

Section on the east ban7c of a mi,lroad cut at the edge of the ~bpland, t717"ee miles 
north of Morning S~m (.After Udden). 

KINDERHOOK. FEET 
5. Disintegrated brownish magnesian limestone with Athyris in· 

crassaPus and Chonetes illinoisensis .................................................... 3 
4. Yellow weathered fine sandstone, with Edmondia burlingtonensis, 

Spirifer biplioart~ts, Chonopect~ls jischeri, Pwryphm·hync7t,W; stl-iato· 
costatum (var), Orthotetes Mweqll,alis ?, Chonll3tes sp., F enestella 
sp . . .. _ ... _ ............................................... _ ............... _ ................. ,.................... 3 

3. Fine blue sandstone, with few fossils .............................................. 10 
2. Fine·grained blue sandstone, with casts of Prod1bctus laevi· 

costat~ls, Pl·od~LCt~I'S cooperensis, AthYl·is corzyu,lenta, Orthotete8 
inaequaUs< i, and other lameJ.libranchs in abundance .................... 2 

1. Blue shale ... _ .... _ ........................................ __ ............................................. 1 

Kinderhook Sections in Long Creek Basin 

"Following Long creek west we find bed rock for the first 
time near the east line of sec. 13, Tp. 74 N., R. 5 W. From this 
point the exposures are almost continuous along the south fork 
for two miles, but have a limited vertical range. The Kinder
hook beds gradually disappear under the overlying limestones. 
The Buffington fork is rocky a mile from its mouth, and has a 
few scattered exposures farther west. The north or main 
branch runs through a valley in which the Burlington limestone 
is frequently exposed in the bluffs or on the · small tributaries. 
But with few exceptions these rocky cliffs are less than twenty 
feet in height. " 

Section on a small tributary of Long ereeTc, slTtlth of the U'nter of the SE. 14 of 
seo. 13, T. 74 N., R. 5 W. (After Udden). 

KINDERHOOK. FEET 
4. Brownish gray compact siliceous rock, possibly chrulrged locally 

from a dolomitic limestone by infiltration _......................................... 8 
3. Not exposed ........ ___ ____ . ___ .. _ .. ___ ._. _______ . __ .... _______________________ . __ . ___ . _________ .. ________ 2 
2. Blue soft :fine sandstOll1e, with Orthotetes inaequlJJlis, Chmwpectus 

fischeri, AviCYulopecten ca:oli, Produot~ts levicostus, Rhipidmnella 
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burlingtonensis, Macrodon eochlearris, Orthoeeras whitei, CO'YIllllaria 
(mioronema f), Edmo7liPia sp .............................................................. . 

1. Soft shale (seen farther east) ............................. _ ............................ . 
4 
T 
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Section in the wes·t bluff of Long oreek, south of t1/i{;} center of the NW. 14 of sec. 
13, T. 74 N., R. 5 W. (After Udden). 

~NDERHOOK. FEET 
5. Irregularly bedded, compact brown or gray dolomite; some bra· 

chiopods with a few crinoid fragments ............................................ 10 
4. Rather harder than that below, brown earthy stone ........................ 2 
3. Soft rather uniform bluish gray, light colored fine sandstone, 

with lamellibranchs and t eeth of H elodus near top ............. _....... 5 
2. Alternating layers of fine loose s~dstone ................................. :...... 5 
1. Green clayey shale ........................................................... _..................... 3 

Seotia'7/; om the west bamk of Long oreele one-fourth mile s011th of the mouth of 
Johnny creele, near the center of the south line of sec. 12, T. 74, R. 5 W. 

(After Udden). 
KINDERHOOK. FEET 

5. Gray compact limestone ............... _ ................ _ .............................. _..... 8 
4. Concealed .................................................................................................. 13 
3. Brownish gray gritty rock ................... :................................................ 3 
2. Blue soft fine sandstone, with casts of B ellerophon bilabiatus, 

Straparollus macromphalus, Spirifer s'tlbrot1mdatus, Orthooeras 
whitei, Glossites elliptica, Straparoll1ts sp., ]J[odiomorpha i sp., 
B ellerophon (two species) ..................................................... _............. 3 

1. Blue arenaceous soft rock, with shale below.................................... 12 

Sections on Clifton Creek and Iowa River 

"N orth of Long creek basin the drift rapidly increases in 
thjclmess and the bed rock js rarely exposed. It has been ob
served only in sections 22 and 27, Tp. 75 N., R. V. 'l-l., and in 

.and near the bluffs of the Iowa river in sections 16 and 17, Tp. 
76 N., R. V. W. At th~s latter place the blue Kinderhook shale 
is exposed in the bank of the river, rising some five · or SL,{ feet 
above the water for a distance of a few rods. It is covered by 
the shale and sandstone of the coal measures. Over most of 
this northern territory the Burlington limestone has been re
moved and the unprotected Kinderhook beds have been deeply 
eroded." 

Seotian in a tributary of Clifton oreek in the NE. 1,4 of the NE . 1,4 of seo. 27, 
T. 75 N., R. 5 W. (Afterr Udden). 

FEET 
7. Crinoida:I fossiliferous limestone, with chert seams (exposed far· 

ther up in the creek) .............................................................................. 10 
6. Concealed ................................................... _............................................. 4 , 
5. Chert of oolitic aspect, and with fragments of fossils .................. 14 
4. Yellow decayed limestone, with sparse crinoid joints ............... _... 2 
3. Chert of oolitic appearance, and containing small fragments of 

fossils ... _................................................................................................... lh 
2. Yellow disintegrated limestone, with scattered joints of crinoids, 

a Productus, and various gastropods ......... -..................................... lh 
1. Bluish gray arenaceous rock, with fish teeth near the top and 
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various gastropods; also A. thyris corpulenta, ProducPus I1UTti

rostra, Productella nwmmularis, Orthoceras iIooequalis, EdmQ11,dia 
burlingtQ11,en&i&, Eumetria altirostris, Porcellia. obliqwinoda, 
Grammy&ia plena, Bellerophon (undescr 7) and a Platyschisrma 4 

Correlation of the Kinderhook Beds of Lowisa Oownty 
Only the upper portion of the basal shale is exposed in this 

county though the lower beds have been penetrated by the drill 
at several localities. Its total thickness is reported to be as 
much as 180 feet. The sandstone bed above, which is correlated 
with the Ohonopectus . sandstone of the Kinderhook beds at 
Burlington, is very similar in character to the equivalent bed at 
Burlington and bears essentially the same fossils, though its 
thickness is less than half as great. 

Bed 3 of the Burlington section has not been recognized in 
any of the Kinderhook exposures of Louisa county. This is not 
surprising since it has a thickness of only eight inches at Bur
lington. 

Beds 4 and 5 of the Kinderhook at Burlington are present in 
Louisa county but are more attenuated and less typically de
veloped. For example, the lithographic limestone (bed 4)" 
which is ten feet thick at Burlington, is represented in this area 
by only three and one-half feet of brownish dolomitic limestone. 

The oOlitic limestone and the overlying brownish dolomitic 
limestone of the Louisa county sections are easily identified as 
beds 6 and 7 of the Burlington section. They have essentially 
the same development in the two areas. • 

Muscatine Oounty.-No strata of Kinderhook age are known 
positively to exist jn Muscatine county. However, the Sweet
land Creek beds of Udden31 which were referred by him to the 
Upper Devonian may possibly be an outlier of the basal Kinder
hook as suggested by Weller. 32 This deposit consists of interbed
ded dark shale, green shale and argillaceous magnesian lime
stone with a maximum thickness of about forty-eight feet. It is 
disconformable with Cedar Valley limestone of Devonian age 
below and with Pennsylvanian sandstone above. 

Udden38 lists the following fossils from the Sweetland Creek 
beds: 

31 Iowa Geol. SUl'vey, vol. IX, pp. 289-303; 1 898. 
82 Jour. Geol., vol. XVII, pp_ 273, 274; 1 909. 
liS Iowa Geol. Survey, vol. IX, p. 302; 1898. 



KINDERHOOK AT MAPLE HILL 

Lingula cf. melie Hall 
Lingula cf. nuda Hall 
Lingula subspatulata M. and W. 
Lingula sp. undet. 
Gastropod 
Spathiocaris emersoni Clarke 

Solenocaris strigata Meek ~ 
Ptyctqdus calceolus M. and W. 
Rhynchodus cf. ·excayatus Newb. 
Synthetodus 
Impressions of plants. 

71 

Weller34 calls attention to the fact that Ptyctodus calceolus 
occurs in beds known to be basal Kinderhook at several locali
ties in Missouri and that a Spathiocaris is represented both in 
the Upper Devonian black shale of southern Illinois and in a 
basal Kinderhook shale in southwestern Missouri. Further 
study of the Sweetland Creek beds by Dr. A. O. Thoma~ and 
the writer failed to bring to light additional species sufficiently 
diagnostic to fix thE' age of the formation more definit<~]y. ~rhe 

problem is the more difficult because there are no known expos
ures of the basal Kinderhook in southeastern Iowa which can 
be compared with the Sweetland Creek beds. 

Washington County.-The area underlain by the Kinderhook 
in Washington county is confined to its northeastern and ex
treme northern parts. The best exposures appear in the valley 
of English river, though occasional small outcrops occur along 
the tributaries of this stream and on Goose creek and Whiskey 
run. 

Probably the most compl~te section of the Kinderhook in this 
county is the exposure at Maple Mill on the south bank of Eng
lish river, a short distance south of the center of section 8 of 
Lime Creek township. This has been described by Bain35 as 
follows: 

Section of Kinderhook beds at Maple Mill (After Bain). 

FEET 
4. Limestone, ferruginous, arenaceous in places, fine 'grained, 

red, containing numerous casts of fossils, and with thin 
chert layers two to eight inches thick, also fossiliferou~..... . 10 

3. Sandstone. or gritstone, . very fine'grained, white to buff, 
very fossiliferous ................................................. _........................... 18 

2. Limestone, fine·grained, non·fossiliferous ........................... _....... 1/6 
1. Shale, argillaceous, dark blue to drab, almost black in places 12 

The "vriter's section of the Kinderhook at Maple Mill differs 
only in detail from that of Bain. 

S4 Jour. Geol.. vol. XVII. pp. 273, 274; 1909. 
35 Geololrr of Washington County. Iowa. Geol. Survey. vol. V. p. 127; 1896. 
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7. 
6. 

5. 

4. 

3. 

2. 

1. 
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Revised section of Kilnderhook beds at Maple Mill. 
FEET INCHES 

Drift ... _ .................................................................................. _ .... _....... 2 
Limestone, yellowish, dolomitic; speckled with darker patches 
in lower part; massive; with occasional bands of darker 
chert ............................................................................................ _ ........ 16 
Limestone, brownish, speckled, tough, dolomitic; of a ' darker 
color than bed above; in some places showing indications of 
obscure oolitic texture ... _ ...................... _ .......... _ .... _....................... 2 4 
Sandstone, ash·colored, fine· grained, shaly in middle part; 
grading gradually upward into the bed above ........................ 2 
Limestone, brownish to reddish; dense and tough when 
fresh but weathering to soft thin layers. No recognizable 
fossils found ....................... _............................................................... 1 8 
Sandstone, ash· colored, :fine-grained, soft, with molds and 
casts of fossi ls .................................................................................... 13 
Concealed to level of river .......................................................... 13 6 

It will be noted that beds 1 and 2 of Bain's section are novv 
concealed and that his bed number 3 is divided into three mem
bers (bed!s 2, 3, and 4) in the writer's section. The shale ex
posed at the time of Bain's visit was correlated by him with the 
basal shale (bed 1) of the Kinderhook section at Burlington, al
though he was not able to secure fossils to substantiate this cor
relation. This division of the Kinderhook has been designated by 
Bain the Maple Mill shale from the fact that it is well developed 
at this locality. He reports36 that the same shale outcrops along 
the bank of English river southeast of Kalona (Tp. 77 N., R. 7 
W., sec. 16) where it has an exposed thickness of twelve feet. 

The sandstone member of Bain's section (bed 3) was named 
by him, the English River gritstone, and was r egarded as the 
equivalent of the Chonopect~ts sandstone which occupies a simi
lar position above the basal shale at Burlington. The fauna of 
this member has been studied by Weller.37 In correlating it 
with the beds at Burlington he says: 

"This fauna of the English River Grit is essentially that of 
the Chonopectus bed at Burlington, but with certain modifica
tions. Chonopect~ts fisch eri, although present in the fauna, is 
not one of the most abundant species; in fact, although most of 
the species at Maple Mill can be identified with Burlington 
forms, many of those that are common at Burlington are rare 
on English river, and vice versa, rare species at Burlington are 
in several instances more common on English river." . 

The writer has little to add to the above correlations further 

36 Op. cit., p. 1 33. 
37 Jour. Geo!., vo!. 13, pp. 617 ff.; 1905 . 
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than to suggest that the Chonopectu8 sandstone of Burlington 
is represented only by the lower thirteen feet of Bain's bed 3, 
corresponding to bed 2 of the revised section. Following this 
interpretation, the thin dolomitic limestone member (bed 3) 
and the sandstone above (bed 4), represent the attenuated rep
resentatives of the "Lithographic limestone" (bed 4) and the 
upper sandstone (bed 5) of the Burlington section. The marked 
thinning of these beds in Louisa county is in conformity with 
this view. It must be admitted, however, that the faunas of the 
uppermost beds are not sufficient to ,make this correlation cer· 
tain. 

The fauna of bed 2 of the revised section at Maple Mill is as 
follows: 

IMt of fossils from bed e, Maple Mill section, Washington county, 

VERMES-
Scalarituba missouri6Ilsis Weller 

BRAcmoPoDA
Schellwienella , sp. 
Chonetes sp. 

Mytilarea oceidentalis (W. and W.) 
Ptcronites whitei (Win.) 
Leiopterla spinalata (Win.) 
Leiopteria sp. 
A viculopecten (two species) 
Pernopectcn cooperensis (Shum.) 
Goniophora jennae (Win.) 

OhI:mopootus :fi.seheri (N, and P.) 
Productella JlJu=ulal'is (Win.) 
Productella conc6Iltriea (Hall) 
Productus mesicostalis Weller 
Productus ovatus Hall 

SCAPHOPODA-

Dentalium grandaevum Win. 
GASTROPODA-

Productus arcuatus Hall 
Productus curtirostris Win. 
Schizophoria sp. . 
Pal'yphorhynchus transversum Weller 
Allorhynchus heteropsis (Win.) 7 
Spirifer biplicatus Hall 
Spirifer maplelhSis Weller 
Syringothyris extenuatus (Hall) 
Eumetria altirostris (White) 
Composita 7 corpulenta (Win.) 

PELECYPODA-

Poreellia obliquinoda White 
Murchisonia sp. 
Bellerophon bilabiatus W. and W. 
Bellerophon vinculatus W. and W. 
Bellerophon sp. 
Euphemus sp. 
Straparollllil a=o.n (W. and W.) 
Straparollus sp. 

Edmondia jejunis (Win.) 
Sphenotus iowensis (Win.) 
Sphenotus sp. 

Platyschisma barrisi (Win.) 
Naticopsis depressus Win. 
Strophostylus bivolve (W. and W.) 

CEPHALOPODA-

Gra=ysia plena Hall 
Grammysia amygdalinus (Win .) 
Palaeoneilo microdonta (Win.) 
ParallelodoJll cochlearis (Win.) 

Orthoceras whitei Win. 
Orthoceras heterocinctum Win. 
Phragmoeeras expansum Win. 

TRILOBITA
Phillip.sia , sp. ' 

The brownish dolomitic limestone (bed 3) has not yielded 
fossils sufficiently well preserved to be specifically identified, but 
a few species have been collected from the fine sandstone of bed 
4 above. T.hese are listed below. 
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List of fossils from bed 4, Maple Mill section, Washington county. 

BRAomOPODA
Schellwienella ~ sp. 
Chonetes. 

Syringothyris , sp. 
ReticuIaria cooperensis (Swallow) 
Nucleospira 'barrisi White 

Schizophoria chouteauensis Weller ~ 
Spirifer platynotus W eller 

PELEOYPODA-
Pernopecten cooperensis (Shum.) 

The brownish dolomitic limestone capping the section at 
Maple Mill represented by bed 4 of Bain's section and bed 6 of 
the reVised one is the topmost member of the Kinderhook in 
Washington county. This member attains its typical develop
ment at the old vVassonville mill one and one-half miles west () E 

the above described exposure. Hence the name Wassonville 
limestone as applied by Bain.38 

Section at Wassonville Mill. 
FEET INCHES 

15. Drift .............. ....... _____________________ _____ __ __ ___ . __ __ _____________ ______ ..... _ .. ____ . ___ __ .... __ 1 
14. Shale, brownish, dolomitic, much weathered _____ .. _____ _______ . ___ . __ . 2 
13. L imestone, soit, yellowish, dolomitic.; showing fine, close 

stratification on weathered surface; bearing a few silicified 
fragments of crinoid stems _____ ___ __ ______ . __________ _____ .. _____________ . __ _____ ._._ 5 6 

12. Chert, white, nonfossiliferous; in the form of lense~ and 
nodules _____________ ___ . _____ . __ . ___ . __ ___ _________ __ __________ ._ .. _. _______ . ____ ... _________ ___ . __ ._.. 3 

11. Limestone, buff, dolomitic, thin-bedded ______ . ____ . __ .. __ __ .. ___ . _____ .____ 6 
10. Band of soft white fossiliferous chert nodules ........ _._. _____ ..... 3 

9. Limestone, massive, yellowish, dolomitic __________ . _____ ____ ____ ._ ... __ ___ 3 6 
8. Band of soft white fossi liferous chert nodules __________ .__ _________ 3 
7. Limestone, massive, yellowish, dolomitic .... ___________ __ ___ _____ . ___ _ ._._.. 7 6 
6. Band of white fossiliferous chert nodules _____ ___ ______ . ______ ____ ___ ___ ___ . 3 
5. Limestone, soft, massive, yellowish, dolomitic ___ __ ... _ .... _ ...... ____ . 5 2 . 
4. Limestone, soft, massive, brownish, dolomitic _________ . _____ ._ .. ___ . ___ .... 2 6 
3. L imestone, tough, brownish, dolomitic, weathering int.o thin, 

nodular layer s . __ .. __ .. __ ____ __ _____ __________ _____ . __ .... __ .... __ ... ___ .. ____ ..... _____ ._. __ . __ .___ 2 
2. Sandstone, ash-colored, fine·grained; ·exposed ... _ .. _____ . _____ . _____ ____ . 4 8 
1. Concea~ed to level of water in river . _______ ______ ._. _____ ._. ___ . __ . __ __ .___ 5 3 

Beds 5 to 15 of the above section are exposed in a quarry 
back of the mill, while beds 1 to 4 are shown in the river bank 
just below. The dolomitic limestone layers are nearly barren of 
identifiable fossils, but certain of the nodular chert bands, espe
cially beds 8 and 10, . contain many excellently preserved speci
mens. The following fossils were collected from the cherts: 

List of fossils from beds 8 and 10 of Wassonville Mill section, Washington co'unty. 

BRAOHIOPODA- Spiriferina solidirostris White 
Schellwienella crenulicostata 
Chonetes logani N. and P. 
Chonetes multicosta Win. 

Weller Spirifer platy notus W eller 

P r oductus arcuatus H all 
Camarotoechia chouteauensis We·ller f 

38 I owa Geol. Survey, vol. V, p. 134; 1896. 

PELEOYPODA-
Sphenotus cylindricus (W:iu.) , 
Lcda sp. 
Parallelodon parvus (W. and W.) 
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A viculopecten sp. 
P elecypods (several undetermined 

species) 

Bucanopsis sp. 
Straparollus sp. 
Gastropods (several undetermined 

SCAPHOPODA-
Dentalium gram.daevum Wm. 

GASTROPODA
Bellerophon sp. 

species) 
CEPHALOPODA

Orthoceras sp. 

Another excellent exposure of the Wassonville limestone is 
shown in an abandoned quarry on the opposite side of the river 
at the head of the big bend (Tp. 77 N., R. 8 W., sec. 6, SE.1/4). 
The succession of beds at this place is indicated below. 

Section of Wassonville limestone at the head of the big bend. 

FEET INCHES 8. Drift ------ __________ . _________ _______________________________________________________ .. _. ________ ... __ 3 . 
7_ Limestone, brownish, dolomitic, soft ______ . __________________ .... _____________ .. 9 6 
.6_ Chert, in the form of a band of nodules . __ . ___________ .. _. _________ ... ___ 4 
5. Limestone, brownish yellow, dolomitic, massive ___ . ____ . ___________ . 7 
4. Chert, in the form of a band of nodules _____________________ . __________ . 3 
3. Limestone, yellowish, massive, dolomitic _______________ . ___________ ._________ 5 6 
2. Chert, in the form of a discontinuous band, slightly coarser-

grained than that in the bedS above ______________________________________ 2 
1. . Limestone, yellowish to brownish, m'<l.SSive, soft, dolomitic; 

bearing a few poorly preserved fossils similar to those in the chert just above. Exposed _________________________________________ .____________________ 2 

The Wassonville limestone is again ,veIl exposed in an aband
oned railway quarry three miles northeast of Wellman. BainslI 

describes this section as follows: 

"In the old Burlington, Cedar Rapids andN orthern railway 
quarry (Tp. 77 N., R. 8 W. Sec. 16) the limestone layers are ex
posed twenty feet thick, with the base twenty feet above the 
bridge on Smith creek. 'l'he stone is of the usual earthy mag
nesian character, and runs in ledges two to four feet thick, sep
arated by thin layers of chert. The Augusta (BUrlington) is 
reported to occur immediately above the top .' of the quarry, 
though it is not now exposed". 

The contact relations of the W assonville limestone with the 
overlying Burlington limestone are not certainly known, since 
no section showing the actual contact of the two formations is 
now exposed in the region. Bain40 refers to a possible contact 
section on Smith creek as follows: 

"Southeast of W elhnan the creek soon cuts through the 
Augusta into the Kinderhook. - In section 19 (Tp. 77 N., R. 8 

390p. cit., p. 133. 
40 Op. cit., p. 133. 
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W.) the latter was encountered in the base of a quarry on a 
level with the stream". 

At the time of the writer's visit in the summer of 1915, this 
section was no longer exposed. 

The correlation of the vVassonville limestone with the Kinder
hook at Burlington is attended with some difficulty, owing in 
part to lack of lithologic similarity and in part to faunal differ
ences. Thus, we hav~ at least thirty-five feet of yellowish 
cherty dolomite at the top of the Kinderhook in this region, 
while at Burlington the only bed which resembles this lithologic
ally is a zone five feet in thickness at the very top of the section 
(bed 7) . Again, there are many undescribed species of pelecy
pods and· gastropods in the Wassonville limestone which have 
not been found in the uppermost Kinderhook beds at Burling
ton. Upon the basis of the brachiopod faunas of the two re
gions, however, it is possible to say with a reasonable degree of 
certainty that the Wassonville represents beds 6 and 7, and pos
sibly part of bed 5, of the Burlington section. All of the brach
iopods of the Wassonville, with the exception of Spiriter platy
notus, which ranges from bed 2 to bed 7, at Burlington, are 
confined -to the three uppermost beds at the latter locality. 

The marked thinning of the lower members of the Kinderhook 
is continued from Louisa county into Washington. The extent 
of the attenuation of the basal shale in this region is not known, 
but evidently it is considerable, for a deep boring at Sigourney 
in Keokuk county, which borders Washington on the west, 
shows this member to be only 198 feet thick as compared to a 
thickness of 300 feet at Burlington. The sandstone above this 
(English River gritstone) is only a little more than one-half as 
thick as at Burlington, and the limestone and s;:tndstone beds 
directly above are much less than one-half as thick as their 
probable equivalents in the latter region. 

The higher members of the Kinderhook, on the other hand, 
are dii:ltinctly thicker in vVashington county than the beds of the 
same horizon both in Louisa county and at Burlington. It is 
safe to say that the Wassonville limestone is represented by not 
'more than ten to twelve feet of strata at Burlington. A thicken
ing of the higher limestone beds, which carry a Chouteau fauna, 
and a thinning of the lower clastic ones is a persistent feature 
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of the Kinderhook as it is traced from southeastern Iowa north
westward to the northern part of the state. 

The belt of Kinderhook rocks extending northwest from 
Washington county does not appear again at the surface, ex
cept for a small exposure in Iowa county, until Marshall and 
Tama counties are reached. 

Poweshiek County.-"\Vith reference to the Kinderhook of 
Poweshiek county Stookey41 says: 

"N 0 rocks of this stage appear at the surface in Poweshiek 
county. All that area where they form the country rock is cov
ered to a depth of from two hundred to four hundred feet with 
glacial deposits, through which the streams have nowhere cut. 
All that is positively known of rocks of this age in this county 
is obtained from the meager records of wells that have been 
sunk here and there into the rocks. 

The Grinnell wells show a body of limestone and shale more 
than three hundred fifty feet in thickness next below the drift 
that is regarded as chiefly representing this stage. Wells in the 
vicinity of Brooklyn penetrate similar deposits. In the north
west quarter of section 12, Bear Creek township, the Talbott 
and Thompson well shows the following as reported by W. W. 
Shannon of Brooklyn: 

FEET 
Pleistocene deposits ................ .......................................................... ..... ....... 355 
Shale .................................................................................................................. 175 
Limestone and shale (water) ...................................................................... 76 

In section 16, Bear Creek township, on the Newkirk farm the 
well is reported as follows : 

FEET 
Yellow and blue clay ................................................................... " '.'.'. ' .' ... '.' 350 
'Soapstone' .................................... ............................. ......... .............................. 75 
Limestone, honeycombed .............................................................................. 125 

The nearest surface exposure of Kinderhook rocks to the east 
is at Amana in Iowa county, near the Iowa river. Along the 
same river in Marshall and Tama counties to the north 'expos
ures are found that have been described in detail in the reports 
by Beyer and Savage. It is not possible to map accurately the 
limits of this terrane in Poweshiek county, but it is safe to say 
that the area to the north and east of the divide between the 
Iowa river basin and that of the North Skunk has as its country 
rock the Kinderhook deposits." 

n Iowa. Geol. Survey, TOI. XX, pp. 254, 255. 
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Iowa County.-The Kinderhook of Iowa county is described 
by Stookey42 as follows: 

"At Amana in the bank of Price creek is an exposure of lime
stone, the only one within the limits of the county. The area 
of exposure is limited to one or two square rods. The rock is 
brown to buff in . color, irregularly and thinly bedded, and 
cherty. Both the chert anrllimestone are fossiliferous. Spirifer 
biplicatus and two or three species of Productus are among the 
fossils. This is the only exposure of Kinderhook rocks in Iowa 
county. The discovery of rocks of this age so far to the east
ward is a matter of surprise, and carries the margin of the 
Kinderhook terrane much farther to the northeastward than 
was believed to be the case. It is a general law of outerop in 
Iowa that the margins of the terranes run in a northwest-south
east direction. It seems a proper inference that the rocks un
rlerlying the drift to the west and south belong to the Kinder
hook stage. 

Everywhere in the central and northwestern parts of the 
county the glacial deposits overlie a dark shale' of considerable 
thiclmess, evidently the upper member of the Kinderhook stage. 
This deposit is referred to by well drillers as 'soapstone', 
and is dreaded by them as it is barren of water, and often, ac
cording to their reports, as much as three hundred feet in 
thiclmess. In the southwest part of Benton county the drill 
strikes the same shale, though its thickness is not so great in 
that county." 

Jasper County.-Referring to the Kinderhook beds in this 
county, Williams43 says: 

"In Jasper county the area underlain by the Kinderhook 
rocks cannot be definitely outlined as these materials are deeply 
buried beneath the glacial deposits. The area outlined as 
Kinderhook on the map is determined by projecting the line of 
the strilre from outcrops in Marshall county." 

KINDERHOOK OF C:ENTRAL row A 

General statement.-The area underlain by the Kinderhook 
in this section of the state comprises roughly the eastern half 
of Marshall county, the whole of Tama county, with the excep
tion of a small triangular area in the extreme northeast corner 
which is underlain by the Devonian and the southwestern two-

&2 Iowa Geol. Survey. vol. XX. p. 167. 
&3 Iowa Geol. Survey, vol. XV, p . 809. 
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thirds of Grundy county, excepting a small area of Pennsylvan
ian in the western part. 

The KinderhoC?k of this area shows a marked variation both 
lithologically' and faunally from the series as it is developed 
elsewhere in the state, and this has rendered difficult the exact 
correlation of the beds. Owen,44 as a result of his study of the 
formations, referred the beds in question to the Subcarbonifer~ 
ous. Still later vVhitney45 described the deposits in this part of 
the state and referred them to the Carboniferous upon the b~sis 
of their fauna. In his Geology of Iowa, Volume II, page 312; 
1870, vVhite describes the exposures near LeGrand and refers 
the beds to the Kinderhook formation. Wachsmuth and 
Springer46 later devoted some space to the strata in this area 
in connection with their description of the munerous species of 
crinoids and blastoids from LeGrand, Iowa. 

More recent reports on the area are Beyer's Geology of Mar
shall county47 and Savage's Geology of Tama county.48 

The lower beds of the Kinderhook formation are not exposed 
in central Iowa, though we have some knowledge of their char
acter as a result of Norton's description of the cuttings of a 
deep well at Marshalltown which was published by Beyer.49 

The upper portion of the record is as follows: 

FEET 
Limestone, light gray, in fine sand, with many angular frauments 

of limpid quartz at 68 feet ______________________ __ ___ ______________ .. _ .. ___ .. ___ .. _______ 70 
Limestone, light yellow, compact, earthy lustre, three samples ________ 45 
Limestone, brown, crystalline, cherty at 115 feet ____________________ .________ 30 
Shale, soft, light green, calcareous ________ ___________ _________ ______ _______ __ __ ___________ 175 
Limestone , no samples (Devonian) ________________________________________ .. __ .. ______ 145 

It will be observed that the beds' above the iimestone identi
fied as Devonian are composed of 175 feet of shale, overlain by 
145 feet of limestone. The shale beds were referred provision
ally by Beyer to the basal Kinderhook and the writer has no 
reason to question this correlation. The overlying limestones 
belong to the formations designated as the LeGrand beds by 
Beyer because of their exposure in the quarries near the town 

44 Geological Survey Wisconsin , Iowa and Minnesota, pp. 98-102; 1852. 
4 5 Geology of Iowa, vol. I, pt. I, pp. 267, 268; 1858. 
~6 Geol. Survey Illinois, vol. VIII, pp. 155-20S; lSg0. 
47 Iowa Geol. Survey, vol. VII, pp. 197-262; 1897. 
48 Iowa Geol. Survey, vol. XIII, p . 213 ff.; 1903. 
49 Iowa Geol. Survey, vol. VII, pp. 211, 212; lS97. 
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of this name. It IS possible also that the Marshalltown shales 
of Beyer are represented in the upper part of the section. 

Marshall County.--The Kinderhook area of Marshall county 
occupies approximately its eastern half, the western part being 
underlain by the" Coal Measures." 

The most important exposures of the series in this county are 
in the quarries near LeGrand inthe northern part of LeGrand 
t0W11ship, though outcrops of lesser importance appear at Rock
ton in Marion township, and near Marshalltown in Linn town
ship. 

LEGRAND BEDS.-A number of years ago several quarries 
were worked a short distance north and northwest of LeGrand 
by the LeGrand Quarry Company. The sections are somewhat 
similar in all of these, but the succession is most complete and 
can be most satisfactorily studied in the two east quarries. Low
er beds are exposed in these than in any other outcrops in the 
county. 

The succession in the east quarry, north of Iowa river, in the 
extreme northwest corner of section 1 of LeGrand township, IS 

as follo"ys: 
Section in the east qUMry. 

FEET INCHES 
Drift ..................................................................................................... . 

6. Limestone, soft, buff, magnesian, much weathered; somewhat 
nodular; no fossils noted .............................................................. 2 

5. Limestone, brownish, sub crystalline to crinoidal; some layers 
in upper half slightly oolitic ........................................................ 12 5 

4. Limestone. gray, magnesian, weathering buff; upper part 
thin bedded; lower half more massive when fresh but weath· 
ering into thin layers; with a rather pm'sistent three inch 
chert band six and one·half feet below the top; interbedd,ed 
with a few seams and layers of brownish, crinoidal limestone 
ranging from oua inch to twelve inches in thickness; thin 
seams of oolitic limestone appear in the lower part of the 
upper four feet of the bed. With .some thin fossilj£erous 
seams ...................................................................................................... 9 8 

3. Limestooo, ash· colored to buff, magnesia!Il; subcrystaUine; 
cleaving into thin layers'; locally grading in part into brown· 
ish, crinoidal limestone; the main crinoid zone ; surface of 
layers in places showing faint ripple marks; with styJolytic 
seams ................................. _ ........................................................ _..... 5 

2. Limestone, buff to yellowish, magnesian; with nodular len· 
tils and discontinuous seams of dense gray chert weather· 
ing whitish; in upper part are two discontinuous seams of 
brownish crinoidal limestone which have a maximum thick· 
ness of one foot. The uppermost of these bears pebbles 
and angular fragments of limestone similar in charac.ter to 
that in the lay,er just below, but no certain evidence of 
a disconformity at this level is to be found ... _ ....................... 25 6 

1. Limestone, light gray, oolitic, very fossiliferous. Exposed...... 7 6 



ANTHOZOA
Zaphrentis sp. 

FOSSILS FROM LEGRAND BEDS 

lIist of fossils from bed 1 of east quarry. 

Dielasma sp. 
Camarotoechia sp. 

81' 

BR.ACHIOPODA-
Chonetes logani N. and P. 
Chonetes sp. 

Spirifer platynotus Weller 
Spirifer d. S. platynotus Weller 
Spirifer sp. 

Schellwienella inflata (W. and W.) 
Schellwienella pla.numbona 

W eller 
Schellwienella sp. 
Productus sp. 
Productella sp. 
Productella sp. 
RhipiiLomella sp. 

Syringothyris sp. 
Cliothyridina tenuilineata (Rowley) 
Composita opposita (W. and W.) 

GASTROPODA-
Straparollus obtusus (Hall) 

CEPHALOPODA-
Ortho,ceras sp. 

List of fossils fro7l1 bed 2 of east quarry. 

BR.ACHrOPODA-
Leptaena cf. L . analoga (Phillips) 
Chonetes multicosta Win. . 
Productella sp. 
Prodllctus ovatllS Hall 
Productus arcuatus Hall ~ 
Orthotetes ~ sp. 

Schuchertella ~ sp. 
Camarotoe,chia sp. 
Dielasma sp. 
Spirifer platy notus Weller 
Spirifer sp. 
Eumetria sp. 
Composita sp. 

List of fossils from bed 3 of east q~barry. 

BR.ACHIOPODA--
Orthotetes 1 sp. 
Productella i sp. 
Chonetes nmlticosta Win. 
Leptaena analoga (Phillips) 
Camarotoechia sp. 
Spirifer legraniLen~is Weller 
Spirifer calvini Weller 
Spirifer sp. 

Syringothyris ~ sp. 
Reticularia cf. R. cooperensis 

(Swallow) 
Composita sp. 

BRYOZOA-
Chaetetes . ~ sp. 
Rhombopora sp. 

GASTROPODA
Platyceras sp. 

Lisrt of fossils from bed 5 of east quar·ry. 

ANTHOZOA·
Zaphrentis sp. 

BR.ACHIOPODA
Productus sp. 
Productus sp. 
Orthotetes ~ sp. 
Rhipidomella sp. 
Composita sp. 

SpirifeTina solidirostris White 
Spirifer platynotus Weller 
Spirifer sp. 
Spirifer sp. 

BRYOZOA
Fenestella sp. 

CEPHALOPODA
Orthoceras sp. 

Lower layers were formerly exposed in this section. Thus 
Beyer50 reports a thickness of fifteen feet for the oolite beel 
(bed 1 of above section) and describes an underlying fine
grained bluish sandstone with an exposed thickness of ten feet. 

Collections were' made in the quarries south of the river from 
the same horizon as bed 5 of the preceding section. The forms 
have heen identified as follows: ' 

~O 10 ...... Geol . Survey, TO!. VII, p. 214; 1 697. 
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List of fossils from quarries south Of Iowa rilVer. 

ANTHOZOA
Zaphrentis sp. 

Delthyris clarksvillensis (Winchell) 
Spirifer platynotus Weller 
Spirifer sp. CRINOIDEA

Platycrinus sp. 
BRACHIOPODA

Orthotetes . ~ sp. 
Productus sp. 
Rhipidomella cf. R. dubia 
Camarotoechia sp. 
Spiriferina solidirostris White 
Spiriferina sp. 

Spirifer sp. 
Spirifer sp. 
Spirifer sp. 
Spirifer sp. 

(Hall) Spirifer , sp. 
Eumetria sp. 
Composita sp. 

GASTROPODA-
Spiriferina sp. Straparollus (two species) 

At the point where the Minneapolis and St. Louis railway 
crosses Timber creek, three and three-fourths miles west of Le
Grand, beds corresponding in age to those at the , top of ' the 
above described east quarry section are well exposed in an 
abandoned quarry. However, certain of the layers are much 
more oolitic here. 

Timber CI'eek section. 
FEET INCHES 

8. Drift .................................................................................................. .. 
7. Limestone, compact, gray, magnesian, weathering yellowish, 

thin bedded, nonfossiliferous; cherty in middle part .................. 6 6 
6. Limestone, brownish, medium·grained, slightly crinoid aI, 

thin bedded; with a median layer of compact gray m'<l,gne· 
sian limestone three inches thick ................................................ 2 0 

5. Limestone, brownish, rather coarse·grained, crinoidal, fossili· 
ferous; locally grading laterally into oolite ............................ 0 6 

4. Limestone, gray, oolitic, weathering to thin layers ................ 5 0 
3. Limestone, medium· grained, bluish when fresh but weather· 

ing brownish ........................................................................................ 0 6 
2. Limestone, bluish, compact, magnesian, weathering buff; with 

occasional seams of bluish unaltered limestone; rather. mas· 
sive ........................................................................................................ 7 0 

1. Limest0:':l~'. bluish when fresh but weathering to a gray 
color, oohtIe ........................................................................................ 4 0 

Collections were made from beds 1, 5, and 6. 

List of fos,~ils from bed 1 of Timber creek section. 

Camarotoechia ~ sp. 
Rhipidomella sp. 
Eumetria sp. 

Spirifer sp. 
Spirifer sp. 

List of fossils from beds 5 and 6 of Timb er cTflek section. 

Camarotoechia sp. 
Rhipidomella sp. 
Streptorhynchus sp. 
Spirifer sp . 

Cliothyridina sp. 
Composita sp: 
DC'ntalium grandaevum Win. 

. The latter beds are believed to represent a portion of bed 5 
of the east quarry section. 
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Beyer51 reports that the topmost beds at LeGrand are again 
exposed in the old quarries at Rockton near the central part of 
Marion township. The section there is described by him as 
follows: 

Seotion of L eGrand bed8 at Eaoleton (After B eyer) . 
FEET 

6. L oess and soil ....................... _ .. .. __ ............................................. 1·3 
5. T ill, yellow (I owan) ............................................ ......... .......... _........ . 2·4 
4. Till, reddish brown, sometimes blue below (Kansan)............ 0·3 
3. Limestone, brown, subcrystalline, rubbly .................................... 3·5 
2. Limestone, oolitic, heavy bedded ... _ .......... _ .... _ ................ _............. 5 
1. Limestone, gray·brown, beds thinner · and slightly a rgilla· 

ceous ... _ ............. ..................... _ ................ _............................................. 2 

The strata of the above described sections have been designat
ed the LeGrand beds by Beyer.52 The limestone above the basal 
oolite has yielded many species of Echinodermata in the Le
Grand area. These have been described by Wachsmuth and 
Springer, by Miller and Gurley and by Worthen . . The list fol
lows: 

List of eohinoderms desori.bed from the L eGra;nd beds. 

CYSTOIDEA-
Agelacrinus legrandensis Miller 

a.nd Gurley 
BLASTOIDEA-

Orophocrinus conicus W. ancl Sp. 
Orophocrinus fusiformis W. and Sp. 

ORrNOIDEA-
Rhodocrinus kirbyi W . and Sp. 
Rhodocrinus nanus M . and W . 
Rhodocrinus · watersianus W. and Sp. 
Me;gistocrinus nobilis W. and Sp. 
Batocrinus macbridei W. and Sp. 
Batocrinus poculum Miller and 

Gurley 
Aorocrinus i=aturus W. and Sp. 
Aorocrinus parvibasis W. and Sp. 
Cactocrinus ornatissimus yrr. and 
~. . 

Cactocrinus nodobrachiatus W . and 
Sp. 

Eutaxocrinus fletcheri Worthen 
Taxocrinus intermedius W. and Sp. 
Gamocrinus sculptilis Miller and 

Gurley 
Cyathocrinus marshallensis Worthen 
Poteriocrinus gcnista Miller and 

Gurley 
Poteriocrinus hammondi Miller and 

Gurley 
Poteriocrinus legrandensis Miller and 

Gurley 
Poteriocrinus maccabei Miller and 

Gurley 
P oteriocrinus maccabei var. deerep· 

itus Miller and Gurley 
. Poteriocrinus soopae Miller and 

Gurley 
Scaphiocrinus elegantulus W. and 

Sp. 
Scaphiocrinus globosus W. and Sp. 
Scaphiocrinus notatus Miller and 

Gurley 
Graphiocrinus longicirrifer W . and 

Sp. 

Cactocrinus . probo!<~.idialis (Hall) 
Cactocrinus amoldi W. and Sp. 
Platyc.r inus symmetricus W. and Sp. 
Platycrinus agassizi W. and Sp. 
Dichocrinus i nornat.us W. and Sp. 
Dichocrinus delicatus W. and Sp. 
Dichocrinus cinctus Miller and 

ECHINOIDEA-

Gurley 

510p. cit., p. 216. 
52 Idem, p. 221 ' ff. 

Archaeocidaris legrandensis Miller 
and Gurley 
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MARSHALLTOWN SHALEs.-Beyer53 reports the occurrence of 
about fifteen feet of argillo-calcareous beds, named by him the 
Marshalltown shales, above the LeGrand beds in an exposure 
near the flouring mills at Marshalltown. He describes them as 
follows : 

"They consist of ash blue to deep blue shales interbedded 
with argillaceous limestones. Chert nodules are present in the 
upper calcareous layers. .After diligent search no trace of or
ganic remains could be found." 

.At the time of the writer's visit these beds were largely con
c:ealed. Only three feet of soft browish dolomitic limestone 
0verlain by three feet of residual soil was exposed. 

Tama County.-Savage54 describes the Kinderhook of Tama 
county as follows : 

".As these rocks are exposed in Tama county they present 
three different facies . The lowest phase is a yello"v, fine
grained sandstone which bears but few fossils and which is 
seen in but a few of the outcrops in the area. Overlying this 
sandstone is a stratum of light colored, oolitic limestone which 
occurs in thick, massive layers. 'l'his phase is very fossilifer
ous throughout and is quite lmiformly developed and constantly 
present wherever in the county the rocks of this horizon are ex
posed. The upper phase is a brown magnesian limestone 
which in some layers changes to a yellowish brown, fine-grained 
sandstone. The layers of this upper phase carry quite a num
ber of fossils, usually in the form of casts or moulds. Near 
the upper part the magne.sian character gives way to thinly 
bedded limestone which, in the uppermost layers exposed, car
ries a ~arge quantity of the comminuted fragments of the stems 
of crinoids." 

These beds are the equivalent of the LeGrand beds of Mar
shall county. .A typical exposure of them a'Ppears in an old 
quarry near the east side of section 17, Indian Village township. 
The following description is after Savage. 

Section of Kindel'hook beds, section 17, Indian Village township (After Savag~). 

FEET INCHES 
14. Yellowish brown loess ................................... ................................... 2 
13. Brown cl '1Y containing numerou~ crystalline p ebbles .............. 6 
12. Bed of grayish brown, impure limestone which breaks up 

"3 Op. cit., pp. 214, 215 , 226. 
54 Iowa Geol. Survey, vol. XIII, p. 213 ff.; 1903 . 
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into narrow layers a nd irregular pieces when exposed to the 
action of the weather. F ossil s rare ............. ................................... 3 

11. Band composed largely of nodules of chert ....... _....................... 3 
10. Impure limestOlD.e, bmwn in color, with few fossils; species of 

Chonetes, Rhynchonella, and Spirifer were found ......... _............. 1 
9. B and of chert nodules .................. ............. ............................. .......... 3 
8. 'fhick , heavy layer of brown magnesian limestone containin.g 

casts of Chonetes and Rhynclwnella ... _......................................... 21 6 
7. L ayer composed mostly of nodules of cher t .................. _.......... 4 
6. L ayer of brown magnesian limestone with casts of Zaphren·· 

tis, Chonetes a11d Rhy'TIJChonella ..................................... _............... 10 
5. Brown limestone with numerous chert nodules intermingled, 

containing casts of a species of P1'od1;ctUS ... _ ........ __ .......... 10 
4. Massive layers of brown magnesian limestone in which there 

is a considerable quantity of sand .. _............ .................. ........ 4 8 
3. H eavy layer of oolite which weathers into small irregular 

blocks and bits, containing in abun dance ' Orthotctes C1"6nc 
istria, a species of Rhynchonella, Spirifer extenuatus, Spvrifer 
biplioatus and Stmpal/"ollus latus .................................................... 5 8 

2. Massive beds of oolite in two layers similar to number 3 
above and carrying similar fossils, the lower part somewhat 
talus covered ........ ....... ..... ........ ......... ............... ............... ............... .... 8 6 

1. Yellowish sandstone with some clay, containing f ew fossi ls ; 
not well exposed. 'fo level of road .......... ...................... .... .......... 8 

Numerous crinoids and fish r emains are reported to have 
been found by the quarrymen in the seams separating the layers 
of magnesian limestone. At the time C. A. vVhite visited this 
quarry in 1869 a greater thiclrness of yellow sandstone was ex
posed below the oolite bed. At present none of the sandstone 
outcrops. 

In another quarry situated near the southwest corner of sec
tion 8 of the same township a greater thickness of strata is pre
served above the oolite. Savage's description of this exposure 
is given below: 

E xposure in section 8, Indiarn, Village township (A fter Savage). 

FEET INCHES 
15. Gray, crinoid al limestone which weathers into thin pieces.... 1 
14, Crinoidal limestone., gray in color, with numerous fossil 

fragments .......................... ........................... ........... .. .......................... 8 
13. Fissile limestone in thin layer s, few f ossils .......................... .... 4 
12. Brown magnesian limestone with layer of chert nodules two 

inches in thickness at top ....................... _ .............................. " '.' 9 
11. Bed of r ather soft, friable sandstone, much water seamed 

and corutaining numerous chert nodules; fossils f ew...... .......... 7 
10. Arenaceo·magnesian limestone, fine·grained and quite hard, 

brown in color, layers 8 to 12 inches in t hickness, containing 
Clasts of a species of Chonetes, Productus, Rhynchonella and 
Spirife1' ............... _ .... _ .............. _ .......... _ ............................ _................. 4 

9. Bed of incoherent brown fine· grained sand ........................ 1 2 
8. Ba nd made up of chert nodules ................................................ 4 
7. Impure arenaceo·magnesian limestone, few fossils .................. 1 1 
6. Bed composed lar gely of nodules of. chert carrying a layer 

of sand 3 inches in thickness ........................................ .............. 1 
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5. Magnesian limestone containing some fine· grained yellow 
sand ....... _ ...................... _..................................................................... 1 8 

4. Bed similar to number 5 above .................................................... 1 6 
3. Layer of massive oolite w,eathering into small bits and bear· 

ing numer()us fossils, among which appear Orthotetes oreni-
.!'tria, Spirifer biplicatus, Spvl'·ifer cf. exte'TIIUatus, and Stmparol· 
Ius lat1b8 ... _ .................................. _....................................................... 7 

2. L ayer similar to number 3 above in lithological characters 
and fossils contents .................................... .... ..................... _ .... _...... 4 6 

1. Layer of light gray oolite similar to numbers 2 and 3 above 3 

At the "Devils Anvil", near the southeast corner of section 
7, Indian Village township, Savage measured the following sec
tion on the east side of the hill. 

Section at "Devils Anvil" (After Savage). 
FEET 

9. Reddish brown clay, containing numerous small pebbl€s 3 
8. Bed of crinoidal limestone which weathers into thin layers 

1 to 4 inches in thickness .......................................................... "" 7 
7. Layer of crinoidal limestone bearing a band of chert nodules 

near the middle ... _ .......................... _ ............................ _ .... _................. 2 
6. Bed made up of irregular layers of brown colored magnesian 

limestone 1 to 4 inches in thickness, and containing numerous 
nodules of chert 6 to 12 inches in long diameter and 3 to 6 
inches in the short direction. Casts of fossils not rare; 
among them appear species of Rhynchon;ella, Zaphrentis, Chonetes 
and Productus ............... _ .................... _ ............................ _................... 10 

5. Impure magnesian limestone, brown in color, containing but 
few fossils, and showing numerous cavities which appear to 
have been formed by the dissolving action of percolating 
waters ... _ ...................... _ .............. _ .. _ ................ _ ...................... _ .......... _. 4 

4. Bed of fine·grained brown colored sandstone in layers 9 to 
18 inches in thickness, a part of the lay'ers containing some 
magnesian limestone, and all of them bearing numerous chert 
nodules ..................................................... _............................................... 8 

3. Band of chert nodules on the surface of which appear casts 
of fossils, among them Orthotetes and Pro ductus .................. 1/3 

2. Bed of impure sandstoDe which appears massive in places and 
at other places weathers into irregular layers 2 to 4 inches 
in thickness ............................... _........................................................... ~ 

1. ' Bed of light gray oolite containing numerous fossil fragments 
among which are Orthotetes crcnistria, Spirit-err biplicatus, 
and Straparollus latus ... _ ...................... _ .......... _ .... _ .............. _ ........ _. 6 

The oolite bed at the base of the exposure is the same as that 
of the two preceding sections. The overlying layers have a 
greater thickness than elsewhere in the county. At the north 
end of the exposure there are several small bryozoan reefs in 
the upper four feet of bed 8. These reefs consist of compact 
gray limestone filled with bryozoans and flanked on the sides by 
brownish crinoidal limestone. I 

The reef limestone is structureless but weathers to irregular 
flakes. The reefs are roughly lenticular in shape and range in 
size from masses two to three feet long and one foot high to 
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others as milch as six feet long and two to three feet high. In 
some places there is a slight interfingering of the reef material 
with the limestone on the sides. 

The fauna of the reef zone is as follows: 

BLASTOIDEA-
Orophocrinus conicus w. and Sp. 

BRACHIOPODA-

BRYOZOA-
Leioclema. wachsmuthi Ulrich 
Rhombopora sp. 
Streblotrypa sp. Leptaena analoga (Phillips) 

Camaro toechia sp. 
Spirifer calvini Weller 

'l'aeniodictya cf. T. mmulosa var. 
burLingtonensis Ulrich 

Fenestella sp. Spirifer legrandf',tl sis W eller f 
Reticularia cooperensis (Swallow) U nc1eterminec1 (several species) 

Numerous other exposures of the oolite bed and the overlying 
layers of magnesian limestone appear along the sOilth bank of 
Iowa river northeast of LeGrand station and at several points 
along the bluffs of Sugar creek, a tributary from the north. 

Grundy County.-Regarding the Kinderhook of Grundy coun
ty, Arey55 says: 

"While there is little superficial demonstration of the fact 
within the limits of the county, there is no doubt that by far the 
greater portion of the eounty is underlain with rock of the 
Kinderhook series. As has been stated elsewhere already, the 
only actual rock exposures are on Wolf creek near Beaman and 
Conrad. At the latter place, an abandoned quarry gives the 
only opportunity for an examination of rock in place where a 
section can be secured." 

A section of the quarry at Conrad given by Beyer56 in his 
Hardin county report is as follows: 

Section of Kitnderhook beds at Conrad. 
FEET 

5. Drift (modified Kansan probably) ............................................ 5 
4. Limestone, residual, consists chiefly of cherty concretions imbed· 

ded in a matrix of greenish clay streaked and mQ.ttled with 
f erruginous ano marly material .......................................................... 3 

3. Limestone, slightly oolitic, composed essentially of a shelly 
breccia a.lIoost identical with No. 1 in the Eagle City section, 

2. Limestone, hard, subcrystalline, containing numerous brachiopod 
casts ... __ ___ . _____________________ _________ , _____ ... _____ .. _.0 __ __________ _____________ _______ ··___________ __ __ 2 

1. Limestone. typical oolite in heavy b eds ; a Straparollus and 
a turreted form of gastropod were noted, also numerous 
brachiopod casts .................................................................................. 5 

A number of species \vere collected from this exposure by the 
author, viz: 

~5 Iowa Geol. Survey. vol. XX. p. 77 ; 1910. 
5e Iowa Geol. Survey. vol. X. pp. 270·2 71. 
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Zaphrentis sp. 
Schellmenella inflata (W. and W.) 
Camarotoechia sp. 
Rhipidomella thiemei (White) , 
Dielasma ~ sp. 

Spirifer platy notus Weller 
Conocardium sp. 
Straparollus obtusus (Hall) 
Loxonema , 

Correlation of Kinderhook of Central Iowa 
The age of the shales overlying the Devonian limestone in 

central Iowa is not definitely known but they are believed to be
long to the Kinderhook. If they are Kinderhook they undoubt
edly belong to the middle or lower or both middle and lower 
portions of this formation as developed farther south as sug-
gested by the fauna of the overlying LeGrand beds. . 

The strata now known as the LeGrand beds in Tama and 
Marshall counties were correlated with the Kinderhook beds at 
Burlington, Iowa, by White.57 However, he believed that the 
middle part of the Burlington Kinderhook was not represented 
in this part of the state. The oolite bed (bed 6) at Burlington 
was regarded as the equivalent of the oolite bed near or at the 
base of the exposures in Tama county, while the underlying 
sandstone in this county was believed to be the equivalent of 
the basal shales (bed 1) in the southern section. He noted the 
similarity of the crinoidal limestones in the upper part of the 
LeGrand beds to the Burlington limestone in the type section 
but correlated them neyertheless with the topmost bed of the 
Kinderhook (bed 7) at Burlington. 

Wachsmuth and Springer58 in their report on the echinoderms 
from LeGrand agree that the lower part of the series belongs to 
the Kinderhook but remark that the occurrence of Cactocrinus 
proboscidialis, a characteristic lower Burlington fossil, in the 
topmost beds renders their correlation with that formation 
probable. 

At the time Beyer examined the beds he submitted a series of 
fossils, some of which were taken from the uppermost strata, to 
Professor Calvin, who found them all to be distinctly Kinder
hook in character. fi9 

Savage discusses the correlation of the beds in his report on 
the geology of Tama county.60 He points out the marked differ-

57 Geology of Iowa, vol. I, pp. 19.5-197; 1870. 
58 Geol. Surv. IlJinois, vol. VIII, pp. 55. 
59 Iowa Geol. Survey, vol. VII, p . 221 ; 1897. 
60 Iowa Geol. Survey, vol. XIII, p. 225 ff. ' 
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ence between the faunas of beds 6 and 7 at Burlington and 
those of the beds correlated with them by White but states that 
a larger proportion of the fossils of the oolite layers is similar 
to those found in bed 6 than to those of any other member of 
the Burlington section. -

Numerous collections were made from the LeGrand beds dur
ing the writer's field studies. The identification of these has 
strengthened the correlation of the formation with the upper
most beds of the Kinderhook at Burlington, though the presence 
of a large number of species, many of which are undescribed, 
in the northern section, which are absent from the beds at Bur
lington makes exact correlation difficult. Most of the brachio
pods specifically identified from the LeGrand beds, which are 
common to the two localities, are confined to beds 6 and 7 at 
Burlington though a few species range do,Vll into lower beds 
and an occasional one occurs in the Lower Burlington of the 
type section. . 

The crinoid element of the fauna is remarkable in that none 
of the species has been found in the Kinderhook elsewhere in 
Iowa. However, Cactocrinus proboscidialis occurs in the Low
er Burlington limestone_ Wachsmuth and Springer have de
scribed another species, Dichocrimts delicat~t8, as common to 
the Lower Burlington limestone at Burlington and the Kinder
hook beds of Marshall county. The exact horizon of the 
latter is not given but probably it came from the upper part of 
the LeGrand. 

The LeGrand beds are tentatively correlated with the Upper 
Kinderhook of southeastern Iowa. The uppermost layers at 
LeGrand very probably represent a transition , into the Lower 
Burlington limestone. 

The marked difference in thickness of the LeGrand beds as . 
compared to the Upper Kinderhook at Burlington is worthy of 
note. If we assume their equivalence we must explain this 
great, discrepancy in thickness as due either to more favorable 
conditions for the deposition of limestone in the northern area 
or to the presence of a dis conformity between the Kinderhook 
and Lower Burlington formations in southeastern Iowa_ Inas
much as a study of this contact over wide areas in Des Moines 
and Louisa counties has revealed no evidence of a break in sedi-
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mentation, the theory of original differences in deposition is 
favored. The continued thickening of the Kinderhook lime
stones north,vard fl'om 1'I~arshall county as indicated by the ex
posures in Hardin cOlmty also lends weight to this view. 

The age of the Marshalltown shales is not definitely known 
owing to the fact that their contact ,vith the LeGrand beds is 
not exposed and that no diagnostic fossils have as yet been col
lected fDom these strata. If the uppermost limestones of the 
LeGrand beds are regarded as transition layers between the 
Kinderhook and Lower Burlington formatioJ;ls then these shales 
may represent the near shore facies of the basal beds of the 
Lower Burlington. 

KINDERHOOK OF NORTH-OENTRAL IOWA 

General statement.-The Kinderhook has a much more wide
spread distribution in north-central Iowa than .in any other 
part of the state, but the beds are effectually concealed over a 
large part of the area by a thick mantle of glacial drift. Be
ginning at the southern part of this province we find that, to 
the best of our knowledge, the Kinderhook constitutes the sur
face rock in Hardin county in its extreme southeastern corner, 

- in its central part and in the northern part. It underlies small 
areas in the north-central part of Hamilton county and in the 
southwestern part of Butler county; the whole of Franklin 
county, with the exception of a small area occupied by the Lime 
Creek beds in the northeast corner; all of Wright county except 
small areas in the southeastern and southwestern parts; the 
northern half of Humboldt county; a very narrow linear area 
in the extreme eastern part of Pocahontas county; all of 
Kossuth county except the area occupied by the Cretaceous in 
the western and northwestern parts; the whole of Hancock 
eounty barring a . small area of Lime Creek in the northeast 
~~orner; and the greater part of Winnebago county. 

Prior to the present investigation the Kinderhook beds of 
this part of the state were imperfectly understood and it must 
be admitted that the exact character and extent of several of 
the formations is even now not definitely known, owing to the 
fact that the drift mantle is thick and the outcrops are few and 
usually small. 
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The Kinderhook of northern Iowa is somewhat related to that 
of the central part of the state but possesses little in common 
with that of southeastern Iowa. The thickness is approximately 
the same (350 feet), but lithologically and faunally the series is 
very different. The group is divided into six distinct forma
tions, upon the basis of individual exposures and the log of a 
well at Iowa Falls. 

The Alden limestone 
The Iowa Falls dolomite 
The Eagle City beds 
The Mayne Creek beds 

. The Chapin beds 
The Sheffield beds60> 

THE SHEFFIELD BEDs.-This basal member of the Kinderhook 
has a thickness, of about sixty feet. The main mass of the 
formation, representing approximately the lower two-thirds, 
consists of bluish plastic shale intercalated with which are thin 
layers of fine-grained sandstone and brownish impure lime
stone, but the upper third is more calcareous. It is brownjsh 
and dolomitic and locally bears a lenticular bed of gray ooljtic 
limestone which, at those localities where it is typically de
veloped, is a.bout six feet in thickness. Fossils are scarce and 
poorly preserved except in the upper part of the 'formation, 
where a few species with Chouteau affinities occur. 

It is possible that the lower shaly portion of the Sheffield 
beds will ultimately be referred to a distinct formation of either 
I(jnderhook or Upper Devonian age. The paucity of recogniz
able fossils in the lower shales and intercalated sandy layers 
renders their exact correlation impossible at present. However, 
the absence of any evidence of a disconformity between the:-;e 
strata and the fossiliferous layers above favors the reference of 
the entire succession to one formation. 

The formation takes its name from the town of Sheffield in 
northern Franklin county in the vicinity of which it is well ex
posed. 

TH}<; CHAPIN BEDs.-These have a thickness of perhaps twenty 
to thirty feet and consist of a massive limestone, the lower part 
of which is altered to dolomite at some localities, followed by 
fine-grained yellow sandstone. They are best exposed in a 
small quarry near the town of Chapin in Franklin county. At 

60- See footnote 76, page 116. 
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this locality the beds are very fossiliferous, having yielded 
about thirty-five species. 

THE MAYNE CREEK BEDS.-This formation consists chiefly of 
soft brownish dolomitic limestone, which at several horizons IS 
arenaceous. It has a thickness of about sixty-eight feet. Occa
sional chert nodules in the formation yield well preserved fos
sils. It is best exposed at a locality on Mayne creek in Geneva 
township of Franklin county. 

THE EAGLE CITY BEDS.-This division is made up of alternat
ing beds of brownish dolomite and gray limestone. Some of the 
linlestone beds are oolitic. It is best exposed in the banks of 
Iowa river at Eagle City in Hardin county and in the lower part 
of the gorge at Iowa Falls. The limestone horizons contain 
brachiopods of Upper Kinderhook age. Its thickness is seventy-
~fu~ . 

THE IOWA FALLS DOLOMITE.-This member is typically de
veloped in the gorge of Iowa river at Iowa Falls in Hardin 
county where it has a maximum thiclmess of not less than fifty 
feet. Its contact with the lmderlying formation is very undu
lating, but this is believed to have resulted from uneven dolomi
tization rather than from disconformity. The formation is 
heavily bedded, except at the very top where the layers are 
comparatively thin. It is brownish in color, and contains but 
few fossils. . 

THE ALDEN LIMESTONE.-This is a light gray thin-bedded 
slightly oolitic limestone which is well exposed at the town of 
Alden in Hardin county. It has a maximum exposed thickness 
of about thirty-two feet. The contained fossils are very poorly 
preserved and the exact age of the formation is open to ques
tion: It is referred tentatively to the Kinderhook. The contact 
of this formation w:ith the underlyihg dolomite has been ob
served at only one locality. This is at the old Ivanhoe quarries 
along Iowa river midway between Alden and Iowa Falls. It is 
there very irregular, and ther e is evidence of a distinct discon
formity between the two formations. 

Hardin County.-The greater part of the surface of Hardin 
county is underlain by Pennsylvanian strata, but the erosion of 
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these overlying deposits has brought the Kinderhook to the 
surface over small areas in the southeastern and central parts 
of the county, and over a broad area in its northern part. 

The most important exposures, by far, are along Iowa river 
between Alden and Eagle City. Indeed, the exposures between 
these two points furnish the most complete and representative 
section of the Kinderhook in the northern part of the state. 

So far as the writer is aware no strata older than the Eagle 
City formation are exposed within the limits of Hardin county. 
Our knowledge of the character and thickness of the lower beds 
of the Kinderhook in this region has been considerably en
hanced by the record of the city well at Iowa Falls. This well 
is located near the head of Rock Run gorge. The log of the 
strata passed through as given by Beyer61 is as follows: 

Log of well at Iowa Falls (After B eyer). 
THICKNESS 

FEET 
1. Drift and weathered ma.terial _____________________________ ________ ___ ___________ 50 
2_ Limestone, light gray; compact ___________ _______________ ________ ____ ________ 15 
3_ Limestone, brown, dolomitic, sub crystalline _______ ________ _______ 29 
4_ Limestone, gray-blue, magnesian, cleavage fragments of 

calcite not tmcommon; compact; grading downwal'd into 
a light colored and less magnesian limestone ________ __ __________ __ 16 

5_ Limestone, gray, semi-oolitic in texture ______________ ____ __________ __ 5 
6_ Limestone, gray-brown, dolomitic and porous; drillings of 

a gray compact limestone abundant ______ ______ ____ ___________ ____ ____ 11 
7_ Limestone, brown, dolomitic, with considerable light-

colored chert _________ _______ _______ ___ ___ _______ __ ________________________________________ 37 
8_ Dolomite, gray-brown ________________________________________________________________ 7 
9. Dolomite, yellowish brown, sugary ________ ___ ___ __ _____ ______ ____ ___ __ __ 7 

10_ Sandstone, gray-blue, shaly ______________________ __ __ ____ __ ___ ___ ______________ 7 
11_ Sandstone, white, friable and very fine-grained ______________ 10 
12_ Sandstone, gray, ' fine-grained and compact; slightly 

argillaceous and noncalc:lreous ______________________________ _______ _________ 14 
13_ Limestone, blut'-gray to yellowish gray, compact; slightly 

argillaceous and exhibits an almost 'earthy fracture ________ 6 
14_ Shale, plastic, even-textured, light gray-blue, and slightly 

calcareous above ________ ___ _______________ _______________ ____ __ ____________ __ ___________ __ 62 
15. Limestone, hard, compact (penetrated) __________________________________ 2 

DEPTH 
FEET 

50 
65 
94 

110 
115 

126 

163 
170 
177 
184 
194 

208 

214 

276 
278 

Bed 15 of this section is believed to represent Devonian lime
stone; bed 14, the Sheffield shale; beds 13 and 12, the Chapin 
formation; beds 11 to 7, the Mayne Creek formation; and beds 
6 to 2, the Eagle City formation. 

THE EAGLE CITY BEDs.-The outcrops of this formation 
in Hardin country are confined to the valley of Iowa river, the 

61 Iowa Geol. Survey, vol. X, p. 265. 
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most complete exposure of the formation being at Eagle City in 
the extreme southwestern corner of Aetna township. At the 
east end of the bridge over Iowa river at this place, the follow
ing section is shown in an abandoned quarry: 

Section of Eagle City formaticm at Eagle City. 
FEET INCHES 

5. Drift ......................................................................... _........................... 5 
4. Dolomite, thin·bedded at top but more massive below, brown-

ish, soft ............................................................... _ ......... ___ .... _ .......... _. 25 
3. Limestone, gray, oolitic, compact ................ ... _............................. 1 4 
2. Dolomite, yellow to brownish, thin-bedded, soft .................... 2 10 
1. Limestone, gray, oolitic ......................................................... _ ...... 4 

All of these beds are distinctly lower than any observed at 
Iowa Falls. The fossils collected from bed 1 are as follows: 

List of fossils from bed 1 of the bridge section at Eagle City. 

BBAcmoPoDA- Eumetria cf. E. verneuiliana (Hall) 
Leptaena analoga (Phillips) BRYOZOA-
Orthotetes ( ~) several species Chaetetes , sp. 
Schellwienella inflata (W. and W.) , Rhombopom ' sp. 
Productus sp. :E1enestella sp. 
Dielasma f sp. GASTROPODA-
Spirifer cf. S. legrandensis Weller Orthonychia sp. 
Reticularia cooperensis (Swallow) Straparollus ~ sp. 

The following species were collected from bed 3: 

List of fossils from bed 9 of the bridge section. at Eagle City. 

Productus ovatus Hall 
Orthotetes ~ sp. 

Camarotoechia chouteauensis 
Weller 

Spirifer cf. S. legrandensis Weller 

Bed 4 yielded the fossils listed below: 

List of fossils f1'om bed 4 of the bridge seotion at Eagle City. 

Leptaena analoga (Phillips) 
Schellwienella (several species) 
Camal'otoechia sp. 
Schizophoria sp. 
Spirifel'in,a subtexta, White ~ 

Spirifer cf, S, legrandensis Weller 
Spirifer sp. 
Reticularia cooperensis (Swallow) 
Bryozoan sp, 

A few rods upstream from the above described quarry, iowel' 
beds are exposed in the river bank, viz: 

FEET 
Limestone ( No. 1 of above section) ... _............................................... 2 'h 
Dolomite, soft, yelJowish ................................................... ................... 12 
Limestone, dense, lithographic, th:i:nJJy and irregularly bedded. 

Exposed. above wa tel' ................ ........................... ~......... .................. 1 
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. Regarding the Kinderhook exposures along Iowa river below 
Eagle City, Beyer62 has this to say: 

"Beyond Eagle City the beds disappear rapidly, and the sur
face outcrops ~f the I~inderhook beds are almost entirely ob
scured by glaCIal debns and coal measure talus. At Hardin 
City, Steamboat Rock, and at one or two points betweelJ. num-

. !Jer 4 of the Eagle City section is visible and rises some' SL'l: or 
eight feet above the water level. In all cases it is greatly 
weathered and shattered, making its identity difficult to estab
lish. Between Steamboat Rock and Eldora, the Lower Carbon
iferous passes entirely below the stream channel, but rises again 
immediately south of the wagon road bridge at Eldora. Going 
down stream from the Eldora bridge, a weathered dolomite ap
pears in the stream bed and also in the right bank about sixty 
rods below the road crossing. The ledges rise eight feet above 
the water and appear to be identical, both lithologically and 
faunally, with the upper member at Iowa Falls.63 Straparollus 
casts and a cystophylloid coral were found. These beds appear 
more or less interruptedly from this 'Point to Union, forming
low benches on one or both sides of the river. At Xenia and 
agajn between Gifford and Union, the white limestone member 
is visible. The maximum eX'Posure is south of Gifford, near a 
small stream which enters the Iowa from the west. The beds 
exposed to view are: 

S eotion o{ KVnderhook beds south of Gifford (.4tter B eyer). 

FEET 
4. Drift and wash ............. _ .... _ .................. _ ...................... _ .... _................. 0-3 
3. Limeston:e, light gray; white when weathered ... _ ............ : ....... _..... 0-3 
2. Dolomite, yellowish brown, much shattered and unevenly bedded 6-8 
1. Dolomite, red·brown, heavy, but unevenly bedded, exposed............ 4-6 

Numbers 1 and 2 are, in a sense, complementary. Where one 
thins the other thickens, and the two aggregate twelve feet ex
posed. Not the slightest trace of organic r emains could be 
found. Southward and southeastward the beds are cut out with
in one hundred yards by the coal measure shales, only to come 
into view again a quarter of a mile down the branch on the 
terrace of the Iowa." 

Other exposures of brownish dolomitic limestone of Eagle 
City age appear at intervals in the banks of Iowa river above 
Eagle City all the way to Iowa F 'alls. 

N ear the east line of the northwest quarter of section 20, 

62 Iowa Geol. Survey, vol. X, p. 269·270. 
63 In the writer's opinion tJJ.ese beds are probably older than the upper beds at Iowa Falls. 

They may be correlated tentatively with the Eagle City. 
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Hardin township, at the mouth of a small creek in the north 
bank and near the point where the river turns south, twenty-two 
feet of thinly and irregularly bedded yellowish dolomite out
crops. The rock evidently was once an oolitic limestone, in part 
at least, as indicated by the fact that small remnants of imper
fectly dolomitized gray oolite were observed in the dolomite. 
No fossils were noted here. 

One-half mile above this point in the southeast orie-fourth of 
the southeast quarter of section 18, Hardin township, another 
good exposure of these beds is afforded in the quarry of the 
Ells'worth Stone Company. 

Seotion in the quarry of the Ellsworth Stone Company. 

FEET 
6. Drift ..................... _ .... _......................................................................... 2- 3 

low A FALLS DOLOMITE. 
5. Dolomite, soft, brownish, thin-bedded above but massive 

b elow. Resting on the irregular surface of the bed bp.low. 
A two foot zone five feet below the top is rich in ~i.mple 
comJs, and bears numerous specimens, of Straparollus obt~£sus. 
The dolomite is granular and slightly v esicular. Probably 
formed by the alteration of a medium·grained lime~tone. 
'l'hin shaly scams occur in the basal part ............................... .... 20 

EAGLE CITY B"tDS. 
4. Limestone, gray, oolitic, more compact and in thicker layers 

than in bluff at Iowa Falls. The upper part is locally dolo· 
mitizec1 allddJiscolorec1 yel10wish .................................................... 3- 5 

3. Limestone, light gray, lithographic, the upper three and 
one·half feet interbedded with layers anc1 discontinuous 
seams of coarser dark gray c1olo,mite .... :. ........................................ 12 

2. Dolomite, fine· grained, soft, gray weathering yellowish, 
rather thinly b edded . With many small pockets and seams 
of calcite. In some places parts of the bed are filled with 
masses and streaks of pyrite, which in some instances is asso· 
ciated with the calcite ____ ..... _._ ....... _ ..... .. .............. ... __ ........ "'_"'_'_'" 6 

1. Dolomite, clark gray when fresh, cdnse, massive. :r~xposed .. __ 7 

Beds 1 to 4 of this section are referred to 'the Eagle City, but 
probably they represent a higher horizon of that formation 
than is represented at the type locality described above. Bed!)~ 
on the other hand, belongs to the lower part of the Iowa Falls 
dolomite. The contact of this formation with the limestone be
low is undulating in such a way as to suggest a dis conformity 
at this level, but the phenomenon probably is due to uneven 
dolomitization, in which case it should be classed as a pseudo
disconformity. 

Another excellent opportunity for. studying the Kinderhook is 
furni shed in the gorge of Iowa river below the dam at Iowa 
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]'alls, two miles above the Ellsworth quarry. The river has cut 
through an anticlinal flexure here, exposing in the ' west bank 
about seventy feet of strata, the lower twenty-five feet of which 
belongs to the Eagle City. The section is as -follows: 

Section in gorge at Iowa Falls 
IOWA FALLS DOLOMITE. FEET 

6. Dolomite, yellowish to brownish, massive below but thin-bedded 
at the top; slightly vesicular. The lower beds tendin.g to 
recede in the cliff. Contact with bed below very undulating, 
as a result of uneven dolomitization ____ .... ______________ .. _________________ 44 

EAGLE CITY FORMATION. 
5_ Limestone, gray, lithographic, contact with bed above wavy 

owing to dolomitization along an irregular line; bearing 
Camal-o-toechia sl!bglobosa _______ ___________________________________________ __ _________________ 21h 

4. Limestone, dark gray, dolomitic, in a single layer with regular 
contacts ____ _________________ _________ ________ __________ ____ ________ __ ___ _______ ___ __ __ _________ ._____________ 1 

3. Limestone, gray, compact, faintly oolitic below but distinctly 
so -above. Flaking off parallel to surface of bluff. This and 
bed above receding _____ ._________________ _____ __ __________ ___________ __ ___________ __ ________ 6 

2_ ~estone, gray, lithographic, in thin layers but in places 
assuming a massive appearance. No fossils no-ted. With 
layers of darker gray dolomitic limestone interbedded at the 
top. Weathering whitish _: _______________ .___________ __ _________________ _________________ 10 

1. Limestone, dark gray, dolomitic, dense, brittle; in laye of 
medium thiclmess. Exposed _____ ___ ______________ ___ _______________________ ___ ___ _______ 21h 

At the dam, bed 5 is seven feet thick and is not dolomitized. 
Further down stream it thins abruptly and is dolomitized local
ly. 

Bed 3 of the above section contains occasional fossils, several 
of which are undescribed. A list of those collected is given be
low: 

List of fossils from Eagle City formation at Iowa Falls. 

Syringopol'a ~ sp. 
Camarotoechia subglobosa Weller 
Camarotoechia sp. 
Eumetria sp_ 
Conocardium sp. 

Schizodus (sevel1al species) 
Pelecypods (several unde termined 

species) 
Stl'a,parollus obtusus (Hall ) 

THE IOWA FALLS DOLOMITE.-This division of the Kinderhook 
attains its typical development only in the vicinity of Iowa 
Falls where it caps the section in the west bank of the gorge of 
Iowa river at the point where it cuts through the anticline. The 
character of the formation in this exposure has been considered 
in the above-described section. In general it consists of yellow
ish to brownish slightly vesicular beds of dolomite, massive in 
the lower part, but thin-bedded at the top. The lower beds at 
many places recede slightly in the cliff. 

{ 
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At a point in the west bank about one hundred yards below 
the axis of the anticline, this dolomite may be seen in irregular 
contact with the Eagle City formation. It has her(3 a thickness 
of forty-four feet, but higher beds undoubtedly have been erod
ed. The upper six feet is thin-bedded. 

A good exposure of this member also appears a short dis
tance upstream in the cliff at the west end of the Washington 
street bridge. It has an exposed thickness of forty-four feet 
six inches at this point, the contact with the lower beds being 
situated two or three feet below the water level. The upper 
five feet is thin-bedded. 

In Wild Cat Glen, on the west side of the river, not far from 
the last mentioned exposure, the thin-bedded member at the top 
of the Iowa Falls is eight feet six inches thick, and bears a 
number of fossils in the form of molds. These are listed below: 

• IMt of fossils from Iowa Falls dolomite at Wild Cat Glen. 

ANTHOZOA
Zaphrentis sp. 

Spirifer sp. 
Ambocoelia sp. 

BR.ACmOPODA-
Orthotetes ~ sp. 

Centron.elloidea rowleyi (WQrthen) 
Athvris crassicardinalis White f 

Dielasma sp. GASTROPODA-:-
(Miller) Orthonychia 81" Camarotoechia: d . O. tuta 

Camarotoechia f sp. 
Spiriferina solidirostris White 

Ho~opea subc.onica Win. f 

Approxiroately one and one-half miles west of the gorge sec
tions, the Iowa Falls dolomite is again well exposed in a high 
cliff on the solith side of Iowa river in the northwest quarter of 
section 14, Hardin township. The following succession was 
measured: 

Sectio'TIJ of Iowa Falls dolomite in Hardin township. 
FEET 

4. Drift ............. _ ............................................... ______ ... __ __ ______ . ____ . __ .. _. ____ . __ . __ 
3. Dolomite, thi.n-bedded, brownish . ___ ___ ___ .... _______ _____ _____________ .. ___ .. ___ ___ .. 9 
2. Dolomite, brownish, massive, soft, showing concretionary 

structure _______ .. ______ ___ . __ _ .. _ .. _____ .. _ ... _. ___ ... ___ .... __ .... _____ ___ __ ___ _____ __ . ____ _______ . __ .. _ 26 
1. Dolomite, soft, brownish, thin· bedded with thin disCOO1t:inJuOUS 

bands of chert. Exposed . ___ .. __ __ .. _______ ... ____ .. _ .... __ _____ .. _ ... _ ... __ ...... _..... 10 

Three hundred yards up stream, in the opposite bank, Des 
Moines shales and sandstones ' replace these beds of dolomite. 
They appear to r est on the irregular surface of bed 1 of tho 
preceding section and to extend down almost to the water level 
in places. They doubtless fill an old channel cut into the dolo
mite in pre-Pennsylvanian time. 
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One-half mile southwest of this point a small exposure of the 
Iowa Falls dolomite appears at the east end of the railroad 
bridge, a short distance . south of the center of section 15 of 
Hardin township. It consists of fifteen feet of brownish dolo
mite in the form of thin even layers in the basal part, massive 
beds in the middle, and thin, nodular layers at the top. No 
fossils were found. 

Sixty rods above the railroad bridge in the southwest quarter 
of section 15, the Iowa Falls dolomite may be seen . in discon
formable relation with the Alden limestone. The contact line is 
very uneven and: undulating. At the south end of the exposure 
it is at places below the level of the water of the river and at 
other places is above that level. Toward the north end it rises. 
The maximum exposed thickness of the dolomite is SL,{ feet. It 
is thin-bedded and nodular in places, and tends to recede in the 
low bluff. The overlying gray slightly otlitic .A1den limestone 
has a maximum exposed thickness of eighteen feet. Lenticular 
masses of shale, some of which are of large size, appear here 
and there along the contact. 

Another excellent contact section of the Iowa Falls dolomite 
with the Alden limestone is shown a short distance upstream ill 
the old Ivanhoe quarries. This exposure is described under the 
discussion of the Alden limestone. 

THE ALDEN LIMESTONE.-This member of the Kinderhook is 
typically exposed in the south bank of Iowa river just below the 
wagon bridge at the town of Alden in Alden township. It con
sists of light gray, slightly oolitic, subcrystalline limestone in 
thin layers which locally are cross-bedded. Many of the layers 
are less than one inch in thickness, and layers exceeding three 
inches are rare. The total thickness of beds exposed in this sec
tion is about seventeen feet . Careful search was made for 
fossils, but no identifiable specimens were found. 

A second exposure of the Alden limestone of considerable in
terest is found in the quarry of the Hale Roberts Stone Com
pany, just northeast of Alden between the wagon road and the 
Chicago and North Western railway in the southeast quarter of 
section 18, Alden township. This shows lower layers than are 
exposed in the river bank at Alden. About thirty-two feet of 
limestone is exposed, of which the upper half is like that ex-
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posed along the river. It is light gray in color, thin-bedded aml 
slightly oolitic. The lower part is a darker gray when fresh 
and some is slightly bluish. It is in thicker layers and is less 
oolitic than that above and evidence of cross-bedding is shown 
at several horizons. Some of the layers near the bottom are as 
much as a foot in thickness. Occasional fissures, widened by 
solution, have been filled with clay. One set of these trends 
nearly north-south and another set nearly east-west. The drift 
at the top. is thin, usually being only a foot or two in thickness. 

At the old Ivanhoe quarries in the southeast quarter of sec
tion 16 of Alden township, this formation is shown in contact 
with the Iowa Falls dolomite. The section at that place is as 
follows: 

Section in Ivanhoe quarries. 

2. Limestone, light gray, faintly oolitic, some layers slightly 
crinoidal, especially in the lower part. The upper half weath· 
ers to thin layers, but the lower part is more massive and 
tends to show a darker tint when fresh. Locally slightly 
mashed and showing slickensided structure along small irregu· 

FEET 

lar fract.ures ............................................................................................ 18 
1. Dolomite, brownish, cavernous and vesicular; in places concre· 

tionary; contact with bed above very irregular and undulating, 
locally marked by lenses of fine sandstone and shale one foot 
or more in thickness. Some of these beal' small fragml'.nts of 
carbonized wood. Exposed ................................................................ 6 

Bed 1 of this section represents the Iowa Falls dolomite. Bed 
2 is the Alden limestone which was formerly quarried. No 
fossils sufficiently well preserved to be identified were found. 

In the northwest quarter of section 2, Tipton township, a 
limestone similar to the Alden in lithologic character outcrops 
on the west bank of the South Fork of Iowa river just below the 
wagon bridge. Four feet of slightly mashed gray medium
grained limestone, some layers of which are finely crinoidal, is 
exposed here. No fossils were found. 

Franklin County.-·With the exception of a small area in its 
extreme northeastern part where the Upper Devonian forms the 
surface rock, the Kinderhook underlies the whole of Franklin 
county. In the western part of the county it is buried by Wis
consin drift, but to the east, beyond the border of this drift 
sheet, it is exposed at many localities in the banks of the larger 
streams. 
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The Kinderhook of this area comprises the three basal forma
tions : the Sheffield beds, the Chapin beds and the Mayne Creek 
formation. 

THE SHEFFIELD BEDs.--The lower part of this member is well 
exposed in a clay pit at the brick plant one-half mile south of 
the town of Sheffield, near the center of section 9, Ross town
ship. The section at this point as described by Williams64 is as 
follows : . 

Seotwn of Sheffield beds in Ross township (After Willia'T/.s). 

3. Shale, buff to yellow, slightly magn esian, containing irregular 
concretions of lime carbonate and thin bands of lime!ttone at 

FEET 

top; nonfossiliferous .___________ ___ _____ ________ ______________ ______ __ ________________________ 3 
2. Shale, yellow, pink to :red, plastic____________________________________________________ 6 
1. Shale, nonfossiliferous, phlstic, blue, with some carbonaceous 

matter and occasional thin seams of selenite _______ ___ ______________________ 6 

A well drilled at the plant encountered firm limestone (Upper 
Devonian ~ ) about twenty feet below the bottom of the pit. 
Williams refers the shale in this exposure to the Hackberry 
shale member of the Upper Devonian, and it is so represented 
on his geological map of Franklin county. But its correlation 
with similar bodies of shale exposed in the eastern part of the 
county and referred to the Kinderhook appears to the writer to 
be the more reasonable one. Unfortunately the shaly character 
of the basal Kinderhook in this region has caused its contact 
relations with the Upper Devonian to be obscured. . 

The greatest exposed thickness of the Sheffield shale observed 
in Franldin county is shown about three-fourths mile southeast 
of the clay pit mentioned above, in the south bank of Bailey 
creek just east of the road along the west side of section 10, 
Ross township, and in a road cut above. 

Forty-four feet of argillaceous shale, gray when dry but blu
ish when wet and containing thin bands and flakes of brownish 
dolomitic limestone in the lower part, is present in the bluff. In 
the road cut near the top of the bluff this is overlain conform
ably by twelve feet of soft brownish dolomitic shale which bears 
the following fossils: 

Orthotetes , sp. Spirifer sp. 
Camarotoechia chouteauensis W eller CliOithyridina prouti (Swallow) 

64 Geology of Franklin County, Iowa Gaol. Survey, vol. XVI, p. 478 _ 
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This assemblage of fossils is characteristic of the topmost 
member of the Sheffeld shale wherever it outcrop~ in northern 
Iowa. 

The work of Prof. A. O. Thomas has shown the presence of 
an outlier of the Sheffield formation in sections 7, 8, 17, and 18 
of West ]fork township which had been mapped previously by 
Williams as Upper Devonian. The total thickness of the forma
tion in this region, according to Thomas, who has studied cer
tain well records, is sixty feet. Along the north-south ro'ad near 
the northeast corner of section 17 , West Fork township, a good 
opportunity is afforded for studying these beds. 

Section of Sheffield beils, section 17, West Fork township. 
FEET 

3. Drift ........................................................... _............................................. 11 
2. Shale, brownish and dolomitic in upper part, but ,gray and 

slightly gritty below. A thin seam of chert eleven f eet below 
the top bears Cliothyridina, prouti, Praductus bl/lli,ri, Co.ma7·otoe· 
chio. chouteauensis, and a Spirifer resembling Spirifer whitneyi 16 '1 

1. Shale, bluish, argillaceous, no fossils noted ..................... :................ 2,2 

The fossils of bed 2 are characteristic of the upper fossilifer
ous part of the Sheffield. 

In an abandoned quarry in the southeast quarter of section 7, 
higher beds of the Sheffield are exposed. The section here is as 
follows: 

Section of Sheffield beds, section 7, w,est Fork township. 
FEET 

3. Drift ............................................................................................... _......... Ilh 
2. Shale, dolomitic, yellowish, thin· bedded ; bearing thin flakes of 

chert .......................................................................................................... 2 
1. Limestone, gray, in thim: layers filled with fragments of 

brachiopods, crinoids, and other fossils, Locally cross·bedded 
on a small scale. Many fragments of fossils are silicified and 
stand in relief on weathered surfaces. Exposed .......................... 4 

The following fossils were collected from beds 1 and 2 : 

Productus blairi Miller , 
Camarotoechia sp. 
Spirifer sp. (similar to S. whitneyi) 

Cliothyridina prouti (Swallow) 
Eumetria 'I sp. 

About twenty rods south of this quarry along the east-west 
road on the north line of the northeast quarter of section 18, a 
small outcrop shows several feet of bluish argillaceou~ shale 
overlain by one foot of thin-bedded limestone rich in fragments 
of crinoids. This limestone bed is at a level twenty-seven feet 
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below the quarry described above. 
collected from it: ' 

The following fossils were 

Camarotoechia ~ sp, Productus sp. 
Camarotoechia ,sp. Spirifer sp. (resembles S. whitneyi) 

The upper fossiliferous beds of the Sheffield, including the 
oolitic limestone member, are again well exposed in an aband
oned quarry located near the middle of the north line of sec
tion 14 of Geneva township. The section is described below. 

Seotion of Sheffield beds, ,section 14, Geneva township. 
FEET 

4, So'il ........................................................................... _ ....... :......................... 1-2 
3. Dolomite, yellowish, soft, thin·bedded, much w,eathered, earthy, 

stratification very imperfect ................................................................ 5 
2, Dolomite, yello~vish brown, massive when fI'esh but weathering 

to thin layers. Lower part filled with silicified fossils ................ 2% 
1. Limestone, gray to pinkish, oolitic, massive when fre~h; ' cut 

by very even vertical joints with remarkably flat surfaces............ 61h 

On the opposite side of a· small valley at this place there is a 
change in profile at a level about one foot below the hottom of 
thfl quarry. A shale bed is believed to underlie the oolite. 

LiS't 01 fossils from above exposure. 

Spirifer sp. Schellwienella sp. 
Productus blairi Miller 
Productus arcuatUf< Hall 'I 
Productus sp. 
Camarotoechia sp. 

Spirifer sp. (resembles S. whitneyi) 
Cliothyridina prouti (Swallow) 
Fish spine. 

One mile slightly north of west of the preceding expo::ml'e, in 
the southwest one-fourth ,of the southeast quarter of section 10, 
Geneva township, strata of a similar horizon appear in an 
abandoned quarry situated just east of the bridge over Mayne 
creek. The sucession of beds here is indicated below: 

Section of Sheffield beds in section 10, Geneva township.' 
FEET 

3. Soil .......................................................................................................... ' 1 
2. Shale, brownish, dolomitic, with a band of chert nodules near 

the middle ............................................................................................ _ 11 
1. Dolomite, yellowish brown, in one massive ledge. Soft and 

vesicular. Exposed ... _............................................. .............................. 10 

Silicified fossils are common. The beds are rent by rather 
widely spaced vertical joints. Fragments of oolitic limestone 
were noted in the rubble and doubtless came from a lower bed 
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now concealed. A line of springs appears about ten feet below 
the base of bed 1. 

List of fossils from abo1J6 exposure. 

Chonetes sp. 
Streptorhynchus sp. 
Productus blairi Miller 
Oamaroooechia chouteaunsis Weller 

Cliothyridina pro uti (Swallow) 
Spirifer sp. (resembles S. whitneyi) 
Fish plate. 

THE CHAPIN BEDS.-Following the Sheffield shale conformably 
appear the Chapin beds. These differ in character from place 
to place, but consist typically of shale at the base followed 
above by cross-bedded crinoidal and slightly oolitic limestone 
which is in turn overlain by brownish soft fine-grained sand~ 
stone. The two uppermost beds, however, in places pass later
ally into soft brownish dolomitic limestone. All the beds are 
highly fossiliferous. The thickness of the Chapin is twenty to 
thirty feet. 

The most representative exposure of these beds in Franklin 
county is at the type section, "which is shown in an abandoned 
quarry one mile west of the town of Chapin in the southwest 
corner of the southwest quarter of section 29, Ross township. 
The succession of beds there is as follows: 

Section of Chapin beds near Chapin. 
FEET 

3. Drift ....................................................................................................... 2-3 
2. Sandstone, very fiEe',grained, soft, gray when fresh but 

weathering yellowish; lower two feet massive, but upper four 
and one·half feet thin·bedded; filled' with casts of fossils......... 6% 

1. Limestone" gray, sub crystalline, faintly oolitic, with inter .. 
bedded layers of crinoidal limestone which weather brownish. 
In rather heavy, even layers when fresh but weathering into 
thinner layers. Exposed ..................................................................... 6% 

In a smaller opening only a few rods away in the northeast 
corner of section 31, number 1 has an exposed thickness of 
seven feet. 

Beds-1 and 2 are highly fossiliferous. The species collected _ 
are listed below. 

List of fossi-ls from bed 1 of the Chapin beds, near the southwest corner of 
section 29, Ross township. 

ANTHOZOA-
Zaphrentis calceola (W. and W.) 
Zaphrentis sp. 
Amplexus sp. 

Syringopora sp. 
Leptopora typa Win. 

BLASTOIDEA-
Schizo blastus roemeri (Shum.) 
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BRACHIOPODA-
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Spirifer platyno,tus Weller , 
Spirifer sp. 
Spirifer sp. 
Syringothyris sp. 
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Leptaena analog'd. (Phillips) 
Chonetes multico~ta Win. 
Chonetes logani N. and P. 
Productus arcuatus Hall 
Productus ovatus Hall 
Schizophoria chouteauensis Weller' 
Rhipidomella tenuicostata Weller 
Spiriferina solidirostl'is White 
Spirifer forbesi N. GJ1d P. 

Athyris crassicardinalis White , 
Nucleospira barrisi White. ' 

BRYOZOA-
, Fenestella sp. 
GASTROPODA-

Straparollus obtusus (Hall) 
Spirifer legrandensis Weller 

List of fossils from bed 2 of the Chap1in, beds, necw the southwest oorner of seotion 
29, Boss township. 

ANTHOZOA-
Zaphrentis I>p. 
Leptopora typa Win. 

Spiriferina solidirostris White 
Spirifer legrandensis Weller 
Spirifer , sp. 

BRACHIOPODA- Spirifer sp. 
Leptaena analoga (Phillips) 
Chonetes multicosta Win. 
Chonetes sp. 

Syringothyris cf. S. halli Win. 
Syringothyris sp. 

Productus arcuatus Hall 
Productus ovatus Hall 
Productus sp. 
Schizophoriu. ch outeauensis 
Caruarotoechia sp. 
Dielasma sp. 

Cliothyridina sp. 
Nucleospira barrisi White 

BRY;OZOA
Cystodictya sp. 

Welled Fenestella sp. 
PELECYPODA

Conocardium sp. 
Spiriferina cf. S. subtexta White 

THE MAYNE CREEK BEDS.-This formation is typically de
veloped along Mayne creek in Franklin county, hence its name. 
The type section is located in the north bluff of this creek in 
the northeast quarter of section 21, Reeve township. .A. revised 
description of the succession at this place is given below: 

Type seotion of the MC1!JJne Creek formation. 
FEET 

6. Drift ................................................................................................. _....... 12 
5. Dolomite, yellowish brown, soft, thin· bedded, with occasional 

t hin lenses of chert .............................................................................. 10 
4. Dolomite, yellowish brown, soft, in rather heavy, irregular 

layers, becoming soft, pulverulent and saccharoidal where 
weathered; with thin discontinuous seams and nodules of fos· 
siliferous chert which weathers chalky................................................ 16 

3. Dolomite, yellowish, compact and tough; more resistant than 
the bed below...................................................................................... 1 

2. Dolomite, very soft, much weathered, brownish, flaking off 
obliquely; with occasional thin discontinuous ~eams of chert 
some of which are fossiliferous .......................................................... 10 

1. Dolomite, compact, brownish, tough, with occasional ~mall 
nodules of chert. A few imperfect casts and impressions 
of fo ssils were noted ..................................... ,.................................... 4 

.A. number of species of brachiopods, pelecypods and gastro
pods, several of which are undescribed, were collected from the 
chert seams of bed 2. These have been identified as follows: 
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List of fossils from the Mayne Creek forl1?'ation in the northeast quarter of seotion 
21, Reeve township. 

AN'.PHOZOA- . 
Zaphrentis f sp. 

BRYOZOA
Cystodictya sp. 

BRACHIOPODA-
Chonetes multicosta Win. 
Orthotetes ~ sp. 
Camarotoechia sp. 
Spiriferina solidirostris White 
Spirifer legranclensis Weller' ~ 

PELECYPODA-
Leda saccata Win. 
Myalina sp. 

GASTROPODA
Bellerophon sp. 
Bucanopsis sp. 
Meekospira ~ sp. 
Orthonychia sp. 

CRUSTACEA
Phillipsia ~ sp. 

Two miles northeast of the above described bluff section, near 
the northwest corner of the northeast quarter of section 23, 
Reeve township, a part of the Mayne Creek beds is exposed in 
an abandoned quarry on the ,property of Mr. Bert Jones. At 
the present time ten feet of thin-bedded, shelly brownish dolo
mitic limestone is shown in the quarry face. The upper half 
contains thin discontinuous bands of chert, and becomes cavern
oU's where long exposed to weathering. Several specimens of a 
Productus and an Orthotetes? were collected from the chert. A 
few small cavities lined with calcite were noted at one point in 
the middle part of the ledge. 

East of the road, near the middle of the west side of section 
18, Geneva township, there is a conspicuous outlier of ' Mayne 
Creek limestone. About twelve feet of brownish, dolomitic lime
stone is exposed at the top of the hill. The lower half is mas
sive, cavernous and cherty, and weathers to a brownish pulver
ulent mass. The upper half is thin-bedded, and contains fossil
iferous chert seams. The fossils collected from these seams 
are: 

Leptaena analoga (Phillips) 
Schizophoria chout.eauensis Weller 

Reticulal'ia cooperensis (Swallow) 
Composita ~ sp. 

The Mayne Creek formation appears again in a small aband
oned quarry in the north bank of a small creek about fifty yards 
west of the road in the southeast one-fourth of the southeast 
quarter of section 9, Reeve township. Ten feet of soft, brown
ish, thin-bedded dolomite, with occasional bands and lenses of 
light gray chert are shown. Numerous poorly preserved fossils 
occur in the chert. 

Butler County.-The Kinderhook beds constitute the highest 
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consolidated rock over a small area in the southwestern part of 
Butler county. The distribution of the formation' as indicated 
in Arey's geological map of the county65 is only approximately 
correct. For example, the narrow area of Kinderhook repre
sented in the northwestern part of Madison township and ex
tending into the southwestern part of Pittsford township prob
ably does not exist. Apparently the fact that Williams66 erron
ously referred to the Kinderhook the Owen limestone which 
outcrops near the middle of the north-south line between section 
18, Madison township, Butler cOlmty, and section 13, Geneva 
township, Franklin county, iSI responsible for the confusion. 
Again the occurrence of Sheffield shale three-fourths mile north 
of the town of Aplington in Monroe township as described be
low necessitates a shifting of the Kinderhook border in that 
region some distance to the northeast. 

The Kinderhook formations represented in Butler county are 
the Sheffield, the Chapin and the Mayne Creek. The Sheffield 
covers by far the largest area. 

THE SHEFFIELD BliDs.-The basal member of the Kinderhook 
series of this part of the state outcrops at a number of localities 
in Washington and Monroe townships. \ 

In the right bank of Beaver creek east of the center of section 
31, Washington township, there appears eight feet of bluish, 
plastic shale with thin intercalated layers of brownish dolomite. 
It is believed that these beds should be correlated with the low
er shaly division of the Sheffield. 

N ear the middle of the north line of section 18, Washington 
to'wnship, .about six feet of soft thin-bedded cherty dolomitic 
shale outcrops in ' a roadside gully. Silicified specinlens of the 
following forms were collected at this locality: 

Schellwienella ~ sp. 
Productus blairi Miller 
Camarotoechia chouteauensis Weller 

Spirifer sp. (resembling S. whit
neyi) 

Cliothyridina pro uti (Swallow) 

These species indicate the topmost division of the Sheffield. 
Beds carrying the same fauna are exposed in an abandoned 

quarry in section 28, Washington township, a few rods west of 
the railway bridge over Beaver creek. Five feet of brownish 

65 Iowa Geol. Survey, vol. XX, opposite page 58. 
66 Williams, I. A., Iowa Geol. Survey, vol. XVI, p. 487. 
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arenaceous and dolomitic shale is shown here at the present 
time. 

In Monroe township, this fossiliferous zone of the Sheffield 
may be studied to good advantage in the gullies along the north
south road in the northwest quarter of section 20, three-fourths 
of a mile north of the town of Aplington. Seven feet of soft 
brownish dolomite with a few imperfect casts and impressions 
of fossils is here overlain by four feet of soft brownish dolo·· 
mitic shale which bears silicified specimens of the same species 
as listed above. 

Arey67 reports the occurrence of Lime Creek beds in this 
vicinity but no trace of such beds could be found by the writer. 

THE CHAPIN AND MAYNE CREEK BEDS.-At two points in Wash
ington 'township these formations appear in contact. The most 
complete exposure is found in an old quarry near the center of 
the west half of sectie>n 31, between Beaver creek and the Illi
nois Central railroad. This has been described by Arey68 and 
the following description is copied in part from his: 

Section in section 31, Washington township. 
FEET INCHES 

5. Limestone, thin·bedded, yellow to drab, with bands and 
nodules of chert .............................................................................. 3 

4. Limestone, brown, sugary, dolomitic; with a five inch band 
of chert in the lower half ............................................................ 1 10 

3. ' Chert, in the form of a series of lenses ..... _ ............... __ ............ 3 
2. Dolomite, ' massive, yeUowish, finely aren~ceous, fossiliferous 6 6 
1. Dolomite, brownish, massive, tough ; bearing casts and im· 

pressions of fossils. Exposed ..................... _ .... _............................. 5 6 

Beds 1 and 2 of the above section bear a Chapin fauna and 
they are referred to that formation. The overlying cherty beds 
are correlated with the Mayne Creek. Near the southwest cor
ner of the southwest quarter of section 28 there is an east-west 
ridge just north of Beaver creek. On the south side of this the 
following composite section is exposed: 

FEET 
3. Dolomite, soft, yellowish, thin·bedded; with occasional sma11 

lenses of chert. No identifiable fossils noted ......................... -. n~ 
2. Sandstone, v ery fine, soft, yellowish, with occasional thin 

layers of brownish dolomite. A zone in lower part filled 
with casts of fossils ......................... ........................................ ,.......... 7 

1. Dolomite, tough, brownish. :E'ossils scarce ............................... 4 

67 Iowa Geol. Survey, vol. XX, p. 36. 
68 Idem, p. 39. 
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The fauna of beds 1 and 2 suggests their Chapin age. Bed 3 
is referred to the Mayne Creek. The species collected! from bed 
2 are listed below: 

Schizoblastus roemerl Shumard 
Fenestella sp. 
Procluctus sp. 
Procluctus sp. 
Schellwicnella , stl. 

Spirifer legranclensis Weller 
Spirifer platynotus Weller , 
Syringothyris sp. 
Cliothyridina tenuilineata (Rowley)' 
Conocardium sp. 

Another section-in which appear beds believed to be of Mayne 
Creek age is in an old quarry in the southeast one-fourth of the 
northeast quarter of section 32 of Washington township. Eigh
teen feet of fine gray massive sandstone with several discontin
uous seams of chert is exposed. Fragments of fossils occur in 
the cherts. 

Wright County.-The Kinderhook formation is believed to 
form the bed rock over the greater part of 'Wright county 
though no exposures of rocks of this age are described by Mac
bride69 in his report on the geology of Hamilton and 'Wright 
counties. 

Humboldt County .-The Kinderhook is nearly everywhere 
covered by glacial drift in Humboldt county. But in the vicin
ity of the towns of Humboldt and. Rutland, oolitic limestones of 
this age appear at the surface over small areas. The largest 
of these appears in the east bank of the West Fork of Des 
Moines river in the southwest part of the town of Humboldt. 
At an abandoned lime kiln in this area, the limestone has an 
exposed thickness of twelve feet. The rock is gray in color, 
and the texture is typically oolitic. In the lower part of the 
section, the oolite grains are small and the matrix lithographic, 
but in the upper part the grains are coarser and the texture is 
more crystalline. 

Macbride70 lists the following gastropods from the oolites of 
the Humboldt area: 

Loxonema yanclellana Hall , 
Straparollus macromphalus Winchell 
Straparollus obtusus (Hall) 

. Strapa.rollus planispira. Hail , 
Straparollus sprin:gvalensis (White) 
Bellerophon sublaevis Hall. 

The following additional forms have been collected and de-

69 Iowa Geol. Survey, vol. XX, pp. 100-149; 1910. 
70 Iowa Geol. Survey, vol. IX, p . 123. 
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scribed from this locality by Sardeson71 who remarks that "fos
sils are readily found in certain strata at Humboldt along the 
river's bank from 'Bicknell's Park to the dam .... " 

Euomphalus lu.'(us White 
Loxonema difficile Sardeson 

Myalina ~ abstemia &rdeson 
Cyathophyllum glabrum 'Keyes 

On the east side of the river just below the dam at Humboldt 
fifteen feet of oolite is exposed in the river bank. The texture 
of some of the upper layers is very finely oolitic and approaches 
that of a lithographic limestone, but elsewhere the grains are 
large except for occasional thin seams. Stratification is very 
imperfectly dev:eloped, and the rock shows many fractures. 
Slickensided structure is abundantly shown along the fissures. 

In the northeast quarter of section 33, Rutland township, just 
east of the Humboldt cemetery, the oolite is well exposed in a 
small drainage ditch about four feet 'in depth. The upper one
third of the outcrop consists of coarse oolite, but in the lower 
two-thirds the grains are very fine and the rock is dense and 
rather brittle. Large pisolitic masses ranging from the size of 
a pea to three or four inches in diameter are common through
out. Many of these consist of a nodule of oolitic limestone 
coated with concentric layers, but a few show concentric struc
ture throughout. No fossils weFe noted. 

At the town of Rutland the oolite is exposed on the south side 
of the river both above and below the bridge. On the north 
side there are good exposures farther west, in the vicinity of 
the dam. ,The maximum thiclmess exposed 'On this side is ten 
feet and the rock is rather brittle. The lower half is not well 
stratified, and weathers to irregular polyhedrons. The oolite 
grains are small in this part. The upper half is evenly bedded, 
and the oolite g~ains are large. 

Sardeson regards these beds as identical 'with those at Hum
boldt. He lists the following species from this locality: 

Cyathophyllum glabrum Keyes 
Macrodon cf. co~hlearis Win. 

Murchisonia sp. undet. 

In the south bank of a small creek southwest of the creamery 
at Rutland, there is a very interesting section showing the St. 

71 Am. Geologist, vol. XXX, p. 300 ff.; 1902. 
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Louis limestone in contact with the Kinderhook. The succession 
is as follows: 

SelJtion near the orea;mery at Rutlamd. 
FEET 

4. Drift ... _ ................ _ .... __ ....................... _ .. _ .... _ ...... _ ............... _................... 2 
ST. LOUIS 

3_ Limestone, brecciated, dense, gray, imperfectly -dolomitized; 
lower surface irregular and undulating ............... _._ .. _ ............. _........ 3 

2_ Limestone, dense, gray, tough, in the form of one u!l1dulatu1g 
layer which fills irregular depressions in the limestone be· 
neath ......... _ ......... _ ......... _ ..... _ ............ _ ......... _ ..... _._ .. _ ............. _ ... _ ........ _ ... __ Ih to 1 

KINDERHOOK 
1. Limestone, light gray; stratification very imperfect; finely 

oolitic except in middle part where there is a thin seam of 
coa-rse oolite ........... ___ ... _ ........ _ .... _ ....... _ .... __ ...................... _ ............ _ ......... _2 to 3lh 

At the mouth of this creek, in the southeast quarter of the 
northwest quarter of section 29, Rutland township, the contact 
of the Kinderhook and the St. IJouis is again shown. At this 
point about four feet of the oolite is exposed above the bed of 
the creek. This is overlain by three feet of gray tough St. 
Louis dolomite which weathers ;yellowish. At one point in the 
exp~sure this dolomite grades laterally, in part, into unaltered 
gray brecciated limestone. 

About seventy-five yards below this exposure the contact is 
shown in the river bank. Three feet of Kinderhook oolite i~ 

~ucceeded by a two to three foot layer of yellowish undulating 
limestone, and this again by four feet of dense gray thin-bedded 
unaltered limestone which locally is mashed into mounds of 
breccia. The Kinderhook at this locality also shows consider
able fracturing and slight brecciation. Several other exposures 
between this point and the bridge show similar contact relation
ships. The gray limestone of the St. Louis js five and one-half 
feet thick at one point. 

The relation of the Humboldt oolite to the Kinderhook forma
tions of Hardin and Franklin counties has not been determined 
definitely owino- to the absence of exposures of underlying 
formations in Humboldt and adjacent counties. The fauna and - . 
the lithologic character of the oolite are of little aid in correlat
ing it with other Kinderhook formations. The fact that it is 
overlain by the St. Louis limestone at several localities indi
cates that it represents the topmost member of the Kinderhook 
group m this part of the state. It may be younger than the 
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Alden limestone of Hardin county, which has not been found in 
contact with the St. Louis, but the possibility of greater erosion 
of the Kinderhook in the Humboldt area than in the Iowa Falls 
area in pre-St. Louis time must be borne in mind. Inasmuch as 
the Humboldt oolite bears no resemblance, either lithologically 
or faunally, to the Iowa Falls or older formations, it is believed 
to represent either a more oolitic and more fossiliferous facies 
of the Alden lime~tone or a younger formation not prese'rved 
in Hardin county. 

In the southwestern part of Hmnboldt county a limestone 
formation which is referred provisionally to the Kinderhook 
group outcrops at several localities. This was formerly corre
lated with the St. Louis limestone by Macbride7 2 who describes 
the exposures as follows: 

"At various points in Weaver ~ownship, as in the northeast· 
quarter of section 9, there are 'exposures of limestone rock 
which must be considered here. These are mostly in the form 
of quarries, originally sink-holes, which have been developed to 
meet the local demand for rubble stone. From the exposure in 
section 9, just mentioned, a large amount of rock has been 
taken. The quality seems to be excellent, and the bedding is 
such as to make comparatively light the labor of the quarrymen. 
The rock is a rather coarse-grained, crystalline, encrinital lime
stone, reminding one of rocks elsewhere referred to the Augusta 
stage, unlike any seen anywhe-re in the river exposures. Open 
sink-holes in this neighborhood show almost everywhere rock 
of the same character, so that it is probable that all the south
western part of the county is underlain by similar strata, except 
where removed by pre-glacial erosion. In the town of Gilmore, 
for instance, a similar rock in the northeast part of the village 
comes to the surface of the ground, while a few rods west, the 
town well goes down SL"{ty feet before encountering rock at all. 
Nevertheless, we may consider this peculiar encrinitallimestone 
as the surface rock for all that part of Humboldt county lying 
south of the west fork, except the flood plains immediately ad
jacent to the stream. The same rock extends far into Poca
hontas county, and is there exposed in precisely the sa~e way. 
Thus in Clinton township, in Pocahontas county, one TIllIe west 
of Gilmore, and one and one-half miles north, is a sink-hole 
quarry, which for years has been very extensively worked". 

FossHs were collected from this limestone in the outcrops 
across the county line in Pocahontas county. The age of the 

72 Iowa Geol. Survey, vol. IX, p . 132. 
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formation is discussed in connection with the description of 
these exposures. 

Pocahontas Oounty.-The same limestone formation which 
outcrops in ,Veaver township, Hmnboldt county, forms the bed 
rock along a narrow belt in the extreme eastern parts of Gar
field and Lake to"wnships in Pocahontas county. To the west jt 
passes under Cretaceous deposits. rrhe Pocahontas county ex
tension of this form'ation was also formerly referred to the St. 
Louis upon the basis of a few poorly preserved fossils.73 

In the quarry of the Gilmore Portland Cement Company, one 
and one-half miles northwest of Gilmore City, the following 
beds are exposed : 

Section. in. Gilmore Portland Cement Company's q~w,rry. 
FEET 

5, Limestone, light gray, fine· grained, thin·bedded, rather soft: 
Exposed at the south ·end of the qualTy ............. _ ........ _................... 4% 

4. Li~eston.~,. ~ompact~ gray, dense, fine'grained, brittle, very 
famtly oohtlc, m:1SSJ,ve ............................ _......................................... 10 

3. Limestone, as in bed 2 .but filled with cylindrical corals ... _ .... _ 21f.l 
2. Limestone, gmy, oolitic, compact, brittle .................................... 4 
1. Limestone, gray, massive, slightly crinoidal, oolitic. Exposed 6 

The beds dip gently in a southeasterly direction in the quarry 
face, the axis of a low anticline being shown in the northwest 
end of the quarry. 

One-half mile northwest of the preceding section similar 
beds are shown in two adjoining sink-hole quarries: 

Section iIn sink hole quarries. 
FEET 

3. Limestone, gray, compact, brittle, slightly oolitic ...................... 7 
2. Limestou.e, gray, crinoidal, massive, the matrL-;: oolitic, crinoid 

fragments less pronounced and oolitic character more char· 
teristic in lower half. Showing tendency towards cross 

bedding ........................... __ .... _ ............... __ ................................ __ .... 8 
1. Limestone, gray; compact, fine· grained, slightly oolitic, thim.-

bedded and somewhat shaly below. EA."posed ... _____ .... __ ........ _..... 4 1h 

The following fossils were collected from these exposures: 
List of fossils from simk hole q~rries two miles Mrthwest of Gilmore City. 

ANTHOZOA
Zaphrentis sp. 
Monotrypa sp. 

BRAcmOPODA
Streptorhynchus sp. 
Orthotetes ~ sp. 
Prorluctus sp. 
Camarotoechia sp. 
Camarotoechia sp. 
Spiriferina sp. 
Spirifer sp. 

---

Spirifer f ,gp. 
Spirifer sp 
SyringothYl'is f sp. 
Eumetria sp. 
Eumetria sp. 
Cliothyridina cf. C. obmaxima 

(McChesney) 
Oomposita trinuclea (Hall) 

GASTROPODA-
Orthonychia sp. 

7.3 Iowa Goal. Survey, vol, IX, p . 132, and vol. XV, p. 255, 
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All of the beds in these exposures belong to a horizon below 
the coral zone (bed 3) of the cement quarry. The total exposed 
thickness of the formation, therefore, is not less than thirty-six 
and one-half feet. A well record at the cement plant is reported 
to have shown a thiclmess of forty-one feet of this type of lime
stone, succeeded below by a brownish dolomitic limestone. 

The lack of diagnostic fossils in the fauna listed above, most 
of the species being undescribed, together with the absence of 
exposures of associated formations of known age r enders the 
exact correlation of the Gilmore City limestone impossible at 
present . Lithologically it resembles the Alden limestone of 
Hardin cOlmty more closely than any other formation in north
central Iowa, but unfortunately no identifiable fossils were 
found in the Alden limestone which could be compared with 
those collected near Gilmore City. The occurrence of brownish 
dolomitic limestone below the Gilmore City oolitic limestone as 
reported in the boring at the cement .quarry reminds one of the 
similar succession in Hardin county where the bro'wnish Iowa 
Falls dolomite underlies the oolitic Alden lin1estone. However, 
exact correlation must await the discovery of better preserved 
fossil remains in the Alden limestone than have hitherto been 
found. 

The relation of the Gilmore City limestone to the Humboldt 
oolite could not be determined by field study since no exposure 
showing them in contact has been found. The inference is that 
the Humboldt oolite is the younger of the two formations . 

Cerro Gordo Co~£nty.-The Kinderhook series extends into 
the southwestern part of Cerro Gordo county. Calvin74 wrote 
as follows regarding the beds : 

"Strata of the Kinderhook stage of the Lower Carboniferous 
series are exposed along Beaver Dam creek in section 36 of 
Pleasant Valley township. Where the county line road, on the 
Routh side of the section, crosses the creek, the Kinderhook beds 
are composed of soft, shaly, magnesian limestone; but in Frank
lin county, 'a short distance south of the road, beds that occupy 
a higher position are exposed in the sides of the vallev, and 
these are firm enough to afford quarry stone suitable for bridge 
piers, foundations, and other rough masonry. An Athyri.s r e-

74 Iowa Geol. Sury., v,ol. VII, p. 170. 
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sembling Athyris proutii Swallow, a Productus related to P. 
pwnctatu.s, and Orthothetes sp. are the characteristic fossils. 
The next exposures east of the Kinderhook outcrops are the 
Devonian beds already noted on· Beaver creek. The contact of 
the Carboniferous with the pevonian was not observed, but the 
line of overlap ljes between the two localities last named." 

](os8'uth, Hancock and Winnebago C01unties.-The Kinder
hook apparently extends over this area but it is deeply buried 
by drift. No exposures are referred to in the literature on these 
counties. The Cretaceous deposits of western Kossuth county 
are bebeved to rest upon the Kinderhook beds_ 

Correlation of the Kinderhook of North-central Iowa 

The Kinderhook of north-central Iowa attains its most typical 
development in 'Franklin, Butler and Hardin counties. From a 
study of indiV'idual exposures and the log of a deep well at 
Iowa Falls in Hardin county the series has been subdivided into 
six distinct formations as follows: 

The Alden limestone 
·I'he Iowa Falls dolomite 
The EI3,gle City beds 
The Mayne Creek beds 
'1'he Chapin beds 
The Sheffield beds 

'rhe pancity of fossils in the lower shaly strata of the Shef
field beds renders their age uncertain. Further study may indi
cate their Upper Devonian affinities. The collection~ obtained 
from the limestone and dolomitic shale directly above the shales 
of doubtful age contain a few species of brachiopods and an oc
casional fish remain. With the exception of a Spirifer which 
resembles Spirifer whitneyi of the Upper Devonian the brachio
pods are Kinderhook types and are for the most part species 
characteristic of the Chouteau formation. 

The faunas of the Chapin, Mayne Creek, Eagle City and Iowa 
Falls formations contain many undescribed species but the as
semblages are all distinctly Kinderhook in aspect. Occasional 
species of Burlington brachiopods occur in the higher forma
tions of the series. 

The appearance of characteristic Chouteau species in the up
per portion of the Sheffield formation and in the Chapin beds is 
worthy of note. The latter formation has yielded thirty-five 
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species. Twenty of these have been identified specifically. 
Nearly all of the twenty are characteristic Chouteau forms and 
twelve of them occur in beds 6 and 7 of. the Kinderhook at Burl
ington. 

In this connection, Weller's conclusions regarding the age of 
the Chouteau fauna in Missouri are of interest. 75 

"From the outline of the faunal history here given, it is evi
dent that the arrangement of the Kinderhook formations into 
three successi ve divisions, the Louisiana, Hannibal, and 
Chouteau, as has usually been done, does not express the proper 
relationships of the faunas. The Chouteau fauna, in some of its 
expressions, is without doubt as old as the Louisiana fauna, and 
it is as impracticable to make one continuous section to contain 
all of the Kinderhook formations, as it would be to make a 
standard Devonian section to include the formations of New 
York and Iowa." 

From the above statement it is apparent that while the faunas 
of the upper 'Sheffield76 and Chapin beds have Chouteau affinities 
and are more closely related to the faMules of beds 6 and 7 at 
Burlington than to those of the underlying Kinderhook beds, 
this does not necessarily indicate the exact equivalency of these 
beds. 

The evidence supports the view that the Chouteau fauna ap
peared earlier in Kinderhook time in the northern area, as it 
did in central Missouri, than in the Burlington area. The 
Chonopectus fauna of the lower beds in the Burlington area 
may have existed simultaneously with the Chouteau fauna to 
the north. 

75 Jour. Geol., vol. 17, pp. 274, 2 75 ; 1909 . 

76 In conn ection with the term S heffield attention should be called to the fact that in a 
paper by C. L. Fenton on the Upper Devonian of Iowa in The American Journal of Science, 
volume xlviii , pages 355-3 76, 1919, the name Sheffield wa.s applied to the plastic blue shale 
which underlies the mal'ly fossiliferous wnes of the Cerro Gordo sub-sta)!e at Rockford, 
Juniper Hill, Hackberry Grove, Mason City and elsewhere l1(}rth and east of Sheffield. 
Fenton was doubtl"ss under the impression that the shales at Sheffield were identical with 
those of Devonian age at Mason City and Rockford, being apparently misled by Williams' 
error in describing and mapping 1he shales at Sheffield as Upper Devonian in the · Franklin 
county report. (Iowa Geological Survey, volume xvi, pages 477-481, 502 and ma.p opposite 
page 506.) However, the beds at Sheffield are Kinderhook according to Van Tuyl's eviden ce 
and the name as employed by him seems appropriate. Since the name Sheffield for obviouR 
reasons is unavailable for the Upper Devonian shales, the name Juniper Hill is here offered 
for that formation. Juniper Hill, located about one mile northwest of the Rockford Brick 
and Tile Plant, i~ in the midst of numerous gooll exposures of the form ation and where its 
relation to the beds above and below may be readily observed.-A_ O. Thomas_ 



CHAPTER III 

THE OSAGE GROUP 

Definition of Osage 

The term Osage group was proposed by H. S. Williams' in 
1.891. to include the Burlington and Keokuk formations . In later 
reports several authors have included the Warsaw beds in the 
Osage also, but Weller2 now refers the Warsaw to the overlying 
Meramec group. 

Keyes3 has used the term Augusta series to include the Burl
ington, Keokuk and vVarsaw formations but as vVeller4 has 
pointed out the term Osage clearly has priority. 

Distribution of the Group 

Exposures of the Osage group are confined to the southeast
ern part of Iowa. For the most part they appear in a sinuous 
northwest-southeast trending belt of irregular width extending 
from southern Lee county on the south to Keokuk county on the 
north. It is probable that rocks of this age are present beneath 
the glacial deposits in southwestern Iowa and south-central 
Poweshiek counties also. The belt is bounded by the Kinder
hook group on the northeast and by the Meramec group on the 
southwest. As a result of the study of deep well records the 
group is known to be present beneath Meramec and younger 
formations in south-central Iowa. 

The Osage attains its full development in Iowa in Des Moines, 
Lee and Van Buren counties only. To the northwest there is a 
thinning of the group from above downwards probably due jn 
part to nondeposition and in part to post-Osage erosion. In 
the vicinity of Keokuk both members of the group are present, 
though the Burlington limestone is below the surface. In south-

1 u. s. GeoI: Survey Bull. 80. p. 169. 
2 Illinois Geol. Survey. Bull. 41, p. 80; 1920. 
3 Iowa Geol. Survey, vol. I, p. 50; 1893. 
4 Am. Geologist, vol. XXII, p. 12 If; 1898. 
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ern Des Moines county the Burlington and Keokuk formations 
are fully developed and both are well exposed. Still farther 
northwest, in Keokuk and Washington counties, the Keokuk is 
reduced in thickness. 

LithoLogic Character 

The Osage group is composed of interstratified gray to bluish 
gray crinoidal limestone, gray to brownish dolomitic limestone 
and ash-colored to bluish shales,. The bluish gray crinoidal 
limestones are characteristic of the Keokuk while the gray ones 
appear in the Burlington. Shale beds increase in number and 
thickness towards the top of the group, presumably as a result 
of a gradual recession of the sea from the area during Osage 
time . 

Thickness 

Where both formational members of the Osage are fully de
veloped, it has a thickness of 134 feet. In Washington and 
Keokuk counties it is, probably not much more than one hundred 
feet thiclr. . . 

Stratigraphic ReI.3.tions, 

The Osage group apparently is conformable with the Kinder
hook beds below. It is succeeded by the Meramec beds without 
a break in the extreme southeastern part of the state but to the 
northwest, where the St. Louis limestone member of the Mera
mec overlaps successively older formations, a well marked dis
conformity exists at the top of the group. 

The Burlington Limestone 

NOMENCLATURE 

The Burlington limestone was so namedi by HaW because of 
its typical development in the exposures in and near the city of 
this name in Des Moines county, Iowa. 

AREAL DISTRIBUTION 

The distribution of the Burlington limestone as an individual 

5 Rept. GeoI. Survey. State of Iowa, vol. I, Part i, p . 92; 1858. 
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unit is not definitely indicated on the geological map of Iowa, 
since this member is included with the Keokuk in the Osage 
group, the smallest division which has been mapped. The area 
over which the Burlington constitutes the surface rock repre
sents only a small part of the area indicated as Osage, owing to 
the fact that a large proportion of this area is underlain by the 
Keokuk beds. Previous studies have shown that the exposures 
of Burlington limestone are confined to a restricted area in the 
southeastern part of the state, including parts of Van Buren, 
Lee, Des Moines, Louisa, vVashington, and possibly Keokuk 
counties. 

In Van Buren county it forms the surface rock over a small 
area in the bed of Des Moines river at Bentonsport. It under
lies a larger area in the . eastern part of Lee county, but 
its outcrops are confined to a few isolated localities. Thus, 
there . are small exposures in the bed and banks of Lost creek 
southeast of Denmark; in a number of small quarry openings 
west of vVever; and in the bed and banks of Skunk river and 
along its tributaries at and near South Augusta. 

It doubtless constitutes the surface rock over the greater part 
of the eastern half of Des Moines county, but its outcrops are 
limited, the more important ones being along the ravines about 
Augusta, in the bluffs of Mississippi river, and numerous other 
natural exposures, quarries and street cuts in and near the city 
of Burlington. 

The area underlain by the Burlington in Louisa county is con
fined to its southwestern and southern parts, the more jmport
ant exposures being located in Morning Sun township. 

Northwestward from Louisa county actual exposures of the 
Burlington have been found by the writer only in Washington 
county, although there is a strong prob~bility thaf it underlies 
the drift over small areas in northeastern Keokuk and southern 
Iowa counties. In vVashington county, it follows a broad, ir
regular band extending across the central part of the county 
from southeast to northwest. The most satisfactory exposures 
are located on and near Crooked creek, northwest of Washing
ton. 

LITHOLOGIC CHARAOTER 

The Burlington limestone succeeds the Kinderhook in vertical 
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,succession with no indications of a stratigraphic break. Litho
logically, the formation is a unit, but it is desirable to subdivide 
it into the Lower and Upper BUrlington upon the' basis of its 
crinoid fauna, as was pointed out long ago by Niles and Wachs
muth.6 

The Montrose cherts, which were referred by Keyes7 to the 
Upper Burlington, have been demonstrated by the present study 
to represent the basal member of the Keokuk limestone (see 
page 142). ' 

The Burlington limestone has 10ng been noted for its profu
sion of crinoid remains. Probably at no other time in the 
earth's history have crinoids flourished so prolifically. More 
than four hundred species of crinoids have been described from 
this formation alone. At several horizons in the limestone the 
beds are made up almost completely of the disconnected plates 
of the calyces and fragments of the stems and arms of crinoids. 
When they are pure these crinoidal beds are light gray to whit
ish in color; when impure, they are discolored brownish. N or
mally they contain occasional discontinuous bands and nodules 
of chert. Stylotytic seams also are abundantly developed. 
Alternating with these crinoidal beds and comprising a large 
part of the formation are beds of fine-grained brownish magne
sian, cherty limestone. In the vicinity of Burlington, Iowa, 
there is a seam of bluish shale averaging about one foot in 
thickness, in the lower part of the Upper Burlington, but this 
has not been observed at any other locality in Iowa. 

The upper boundary of the Burlington is marked by a fish bed 
of widespread extent. Regarding this, Wachsmuth and Spring
erS say: . 

"The close of the Upper Burlington limestone was marked by 
an extraordinary destruction of fishes whose remains, in the 
form of teeth and spines, are found in the greatest profusion in 
a stratum two to ten inches in thickness, which occurs at the 
very top of the regular limestone beds. It is one of the best 
stratigraphic landmarks that we know in this formation, as it is 
found over a wide area in localities over a hundred miles apart 
and always in the same position relative to the heavy limestone 
beds." 

6 Am. Jour. Science, 2d ser., vol 42, pp. 95-99; 1866. 
7 Iowa Gool. Survey, vol. III, p. 341; 1893. 
8 Proc. Acad. Nat. Sciences, Philadelphia. 1878. Part II. p. 227. 
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TmCKNESS 

The thickness of the Burlington limestone in the type section 
where it is fully developed is approximately seventy-one feet, of 
which twenty-seven feet is referred to the Upper Burlington and 
the remainder to the Lower. In Louisa county the lower mem
ber is only one-half as thick as at Burlington, while the upper 
member is seventeen feet in thickness. 

AREAL DESCRIPTION BY OOUNTIES 

Des Moines and Lee Counties.-The type section of the Burl
ington limestone is at Burlington, Iowa, where numerous ex
posures of the formatioI). in and near the city make it possible 
to work out th/il complete succession of beds and collect their 
fossils. The following generalized section will illustrate the 
character of the formation at this locality: 

General seotion of Burlmoton lime$tone at Burlinoton. 
UPPER BURLINGTON. FEET 

. 6. Limestone, brownish to whitish, crinoidal; with occasional 
chert bands; middle part sometimes magnesian; a thin zone 
of fish teeth near the top ....................... _....................................... 10·12 

5. Shale, bluish, ar.gillaceous, not everywhere present ....... _...... 114 
4. Limestone, light gray, crinoidal, very fossiliferous .................... 5·8 
3. Limestone, brownish, crinoidal ........................................ :................. 6·8 

LOWER BURLINGTON. 
2. Limestone, brownish, fine· grained, magnesian, irregularly 

bedded; cherty, especially near the base; in places bears a 
layer of crinoidal limestone near the middle ............................ 34-39 

1. Limestone, brownish, crinoidal, massive, locally magnesian 
in part ....................................................... c............................................ 8-11 

KINDERHOOK 

Beds 1 and 2 represent the Lower Burlington. They are well 
exposed in the old quarry back of the high school, in the quar
ries at Picnic Point and in the Mississippi river bluff at several 
points in and near Burlington. 

Bed 3 outcrops in the bluff at the Cascade and on the slope 
below the Miller quarry above the Cascade. 

Beds 4 and 6 are excellently exposed in the Miller quarry I 

above the Cascade. Overlying bed 6 at this point, there appears 
fifteen feet of brownish magnesian limestone, crinoidal in the 
middle part, which yielded no identifiable fossils but which is 
referred to the basal Keokuk. 

The fossils collected by the writer from the successive hori
zons of the Burlington limestone are listed below: 
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List of fOS'8ils from bed 1 of the Burlington lim·estone at Burlington. 

CRINOIDEA- Spirifer forbesi N. and P. 
Spirife r grimesi Hall . 
Spirifer imbrex Hall , 
Spirifer louisianensis Rowley 
Brachythyris sp. 
Syringothyris , sp. 

Platycrinus ol'tlwgranulus McChesney , 
Platycrinus sculptus Hall ~ 

Platycrinus sp. 
Cactocrinus . multibrachiatu's (Hall) 
Cactocrinus proboscidialis (Hall) ¥ 
Batocrinus subaequalis (McChesney) 
Batocrinus sp. 
Dorycrinus unicornis (0. and Sh.) 

BLASTOIDEA-
CryptoblaSitus melo O. and Sh. 

BRYOZOA-
Fenestella serratula Ulr. ¥ 

BRACHIOPODA-
Diclasma osceolensis Weller 
Rhipidomella burlingtonensis (Hall) 

Athyris lamellosa (Leveille) 
PELECYPODA-

A viculopecten , sp. 
GASTROPODA

Orthonychia sp. 
TRILOBITA

Phillipsia , sp. 
VERTEBRATA

Fish teeth 

List of fossils from bed 2 of the B~rlington limestone at B~lrlington. 

ANTHOZOA- BRACHIOPODA-
Triplophyllum dalei (M.-E. 
Zaphtentis sp. 

CRINOIDEA
Platycrinus sp. 

and H .) Chonetes illinoisensis Worthen 
Pustula alternata (N. and P.) 
Spirifer grimesi Hall 
Brachythyris suborbicularis (Hall) 
Cliothyridina in.crossata (Hall) 

List of fossils from bed 3 of the Burlington limestone at B~lrlington. 

ANTHOZOA- Eucladocrinus praenuntius W. and 
Had,ophyllum glans White Sp . . ~ 
Triplophyllum dalei (M.-E. and H.) mLASTOIDEA-
Monilopora sp. Orbitremites norwoodi (0. and Sh.) 

CRINOIDEA- BRACHIOPODA-
Periechocrinus sp. Chonetes sp. 
Megistocrinus cf. M. evansi (0. Rhipidomella burlingtonensis (Hall) 

and Sh.) . Schi.7.ophoria swallovi (Hall) 
Eutrochocrinus christyi (Shum.) Spirifer grimesi Hall 
Uperocrinus pyriformis (Shum.) Syringothyris typus Winchell 
Physetocrim{s ventricosus (Hall) Spiriferella plena (Hall) 
Strotocrinus regalis (Hall) Reticularia pseudolineata (Hall) 
Platycrinus planus O. and Sh. , Reticularia sp. 
Platycrinus sp. Cliothyridina incrassata (Hall) 
Platycrinus sp . 

. List of fos~ls from bed 4, of the Burlington lwnestone at Burlington. 

ANTHOZOA-
Zaphrentis calceola (W. and W.) 
Zaphrentis sp. . 
Triplophyllum dalei C~L-E. and H.) 
Hadrophyllum glaJ1S (White) 

CRINOIDEA
Platycrinrus sp. 
Uperocrinus pyTiformis , (Shum.) 

BRYOZOA-
Fenestella burlingtonensis Ulrich 
Rhombopora gracilis Ulrich 
Cystodictya sp. 

BRACHIOPODA-
Chonetes illinoisensis W ortlien 
Productus burlingtonensis Hall 

) 

Productus sp. 
Rhipidomella dubia (Hall) 
Dielasma sp. 
Spirifer grimesi Hall 
Spirifer incertus H all 
Syringothyris typus Win. 
Athyris lamellosa (Leveille) 

GASTROPODA-
Straparollus sp. 
Lepetopsi~ capulus (Hall) 
Platyceras sp. 
Orthonychia sp. 

TRILOBITA
Phillipsia ~ sp. 
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IMt of fossils from bed 6 of the Burlington limestone a>t Burlington, 

ANTHOZOA- Cosinium latum Ulrich 
Zaphrentis calceola 
Zaphrentis sp. 

(W. and W.) BRACHIOPODA.-. 
Schellwienella ~ sp. 

Triplophyllum dalei (M.·E. and H.) 
Amplexus fragilis White and St. 

John 
CRrNOIDEA-

Eretmocrinus calyculoides (Hall) 
Macrocrinus konincki (Shum.) 
Macrocrinus verneuilianus (Shum. ) 
Dizygocrinus rotundus (Shum. ) 
Dizygocrinus andrewsianus (McChes· 

ney) 
Eutrochocrinus christyi (Shum.) 
Eutrochocrinus lovei (W. and Sp.) ~ 
Uperocrinus ~ sp. 
Aorocrinus parvus (Shum.) 
Dorycrinus quinquelobus (Hall) 
Dorycrinus sp. 
Agaricocrinus OrJlotrema Hall 
Teleiocrinus umbrosus (Hall) 
Physetocrinus ventricosus (Hall) 
Physetocrinus , sp. 
Strotocrinus glyptus (Hall) ~ 
Platy-crinus halli Shum. 
Platycrinus sp. 

BLASTOIDEA-

Chonetes illinoisensis Worthen f 
Chonetes sp. 
Productus burlingtonensis Hall 
Productus sp. 
Pustula alternata (N. and P.) 
Rhipidomella burlingtonensis (Hall) 
Rhipidomella dubia (Hall) 
Rhynchopora sp. 
Dielasma sp. 
Dielasma sp. 
Spirifer grimesi Hall 
Spirifer incertus Hall 
Spirifer sp. 
Spirifer sp. 
Brachythyris sub orbicularis (Hall) 
Brachythyris sp. 
Syringothyris typus Win. ~ 
Spiriferella plena (Hall) 
Reticularia pseudolineata (Hall) 
Eumetria sp. 
Athyris lamellosa (Leveille) 
Cliothyridina tenuilineata (Rowley)' 
Cliothyridina obma:rima(McChesney) ~ 
Cliothyridina incrassata (Hall) 

GASTROPODA-P entl'emites elong-atus Shum. 
Orbitremites norwoodi (0. and Sh.) Lepetopsis capulus (Hall) 

BRYOZOA
Batostomella ~ sp. 
Fenestella burlingtonensis Ulrich 
Rhombopora sp. 
Rhombopora sp. 
Rhombopora sp. 
Cystodictya ~ sp. 

Orthonychia pabulocrinus (Owen) 
Platyceras obliquum Keyes , 
Platyceras latum Keyes 
Platyceras paralium W. and W. 
Platyceras &p. 

VERTEBRATA.
Fish teeth 

Table Showing Range of Species in Burlington Lilmestone at Burlington. 

Horizons ~ 

1 121 3 I 4 I 6 I 
ANTHOZOA 

Zaphrentis calceola (W. and W.).............................................. ........ ........ ........ x x 
Zaphrentis sp ...................................................... _ ......... "'''''''''''','''''''' ........ ........ ........ x 
Zaphrentis sp. .. ............................. _............................................. ........ ........ ........ x ....... . 
Zaphrentis sp. .............................................................................. ........ x ....................... . 
Triplophyllnm dalei (M.'E. and H.)...................................... ........ x x x x 
Amplexus fragilis White and St. John ... _ ............................ ,.,,,., ........... _... ........ x 
Hadrophyllum glans (White)..................................................... ........ ........ x x ...... .. 
Monilopora sp. .............................................................................. ........ ........ x ............... . 

CRINOIDEA I 
Periechocrinus sp ......................................................................... 1........ ........ x .............. .. 
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Table Showing Bange of Species in Burlington Lfmtesto?1Je at Burlington--Continued. 

I Horizons 

11121314161 
Megistocrinus cf. M. evansi (0. and Sh.) ............................. _ ... 1 ... _... x ............... . 
Batocrinus subaequalis (McChesney) .................................... x ................... _ ...... _ .. . 
Batocrinus sp. . ................ _........................................................... x ........... _ .................. . 
Eretmocrinus calyculoides (Hall) ............................................... _ ...................... _ .. _ x 
Macrocrinus konineki (Shuro. ) ................. _ ........................ _. ........ ........ ........ ........ x 
MacI'ocrinus verneuilianus (Shuro.) ................. _ .............................. _... ........ ........ x 
Dizygocrinus rotundus (Shuro.) ................. _ ................... : .......... _... ........ ........ ........ x 
Dizygocrinus andrewsianus (McChesney) ............................ ........................... _... x 
Eutrochocrinus christyi (Shuro.) ....... _ .............................................. _... x x 
Eutrochocrinus lovei (W. and Sp.) .............•............................................... _ ... ... _ .. _ x 
Aorocrinus parvus (Shum. ) ....... _ ........ _ .... _ ...................... _..... ........ ........ ........ ........ x 
Uperocrinus pyriforrois (Shum.) ....................................................... _... x x 
Uperocrinus sp ........ _ .................. _ ........................................ _ ........ _... ........ ........ ........ x 
Dorycrinus unicornis (0. and Sh.) ... _....................................... x ........................... _ .. . 
Dorycrinnls quinquelobus (Hall) ........... _................................. ........ ........ ........ ........ x 
Dorycrinus sp .............. _ .................................................. _........... ........ ........ ........ ........ x 
Agaricocrinus Olnotrema HaIL .............. _ ............................................ ........... _... ........ x 
Cactocrinus proboscidialis (Hall) ......... _ ................. _............... x ........................ ... _ .. . 
Cactocrinus roultibrachiatus (H all) ...................................... x ........ ........... _ ... ... _ .. . 
Teleioerin'lls urobrosus (Hall) .......... _ ....................................... ........................... _... x 
Phy"setocrinus ventricosus (H all) ............................................ ........ ........ x x 
Physetocrinus 7 sp. . .. _ ................................ _ .... _ ..•....................... _... ........ ........ ........ x 
Strotocrinus regalis (Hall) ......................................... _ ........ _ .... _... ........ x ........... _ .. . 
Strotocrinus glyptus (Hall ) f ................................................ ........ ........ ........ ........ x 
PlJatycrinus oTnogranulus McChesney ... _ ................................ _. x ................ ........... _ .. . 
Platycrinus sculptus H all 'I ................. _ ...................... _ ........ _. x ................... _ ... ....... . 
Platycrinus planus O. and Sh. 7 ............................................ ........ ........ x ........... _ .. . 
Platycrin,us halli Shuro . ................. _ ........ _ .................................... _ .......... _ ........... _... x 
Platycrinus sp. . ........................................................................... """" ........ x ............... . 
Plrutycrinus sp. . ................................ _ ......................................... ... _... ........ x ............... . 
Platycrinus sp ........ _ ...................................... _ ........................ _... ........ ........ ........ x 
Platycri.nlus sp. . .. _ ............ _ ............................................................................ _ ...... _... x 
Platycrinus sp. . ............................... _ ........... :............................... x ................... _ .......... . 
Eucladocrinus praenuntius W. and Sp. , ....................................... _... x ............... _ 
Eucladocrinus sp. . ................ _ ........................................................................ _... ........ X 

BLASTOIDEA 

Cryptob1astus melo (0. and Sh.) .......................................... x ........ ....................... . 
Orbitremites norwoodi (0. and Sh.) ......................................... _... ........ x x 
Pentreroites elongatus Shuro. . ........................................................ _ ................... _... x 

BRYOZOA 

Batostomella 7 sp . ....... _ ................................................ _........... ........ ........ ........ ........ x 
Fenestella serratula Ulrich ........................................................ x ........................... _ .. . 
Fenestella burlingtonensls Ulrich ....... _ ................................................ _ ........ x x 
Rhombopom gracilis Ulrich ................................................... _ ................ _ ........ x 
Rhombopora sp ................................................................................ _... ........ ........ ........ x 
Rhombopora sp .............. _ .............................. _ ................................ _... ........ ........ ........ x 
Rhombopora sp .............. _ .............................. _ ................................ _... ........ ........ ........ x 

g~:~:Yfat;~ ·Ui;i~h··:::~::::::::::=::::::::::::::::::::::::::~::::::~::=::::: ::::::::1 :::::::: :::~::: ... ~... x 
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Table Showing Bange of Species in Burlington Limestorue at Burlingt011r-Continued. 

Horizons 

1 I 2 I 3 141 6 

BRACHIOPODA 

Schellwienella 1 sp. _ ........ .. __ ... _ .... __ .. __ ..... ___ . __ .... _ ... _ ... _ ... ____ .... __ ... _ .... _ .... ____ .... __ ._. ___ ._. ___ . x 
Chonetes illinoisensis W olthen __ .. _. __ .. _ .... _._. ___ ....... _._ ... __ ... _ ..... ___ .. _.__ x __ .. ___ .. x x 
Chonetes sp. ____ ... ___ .. ____ ....... _ .. _. ___ ...... _. __ ...... _._ .......... __ .. ____ _________ . _. ______ . __ .. _._ x . _____ ______ ... . 
Chonetes sp. ____ ._. ___ _______ .. _______ __ . __ . ____ . ____ . ____ .. _. __ ___ __ __ _____ .. __ ... __ . __ ._. _________ ____________ . _____ . ___ . x 
Productus burlingtonensis Hall ____ _____ . ___ .. ___ ._. ______ ... __ _____ .. _ .. __ .. __ __ ____ .... ____ . ___ .__ x x 
Productus sp. ________ .... __ : __ _ . _______ .. ____ . ___ . ___ . ___ ... ____ . ____ ._. ___ . __ _ . ___ ... _. __ . _____ ._. __ ._ . __ ._ ... ____ .. _. x 
Productus sp. _ ......... ___ _ . __ . _____ . __ .. ___________ .... ____ . __ . __ ________ . _____ .. _ .. _. __________________ .. ____ .. x _ .. ____ _ 
Pustula alternata (N. and P.) . __ .. ___________ . ___ . __ ..... _ .. _._. __ . __ .___ ________ x . ____ ._. ___ ... _. x 
Rhipidiomella burlingtonensis (Hall) ___ .. _______ _____ .... .. _____ :...____ x ________ x ________ x 
Rhipidomella dubia (Hall) . _______ .. _________ . _________ _____ ... ___________________ . ______ . ____ ... __ ... x x 
Schizophoria swallovi (Hall) _______ ... _________________ . ______ ... _. ___________ . ____ .... __ ... .x _______ . _ ... ___ _ 

. Rhynchopora sp. ___________________ ___ . _______ . _______________ . ___ ... _______ . __________ _____ _______ . _______ _____ .______ x 

Dielasma osceolensis Weller --------.--..... -.-.---.-----------.. --------------- x 1'_' __ '" ---.-.-. --.-.-. -.. --.--
~~::~ :~: :::=::::::::::::::::::::::::::::::::=:::::::::::::::::::::::::::~::::::::::::: :::::::: :::=::: :::::::: :::=::: ~ 
Dielasma sp. . ________ . ______ . __ . __ __ __ __ . ______________________ ~.-. __ ... __ . _________________ . __ . __ .. ___ .. _______ x 
Spirifer grimesi Hall ___________ ._ ... ____ .. ______ . ______________ ___ . _______ .________ x x x x x 
Spirifer incertus Hall .... ___________ . __________ _____ _____________ ._ .. __ .. _______ ._. __ ____ . ______ .___ ________ x x 
Spirifer forbesi N. and P. _________________________ . __ : _______ ._._. __ .... ___ .____ x _____________________________ .. 
Spirifer imbrex Hall _____________ . ________ . ____ .. __________________ .. _ .. __________ . x __ ___ ._. ________________ . ___ ._ .. 
Spirifer louisianellsis Rowley ___ ______________________________ . _____ ._._._.____ x ___ _____ ____ ._ .. __ . ___________ _ 
Spirifer sp. . ... _ ..... __ .. ______________ . _________ . ____ ___ .. _____ . __ .. _____ ._ ... _ ... _____ ._ .. __________ .. _____________ .... ____ x 
Spirifer sp. .. __ ._ .... __ . _____ ______ . ___ .. ____ .. _____ . ____ . ___ . __ ._. _____ .. ______________ . _____________________ . _____ ._. __ . x 
Brachythyris sub orbicularis (Hall) . _______ .. _________ ___ .. ___ .. ________ __ ______ x _______ ________ x 
Brachythyris sp. _ .. _._._ .. _._ .. __________________ ...... __ .. _______ . ___ ... ____ . ______ .__ x _______ . __ ____________________ _ 
Brachythyris sp. _. ________ . _______ . _____ .. _ ... ______ .. __ _______ ___ . ________ .. ___ .. __ .. ___ ... __ .. ____ .. ______________ ___ .. x 
Syringothyris typus Win. ____ ._._ .. ___ ___ ._._. _____ . __ . ____________________________________ . __ . x x xi 
Syringothyris , sp. ____ ._ .. _______ . ____ . _____ ... _____ . _____ . ___ ... _ .. __ __ .... __ .______ x . ___________________ ... ____ . __ _ 
Spiriferella plena (Hall) ____________ __________ _ . __ ___ ___ . ___ .. ____ . _____ ._. ____ .. ___ .... __ ..... x _______ . ' x 
Reticularia pseudolineata (Hall) _______ ._. _________ . ____ ._._ .. __ ._. ___ ________________ . ____ . x __ ______ x 
Eumetria sp. ______________ . ___ . ________________ ._. _______ ._._. _________ .. _____________ . __ . _ ... __ .. ____ .... _______ ________ x 
Athyris lamellosa (Leveille) ________ .. ____ ... ______ _______ . ____________ ._______ x ______ ._ .. ______ x x 

( Cliothyridilla tenuilineata (Rowley) 1 _. _______________ . __ __ __ ._ .. ____ ... _._ . ... __ . _______ . _________ . x 
Cliothyridina obmaxima (McChesney) , ___________ ... ____ . _________ . ___ _ . ___ .... _____ ._____ _______ x 
Cliothyridina incrassata (Hall) __ . _____ . ___ . __________ . ___________ . ____________ .. __ x x x 

P ELECYPODA 

I 

GASTROPODA 

x -.---..... -.-.-- .-------1--------Aviculopecten , sp. _._. ______ ___ . ____ . _____ . _______ .. ____ . _______ ... _____ .. ---_ .. _. ___ _ 

Lepetopsis capulus (Hall) _____________ ._. __ ... ____ ... _. ________ . __ .. ______ .. ____ .. ____________ . __ . _______ x x 
Strapru-ollus sp. ____ ...... _____ . ___ ___ ____ ... ___ ._ ... __ ... _____________ ..... ________ ... ____ . _______ . ______ .__ __ _ x 
Orthonychia pabulocrinus (Owen) __ ...... ____ .. ____ ... _______ .. __ ... __ . ______ .. _ ... _. __ .__ _______ ________ x 
Orthonychia sp . .. __ ._._. ____ ___ ___________ ___ ______ ____ _________________ . _________ __ __ _____ . __ . __ .... __ .. ___ .____ x _. __ ._. 

~r:~~~~!iar~t~~;;~:~;~~~~~:~~~:-:~~~~~~~:~-:~~:~-:~~::::::::::::::::::=::~::: I :::~::: :::=::: :::=::: :::~::: I'--~---
Platyceras paralium W. and W. ___ . ______ .. ___ .. ____ . ___ ...... ___ .. ___ __ ____ \ ___ .. __ .\_ ... _ ... \ .. ___ ... \ _______ \ x \ 
Platyceras sp. .._. ____ .. _. ____ . __ . ____ .. __ .... __ ____ . __ ._ .... ____________ .. _ ... ____ ., ... _________ ._ . __ .. ___ x ___ . ____ _______ . 
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Table Showing Range of Species in Burlington Limtestone at Bllrlingto1lr-Continued. 

I Horizons I 

11 ', 2 , °3 I 4 I 6 I 
Platyceras sp. . ........................................................................................ _... ........ ........ x 

TRILOBITA 

Phillipsia , sp. ............................................................................ x........ ........ x ....... . 

VERTEBRATA 

Fish teeth x ........................ x 

Wachsmuth and Springer9 and other investigators have col
lected and described a large number of other invertebrates, 
chiefly crinoids, from the Lower. and Upper Burlington lime
stones at this locality in addition to the forms listed above. 
Unfortunately, neither the time available during the present in
vestigation nor the opportunities for collecting at Burlington 
rendered it possible for the writer to determine the exact hori
zon in the section from which each of these came. 

In addition to the exposures in the Burlington area, there are 
other outcrops showing the various phases of the formation in 
their typical development in outlying districts in Des Moines 
county. For example, the Lower Burlington is excellently ex
posed in the Kemper quarries located in the Mississippi river 
bluff between the city of Burlington and the station of Spring 
Grove (T. 69 N., R. 2 W., sec. 29, ~rw. 1,4, SvV. 14). The sec
tion there is as follows: 

Section at Kemper quarries. 
FEET 

5. Limestone, light gl'ay to brown, crinoidal .................................... 7% 
4. Limestone-, brownish, soft, magnesian, cherty ........................ 18 . 
3. Limestone, light gray or whitish where fresh, but in some 

pla.ces brownish ...................... ........ .................................................... 8% to 9 1h 
2, Limestone, buff to brownish, soft, magnesian; with occa· 

sional seams of brownish crinoidal limestone; grading into 
the limestone above ............................................................................ 41j2 to 5 

1. Limestone, oolitic, Exposed ..................................................... _ ..... 2 

All the beds except munbers 1 and 2, which represent the 
Kinderhook, are of Lower Burlington age. 

9 "The North American Crinoidea Camerata", Mem. Harvard Coil, Mus. Compo Zool., vol. 
XXI; 1897. 
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In the banks of Flint creek in the vicinity of Starr's cave two 
miles northwest of Burlington, the Lower Burlington is again 
typically exposed in contact with the Kinderhook below and the 
lowermost beds of the Upper Burlington above. 

The ·Upper Burlington is very satisfactori ly exposed in the 
quarry of the Burlington Quarry Company located one-half 
mile north of the Chicago, Burlington, and Quincy railroa<l 
shops at West Burlington. The succession of layers at this 
place is given below: 

Section near West Burlvnoton. 
FEET 7. Drift . ____________________________________ _____ __ _____ ______________________________________________________ 13 

6. Limestone, soft, buff, thin-bedded, Clherty __________ ~ ____ ,, ______ :__ _______________ 3 
5. Limestone, gray to brownish, crinoidal, very cherty in middle 

part ______ _____________________ ________ ___ __ ____ __ __ _______ ___ ___________________________ ___ ____________________ 31h 
4. Limestone, cherty, thin-bedded, gray am crinoidal below, 

but fine-grained, soft and brownish above, ____________________________________ 61h 
3. Limestone, gray, crinoidal, with stylolytic seams ________________ ___________ 6 to 61h 
2. Limestone, gray, crinoidal, finer-grained, with stylQlytic seams. 

Massive when fresh. Upper one and one-half feet brownish, and 
grading locally into fine-grained nodular limestone. Bearing 
Spirifer grimesi, Spiriferella plena, Dizygocrilrl;u$. rotuMus, 
Pentremites sp_, L epetopsis capulus and othor species ________________ ___ 9 

1. Limestone, gray, crinoi.dal, with brownish tint_ Locally cherty 
in upper portion_ DizygoC1-inus rottmUils, Rhipidomella bt~r-
lingtone'llsis, Spirifer grimesi and Spiriferella plena. ___ __ __________ ,____ 51h 

Beds 1 to 4 represent the Upper Burlington, while bed's 5 and 
6 are referred to the Keokuk. 

In the vicinity of the town of Augusta, nine miles southwest 
of Burlington, both divisions of the formation are well exposed 
and afford an opportunity for collecting from all horizons. The 
most complete section is in the bluff of a creek tributary to 
Skunk river at South Augusta (NE. 1M, sec. 25, Denmark town
ship) . 

South .&ugus,ta section. 
UPPER BURLINGTON. FEET 

8_ Limestone, ~oft, huff, not everywhere present ______________ ___ ____ 0-1 
7. Limestone, light gray, crinoidal; with occasional small nodules 

and thin, irregular, discontinuous seams of chert; some layers 
very crinoidal; stylolytic ____________________ _____ ___ ____ _______ ____ ___ _______ _______ ________ 17 

6. Limestone, compact, .lense, browni h, nodular, cherty, magne-
sian ; 'no fossils noted _________________ _______ ___ _______ ______________________________ ___ ____ 8 

5. Chert, in the form of a solid band, replacing a layer of crin
oidal limestone; some unreplaced crinoid fragments pre-
servpd _______ _____ __ _____________ _______ _______________________________________ ______ ____ ___ ______ ________ __ 1 

4_ Limestone soft, buff, magnesia,n ____ ___ ___ __ ____ _____________________________________ -" ____ 1-11h 
3_ Limestone, gray to whitish, crinoid aI, cherty, with occasional 

thin layers of soft buff limestone. The main crinoid zone __________ 71h-8 1h 
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LOWER BURLINGTON. 
2. Limestone, fine-grained, soft, bluish gray when fresh but 

weathering buff; exhibiting numerous concretionary iron 
stains; ' with occasional layers of brownish impure cherty crin-
oic1al limestone ranging up to two feet in thickness _______ ___ ______ 12:t,2-13:t,2 

1. Limestone, gray, sub crystalline, very cherty in upper part. Exposed. ____ __ _____ _______ ______ __________________ .______________ __ ____________________________ __________ 4 

Bed 1 is well exposed also at the mouth of the creek less than 
one-fourth mile below the bluff, where it causes the rapids in 
Skunk river. 

Bed 3 is excellently exposed farther up the creek on the 
Frank Crabtree and Menelie properties. This bed outcrops also 
at the south end of the wagon bridge over Skunk river. Excel

.lent opportunities for collecting crinoids from this bed are af
forded at the above localities. 

Beds 7 and 8 were formerly quarried in the face of the bluff. 
They are overlain at one point by twelve feet of cherty lime
stone of Keokuk age. 

'fhefossils of all the beds from which identifiable speCImens 
were collected are listed below: 

List of fossils from bed 1 in the bluff section at South Augusta. 
BRYOZOA- Schi:>:ophoria swallovi (Hall) 

Fenestella sp. Spiriferina , .sp. 
BRACHIOPODA- Spirifer sp. 

Productus sp. Pseuc10syrinx , sp. 
Productus sp. Reticularia sp. 
Leptaena analoga (Phillips) Composita trinuclea (Hall) , 
Rhynchonella sp. Cliothyric1ina incrassata (Hall) 
Camal'ophoria bisinuata (Rowley) 

List of fossils f~'om bed 1 ill/, the bank of Skunk rwer at South A~bgusta. 
ANTHOZOA

Zaphrentis sp. 
Zaphrentis , sp_ 
Triplophyllum dalei (M.-E. and H.) 

BRACHIOPODA-
Chonetes multicosta Win. 
Productus sp. 
Orthotetes , sp. 
Leptaena analoga (Phillips) 
Rhipic10mella dubia (Hall) 
Rhipidomella burlingtonensis (Hall) 
Schizophol'ia swallovi (Hall) 
Dielasma ' osceolensis W eller 
Dielasma sp. 
Spiriferina. d. S. subtexta White 

Spirifer grimesi Hall 
Spil'ifer carinatus Rowley , 
Spirifer insculptus Rowley 
Spirifer sp. 
Brachythyris sub orbicularis (Hall) 
Composita , sp. 
Cliothyridina parvil'ostris (M. and 

W. ) 
GASTROPODA-

Strapal'ollus obtusus (Hall ) 
Platyceras sp. 
Igoceras sp. 

TRILOBITA
Griffithic1es f sp. 

List of fossils trom bed 2 in the bluff seotion at South Augusta. 
CRINOIDEA- Spirifer sp. 

Platycrinus sp. Spiriferella plena (Hall) 
BRACHWPODA- A thYl'is lamellosa (Leveille ) 

Schizophoria swaJlovi (Hall ) Cliothyridina incrassata (Hall) 
Spirifer grimesi Hall 
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List of fossils from bed 3 Vn. the bluff section at South A1~gusta. 

ANTHOZOA- Spirifer sp. 
TriplophyJlum daIei (M.-E. and H.) 

CRINOIDEA-
Brachythyris sub orbicularis 
Spiriferella plena (Hall) 
Athyris laroellosa (Lev.eille) 

(Hall) 

Eutro:chocrinus christyi (Shum.) 
BR.ACHIOPODA-

Schizophoria swallovi (Hall) 
Spirifer griroesi Hall 

GASTROPODA
Platyceras sp. 
Orthonychia sp. 

List of fossils collected from exposure~ of bed 3 along creek on Crabtree and 
Mtmelie prope·rties. 

ANTHOZOA- Orbitremites norwoodi (0. and Sh.) 
Triplophyllum dailli (M.-E. and H.) BRYOZOA-
Zaphrentis sp. Several undetermined species 
Zaphrentis ~ sp. BR.ACHIOPODA-
Cyathaxonia sp. Productus burlingtonensis Hall 
Amplexus sp. Pustula alternata (N. and P.) 

CRINOIDEA- Chone·tes sp. 
Batocrinus grandis W. and Sp. Rhipidomella dubia (Hall) 
Batocrinus d. B. laura (Hall) Rhipidomella burlingtonensis (Hall) 
Macrocrinus konincki (Shum.) Schizophoria swallovi (Hall) 
Eutrochocrinus christyi (Shum.) Spirifer incertus Hall 
Upel'ocrinus aequibrachiatus var. as- Spirifer grimesi Hall 

teriscus (M. and W.) Spirifer sp. 
Uperocrinus pyriformis (Shum.) Spiriferella plena (Hall) 
Dorycrinus missouriensis (Shum.) Brachythyris sub orbicularis (Hall) 
Oact.ocrinus glans (Hall) P seudosyrinx , sp. 
Cactocrinus longus (M. and W.) ~ Athyris lamellosa (Leveille) 
Actinocrinus multiradiatus Shum. Cliothyridina obmaxiroa (McChesney) 
Actinocrinus scitulus M. and W. Cliothyridina incrassata (Hall) 
Strotocrinus glyptus Hall PELECYPODA-
Platycrinus burlingtonensis O. and Cypricardinia '1 sp. 

Sh. GASTROPODA-
Platycrinus discoideus O. and Sh. Lepetopsis capulus (Hall) 
Platycrinus (several species) Platyceras (several undetermined 
Eucladocrinus pleurovimenus (White) species) 
Crinoids (several undetermined Orthonychia (sev.eral undetermined 

species) species) 
BLASTOIDEA-

P entremites el~ngatus Shum. 

List of fossils collected from expo~es of bed 9 at south end of wagon bridgt: 
over Skunk'river. 

ANTHOZOA- Cystodictya sp. 
Triplophyllum dalei (M.-E. and 
Zaphrentis sp. 

H. ) BR.ACHIOPODA-

CRINOIDEA-
Undetermined (several species) 
Dizygocl'inus rotundus (Shuro.) 
Physetocrinus ventricosus (Hall) 
Upel'ocrillus pyriformis (Shuro.) 
Actinocrinus sp. 
Barycrillus sp. 
Platyc]'inus (plates of several species) 
Eutrochocrinus christyi (Shum. ) 

BLASTOIDEA-
Orbitremites norwoodi (0. and S.) 

BRYOZOA-
Undetermined (several species) 

Pllstula alternata (N. and P.) 
Chon etes multicosta Win. 

, Rhipidomella dubia (Hall) 
Rhipidomella burlingtonensis Hall 
Schizophoria swallovi (Hall) 
Spirifer incertus Hall 
Spirifer grimesi Hall 
Brachythyris suborbicularis (Hall) 
Spiriferella plena (Hall ) 
Athyris lamellosa (L eveille) 
Cliothyridina incrassata (Hall) 

GASTROPODA
Igoceras sp. 
Platyceras sp. 
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List of fossils in bed 7 of the bhbff seotion at Scnbth A~bgusta. 

ANTHOZOA- BR.ACHIOPODA-
Triplophyllum dalei (M.-E. and H. ) Productus burlingtonensis Hall 

BLASTOIDEA- Rhipidomella burlingtonensis (Hall, 
Orbitremites norwoodi (0. and S.) Schizophoria swallovi (Hall) 

CRINOIDEA- Spirifer grimesi Hall 
Dizygocrinus dodecadactylus (M. and Spirifor incertus H all 

W.) Spiriforella plena (Hall) 
Dizygocrinus rotundus (Shum.) Cliothyridina incrassata (Hall ) 
Uperocrin'us pyriformis (Shum. ) GASTROPODA-
Actinocrinus multiradiatus Shum. Platyceras sp. 
Piatycrinus sp. 

It "vill be noted that the faunule obtained from bed 7 of the 
Upper Burlington limestone in the above section is meager. 
Much better facilities for collecting from this horizon are af
forded by the exposures along the banks of Barb creek, one mile 
northwest of South Augusta, near the center of section 23, Den
mark township. The follovving species were collected here: 

List of fossils from bed 7 of B~brlington limestone on Barb creek. 

ANTHOZOA- BRYOZOA-
Triplophyllum dalei (M.-E. and H .) Fenestella sp. 
Zaphrentis sp. BR.ACHIOPODA-
Amplexus sp. Productus burlingtonensis Hall 

CRINOIDEA- Productus (several species) 
Batocrinus laura (Hall) Pustula alternata (N. and P.) f 
Macrocrinus verneuilianus (Shum.) Camarotoechia sp. 
Dizygocrinus rotlIDdus (Shum.) Rhipidomella bul'lingtonensis (Hall) 
Dizygocrinus undrewsianus (McChes- Schizophoria swallovi (Hall) 

ney) Spirifer grimesi Hall 
Eutrochocrinus christyi (Shum.) Spirifer incertus Hall 
tJipeI'ocrinus hagetri (McChesney) 1 Brachythyris sub orbicularis (Hall) 
Aorocrinus 1 sp. Spiriferella plena (Hall) 
Cactocrinus ~ sp. Reticularia pseudolineata (Hall) 
Platycrinus (plates of several unde- Syringothyris ~ sp. 

termined species) Athyris lamellosa (Leveille) 
Eucladocrimlus pleurovimenus (White) Cliothyridina incrassata (Hall) 

BLASTOIDEA- GASTROPODA-
Orbitremites norwoodi (0. and S.) L epetopsis capulus (Hall) 
Pentremites elongatus Shum. Platyceras sp. 

N ear Augusta on the opposite side of Skunk river, there is an 
excellent exposure of the Upper Burlington, overlain by the 
Keolmk limestone, in the bed and banks of a small creek onc
half mile north of the Augusta bridge in the eastern part of sec. 
23, Augusta township. The following section was measured at 
this locality: 

Section of the Upper B~bTlington limestone at Augusta. 

3. L imeston:c, coarse· grained, crinoida~ ; wi til stylolytic seams; 
brownish below but light gray above; upper 1 to llh feet, fine-

FEET 
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grained, soft and weathering buff. Some seams in upper part 
filled with crinoid fragments. Zone of fish teeth 22 inches 
below top ............. : ................... _...... ......................................................... 16 ·17 

2. Limestone, soft, buff, cherty, dolomitic; resting on the irregu· 
lar undulating surface of the bed beneath ...................................... llh· 2 

1. Limestone, gray, sub crystalline ; with coarser· grained cherty, 
crinoidJal layers m upper and lower parts. Exposed ................... _... 3 

N'O fossils were collected from bed 2, but beds 1 and 3 'yielded 
numerous speCIes. 

List of fossils from bed 1 of seotion of Upper Burlington limestone at 
Augusta. 

ANTHOZOA-

'rriplophyllum dalei (M.·E. and H .) 
CRINOIDEA-

Platycrinus (plates of several 
species) 

BLASTOIDEA-

Orbitremites norwoodi (0. and Sh.) 
BRYOZOA-

Evactinopora grandis M. and W. T 
Rhombopora sp. 

Schizophoria swallovi (Hall) 
Spirifer grimesi Hall 
Spirifer incertus Hall ~ 
Spirifer sp. 
Brachythyris sub orbicularis (Hall) 
Spiriferella plena (Hall) 
Syringothyris , sp. 
Athyris lamellosa (Leveille) 
Cliothyridina incrassata (Hall) 
Oliothyridina parvirostris (M. and 

BRACHIOPODA
Chonetes sp. 
Productus sp. 

W .) 
GASTROPODA-

RhipidomelLa dubia. (Hall) 
Rhipidomella burlingtonensis (Hall) 

Lepetopsis capulus (Hall) 
Platyceras sp. 

List of fossils from bed S of seotion of Upper Burlmgton limestone at Augusta. 

ANTHOZOA
Zaphrentis sp. 
Triplophyllum dalei (M.·E and H.) 
Hadrophyllum glans (White) 
Amplexus sp. 

CRINOIDEA-
Batocrinus laura (Hall) 
Macrocrinus verneuilianus (Shum.) 
Dizygocrinus andrewsian,us (McChes· 

ney) T 
Dizygocrinus rotundus (Shum.) 
Eutrochocrinus christyi (Shum.) 
Agaricocrinus sp. 
Actinocrinus multiradiatus Shum. 
Actinocrinus sp. 
Teleiocrinus umbrosus (Hall) 
Platycrinus (plates of several 

species) 
Eucladocrinus pleurovimenus (White) 

BLASTOIDEA-

Pentremites elongatus Shum. 
Orbitremites norwoodi (0. and Sh.) 

BRYOZOA-
Cystodictya sp. 

BRAcmoPODA
Chonetes sp. 
Productus viminalis White 
Productus burlingtonensis Hall 
Productus sp. 

Productus sp. 
Pustula alternata (N. and P .) 
Rhipidomella dubia (Hall) 
Rhipidomella burlingtonensis (Hall) 
Schizophoria sWallovi (Hall) 
Dielasma gp. 
Camarotoechia sp. 
Spirifer grimesi Hall 
Spirifer incertus Hall 
Spirifer sp. 
Spiriferella plena (Hall) 
Brachythyris suborbicularis (Hall) 
Syringothyris sp. 
Cliothyridina incrassata (Hall) 
Athyris lamellosa (Leveille) 

GASTROPODA- ' 

Lepetopsis capulus (Hall) 
Orthonychia pabulocrinus (Owen) 
Orthonychia quincyellJse (McChes· 

ney) 
Orthonychia sp. 
Platyceras latum K eyes 
Platyceras obliquum Keyes 
Platyceras sp. 

TRILOBITA
Griffithides , sp. 

VERTEBRA.TA
Fish teeth. 
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From the exposures at and near South Augusta and at 
Augusta, the following generalized section of the Burlington 
has been constructed. 

Generalized seotion of Burlington limestone at and near Augusta. 

UPPER BURLINGTON. FEET 
8. LimestQne, SQft, fine·grained; gray when fr,esh but weath· 

ering buff ... _ ........................................................ _ ............ _................. 0 to 1Y2 
7. LimestQne, brQwnish belQw, but light gray abQve, crinQidal, 

with stylQlytic seams, bearing QccasiQnal thin, irregular, 
discQntinous seams Qf chert .............................................................. 16 to 17 

6. LimestQne, brQwnish, magnesian, sub crystalline to fine· 
grained, cherty, with occasional se'ams Qf crinQidal lime· 
stone ......................................................... _ ........................ ............ _ ....... I> 

5. Chert, in the fQrm of a solid band, r eplacing a layer of 
crinQidal limestQne; some unreplaced crinQid fragmtlnts . 
preserved ... _ .................................... ........................ _ ............................. 1 

4. Limestone, soft, buff, magnesian ... _ ................ _ .. _ ....................... 1 to' llh 
3. Limestone, gray to' whitish, crinoidal, cherty, with QccasiQnal 

thin layers of SQft buff limestQne. The main crinoid zone ... _... 7 % to' 8 % 
LoWER BURLINGTON. 

2. Limestone. fine· grained, soft, bluish ,gray when fresh but 
. weathering buff and exhibiting numerQUS concretiQnary 

iron stains; with occasional layers of brownish impure cherty 
crinQidJal limestQne ranging' up to 2 feet in thickness .... ............ 12% to 13% 

1. Limestone, gray, sub crystalline, very cherty in upper part. 
Exposed ................................................... _ .............. _ ............ ................. 4 

The range of the more characteristic fossils collected by the 
writer from the individual beds of the section is indicated on the 
chart which follows: 

Table Showing Ra;nge of Fossils in the Burlington Beds at and near Augusta. 

I HorizQns I 

1112131617\ 
ANTHOZOA I 

Zaphrentis sp .................................................... _......................... x x ........ x 
Cyathaxonia sp. . .................................... _ .............. __ .................... ........ ........ x ........... _ .. . 
Hadrophyl1um glaals (Whiti6).................................................... ........ ........ ........ ........ x 
Triplophyllum dalei (M.·E. and H.) ............... __ ._ ............... __ x ... _... x x x I 

.Amplexus sp ...................................... _ ............................................... \ ... _... x 1 ........ 1 ........ 1 

BatQcrinus Cf~:~O::a (Hall) ............... _ ............. _ ....................... L .. ...\ x 1 ... _ ...... _ .. . 
!~~r?c;~~sfa2~r~~~ills~::~::::::::=::::::::::::::=:::::::::::::::::::::::: :::=::: ::::::J .. ~ ... :::~:= :::~::: 
Macrocrinus verneuilianus (Shum.) ............... ---................. _ .... _ ........... I ........... -... x 1 
Dizygocrinus rotundns (Shum.) ......................... _ .................................... \ x ........ x 
Dizygocrinus dodecadactylu8 (M. and W.) ... _ ..................... _. ........ ........ ........ ........ x 
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Table Showing Bange of Fossils irn the B'Ulrlington Beds at amd 'fI!eOlr Augusta-

Continued. 

1 Horizons 1 

1112131617\ 
Dizygocrinus andrewsiaalUS (McChesney) ____________________________ : _______ 1 ________ -------- -------- x 
Eutrochocrinus christyi (Shum.) _________________ ______ ___ ~--------------- _______ _______ x ' ________ x 
Aorocrin'lls ~ sp. _____________________________________________________ _____ ___________ ____________ .___ ________ ________ x 
Uperocrinus pyriformis (Shum_) __________________ ___________________________ _______ _______ x x 
Uperocrinus aequibrachiatus, vaJ:. asteriscus (M. and W.) __ _______ ________ x ______________ _ 
Uperocrinus hageri (McChesney) .f _____________________________________ _______ ________ ________ _______ x 
Dory~rinu.s missouriensis (Shum.) __ ___________________ .____________________ ________ _______ x ________ ._._ .. _ 
Agancocrmus sp. __________________________ ._. ______________________ ---_________________ _______________ ________ ________ x 
Actinocrinus scitulus M. and W. _________ . ____________ ._______ _____________ ________ ________ x __ , ______ . _____ . 
Actin-ocr'inus multiradiatus Shum._. ___ . ________ ._____________ ______ ________ ________ ________ x x 
ActiniOcrinus sp. ___________________________________________ ___________ ._______________ ____ _______ ________ ________ ________ x 
Cactocrinus longus (M. and 'lif. ) ~ _________ . ____ .____________________________ ________ _______ x __ . _____ . ___ _ 
Cactocrinus glans (Hall) _____________________ __ _____ ______________________________ ________ _______ x ___________ . __ _ 
Teleiocrinus umbrosus (Hall) _______________________________________________________________________________ . x 
Physetocrinus ventricQsus (Hall) _________________________________________ _______ _ ________ x _____________ _ 
Strotocrinus glyptus (Hall) .. __________________________ ._________ ___ _____________ ________ ________ x ______________ _ 
Platycrinus discoideus 0. and Sh. ~ _________________ . ___________________ ,______ ________ x ______________ _ 
Platycrinus burlirugtonensis O. and Sh. ____ . ______ ._. ___ . _________________________ :__ x _____________ . 
Eucladocrinus pl~uovime:nrus ("White) _________________ . _______________ . ____________ \ ________ \ x x x 
Barycrinus sp. ________________ . _________ . ________ .. ___ . ________________ __ . ____ __ _________________ ____ .___ x _________ . ___ . 

BLASTOIDEA 
1 

Pentremites elongatus Shum. . _____ . _________ . _____________ . __ ._._. ________________ .____ ________ x 
Orbitremites norwOiOdi (0. and S.) _______________ . _____ . ___________ . ________________ ._._ X x 

BRYOZOA 

Rhombopora sp. _. ____ . _______ . _________ : ____ . ____ .. _ ... ____ . _____ ..... _ ........ _, ... __ ._._ .. __ ________ ________ x-
Evactinopora grandis M. and W. , . _____ .. ____ ... _____ . ___________________________ .. ______ . x 

x 
x 

Cystodictya sp .. _____ .. ____ .. ___ . __ . __ ._. ___ . _______ . ____ .. __ . _____________________________________ .___ x ___ . __ ._ ._._ .. _ 
Cystodictya sp. -----______ ..... ___ ........ _. _______ .. __________ ... ___ ---.----.--.---.. - ----.-- -------- ... ____ .1 ___ .• __ . x 

BRACHIOPODA 

Leptaena analoga (Phillips) __________________ . ____________________ . ___________ .__ x _________________________ .... __ 
Chonetes multicosta Win. ..._. ______ .... ______ . ________ .. ______ .____________ x x __ ____________ _ 
Chonetes sp. ___ __ __ __ ___________________ . __________ . _____ . __ . _____ . __________ . ____ . ________ ._____ ________ _______ x x 

Productus burlingtonensis Hall .-.------.. -.--.-.---------.-.. ------------ ________ 1 ________ 1 x ------- x Productus viminalis White , _________________ .. __________________ . _________________________________________ • x 
Pustula alternata. (N. and P.) ______ .. _____________ . _________ ._____________ _______ ________ x ________ x 
Rhipidomel1a dubia (Hall) __________________ __________ __ . _____ . ____________ -------- x 1 ________ \ x x x 1 
Rhipidomella burlingtonensis (Hall) __ . _____________________ ___ .-______ x ________ x x x 1 

Schimphoria swallovi (Hall) -------------------------------.---------------- x I x x x x 1 
Oamarophoria bisinuata (Rowley) .-------.-.-.-------.-------------------- x ________ 1 __ ______ --------1--------1 
g::~~e~~~~l~~i~--w~ii~~--:::::::::=::::::::::=:::::::::::::::::::::::::::::: ---;---\ :::::::: :::::::~I::::::::I ___ ~_ .. , 
Dielasma SIp. ----------.-------.-----------------------------.---------.-------------------- -------- \ -------- ~ --.------------- ~ x 1 
~~~~~:~n~~f·;:.\~~-~~~--~-~--:::::=::::::::=:::::::::::::::::::::::=: ~ I---~---I---;---I---;---I·--;··· 
Spirifer carinatus Rowley ----------------------------.-------.-------------------I x 1--------1--------· --------1---·----1 
Spirifer insculptus Rowley .------------.------------.-----.-------.. --.------- x 1 ________ 1 __________ • ____ 1 ______ ._ 
Spirifer in:eertus Hall ----------------------__________ _______ . _______________________________ 1 ________ 1 x x x 1 
Brach;vthyris suborhicularis (Hall) ______ _______________ . __________________ 1 x 1"--'---1 x x, x I 
Reticularia pseudolineata (Hall) -----------------------.----------.. ---.. ____ ... ____ 1._. __ .. ----.. __ ._._1 x 
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Table Slwwitng Range of Fossils in the Bu-rlington Beds. at and near Augustar-
Continued. 

1 Horizons 1 

1.1 I 21 3 I 6 I 7 J 
Syringothyris , sp. __________ .. ________________________ .. _________ .• ___________ ________ ______ _______ _______ x 
Pseudosyrinx , sp. ____________________ .. _______________ .. __ .__________________ ________ _______ x ___________ • __ _ 
Spiriferella plena (Hall) _________________________________ .. _____________ ,_____ _______ x x x x 
Athyris lamellosa (Leveille) __________________________________________ .. ______ ________ x x x x 

. Cliothyridina incrassata (Hall) __________________________________________ x x x x x 
Cliothyridin!l- obmaxima (McChesney) _____________ .__________________ _______ ________ x ___________ . __ •. 
Oliothyridina parvirostris (M. lIJld W.) ___ ._ ........ _ .. ___ .. _._._. x __ .. ___ . __ .. ___ . x __ .. _._. 
Composita triDJucIea (Hall) ___ .. ____ . _____ .... __ ... ___ . __ ... ______ ._________ x _. _______________________ •• ___ _ 

GASTROPODA 

Lepetopsis capulus (Hall) ________________________________ . __ ... _ .. __________ _______ ________ x x x 
Straparollus ohtusus (H:all) ... _ ....... _ .............. _ ..... ___ ._._. ___ .. _ .. _ x . ____ . _____ . ___________________ _ 
Orthonychia pabulocrinus (Owen) • ______________________________________________________________ .______ x 
Orthonychia quincyense (McChesney) _____________ . __________________________________________ ,______ x 
Orthonychia sp. ________________________ . _______ . ___________ .__________________ ________ ________ x ______________ _ 

Platyceras latum Keyes. .. _ ......... ___ ... _________ . __ . __ . ___ ._ .. ________ ------------ -------- --------1------- ------- x 

~i:~::::: ~;.li~~~~---~~:.~:::=::::::::::::::::::::::::~=~::::::::::::::::::: ::::::: ::::::: ::::::: ---;--- ___ ~ __ _ 

i~:~:=~a~~~:-.::::::::::::::::::::=:::::::=:::=:::=::::::::::::::::::::::::::::::: :::::::: ---;---1::::::: ::::=: --~---
TRILOBITA I I 

I I I 
~rif!ithides , sp. ------------.-----------------------__________ . __ ... _._._ .•.. __ ..... 1 x 1_ .. ___ .-1 ________ 1 ____ .·-1 x 

The mingling of Lower and Upper Burlington types of crin
oids in bed 3 is worthy of attention_ ·This is of importance in 
that it suggests the absence of a stratigraphic break between 
these divisions of the Burlington limestone_ 
: Along Lost creek in vVashington township, Lee county, three 
miles south of Augusta, there are several exposures ' of the U p- . 
per Eurlington, both in the banks of the stream and in quarry 
openings. One such exposure appears in the south bank of the 
creek just back of the Lost Creek church (NE. 14, sec. 10). 
Eight feet of gray to brownish crinoidal limestone is shown. 
This corresponds in position to bed 7 of the general section at 
Augusta and to bed 6 of the section at Burlington. The follow-
ing species were collected at this locality: . 

Lis~ of fossils from exposure of Upper Burlitngton limestone on Lost creek. 
ANTHOZOA- Dizygocrinus dodecadactylus (M. 

'rriplophyllum dalei (M.-E. and H. ) and W. ) 
Cyathaxonia sp. Dizygocrinus rotundus (Shum.) 

CRlNOIDEA- Actinocrinus sp. 
Batocrinus laura (Hall) , Platycrinus (fragments of ·several 
Eretmocrinus sp. species) 
Macrocrinus verneuilianus (Shum.) 
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BLASTOIDEA-
Orbitremites norwoodi (0. and Sh.) 

BRYOZOA-
]<~enestella sp. 
Cosinium latum Ulrich 

BRACHIOPODA-
Chonetes illinoiserisis Worthen 
Productus viminali~ White 
Productus sp. 
Pustula alternata (N. and P.) 
Rhipidomella dubia (Hall) 
Rh~pidomella bmlingtonensis (Hall ) 

Schizophoria swallovi (Hall) 
Spirifer grimesi Hall 
Spirifer incertus Hall 
Spirifer sp. 
Brachythyris suborbicularis (Hall) 
Spiriferella plena (Hall) 
Cliothyridina incrassata (Hall) 
Athyris lamellosa (Leveille) 

GASTROPODA
Orthonychia sp. 
Platyceras sp. 
Lepetopsis capulus (Hall) 

On the Beebe property near Lost creek, west of Wever, there 
are several small quarry openings in the Upper Burlington, but 
the facilities for collecting at this place are not good at the 
present time. The forms obtained are: 

List of fossils from Upper Burlington limestone west of We1ler. 

ANTHOZOA- BLASTOIDEA-
Zaphrentis sp. Orbitremites llorwoodi (0. and Sh.) 
Triplophyllum dalei (M.·E. and 

CRINOIDEA-
H.) BRACHIOPODA-

Platycrinus (fragments of .several 
species) . 

Strotocrin us sp. 
Dorycrinus cornigerus (Hall) 
Agaricocrinus gracilis (M. and W.) 
Macrocl'inus verneuilianus (Shum.) 

Productus burlingtonensis Hall f 
Productus sp. 
Rhipidomella burlingtonensis (Hall) 
Rhipidomella dubia (Hall) 
Schizophoria swallovi (Hall) 
Spirifer grimesi Hall 
Spiriferella plena (Hall) 

Van Buren County.-In Van Buren county, only one exposure 
of the Burlington limestone has been found. This is of the Up
per Burlington and appears in the north bank of Des Moines 
river, just above the water level, one-half mile below the rail
way station at Bentonsport. It is due to the erosion of a · small 
anticlinal uplift which almost parallels the river at this point. 
Keokuk limestone is exposed in the bluff higher up. The sec
tion is as follows: 

Section, of Upper BurliThgton, limesto'IWnear Bentonsport. 

FEET INCHES 
2. Limestone, gray, sub crystalline .................................................... 3 10 
1. Limestone, light gray, sub crystalline, with occasional thin 

crinoidal seams. Exposed .............................................................. 2 2 

The fossils collected from these beds are listed below: 

List of fossils from bed 1 of the Upper Burlington limestone Mar Bentonsport. 

ANTHOZOA
Zaphrentis sp. 
Triplophyllum dalei (M.·E. and H.) 

BRACHIOPODA-
Productus viminalis White 
Productus sp. 
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Productus sp. 
Pustula alternata (N. and P.) 
Pustula , sp. 

Spirifer sp. 
Athyris lamellosa (Leveille) 
Cliothy ridina incrassata (Hall) 

Rhipidomella burlingtonensis 
Rhynchopora sp. 

(Hall) GASTROPODA-

Spirifer rostellatus Hall 
Spirifer grimesi Hall 
Spirifer sp. 

Platyceras sp. 
Orthonychia quincyensis (McChes

ney) 
Orthonychia sp. 

List of fossils from bed :e of the Upper Burlilngton li1nestone near B entonsport. 
ANTHOZOA- Dielasma sp. 

Amplexus sp. Spiriferina , sp. 
BB.AOmOPODA- Spirifer grimesi Hall 

Chonetes sp. Spirifer sp. 
Productus burlingtonensis Hall Brachythyris suborbicularis (Hall ) 
Pustula alternata (N. and P. ) Syringothyris , sp . . 
Pustula sp. Reticularia pseudolineata (Hall) 
Rhynchooella Bp. 

Louisa County.-There are a number of important exposures 
of the Burlington limestone in Louisa county. These have been 
described previously by Udden.10 

In the quarries on Honey creek near the north line of the 
southwest quarter of section 28, T. 73 N., R. 3 W., a nearly com
plete section can be worked out. Only the basal portion of the 
Lower Burlington fails to outcrop. 

A generalized section of the Burlington at this locality, and 
lists of fossils collected by the writer from the successive beds 
are given below. 

General section of Burlington limestone m. the quarries 01li Honey creek. 
UPPER BURLINGTON. FEET 

7. Limestolne, gray, coarse-grained, crinoidal, cherty; lower and ' 
upper parts often dolomitizedl and represented by brownish 
soft fine-grained cavernous dolOIlllitic limestone. A six mch 
layer ,lilt the top is in, some places rich in fish teeth. With stylolytic seams __________ _________________ __ ___ ___ . ____ __ __________________ ______ ________________ 10 to 10% 

6. Limestone, gray, subcrystalline, locally crinoidjjl in part. 
Tends to be greenish in upper part owing to incluOed. greenish specks _________________________ . ___________________ _______________ __________ ________ __ ___________________ ____ 6 to 7% 

LOWER BURLINGTON. 
5. Limestone, gray, subcrystaIline; some layers crinoidal ; filled with ilTegular nodules ______________________________________________ __ __________________________ 1 to 2% 

4. Limestone, brownish, soft, fine-grained ; dolomitic for the most 
part, but locally crinoidal and little altered in upper part; 
nodular above but more massive below ______________________________________________ :_ 7 

3_ Chert b!l.Thd _____________________ ___ __ _________ _____ __ ____________ ___ __ _________________________________ Ih 
2. Limestone, brownish, crinoi.dal; grading laterally into fine

grained' soft d()lomitic limeston~ except in basal part. With 
nodules, lenses and bands of gray chert in upper part ___ ________________ 9 

1. Limestone, brownish yellow, dolomitic; with a discontinuous 
seam of brownish crmoidal limestone in lower part; filled 
with irregular nodular seams of gray chert which weathers 
whitish. Exposed ___ __________________________________________ __ ______ ___ .. ________________________ 3 

10 Iowa Geol. Survey. vol. XI. pp. 71-89; 1901.. 
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Beds 1 to 6 are well exposed in the creek bank just below the 
main quarry. Beds 5 to 7 are typically developed in the main 
quarry. 

There is a suggestion of a dis conformity at the. base of bed 5 
in the bluff section, the contact of this member with bed 4 being 
undulating. It is probable, however, that there is no strati
graphic break at this horizon, and that the relationship is due 
to uneven dolomitization, for the lower bed is partly altered at 
this place. 

On(:'-fifth mile upstream from the main quarry and in the op
posite bank, there is a fresh quarry opening which shows twelve 
feet of basal Keokuk limestone overlying bed 7 of the above 
section. 

A table showing the species collected and their range in the 
Burlington limestone on Honey creek follows: 

Table ShowVn,g Range of Fossils in the Burli-ngtan Limestone, Haney Creek SecUan, 
LO'I.bisa Cownty. 

I Horizons I 

I 2 I 6 I 7 i 
ANTHOZOA 

Hadrophyllum gla.ns (White) ........................... _ .. _ ................ __ ... _ ... _ .......... ~... x 
Triplophyllum dalei (M.·E. and H.) .. _ ............ _. __ .......... _ ..... _ .. _ ... ___ ... x x 
Zaphrentis sp. . ...... _ .... _ .. _ .................. _ ........ _ ...................... _ .......... _ .............. _... x 
Zaphrentis sp. . .................. _ ...................... _ .............. _ .. _ .................. _........... ........ ........ X 

CRINOIDEA 

Actinocrinus multiradiatus Shum .............................. _ ................ _ ...................... _... x 
Actinocrinus sp. . ........ _ .......... _ .......... _ ...... _ ...... _ .... _ .... _ .... ____ .................... _ ... _...... x 
Platycrinus d. P. glyptus HalL .......................... _ ...... _ .......... __ ........ _..... ........ ........ x 
Platycrinus sp ......... , ........ _ ...................... _ ............................ _....................... ........ ........ x 
Platycrinus sp ..................... _ ........ _ ... _ ...... ,.. ........ _ ... __ .. _ .... _._ ...... _............ x _ ............. . 
Platycrinus sp. . ...... _ ........................................................ _._ .. ___ .............. x ............... . 
Uperocrinus pyriformis (Shum.) ............. _ .. _ .................. _......................... x ........... _ .. . 
Ba.tocrinus laura (Hall) ....... _ .......... _ .............. _ ....................... __ ._ ...................... _... x 
Batocrinus clypeatus (Hall) , ................................. _ .. _ ..... _.,. __ ... _......... x ... _ ...... _ .. . 
Macrocrinus konincki (Shum.) ,_ ...... _ ... __ . __ .. __ .. __ ._ .. _ .... _............ x ... _ .......... . 
Macrocrinus verneuilianus (Shum.) ................................... _ ... _._ ...... _ ...... _... x x 
Dichocrinus , sp ............................................. _ .......... _ ... __ ._................... ........ x ....... . 
Dorycrinus gp. . ...... _ ........ _ .... _ .. _ ......................... _ .... __ .. _ ....... _ ...... _ .. _ ........... _.. x 
Strotocrinus regalis (Hall.) ....................... _ .......... _ ......... _ .......... _ .. _ .. _ .. ........ ........ x 
Strotocrinus glyptus (Hall) ............. _ ............................................................ _... ........ x 
Physetocrinus ventricosus (Hall) ... _ ........ _ ............ _................................. ........ ........ x 
Te1eiocrinus umbrosus (Hall) ....... _ ...... _ .......... _ .................. _ ...... _ .............. _ ...... _... x 
Dizygocrinu~ l'otundus (Shum.) ... _ ....................... _ ................ _................... ........ ........ x 
Eutrochocrinus christyi (Shum.) ................... _ .......... _ .. _ ................. ~ .................... _... x 
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Table Showing Bange of Fossils in the Burlington Limtestone, Honey Creek Seotion, 
Louisa County-Continued. 

I Horizons I 

I 2 1 6) 71 

1;~~~~~~~~::~~s ___ ~~_~_~_~:~_::::::::::: :::::::::::::::::::=::::~:::::=::::::::::=::=::=::::::::::: :::=::: :::=::: ~ 
BLASTOIDEA 

Pentremites elongatus Shum. ______________________________________________________________________ __ ______ x x 
Pentremites sp. ______________________________ .. __________________________________________ ___ _______ __________ _______ ________ x 
Metablastus lineatus (Shum.) , ______________________________________ ._________________________ _______ ________ x 
Orbitremites norwoodi (0. and Sh.) __ ______________ _________ ______________________________ ________ x X 

BRYOZOA 

Fenestella burlingtonensis Ulrich __ __________________ ____ ______________________ __ ______________ __ ______ _______ x 
Fenestella serratula Ulrich _____________ . __________________________________________________________ .. ______ . ________ x 
Fooestella sp. ____ ... ____ ..... __ ....... ____ .. __ .. ____ . _______________________ ... ________ . __ . ______ . __ ._. _____ ... ____ . __ . __ .. ____ x 
Rhombopora gracilis Ulrich , ________________________________ . __________ . ______ . ___ : ____________ ----____ .______ I x 
Rhombopora sp. __ . __ . ____ . ______ .. ____ ._ .. ____ ... __________ .. ____________ . __ ... _________ .. __ . ____ . ___ . _____ . __ .. __ .. _____ ... X 

BRACHIOPODA 

Chonetes sp. ______ . __ ... ___ . ____ . _______ .. _ ... _________________________ . ____________ . __ .. __ -: .. __ .. ___________________ . ___ .____ x 
Chonetes sp. . .. __ ._. ____ ... ___ . __ .. ____ ._. _____________ . ___ . ________ . ______ .. ____ ... __ . ____________________ .. ___ .. __ . x ____ . __ . 
Orthotetes sp. __ .. ____ . __ . _______________ .. ______ . __ .. ____________ . __ . __ . __ .. __ ... __ ... ___ . __ ._________________ ________ x ____ .. __ 
Pustula sp. _____ ; __ .. ____ . ________ .. ___ .. _____________ .. __ .. ___ . __ . ____ ~ ___ . __ , .. ___ . ________ . __ .... ____ . __ .. ______ .. _______ . ___ . x 
Pustula sp. ____ . __ . ___ . __ .. ________ . __ .. __ . ______ .. ___ . ___ . ____ ._ .. _________ . ______ . __ . ____ . _____ .. ______ . __ . ____ . ___ . x 
Productus burlingtonensis Hall ______________ . ____ . __________________ . _____ __ . __________ . __ . ______ . ____ . x --.-.--
Rhipidomella burlingtonensis (Hall) __________ . __ . ____________ . ____ . ________ . ______ . ____________ . __ . x x 
Rhipidomell:t sp. ____ .. __ . __ ..... ______ :_ .. ________ .. ________ ... _________________ .. __ . ______________ . __ . __ .... ___ . x _ .. ___ .. 

~~~~~~rh~~~r~:aa~:A ~~~~~~. __ :::::::::::::::::::=:.::::::::::::::::::::::::=::::::::::::::::::::: ~ ___ ~ ... I :::::::: 
Spirifer grimesi Hall . __ . __________ . __________________ . ______ . _________________ . ______________ . __ .____ x x x 
Spirifer sp. __ . __ . _____ ..... __ . ___ . ______ . ____ ._. __________ . __________ . __ ._. __ . ___________ ._. __ .-------.------ ----.--. x 
Brachythyris suborbicularis (Hall) __ . ______________________ . __ . ________________ . __ . ______ . x x x 

., ~~~~u1~~Y: :;::~Ol~~~ ('iI~i·)--·:::=:::::::::::::::::;::::==::~::::::=::::=::::::=::=: --.~. -- --.~--. ~ 
Athyris lamellosa (Leveille) __________ . _________ . __ . _________________ . ____ . _________________ . x x I x 

PELECYPODA . Aviculopecten sp. __ . __ ... ______ .. _____________ . __ ._. ______ . _________ . __ . __ . ______ . __________________ . __________ . x 
Myalina sp .. __ . __ . ___ .. ____ .. _____________ . ____ . ___ . __ . __ .. __ . __ . _____ . ______ . ____ . ____ . __ . __ . ______ .. _________ . ----... X 

GASTOPODA 

~~~:;~~i~a£~l~~--('iI~ii·)·:::::::::::::::::::::::::::::::::=::::::::::::::::::::=::::::::::::::::::: \--.~--. :::::::: 1--';--'\ 
I I 

Fish teeth ----~-:~.=.:~~------------------------------------------.--.------.--.----.--------.--------. -------- ----.--.1 x I 
The Anderson quarry exposure is of interest in that it show::: 

the contact between the Kinderhook and the Lower Burlington. 
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The Kinderhook section at this locality has been described on 
page 63. The Burlington succession is as follows: 

Section in A'lLderscm/s quarry on the east bank of Smith creek west of the oenter 
of the SW. 14, seo. 29, Tp. 73 N., R. 2 W. 

FEET 7. Drift . ___ __ .. ____ ___ .... _._. __ ... _. __ ....... ______ _____________________ ______ ._______ __ __ ____________________ 5 

UPPER BURLINGTON. 
6. Limestone, gray, coarse-grained, crinoidal (bed 7 of the Honey 

creek section) ------------------------------------------------------------------_________________ 1:lh 
5. Limestone, gray, subcrystalline, with crinoidal seams, stylolytic 

(bed 6 of t he Honey creek section) .__ _____________ __ ______________ __ _________ 5:lh 
LoWER BURLINGTON. 

4. Limestone, gray, sub crystalline, cherty (bed 5 of the Honey 
cr·eek section) .-_____________ _______ ______ _____ __ __ ______ __ __ ___ ___ _ -----__ __ ___ ____ ______ __ _________ 1:lh 

3. Mostly concealed. Probably consisting of crinoidal lime
stone and brownish dolomiti.c rock. (Beds 3 and 4 and upper 
part of bed 2' of the HoneY' creek section) _____________________ __ ____________ 12 

2. Limestone, soft, dolomitic, brownish; cherty in middle and less dolo,mitic above __ __ __ ___ ___ __ ___ ________ __ _____________________________ __ _______ _______ ___ 7 
1. Limestone, buff, dolomitic, ~ft _____________________________________________________ ___ 1 

The following species were collected by the writer from bed 
5 at this place: 

List of fossils from bea 5 of Burlington limestone itn AMerson quarry. 

A NTHOZOA-
H adrophyllum glans White 

BRYOZOA-
Cystodictya sp. 

BRACHIOPODA--
Chonetes illinoisensis Worthen 
Chonetes sp. 

Productus burlingtonensis Hall 
Rhipidomella dubia (Hall) 
Rhipidomella burlingtonensis (Hall) 
Spirifer grimesi Hall 
Spirifer,ella plena (Hall) 
Brachythyris suborbicularis (Hall) 

The marked thinning of both divisions of the Burlington in 
tracing them from Des Moines county northwestward is empha
sized by the two preceding sections. Thus the Lower Burling
ton has decreased in thickness from forty-three feet at Burling
ton to one-half that amount in Louisa county, while the Upper 
Burlington has decreased in the same way from twenty-seven to 
seventeen feet. 

The following sections have been copied from Udden's report 
on the Geology of Louisa County.ll 

"Seotion m a quarry belonging to Jamie8 Elrick near the sooth OO1lnty line on the 
left bank of Smith creek (After Ucldern). 

FEET 12. Weathered limestone __________ . __ __ _ ,____ ___ __ ____ _____ ______________________________ __ __________ 22 
11. Chert _________________________________ ___ _________ ________ _ -------- ___________ . ____ _______ . ____ .... _._.... lh 
10. Crinoidal limestone, with fish t eeth near top _ .... _ ... __ ._._ ............ _ 2 

9. Soft limestone .. _ ... _ .. _ ... _ ... __ _ .............. _ ........ _ .. ___ .. _. __ _ .......... _ ....... _ ......... _... 1 

11 Iowa Geol. Survey, vol. XI, pp. 7&-81; 1901. 
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8. Blue shale, with some chert below ... _................................................ 2 
7. Fine·grained, yellowish limestone, with Productus sen1.ilreticmlartus, 

Spilrifer plenus, a Pentremites; in straight even ledges, with fish 
teeth above ..................................................................... _....................... 2 

6. Blue shale .......................................... ...................... _............................... 14 
5. Bluish, rather fine· grained limestone .................... .......................... 2 
4. Chert layers, interrupted ........................... _..................................... 1 
3. Coarse·grained, yellowish or white, criIIlioidal limestone.................. 4% 
2. Bluish white crinoidal limestone, upper ledges very evenly 

bedded, lower ledges somewhat :fine· grained, with Dielasma row lei 8 
1. Softer limestone, with some quartz geodes ........... ......................... 1 " 

Bed 1 and possibly a part of bed 2 doubtless belong to the 
Lower Burlington, while those above are referred to the Upper 
Burlington, except beds 11 and 12 which represent ·the basal 
Keokuk. 

It Section seen in some quarries on Gospel run, near the north line of sec. e7, 
Tp . 73 N ., R. 3 W . (.:lfter Udden). 

8. Chel·t and disintegrated limestone, with Eut1'ochom'inus lovei ..... . 
7. Crinoidal limestone, somewhat thin· bedded, with a Pent1'emites 
6. Thin·bedded, crinoidal limestone ... _ .................................................... . 
5. Chert ....................... .......... _ ...................................... _ .............................. . 
4. Yellow irregularly bedded limestone .................................................. .. 
3. Yellow disintegrated crilloidal linrestone ... _ ..................................... .. 
2. Coarsely aggregated crinoidal limestone, with Lobocrinus pyri· 

formis ....... : ................................................................. _ ............................ . 
1. Shaly, disintegr,ated material ................................. _ ....................... ..... , 

FEET ' 

3 
9 
2 

% 
4 
3% 

2 
1" 

Beds 1 to 5 of this section represent the Lower Burlington, 
and the higher beds, the Upper Burlington . 

.. Sections Vn a ravine fol101ving the west banlc of the rail1'oad one and a half miles 
north of Morruing Stvn., Vn the northeast corner of sec. 19, 

Tp. 73 N., R. 3 W. (After Udden). 
'FEET 

4. Chert layers ......................... _ ...... ~ ..................... _..................................... 5/6 
3. White or yellowish, cl'inoidal limestone, with teeth of Orodus, 

Deltodus and Oladod'LIS ......................... _ ........................................ _..... 2% 
2. Greenish white crinoidal limestone, with Lobocrinus pyriformis, 

Dizygocrinus ro'ttlndtLS, Dorycrinus qt~V!U[llelobu8, EutrocMcrinus 
lovei, Pentrernites elongatus, Actinom'inus scitulus ......... _............. 1% 

1. White crinoidal limestone, with Rhipidomella burlingtonensis, 
and Spi1'ifer plenus .............................................................................. 4" 

All of these beds are referable to the Upper Burlington . 

.. Section in J. H. Wasson's quarry Vn the s01lth bank of the sooth branch of Long 
c1'eek Vn the northwest comer of BOO. e3, Tp. 74 N., R . 5 W. (After Udden). 

FEET 
6. Disintegrated limestone, with ba'llds of chert ............... _................... 3 
5. Yellow, disintegrated limestone ............... _ ............................ _............. 3 
4. Blue shale ........... ........................................ _........................................... 1 
3. Yellow slightly disintegrated crinoidal limestone, with amaH hoI· 

lows filled with calcite crystals (also zinc blende) ...................... 4 
2. Yellowish, partly disintegrated limestone, with fish teeth, such as 
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DeltoiPus spatulat~is, Psamnwdus glyptus, Cladodus sp., H elodlis 
sp., and Orodus sp .... - ........................................ - .... - .... - .......... -....... llh 

1. Crinoidal white limestone in ledges from six to ten inches in 
thicknetl$ .. ·with Eut1'oclwcri711U8 lovei, Batocrirllus laura val'. sin· 
uosus, B artocrVlws latUra, Dizy gocrill1tUs rotuniJJu,s ............................. 4112 ' , 

Beds 1 ood 2 are of Upper Burlington age ; beds 3 to 6 are 
basal Keokuk. 

"Section m G?'ay's quarry near the no1'th barn7c of the north b1'arnch of Long creek 
in the NE.1/4 of the NW.V~, of sec. 3, Tp. 74 N., R. 5 W . (After Udden) . 

5. Yellow ilisintegrated crinoidal limestone, with fish teeth near 
t he basl'l, and with Schizophoria s'Wallo';i, E~btroclw()rin!l/os christyi, 

FEET 

Batocrill1tUs laura, Dizygocrm~M rotundus, Mld teeth of Deltod~ts 5 
4. Encrinital white limestone ill heavy ledges, ,hth Proal1ict~tS semi· 

retimilatus, Prodllctus b~irlingtonensis, Spi?'ifer g?'imesi ... _........... 3 
3. Chert ................................................... _ ....... ............................................. ~ 5/ 6 
2. Brownish yell ow porous, disintegrated limestone ... _....................... 3 
1. Bluish white crinoidal limestone, with occasional crinoids near 

top .................. ............................................................. _ ........................... _ 5" 

This succession is entirely of Upper Burlington age. 

"Section in F. J. Moore's quarry on the ea.st bank of Long creek in the SW.1/4 of 
the NE.1/4 of sec. 33, Tp. 75 N., R. 5 W. (Afte?' Udden). 

6. B~nds of chert ... _ ................. ................................................................. . 
5. Yellowish shaly material or disintegrated limestone .................... .. 
4. Yellow partly disintegrated limestone, with chert bands and fish 

teeth ill the upper part, containing Deltodopsis bialveat~i8, 
Deltodopsis cowvexus, Deltodus spat1/.1a,tus, Cladodu.s, fragments 
of spines ............................................................................................ .... .. 

3. Bluish white crinoidal limestone in ledges from six to t en inches 
in thickness, with Productus b~i1'lmgt01WTl.sis ... _ .............................. . 

Z. Shelly limestome, with many brachiopods and Igoce1'as oopuills 
1. Crinoidal' white limestone ..................................................................... . 

FEET 
1 
2 

2 

2 
1 
2" 

These beds again represent the Upper Burlington. 

Wa.shington Cownty.-In Washington county, the Burlington 
and K eokuk limestones have not been differentiated in previous 
reports. Thus, Bain1 2 in his Geology of Washington County 
describes them under the title of "Augusta formation." He 
says: 

"The greater number of fossils found belong to the Burling
ton fauna, though a few Keokuk forms occur. The formation 
is, however, as a whole, a distinct, well marked, stratigraphic 
unit for the region studied. It is neither advisable nor possible 
to divide it into formations which could be separately mapped". 

In the course of the present study, it has been found that the 
Burlington and Keokuk limestones are recognizable as strati· 

12 Iowa Geol. Survey. vol. V. 1'1' 140·143; 1896. 
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graphic units, although their formational characteristics are not 
nearly so pronounced as in the counties to the southeast. 

The best exposures are on and near Crooked creek, northwest 
of the town of WashingtQn. The Eckles quarry section is typi-
cal (S\iV. 1;4, sec. 2, Tp. 75 N., R. 8 \iV.) . • 

Eckles qU47TY section. 
FEET 

5. Drift ........................................................................................................... 12 
4. Limestone, gray, medium· grained, with slight bluish tint, thin· 

bedded ........................................................................................................ 2% 
3. Shaly parting ...................................................................................... .... 112 

2. Limestone, gray, crinoidal, with occasional small lenses of chert 
and thin layers of brown dolomitic limestone, with stylolytic 
seams .......... ................................................................................................ 6 

1. Limestone, gray, crinlOidal, with greenish tint above; stylolytic 
seams. Bears C08invum latum and other Burlington fossils........ 10 

The fauna of the above beds indicates their Upper Burlington 
age. 

The Keokuk Limestone 

NOMENCLATURE AND CHARACTER 

The Keokuk formation as defined by HaItH consists of cherty 
limestone at the base, the encrinallimestone or "Lower Archi
medes Limestone" of Owen directly above, which is well exposed 
at Keokuk" and the overlying. geode bearing shales. Worthen 'S14 

clas'sification is essentially the same as that of Hall. 
Tn the reports on the geology of Lee and Des Moines c.ountjes 

Keyes15 designated the basal cherty limestone as the Montrose 
cherts and referred them to the Upper Burlington. He de
scribed the Geode bed as a distinct formation. Gordon16 like
wise referred the Montrose cherts exposed in Van Burel?- county 
to the Burlington. He includes the Keokuk limestone, the Geode 
shales and the Warsaw shales and limestones in the Keokuk 
stage. In his Geology of Henry County, Savage17 includes the 
limestone phase and the Geode shales in the Keokuk. 

The present study has demonstrated the Keokuk age of the 
Montrose cherts. The Geode shales on the other hand are more 

1 3 Geo!. of Iowa, vo!. I, part I, p, 94 ; 1858. 
14 Idem, p . 193. 
15 Iowa Gool. Survey, vol. IH, pp. 341 and ' 445; 1895. 
16 Iowa Goo!. Survey, vol. IV, p . 206; 1895. 
17 Iowa Goo!. Survey, vol. XII, p . 254; 1902. 
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closely related faunally to the Warsaw formation than to the 
Keokuk. As at present defined, therefore, the Keokuk forma
tion consists of the transition beds known as the Montrose 
cherts, which are about thirty feet in thickness, and the Keokuk 
limestone, which is about forty feet in thickness. The lower 
division consists of alternating layers of gray and bluish 
cherty limestone. In this division, several Keokuk types of 
brachiopods appear for the first time. Some of these evidently 
represent forms intermediate between typical Burlington types 
and true Keokuk forms. The crinoid fauna of the beds shows 
similar characteristics, as was pointed out by Wachsmuth and 
Springer.1s They say: 

"The transition beds are more or less fossiliferous through
out, though the occurrence of the fossils is irregular, and their 
preservation very variable. 'J~hey exhibit in an irregular man
ner the lithologic characters ' of both formations, while the· crin
oidal remains which have been obtained from them show such 
an intermingling and blending of the Burlington and Keokuk 
species, that it is impossible to say where the one begins and 
the other ends. The majority of the ' crinoids found in them can 
neither be called Burlington nor Keokuk series, and may often 
be identified as either. They constitute a kind of intermediate 
type between them, and throw much light upon the growth of 
the individual and the development of species in the course of 
time." 

This part of the Keokuk formation is well exposed near 
Augusta, Iowa, and in Cedar Glen, between Hamilton and War
saw, Illinois. The beds above, constituting the Keokuk lime
stone of earlier writers, consist of layers of gray to bluish 
limestone, alternating with beds of shale, which are increasing
ly prevalent and thicker towards the ·top. It appears that there 
was a slow contraction of the sea during Keokuk time, as is in
dicated by this change in the sediments. 

STRATIGRAPHIC RELATIONS 

No convincing evidence of · a stratigraphic break has been 
found either at the base or at the top of the Keokuk. Indeed 
the faunal transition from the Burlington into the ~eokuk be-

18 Proc. Acad . Nat. Sci. Philadelphia. Part II. p. 228; 1878. 
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low and from the Keokuk into the Lower Warsaw (Geode bed) 
above is such as to preclude the possibility of an important dis
conformity at either level. However, the presence of rolled 
shells of Spirifer grimesi in the basal 'bed of the Keokuk sug
gests a shallowing of the sea in the region at the close of Burl
ington time. 

AREAL DISTRIBUTION 

The Keokuk limestone forms the surface rock over a compar
atively small area in southeastern Iowa. It has been recognized 
in Lee, Van Buren, Des Moines, Henry, Louisa, Washington 
and Keokuk 'c0unties, It outcrops also in Hancock county, Illi
nois, situated directly east of Lee in Iowa, and in Clark county, 
Missouri, to the south of Lee. In all of the Iow'a 'counties, how
eyer, its areal extent is limited. In Van Buren county it comes 
to the surface only along the valley of Des Moines river in the 
vicinity of Bonaparte and Bentonsport where it has been ex
posed by the erosion of a small anticlinal uplift. 

Its distribution in Lee county is shown on the geological map 
of this area prepared by Keyes.19 The more important areas 
underlain by the Keokuk are (1) along the valley of MissiSSIppi 
river and its tributaries at and near the city of Keokuk; (2) 
in northern Washington township and (3) over the greater part 
of Denmark township. 

It also forms a northwe~t-southeast belt several miles wide in 
the southwestern part of Des Moines county/o to the north of 
Lee .. , 
. The Keokuk of Henry county21 comes to the surface only over 
a 'small area along the valley of Skunk river in Jackson town
ship and appears to h~ve been exposed by the erosion of a 
gentle anticline .. 

The Keokuk and Burlil).gton limestones have not bee.n differ
entiated on the geological map of Louisa county but all known 
exposures of the Keokuk are confined to Morning Sun, southern 
Wapello and southwestern Elliot townships, in the southern 
part of the county. 

The Keokuk. of vVashington county likewise has not been dif-

19 Iowa Geol. Survey. vol. III, opp. p. 408; 1895. 
20 Geological map of Des Moines county. Iowa Geol. Survey. vol. III. oPP. p. 492; 1895. 
21 Geological map of Henry county. Iowa Geol. Survey. vol. XII. opp. p. 302; 1902 . 
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ferentiated by previous workers in the field nor has there been 
found an exposure of typical Keokuk in the area during the 
present investigation. It seems probable, however, that this 
limestone underlies the drift over a narrow belt extending 
through the middle of the county in a northwest-southeast di
r ection, bounded on the northeast by the Burlington beds and 
on the southwest by the St. Louis limestone, which succeeds the 
Keokuk directly in this part of the state. 

In Keokuk county, exposures of the Keokuk limestone occur 
along Rock creek north of Ollie. Bu't doubtless it forms the sur
face rock at several other localities, notably along a belt be
tween the St. Louis and Burlington areas in the northeastern 
part of the county. 

AREAL DESCRIPTION BY COUNTIES 

L ee County and adjacent parts of Illinois.-The type section 
of Keokuk limestone is at Keokuk, Iowa. Excellent facilities 
for studiying the formation at that place are afforded in the ex
posures along Soap creek and in a quarry in the Mississippi 
river bluff, near the mouth of the creek, where an almost com
plete succession of the beds is shown (fig. 3). 

FIG. 3.- Keokuk limestone overl ain by glacial drift. Qnarry at mouth of Soap creek, Keokuk. 
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Generalwed section of K eokuk lilmestone along Soap oree7c and near its mcJ'Uth, 
Keokuk. 

FEET 
16. 
15. 

Limestone, gra,y, sub crystalline .............................. _ ................... 1 1/3-3 1/ 2 
Shale, bluish, argillaceous; locally grading wholly or in 

14. 
part into' gray subcrystalline limestone ........................... : ...... 2 1/2-3 1/ 2 
Limestone, ash· colored, fine· grained, magnesian; locally 
grading in part into, gray more crystalline fossiliferous 

13. 
limestone. The" cotton wood ledge" of quarrymen ... _ .... _ ... 1 1/ 2-2 1/2 
Limestone, bluish gray, subcrystalline; Composita globosa 
abundant ................. ................... ... _ ............................ ................... 1 1/ 2-2 1/ 2 

12. L iInJelSto!rue, bluish gray, thin·bedded, cherty; with shaly 
seams ............................................................... ..... ............................ 1 5/6-2 1/ 2 

11. Limestone, massive, blnish, subcrystalline; with layers and 
seams of graly fine· grained magnesian limestone and calca· 
r eons shale. Fish teeth locally abundant at base ................ ..4 1/2-·6 

10. Limestone, bluish,' sub crystalline, Spirifer ke07c~!k abun· 
dant ........................... _ ......................... ...... ............. .. ... ........... ....... (\ 

9. Shale, bluish; argillaceous, very fossiliferous; locally with 

8. 
seaJllS of gray sub crystalline limestone ........ .... ............. ......... 1 
Limestone, gray, compact, most of t he layers thin and 
lenticular; with thin intercalated shaly seams. Fish teeth 

:-1 1 / 2 

.,-1 1/ 2 , 

in topmost layer ... _ ............................... ...... ...... ... _ .......... _ ...... ..... 2 3 / 4-3 
7. Limestone, gray, subcrystalline, the "gTay ledge" OT 

6. 

5. 

"eighteen in ch ledge" of quarrymen. Beal'ing a few fish 
teeth .................. .................................... .................... ............... _ ....... 1 
Limestone, light gray, massive, cherty; locally grading into 
shale in pa.rt. A shaly parting at · the base is rich in crin· 
oids. The" white ledge '.' ,of qual'J'ymen ................................ 3 
Limestone, gray, impure, massive, fine· grained, magnesian, 
cherty; locally with occasiollal seams of gray, subcrystalline 
limestone; bearing a few large calcite geodes many of , 
which contain millel'ite: the" millerite ledge" of quarry· 
men .............................. , .............. _ ........................................ _ ......... 5 

-21/ 2 

--4 

-6 
4. Li.me~ton e, light gray, impure, soft; bearing occasional 

cnnOlds ............ ....................................... _....................................... 5/6-1 
3. Limestone, bluish, medium grained; bearing a few fish 

t eeth ...... ................. ....................................... .................................. 3/4-1 1/3 
'2. Limestone, grayish, medium· grained .. : ....... , .. _ ...... _ ............ _ .... 2 -3 " 
1. Limestone, grayi"sh, medium-grained, cherty; fish teeth · 

locally abundant. Exposed ... _ ........ __ .................. _ .... _ .... _ ...... __ .. 6 

The fossils of the successive beds are listed below : 
List of fossils from bed 1 of the K eoh!k limestone at K eokuk. 

ANTHOZOA
Triplophyllum dalei ( M.-E. anld H.) 
Pala.eaeis obtusus (M. and W. ) 

BRYOZOA
Fenestella triserialis Ulrich , 
Fenestella species II , 
F enestella limitaris Ulrich ~ 
F enestella serra.tula. Ulrich 
F enestella tenax Ulrich 
Polypol'a burlingtonensis Ulrich 
Cy'stodictya lineata Ulrich 
Worthenopora spinosa Ulrich 
Glyptopora sp. 

BRACHIOPODA
Orthotetes lreokuk (Hall) 
Productus cf. P. gallatinensis Girty 
Productus setigerus Ha ll 
Avomia sp. 
Pustula alternata (N. and P. ) 

Pustula biseriata (Hall) 
Tetracamera sub trigona (M. and W.) 
Spirifer cf. S. keokuk Hall 
Spirifer tenuicostatus Hall 
Brachythyris suborbicularis (Hall) 
Syringothyris subcuspidatus (Hall) 
Spiriferella neglecta (Hall) 
Reticularia pseudolineata (Hg.]]) 
Athyris lamellosa (Leveille) f 
Composita trinuclea (Hall) I 

l'ELlccYPODA
Avi culopecten sp. 
Cypricardinia f sp. 

GASTROPODA-
Platyceras equilateralis Hall 
Orthonychia pabulocrinus (Owen) 

VERTEBRATA-
Fish teeth (Sandalodus, etc.) 
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The following additional species are listed from this bed by C. 
H. Gordon :22 

Eutrochocrinus plMlodiscus (Hall) 
Platyceras fissu~ella Hall 

List of fossils from bed e of Keo1ruk limestone at Keo7c'U7c. 

ANTHOZOA-
rrriplophyllum dalei (M.-E. and H .) 

VERMES-
Enchostoma sp. 

CRINOIDEA
Actinocrinus sp. 

BRYOZOA-
Ferrestel1a rnuItispinosa Ulrich 

BRACHIOPODA-
Productus viminalis White f 
Pr<oductus setigerus Rall f 
Productus sp. 
Pustula biseriata (Hall)' , 
Rhipidomella dubia (Hall) 
Tetracamera subcuneata (Hall) 
Rhynchopora beecheri (Greger) 

Dielasma sp. 
Spirifer cf. S. keokuk Hall 
Spirifer lo.gam Hall , 
Spirifer tenuicostatus Hall 
Brachythyris suborbicularis (Hall) 
Syringothyris sp. 
Spiriferella neglecta (Hall) 
Reticularia pseudolineata (Hall) 
Eumetria sp. 

PEL.ECYPODA-
Myalina keokuk Woo·then 

GASTROPODA-
Platyceras equilateralis Hall 

VERTEBRATA-
Fish teeth 

List of fossils from bed 3 of Keokuk lvmestone at Keok~!7c. 

ANTHOZOA-
Triplophyllum dalei (M.-E. and H.) 

BRACHIOPODA-
Orthotetes keokuk (Hall) 
Productus setigerus Hall f 
Pustula biseriata (Ifull) 
Rhipidornella dubia (Hall) 

~pirifer cf. S. keokuk Hall 
Brachythyris suborbicularis (Hall) 
Brachythyris sp. 
Syringothyris sp. 
Reticularia pseudolineata (Hall) 
Cliothyridina parvirostris (M. and W.) 

List of fossils fr01n bed 4 of K eokuk lilmestone a·t Keokuk. 

ANTHOZOA--'- BRACHIOPODA-
Triplophyllum dalei (M.-E. and H.) 'Productus lip. 
Amplexus sp. Pastula alternata (N. and P .) 

CRrNOIDEA- Spiriferella neglecta (Ifull) 
Actinocrinus pernodosus Hall , Brachythyris suborbicuIaris (Hall) 
Actinocrinus lowei Hall , Reticularia pseudolineata (Hall) 
Agaricocrinus americanus var. tuber- Cliothyridina sp. 

osus Hall GASTROPODA-
BRYOZOA- PlatyCJel'as equilateralis Hall f 

Fenestella muItispinosa Ulrich' 

Gordon2s reports three species of crinoids from this bed which 
were not found by the writer, namely: 

Agaricocrinus amerieanus (Roemer) 
Macrocrinus lagunculus (Hall) 
Platycrinus saffordi H:aJl 

22 Am. Jour. Sci., 3d ser., vol. 40, p. 296, 1890. 
23 OP. cit., p. 29 &. 
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List of fossils from bed 5 of Keokuk linnestone at Ke07l7u1c. 

ANTHOZOA-
Triplophyllum dalei (M.-E. and H.) 

CRINOIDEA-
Eucladocrinrus sp. 
Barycrinus sp. 

BRYOZOA-
Penestella compressa Ulrich , 
Fenestella se1'l'atula Ulrich 
Fenestella ten3X Ulrich 
Fenestella sp. 
Archimedes owenanus Hall 
Polypora halliana Prout , 
Rholttbopora dichotoma Ulrich , 
Cystodictya lineata Ulrich 

Glyptopora sp. 
BRACHIOPODA-

Ol'thotetes keokuk (Hall) 
Productus setigerus Hall 
Productus sp. 
Avonia sp. 
Pustula alternata (N. and P.) 
Pustula hiseriata (Hall) 
Pustula sp. 
Spirifer cf. S. keokuk Hall 
Brachythyris suborbicularis (Hall) 
Spiriferella neglecta (Hall) 
Reticularia pseuilolineata (Hall) 
Composita trinucLea (Hall) 

List of fossils from bed 6 of Keok~!k linnestone at Keokuk 

ANTHOZOA-
. Zaphrentis sp. 

Amplexus sp. 
'rriplophyllum dalei (M.-E . and H .) 
Hadrophyllum (species undescribed) 
Palaeacis obtusus (M. and W.) 

CRINOIDEA-

Cystodictya lineata Ulrich 
Worthenopora spinosa Ulric.h 

BRACHIOPODA-
Orthotetes keokuk (Hall) 
Productus setigr:rus Hall 
Productus cf. P. gallatinensis Girty 
Productus ovatus Hall 

Agaricocrinus 3.ITlericanus val' . tuber- Productus sp. 
osus Hall 

Agaricocrinus sp. 
Agaricocrinus sp. 
Actinocrinus lowei Hall 
Actinocrinus pernodosus Hall 
Uperocrinus nashviUa.e (Hall) 
Platycrinus saffordi Hall , 
Platycrinus sp. 
Platycrinus sp. 
Barycrinus spurius (Hall) 
Barycrinus stellaitus (Hall) 

BRYOZOA-
:F1enestella serratula Ulrich 
Fenestella tenax Ulrich 
Fenestella compressa Ulrich 
Fenestella species III 
Fenestella species IT 
Polypora hailiana Prout 
Polypora varsoviensis Prout 
Polypora species II 

Pustula biseriata (Hall) 
Pustnla alternata. (N. and P.) 
Pustula , &p. 
Avonia (species undescribed) 
Rhipidomelhv dubia (Hall) 
Dielasma sp. 
Spil'ifer cf. S. keokuk Hall 
Spirifel' l'ostellatus Hall 
Spirifer tenuicostatus Hall 
Spirifer subaequalis Hall , 
Syringothyris (') sp. 
Spiriferella neglecta' (Hall) 
Reticulal'ia pseudoliroeata (Hall) 
Cliothyridina obma.xima (McChesney) 
Composita trinuclea (Hall) 

PELECYPODA
Conocardium sp. 
Myalina keokuk Worthen 

GASTROPODA-
Platyceras equilateralis Hall 

Gordon24 found the following crinoids in this bed: 
Actinocrinus sp. 
Agaricocrinus americaJtus (Roemer) 
Barycl'inus magistel' (Hall) 

List of fossils from bed 8 of Ke07~u7c limestone at K eoh,k, 

ANTHOZOA-
Zaphrentis varsoviensis ·Worthen 
Zaphrentis sp. 
Triplophyllum daJei (M.·E. and H.) 
Amplexus sp. 
Palaeacis obtusus (M. and W.) 

24 OP. cit.. p. 296. 

CRINOIDEA
Dorycrinus sp. 
·Agaricocrinus americarI1us val'. tuber

osus Hall 
BRYOZOA-

Fistulipora spergenensis Rominger , 
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Stenopora sp. 
Fenestella serratula ' Ulrich 
Fenestella multispinosa Ulrich 
Fenestella triserialis Ulrich 

. Fen estella compressa Ulrich , . 
Fenestella species I 
Fenestella species II i 
Hemitrypa perstriata Ulrich 
Polypora simulatrix Ulrich 
Polypora species I 
Polypora sp. 
Archimedes cf. A. negligens Ulrich 
Pinnatopora Slp. 
Rhombopor3. attenuata Ulrich T 

BRACHIOPODA -
Orthotetes keokuk (Hall) 
Productus d. P. gallatinensis Girty 
Productus setigel'Us Hall 
Productus ovatus Hall 
Productu9 sp. 
Productus sp. 
Productus sp. 
Pustula biseriata (Hall) 
Pustula alternata (N. and P.) 

Pustula (species undescribed) 
Avonia sp. 
Rhipidomella dub!i.a (Hall) 
Dielasma sinuata Weller 
Dielasma sp. 
Spiriferina i sp. 
Spiriferina , sp. 
Spirifel' keokuk Hall 
Spirifor tenuicostatus H all 
Spirifer rostellatus Hall 
Brachythyris :mborbicularis (Hall) 
Syringothyris sp. 
Spiriferella neglecta (Hall) 
Reticularia pseudolineata (Hall) 
Cliothyric1ina parvirostris (M. & W. ) 
Composita peutag-oala Weller 
Composita trinuclea (Hall) 
Composita sp. 

PELECYPODA-

Lithophagus illinoisensis Worthen 
TRILOBITA-

Griffithides (1) 8p. 
VERTEBRATA

Fish teeth 

List of foss>ils from bed 9 of KeoTcuTc limestone at K eo/"''''Uk. 

ANTHOZOA-
ZaphreJitis varsoviensis Worthen 
Triplophyllum dalei (M.-E. and H .) 
Amplexus sp. 
Monilopora beecheri Grabau 

CruNOIDEA
Bat.()lcrinus 1 sp. 
Do'rycrinus mississippiensis Roemer 
Dorycrinus sp. 

Ptilopora valida Ulrich 
Rhombopora attenuata Ulrich 
Acanthoclema confluens Ulrich 
Taenioc1ictya l'amulosa Ulrich 
Cystodictya sp. 
Cystodictya sp. 
GlyptKlpora keYSieTlingi (Prout) 
Cyclopora (several species) 
Proutella discoidea (Prout) , 

Agaricocrinus :1mericanus val'. 
osus Hall 

tuber- Wortheno.pora spinosa Ulrich 
BRAcHIOPoDA-

Barycrinus tumidus (Hall) 
Barycrinus stellatus (Hall) 

BRYOZOA
Fistulipora sp. 
Leioclema punctatum (Hall) 
FeIJestella serratula Ulrich 
F enesteHa tenax Ulrich 

. F enestella multispinosa Ulrich 
F enestella triserialis Ulrich , 
Fenestella compressa Ulrich , 
F enestella rudis Ulrich 
F enestella sp. 
Fenestella sp. 
Hemitrypa prout ana Ulrich 
H emitrypa perstriata Ulrich' 
Polypora varsovie1'lsis Prout 
Polypora reb'orsa Ulrich 
PoIypora maccoyan'<L Ulrich 
Polypora simulatrix Ulrich 
Polypora sp. 

Productus setigerus Hall 
Pustula alternata (N. and P.) 
Spiriferina sp. 
Spi.rifer t enuicostatus Hall 
Spirifer cf. S. pellaensis Weller 
Spirifer keokuk Hall 
Syringothyris sp. 
Spiriferella neglecta (Hall) 
Reticularia setigera (Hall) 
Cliothy'ridina parvirostris (M. and W.) 
Composita trinuclea (Hall) 

PELECYPODA

Aviculopecten sp. 
Aviculop('cten sp. 
Lithophagus illinoisensis Worthen 
C.'llrica,rdinia sp. 

GASTROPODA

Platyceras sp. 
YER'l'EBRATA

Pleuracanthus 

List of fossils from bed 10 of the KeoTcuTc limestone at KeoTcuk. 

ANTHOZOA- BRYOZOA-

Triplophyllum dalei (M.-E. and H.) Fenestella serra tula Ulrich , 
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BRACHIOPODA-
Orthotetes keokuk (Hall) 
Productus setigerus Hall 
Pustula alternata (N. and P.) 
Pustula biseriata (H-aJ.l) 
Rhipidomella dubia (Hall) 
Dielasma sinuata Weller 
Spirifer keokuk Hall 

Spirifer tenuicostatus Hall 
Syringothyris textus (Hall) 
Spiriferella neglecta (Hall) 
Reticularia pseudolineata (Hall) 
Eumetria verneuiliana (Hall) 
Composita globosa Weller 

PELECYPODA-
. Myalina keokuk Worthen 

List of fossils from bed 11 of K eokuk lillnestone at Keokuk. 

ANTHOZOA-
Triplophyllum dalei (M.-E. and H.) 

BRYOZOA-
Stenopora sp. 

BRACHIOPODA--
Orthotetes keokuk (Hall) 
Productella sp. 
Productus setigerus Hall , 
Productus sp. 
Productus sp. 
Productus sp. 
Pustula alternata (N. and P.) 
Rhipidomella dubia (Hall) 
Dielalsma 8p. 

Spil'ifer keokuk Hall 
Pseudosyrinx keokuk Weller 
Spiriferella neglecta (Hall) 
Reticularia pseudolineata (Hall) 

GASTROPODA
Platyceras sp. 
Orthonychia sp. 
Orthonychia sp. 
Conularia d. C. missouriensis Swallow 

TRILOBITA-
Griffithides , sp. 

VEr~TEBRATA
Fish teeth 

List of foss·ils fl'om bed 1£ of Keo7c1~k limestone at Keokmk. 

ANTHOZOA-
Triplophyllum dalei (M.-E. and H .) 

BRYOZOA-
Stenopo.ra sp. 
Stenopora sp. 
Archimedes Bp. 
Fenestella tenax IDrich 

Ptilopora sp. 
Rhombopora sp. 

BRACHIOPODA-
Pustula alternata (N. and P .) 
Spirifer d. S. keokuk Hall 
Cliothyridina obmaxima (McChesney) 

List of fossils from bed 19 of Keo7cuk lillnest07i!IJ at Keo7cuk. 

ANTHOZOA-
Triplophyllum dalei (M.-E. and H.) 
Zaphrentis d. Z. spinulosa (M.-E. 

and !II.) 
Zaphrentis sp. 
Monilopma beecheri Grabau 

CRINOIDEA-
Agarioocrinus americanus var. tuber· 

osus Hall 
Actinocrinus pernodosus Hall 
Dorycrinns sp. 

BRYOWA-
Fistulipora spergonensis Rom. 
Fenestella serratula IDrich , 
Fenestella species II T 
Fenestella sp. 

Fenestella species III 
Polypora stri:ruta Cunrin·gs 
Polypora varsoviensis Prout 
Rhombopora varians Ulrich , 

BRACHIOPODA
Productus sp. 
Productus sp. 
Pustula altern~ta (N. and P.) 
Rhipidomella dubia (Hall) 
Spirifer keokuk Hall 
Brachythyris subcardifonnis (Hall) 
Composita globosa Weller 

TRILOBITA
Griffithides f sp. 

VERTEBRATA-
Cochliodus nobilis N. run.d: W. 

List of fOSlSils from bed 14 of Keokmk lillnestone at Keokuk. 

ANTHOZOA-
Triplophyllum dalei (M.-E. and H.) 
Monilopo:ra beecheri Grabau 

CRINOIDEA-
Barycrinus lip. 

BRYOZOA-
Fen estella Bp. 
Cystodictya lineata IDrich 

BRACHIOPODA-
Pustula biseriata (Hall) 
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Produckus setigerus Hall 
Rhyn.chonella sp. 
Dielasma sp. 

Cliothyridina parvirostrisa (M. and 
W.) 

SpLrifer cf. S. keokuk Hail 
Spiriferella neglecta (Hall ) 
Reticularia pseudolineata (Hall) 

Cliothyridina obmaxima (McChesnc.") 
PELECYPODA-

Lithopha,gus illinoisell$is Worthon f 
Aviculopecten sp. 

Several additional species are reported from this bed by 
Gordon25

, viz: 

Uperocrinus llashvillae (Hall) 
Dizygocrinus biturbinatus (Hall) 
Dorycrinus mississippiensis Roemer 
Agaricocrinus wortheni Hall 

Agaricocrinus americanus (Roemer) 
val'. 

Barycrinus tumidus (Hall) 
Archimedes owenunus H all 

List of foss-bls from bed 15 of Keo/rule limestone at Keo/,uk. . 

ANTHOZOc<\.-
Triplophyllum dalei (M.-E . and H. ) . 

BRYOZOA
Stenopora sp. 

BRACHIOPODA-
Pnstula alterna.ta (N. and P.) 

Rhipidomella dubia (Hall) 
Spirifer cf. S. keokuk Hall 
Bmchythyl'is suboroocularis (Hall) 
Brachythyl'is subcardiformis (Hall) 
C.omposita globosa Weller 

List of fossils from bed 16 of Keoleuk limestone at Keo/cuTe. 

ANTHOZOA- Productus ovatus Hall , 
Triplophyllum dalei (M.-E. and H.) Productus cf. P. gallatinensis Girty 
Monilopora bee cheri Grabau Productus sp. 

BRYOZOA- Pustula biseriata (Hall) 
Brutostolmllla sp. Rhipidomella dubia (Hall) 
Stenopora sp. Tetracamera subtrigooa (M. and W.) 
Stenopora sp. Dielasma sp. . 
Archimedes owenanus Hall Spirifer cf. S. keokuk Hall 
PoJypora varsoviensis Prout Spirifer tenuicostatus Hall 
Hemitrypa sp. Bmchythyris subcardiformis (Hall) 
F enestella serratula Ulrich Syringothyris textus (Hall) , 
Fenestella compl'essa Ulrich Reticulaa'ia sp. 
Fenestella triserialis Ulrich Cliothyridina (') sp. 
F ene,stella compressa var. nododorsalis Composita trinuclea (Hall) 

Ulrich PELECYPODA- . 
}'euestel1a multi spinosa ffirich f Myalina keokuk Worthen 
Fenestella species II Aviculopecten sp . 
Pinnatopora sp. Aviculopecten sp. 
Rhombopora s.p. GASTROPODA-
Cystodictya lineata ffirich ' Platyceras equilateralis Hall (f) 
Worthenopora spinosa ffirich Ptychomphalus (f) sp. 

BRACHIOPODA- TRILOBITA-
Ol'thotetes keokuk (Hall) Griffithides (') sp. 
Chonetes sp. VEltTEBRATA-
Productus setigerus Hall Fish tooth 

The vertical range of all the more characteristic species listed 
above is shown in the following table: 

25 Am. Jour . Sei. : 3d ser., vol. 40, p. 296 . 
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Table Showing Ra;nge of Species iIn the Keokuk' Limestone at K e07cuk. 

I Horizons I 

~ 1 ~ 2l3l4l5(6(7(S(9 110111112113114115116\ 

HadrOPhYllUmA~~~~~.~.~ ............................ _ ............. _ .......... .... / .... / .... x .... .... .... ........ .... ....... .\....1....\ 
'l'riplophyllum dalei (M.·E. and H.) ... _ .... _ ......... ···· x x x I x Ix x .... x x x x x x x Ix x 
Zaphrentis varsoviensis '\Vorthen ............... _ ......... ,··· .... ........ ................ x x ............ .... .... ....... . 
Zaphl'entis cf. Z. spinulosa (M.·E. and H.) ........... .... .... ........................................ x ........ .. .. 
Zaphrentis sp .......................................... _ ................. ·· ...................... x .... x .............................. .. 
Amplexus sp ............................ _ ........ __ ....................... -...... ........ x .... x .... x x .......................... .. 
Palaeacis obtusus (M. and W.) ........................... # •• • x ................ x .... x ................ .... ........ ... . 
Monilopora. beecheri Grabau ................................. _ .................................. x ............ x x .... X 

VERMES 
EnchostoIr1131 Sp .... _ .................................................... · ...... x ............................ .... .... ........ .......... .. 

CRINOIDEA 
Platycrinus saffordi HalL .............................................. .... .... x .... x~ ................ ................ .... .. .. 
Platycrintls sp .......................................................... _ ...................... x .... .................................. .. 
Eucladocrinus sp ....................................................... _ ...... ............ x ........ ................................ .. .. 

!~~:~~~~: f;~~d::lL~.~~~::::::::::::::::=::::::::=::: .:: :::: :::: :::: ~ ; :::: ~ :::: :::: :::: :::: :::: :::: .~. :::: :::: :::: 
Actinocrinus sp ............. ~ .......................................... # ....... .... . ........... x ............ .......................... .. 
Actinocrinus sp ........................................................ # .. • .... x ................ .................... ........ ........ .. .. 
Batocrinus sp .................. _ .................. ___ .. _ ................. · ........ ........ ................ x .......................... .. 
Macrocrinus lagunculus (Hall) .............................................. x .... ............ ........ .... ................ .. .. 
Uperocrinus nashvillae (Hall) ... _ .......... __ .......... _. __ ........................ x ............ ................ x ...... .. 
AgaricocrinJus americanus (Roeri:t~r) ............... _ ... _ .............. x .... x ................ ............ x ...... .. 
Agaricocrinus americanus V!!Jr. tuberosus HalL.~ ............... x .... x .... x x .... ........ x .......... .. 

~~;;i~~~~Ii:::~~~~i;;;;:::::::::::::::=::::=::: :::: :::: :::: :::: :::: :~: :::: :::: :~: :::: :::: :::: :::: .~. :::: :::: 
~~£i:=~~i~~:~~!~~~-(f~~d~:::::::=::::::=::=::::: :~: :::: :::: :::: :::: :::: :::: :~: :~: :::: :::: :::: :~: :~: :::: ::::1 
Barycrinus spurius (Hall) ........................... _ .... _ ....................... .... x .... ................................... . 
BarY(ll'inus magister (Hall) ... _ .... _ .... _ .... _ ................... ............ .... x .... .... .... ........ ............ ...... .. 
Barycrinus tumidus (Hall) ... _ ...................... _ ........................................... x ............ .... x ...... .. 
Barycrinus stellatus (Hall) ......... __ .................... _..... .... .... .... ........ x........ x .... .... ........ ........ .. .. 
Ba,ycriDIUs sp .............. __ .. _ ...................................... _ ................. .... x .... ................ ................ ...... .. 

F istulipoo-a s:e~~~~~!SiS Rommger ... _ ......................... .... .... ............ .. A xf .... .... .... .... xf .... ........ 1 

f~~~~~~~~~~~~~~=::~~~;: ~-:: ~ ~ ~ ~ .~. ~, ~= ~: ~~.; .;. tl 
F enestella serratula Ulrich .... · .......... _ .... __ .......... · ..... 1 x 1 .... 1 .... 1 .... 1 x x I .... x 1 x xf .... .... x, .... /.. .. / x I 
F enestella ten ax UlriCh ............... _ .... _ .. _ .......... _ ....... / x / .... / ........ I x x I"" .... I x 1 .... 1· .. ·1 x 1· .. ·1 .... / .... / .... , 
F ellestella multispinosa ~rich ... -.-............................. x f .... x ............ x x .... .... .... ............ xfl 
F enestella compressa Ulnch ... _ ................ _ ...... _ ...... .... 1 .... ........ xf x .... x, x, .................... 1 .... 1 x I 
F enestella rudis UlriCh ........... _ ........ _ .. :._ .... _: ............ ! .... ! .... ! ............ ............ x .... .... ........ , ........ ' .... 1 
F enestella compressa var. nododorsahs Ulnch ................ .... .... ......................................... .... x 

E~: ?~J~~~l:=Il~j¥~g:_ I:~~. ~::=~::: ~ ~'I:: :::: ~ ::,::f~' 
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Table Showilng Range of Species in the Keo1.,"'Uk Iknestollle at Keokuk-Continued. 

I Horizons I 

\ 1 (2 (3 ( 4 ( 5 ( 6 j 7 ( 8 (9 (10(11(121131141151161 
ArchimJedes owelW,nIIlS Hall ..................... _ ...... _ .. _ ..................... x ............ 1 .................... x :::XI 
Archimedes cf. A. negligens Ulrich ...................................................... x .... ........................... . 
Polypora burlingtonensis Ulrich ... _ .... _ .... _ ............. x, ................................ ................ ........... . 
Polypora halliana Prout ................................. _ .... _..... .... .... .... .... x x ........................ ............... . 
Polypora varsoviensis Prout ........................... _ ... _ ........... ..... _ ..... x ........ x ............ x ........ x 
Polyp ora simulatrix Ulrich. .................... _ .... _ .... _..... .... .... .... .... .... .... .... x x .... .... ................ ... . 
Polypora. retrorsa Ulrich. .. _ ...................... _ .•.... _....... .... .... .... .... .... .... .... .... x ........................... . 
Polypora maccoyana Ulrich ............. _ ................ _ .. _ ................................... x .... .... ........ _ ......... . 
Polypora striata CUmings ............... _ .... _ .............. _ .................................................... x .... ....... . 
Polyp ora species II. ...................................... _ .... _ .. ~ ....................... x ............ ............................ 1 

~r~~io~!:ir~;i~:::=:::::::::::::::::=:::::::::::::::::::::::: :::: :::: :::: :::: :::: :::: :::: .~. :~: :::: :::: :::: :::: :::: :::: :~:I 
RhombOlpora attenuata Ulrich ......... _ ......................... ........ .... ........ ........ xf x .... .................... ... . 
Rhombopora dichotoma Ulrich .......................................... ........ x ........................ ............ ....... . 
Rhombopora varians Ulrich ........................... _ .. _ ....... .... ................ ............................ xf ........... . 
Acanthoclema confluens Ulrich ... _ .... _ ................ _ ...... : ...... ........ .... ........ .... x .................... ....... . 
Taeniodictya ramulosa Ulrich ........................... _ ....................................... x ........................... . 
Cystodictya lineata Ulrich ............................... _ ..... _.. x.... .... .... x x .... .... ............ ..... :.. x .... X 

gr;;,~~;: ~~y~~~gi··(P;~~t)=:=::::=::::=::::::::::::::: :::: :::: :::: :::: :::: :::: :::: :::: ~ ::::1:::: :::: :::: :::: :::: ::::1 
~~J:t~h~adiss~~id~···(·p;~~t)·::::::::::::::::::::::::::::::::::::: .~. :::: :::: :::: .~. :::: :::: ::::~, :::: :::: :::: :::: :::: :::: ::::1 
w ortheIlKlpora spinosa Ulrich ......... _ .......... _ ......... _.. x .... .... .... .... x.... .... x .... .... .... .... .... .... x 

BRAcmOPODA 

Orthotetes keokuk (Hall ) .....................................• ... x .... x .... \ x x .... x .... x x, ............ 1 . ... x, 

~~~~~~~~:P~~tig~~~··Ii~ii:::::::::::::::::::::::::::::::::::::::::::: .~. ~.~ ·~t'-'-'-I·~ ·I·~· :::: .~. ';'1';' ~'; :::: :::: ·~t:::1 ~ 
Pro ductus ovatus HaIL ..................................... _ ........................... x j .... x .... , .... .... j ........ j .... j .... j x 1 
Productus cf. P. gallatinenSis Girty ...... .............. _ .. x ................ x .... x ................ .... ........ x r 
Productus viminali-s White ............................................ xi .... .... ......................... 1 ............ ••••.... •... 

Pustula biseriata (Hall) ... _ ................ __ ................. x x x .... x x .... x .... 1 x 1····j····I···· x 1 .... 1 x 1 
Pustula alternata (N. and P.) ................................ x x .... x x x .... x x x x x x .... x 1 .... 1 
Pustu~a sp ...................................... _ ........................... _ .. / .... / ........ 1 .... x I···· .... / x ·:··1····1···· ............ , ....... . 
AV?Il:la sp ............. : ................................. ~ .......... - ........... x ........ .... x : .... x / .... / ........ ! ........ .... .... / .... 1 
Rhlpidomella dubla (Hall) .................................... •..... x x ........ 1 x .... x .... x x .... x .... x xl 
Tetra=era subc~neata (Hall) ............... _ ................... x ····1···· .... / .... ····1···· .... / .... .... ........ ···t···I····1 

~~t;~~e::a sb~~~~~r(J;-;g:)~ ... ~ ... ?~::~·.-.~::~·.·.~~~·.·.:::: .~ .. ~. :::: :::: ::::I~::: ::::1:::: ::::/:::: :::: :::: :::: :::: : ::: I.~. 
Dielasma sinuata Weller ................................................ .... .... 1 ........ .... .... x .... x ........ ........ ....... . 
Dielasma sp ................................................ _ ..................... x 1 .... 1 .... .. .. x .... x .... 1 .... x ........ x .... x 
SP~r~fe. rina sp ............................................................... .... .... 1 .... 1 ........ 1 .... ····Ix' x r···· ........ ····1···· ....... . 
Spinfer keokuk HalL ................................... _ ................. 1 .... 1 .... 1 .... ····1····1···· x 1 x x x .... x 1····1· ... ····1 
Bpirifer d. S. keokuk HalL. ...... _ .................... _ ...... x 1 x 1 x .... x I x 1 .... 1····1···· ····1····1 x .... 1 x I x xl 
Sp~r!fer cf. S: pellaensis Weller ... _ ................ _ ............. 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... / .... 1 x 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 
Spmfer tenUlcostatus H:al.L .................. _ ................. x I x 1 .... 1 .... 1 .... 1 x I .... x I x I x 1 .... 1 .... 1 .... 1 .... 1 .... xl 
Sp!r!fer logani HaIL .......................................... _ ......... lx'I ····I .. ··I.···I····I····I·.·.I····I····I····I· ... 1 .... 1 .... 1 .... 1 .... 1 
Sp~r~fer rostellatu? Hall·····································_· .... I .... I: ... 1 .... 1 .... 1 .... 1 x 1····1 x 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 
Spmfer subaequahs HaIL··· ·································· .. ..! .... I .... 1 .... 1 .... 1 .... 1 x 1····1···· .· .. 1····1····1···· .... / .... 1 .... 1 .... 1 
Brachythyris suborbicularis (Hall) .. ······· .. ·.· .. ····· .... 1 x 1 x I x I x I x 1..·-1-···1 x 1····1 .... 1····1····1 .. · ..... 1 x 1····1 
Brachythyris subcardiformis (Hall)···················· .... I .... I···.I .... I .... I .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 x 1 .... 1 x I x I 
Syringothyris subcuspidatus (Hall)························lx' I····I ····I····I····I .... 1 .... 1 .... 1 .... / .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 
Syringothyris textus (Hall) ..................... _ ........ _ ..... I .... I .... I .... 1 .... 1 .... 1 .... / .... 1 .... 1 .... x 1 .... 1 .... I .... I .... I .... 1x'l 
Pseudo syrinx keokuk Weller·····················_·······_··.···I····I····I····I····I····I····I····I····I····I····!x'I···· I····I···.1 .... 1 .... 1 
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Table Showing Range of Species in the Keokuk Lianesto711e at Keoku7c-Continued. 

, Horizons , 

iIi 2 i 3 1415.16171819110111112113114115116/ 
Spiriferella neglecta (Hall) ............... _ ..................... x x .... x x x .... x x x x ........ x ....... . 
Reticularia pseudolineata (Hall) ......................... , ... x x x x x x .... x .... x x ........ x .... _ .. . 
Reticularia setigera (Hall) ... _ ... _._ ................... __ ............................ : ....... .. __ x .......... _ ...... __ ..... ___ . 
Eumetria verneuiliana (Hall) ...... __ ._._ .. _ ......... _......... .... .... .... .... .... .... .... .... .... x ................ ....... . 
Eumetria sp ............................................................... _ ....... x .............. _ .. _ .................. ................... . 
Athyris lamellosa (Leveille) .................. _ .. _ ............... x'l ................... _._ ...... ............................... . 
C1iothyridina parvirosiris (M. and W.) ............ _ .... ...... _. x ... _ ............ x x ............ _ ... x _ ... ... . 
Cliothyridina obmaxima (McChesney) ................................ _ ....... x .... "" ............ x .... x: ... _ .. . 
Composita trinuclea (Hall) ..... __ ... _ .... _ .......... _ ......... x .... _ ....... x x .... x x ... _ .... ................ x 
Oomposita pentagona Weller ............................................... : ...... _ ....... .... x .... .................... ...... _. 
Composita gl(}bosa \Veller ................................ _ ..... _ ............... _ ....................... x ........ x .... x __ .. 

PELECYFODA 

Conocardium sp .................................................... _ ........ _ .............. . _ .. x ........ .... ..... _ .... _ ... _ ............ . 

~;i~~nO~!:~~p~~~~~~:::::::::::::::==::=::==::::=::::::::: .~ .. ~. :::J::: :::: .~. :::: :::: :::: .~. :::: :::: :::: :::: :::: .~. 
Aviculopecten sp .... _ ..... _ ............... ___ ........... _ ......... _ ............... ........ _ .... ___ ........ ............. _ ............ _. x 

~~~~~~:E~: i~1~~~~~:~~~:::~~~~~~~:::::::::::::::::::::::::: :~: :::: :::: :::: :::: :::: :::: :~: ~ :::: :::: :::: :::: ~:~ :::: :::: 
GASTROPODA 

Ptychomphalus , sp ........................................ _ .... _ ......... .... .... ................ .... ................. _ .......... x 
Orthonychia pabulocrinJUs (Owenl) ... _ .. _ ................... x ................ ........ .... ........ .............. _ ........ . 
Orthonychia sp .................................. - .............. -.......... ................ .... ... _ ............ .... x ........ .. _ ........ . 
Platyceras fissurella HalL ....... _................................. x ................................ .... ............. _ ......... . 
Platyceras equilateralis Hall.. ....... _ ............ : ............. x x'l .... xl! ... _ x .................... ... _ ............ xi 
Conularia cf. y. miss(}uriensig Swallow ... _ .......... _ ............................ ... t ....... .... x,"" ............... . 

TRILOBITA I ' I 
Griffithides , sp .......... - ................ - .... - .... - .. --........... _ ... .. _ ... _ ................. ""j x, ....... x .... x ........ xl 

VERTEBRATA I 1 I 
. 1 1 1 1 1 1 
PleuracM1thus sp .... - ................................................. _ ... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 .... 1 x 1 .... 1 .... 1 .... 1 ................ 1 
Cochliodus nobilis (N. !l.nd W.) ....................... _ ... _ ....... 1 .... 1 ........ 1 .... .... 1 .... 1 .... 1 ..... ·.·1···· .... x 1··-· ....... . 

The lower portion of the Keokuk, comprising the beds called 
in earlier reports the Montrose cherts, is not exposed at Keokuk 
at the present time, but was formerly opened to observation in 
the excavation beneath the bed of Mississippi river for the 
Keokuk dam. 
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Section of Montl'ose cherts in excavation below bed of Mis8lissippi river at Keokuk. 

APPROXIMATE 
TmCKNESS PERCENTAGE 

FEET INCHES OF CHERT 
13. Limestone, dark gray; impreg,nated with 

small irregular patches of chert and chal· 
cedony, and containing small, imperfect 
calcareous geodes ....................................... _. __ .. 

12. I~imestone, ash·colol'ed, impure; very fine· 
grained. Chert correspondingly fine
grained, :and occurring as discontinuous 
SeanIS most of which run parallel to the 
bedding __ ___ ._. __ ....... _ .. ____ . _________ ____________ . ____ .__ _____ 3 

11. Chert, white, gray and bluish, dense; with 
discontinuous bands and irregular pockets 
of dark gray crinoidal limestone. A few 
geodJic cavities in the chert are lined with 
drusy quartz studded with rhombs of cal-
cite __________ __ _______ __ _____ ___ ______ __ .______________________________ 1 

10. Limestone, dark gray, crinoidal, fin;e
grained; locally almost entirely replaced 
by dark gray chert ____________________________ __ _____ ____ __ 1 

9. Limestone, illlpure, very fine-grained, ash
colored; wit.h pockets BJId patches of 
bluish to whitish chert ____________ __ ________________ . 5 

8. Limestone, dark gray, crinoidal, cherty _______ _ 
7. Limestone, dark gray; bearing small 

crinoid stems; with whitish chert band in middle _________________ ___ __ ____ . __ _________________ . ______ .,______ 2 

6. Limestone, very fine-gra.iJruld, ash-colored; 
bearing irregular patches of whitish . chert . 1 

5. Che!rt, in the form of a layer about 7 
inches thick which locally grades into gray 
crinoidal limestone ______________________ ____ ____ _______ ___ __ 

4. . Limesrtone, fine-grained; with SeanIS and 
nodules of bluish amd whitish chert __ __ .... 1 

3. Limestone, gray; bearin'g whitish fossil
iferous chert as laJl'ge irregular patches 
and irregular discontinuous bands .. __ ______ .. 3 

2. Li.mestonc, fine-grained; with nodules of 
white :andJ dark colored chert _____ , ______ • ____ . ____ '_ 1 

1. Limestone, drurk gray, crinoidal, lighter 
colored and pu'rer downward; . in layers 6 
to 22 inches thick, bearing fossiliferous 
chert in the form of bands, lenses and 
nodules .. _______ __ ___ . _____________________________ _____ .. __________ 8 

8 

8 

3 

9 

9 

2 

7 

5 

50 

30 

75 

50-75 

33 
33 

50 

25 

25 

25 

50 

30 

30 

The basal cherty beds of the Keolmk may be studied to good 
advantage at the present time along Cedar Glen, a small creek 
on the Illinois side of Mississippi river, about midway between 
the towns of Hamilton and Warsaw. The section of the 
Keokuk, which is nearly complete at this place, is as follows: 

Section of K eo7cu7c limestone at Cedar Glen, Illinois 

17. Drift, yellowish, sandy, of variable thickness_ FEET INCHES 
16. Limestone, grayish, coarse-grained, cherty. Spirifer 

keokuk common.. Bed 10 of Keokuk section __ __ _________ .. __ 2 4 
15. Limestone, grayish, cherty; in thin irregular layers 

separated by shaly partings ____________ ______________________________________ 2 4 
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14. Limestone, grayiSih, subcrysoaJline; cherty in lower part. 
Orthotetes keokuk abund3illJt. Bed 7 of the Keokuk 
section .. ~.................... ..... ....................... . ........ ............. . ... . . ............ 1 

13. Limestone, light gray, in places cherty; weathering to 
an inegular chipstone; the "White ledge" of the Keo· 
kuk section. Lower part somewhat shaly ........................ 2 

12. Limestone, grayish; upper and lower parts subcrystal· 
line, and weathering to thin ine.gular chips; middle palt 
consisting of ash·colored magnesian limestone in heavier 
layers . The" Millerite ledge" of the K eokuk sectiO'D. .... 5 

11. Limestone, bluish gray, coarse-.grained, Palaeacis ob· 
tusus and fish teeth common ..................... _........................... 1 

10. Limestone, grayish with slight bluish tint, coaJ'se
grained, highly fossiliferous. Bed 2 of Keokuk section 2 

9. Limestone, consisting of cherty gray subcrystalline 
limestone, with thin cherty seallIs of bluish gray coarse-
grained limestone. Bed 1 of Keokuk section .................... 5 

8. Limestone, fine· grained, ash·colored, magm.esian; with 
very irregular chert patches, ant! with inte.rbedded seams 
of bluish gray coarse·grained cherty limestone. Upper 
part somewhat shaly ..................................................... ........... 4 

7. Limestone, bluish gmy, coarse· grained, cherty ................. . 4 
6. Limestone, fine· grained, cherty, ash·colored, magnesian . 

Chert in form of very irregular patches. No fossils 
noted ............ J •••••••• _ • ••• • •••• ••••••• _ •••• _.......... • ••••••••••••••••••••••••••• ••• •• •• 6 

5. Limestone, grayish, medium to coarse· grained, cherty; 
locally in massive layers but for the most part split into 
thinl layers of chert bands ........................... _......................... 8 

4. Limestone, gray, fine· grained, cherty, magnesian; with 
discontinuous layers of cherty gray coarse·grained lllOn· 
magnesian limestone. Locally the coarse· grained lime· 
stone predominates. Grading into the bed bel'OlW through 
a layer of fossiliferous limestone about 8 inches to 1 
foot thick. This is bluish and coarse·grained above, but 
is gradually a finer and lighter gray ' cherty crinoidal 
limestone below ............... _ .......... _ .... _....................................... 9 

3. Limestone, light gray to whitish, crinoidal, with occa· 
sional bands or lenses of whitish chert; massive where 
fresh; weathered surfaces flaking off obliquely .............. 2-4 

2. Limestone, light gray, sub crystalline ; some layers 
crinoidal; bearing irregular chert nodules many of which 
exhibit concretionary structme in the form of alternn.ting 
bands of lighter and darker colored material. Chert 
much shattered where weathered, as' in other layers. 
Bed receding slightly; tending to scale off obliquely to 
weruthered surface ......... _......................................................... 4 

6 

6 

8 

8 

5 

1 

6 

1. L imestone, light gray, crinoidal, with occasional large 
whitish chert nodules; massive where freSih, but scaling 
off obliqu.eJy to weathered surface. Exposed .............. .... 2 6 

Collections were made from the lower members of the section. 
The forms identified from each bed are as follows : ' 

List of fossils fr01n bed 1 of Keokuk limestone at Cedar Gllm, IlIVnois. 

ANTHOZOA-
Triplophyllum dalei (M.·E. and H.) 

BKYOZOA-
Cystodictya sp. 

BRACHIOPODA-
Pustula alternata (N. and P.) 
Spirifer tenuicostatus Han 
Spirifer logani Hall 

Spirifer sp. , 
Brachythyris suborbicularis (Hall) 
Reticularia pseudolineata (Hall ) 
Athyris Iannello sa (Leveille) 
CliothyriiLina obma.. .. dma (McChesney) 

GASTROPODA'
Platyceras s'll. 
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List of fossils frorn bed 2 of Keoku7c limestone at Cedar Glen., Illinois . 

ANTBOZOA-· 
. Cyatha..'wnia' sp. 

'retracamera subtrigona (M. and W.) 
Dielasma sp. 

Triplophyllum dalei (M.-E. and H .) 
Zaphrentis sp. 

BRYOZOA'
Cystodictya sp. 

BRACHIOPODA
Pl'oductus sp. 
Productus sp. 

Spirifer logani Hall 
Spirifer cf. S. grimesi Hall 
Reticularia pseudolineata (Hall) 
Cliothyridina obma..'dma (McChesney) 

GASTROPODA
Orthollychi~ , sp. 

List of fossils from bed 3 of Keoh£7c 

BRYOZOA-

lirnestone at Cedar Glen, Illinois. 

Dielasma sp. 
Cystodictya sp. 

BRACHIOPODA
Chonetes sp. 
Productus sp. 
Pustula alternata (N. and P.) 

Delthyris similis Weller ~ 
Spirifer tenuicostatus Hall 
Reticularia pseudolineata (Hall ) 
Cliothyridina incrassata (Hall) 

List of fossils frarm bed 4, of Ee'07cu7c lirnestone at Ced(Jff Glen, Illinois. 

ANTHOZOA-
Triplo-phyllum dalei (M.-E. and H.) 
Amplexus sp. 

BRYOZOA
Stenopora , sp. 
Fenestella multispinosa Ulrich 
Fenestella serratula Ulrich 
Fenestella sp. 
Fenestella sp. 
Taeniodictya ramulosa Ulrich 
Cystodictya sp. 

BRACHIOPODA-
Orthotetes keokuk (Hall) 
Chonetes sp. 
Productus sp. 
Productus sp. 
Avonia sp. 

Pustula alternata (N. and P.) 
Pustula sp. 
TetI'acamera subtrigona (M. and W.) 
Dielasma sp. 
Delthyris sp. 
Spirifer tenuicostatus Hall 
Spirifer cf. S. keokuk Hall 
Spirifer cf. S. grimesi Hall 
Spirifer sp. 
Bracllythyris suborbicularis (Hall) 
8piriferella neglecta (Hall) , 
Reticularia pseudolineata (Hall) 
Oliothyridina sp. 
Oomposita trinuclea (Hall) 

GASTROPODA
Orthonyc.hia sp. 

Li8t of fossils fr01n bed 5 of 'Keo7cuk limestone at Cedar Glen, Illinois. 

ANTHOZOA- Delthyris sp. 
Cyathaxonia , sp. Spirifer logani H!JlI 
Triplophyllum dalei (M.-E. and H .) Spirifer cf. S. grimesi Hall 
Amplexus sp. Spirifer keokuk Hall 
Palaeacis obtusus (M. and! W.) Spirifer tenuicostatus Hall 

CRrNOIDEA- Reticularia pseudolineata (Hall) 
Platycrinus , sp. Eumetria verneuiliMta (Hall) 

BRYOZOA- Athyris lamellosa (Leveille) 
Fenestella serratula Ulrich Cliothyridina obmaxima (McChesney) 
Rhombopora varians Ulrich Composita trinuclea (Hall) 
Cystodictya sp. PEJ,ECYPODA-

BRACHIOPODA- Conocardium sp. 
Orthotetes keokuk (Hall) Myalina keokuk Worthen 
Prod.uctus sp. GAS'fROPODA-
Pustula alternata (N. and P.) Orthonychia' sp. 
Rhipidomella dubia (Hall) TRILOBITA-
Tetracamera sub~u.neata (Hall) . Griffithides , sp. 
Tetracamera subtrigona (M. and W.) VERTEBRATA
Dielasma sp. Fish teeth 
Delthyriil sp. 
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List of fOBsils from bed 7 of Keokuk limestone at Cedar Glen, Illinois. 

ANTHOZOA- Tetracamera subcuneata (Hall) 
Triplophyllum dalei (M.-E. and H.) Tetracamera subtrigona (M. and W.) 
Amplexus sp. Delthyris sp. 
P alaeacis obtusus (M. and W.) Spirifer tenuicostatus Hall 

BRYOZOA- Spirifer l'ostellatus Hall 
Meekopo'ra sp. Spirifer cf. S. keokuk Hall 
Fen estella multispinosa Ulrich , Spirifer logani Hall 
F enestella sp. Brachythyris suborbicularis .(Hall) 
Hemitrypa sp. Syringothyris sp. 
Cystodictya sp. Spiriferella neglecta (Hall) 
Cyclopora , sp. Reticularia pseudolineata (Hall) 

BRACHIOPODA- Cliothyridina obmaxima (McChesney) 
Orthotetes keokuk (Hall) Olmposita trinuclea (Hall) 
Chon.etes sp. PELECYPODA-
Productus sp. Cypricardinia , sp. 
ProductuSi sp. GASTROPODA-
Pustula alternata (N. and P.) Orthonychia' sp. 
Rhipidomella dubia (Hall) VERTEBRATA-
Schizophoria sp. Fish teeth 

List of fossils fnnn bed 8 of Keokuk limestone at Cedar Glen, Illinois. 

ANTHOZOA-
Triplophyllum dalei (M.-E. and H.) 

BRYOZOA
Meekopora , sp. 
Leioclema punctatum (Hall) 
Polypora retrorsa Ulrich , 
Cystodictya sp. 
Cystodictya sp. 
Cyclopora , sp. 

BRACHIOPODA
Avonia sp. 
Productus sp. 
Tet.racamera subcuneata (Hall) 
CranaeDa sulcata Weller 
Delthyris lIP. 
Spirifer , sp. 
Reticularia pseudolineata (Hall) 
Athyris lamellosa (Leveille) 
Composita trinuclea (Hall) ' 

List of fOSlSils fro'TIt bed 9 of K eoku,k limestone at Cedar Glen, Illinois. 

ANTHOZOA-
Triplophyllum dalei (M.-E. aDid H .) ' 
Padaeacis obtusus (M. IIJlJd W.) 

BRACHIOPODA-
Orthotetes keokuk (Hall) 
Productus sp. 
Productus sp. 
Avonia sp. 

Rhipidomella dubia (Hall) 
Tetracamera subtrigona (M:. and W.) 
Dielasrna , sp. 
Spiriferella neglecta (Hall) ' 
Reticularia pseudolineata (Hall) 

VERTEBRATA
Fish teeth 

A fairly complete section of the Keokuk limestone appears 
near Nauvoo, Illinois, opposite Montrose, Iowa. The following 
section is exposed in the banks of a small creek and in a quarry 
near its mouth a short distance south of the city limits of 
Nauvoo. 

Section of K eokuk limestone near Nauvoo, Illinois. 

FEET INCHES 
14. Thin layers of g:ray cherty limestone and bluish shale 

interbedded; weathering buff. Exposed only in quarry 2 
13. Limestone, gray, thin-bedded, fine-grained and cherty in 

ban.I. of. creek, but more massive, bluish and coarser-
gramed m quarry ............. __ ............................ __ .. ..................... 4 

12. Limestone, bluish, medium-grained, tough; locally pass-
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ing into shale. FenestellUi sp.; PusPtbla sp .; Orthotetcs 
keokuk; Rhipidomella dubia; Dielasm,a, ? sp.; Spirifer 
ko.oku7c; R etiaularia pse1bdolimeata; Phillipsia ? sp............. 12-15 

11. Shale, with thin layers of gray to bluish fossiliferous 
limestone ... ~ ..... _ .............................................. _ .......... ............... 1 1/2-2 

10. Limestone, bluish gl'ay, medium·grained; massive when 
fresh but weathering to thin irregular layers. Contact 
with bed above very UIleveu and undulating ... _ ................ .4-4 1/2 

9. Shaly parting with thin seams of limestoue ................... . 
8. Limestone, gray, fin e· grained to medium· grained, brittle ; 

weathering to t hin irregular layers. Trip lophyllum dalei; 
F enestella sp.; H emitrypa sp.; C'!J~todictya p.; Pl'O' 
ductus Sip.; Productus setigerus ; P1bstula alternata; 
Orthotctcs 7ceoKu7c; Bra.chythYl·is stbbol·bicnlal·is .; Phil· 
l~p'sia , sp .......................................................... _ ............. ... _..... 3 

7. Shaly plll:ting with seams und lentils of cherty limestone 
6. Limestone, gray, dense, brittle, thinly and . inegularly 

bedded, cherty. Some layers passin·g laterally iuto gray 
calcareous shale locally. Cystodimya sp. ; Orthotetes 
ke07cuk; Dielasma sp.; Spirifer tenuicostattls; Brachy· 
thyris sub01·bim.lMis; Retimtlaria pseudolmenta; H emi· 
trypa sp.; Spil/"ifer d. S. 7ceo7c1b7c ............. _......................... 2 

5. Limestone, bluish gray. Fossils scarce. Flakes off ob· 
liquely on weathel'ed surface. Palaeacis obttbSus; Spiri· 
fer keok'u7c ............................................. ..................................... 1 

4. Limestone, like No. 1. A bluish layer 3 to 4 inlches thick 
in middle part is rich in fish teeth. Palaea:.cis obttis1is; 
Ortlwtetes 7ce07~u7c ; Pcst1£la. altern-ata; Dielasma sp. ; 
Platyoeras sp. ..._ ............................ _ .................... _................... 7 

3. Limestone, bluish gray, medinm·grained, weathering to 
-thin flakes. Pust1bln altcrnat(ll; Orthotetes 7ceolc1bk; 
Rhipidomella dtbbia; Spirifer tentticostat1tS; Spi1'if er cf. 
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10 

10 

2 

S. keo7cuk ..................................................... _ .... _ ........ _............. 1 
2. Shaly parting ......... _ ................................................................ . 

10 
10 

1. Limestone, gray, fine· grained, irregularly stratified; with 
thin layers of medium·grained bluish gray cherty lime· 
stone. Ftmestella Sip.; Prod1.ct1is sp.; P1bSt1ila sp.; Orth· 
otetes 7ceokuk; Girtyella india1tensis; Retioularia pse1.do· 
lineata ... :...................................................................................... 7 . 

The uppermost part of the exposure is very fossiliferous. 
Collections were made from beds 9, 10, 11, 13 and 14. The fol
lowing lists were prepared from these: 

liist of fossils from bed 9 of the Keokulc limestone at Namloo, Illinois . 

ANTHOZOA-
Zaphrentis varsoviensis WorthEl!l1 
Triplophyllum dalei (M.·E. and H.) 
Amplexus sp. 
Monilopora beecheri Grabau 

CRINOIDEA-

Actino'crinus lowei Hall 
Dorycriruus sp. . 

BRYOZOA-
Leioclema punctatum (Hiall) 

Fenestella serratula Ulrich 
Rhombopora varians Ulrich 
Phractopora trifolia (Rominger) 

BRACHIOPODA
Spirifer sp. 
Reticularia pseudolineata (Hall) 

GAS1'ROPODA-
Ptychospira sp. 
Platyceras sp. 

List of fossils from bed 10 of Keokl.k limestone at Nauvoo, llliMis. 

ANTHOZOA-
Triplophyllum dalei (l'vL·E. and H.) 
Amplexus sp. 

Monilopora beeeheri Grabau 
Palaeacis obtusus (M. and W.) 

• 
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BRYOZOA

Cyclopora sp. 
Fistulipora sp. 
Bactl'o'Pora simplex Ulrich 
Fenestella sp. 
Polypora sp. 
Archimpdes negligens Ulrich 
Hemitryp31 sp. 
Leioclema pUl1ctatum (Hall) 
Cystodictya !!p. 
Phl'actopora trifolia (Rominger) 

BRACHIOPODA-

Orthotetes keokuk (Hall) 
Productus sp. 
Pustula alternata (N. and P.) 
Rhipidomella dubia (Hall ) 
Spirifer tenuicostatus Hall 
Brachythyris suborbicularis (Hall) 
Reticularia pseudolineata (Hall) 
CliobhYl'idina parvirostris (M. and W.) 
Cliothyridinla obmaxima (McChesney) 

List of fossils from bed 11 of K eoku7c limestone at Naut)oo, IllinotS. 

ANTHOZOA-

Triplophyllum dalei (M.-E . and H.) , 
Mo·ruilopora beec.heri Grabau . 
Amplexus sp. 

Streblotrypa major Ulrich 
Cystodictya sp. 
Phractopora trifolia Ulrich 
Worthenopora spinosa Ulrich 

Zaphrentis varsoviensis Worthen 
Palaeacis obtusus (M. and W.) 

CRINOIDEA
Parichthyocrillus meeki (Hall) 

BRYOZOA-
Leioclema punctatum (Hall) 
Fenestella serratula Ulrich 
F enestella multispiIlJOsa Ulrich 
Hemitrypa pateriformis Ulrich 
Archimedes negligens Ulrich 
Polypora simulatrL"{ Ulrich 
Polypor,a mnccoyalla Ulrich 
Polypora halliana Prout 
Bactropora simplex Ulrich 
RhombopOl13, attenuata Ulrich 
Rhombopora varians Ulrich 

Worthenopora sp. 
BRACHIOPODA

Productus sp. 
Orthotetes keokuk (H all) 
Pustula alternata (N. and P.) 
Camarotoec.hia mutata (Hall) 
Rhipidomella dubia (Hall) 
Spiriferina sp. 
Spirifer keokuk Hall 
Spirifer tenruicostatus Hall 
Reticularia pseudolineata (Hall) 
Composita trinuclea (Hall) 
Cliothyridina parvirostris (M. and W.) 

TRILOBITA
Griffithides f sp. 

List of fossils from bed 13 of Keokuk limestone at Nauvoo, IllinQis. 

BRYOZOA

Stenopora sp. 
Chaetetes f sp. 
Taeniodictya ramulo a Ulrich 
Worthenopora spinosa Ulrich 
Archimedes sp. 
Rhombopora n,ttenuata Ulrich 

BRACHIOPODA-
Chonetes illi~oisensis Worthen 

Pustula altemata (N. and P.) 
Productus mesialis Hall 
Productus sp. 
Spiriferina sp. 
Spirifer keokuk Hall 
Syringothyris sp. 
Spiriferella neglecta (Hall) 
Eumetria verneuiliana (Hall) 

List of fossils fl'011l bed 14 of the K eoku7c limestone at Natlvoo, Illinois. 

ANTHOZOA-
Monilopora beecheri Grab.au 

CRINOIDEA-
DOl'Ycrinns sp. 
Barycrinus sp. 

BRYOZOA
Stenopora sp. 
Leioclema gracillimum Ulrich 
Worthenopora spinosa Ulrich 
C:vstodictya sp. 
Phractopora trifolia (Rominger ) 
Rhombopora "aI·jans Ulri ch 
Rhombopora ~ aspcl'ula Ull'ich 
Rhombopora attenruata Ulrich 
Stl'eblotl'ypa major Ulrich 
Taeniodictya J'amu]osa Ulri ~Jt 

Glyptopora keyserlingi (Pl'Out) 
Fenesiella cingulata Ulrich 
Fellestell a serratula Ulrich 
Fenestella l'Udis Ulrich 
Polypora biseriata Ulrich 
PolypO'ra r etrorsa Ulrich • 
Hemitrypa sp 
Ptilopora sp. 
Archimedes negligens Ulrich 

BRAcmoPoDA
PI'odnctus sp. 
Rhipidomella dnbia (Hall ) 
Cama,rotoechia mutata Hall 
SpiI'iferina sp. 
Spil'ifer keokuk Hall 
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Near Niota, Illinois, opposite Port Madison, Iowa, there are 
other good exposures of the Keokuk limestone. The following 
section was measured two miles southwest of Niota in the banks 
of a small creek tributary to Mississippi river. 

Se<Jtion of KeoWu,k liflnlMto'IIJe new)" Niota, Illinois. 

FEET I NCHES 
29. Drift ................................. _ ................ _ .................................. _ .......... _. 
28. Shale, bluish, calcareous, checking into irregular blocks and 

chips. Geodes scarce, some stained with bitumen. Flakes of 
fossiliferous limestone in lower part ... _ .................................. _ .. _. 13 

27. Shale, highly calcareous, grayish blue in oo~or, bearing a few 
hollo·w geodes most of whose shells are stained with bitumen.... 1 6 

26. Shale, argillo·calcareous, bluish, no geodes noted ............. _....... 3 4 
25. Limestone, light gray, fine-gmined, weathering to thin shelly 

layers, bearing Archirnedes oW1e'IlGlllus, Sp"l'ifm· keokuk, Litho, 
phagus illinoisensis, and numerous crinoid stems ... _................... 2 

24. Shale, bluish, argillaceous ............... _............................................... 4 
23. Limestone, dark gray, crystalline, very fossiliferous. Some of 

t he fossils identified are : Spirifer keohtk, Pro'ductus sp., 0 1" 
thotetes k eokuk, Zaphrer~tis sp., Spirifer sp., and fish teeth.... 1 2 

22. Shale, bluish ............... _......................................................................... 1 6 
21. Limestone, gray, crystalline .............................................................. 2 6 
20. Limestone, shaly, thinly laminated ................................. _............. 1 10 
19. Limestone, gray, delllSe, crystalline, fossiliferous, bearing a few 

nodules of chert .................................................................................. 3 
18. Shale, bearing fossiliferous flakes of limestone ............................ 1 
17. Limestone, impUl'e, nne· grained, cherty, bearing bands of 

coarsely crystalline limestone .......................................................... 3 8 
16. Limestone, grayish, fine· grained, dense, no fossils recognized,... 2 8 
15. Limestone, gray, crystalline, bearing Spirifm' keo7cu7c, Girtyella 

turgida and othcr fossils .................................................................. 1 2 
14. Limestollle, ash· colored, very fine·grainred, weathering to thin 

irregular layers .................................................................................... 1 6 
13. L imestone, gray, criuoidal, Orthotetes keokuk abundant ............ 1 8 
12. Limestone, shaly .................................................................................. 1 4 
11. Limestone, coarse-grained and crinoidal in upper part but fine

grained and shaly below; bearing two inch chert band near 
the top. Some of the fossils collected from this layer are : 
Orthotetes keoWu,k, Spirifer keokuk, Spirifer lagcvni, R etWt!laria 
psendolineata, Tetraoamera sub trigona, Productt!s sp. ..._....... 2 6 

10. Chert, bluish, dense, fossiliferous .................................................... ·8 8 
9. Limestone, grayish blue, crystalline, bearing disseminated 

crystals of PYl'ite and a few chert nodules : ... :............................. 8 
8. Shale, bluish, calcareous ............ ........................................................ 2 6 
7. Limestone, crystalline, cherty, bearing ' rounded geodic masses 

of calcite with incompl ete chalcedonic shells ............................ 2 5 
6. Shale, bluish, argillaceous .................................................................. 2 
5. Shale, bluish, calcareous, with bands of cherty fossiliferous 

limestone ................................................ :.................. ............................. 2 
4 Limestone, gray, crystalline; with intercalated shale band; bear· 

ing Spirifer loga'llJi, R eti<Jl!lGll"ial pseudolineata and Spirifer keo· 
7cu7c .............................................. ............. ............................................. 3 6 

3. Shaly parting .................................................................................. ...... 4 
2. Shale, calcareous, beall'ing irr€igU1ar seams and nodules of 

chert ............................................................ .......................................... 7 
1. Limestone, light gray, fine· grained, cherty; bearing Orthotetes 

keoh!k and other Keokuk species. Exposed ...... ........................ 3 

Beds 1 to 25 inclusive constitute the Keokuk limestone; beds 
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26 to 28, on the other hand, r epresent the Geode bBd or Lower 
Warsaw. . 

In Denmark township, Lee county, Iowa, the Keokuk lime
stone is well exposed in a bluff two and one-half miles north
west of the town of Denmark. 

19. 

18. 
17. 
16. 
15. 

14. 
13. 

, 
12. 

11. 
10. 

9. 

Section of KeoWtlk limestone northwest of Denmark. 

FEET 
Massive, gray limestone bearing numerous broad shells of 
O?'thotetes leeoktt7c .............................................................................. 1 
Limestone layers with thin intercalated shale bands .................. 2 
Shale, calcareous below but more argillaeeous ab6ve ................ 3 
Limestone, gray and buff ................................................................ 1 
Limestone, cherty, stratification very il'l'egular or lacking; 
checking into il'l'egular blocks <illd weathering buff; Spilrife?' 
keo7cuk co=on .................................................................................. 2 
Shaly parting ..................................................................................... . 
Limestone, gray and blue, very fossiliferous. The following 
forms were noted: Conula?'ia sp., Spirifer keoleu7c, O?'thotet es 
keokuk, Cliothyridi;n.a, sp., Retioularia. 21S17luZolineata and 
T et?'aoam.era stlbtrigona ............................................................... ,.... 1 
Limestone, argillaceous, buff, lliOill·fossilifel'ous, stratification 
obscure, disintegrating into aJlgular blocks ...................... ............ 2 
Shaly parting ..... ........................................... ..................................... . 
Limestone, dense, gray, cherty above ............................................ 1 
Shale, highly calcareous, massive, unfossiliferous; checking 
il'l'egularly and containing irregular bands of chert and a few 
imperfect geodes .............................. .................................................. 5 

8. Limestone, in the form of a dense gray layer .......................... .. 
7. Shaly paJ-ting .................. .................................................................... 1 
6. Limestone, massive, weathering to thin spalls .............................. 1 
5. Shale, argillaceous, thiruly laminated .............................................. 1 
4. LimesOOille, massive, crinoidal, cherty below................................ 2 
3. Shale, calcareous; showing no bedding; bands of cherty lime· 

stone intercalated ................................................................................ 6 
2. Limestone, coarse-grained, crinoidal, bearil).g nodular chert 

below. Ptlstula alternata, Produotus setigerus and R etioularia 
psoudolineata ..................................................................... _ .... _ .... _..... 1 

1. Shale, passin~ laterally into limestone ........... _ .... _ .................. _ .. . 

I NCHES 

5 

6 
4 

4 
4 

6 

4 
6 
4 

6 
8 
2 
5 
3 

5 

4 

In a bluff at South Augusta (NE. 14 sec. 25, Denmark town
ship) the basal beds of the Keokuk are exposed in contact with 
the Upper Burlington limestone. 

Seotion of Keokuk limestO'llll3 at South Augtlsta. 

FEET 
4. Residual gool filled with ?JlguIar chert fragments . To bro,w 

of hill ........................... _ .................... ................ _ .... _........................... 3 
3. Limestone, thin·bedded. gray, sub crystalline, very cherty; a 

solid layer of chert twenty inches thick at base at one point. 
Bed 3 of Aug'usta section ....................................... _......................... 3% 

2. Limestone, gray, coarse·grained, crinoidal, vel'y cherty, espe· 
cially in lower part. Bed 2 of Augusta section ...................... 6 

1. Limestone, coarse·grained, "rinoidal, gray below but bluish gray 
above, bearing wo,rn shells of Spirifer grimesi. Bed 1 of 
Augusta section ................. ................................................................. 1112 to 2 
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Li.st of fossils from bed. 1 of KeoWu,1c limestone at S01~th Augusta. 

ANTHOZOA
Zaplll'entis sp. 

BRACHIOPODA-

Brachythyris suborbicularis (Hall) 
Reticula.ria pseudolineata (Hall) 
Clio,thyridina mcrassata (Hall) 

Spirifer grimesi Hall 
Spirifer tenuicostatus Hall 

TmLoBITA
Griffithides f sp. 

List of fossils fl'olr/, bed 2 of Keo1cl~1c limestQ7l,e at SmIth Al~!lusta. 

BRACHIOPODA-
Spirifer grimesi Hall 
Spirifer sp. 

Reticularia pseudolineata (Hall) 
VERTEBRA'I.'A- ~ 

Fish teeth 

List of fossils from bed 3 of Keo1cu7c limestone at SmIth A1Ig1~sta. 

CRINOIDEA- Spirifm tenuicostatus Hall 
Batocrinus sp. Spirifer l'ostellatus Hall 

BRYOZOA- Spiriferella ooglecta (Hall) 
Fenestella Bp. Syringothyris sp. 
Tlaeniodictya l'amulosa Ulrich Reticularia pseudolineata (Hall) 
Proutella f sp. . Athyris lamelLosa (Leveille) 

BRACHIOPODA- Cliothyridina incrassata (Hall) 
Productus ovatus Hall Composita trinuclea (Hall) 
Avonia sp. PELECYPODA-
Dielasma Bp. Co.Iliocardium sp. 
Tetracamera subtrigona (M. and W.) TRILOBITA-
Spiriferina sp. Griffithides , sp. 

Des Moines County.-The Des Moines cQunty exposures .of 
the KeQkuk limestQne are cQnfined chiefly tQ the area abQut 
Augusta in the sQuthern part .of the cQunty. HQwever, the basal 
beds .of this fQrmatiQn have been recQgnized at IQcalities farther 
nQrth. 

One .of the mQst cQmplete sectiQns in the CQunty .occurs alQng 
the banks .of a small creek .one-half mile nQrth .of the Augusta 
wagQn bridge in' the eastern part .of sectiQn 23, Augusta tQwn
ship. The successiQn .of beds there is as fQllQws: 

Se/)tio?~ of K.eo1c111c limestone neal' A'lI,g1!sta. 
FEET INCHES 

13. Drift ............................................................. _ .... _. ................................ 2 
12. Limestone, bluish gray, impure. Exposed .................................. 1 
11. Concealed, probably soft shaJy limestone; loose blooks on 

surface highly fossiliferous ......... _...... ............................................. 3 
10. Limestone, bluish gray, medium· grained, dense ... _..................... 2 2 

9. Limesto.ne, consisting of thin layers of bluish gray coarse· 
grained limestone altem2ting with layers of thin·bedded grn)' 
fine·grairood chert.y limestl)lle which weathers buff ..................... 7 6 

8. Limestone, bluish gra.y, medium· grained, bearing Orthotetes 
1ceo1c-u,1c and Pustula aJltemata ............................. _ ................ _......... 7 11 

7. Limestone, gray, subcrystalline, thinly and irregula.rly bed· 
ded, cherty ............................................................... _ .......... _............. 1 6 

6. Limestone, blui sh gray, medium grained, Orthotetes 1ceo1cu7. 
and Palaeaois obtusus abundant ................................... _............... 6 

5. Limestone, da.rk gray to bluish gray, thinly and irregularly 
bedded, cherty ........................................................... _....................... 2 

4. Limestone, bluish gray, medium· grained, to crinoidal; for the 
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most part massive but in places divided into thin layers by 
chert bands ___ __ __ __ ___ __________________________ __ ________________________________ ____ __ ___________ 1 6 

3_ Limestone, gray, sub crystalline, thin-bedded, cherty; with a 
massive layer od: crinoidal limestone in upper part ____________________ ] 0 

2_ Limestone, light gray, coarse-grained, crinoidal, with occasional 
chert nodules or bands _____________ ____ _____________________________________________________ 6 3 

L Limestone, coarse-grained, crinoidal, gray below but bluish 
above; the topmost layer, which is 8 inches thick. bears 
water-worn specimens of Spirifer grim csi ____ ___________ __ ________________ 1 6 

The Keokuk limestone is underlain at this point by t-wenty
one feet of crinoidal limestone of Upper Burlington age. This 
has been described in a previous chapter. The fossils of the 
successive beds of the Keokuk limestone near Augusta are listed 
below. 

List of fossils from bed 1 of Ke07cu7e limes'tone neal- Augusta. 

ANTHOZOA-
Triplophyllum dalei (M.-E . and H o.) 
Cyatha.xonia SIp. 
Amplexus sp. 

BRYOZOA
Fenestella ~p. 
Cystodictya sp. 

BRAcmoPoDA
Orthotetes sp. 
Pustula alternata (N. and Po) 
Tetracamera subtl'igo-n!L (Hall) 
Spirifer grimesi Hall 
Spirifer tenuicostatus Hall 

Reticularia pseudolineata (Hall) 
Brachythyris suborbiculal'is (Hall) 
Athyris lamellosa (Leveille) 
Cliothyridina incrassata (Hall) 
Cliothyridina pan-virostris (M. amd W.) 

PELECYPODA-
Conocardium sp. 

GASTROPODA
Platyceras sp. 
Orthonychia sp. 

VERTEBRATA-
Fish teeth 

List of fossils from bed Ie of K eolUltk limcstOM neaj' Aug~tsta. 

CRINOIDEA--
Actinocrinus sp. 

BRYOZOA
Benestella sp. 

BRACHIOPODA
Productus sp. 
Pustula nlternata (N_ and P.) 
Spirifer incertus Hall 
Spirifer grimesi Hall 

Brachythyris suborbicularis (Hall) 
Reticularia pseudolineata (Hall ) 
Cliothyridina incrassata (Hall) 

GASTROI?ODA
Ortho'D~chia sp. 
Orthonychia sp. 

TRILOBITA
Griffithides , sp. 

List of fossils fj'om bed S of Keoht7e limestone near Augusta. 

BRYOZOA
Fenestella sp. 
Proutella sp. 

BRACHIOPODA-
Tetracamera subtrigona 
Productus ovatus Hall 
Prodiuctus sp. 
Pustula sp. 
Dielasma sp. 

(M. and W.) 

Spil'ifer tenuicostatus Hall 
Spirifer 1'0stellatus Hall 
Reticularia pseudolineata (Hall) 
SpiTiferina sp. 
Athyris lamellosa (Leveille) 
Cliothyridina obma.xima (McChesney) 
Cliothyridina p31rvirostris (M. am.d W.) 

GASTROPODA
Orthonychia ~ sp. 

List of fossils from bed 5 of Keokuk limestone neaT Aug~tsta. 

ANTHozoA- BRACHIOPODA-
Triplophyllum dalei (M.-E. and H .) Pl'oductus ovatus Hall 
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ProductuSi sp. 
Avouia sp . 
Chonetes sp. 
Delthyris ~ sp. 
Spirifer logani Hall 
Spil"ifer sp. ~ 

Brachythyris suborbicularis (Hall) 
Rcticularia pseudolineata (Hall) 
Composita trinuclea (Hall) 

PELECYPODA
Cypricardinia sp. 

List of fossils from bed 6 of K e07cuk Umestcme near Augusta. 

ANTHOZOA- BrachythYJ'is sub orbicularis (Hall) 
Palaeacis obtusus (M. and W. ) Reticularia pseudolineata (Hall) 
Triplophyllum dalei (M.·E. and H.) Syringothyris sp . 

BRACHIOPODA- Cliothyridm obmaxima (McChesney) 
Pustula altemata (N. and P .) GAS'l.'ROPODA-
Tetracamera subtrigona (M. and W.) Platyceras sp. 
Spiriferina sp. VERTEBRATA-
Spirifer sp. Fish teeth 

List of fossils from bed 7 of K e07cuk limeston.e Mar Aug~.sta. 

ANTHOZOA
Zaphrentis sp. 

CRINOIDEA
Dorycrinus (spine) 
Platycrinus sp. 

BRYOZOA
Cystodictya sp. 
Worthenopora spinosa Ulrich , 

BRACHIOPODA-
Pustula alternata (N. and P.) 
DieIasma sp. 

Tetracamera subtrigona (M. and W.) 
Spiriferina sp. 
~eticularia pseudoliTheata (Hall) 
Athyris lamellosa (Leveille) 
Cliothyridina incrassata (Hall) , 
Clio.thyridina obma.'·dma (McChesney) 

GASTROPODA
Platyceras sp. 
Orthonychia sp. 

TRILOBITA
Griffithides f sp. 

List of fossils from bed 9 oj K eokuk limestone near Augusta. 

CRINOIDEA-
Actinocrinus lowei Hall 

BRACHIOPODA-

Spiriferella neglecta (Hall) , 
Cliothyridina incrassata (Hall) 

GASTROPODA-
Tetracamera subtrigooa. 
Spirifer logani Hall 

(M. and W.) PlaJtyceras sp. 

Li.st of fossils f rom bed 10 of K eokuk limestone 'near A1.gusta. 

B!tYOZOA-
Phractopora trifolia (Rominger) 

BRACHIOPODA-
Spirifer keokuk Hall 
Spirifer logani Hall 
Reticularia pseuGolineata (Hall) 

List of fossils f1'om bed 11 of K eokuk lillilestonc near Augusta. 

ANTHOZOA-
Zaphrentis varsoviensis "Worthen , 
Triplophyllum dalei (M ... E. and H .) 
Amplexus sp. 
MOlllilopora beecheri Grabau 

CRINOIDEA
Actinocrinus sp. 
Platycrinus sp. 
SyubathoCl'inus sp. 

BRYOZOA
Cyclopora , Sip. 
Leioclema gracillimum Ulrich 
Leioclerna. punctatum (Hall) . 
Phractopora trifolia (Rominger) 

Taeniodictya ramulosa Ulrich 
Glyptopora kcyserlingi (Prout) 
Rhombopora varians Ulrich 
Rhombopora attenuata Ulrich 
Rhombopora transversalis Ulrich 
Cystodictya pustulosa Ulrich 
Fenestella serratula Ulrich 
Fenestella multispinO£a Ulrich , 
Streblotrypa radialis Ulrich 

BRACHIOPODA
Orthotetes , sp. 
Productus wortheni Hall , 
Pustula sp. 
1'Ietracamera subtrigona (M. and W.) 
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Tetracamera subcuneata (Hall) Brachythyris sub orbicularis (Hall) 
Rhipidomella dubia (Hall) Reticularia pseudolineata (Hall) 
Spiriferina , gp. Syringothyris sp. 
Spirifer tlenuicostatus Hall 'I Cliothyridina incrassata (Hall) 
Spirifer logani Hall PELECYPODA-
Spirifer d . S. keokuk Hall Conocardium sp. 
Spirifer rostellatus Hall GASTROPODA-
Spiriferella neglecta (Hall) Platyceras sp. 

The following faunal table includes the more characteristic 
species of the collections made at both South Augusta and 
Augusta. 

Table Showin1Jg Bange of Fossils in the K e07cu1c B eds at Augusta and South Augusta. 

I Horizons ; I 

11 j2j3j5j 617jsj9jlo \ 11 \ 

ANTHOZOA j 
Zaphrentis varsoviensis Worthen , ... _ .......... _.. ...... ...... ...... ...... ...... ...... ...... ...... ...... x 
Triplophyllum dalei (M.·E. and H. ) ................. x ............ x x ...... .................. x 

~!~=~~t~;~·~···(M:~··;.;d··W:):::=::::=:::=:~:::::: .. ~ .. :::::: :::::: :::::: .. ~ .. :::::: :::=: :::::: :::=: :::=: 
Monilopora beecheri Grabau ........................... _.. ...... ...... ...... ...... ...... ...... ...... ...... ...... x 
Amplexus sp ................................................... ,...... x...... ...... ...... ...... ...... ...... ...... ...... x 

CRINOIDEA 

Batocrinus sp .......................................................... , ........ _. x .............................. ........... . 

~~k:=us (~~=\i·~n:::=::::::::::::::=:::=:::::=:::::: :::::: :::=: :::::: :::::: :::=: .. ~ .. :::::: .. ~ .. :::::: :::::~ 
Actinocrinus sp ....................................... :: ..... .., ...... ...... .... r ••••.. .••. •. •••.. . . ...•• ....•. ••••. . .••••. x 

~;!~:tt~~u;~p::::==::::::::::::::::::::::=::::=::::=:::::: :::=: .:~ .. :::::: :::::: :::~: :::::: :::::: :::::: :::::: .. ~ .. 
BRYOZOA 

t:~~::: ~~~~~=~m (~~;~~~=~~~ .. =~~~~~~:~~~=:: :::::: :::=: :::::: :::::: :::=: ::;::: :::::: :::::: :::::: ~ 
'l1aeniodictva ramulosa Ulrich............................. ...... ....... x...... ...... ...... ...... ...... ...... x 
Cystodietya. pustulosa Ulrich............................... ...... ...... ...... ...... ...... ...... ...... ...... ...... x 
Cystodictya sp........................................................ ...... ...... ...... ...... ...... x ...................... .. 
Cystodictya sp........................................................ x ............ ............ ............................. . 
Phractopora trifolia (Rominger ) ............... _ .......................................... ............ x x 
Glyptopora keyserlingi (Prout) ....................................................... ...... ...... ...... ...... x 
Rhombopora attenuata Ulrich........................... ...... ...... ...... ...... ...... ...... ...... ...... ...... x 
Rhombopora varians Ulrich ........................................................................... ~..... ...... x 
Rhombopora transversalis Ulrich ................................ _ ................... ...... ;..... ...... ...... x 
Streblotrypa radialis Ulrich ........................... _.. ...... ...... ...... ...... ...... ...... ...... ...... ...... x 
Fenestell~ serratula Ulrich................................. ...... ...... ...... ...... ...... ...... ...... ...... ...... x 
Fenestella multispinosa Ulrich. ................................ ...... ...... 1 ...... ... _. ...... ...... ...... ...... x 

~~;:!~p~;;:·~pi;~~~··Ui;i~h .. i.::::::::::::::::::==:::: :::::: :::::: .. ~ .. I:::::: :::::: .. ~ .. :::::: :::::: :::::: :::::: 
\ ' I 

Orthotetes ke:::~:::~)~ .............. _ .......... _ ....... ................... I ...... 1 ...... L... x \... ......... ', ..... . 
9rthotetes sp.......................................................... x 1 ...... 1 ...... 1 ...... ...... I ...... ·· .... 1·· .... 1 ...... .... .. 
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Table Showilng Eange of Fossils iIn the Keokuk Beds at A1bgusta and South Augusta.. 

Continued. 

I Horizons I 

11 12131516171819110 111 I 
Chonetes sp ........ _ .................. _ ........ _ ........ _ ........... · ...... ...... ...... x .................. ................ .. 
Productus o,vatus H,all.......................................... ...... ...... x x .............................. .... .. 
Productus worth~ Hall 7 ................................ --....................................................... x 
Pustula altel'llata (N. and P.) ........................... x x ...... ...... x x x ................ .. 
Pustula sp.............................................................. ...... ...... ...... ...... ...... ...... ...... ...... ...... x . 
Avonia sp ............................................................ --.............. x x ................................... . 
Rhipidomella dubia (Hall) ................................. .............................. ........................ x 
Tetracamera subtrigona (M. and W.) ............. x ...... x ...... x x ...... x ...... x 
Tetracamera subcuneata (Hall) ..................................................... ............ ............ x 

~~~;=~as~p:~~~~~~::::~=::=~:~::~~::::~:::::~=~::::::::::'.:::::::: :::::: :::::: ~ :::=: .. ~.. ~ :::::: :::::: :::::: :::::: 
Spirifer grimesi HalL......................................... x x .................. ............................. .. 
Spirifer incertus HalL ................................... -.... ...... x ........................ ...................... .. 
Spirifer tenuicostatus Hall................................. x ...... x...... ...... ...... ...... ...... ...... x 
Spirifer rostellatus Hall ..................... _ .......... _ .. ' ''''' ...... x ...... ",,,. "'''' ...... ...... ...... x 
Spirifer logani HalL ........................................... · ...... ...... ...... x...... ...... ...... x x x 
Spirifer keokuk HalL ...................................... , .. """ ...... ...... ...... ...... ...... ...... ...... x .... .. 
S,pirifer cf. S. keokuk HalL._ ........................................................ _. ...... ...... ...... ...... x 
Bra.chythyris suborbicularis (Hall) ............... _ .. x x ... _. x x .................. ...... x 
Spiriferella neglecta (Hall) ........................................... x ........................ xi ...... x 
Reticularia pseudiolineata (Hall) ....................... x x x x x x ............ x x 
Syringothyris sp .................................. _ ............ _.. ...... ...... ...... ...... ...... ...... ...... ...... ...... x 
Athyris· lamellosa (Leveille) ............................... x ...... x ...... ...... x ... _ . ................ .. 
Cliothyridilrua incrassata (Hall) ......................... x x x ... _ . ...... d ...... x "'''' x 
Cliothyridina obmaxima (McChesney) ................... ...... x ...... x x ............ ........... . 
Cliothyridina parvirostris (M. and W.) ........... x ...... x ........................... __ ........... .. 
Composita trinuc1ea (Hall) ................. _ .......................... x x ...... ............................. . 

PELECYPODA 

g=::J=a S;p::::::::=::::::::=::::::::::::==::::::::::::::: .. ~ .. :~~~:: .. ~ ..... ~ .. ~~:~~: ::::~: :::=: :::~:: ::~=: .. ~. 
GASTROPODA 

i~[?~:~~~-~~:~~~:-~=~--:~~-::j:,~~ ~~. ~-:I~-C~ -:.-:. =~;-: =~: 
Orthonychia sP .......... _ .... _ .... · .. · .. · .... · .. · ........ · ........ ·I ...... , x, ............ 1 ...... 1 ............ 1 ................ .. 
Orthonychia sp .... _.................................................. ...... x ............ 1 ...... \ ............................ .. 

TRILOBITA I ' 1 I 1 'I' . . I I I I I I I 
G;nffithldes , sp ...................... - .......................... · .. t x 1 x 1 x 1 ...... 1 ...... 1 x 1 ...... 1· ..... 1· ..... 1 ...... 1 

Approximately two miles northeast of Augusta the Keokuk 
limestone is again well exposed in the south bank of Long creek 
on the Harry Hillgardner property. The following beds are 
exposed at this place: 
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Seotion i;n the south bam,"k of Long creek 
FEET INCHES 

12. Drift, to brow of hill ...................................................................... . 
11. Limestone, as in bed 7. Interbedded with layers of soft 

shale ...................................................................................................... 5 
10. Limestone, bluish gray, slightly crino~daL Orthotetes "keo"ku"k, 

Spilrifer "keo"ku"k, Retioularia pseudolvneata" R. dubia, Pust~!la 
sp .......... _ .... _ ...................... _ .... _ .... _ ................. ________ . ________ . __________ . _______ . 2 

9. Limestone as in bed 7. Spirifer tem!icostatus . __ . __ . __________ .________ 4 6 
8. Limestone, gray, medium·grained; in thin layers separated by 

shaly seams . __ .. ________________ _________________________ . __________ . ______________________ ____ ____ . 2 8 
7. Limestone, gray to drab, soft, magnesian; flaking off ob· 

liquely to surface. No fossils noted __ . ___________________ __________________ __ . 5 6 
6. Limestone, gray, medium·grained; with seams of fine·grained 

soft limestone __________________ __ ______ . ______ . ________ __ . ____ . ____ . __ .. ________ __________ .________ 3 6 
5. Shaly seanl ____ . __ __________ .. ___ .. __ ... __ .. ____________ __ ______ ... __________________ _____ ._____ 6 
4. Limestone, gray, fure-grained, soft, cherty; with layers :md 

seams of gray to bluish coarser· grained slightly crinoidal 
fossiliferous limestone. A thin bluish crinoidal layer at the 
top bears many fish teeth. Palaeacis ()bt~!Sus, Zaphrentis 
IJMsoviensis, Fenestella sp . . __ _______________ . ____________ . ___ __ ______ . __________ . ______ . 5 6 

3. Limestol1ie, bluish gray, cherty, slightly crinoidal. Triplo· 
phyllum dalei, Brachythyris suborb~!laris, Pl!stula alternata, 
Rhipidomella dubia, Conocardium I;!p. Retioularia pseudolineata, 
Spirifer t em!ioostatu8 and fragments of fish teeth . ______ __ __________ . 10 

2. Shaly seam ... ____________ . ____ .. __ . __ ____________________ . ______ __ ____ __ . ____ .. _____ __________ .. __ . 3 
1. Limesta:ne, drab, fine'gr,ained, magnesian, with segregations of 

calcite. To water in creek .. __ . __ __ . __ __ . __ ____________ __ ... __ .. ______ .... ____ . __ .. __ ... 4 6 

Thirty rods north of this exposure there is a bluff section on 
the opposite bank of the creek. Bed 10 is overlain at this point 
by eighteen feet of bluish shale, calcareous in the lower part, 
which is referred to the Lower Warsaw. This member is jn 
turn followed above by five feet of Spergen dolomitic limestone. 

In the region about Burlington only the basal beds of the 
Keokuk are preserved. Thus; in the Miller quarry above the 
Cascade the ~ollowing beds are seen in contact with the upper 
Burlington limestone. 

Section of Keo"ku"k limestone in Miller quarry. 
FEET INCHES 

3. Limestone, brOlWIlish, magnesian, very cherty ..... __ ....... ____ ... __ ... __ __ 7% 
2. Limestone, brownish, crmoidal ... _ .... __ ..... __ ...... ______ .......... ____ .. __ ..... __ ... 1 5 
1. Limestone, yello,wish, magnesian, 'cherty, especially near the 

base __ . _______________________________ . ______________ . __ . __ . __ . __ ____________ . ____ . _______ . ____ ______ __ . __ .. 5 3 

No identifiable fossils were found in any of the layers but 
their position above the Upper Burlington suggests their 
Keokuk age. 

Van Buren County.-The exposures of the Keokuk limestone 
in Van Buren county are confined to a narrow belt along Des 
Moines river where the overlying formations have been eroded 
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as a result of the uplift of an anticline which nearly parallels 
the river. A general section of the Keokuk limestone as ex
posed at and near the town of Bentonsport is as follows: 

Generalized section of the Keo:bu7c linn/3\Stcm:e a,t B entonsport and vicilnity. 

FEET 
20. Limestonel bluish gray, coarse· grained ; in one massive ledge.... 3 
19. Shale, blUlsh, argillaceous, highly fossiliferous; with discontin· 

uous seams and flakes of gray impure, cherty limestone .......... 1 
18. Limestone, gray, medium·grained ... _ ...................... _....................... 1 
17. Shale, bluish, argillaceous, slightly fossiliferous ............... _ ...... . 
16. Limestone, bluish, rather coarse·grained; sepauated from the 

bed belo'w by a shaJy parting 5 to 10 inches thick ......... _......... 2 
15. Limestone, gray, subcrystallin:e, with irregular nodules of chert; 

massive when fresh but weathering into thin layers; locally 
nhaly in lower part ... _....................................................................... 2 

14. Limestone, bluish, coarse-grained, cherty; for the most part in 
one massive ledge .............................................................................. 2 

13. Limestone, light gray to whitish, medium·grained, slightly crin· 
oidal; grading locally into gray subcrystalline limesto'lle which 
weathers to yellowish shaly layers ................................................ 2 

12. Limestone, consisting of alternating l:vyers of l'ather coarse· 
grained bluish limestoille and gray subcrystalline limestone 
which weathers shaly ............................. :.......................................... 6 

11. Limestone, bluish gray, r:vther coarse· grained; with shaly p:vrt· 
ings between the layers in lower part ........................................ 3 

10. Limestone, grayish, subcrystalline; with seams of coarser· 
grained bluish cherty limestone in lower part ..... _ ........ ,............ 4 

9. Shale, bluish, calcareous, weathering drab and yellowish, un· 
fossiliferous .......................................................................................... 6 

8. Limestone, bluish gray, SUbCl'ystalline, with a shaly parting 
four inches thick near the middle ....................... _........................... 3 

7. Limestone, :fine·grained, impure, ash· colored, dolomitic; shaly 
towards the top; weathering buff; with a few cherty seams.... 3 

6. Limestone, gray, subcrystalline, cherty ............................... _....... 1 
5. Limestone, bluish gray and medium·grained in lower part, but 

:fine·grained and ash-colored above ................................................ 5 
4. Limestone, gray, :fine· grained, structureless, cherty; locally 

passing into gray subcrystalline fossiliferous limestone' .......... 3 
3. Limestone, bluish gr:vy, medium·grained to coarse· grained, 

slightly cri:rooidal; upper one·half locally bearing fish teeth and 
pygidia od: trilobites; middle part rich in crinoids ... _................. 3 

2, Limestone, grayish, subcrys1JaJline, very cherty; locally grading 
into coarse-grained bluish gray crinoidal limestone ......... _..... 2 

1. Limestone, bluish gray, cherty ........................................................ 1 

INCHES 

6 
6 
2-12 

6 

6 

5 

6 

9 

6 

10 

9 
9 

5 

3 

Beds 1 to 4 represent the basal portion of the formation and 
are well exposed on Lexington creek, nearly one mile above its 
mouth, in section 7, Bonaparte township. Beds 5 to 20, on the 
other hand, are exposed in the north- bluff of Des Moines river 
about one-fourth mile below the station at Bentonsport. Bed 20 
is overlain here by highly fossiliferous shales and shaly lime
stones of the Lower 'Warsaw (Geode bed). These are described 
in ;:t later chapter devoted to this formation. 



170 MISSISSIPPIAN STRATA OF IOWA 

The fossils of the individual beds of the Keokuk limestone in 
this area are listed below. 

List of fossils fTom bed 1 of Keokntk limestone iIn B entonspOTt area. 

CRINOIDEA- Spirifer grimesi HaJl 
Dorycrinus sp. Spirifer logani Hall 

BRYOWA- Spirifer rostellatus Hall 
Leioclema pu]]ctatum (Hall) Spirifer tenuicostatus Hall 

BRACHIOPODA- Spirifer d. S. keokuk Hall 
pi'oductus setigerus Hall Spiriferella neglecta (Hall ) 

' Productus sp . Composita trinuclea (Hall ) 
Pustula biseriata (Hall) GASTROPODA-
Tetracamera subtrigona (M. and W.) P latyceras sp. 
Diela!!Illa sp. • P latyceras sp. 

' Dielasma sp. TRILOBI'l'A-
Spiriferina sp. Griffithicles ~ sp. 

List of fossils from bed I!! of K eoht7c limestone in B l7Thtonsport area. 

BRACIflOPODA-
Avonria sp. 
Dielasma f sp, 
Dielasma sp. 
Tetracamera: subtrigona (M. and W.) 

Spirifer sp. 
Reticularia pseudolineata 

GASTROPODA-
Orthonychia sp. 

(Hall) 

List of fossils from bed 3 of K eokuk limestone im B entonsport area. 

ANTHOZOA
,Cyathaxonia sp. 
Amplexus sp. 
Z'a,phrentis varsoviensis 'Worthen (~) 

' Zaphrentis sp. . 
Triplophyllum dalei (M.-E. and H .) 
Palaeacis obtusus (M. and W.) 

CRINOIDEA-
: Actinocrinus' sp. 
Dorycrinus sp. 

EHINOIDEA
' Archaeocidaris sp. 

BRYOZOA
Stenopora sp. 
Cyclopora , sp. 

BRACHIOPODA-
Orthotetes keokuk (Hall) 
Productus setigerus Hall 
Productus sp. 
Pustula alternata (N. and P.) 
Pustula ~ sp. 
Rhipidomella dubia (Hall) 

Tetracamera subcuneata (Hall) 
Tetracamem 8ubtrigona (M. and W.) 
Dielasma sp. 
Spiriferina sp. 
Spirifer tenuicostatus Hall 
Spirifer logani Hall 
Spirifer d . S. keokuk Hall 
Syringothyris sp. 
Syringo,thyris sp. 
Spiriferella neglecta (Hall) 
Reticularia pseudolimea ta (Hall ) 
Cliothyridina parvirostris (M. & W.) f 

PELECYPODA-
Myalina keokuk Worthen "-

GASTROPODA- l' 
Platyceras equilateralis Hall 
Platycera;s tissurella Hall , 
Platyceras sp. 

TRILOBITA
Griffithides ~ sp. 

VERTERRATA
Fish teeth 

List of fossils from bed 4, of K eohtk limestone in B ent011.sport area. 

BRYOZOA
Stenopora sp. 
Fenestella serratula Ulrich 
F enestella sp. 
F enestella sp. 

BRACHIOPODA-
Orthotetcs keokuk (Hall) 
Chonetes shumardanus De Koninck 

Productus sp. 
Avonia sp. 
Pustula alternata (N. and P.) 
Pustula sp. 
Oamarophoria bisinuata (Rowley) 
Camarotoechia mutata (Hall) 
Dielasma sp. 
Dielasma sp. 
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Spiriferilla Sp. PELECYPODA-
Delthyris f sp. AviculopeeteIIJ ct. A. oblongus (M •. 
Spirifer l100tellrutus Hall amd W.) 
Spirifer cf. S. Jreokuk Hall Allorisma sp. 
Pseudosyrinx keokuk Weller GASTROPODA-
Reticularia pseudolineata (Hall) Platyceras sp. 
Cliothyridina obmaxima (McChesney) CEPHALOPODA-

Orthoceras sp. 

List of fossils from bed 6 of Keokuk limestone in Bentonsport area. 

ANTHOZOA
Cyathaxonia sp. 
Triplophyllum dalei (M.-E. and H.) 
Palaoo.cis obtusus (M. and W.) 

CRINOIDEA
Platycrinus sp. 
Agaricocrinus sp. 

BRYOZOA
Cystodictya sp. 

BRACHIOPODA
Schuchertella , sp. 
Productus sp. 
Produc.tus sp. 
Pustula alternata (N. and P.) 
Rhipidomella dubia (Hall) 
Tetracamea.'a subtrigona (M. and W.) 

Spirifer tenuioostatus Hall 
Spirifer rostellatus Hall 
Spirifer keokuk Hall 
Spirifer logani Hall . 
Brachythyris suborbicula~is (Hall) 
Spiriferella neglecta (Hall) 
Reticularia pseudolineata (Hall) 
Cliothyridina obmaxima (McChesney) 

PELECYPODA-
Lithophagus illinoisensis Worthen' 
Cypricardini31 f sp. 

GASTROPODA
Platyceras sp. 
Platyceras sp. 
Ortho~chia sp. 
Orthonychia sp. 

List of fossils from Qed 7 of Keokuk limestone i'Y') Bento~sport area. ' 

ANTHOZOA-
Triplophyllum dalei (M.-E. amd .H.) 

CRINOIDEA-
Dorycrinus Inississippiens'is Roemer 
Eutrochocrinus planodiseus Hall 

BRACHIOPODA-
Pustula alternata (N. and P.) 
Pustula sp: 
Pustula sp. 

Tetracamera subtrigona (M. and W.) 
Spirifer tenuioostatus Hall 
Spirifer koo'kuk Hilll 

. Spirifer rostellatus ;Hall 
Reticularia pseudolfueata (Hall) 
Cliothyridina obma.-a.ma (McChesney) 

GASTROPODAt-
Straparollus sp. 
Platyceras 8p_ 

List of fossils from bed ~ of Keokuk li1nestone in Bentonsport area. 

ANTHOZOA-
Triplophyllum dalei (M.-E. and H.) 
Zaphrelltis varsoviensis . Worthen 
Zaphrentis gp. 
Amplexus sp. 
Palaeacis obtusus (M. and W_ ) 

CRINOIDEA-
Dorycrinus sp. 
Actinocrinus f sp. 

BRYOZOA
Meekopora sp. 
Cystodictya sp. 

BRACurOPODA-
Orthotetes , sp. 
Schuchertella ~ sp. 
Productus wortheni HraJJ. , 
Productus mesialis Hall 
Productus sp. 
Pustula alternata (N. and P.) 
Pustula sp. 
RhipidJomella dnbia (Hall) 

Tetracaanera sUbtrigona (M. and W.) 
Dielasma sp. 
Spirifer tenuicostatus Hall 
Spirifer logani Hall . 
Spirifer keokuk Hall 
Spirifer cf. S. keokuk Hall 
Spirifer sp. 
Brachythyris suborbi<lularis (Hall ) 
Syringothyris subcuspidatus (Hall) 
Reticularia pseudolineata (Hall) 
Eumetria verneuiliama (Hall) 
Cliothyridin,a incrassata (Hall) T 
Cliothyridina sp. 

GASTROPODA
Platyceras sp. 
Platycer31s sp. 

TRILOBITA
Griffithides f sp. 

VERTEBRATA
Fish teeth 
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List of fossils from bed 10 of Keohlk limestone in Bentonsport Mea. 

ANTHOZOA
Amplexus sp. 

BRYOZOA-
Rhombopora varians Ulrich 
Cyclopora sp. 
Worthenopora spinosa Ulrich 

. BRACHIOPODA-

Schuchertella f sp. 
Orthotetes keokuk (Hall) 
Productus setigerus Hall 
Productus ovatus Hall 
Productus sp. 
Productus sp. 
Pustula alternata (N. and P .) 
Pustula sp. 
Pustula sp. 
Rhipidoroolla dubia (Hall) 
Tetracamera subtrigona (M. and W.) 
Cranaena sulcata Weller , 
Dielasma sinua,ta Weller 

Dielasma sp. 
Spirifer tenuicosta.tus Hall 
Spirifer rostellatus Hall 
Spirifer sp. 
Spirifer sp. 
Spirifer sp . 
Spirifer sp. 
Brachythyris ~uborbicularis (Hall) 
Syringothyris , sp. 
Spiriferella neglecta (Hall) 
Reticularia pseudolineata (Hall) 
Eumetria verneuiliana (Hall) , 
Clio.thyridina parvirostris (M. and W.) 
Composita , sp. 

PELECYPODA
Aviculopecten sp. 
A~iculopecten sp. 

GASTROPODA
Orthonychia sp. 

List of fossils from bed 11 of K e07cuk IVmeston~ iIro Bentonsp01·t area. 

ANTHOZOA.,..... 
Palaeacis obtmms (M. and W.) 

CRINOIDF..A-
Dorycrinus sp. 

BRYOZOA
Stenopora sp. 
Hemitrypa sp. 
Cystodictya sp. 

BRACHIOPODA-
Schuchertella sp. 
Productus setigerus Hall 
Productus wortheni Hall 
Productus ovatus Hall 
Productus sp. 
Avonia sp. 
Avonia sp. 
Pustula biseriata (Hall) 
Pustula alternata (N. and P.) 

Rhipidomella dubia (Hall) 
Tetracamera subtrigona (M. and W.) 
Rhynchopora sp. 
DieJasma sp . 
Dielasma sp. 
Spiriferina , sp. 
Spirifer keokuk Hall 
Spirifer sp. 
Spirifer sp. 
Spirifer sp. 
Spirifer sp. 
Brachythyris suborbicularis (Hall) 
Reticularia pseudolineata (Hall) 
Eumetria verneuiliana (Hall) 

GASTROPODA
Orthonychia sp. 

VERTEBRATA
Fish teeth 

List of fossils from bed 12 of Keokuk limestone in Bentonsport area. 

ANTHOZOA-
Zaphrentis illinoisensis Worthen , 
Triplophyllum dalei (M.-E . and H.) 
Amplexus sp. 

BRYOZOA
Stenopora sp. 
Fenestella serratula Ulrich 
Fenestella cingulata Ulrich 
Fenestella sp. 
Hemitrypa sp. 
Cystodictya sp. 
Worthenopora spinosa Ulrich 
Cyclopora ' . sp. 

BRACHIOPODA-
SchucherteJla , sp.· 
Schuchertella , sp. 
Productus setigerus Hall 

Productus cf. P . setigerus Hall 
Productus sp. 
Productus sp. 
Pustula alternata (N. and P.) 
Pustula biseriata (Hall) 
Pustula sp. 
RhipidomeUa dubia (Hall) 
Tetracamera sp. 
Dielasma sp. 
Spirifer rostellatus Hall 
Spirifer sp. 
Brachythyris suborbicularis (Hall) 
Spiriferella neglecta (Hall) 
Reticularia pseudolineata (Hall) 
Eumetria sp. 
Cliothyridina parvirostris (M.lIJThd W.) 
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List of fossils from bed 19 of Keokuk lillnestone iIn BentlJ'lWport area. 

ANTHOZOA
Amplexus ~ sp. 

CRINOIDEA
Agaricocrinus EIp. 
Platycrinus , sp. 

BRYOZOA
Meekopora , sp. 
Leioclema punctla.tum (Hall) 
F ellestell a serratula Ulrich 
F€:IIestella (several species) 
Cystodictya (several species) 
Worthenopora spinosa Ulrich 

BRACHIOPODA-
Schuchertella , sp. 
Productus setigerus Hall f 
Productus sp. 
Avonia sp. 
Pustula biseria.ta (Hall) 
Pustula sp. 

Pustula , sp. 
Oamarotoechia mutata (Hall) 
Cranaena sulcata Weller' 
Dielasma sp. 
Dielasma sp. 
Delthyris , sp. 
Spirifer rostellatus Hall 
Spirifer tenuicostatus Hall 
Spirifer sp. 
BI'achythyris suborbicularis (Hall) 
Spiriferella nJ6glecta (Hall) 
Reticulal'ia pseudolineata (Hall) 
Composita trinuclea (Hall) 
Cliothyridina parvirostris (M. and W.) 

PELECYPODA
Schizodus sp. 

TRILOBITA
Griffithides , sp. 

List of fossils from bed 14 of Keokuk limestone iIn B entonsport arM. 

BRYOZOA
Stenopora sp. 
Fenestella serratula Ulrich 
Cystodictya sp. 

B'RACHIOPODA-
Pl'ocluctus setigerus Hall 
Productus sp. 
Pustula sp. 
Rhipidomella clubia (Hall) 
Dielasma , sp. 
Spirifer tenuicostatus Hall 

Spirifer sp. 
Reticularia pseudolineata (Hall) 
Cliothyriclina panirostl'is (M. and W.) 

GAS'l'ROPODA
Orthonychia sp . 
Platyceras sp. 

TRILOBITA
Griffithides f sp. 

VER'.rEDRATA
F ish teeth 

List of fossils from bed 15 of Keoku7c limestone in B C'TIJtonsport area. 

ANTHOZOA-
Molliilopora beecheri Grabau 
Palaeacis obtnsus (M. and W.) 

BRACruOPODA-
,~chuchertella sp. 
Proclnctus setigerus Hall 
Productus ovatns Hall 
Procluctus sp. 
Productns sp. 
Prodnctus sp. 
Productus sp. 

Rhipidomella dubia (Hall) 
Camarotoechia mutata (Hall) 
Rhynchopora beecheri Greger 
Spirifer tenuicostatus Hall 
Spirifer keokuk Hall 
Reticularia pseudolineata (Hall) 

PELECYPODA-
Myalina keokuk Worthen 
Lithophagus illinoisensis Worthen 

TRILOBITA-
Griffithides f sp. 

List of fossils from bed 16 of KeoHn£k lillnestone in B ento'TlJ8port area. 

ANTHOZOA-
Palaeacis obtnsns r.M. and W. ~ 
Triplophyllum clalei (M.-E. and H.) 

BRYOZOA-
Sten<lpora , sp. 
Fenestella serratula Ulrich 

BRACHIOPODA-
Orthotetes keokuk (Hall ) 

Productus sp. 
Rhipidomella dubia (Hall ) 
Dielasma sp. 
Spirifer cf_ S. keokuk Hall 
Spirifer tenuicostatus Hall 
Composita trinuclea (Hall ) 

GASTROPODA
Orthonychia sp. 
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List of fossils from bed 18 of Keokuk limestone in Bentonsport area. 

ANTHOZOA-
Palaea.cis obtusus (~r. and W.) 
Zaphrentis varsoviensis 'Worthen f 
Triplophyllum dalei (M.·E. and H.) 
Monilopora beecheri Grabau 

BRYOZOA
Meekopora sp. 
Stenopora sp. 
Leioclema punctatum (Rall) 
Fooestella serratula Ulrich 
Hemitrypa sp. 
Uystodictya sp. 
Cyclopora ~ sp. 
Cyclopora , sp. 
vVortheno'pora spinosa Ulrich 

BRACHIOPODA-
Chonetes illinoisensis 
Schuchertella sp. 
Orthotetes keokuk (Hall) 
Productus setigerus Hall 
Productus ovatus Hall 

Productus cf. P. altonensis Weller 
Productus sp. 
Productus sp. 
Pustula altemata (N. and P.) 
Pustula biseriata (Hall) 
Rhipidomella dubia (Hall) 
Camarotoechia mutata (Hall) 
Spirifer toouicostatus Hall 
Spirifer keokuk Hall 
Spirifer sp. 
Spirifer sp. 
Reticularia pseudolinea ta (Hall) 
EUDletria verneuiliana (Hall) 
Eumetria f sp. 
Composita trinuclea (Hall) 

PELECYPODA-
Conocardium sp. 
Mvalina keokuk Worthen 

TRILOBITA-
Griffithides f sp. 

Ltst of fossils from bed 20 of Keokuk limestone in Bentonsport area. 

ANTHOZOA-
Zaphrentis varsoviensis Worthen 
Triplophyllum dalei (M.-E. and H .) 

BRYOZOA-
Stenopora sp. 
Taeniodictya ramulosa Ulrich 

BRACHIOPODA- . 
Orthotetes keokuk (Hall) 
Productus setigerus Hall 
Pustula alternata (N. and P.) 
Pustula biseriata (Hall) 
Rhipidomella dubia (Hall) 

Camarotoechia mutata (Hall) 
Rhy:nchopora beecheri Greger 
Dielasma f sp. 
Dielasma f Ap. 
Girtyella indianensis (Girty) 
Spirifer keokuk Hall 
Spirifer cf. S. keokuk Hall 
Spirifer teuuicostatus Hall 
Reticularia pseudolineata (Hall) 
Composita trinuclea (Hall) 

GASTROPODA-
Orthonychia Ep_ 

Henry County . ..-The only exposures of the Keokuk limestone 
of importance in Henry county appear along a creek emptying. 
into Skunk river from the south, a short distanc.e west of Web
ster's mill in the western part of section 4 of Jackson township. 
This section has been described previously by Savage26 in his 
Geology of Henry County. Fifty-two feet of Keokuk "limestone 
overlain by impure limestones and shales of the Lower Warsaw 
(Geode bed) is exposed along this creek. The section is given 
below. 

Seotion of ,K,eo7ctlk limestone near Webster's mill. 

FEET INCHES 
19. Limestone, bluish ' gray, medium-grained, upper part gra,y, 

very cherty; filled with bryozoans _______________________________________________ 8 
18. Limestone, as above, with fish teeth ________________ . ____ . ___________ .__________ 3 
17. Shale, soft, bluish, argillaceous _________________ . __ . ____ ._______________ __ ________ 10 
16. Limestone, bluish gray ____ . _________________________________________ . _______________ ._ 4 

26 Iowa Gool. Survey. vol. XII, PI). 256-258; 1902. 



KEOKUK FOSSILS AT WEBSTER'S MILL 

15. Sha:1e, soft, bluish, argillaceous ................. .... _ .................... _......... 1 
14. Limestone, bluish gray, medium· grained, weathering into thin 

la;yers ....... _ .................................... _ ... _................................................. 4 
13. Shale, bluish, argillaceous ... _ .... _ ........ _ ............................ _....... ...... 1 
12. Limestone,. dark gray, medium· grained ... _ ......... ........................... . 
11. Shale, and gray sub crystalline limestone in alternating layers. 

The limestone is filled with bryozoans ......... _ .... _ .... _ .... _ .... _ .... _. 7 
10. Limestone, gray, subcrystalline, with wavy boundaries .... _ .. _._... 1 

9. Shale, bluish, argillaceous above . but calcareous below. No 
fossils noted ............ ... _ .... _ ......... .... ... _............................................... 4 

8. Limestone, gray, subcrystalline and cherty above; bluish gray 
and medium· grained below ............................................... _............. 3 

7. Shale, bluish, argillaceous ............ ... _.................................................. 1 
6. Lim€stone, gray and 'subcrystalline above but bluish and 

coarse· grained below; shaly in middle part; with a band of 
fine·grained, chert.y limestone 3 to 10 inches thick in lower part 4 

5. Shale, bluish, argillaceous ............ .................................................... 1 
4. Limestone, ash· colored, soft, impure, dolomitic, nonfossiliferous 7 
3. Limestone, bluish gray, medium· grained, contact with bed 

above not Been .......................................................................... 2 to 3 
2. Shale, bluish, argillaceous ..................... _ .... _ ........ _ .. _....................... 8 
1. Limestone, gray, medium·grained, with a band of chert at the 

top ................................................... _ ........... _ ...................... _............. .... 1 
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4 

2 
6 

10 

6 

2 

6 

Collections made from the various beds were identified as 
follows : 

List of fossils fr01n bed 1 of K eokuk limest01!!e near Webster's mill. 
BRACHIOPODA- Spirifer keokuk Hall 

Pustula alternata (N. an'd P.) Reticularia pseudolineata (Hall ) 
Spirifer logani Hall 

List of fossils from bed 3 of 
ANTHOZOA-

Amplexus sp. 
BRACHIOPODA-

Productus mesialis Hall 

List of fossils from bed 6 of 
ANTHozOA-

Zaphrentis varsoviensis 'Worthen 
Palae.aeis obtusu (M. and W.) 

C!UNOIDEA-
Batocrinus sp. 
Dorycrinus sp. 

BRACHIOPODA
Productus sp. 

Ke07cu7c lilln.est01te near Webster's mill. 
Pustula nlternata (N. and P. ) 
Orthotetes keokuk (Hall) , 
Tetracamera sp . 
Spirifer keokuk Hall 

K eokuk limestone near Webster'~ mill. 
Pustula alternata (N. and P .) 
Tetracamera sub trigona (M. and W .) 
Rhipidomella dubia (Hall) 
Brachythyris cf. B. suborbicularis 

(Hall) 
Reticular-ia pseudolineata (Hall) 

VEItTEBRATA-
Fish teeth 

List of fossils fl·Q1n. bed 8 of Keokuk limestone near Webster'.7 mill. 

BRACHIOPODA
Productus sp. 
Ortho-tetes keokuk (Hall ) 
Rhipidomella dubia (Hall) 
Dielasma sp. 

Spiriferina sp . 
Spirifer rostellatus Hall 
Spirifer cf. S. keokuk Hall 
Cliothyridina parvirostris (M. & W.)' 

List of f08sils from bed 10 of K eoklbk limestone near Webster's mill. 

BRACHIOPODA-
Pustula biseriata (Hall) 
Spirifer keokuk Hall 

Spirifer tenuicostatus Hall 
Composita trinuclea (Hall) 
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List of fossils frorn bed 11 of Keokuk limestone near Webster's mill. 

ANTHOZOA-

Zaphrentis varsoviensis Worthen 
Triplophyllum dalei (M.-E. and H .) 
Amplexus sp. 
Monilopora bee cheri Grabau 

BRYOZOA

Stenopora sp. 
Leioclema punctatum (Hall) 
Cystodictya pustulosa Ulrich 
Cystodictya lineata Ulrich 
Phractopora trifolia (Rominger) 
Bactropora simplex Ulrich 
Rhombopora attenuata Ulrich 
Rhombopora transversalis Ulrich 
Streblotrypa major Ulrich 
Streblo.trypa radialis Ulrich 
Fenestella tenax Ulrich 

F enestella multi spinosa Ulrich 
F enestella rudis Ulrich 
F enestella limitaris Ulrich 
Fenestella serratula Ulrich 
H emitrypa sp. 
PolypOIw simulatrix Ulrich 
Polypora radialis Ulrich 
Worthenopora spinosa Ulrich 

BRACHIOPODA---' 
Productus setigerus Hall 
Camarotoechia mutata (Hall) 
Spiriferina sp. 
Spirifer tenuicostatus Hall 
Cliothyridina parvirostris (M. ana W.) 

TRILOBITA-
Griffithidcs portlocki (M. and W.) , 

List of fossils from bed 12 of Keokuk limestone neal' Webster's mill. 

ANTHOZOA-

Palaeacis obtusus (M. and W.) 
Zaphrentis varsoviensis Worthen 

. Zaphrentis sp. 
BRACHIOPODA

Productus sp. 

Camarotoechia mutata (Hall) 
Rhipidomella dubia (Hall) 
Dielasma sp. 
Spirifcr keokuk Hall 
Reticu!.aria pseudolineata (Hall) 

List of fossils frCYm bed 14 of Keok'u7c limestone near W ebster's mill. 

ANTJIOZOA
Zaphrentis sp. 

BRYOZOA-
LeiQdema punctatum (Hall) 
Fenestella. ten ax Ulrich 
Fenestella serratula Ulrich 
Cystodictya lineata Ulrich 

BRACHIOPODA--
Orthotetes keokuk (Hall) 

Pustula a.lternata (N. and P.) 
Rhipidomella dubia (Hall) 
Dielasma f sp. 
Dielasma sp. 
Spirifer t enuicostatus Hall 
Eumetria verneuiliana (Hall) 
Cliothyridin:a incrassata (Hall) 
Composita trinuclea (Hall) , 

List of fossils from bed 19 of Keo'Hntk limewtone near Webster's mill. 

ANTHOZOA-
Monilopora beeched Grabau 

Rhombopora attenuata Ulrich 
Stenopora sp. 

BRYOZOA- \ BRAcmoPoDA-
Leioclema punctatum (Hall) 
Fenestella rudis Ulrich 
Fenestella serratula Ulrich 
Hemitrypa sp. 
Cystodictya lineata Ulrich 
Rhombopora varians Ulrich 

Productus setigerus Hall 
Produetus sp. 
Pustula alterna.ta (N. and P.) 
Dielasma sp. 
Spiriferina sp. 
Spirifer keokuk Hall 

Louisa Co~~lnty.-Only the lowermost beds of the Keokuk 
limestone, corresponding to the Montrose chert horizon, are 
known to occur in Louisa county. These have been recognized 
by Udden27 in a number of exposures. 

A section in a Honey creek quarry opening one-fifth mile up-

27 Iowa Geol. Survey. vol. XI, pp. 72-89; 1901. 
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stream from the main quarry, which is located near the north 
line of the southwest quarter of section 28, Morning Sun town
ship, has been measured and redescribed by the writer. 

Section of K eokuk limestone on Honey cTeek. 
FEET INCHES 

8. Drift ..................... _............................................................................... 1 
7. Limestone, brownish yellow, soft, dolomitic, cherty; with oc· 

casional layers and lenses of gray sub crystalline, nlondolomitic 
fossiliferous limestone ............... _ ...................... _............................... 3 6 

6. Limestone, gray, tough, crinoidal; with small irregular chert 
nodules .................................................................................................. 10 

5. Limestone, brownish yellow, so,ft, dolomitic, fine· grained, with 
a chert band in the lower part ......... _........................................... 1 4 

4. Limestone, gray, compact, tough, crinoidal .................................. 1 4 
3. Limestone, soft, brownish, dolomitic, crinoidal in upper part 1 8 
2. Shale, bluish, argillaceous ......... _ ............................ _....................... 10 
1. Limestone, crinoidal, bluish with greenish specks below but 

brownish and with soft fine· grained dolomitic seams above; a 
chert band 2 to 8 inches thick in upper part ............................ 3 

A few identifiable fossils collected from beds 1 and 7 are 
listed below: 

List .of fossils fTom bed 1 of Keoku7c limestone on Honey creek. 

ANTHOZOA
Zaphl'entis sp. 

BRACHIOPODA
Chonetes sp. 
Rhipidomella sp. 

Schizophoria sp . 
Spirifer tenuicostatus Hall 
Spil'ifer gl'imesi Hall 
Brachythyris sub orbicularis (Hall) 
Cliothyridina sp. 

List of fossils tro'Yn bed 7 of K eokuk limestone on Honey creek. 

HRACHIOPODA
Pl'oductus sp. 
Dielasma sp. 
Spirifer rostellatus HaJl 

Spirifer sp. 
Reticula,ria pseudolineata (Hall) 
Composita globosa Weller 
Composita trinuclea (Hall) 

In the Elrick quarry located near the south county line on the 
left bank of Smith. creek, Udden28 found twenty-two feet of 
weathered limestone overlying the Upper Burlington. How
ever, no fossils are listed by him from this exposure. Again 
Udden29 reports fifteen feet of "weathered sh-aly limestone and 
shale with cherty layers" of this horizon in an exposure along 
Long creek in the southeast corner of section 33 of Columbus 
tovvnship. . 
Th~ following section from Udden2"9, located in the south 

bank of Long creek near the -West line in the northwest quarter 

28 Iowa Geol. Survey, vol. XI, p . 75; 1901. 
29 Idem, p. 81. 
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of' section 32, Columbus township, also represents the basal 
Keokuk. 

Section of Ke07ctbk limestone in section S!3, Colwmbus township (.AfPer Ydden). 
FEET 

3. Shaly limestone .................................................................................. 5 
2. Blue shale ............................................................................................ 1 
1. Yellow limestone, somewhat fin.e·gramed ........................................ 8 

K eokuk County.-Several exposures of the Keokuk limestone 
have been reported from Keokuk county. The more important 
ones appear along Rock creek northwest of Ollie. One of the 
more typical of these, is shown in the "Granite" quarry in the 
southwest quarter of the southeast quarter of section 10, J ack
son township. 

Section of Keokuk limestone in "Grwnite" IJ:I.barry 
FEET lNCHES 

8. Concealed. With chips of soft brownish dolomitic lln1estone on 
slope. Indications of bluish argillaceous shale in upper part. 
PrOibably consists of shale with interbedded layers of hI·own· 
ish dolomitic limestone ...................................................................... 8 

7. Limestone, brownish, soft, dolomitic, cherty.............................. 1 10 
6. ConceaJed, chips 'of soft brownish dolomitic limestone on slope 7 10 
5. Limestone, soft, brownish, dolomitic, with irreg1!lar bands of 

compact gray chert ............................................................................ 3 6 
4. Shale, bluish, argillaceous ................................................................ 3 6 
3. Limestone, bluish gray, coarse-grained .......................................... 2 7 
2. Shale, bluish, argillaceous ................................................................ 2 
1. Limestone, bluish gray, coarse'grained, crinoidal; in rather 

heavy layers. Top layer weathering into thin shaly sooms ........ 5 

Collections were made from beds 1 and 8. These have been 
identified as follows : 

List of fossils from bed 1 of Keok1~k lwnestone in "Granite" .qua?·ry. 
ANTHOZOA-

Triplophyllum dalei (M.·E. and H.) 
Zaphrentis vJ)..rsoviensis Worthen 
Palaoocis obtusus (M. and W. ) 

CRINOIDEA
Platycrinus sp. 

B RACHIOPODA-
Orthotetes keokuk (Hall) 
Productus sp. 
Pustula alternata (N. and P.) 
Rhipiclomella dubia (Hall ) 
Girt yell a indianensis (Girty) 
Spirifer keokuk Hall 

Spil'ifer rostellatus Hall 
Brachythyris suborbicularis (Hall) 
Reticularia pseudolineata (Hall) 
Clio,thyric1ina parvil'ostris (11. 2.nd W.) 
Cliothyridina incrassata (Hall) 

PELECYPODA-
Conoca:rdium sp. 

GASTItOPODA-
Platyceras sp. 
Platyceras sp. 

TRILOBITA-
Griffi thides f sp . 

List of fossils from bed 8 of 
BRYOZOA-

Ke07cuk li1?~estone in "Granite" 
Stl'eblotrypa sp. 

quarry. 

Leioclema punctatum (Hall) 
Rhombopora va:riaJIs Ulrich 
Fenesteila sp. 
F enestella 8p. 

BRACHIOPODA
Orthotetes f sp. 
Spirife:r sp. 
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Three hundred yards south of the above section a small 
abandoned quarry opening shows several beds of the Upper St. 
Louis. The hasal bed of the section lies about twenty-two feet 
above the level of the top of bed 8 of the" Granite" quarry. It 
is believed that the Lower St. Louis limestone occupies the con
cealed interval between the two beds and that the latter forma
tion succeeds the Keokuk formation directly, the Warsaw beds 
and the Spergen limestone being absent in this area. 

Less than half a mile north of the" Granite" quarry a good 
exposure of the Keokuk beds appears in the north bank of Rock 
creek, just west of the wagon bridge, in the northeast qua:rter 
of the southwest quarter of section 10, Jackson township. 

Seotion (}f Keokuk beds in secti<m 10, J aokson lIownship . 

FEET INCHES 
11. Drift ..................... _ ................ _ ...................... _ ...................... _............. 1 
10. Limestone, buff, dolomitic, soft, rotten, with chert bands. 

Bed 5 'of "granite" quarry section ......... _ .... __ .. _ ....... _. __ ._........... 3 
9. Shale, bluish, argillaceous. Bed 4 of "granite" quarry seCJtiOOl 2 6 
8. Limestone, bluish gray, coarse-grained except in middle part, 

which. is dolomitic, buff and. fine-grained. Bed 3 of "gran-
ite" quarry section _ .. _.: ...... _ ...... __ ... _ .. _ .... _. ____ ........ __ ... __ ... _____ .. _ .. ,. __ . 2 8 

7. Concealed. Shale. Bed 2 of "granite" quany section _ ...... ___ 3 
6. Limestone, bluish gray, coarse-grained, with intercalated layers 

of gray subcrystalline limestone. A layer at top filled with 
Spiriler keokuk. ' Bed 1 of "granite" quarry section _._......... 5 

5. LimestoT).e, ash-colored, fine-grained, doloriritic, impure, soft, 
weathering yellowish _ .... _._ ...... _ .. ___ ._ .. _ .......................................... _. 2 6 

4. Limestone, gray, subcrystalline, cherty; interbedded with lay-
ers of s<Y.ft buff cherty dolomitic limestone ..................... _ ...... _..... 6 

3. Shale, calcareous, ash·gray in color, weathering slightly yel-
lowish ........................... _ ........................ _ .......... _ .... :.. .............. _ ..... _._..... 2 6 

2. Limestone, gray, dense, brittle, subcrystalline, cherty ... _ .......... _ 2 
1. Limestone, gray, crinoidal, with occasional chert bands. Lower 

part poorly exposed ... _ .............. _ ...... .... _ .... _ .... _ .......... _................... 5 9 

The following species were identified from the various beds: 
, t r 

List of fossils from bed 1 (}f Keo7cu7c limestonJe in section 10, Jac7cson township. 

ANTHOZOA- , 
Z:lJphrentis varsoviensis Worthen' 
Triplophyllum dalei (M.-E. and H.) 

CRINOIDEA-
Macrocrinus verneuilianus (Shumard) 
Actinocrinus sp. 

BRACHIOPODA-
Orthotetes keokuk (Hall) 
Orthotetes ~ sp. 
Productus sp. 
Pustula alternata (N. and P.) 
Rhipidomella dubia (Hall) 
Tetra.camera subtrigona (M. :llld W.) 
Dielasma 8p. . 

Spirifer grimesi Hall 
Spirifer Bp. 
Brachythyris suborbicularis (Hall) 
Syringothyris sp. 
Reticularia pseudolineata (Hall) 
O1iothyridina incrassata (Hall) 

GASTROPODA
Platyceras Bp. 
Platyceras Bp. 
Platyceras 8p. 
OrthO'Ilychia Bp. 

TRILOBITA
Phillipsia , sp. 

--~-~---
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List of fossils front bed 2 of Keok;uk linlestone in s.eotion 10, Jackson township. 

BRYOZOA-
Fenestella sena,tula Ulrich 
Fenestella multispinosa Ulrich 
Fenestella sp. 
Cystodictya sp. 

BRACHIOPODA-
Productus setigerus Hall f 

Pustula sp. 
Spirifer tenuicostatus Hall 
Brachythyris suborbicularis (Hall) 
Reticularia pseudolineata (Hall) 

GASTROPODA-
Platyceras sp. 

List of fossils from bed 4 of Keok~lk limestone in section 10, Jackson township. ' 

ANTHOZOA
Amplexus sp. 

BRYOZOA-
Stenopora T sp. 

BRACHIOPODA
Chonetes sp. 
Productus sp. 
Pustula sp. 
Avonia sp. 
Camarophoria bisinuata (Rowley) 
Cranaena globosa Weller 
Dielasma sp. 

Spirifer keokuk Hall 
Spirifer tenuicostatus Hall 
Spirifer ro~tellatus Hall 
Syringothyris sp. 
Spiriferella neglecta (Hall) 
Reticularia pseudolineata (Hall) 
Athyris lamellosa (Leveille) 
Cliothyridiua obmaxima (McChesney) 
Composita trinuclea (Hall) 

GASTROPODA
Phanerotinus f sp. 
Orthonychia , sp. 

List of fossils from bed 6 of K eo7cuk limestone in secti01~ 10, Jackson township. 

ANTHOZOA-
Zaphrentis varsovienMs Worthen 
Monilopora sp. 
Palaeacis obtusus (M. and W.) 

CRlNOIDEA-
Eucladocrinu8 sp. 

BRYOZOA
Stenopora sp. 
Leioclema gra.cillimum Ulrich 
Fenestella multi spinosa Ulrich 
Hemitrypa sp. 
Polypora sp. 
Rhombopora varians Ulrich 
Rhombopora attenuata Ulrich 
Cystodictya sp. 
Glyptopora keyserlingi (Prout) 

BRACJTIOPODA-
Orthotetes keokuk (Hall) 
Productus setig,erus Hall 
Pustula sp. 
Rhipidomella dubia (Hall) 
Tetracamera subtrigoua (M. and W.) 
Spirifer keokuk Hall 
Spirifer t enuicostatus Hall 
Syringothyris textus (Hall) 
Spiriferella neglecta (Hall) 
Reticularia pseudolineata (Hall) 
Eumetria verneuiliana (Hall) 

PELECYODA
Schizodus sp. 

GASTROPODA
Orthonychia sp. 

List of fossils from bed 8 of Keokuk limestone in section 10, Jackson ,township. 

BRACHIOPODA- GASTROPODA-
Spirifer keokuk Hall Bulimorpha f keokuk (Worthen) 

One-half mile north of the preceding section is located the 
Weber quarry now owned by Elbert Davis (NW. % NE. %. 
sec. 10, Jackson township). Sixteen feet of gmy coarse-grained 
cherty crinoidal limestone, interbedded with gray subcrystalline 
cherty limestone and soft buff cherty dolomitic limestone is ex
posed. The outcrop is believed to represent beds 1 to 5 of the 
preceding bluff section. 

Bain30 describes the Keokuk ("Augusta") limestone in Con·· 

30 Iowa Geo!. Survey. vol. IV. p. 273; 1894. 



KEOKUK A'r SPRINGVALE MILL 181 

nor's quarry, in the southwest quarter of the southeast quarter 
of section 15, Sigourney township, as being in contact with the 
St. Louis limestone. His section is as follows : 

Seotion ~n Con'IWr'lI quarrry (afte1' Bwitn). 

rEET 
~. Limestone, yellow, soft, magnesian; apparently arenaceous in 

part, massive. Exposed ............................................... _ .... _ .... _ ..... 10 
1. Limestone, coarse, sub crystalline. Exposed at water's edge.... 4 

He refers bed 1 to the" Augusta" and bed 2 to the St. Louis. 
Bed 1 is concealed at the present time. Bain31 further makes 
the following statement : 

"About two and one-half miles west of Conner's quarry (Tp. 
75 N., R. 12 W., sec. 18, SE. qr., SE.14) the Augusta lime
stone having the usual characteristics rises above the water four 
feet. Both above and below this point the St. Louis is well 
developed. ' , 

At the Springvale mill :five miles south of the town of Delta 
in Warren township an exposure of bluish calcareous shales ap
pears in a low bluff of Skunk river. In the Keokuk county re
port Bain32 designates these shales the Springvale beds and cor
relates them provisionally with the lower division of the St. 
Louis limestone. These shales possess all the characteristics of 
those present in the upper part of the Keokuk limestone else
where in Keokuk county and although they have not been found 
to contain fossils sufficiently well preserved to make this corre
lation positive they are referred to this formation on lithologic 
grounds. The term Springvale as applied to the lower division 
of the St. Louis limestone in this part of Iowa is therefore be
lieved to be a misnomer. 

31 Idem, p. 273. 

82 Idem, pp. 277·279; 1894. 



CHAPTER IV ' 

THE MERAMEC GROUP 

Definition of Meramec 

Ulrich1 proposed the name Meramec in 1904 to include the 
Warsaw, Spergen Hill and St. Louis formations which outcrop 
along Meramec river in Missouri. Several later authors have 
restricted the group to include only the St. Louis and Spergen, 
the underlying Warsaw being referred to the Osage. 

Weller2 in his report on the geology of Hardin county, Illi
nois, includes the Warsaw in this group as well as the Ste. 
Genevieve formation. The following quotation from his report 
will make his position in the matter clear: 

"As originally defined, the Meramec group included in as- . 
cending order, the Warsaw limestone, the Spergen (Salem) 
limestone, and the St. Louis limestone. In the present report 
the Ste. Genevieve limestone is also included as a fourth forma
tion in the group, above the St. Louis limestone. For many 
years after the original definition of the Ste. Genevieve lime
stone by Shumard in 1859, the formation was scarcely or not at 
all recognized, the beds representing it being commoruy includ
ed with the St. Louis limestone. Ulrich revived the name of the 
formation in 1905, but excluded it ' from the Meramec group, 
making it the lowest formation of the Chester group, an inter
pretation that he still holds to at this time. All the evidence, 
however, that has been gathered during a period of a ,dozen 
years, shows the much closer relationship of the Ste. Genevieve 
to ' the St. Louis limestone than to any of the Chester forma
tions. In a number of pUblications durinK r~cent years; as a 
compromise measure, the Ste. Genevieve has been treated as a 
separate unit in the Mississippian system, being united with 
neither the Meramec group below, nor the Chester group above, 
but the time has now come when it is desirable to place the Ste. 
Genevieve limestone where it properly belongs, with the St. 
Louis limestone. In order to accomplish this result it is neces
sary either to modify the original definiti?n of. the Meramec 
group so that it shall include the Ste. GeneVIeve lImestone, or to 

1 U. S . GeoI. Survey Prof. Paper 24, table opp. p. 90. 
2 Illinois Geo!. Survey, Bull. 41, pp. 96, 97; 1920. 
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propose a new group name for the four formations. As it seems 
more desirable to retain the name already in use with a slightly 
modified definition, than to add confusion to the nomenclature 
by introducing a totally new name, such a procedure is conse
quently followed here." 

The revised usage of the term Meramec as recommended by 
Weller is adopted in this report. 

Distribution of the Group 

The ,Varsaw and Spergen members of the Meramec group 
are restricted to the southeastern part of the state, but the St. 
Louis and Ste. Genevieve formations extend far beyond to the 
north-central part. On the geologic map of Iowa, the V\T arsaw 
deposits are included in the Osage areas while the Spergen, St. 
Louis and Ste. Genevieve, all of which were formerly identified 
as St. Louis limestone, are mapped under that heading. The 
group forms the highest consolidated rock over a much larger 
area in southeastern Iowa than farther northwest. It appears 
in the southern and northwestern parts of Lee county, over al
most the entire area of Henry county, the southwestern parts of 
Louisa and Washington counties, and the greater part of Keo
kuk county. It has been mapped also along the valleys of 
Skunk and Des Moines rivers and some of their larger tributar
ies in Van Buren, Jefferson, 'vVapello, Mahaska, Marion and 
southern Poweshiek counties·. 

In west-central Story county, the' St. Louis member of the 
group has been exposed as a result of the erosion of the overly
ing Pennsylvanian rocks over a low dome. Small inliers of the 
Ste. Genevieve and St. Louis also appear in ,Vebster county, 
while farther north in central and western Humboldt county 
there are restricted outliers of the St. Louis in the Kinderhook ' 
area. The extent of the group to the southwest beneath the 
Pennsylvanian is not definitely known, but evidently is consider
able. 

Lithologic Character 

The Meramec group is made up of a l~lrger proportion of 
clastic material and is much more diversified in character than 
is true of the preceding Osage deposits. It is represented in 
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Iowa by marginal facies of formations which are thickff, more 
typically developed and more uniform in character farther 
south in the Mississippi valley. 

The Warsaw formation consists of bluish argillaceous shales 
with thin intercalated layers of gray fine-grained fossiliferous 
limestone. The Spergen is represented typically by brownish 
arenaceous magnesian limestone but locally some layers pass 
into shales or cross-bedded crinoidal limestone. The St. Louis 
consists for the most part of limestone which in the unaltered 
condition is thin-bedded, gray, fine-grained. and dense. Locally 
it grades laterally in part into brownish massive dolomite or 
into sandstone. In some of its exposures it is brecciated. The 
Ste. Genevieve is normally made up of a fine-grained bluish 
gray basal sandstone, followed above by shale and then lime
stone, but in north-central Iowa it is nearly all shale. 

Thickness 

The Meramec group attains its maximum thickness in Iowa 
only in the southeastern part of the state where all its members 
are present. The aggregate thickness there is approximately 
two hundred feet . However, this value is subject to consider
able variation from place to place owing to the thickening and 
thinning of the individual formations. 

StratigTaphic Relations 

In Lee, Henry, Van Buren and Des Moines counties, where 
the Warsaw beds are present, there appears to be a transition 
from the Osage into the Meramec group but farther northwest 
the Spergen and St. Louis formations overlap the ·Warsaw and 
there a disconformity is present. Disconformities appear with
in the group between the Spergen and St. Louis and between 
the St. Louis and Ste. Genevieve. However, these represent 
erosion intervals of limited duration. Between the Meramec 
and basal Pennsylvanian deposits there exists a profound strat
igraphic break. 

The Warsaw Formation 
NOMENCLATURE AND DISTRIBUTION 

The Warsaw formation as defined by HalP and described by 

3 Geol. of Iowa, vol. I, pt. I, p . 97; 1858. 
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later writers, consists of approximately forty feet of inter
bedded shale and limestone, typically developed near the town 
of Warsaw, in Hancock county, western Illinois. The present 
investigation, however, has demonstrated the advisability of in
cluding the underlying Geode bed with this formation. This 
division, as has been pointed out, was included with the Keokuk 
limestone by Hall and his successors. But a study of its fauna 
indicates a stronger relationship to the Warsaw. In the present 
report it is designated the Lower Warsaw, while the Warsaw 
of Hall is referred to the Upper Warsaw. Altogether one hun
dred and twelve fossils have been specifically identified from 
this member by the writer. According to all the evidence at 
hand, about forty-fiVie of these (chiefly crinoids and bryozoans) 
appear for the first time. Eighteen of this number occur either 
in the Warsaw of Hall or in the overlying Spergen formation. 

The fauna of the Warsaw of Hall, or the Upper Warsaw as 
revised, is noted for its profusion of bryozoans and other fos
sils. Many of these fossils are of a distinctly Spergen aspect, 
in spite of the fact that in Iowa a dis conformity separates the 
two members. 

Both divisions of the Warsaw pinch out to the north and 
northwest, probably due in part to the proximity of the old 
shore line in that direction, and in part to pre-Spergen erosion. 
The upper division pinches out much more abruptly than the 
lower. At Keokuk, Iowa, about four miles northwest of War
saw, this member is less than two-thirds as thick as at the type 
locality, and a few miles beyond, it evidently wedges out com
pletely. It has been found nowhere north of the limits of Lee 
county. The northernmost exposures of beds known certainly 
to represent the Lower Warsaw occur along Mud creek near 
Lowell in southern Henry cOlmty and in the banks of Long 
creek about two miles northwest of the town of Augusta in 
southern Des Moines cOlmty. To the northwest it has been ob
served as far as Van Buren COlmty. In the marginal areas this 
member is usually succeeded above by the Spergen due to the 
overlap of that formation beyond the Upper Warsaw but at 
some localities the Lower St. Louis limestone appears above as 
a result of the disconformity between this formation and the 
Spergen. 



186 MISSISSIPPIANI STRATA OF IOWA 

THE LOWER WARSAW BEDS 

LITHOLOGIC CHARkCTER 

This division is approximately thirty-six feet in thickness in 
the vicinity of Warsaw, Illinois, which is the type locality. Near 
,Varsa,v" and at Keokuk, Iowa, it is divisible into three portions. 
The lower one-third is usually r epresented by a fine-grained 
soft ash-colored massive, impure, geode-beaJ:ing magnesian 
limestone which upon exposed surfaces scales off obliquely to 
the surface of the bluff. At some localities this is interbedded 
with thin layers of grayish blue fossiliferous limestone similar 
to that of the underlying Keokuk formation. A layer of gray 
thin-bedded cherty limestone overlies this bed. It is locally 
brownish and dolomitized and is two to four feet thiclc 

The 'upper portion of the Lower -Warsaw is a tough argillace
ous or slightly calcareous shale which breaks down readily to a 
gritty clay on exposure: ' It is laminated in many exposures, a 
character which is in contrast to the massive beds below. At 
some localities geodes are more numerous in ' this than in the 
lower portion, but they are generally much smaller and more 
poorly developed. 

The Lower Warsaw is represented by geodiferous and non
geodiferous phases. In places these pass into each other later
ally within short distances. The only apparent physical differ
ence between the two phases is the usual presence of fossils in 
that phase which bears no geodes, and their paucity in the 
geodiferous portions. The Lower Warsaw at some localities 
contains calcareous nodules, whose relationship to the contain
ing rock is the same as that of the geodes. 

The composition of the lower portion of the Lower Warsaw 
at a point along Soap creek at Keolmk, where it contains large 

, well developed geodes, is shown by the following analysis: 

PER CENT 
Insoluble matter (largely free silica) ________________________________________________ __ _____ 33.80 
Fe,O.+Al,O, ________________________ ______________ _________________________________________________ ____________ 2.80 
CaCO, ______________________ ____ _______ _______________ ___ _____ ______________ ____________________________________ 39_99 
MgCO. _______________________________________________________________________________________________________________ 12.50 
Moisture rund carbonaceous matter ___________________________________________________________ 7.70 
Undetermined _____________________________________________________________________________________________________ 3.21 

100.00 

Satisfactory outcrops of the Lower Warsaw are riot often 
found where the formation is not capped by more resistant lay-
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ers, because of the tendency of the shaly parts to weather back 
in the form of gentle slopes which become covered by 'vegeta
tion. Slumping of the shale, which likewise is common, also has 
obscured many exposures. Well defined outcrops of this divi
sion of the Warsaw occur locally along the banks of the larger 
streams and their tributaries in southern and eastern Lee coun
ty, southeastern Van Buren county, and southern Henry and 
Des Moines counties. Good exposures appear also in Hancock 
county, Illinois, and Clark county, Missouri. 

AREAL DESCRIPTION BY COUNTIES 

Hancock Oounty, Illinois.-The most typical exposure ,of the 
fossiliferous facies of the Lower Warsaw known to the Iwriter 
is that along the creek known as Soap Factory Hollow, which 
joins the Mississippi from the east about one-half mile south of 
Lower Warsaw, Illinois. The section begins with the city quar
ry. From this point the exposures continue along the creek bed 

. and in its banks for nearly one-half mile up stream. 
In the upper part of the quarry there is exposed a few feet 

of shales, with thin layers of. limeshme interbedded, followed 
below by three and op.e-half feet of gI;ay thin-bedded cherty 
limestone, representing the middle member of the Lower 'Wal'
'saw. Under this comes el~ven and one-half feet of ' fine-grained 
bluish magnesian, cherty limestone with interbedded seams and 
layers of grayish to bluish coarse-grained fossiliferous lime
stone which is correI'ated with the lower member. Geodes are 
wanting except for an occasional imperfectly developed one. 
About three feet of bluish fossiliferous Keokuk limestone , is 
shown in the quarry face below this member. Still lower layers 
of the Keokuk limestone are shown in the creek bed nearby. 

The lower member of the, Lower Warsaw is excellently ex~ 
posed along the bed of the creek above the quarry. Some of 
the limestone layers of this member bear sinuous pipelike fucoid 
markings on their surfaces. A few of these are selectively re
placed by chert. They range from a fraction of an inch to an 
inch or more in greatest diameter. They are somewhat com
pressed vertically. Excellent opportunities are afforded for 
collecting from this member at this locality. At no other known 
place is the Lower Warsaw so highly fossiliferous. 
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The middle limestone member of the Lower Warsaw is well 
exposed in the creek bed a short distance farther up stream 
around the first bend. It grades gradually upward into the up
per member of the Lower Warsaw. 

The upper member of the Lower Warsaw is represented far
ther up the creek by the following beds listed in descending 
order: 

Section of 'upper member of Lower Warsaw beds in Soap Factory Hollow. 

6. Shale, bluish, argillaceous, overlain by Utin-bedded, no=ag-
nesian fossiliferous limestone of the basa~ Upper Warsaw ___ __ _ 

5. Geode bed, with many siliceous geodes __ __ . __ _________ ___ __ ____ __ __ ___ . __ 
4. Shale, argillaceous, bluish __ ____ _________________ ____________ ____ ________________________ _ 
3. Limestone, in thin shaly, cherty layers filled with bryozoa ____ _ 
2. Shale, ash-colored, calcareous; weathering to very irregular 

flakes with a few poorly prese,rved fossils . __ ______________________ . ___ _ 
1. Limestone, shaly; with thin interbedded cherty layers of gray 

subcrystalline limestone, which is increasingly prevalent 
towards the base. The shaly limestone layers bear a rich 
bryozo,an fauna, while the sub crystalline limestone bears a 
fauna nearly identical with the middle member of the Lower 
Warsaw, which it resembles very closely physically. This 
division outcrops along the bed of the creek only and its thick
ness could not be determined accurately. It is believed to be about ten feet _____ . _____ ___ c _______________________________ _____________ _____ __________ • __ __ • __ 

FEET 

2 
lh-l 

3 
2 

10:1: 

The geodes of bed 5 range in diameter from a few inGhes 
to over two feet. Locally they are so closely crowded as to 
form a continuous layer for several yards. In such cases of 
crowding the geodes are ' very irregular in shape, and in some 
instances several specimens are grown closely together. Many 
of them are imperfectly developed. Quartz and dolomite ap
pear to be the common minerals lining their interiors. Pockets 
of kaolin appear in the chalcedonic shells and in the interiors 
of imperfect specimens. 

The faunules of the three members of the Lower Warsaw at 
Soap Factory Holloware listed below: 

List of fossils from the basal member of the Lower Warrsaw beds. 

ANTHOZOA.-

Triplophyllum dalei (M.-E. and H .) 
Amplexus sp. 
Monilopora beecheri Grabau 

CRINOIDEA.
Barycrinus Bp. 
Uperocrinus nashvillae (Hall) 
Agaricocrinus wortheni Hall 

BLA.STOIDEA.-
Schizoblastus granulosus (M. and W.) 

ECHINOIDEA.-
Archaeocidaris keokuk Hall 

BRYOZOA.
Stenopora sp. 
Fenestella serratull!. Ulrich 
Fenestella limitaris Ulrich 
Fenestella triserialis Ulrich 
Fen.estella tenax Ulrich 
Fenestella multispinosa Ulrich 
FenestelLa funicula Ulrich 
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Fenestella compressa ffirich 
Fenestella sp. 
Fenestella sp. 
Hemitrypa pateriformis ffirich 
Archimedes owenanus Hall 
Polypora gracilis Prout 
Polypora varsoviensis Prout 
Ptilopora sp. 
Ptilopora sp. 
Pinnatopora conferta Ulrich 
Rhombopora varians ffirich 
Rhombopora attenuata Ulrich 
Cystodictya pustulosa ffirich 
Cystodictya lineata ffirich 
Worthenopora spinosa Ulrich 

BRACHIOPODA-
Orthotetes keokuk (Hall ) f 

Productus ovatus Hall 
Productus sctigerus Hall 
Pustula alternata (N. and P.) 
Camarotoech1a mutata (Hall) 
Dielasma Bp. 
Spirifer rostellatus Hall 'f 
Spirifer cf. S. keokuk Hall 
Spirifer tenuicostatus Hall 
Brachythyris sub orbicularis (Hall ) 
Brachythyris subcardiformis (Hall) 
Spiriferella neglecta (Hall) 
Reticularia setigera (Hall) 
Cliothyridina parvirostris (M. and W.) 
Composita trinuclea (Hall) 

GASTROPODA-
Platyceras equilateralis Hall f 

List of fossils from the middle member of the Lower Warsaw boos. 

ANTHOZOA-
Triplophyllum dalei (M.·E. and H.) 
Zaphrentis (f) sp. 
Amplexus Bp. 

VERMES-
Spirorbis (') sp. 

BRYOZOA-
Fenestella tenax ffirich 
Fenestella serratula ffirich 
Fenestella multispinoaa ffirich 
Penestella triserialis ffirich 
Hemitrypa pateriformis Ulrich , 
Hemitrypa sp. 
Polypora retrorsa Ulrich 
Rhombopora attenuata ffirich , 
Cystodictya pustulosa Ulrich 'f 
W orthenopora spinosa ffirich 
Cyclopora sp. 

BRACHIOPODA-
Productus setigerus Hall 'f 
Pustula alternata (N. and P .) 
Pustula biseriata (Hall) 
Camarotoechia mutata (Hall) 

Dielasma sp. 
Cranaena Bulcata Weller 
Cranaena Bp. 
Spirifer bifurcatus Hall 
Spirifer t enuicostatus Hall 
Spirifer cf. S. keo,kuk Hall 
Brnchythyris subcardiformis (Hall) 
Brachythyris suborbicularis (Hall) 
Reticularia setigera (Hall) 
Eumetria verneuiliana (Hall) 
Oliothyridina parvirostris (M. and W.) 
Compoaita trinillclea (Hall) 
Composita globosa Weller 

PELECYPODA
Allorisma gp. 
Aviculopecten sp. 
Aviculopecten sp. 

SCAPHOPODA
Laevidentalium sp. 

GASTROPODA-
Holopea proutana Hall 
Strophostylus 'f carleyaJIlJa (Hall) , 

List of fossils from the upper member of the ' Lower Warsaw beds. 

ANTHOZOA-
Zaphrentis Bpergenensis 'Worthen 
Triplophyllum dalei (M.-E. and H.) 
Amplexus sp. 
Monilopora bee cheri Grabau 
Monilopora ~ sp. 

VERMES-
Spi ror bis sp. 

CRINOIDEA
Barycrinus sp. 

BRYOZOA
Fistulipora , sp. 
Meekopora sp. 
Ba tostomella (') sp. 
Stenopora sp. 
Leioclema punctatum (Hall) 
Feucstella serratula Ulrich 

Fenestella ten ax Ulrich 
Fenestella rudis ffirich 
Fenestella triserialis Ulrich 
Fenestella exigua Ulrich 
Fenestella multispinosa , ffirich 
F enestella compress a ffirich 
F enestella sp. 
Archimedes owenanus Hall 
Archimedes wortheni Hall 
Hemitrypa pateriformis ffirich 
H emitrypa sp. 
Polypora biseriata ffirich 
Polypora v,arsoviensis Prout 
Polyp ora gracilis Prout 
Polyp ora retrorsa ffirich 
Ptilopora valida UJrich 
Ptilopora sp. 
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Ptilopora sp. 
Rhombopora attenuata Ulrich 
Rhombopora varians Ulrich 
Rhombopora sp. 
Cystodictya pustulosa Ulrich 
Glyptopora keysel'lingi (PJ'out) 
WOl'thenopora spinosa Ulrich 
Cyclo'pol'a sp. 

Spil'ifer d. S. keokuk Hall 
Spil'ifer bifurcatus Hall 
Spil'ifel' tenuicostatus Hall 
Spiriferella neglecta (Hall) 
Reticularia setigera (Hall) 
Eumetria verneuiliana (Hall) 
Cliothyridina parvirostris (M. and W.) 
Composita trinuclea (Hall) 

BRACHIOPODA- Composita globosa Weller , 
Ol'biculoidea sp. 
Productus se6g.erus Hall 
Pl'OductllS indianensis Hall , 
Pl'OductllS sp. 
Pustula bisel'iata (Hall) , 
Pustllia altel'na,ta ( . and P.) 
Pustula sp. 
Avonia sp. 
Camarotoechia mutata (Hall) , 
Dielasma sp. 
Spirifel'ina sp. 

P ELECYPODA-
Schizodus cf. S. circulus Worthen 
Schizodus sp. 
Edmondia voafsoviensis Wo'rthen 
Edmondia illinoisensis Worthen 
Aviculopecten sp. 
Lithophagus illiuoisensis Worthen 

GASTROPODA-
Platyceras , sp. 
Straparollus sp. 

Good exposures of the Lower Warsaw in contact with the 
Upper Warsaw are Present in the bluffs of a small creek tribu
tary to the Mississippi, a short distance northeast of the town 
of Warsaw. The Lower Warsaw is geode-bearing at this local
ity and is alniost barren of recognizable fossils: The section is 
as follows: 

SecUon of Lower Warsaw beds northeast of Warsaw. 

. FEET lNCHES 
4. Upper Warsaw shales and limestone .............................................. 18 6 
3. Shale, argillafleous, weathering into thin laminre; , more reo 

sistant layers slig~tly projecling; bearing numerous small 
geodes arl'aIJged in bands ... _ ........................................................... 23 

2. Limestone, impure, buff, magnef\ian, containing discontinuous 
bands and' nodules of chert ............................................. _............... 3 3 

1. Limestone, drab, fine· grained, impure. magnesian, massive; 
scalin'g off obliquely to the face of the ' bluff; geodes few anel 
scattered in upper part but more abundant below; many of 
them broken because of the fragile condition of their shells. 
Exposed .................... : .................. : .................................... ,................... 6 

The Lower Warsaw in its typical development comprises 
numbers 1 to 3 of this section. Attention is called to the fact 
that the middle member is here dolomitic. ' 

The Lower Warsaw is exposed also near Hamilton, Illinois, 
four mjles north of Warsaw, in the clay pits of the Hamilton 
Clay Company. The blue calcareous shale of the upper member 
is here, used in the manufacture of brick and tile and large num
bers of geodes which have been picked from the clay are avail· 
able for study. 

In the vicinity of Niota, in Hancock co~ty, the Lower War-
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saw is exposed at sever al localities. The following beds out
crop on the west bluff of a small cr eek one-half mile east of the 
town. 

Section ' of L ower . WarS1aw beds east of Niota. 

FEET 
2. Shale, argillo·calca.reous, with flakes of impure non fossiliferous 

limestone; bearill'g a few geodes ranging up to four inches 
in dillJIlleter ............... _ ................ _ ................ _ .......... _ .................. _ ....... 19 

1. Limestone, impure, fine· grained, ma,gnesian; intel'stratified 
near the middle with ban(l,g of bluish fossiliferous lim stone 6 
to 8 inches thick ; a few gllodes in t he more impure parts ... _. 15 

At the Fort Madison-Appanoose quar ries, which are located 
i;n the Mississippi river bluff two miles above Niota, twenty
two and one-half feet of dolomitic Spergen limestone r ests dis
conformably upon the bluish calcareous geodiferous shale ' or 
Lower Warsaw ao'e. 'l'he Upper 'Warsaw, if ever present at 
this place, was completely. eroded before the deposition of the 
Spergen. 

Many of the geodes which are found to the south of Niota 
bear asphaltic material and the rocks in which they occur are 
locally also bituminous. About one-half mile south of the toWn 
the Lower Warsaw may be studied along a small creek. A sec
tion of the strata at this place follows : 

S ection of 'Lower WarsoAv beds south of Niota. 

FEET lNCHES 
.. 5. Drift ......... _ ................ _ ................ _ .... _ .................................... _ .......... . 
4. Shale, argillaceous, bluish, with thin layers of limestone inter· 

calated near the top ....................................... _ ............................ _..... 5 
3. Shale, calcareous, ash·colored; upper part bea.ring small geodes 

whose shells are fragile and uSJIally stained with bitumen ; 
lower part with a bituminous band which bears broken geodes 3 G 

2. Shale, argillaceous ..................................................... _ .... _.................. 1 8 
1. Limestone, in bed of creek .................. _ .......................................... . 

Another section of interest is located two miles south of Niota 
on the north branch of the first main creek below that town. 

Section of Lower W arsaw beds SO'!bth of Niota. 

FEET 
11. Till, yellow, beaTing bowlders of St. Louis limestone ................ 9 
10. Shale, argillaceous, bluish gray when fresh but weathering 

yellow; some layers more calcareous a:nd bearing geodes ........ 4 
9. Shale, calcareous, geodiferous .......................................................... 1 
8. Shale, bluish when f resh; f ew or no geodes ... _ ...................... _... 1 
7. Shale, highly calcareous, gray, bearing many geodes studded 

with dolomite .... _ ........................................ __ .............. _....................... 2 

INCH ES 

6 
6 
3 
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6. 

5. 

'4. 

3. 

2. 
1. 
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Limestone, impure, buff, magnesian; bearing fronds of a 
fenestelloid bryozoan; small masses of sphalerite common_______ 6 
Shale, argillaceous; breaking down to ash-colored clay; no geodes noted ____________________________________________________________________________________ 3 10 

Shale, arg'illaceous, grayish blue; bituminous geodes scattered 
throughout, although shale is not appreciably stained with this material ________________________________________________________________________________________ 2 

Shale, highly calcareous, ash-colored, bearing a few geodes, 
none of which was found to contain bitumen ______ ____________________ 1 7 
Shale, argillaceous, grayish blue in color, no geodes noted ______ 2 10 
Limestone, gray, crinoidal __________________________________________________________ __ __ . 1 10 

All of the members of this section except 1 and 11, which rep
resent the Keokuk and Pleistocene respectively, belong to the 
Lower Warsaw. 

Lee Cownty, Iowa.-Numerolls exposures showing the Lower 
Warsaw in contact with both the Keokuk limestone and the 
Upper Warsaw may be seen in and near the city of Keokuk~ 
Iowa, in the extreme southern part of Lee county. These occur 
in the bluffs of Soap creek, and in the north bluff of Mississippi 
river, at intervals from the Union Station to the Taber lumber 
mills, two miles do·wn stream (fig. 4). 

Fro. 4.-The "Geode bed," or Lower Warsaw. Mississippi river bluff back of Taber lumber 
mills, Keokuk. 

The section on Soap creek near the end of Fourteenth Street 
is typical (fig. 5). 
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FIG. 5.-View of Lower 'Warsaw bed ' along Soap creek at Keokuk. 

Section of Lower Warsaw beds on Soa,p <Yf'ee7c. 

FEET 
3. Shale, bluish, argillaceous, geodiferous, with occasional thin 

layers 'of magnesian limestone near the to]:> ___ . _______ ._. __ __ ___________ . 20 
2. Limestone, light gray, fine-grained, cherty ________ __ ____ ... _________ .__ __ __ 1-21J.z 
1. Limestone, ash-colored, impure, siliceous, magnesian, geodifer

ous; with occasional seams and layers of grayish or bluish 
fossiliferous limestone ____ . ______ . ____ __ __ _________ . ___ _ . ____________ . ____ . ___________ .. __ __ __ 7112 
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The following faunal lists were prepared from collections 
made by the writer along Soap creek and in the Missjssippi 
rIver bluff sections. 

List of fossils front bed 1 of the Lowe)' Warsaw beds a,t Keokuk. 

AN'l'HOZOA
Zaphrentis sp. 
Triplophyllum dalei (M.-E. and H.) 
Monilopora bee cheri Grabau 

CRINOIDEA-
Dizygocrinus f sp. 
Uperocrinus nashvillae (Hall ) 
Dorycrinus mississippiensis Roemer 
Dol'ycrinus sp. 
Agal'icocl'inus americanus val'. tuber

osus Hall 
Barycrinus spmius (Hall ) 
Barycrinus sp. 

ECHINOIDEA
Archaeocidaris sp. 

BRYOZO.>l.
Fistulipora , sp. 
Fenestella cormpressa Ulrich 
Fenestella multispinosa Ulrich 
:B'enestella exigua Ulrich 
Fenestella tena..'( Ulrich 
Fenestel1a serratula Ulrich 
Fencstella sp. 
Hemitl'ypa sp. 
Archimedes owenMl'llS Hall 
Polypora gracilis Prout 
Polypora varsoviensis Prout 
Pinnatopora conferta Ulrich 
Rhombopora dichotoma Ulrich 
Rhombopora sp. 
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Cystodictya lineata Ulrich 
Wo.rthenopora spinosa Ulrich 

BRACHIOPODA-
Productus ovatus Hall 
Productus setigerus Hall 
Productus sp. 
Avonia sp. 
Pustula aJterna.ta (N . and P .) 
Pustula biseriata (HaJI) 
Orthotetes keokuk (Hall) 
Rhipidomella dubia (Hall) 
Camarotoechia mutata (Hall) 
Dielasma sp. 

Spirifer tenuicostatus Hall 
Spirifer keokuk Hall 
Brachythyris subcardiformis (Hall) 
Spiriferella neglecta (Hall) 
Reticularia pseudolineaJta (Hall) 
Eumetria verneuiliana (Hall) 
Composita sp. 
Cliothyridina parvirostris (M. and W.) 

P]<;LECYPODA-
Pinna subspatulata Worthen 
Aviculopecten sp. 

GASTROPODA-
Platyceras equilateralis Hall 

In the Mississippian crinoid collection at the Walker Museum, 
University of Chicago, the following species of crinoids listed 
from Keokuk, Iowa, are believed to have been collected from 
this bed as suggested by the character of their. matrix. 

Gilbertsocrinus s-p. 
Batocrinus sp. 
Dizygocrinus biturbinatus (Hall) 
Eutroc.hocrinus planodiscus (Hall) 
Agaricocrinus wortheni Hall 
AgaricocriIJlllS nodulosus val'. maca-

damsi Worthen 
Agaricocrinus nodulosus 'Worthen 
Actinocrinus pernodosus Hall 
Platycrinus saffordi Hall 
Platycrinus sp. 

Fo-rbesiocrinuB worthenri. Hall 
Synbathocrinus Bwallowi Hall 
HalysiooriIJllls tunicatus (Hall) 
Barycrinus spurius (Hall) 
Barycrinus magister (Hall) 
BarycriIJllls tumidus (HaJI) 
Barycrinus stellatus (Hall) 
Barycrinus bullatus (Hall) 
Pachylocrinus Bp. 
Scylatocrinus sp. 

List of fossils fro'l'/, bed e of the Lower Warsaw beds at Keokuk. 

ANTHOZOA
Amplexus Bp. 
Zaphrentis sp. 

BRYOZOA
Stenopora Bp. 
Fenestella serroitula Ulric.h 
Fenestella tenax Ulrich , 
Hemitrypa proutana Ulrich 
Polypora sp. 
Cystodictya lineata Ulrich 
Worthenopora, spinosa Ulrich 

BRACHIOPODA
Productus sp. 
Productus sp. 
Pustula alternata (N. and P.) 
Pustula biseriata (Hall) 
Camarotoechia mutata (Hall) 
Cranaena sulcata Weller 

Dielasma , lip. 
Dielasma sp. 
Dielasma sp. 
Spiriferina norwoodana (Hall) 
Spiriferina sp. 
Spirifer tenuicostatus Hall 
Spirifer keokuk hall 
Brachythyris suborbicularis (Hall) 
Pseudosyrinx keoh.-uk Weller 1 
Reticularia setigera (Hall) 
Eumetria verneuilialla (HaJI) 
Cliothyridina parvirostris (M. and W.) 

PELECYPODA-
A viculopecten sp. 

GASTROPODA-
H olopea cf. H. proutana Hall 

VERTEBRATA-
Fish teeth 

List of fossils from bed 3 of t he Lower Warsaw beds at Keokuk. 

ANTHOZOA-
Triplophyllum dalei (M.-E. and H.) 
Zaphrentis spel'genensis Worthen 
Zaphrentis sp. 
Amplexus sp. 
Moniloporn beecheri Grabau 

CRINOID EA'
DOI'YCl'inus sp. 

BRYOZOA
Fistulipora sp. 
Stellopora sp. 
Leioclema punctatuml (Hall) 
Archimedes d. A. owenanus Hall 
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Fen€,stella serratula IDrich 
Fenestella multispinosa Ulrich 
Fenestolla wnax IDrich 
Fenestella compressa IDrich , 
F enestella triserialis IDrich , 
Polypora varsoviensis PI'out . 
Polypora cf, p, biseriata lnrich 
Polyp ora retrorsa IDrich T 
Polyp ora spininodata Ulrich 
Polypora sp , 
Hemitrypa aspera IDrich 
Hemitrypa proutana Ulrich 
Hemitrypa perstriatru IDrich 
Hemitl'ypa plumosa Prout 1 
H ernitrypa sp, 
Ptilopora prouti Hall 
Rhombopora sp, 
Rhombopora attenuata Ulrich 

Cystodictya lineata Ulrich 
Cystodictya pustulosa IDrich 
Glyptopora elegans (Prout) 
Glyptopora keyserlingi (Prout) 
G'lyptopora sp, 
W orthenopora spinosa Ulrich 
Cyclopora fungia IDrich 

BRACHIOPODA-
Pustula biseriata (Hall) 
Orthotews keokuk (Hall) 
Rhipidomella dubia (Hall) 
Camarotoechia mutata (Hall ) 
Dielasma sp, 
Spiriferina sp, 
Spirifer of, S, keokuk Hall 
Spirifer tenuicostatus Hall 
Reticularia setigera (Hall) 
Cliothyridina parvirostris (M, and W.) 

Worthen has described several species of crinoids from the 
upper shales of the Geode bed one mile below Keokuk in Volume 
VII of the Geological Survey of Illinois. Inasmuch as these un
doubtedly came from bed 3 of the writer's section' they are list
ed here, the revised J;lomenclature being used. 

Rhod>oerinlUs coxanus Worthen 
Scaphiocrinus briaerius (Worthen) 
Sea,phiocrinus extensus W. and S, 
Scaphiocrinus iowensis (Worthen) 
Scaphiocrinus obscurus W, and S. 

Scaphiocrinus ol'e&tes (Worthen) 
Zoocrinus 'keokuk Worthen 
Woodocrinus asperatus (Worthen) 
Woodocrinus tentaculatus (W.orthen) 

The Lower Warsaw outcrops seven and one-half miles north 
of Keokuk in the banks of a small creek just south of the town 
of Montrose. This member is thirty feet in thickness at this 
locality and is succeeded directly by the Spergen formation, the 
Upper Warsaw being absent. 

Olark Oownty, Missotwi.-The Lower Warsaw is well exposed 
in Clark county, Missouri, along the north bluff of Fox river 
four miles northwest of \Vayland and one-fourth mile northwest 
of Fox City. The geodes and their relation to the containing 
rock may be very satisfactorily studied at this place. The sec
tion is given below: 

Section of Lower WMsaw beds in north bluff of Fox river near Fox City. 

FEET INCHES 
8. Drift ........... _ .................................... _... ................................................ 1 
7. Shale, argillo·calcal'eous, pyritiferous, bluish when fresh but 

brea,king down readily to a gray friable clay and releasing a 
f ew smaH geodes .................................................................................. 17 

6. Limestone, gray, cl'inoi-dal; shaly in places; cherty near the 
base ........... _ .... _ ............................ _....................................................... 5 
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5. Limestone, impure, magnesian, fine·grained, drab; scaling off 
obliquely in large slabs ............................................. _._ .... _. __ .............. 3 8 

4. Shale, highly calcareous, bluish; locally more argillaceous and 
exhibiting I-aminated structures. Geodes present, some exceed· 
ing 15 inches in diamet~r; arranged roughly in bands; many 
closely arranged .... __ ................. _ .... __ .... __ ............. _ ..... _._ ..... _ ...... _ .. _ ... ___ .. 6 

3. Limestone, gray, crinoidal; cherty near the base ........... _............ 7 
2. Limestqne, impu1'e, shaly, fin e· grained ; bearing a few scattered 

but large geodes ........... _ .... _. ____ ._ .... _ ...... _ .... _ ......... __ .................. ............ 1 6 
1. Limestone, gray, crinoidal; exposed ... _ ..... __ ...................... __ .... __ ...... 6 

Bed 1 of this section evidently represents the uppermost mem
ber of the Keokuk limestone. All of the succeeding layers are 
referable to the Lower vVarsaw except bed 8. 

Des Moines County, Iowa.-The Lower Warsaw is consider
ably thinner in Des Moines county than in Lee and adjacent 
counties to the south. 'fhe only important exposures in this 
county which are known to the writer occur along Long creek 
in the eastern part of Augusta township. 

At a small quarry opening on the vVm. Madlener property, in 
the southwest one-fourth of the southeast quarter of section 12, 
twelve feet of bluish argillaceous shale with occasional siliceous 
nodules is exposed. This .shale is ovedain by thirty ' feet of 
buff, dolomitic Spergen limestone. Lower Warsaw shale of 
similar character outcrops a short distance down the creek. The 
bed is eighteen feet thick and is underlain by nine feet of Keo
kuk limestone and overlain by five feet of brownish massive 
dolomitic Spergen limestone. 

-Henry COttnty.-The Lower Warsaw is exposed along Mud 
creek, a stream emptying into Skunk river about one mile east 
of Lowell in Henry county. Outcrops of. this subdivision occur 
at intervals along the banks of the creek for a distance of one 
mile north of the iron bridge which crosses the stream in the 
southern part of section 27, Baltimore township. Farther up 
the creek outcrops of the Keokuk limestone appear, a fact which 
suggests an upward flexure of the strata at this place. 

Complete sections of the Lower Warsaw are wanting at this 
locality as a result of erosion and slumping. But for the abund
anc'e and perfection of its geodes this place is unexcelled. The 
section here given was measured a few rods north of the iron 
bridge mentioned above, at a low bluff on the east side of the 
creek. 
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Seotion of Lower W(krSaW beds on Mud oreek. 
FEIDT INCHES 

6. Drift ...................................................................................................... 1 6 
5. Shale, argillaceous, bluish, breaking down to a gritty drab· 

colored clay; containing a few scattered irregular uiliceous 
nodules which contain geodic cavities ............................................ 10 6 

4. Limestone, impure, buff, magnesian; checking into irregular 
blocks antl boacr-ing the impressions of fronds of fenestelloid 
bryozoans; lenticular siliceous masses near the base inclose 
material identical with that of the surrounding rock ................ 2 

3. ShaIe, bluish when fresh; thickly set with geodes less than 6 
inches in diameter, which are not confined to bands .................. 2 8 

2. Shale, highly calcareous, gray aud buff in color; geodes scarce 1 6 
1. SOOJe, calcareous, bluish. Some of thE fossils collected from 

this layer a,re: O'rthotetes 7ceo].,"1.~7c, SpiJrifer 7.e07'1!7, 1, Retio· 
ularia sp., imperfectly preserved bryozoa, and nlUmerous small 
fish teeth. Exposed ........... ................................................................. 8 

An ' outcrop a short distance up the creek at a point just west 
of the second bridge over Mud creek exposes number 1 of the 
previous section to a height of about three feet. The upper part 
of this member at this place bears many rounded concretionary 
nodules of material which appears to be more calcareous than 
the containing rock. These nodules range from less than an 
inch to more than six inches in diameter. 

Bluffs of the Lower Warsaw beds about thirty feet in height 
are present about three-fourths of a mile north of the last men
tioned point, in the extreme northern part of section 27 and the 
southernmost part of section 22, on the east bank of the stream. 
The natur.e of the beds at this point, howeVier, is largely ob
scured on account of slumping and the encroachment of vegeta
tion upon the weathered slopes of the material. Many geodes 
occur in the beds and the weathered slopes of the deposit are 
strewn with specimens. Some of these have a diameter as great 
as eighteen inches. The following section of the Lower Warsaw 
was measured in a ravine which opens into Mud creek from the 
east about one-fourth mile north of these bluffs: 

Seotion of Lower Warsaw beds in seotio~ 22, Balt·imore township. 

FEET INCHES 
5. Limestone, massive, magnesian, yello·wish, no- geodes nor fos· 

sils noted .............................................................................................. 4 
4. Shale, bluish, calcareous; grading upward into limestone ........ 2 
3. Limestone, impure, buff, magnesian .............................................. 1 8 
2. Shale, calcareous, bearing several large geodes ........................ 2 
1. Shale, bluish, argillaceous; bearing rounded caJcareous nodules 

near the top. Exposed ...................................................................... 4 

A section along the bed and banks of a creek emptying into 
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Skunk river from the south a short distance west of Webster's 
mill in the western part of section 4 of Jackson township, shows 
the Lower Warsaw in contact with the overlying St. Louis and 
the underlying Keokuk limestone. The section of the Keokuk 
at this point is described on pages 174 and 175 of this report. 

Seotion in western part of J alC7cs011i town.ship. 

LoWER S'.r. LOUIS. FEE(r INCHES 
11. Limestone, buff, do·lomitic, massive, exposed along the bed of 

the creek ... _ ...... _ .................................................. _ .......... _..... 5-6 
10. Limestone, dark gray, compact, dense, fine·grained, much 

brecciated and mashed; forming low moUil1ds alO'I\g the bed of 
the creek a Sihort distance above ... _ .......... _ ................................... 1¥.l-21h 

LOWER WARSAW. 
9. Limestone, brownish, dolomitic, thin·beddied, locally arenaceous 

in part ......... _ ............................ _ .... _ .......... _......................................... 1 1 
8. Sandstone, soft, fin&-grained, bluish ... _ ............ _ ........................ _... 3 8 
7. Sandstone, bluish, fine'gro.ined, filled with large angular frag· 

ments of white chert ... _ .............................................. _..................... 1 
6. Shale, bluish, argillaceous, soft ................. _ ................ _................. 2 3 
5. Limestone, ash·colored, soft, impure, shaly, arenaceous in the 

upper part ........... _ .......... _ ................ _ .... _ .... _ .................................. _. 1 3 
4. Shllle, bluish, argillaceous ... _ .......... _ ...................... _ .. _ .. _ ...... _....... 1 6 
3. Concealed, probably soft shale ......... _ .......... _ .... _........................... 6 
2. Limestoue, soft, gray, shaly, with bands of irregular siliceous 

segregations; exposed iDi a little gully near the main strearn.... 2 
1. Limestone, brownish, dolomitic, medium· grained in middle part 

but fine· grained above and below. Shaly in lower .part. Con· 
tact with Keokuk limestone below concealed ... _ ................ _......... 3 

The following species · were collected from bed 1: Pustula 
biseriata (Hall), Spirifer tenuicostatus Hall, and Composita 
trinuclea (Hall). Beds 7, 8 and 9 possibly represent the Sper
gen formation in an attenuated condition. 

Van Buren County.-The Lower Warsaw is present in Van 
Buren county though it is somewhat thinner and less typically 
developed than at Warsaw, Illinois, the type locality. 

The beds may be studied to good advantage in this county 
along Indian creek near Farmington, on Bear creek at Vernon, 
on Copperas creek above Bentonsport, in the north bluff of Des 
Moines river just below Bentonsport and on Potters branch 
near Bonaparte. 

The Lower Warsaw is well expoS'ed in the north bluff of Des 
Moines river one-fourth mile below the railroad station at Ben
tonsport. It yields numerous fossils throughout its exposure. 
A section of the underlying Keokuk beds at this locality has 
been described in a preceding chapter. 
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Seotion of L ower Warsaw beds one-fourth mile below Bentonsport_ 

8_ Concealed (to bro~ of bluff) FEET INCHES 
DES MOINES 

7. Sandstone, gray to whitish, weathering yellowish, bearing a 
few plant remains. Exposed _________________________________________________________ 1 5 

6. Concealed _____________________________________________________________________________________________ 4 
LOWER ST_ LoUIS . , 

5. Limestone, broW'Illish, dolomitic __ ___________________________________________________ 4 
4. Concealed __________ __ ______ ___________________________________________________ ________________________ 27 10 

LOWER WARSAW 
3. Shale, bluish, argillaceous, with oecasional layers of brownish 

impure limestone, containing a few imperfect siliceous geod.es. 
Poorly exposed on slope of bluff ________ .. __ ______________________________ __ _________ 20 

2. Limestone, gray, fine-grained, brittle, fucoidal, with occasional 
thin layers of coarse-grained bluish gray limestone in middle 
part and in the basal parts a few fine-grained impure layers 
which weather yellowish ______________________________________ ____________________________ 4 

1. Limestone, shaly, grayish weathering yellowish, filled with bryozo3JILS _______________________________________________ __ ____ __ ___________ __ __ __ ___________________ 3 

The fossils identified from beds 1, 2 and 3 of the Lower War
saw are as follows : 

List of fossils from bed 1 of Lower Warsaw beds near BentonspO'1't. 

ANTHOZOA-
Triplophyllum dalei (M.-E. and H.) 
Amplexus sp. 
Monilopora sp. 

BLASTOIDEA.-
Metablastus wortheni (Hall) 

CRINOIDEA.
Dorycrinus sp. 
Barycrinus 8p. 
Barycrinus 8p. 

ECHINOIDEA
Archaeocidaris sp. 

BRYOZOA
Meekopora sp. 
Meekopora. sp. 
Fistulipora , sp. 
Stenoporlli 8p. 
Leioclmna punctatum (Hall) 
Leioclema foliatum IDrich 
Fenestella serratula IDrich 
Fooestella multispinosa IDrich 
Fenestella l'udis IDrich 
Fenestella triserialis Ulrich 
Fenestella tena;x IDrich 
Fenestella exigua IDrich 
Fenestella sp. 
Fenestella sp. 
Fenestella sp. 
Fenestella sp. 
Hemitrypa proutana IDrich 
Hemitrypa nodosa IDrich 
Hemitrypa aspera Ulrich 
Hemitrypa perstriata IDrich 
Hemitrypa cf_ H. beedei Cumings 
Hemitrypa Bp. 
Archimedes owenanus Hall ~ 

Archimedes negligens IDrich 
Archimedes sp. 
Archimedes sp. 
Archimedes Bp. 
Polypora retrorsa IDrich 
Polypora halliana Prout 
Polypora spi:n.i.nodata. IDrich 
Polypora Bp. 
Polypora sp. 
Pinnatopol'a sp. 
Rhombopora attenuata IDrich 
Rhombopora varians Ulrich 
Bactropora simplex IDrich 
Streblotrypa cf. S. radialis Ulrich 
Streblotrypa major IDrich 
Cystodictya nitida IDrich 
Cystodictya americana Ulrich 
Cystodictya. sp. 
Phractopora trifoJia (Rominger) 
Glyptopora sageneHa (Prout) 
Glyptopol1a keyserlingi (Prout) 
Glyptopora eleg!lJ1lS (Prout) 
G>lyptopora sp. 
Glyptopora Bp_ 
Cyclopora sp . . 
Worthenopora spinosa IDrich 

BRACHIOPODA-
Schuchertella ~ sp. 
Camarotoechi·a mutata (Hall) 
Dielasma. sp. 
Spiriferina sp. 
Spirifer cf. S_ pellaensis Weller 
Spirifer tenuicostatus Hall 
Brachythyris subcardiformis (Hall) 
Syringothyris subcuspidatus (Hall) 
Reticl1laria pseudolineata (Hall) 
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CHOithyridina parvirostris (M. and W.) Orthonychia sp. 
GASTROPODA- TRILOBITA-

Platyceras sp. Griffithides f sp. 
Orthonychia ci. O. acutirostra Hall 

List of fossils from bed 2 of Lower Warsaw beds near Bentonsport. 

ANTHOZOA
Zaphrentis sp. 
Triplophyllum pellaellsis (Worthen) 
Amplexus sp .. 
Syringopora sp. 
Monilopora sp. 

CRINOIDEA
Actinocrinus sp. 

ECHINOIDEA-
Archaeocidaris keokuk Hall 
Pholidocidaris irregularis (M. and W .) 

BRYOZOA-' 
Stenopora sp. 
Leio,clema punctatum (Hall) 
Fenestella serratula Ulrich 
Fenestella multispinosa Ulrich 
F ellestella exigua Ulrich 
Fellestella sp. 
Fenestella sp. 
Fenestella sp. 
Hemitrypa sp. 
Archimedes sp. 
Polyp ora cf. P. va,rso·viensis Prout 
Polypora varsoviensis Prout 
Polyp ora sp. . 
Polypora sp. 
Ptilopora f sp. 
Rhombopora varians 1nrich 
Rhombopora transversalis Ulrich 
Rhombopora , sp. 
Bactropol'a simplelX 1nricil 
Taeniodictya ramulosa 1nrich 
Cystodictya ilp. 
Phractopom trifolia (Rominger) 
Glyptopora sageoolla var. , 
Glyptoporra sp. 
CycIopora , sp. 

BRACHIOPODA-
Schuchertella ~ ' sp . 
Productus ovatus Hall 
Productus setigerus Hall 

Productus sp. 
Productus sp. 
Productus sp. 
Avonia ~ sp. 
Pustula alternata (N. and P.) 
Pustula biseriata (Hall) 
Pustula sp. 
Rhipidomolla dubia (Hall) 
Oamarotoechia IDuta1Ja (Hall) 
Dielasma inftata Weller f 
Dielasma sp. 
Girtyella indiaIlJensis (Girty) 
Spiriferina sp . 
Spirifer rostell:'1Jtus HalL , 
Spirifer t enuicostatus Hall 
Spirifer sp. 
Ikachythyris subcardiformis (Hall) 
Spiriferella neglecta (Hall) 
Reticularia pseudolineata (Hall) 
Reticu laria setigel'a (Hall ) 
;Eumetria verneuiliana (Han) , 
Cliothyridina obmaxima (McChesney) 
Clilothyridina parvirostris (M: and W.) 

PELECYPOD A
ConcardiUlll sp. 
Schizodus sp. 
Schizodus sp. 
Schizodus sp. 
Schizodus sp. 
Aviculopecten , sp. 
Aviculopecten sp. 
Aviculopecten sp. 
Aviculopecten sp. 
Lithophagus illinoisensis Worthen 
Cypricardinia sp. 

SCAPHOPODA
Laevidenltalium sp. 

GASTROPODA
Orthonychia sp. 

TRILOBITA-
Griffithides ~ sp. 

List of fossils fr01n bed 3 of Lo,wer Warsaw beds near B entonsport. 

BRYOZOA
Stenopora sp. 
Leioclema punetatum (Hall) 
F enestella serratula Ulrich 
Fenestella tenax 1nrich 
Fenestella multi spinosa Ulrich 
Archimedes negligens 1nrich 
Archimedes owenanus H all 
Polypora varsoviJensis Prout 
Ptilopora. sp. -
Rhombopora attenuata 1nrich 

Rhombopora ~ asperula 1nrich 
Cystodictya linea,ta 1nrich 
PhractoplO~'a tl'ifoJia (Rominger) 
Glyptopora sp. 

BRACHIOPODA-
Orthotetes keokuk (Hall) 
Rhipidomella dubia (Hall) 
Spirifer keokuk Hall 
Spiriferella neglecta (Hall) 
Reticularia setigera (Hall) 
Composita globosa Weller 
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The following section is exposed along Indian creek a short 
distance back from its mouth, near Farmington: 

Section on lndiam creek nC(1l1" Farmington. 

FEET INCHES 
7. Loess ............... _..................................................................................... 2 
6. Till, yellowish, arenaceous; passing locally into an incoherent 

stratified sand ... _ .... _ ................ _ ................ _ .... _ .......... _ .. _ .... _ .......... _ 19 
5. Shale, bluish, argillaceous, laminated; no geodes oor calcar-

eous nodules ... _ .... _ .......... _ .... _ .......... _ .......... _ .... _ .. _ .. _ ................ _..... 4 10 
4. Limestone, bluish, fine· grained, magnesian; pinching out later-

ally ... __ .............. _ . ... _ .......... _ .......... _ ...... _ .. _ .......... _ ....•... _ .... _........... 1 10 
3. Shale, bluish, argillaceous, no geodes ... _ .... _ .... _ .................... _..... 2 
2. Limestone, bluish, fine· grained, magnesian; passing latera.lly 

into shale ................................................... _ .... __ .. __ .. _ .... _ .... _ .... _..... 1 
1. Shale, bluish, laminated, argillaceous; bearing geodes and 

calcareous nodules in lower part ............... _ .... _ ................ _........... 4 

Beds 1 to 5 represent the Lower Warsaw. 
A similar section may be studied along Bear creek in the 

northeast quarter of section 11 of Henry township, about six 
miles northwest of the Indian creek locality. 

Section of Lower War8C/W beds on Bear creek. 

FEET INCHES 
3. Shale, bluish, argillaceous; with occasional impure fossiliferous 

limestone flakes; more calcareous amd bearing siliceous geodes 
in basal part ......... _ ............................ _ .......... _ .... _ .... _ .... _ .... _ ...... _... 15 

2. Limestone, grayish, medium·grained, fossiliferous ................... _. 2--19 
1. Shale,. bluish, argillaceous; with thin seams of impure fossili· 

ferous limestone. Exposed to bed of creek ._ .. _ .................... _... 11 ,6 

The species collected from the various beds are as follows: 

List of fossils fro'TIt bed 1 of above section. 

ANTHOZOA-
Triplophyllum dalei (M.·E. and H.) 
Monilopora beecheri Grabau 

BRYOZOA
Stenopora sp. 
Leioclema. punctatum (Hall) 
Fenestella rudis Ulrich 
Fenestella serratula Ulrich 
Fenestella multispinosa Ulrich 

Fenestella sp. 
Hemitrypa. sp. 
Archimedes negligens Ulrich 
Rhombopora attenuata Ulrich 
Rhombopora varians Ulrich 
Bactropora simplex Ulrich 
Cystodictya lineata Ulrich 
W.orthenopora spinosa Ulrich 

List of fossils from b~d t of above seotion. 

BRYOZOA
Stenopora sp. 
Fenestella multispinJOsa Ulrich 
Archimedes sp. 
Bactropora simplex Ulrich 
Cystodictya linea.ta Ulrich 

Glyptopora m'icheli..n!i.a (Prout) 
W orthenopora spinosa Ulrich 

DRACHIOPODA-
Rhipidomella dubia (Hall) 
Spiriferina sp. 
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List of fossils from bed :1 of above section. 

BRYOZOA
Stenopora sp. 

Rhombopora attenuata Ulrich 
Pluactopora trifo,lia (Rominger) 
Glyptopoo-a michelinri.a (Prout) 
Glyptopora sp. 
W orthenopora spinosa Ulrich 

BRACHIOPODA-

Leioclema punctatum (Hall) 
Fenestella erigua Ulrich 
Fenestella serratula Ulrich 
Fenestella t enax Ulrich 
Hemitrypa sp. 
Polypora retrorsa Ulrich 
Polypora varsoviensis Prout 

Rhipidoonella dubia (Hall) 
Spiriferina (species undescribed)' 
Spirifer tenuicostatus Hall 

Geodes do not occur at this place but they are common in the 
shale farther up the creek. 

The following section of the Lower \Varsaw is ' exposed along 
Copperas creek two miles northwest of Bentonsport. 

Seotion of Lower Warrsaw beds along Coppetras creek. 

FEET 
4. Drift ...... _ ..... _ .............. _ ....................... _ ...... _ ..................... _ .................. _ Ill.! 
3. Shale, bluish, weathering drab ................... _ .. _ .................. _........... 4 
2. Limestone, fine·grained, impure, shaly in middle ...................... 2 
1. Shale, bluish, nonfossilife rous; bearing imperfect geodes and 

discontinuous bands of siliceous material in lowe-r part ........ 11 

At an exposure on Potter's branch in the southeast one-fourth 
of the southeast quarter of section 9, Bonaparte township, 
eleven feet of Lower Warsaw shale, argillaceous above but cal
careous below, is overlain by thirty-three feet of Spergen shales 
~nd limestones. 

The following section is shown a few rods farther down in the 
north bank: 

Section on Potters branch. 

LOWER WARSAW FEET 
8. Slope strewn with imperfect siliceous geodes .............................. 21 
7. Limestone. buff, massive, dolomitic, shaly in lower part ...... 13 

KEOKUK 
6. Limestone, bluish gray, subcrystalline, unaltered, fossiliferous · 2 
5. Limestone, yellowish, dolomitic, vesicular, tough, massive.... 2 
4. Shaly. parting ... _ ................................... ................................................ . 
3. Limestone, bluish, compact, massive, dolomiJtic, with molds of 

fossils ... _ .... _ .... _ .................................. _ .............. _~ .......... _ ................ _ 2 
2. Shale, bluish, argillaceous ... _ ................ _ .. _ ...... _............................... 1 
1. Limestone, bluish gray, unaltered, with shaly seams in . 

upper and lower part. Exposed to bed of creek ............ ........ 4 

INCHES 
6 

10 

8 

1 
9 

An outcrop of bluish Lower Warsaw shale appears in the east 
bank of Rock creek about one hundred yards above the railway 
bridge in the northwest quarter of section 21, Washington town
ship, Van Buren county. It is nine feet in thickness and con-
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tains thin intercalated flakes of limestone. Both the shale and 
the limestone are fossiliferous. A thin bed of fine-grained 
cream-colored limestone is exposed at the top of the section. 
The follo'wing species were collected from the shale: 

LiJst of fossils fr01'Y! Lower Warsa'w shale on Rock cree7c. 

BRYOZOA
Stenopora sp. 
Leioclema punctatum (Hall ) 

. Fenestella serratula Ulrich 
Hemitrypa sp.' 
Archimedes sp. 
Rhom bopora attenuata Ulrich 
Rhombopora , asperula Ulrich 
Cystodictya lineat a Ulrich 

Worthenopora spinosa Ulrich 
BRACHIOPODA-

Pustula biseriata (Hall) , 
Rhipidomella dubia (Hall) 
Spiriferina sp. 
Spirifer tenuicostatus Hall 

PELECYPODA~ 

Cypricardinia indianensis Hall 

About ten feet of bluish calcareous shale of a slightly lower 
horizon outcrops in the west bank near the mouth of the creek. 
Reddish siliceous segregations appear in this member. 

THE UPPER WARSAW BEDS 

DESCRIPTION OF THE TYPE SECTION 

The Upper member of the Warsaw formation is typically de
veloped near the town of Warsaw in Hancock county, illinois, 
where it was examined and described by Hall~ under the head
ing of "\Varsaw, or Second Archlmedes limestone." The most 
satisfactory exposures appear along a small tributary of Mis
sissippi river a short distance northeast of the town. The up
per layers of the Keokuk limestone, the entire section of the 
Lower and Upper Warsaw, the Spergen limestone, and the 
basal part of the St. Louis limestone are ~cellently exposed 
along this creek. The upper layers of the Keokuk limestone ap
pear at the north of the creek, and along its bed for a short dis
tance up str~am. The Warsaw beds outcrop thence in the bed 
of the creek and along its bank continuously as far as a small 
waterfall beyond the first stone arch bridge. The basal lime
stone of the Upper 'Warsaw caps the ledge at the falL Above 
this point the Upper Warsaw beds are exposed in the bed of the 
stream and along its banks for a considerable distance, finally 
giving way to the Spergen and St. Louis limestones. 

The section of the Upper Warsaw, which was carefully meas
ured in the bluffs below the first stone bridge, and along the 

4 Geol. of Iowa, TOI. I, part 1, p. 97; 1858, 
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stream above the small waterfall, is given below, the succession 
being from above downwards: 

Section of Upper Warsaw beds northeast of Warsaw. 

5. Limestone, bluish, magnesian, locally arenaceous or shaly in 
part; the "arenaceo·magnesian limestone" of authors. 

FEET 

Fossils scarce except in lower part .............................................. 3 to 7% 
4. Shale, bluish, argillaceous; with interbedded layers and 

flakes of gray sub crystalline limestone, some layers of which 
are shaly'. A fine· grained bluish fossiliferous sandstone near 
the midcUe ............ _ ............................ ........................................... ,.... 18% 

3. Limestone, bluish gray, lenticular, sub crystalline" locally 
dolomitic in part. Massive where fresh but weathering to 
thin layers ............................. _ ...................................................... _... 0 to 3 

2. Shale, bluish, argillaceous, with occasional thin layers of 
shaly, fossiliferous limestone ....... _._ .......... , .... __ .................. ............ 7 

1. Limestone, bluish, magnesian; layers thin and undulating in 
creek bed, but thicker and morc even in blaiIlk od' creek further 
down .......... _ ................................... ' ...................... _ ............................. .... 4 to 8 

Bed 1 represents the basal member of the Upper Warsaw. 
At Keokuk, and in the Soap Factory Hollow section, two mjles 
below Warsaw, this member is represented by an unaltered 
thin-bedded fossiliferous limestone. Evidently dolomitization 
has affected this ' bed locally and incompletely. Occasional 
seams in the dolomitjc limestone are filled with the molds of 
fossils, mainly of, bryozoans. It also bears a few small irregu
lar and imperfect siliceous geodes lined with quartz or calclte, 
or both. Surfaces of the layers are pitted locally due to the 
weathering and removal of small pyrite nodules. The contact 
of this bed with the topmost shale member of the Lower War
saw is gradational. 

The uppermost part of bed 2 furnishes a clay product valued 
for molding purposes. It has been worked in a desultory man
ner just west of the first stone bridge. This bed bears few well 
preserved fossils except in the interbedded limestone layers. 

Bed 3 may aptly be called the lenticular limestone .member. 
The thickening and thinning appears to take place from the 
lower side only. In places it pinches and swells very abruptly 
and at one point in the bank of the creek it disappears complete· 
ly for a distance of several yards. It is there replaced by shale. 
It is usually in the form of a massive ledge when fresh but 
weathers into thin layers. It is divided locally into two parts 
by a shaly parting. The surfaces of the layers are pitted and 
are blotched here and there with limonite, a condition which is 
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caused by the oxidation and 'weathering of pyrite nodules which 
nre common in the fresh rock. 

This bed of limestone is locally dolomitic in part, but the 
dolomite occurs at no definite level. At one point it is in the 
upper part, at another it is in the lower. Evidently the altera
tion 'was very local and imperfect. 'Where it is dolomitized the 
limestone carries molds of fossils only. 

In bed 4 a conspicuous ten-inch layer of bluish fossiliferous 
sandstone with fucoidal markings appears seven feet ten inches 
below the top. Ten and one-half f eet below the top there occurs 
an eight inch layer of limestone which thickens abruptly in the 
bed of the creek below Main ,street bridge. It attains a thickness 
of four feet at one point. It bears many spiral axes of Archi
medes wortheni and may be designated the Archimedes lime
stone. The following detailed section will show the nature of 
the individual layers of this member: 

Layers of B ed 4. 
FEET INCHES 

Shale, with thin layers of fossiliferous limestone interbedded. 
Well exposed along creek between the bend and the falls of 
the north fm'k ___ ...... _ .................................. _ .............. __ ... _ ........ _ .. ___ ...... _ 7 10 

Sandstone, fine-grained, bluish, fucoidal __________ __ __ ._. _____ ___ . __ __ . _____ .. ___ 10 
Shale, blu~sh, argillaceous _ ................... __ .. _ ..... _. ___ ~ ...... ____ . __ .... _ ...... ___ .. ____ 1 10 
Limestone, gray, filled with Archvmedes and other fossils. ___ __ _ . ______ ._ 8 
Shale __ __ ... ___ .. ___ ._. ____ .. _._ .... ___ . _____ .. ______ ____ . ____ . _______ . ___ _ . ___ ._._ .. ________ ____ . ___ .. :_._ .____ 1 6 
Limestone, shaly _. ___ . ____ . ___ . __ __ . __ ... ___________ . ___ __ __ _ . __ . _________ . ______ ..... __ __ . __ __ ._____ 1 3 
Shale ___________ . ____ .. ____ .. __ __ . __ ___ . __ .. __ .. ____ . ___ ___ ___ . _____ ... .... __ .. ________ ... ____ __ __ ___ _____ _____ 10 
Limestone ___ ________ ______________ .. ___________________ ....... ____ . ____ . ___ . __ . ____ . ______ . _________ .__ 7 
Shale ____ .. ____ .. ______ ._. _____ . ______ ._. ___ . ______ . __ . __ . __________ .. ____ ._ .... _. __________ .. _ .. ______________ 3 3 

Bed 5 is typically represented by massive layers of arenace
ous magnesian limestone, but in a ravine east of the high school 
it is shaly. The shaly facies is bluish and weathers into irregu
lar chips. The arenaceo-magnesian facies becomes brownish 
when weathered. 

The fossils collected from the individual members of the Up
per vVarsaw at this locality are listed below: 

Li.st of fossils fr01n bed 1 of the Upper Warsaw neal/' Warsaw. 

BRYOZOA
Stenopora sp. 
FenesteUa serratula Ulrich 
Polypora val' ovieusis Prout 
Worthenop0Ta spinosa Ulrich 

BRACIIIOPODA- / 
Procluctus sp. 
Procluctus setigerus Hall 

Pustula alternata (N. and P.) 
Pustula biseriata (Hall ) ~ 
Carnarotoechia mutata (Hall) 
Dielasma sp. 
Girtyella inclianensis (Girty) 
Spiriferina sp. 
Spirifer pellaensis Welle·l' 
Spirifer tenuicostatus Hall 
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Bl'achythyris subcardiformis (H all) 
Reticularia setigera (Hall) 
Eumetl'ia verneuiliana (Hall) 
Composita sp. , 

Lithophagus illinoisensis Worthen 
GASTROPODA-

Orthonychia sp. 
TRILOBITA-

PELECYPODA- Philli psia ~ sp. 
Cypricardinia indi'anensis Hall 

List of fossils from bed 2 of the Upper Warsaw near . Warsaw 

ANTHozoA- Rhombopora varians Ulrich 
Tl'iplophyllum dalei (M.-E. and H. ) Cystodictya lineata Ulrich 

BRYOZOA- Cystodictya pustulosa Ulrich , 
Stenopora sp. Glyptopora sp. 
Leioclema punctatum (Hall ) Cyclopora sp. 
Archimedes owenanus Hall Cyclopol'ella (~) sp. 
Archimedes wOl'theni Hall BRACHIOPODA-
F enestella multispinosa l,"'lrich f Lingula varsoviensis Worthen 
P enestella tenax Ulrich Productus ovatus Hall 
Fenestella sel'ratula Ulrich Spirifer pellaen.sis Weller 
Fene.stella exigua Ulrich ~ Brachythyris subcardiformis (Hall) 
F enestella triserialis Ulrich , Reticularia setigera (Hall ) 
Fenestella sp. Eumetria verneuiliana (Hall ) 
Hemitrypa proutana Ulrich PELECYPODA-
Hemitrypa proutana var. nododors- Lithophagus illinoisensis Worthen 

alis Cumings Cypricardinia indianensis Hall , 
H emitrypa sp. Aviculopecten sp. 
Polypora varsoviensis Prout GASTROPODA-
Polypora biseriata Ulrich Orthonychia sp. 
Ptilopora sp. VERTEBRATA-
Rhombopora attenuata Ulrich Fish t eeth 

L ist of fossils from bed 3 of the Upper Warsaw near Warsaw . 

. BRYOZOA
Stenopora .sp. 
Archimedes sp. 
Glyptopora ele·gans (P·rout) , 
W orthenopora spinosa Ulrich 

BRACHIOPODA-
Lingula varsoviensis Worthen 
Pro c1 uctus setigerus Hall 
Productus ovatus Hall 

Productus sp. , 
Pustula biseriata (Hall) 
Tetracamera subcuneata (Hall) 
Dielasma sp. 
Spirifer pellaensis Weller 
Brachythyris subcardiformis (Hall) 
SpirifereUa neglecta (Hall) 
Reticularia pseudolineata (Hall) 
Eumetria verneuiliana (Hall) 

List of fossils from bed 4 of the Upper Warsaw near Warsaw. 

AN'fHOZOA-
Zaphrentis spinulifera Hall 
Zaphrentis cassedyi M.-E . and H. 
Aulopora sp. 
Monilopora beecheri Grabau , 
Monilopora sp. 

VERMES
Spirorbis sp. 

BLASTOIDEA-
P entremites conoide·us Hall 

ECHINOIDEA-
Archaeocidaris sp. 

BRYOZOA
Fistulipora sp. 
Stenopora sp. 
Leioclema punctatum (Hall) 
Leioclema foliatum Ulrich 
Fenestella tenax Ulrich 
Fenestella serratula Ulrich 

:E'e·nestella rudis Ulrich 
F enestella exigua Ulrich 
FenesteUa multispinosa Ulrich 
Fenestella sp. 
Fenestella sp. 
H emitrypa proutana Ulrich 
Hemitrypa noc1osa Ulrich 
H~mitrypa sp. 
Archimedes worth eni Hall 
Archimede,s negli.gens Ulrich 
Archimedes sp. 
F enestralia sancti-Iudovici Prout 
Polypora biseriata Ulrich 
Polypora varsoviensis Prout 
Polyp ora spininodata Ulrich 
Polypora sp. 
Ptilopora prouti Hall 
Ptilopora sp. 
Ptilopora sp. 
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Uhombopora varians Ulrich 
Uhombopora attenuata Ulrich 
Rhombopora sp. f 

Spiriferina sp. 
Spirifer tenuicostatus H all 
Spirifer indianensis Weller 
Spirifer pellaensis Weller 

207 

Bactropora simplex Ulrich ~ 
Cystodictya sp. 
Cystodictya sp. 
GIyptopora elegans (p)'out) 

Glyptopol'a michelinia (Prout) 
Glyptop()ra sagenella (Prout) 
Glyptopora sagen ella var. caliculosa 

Spirifc'r bifurcatus Hall 
Brachythyris subcardiformis (Hall) 
Spiriferella neglecta (Hall) 
Reticularia setigera (Hall ) 

Ulrich ' 
GIyptopora plumosa (Prout) 
Cyclopora sp. 
Worthenopora spinosa Ulrich 
"\Vol'thenopora spatulata (Prout) 
Worthenopora sp. 

BRACHIOPODA-
Lingula varsoviensis Worthen '1 
Orthotetes '1 sp. 
Productus aItonensis N. and P. 
P ustula biseriata (H all ) 
Rhipidomella dubia (Hall) 
'l'etracamera subcuneata (H all ) 
Dic.]asma sp. 
Girtyella turgida (Hall ) 

Eume,tria verneuiliana (Hall) , 
Cl.iJOIthyridina parvirostris (1£. and W.) 
C'omposita trinuclea (Hall) 

P ELECYPODA
Schizodus sp. 
Aviculopecten sp. 
Aviculopecten sp. 
Cypricardinia indiancnsis Hall 
Cypricardinia sp. 

G ASTROPODA
Platyceras sp. 
Orthonychia sp. 

TRILOBITA
Phillip.sia '1 sp. 

V ERTEBRATA
Fish teeth 

List of fossils from bed 5 of :he Upper Wa?'saw n,ear Warsl1!w. 

BRYOZOA
Stenopora sp. 

BRACHIOPODA
Lingula sp. 

Archimedes wortheni Hall 
Fenestella rudis Ulrich 
Fenestella serratula Ulrich 
Fenestella multispinosa Ulrich 
H emitrypa proutana Ulrich 
Polypora biseriata Ulrich 
Polypora varsoviensi.s Prout 
Rhombopora a ttenuata Ulrich 
Cyclopora sp. 

Streptorhynchus ruginosum (Hall 
and Clarke) 

Pustula biseriata (Hall) 
Tetracamera subcuneata (Hall) 
Dielasma sp. 

Cyclopora sp. , 
Wor thc'nopora spinosa Ulrich 
Wmthen()pora spatulata (Prout) 

Spirifer pellaensis Weller 
Spirifer tenuicostatus Hall 
Spiriferella ne-glecta (Hall) 
Reticula ria setigera (Hall) 

P ELECYPODA
Avicul()pecten sp. 

GASTROPODA
Platyceras sp. 

The composite section of the Lower and Upper members of 
the Warsaw formation as they are developed at the type local
ities is given below: 

, Geneml seotion of Warsaw B eds at Warsaiw and Soap Factory H ollow. 

UPPER WARSAW 
8. Limestone, bluish, magnesia.n ................... _ .. .................................... . 
7. Shale, bluish, argillaceous, with interbedded layers of gray 

fossiliferous limestone and fine bluish sandstone ..................... . 
6. Limestone, bluish gray, lenticula r ... ......................... _ ................. . 
5. Shale, bluish, argillaceous, with thin flakes of fo.ssiliferous 

limestone .............................................................................................. .. 
4. Limestone, bluish, maguesian ............. _ .................... _ ...................... . 

LOWER WARSAW , 
3. Shale, bluish, argillaceous; geodiferous and nearly banen 

of fossils at the town of War,saw but richly fossiliferous in 
the Soap Factory Hollow section two miles south ................. . 

FEET 
3-711.2 

18% 
0-3 

7 
4-8 
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2. Limestone, cherty; impure, buff-colored and magnesian at 
Warsaw; thin-bedded, gray and nonmagnesian at Soap Fact-
ory Hoilow ... -.-.-_. ___ ... _ ... _ ................. _ ... __ .. __ ............ ___ ..... _ ......... _....... 314 

1. Limestone, drab, fine-grained, impure, magnesian. Fos.sils 
scarce in geodiferous phase at Warsaw but common in Soap 
Factory Hollow section .... __ ... __ ... _._ ....... __ ............ __ ... __ ... __ . __ .. __ ... . __ .. _ lllh 

The accompanying chart indicates the vertical distribution of 
the more characteristic species of the Warsaw fauna through 
the several members of the formation as developed at Warsaw 
and Soap Factory Hollow. 

Table showing Range of Species in the Warsaw Formation at Warsaw and Soap 
Factory Hollow. 

Lowe'r I Upper I 
Warsaw W'arsaw 

I 1 I 2 I 3 I 4 151 6 I 7 i 8 I 

z~~~:eO:t~ spergenensis Worthen ________________________________ ______ ______ :x: __________ J _____ ------ ---J 
Zaphrerutis cassedyi M.-E. and H. ___ __ . _________ . ___________________ __ . _____ . _____ . ___________ . ______ :x: • ___ ._ 
Zaphrentis spinulifera Hall ______________ _________ . ____ ~ __ .___ _____ __ ______ __ __ __ ___ ___ ______ ____ __ ______ x ___ . __ 
Triplophyllum dalei (M.-E. and H. ) ___ . _____ . __ .. ____________ . x x x __ __ __ x _________ . _____ . __ 
Amplexus sp. ---------.--------.-------.----------------------.-----------.-----.. x I x x --.--. ----. ----.. ----.. ----.. 

~~~~~~~~~ ~;.e~~~~-~---~-~~~-~-~--:::::::::::::::::::::::::=::::=::::::: ___ ~_ :::::: ___ ~_ ~~~~:: :::::: :::::: x; :::::: 
Aulopora sp. ________ .. ______ ____________ . __ ___ . __ ___ ____ .. ____ . _____ ______ . ___ _____ _______ ___ . __________ .. ____ .. ______ x . __ ... 

CRINOIDEA 

x -----. ------ ----~- ------ ------ -.---- ----..I Agaricocrms wortheni Hall __ .. ___________________ . ____ . ____ _ . ________ _ 
Uperocrinus nashvillae (Hall) ____________ .. ____________________ _ :x: _____ ______ • ____________________________ . 
Barycrinus IIp. __________________________ . ___ ___ __ .. __________ _______ ----------- x ______ _______________________ . _____ . _____ . 

BLASTOIDEA 

Pentremites conoideus Hall ____ . ___ . _____________________________ . __ _______ -'-___ . _____ . __ ___ __ __ .__ ______ x __ .. __ 
Schizoblastus granulosus (M. and W.) ___________ __ ________ :x: 1 ___ ____ __ .. __ ________ ___ _____ ... ___ . _____ . 

ECHINOIDEA I 
Archaeocidaris keokuk Hall _____ . ____ . __________ . __________ __ .. ______ x _____________________________ . _____ . ___ ._. 

VERMES 

Spirorbis sp. _____ . ___________ . _________________________________________________________ x~ x __________ ._ ______ x _____ _ 

BRYOZOA 

~¥~E;E~~~;~~-::~~:~~::~~~~~~~:;: •• ~. ~-:~ :~.§:I 
Cystodictya pustulosa Ulrich _____________ _______________________ .. :x: x x ______ x ___________ . _____ _ 

g~~:~~~~ ~f:gs:~~inf~r~~:)~~~-:::::~=::~=::=:::::::::::::::::::: :::::: :::~: ---~- ::::::r:::::: -~,- ---~- :::::: 
Glyptopo'ra michelinia (Prout) ____________ . _________ ... ____________ ______ ______ ______ ______ ______ ____ __ x _____ _ 

Glyptopora sagenella (Prout) ---------------------.-.-------.----------- ------ ----J----- ---__ --____ ______ x ------
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Table showing Range of Species in the Warsaw Formation at Wwrsaw and Soap 
Fact01'Y Hollow.-Contimmed. 

I 

Lower] Upper 1 
WarsaJW I Warsaw 

! 1 ! 2 ! 3 ! 4 ! 5 ! 6 ! 7 I 8 I 
Glyptopora sageneUa var. caliculosa Ulrich L .............. 1 ... _. -..... ... ... ...... ...... x 
Glyptopora p~umosa .<Pr?ut )_ ................. _ ........ _._ ... _.......... ...... ...... ...... ...... ...... ...... x 
Bactropora sImplex Ulnch L ................................... _ ......... ...... ... _. ...... ...... ...... x 
Rhombopora varians Ulrich ........................... _............. x ...... x ...... x _...... x 
Rhombopora attenuata Ulrich ........................... _ .... _.... x x x ...... x ... _. x xf 
Fenestella serratula Ulrich ............. _ ... _ .... _................... x x x x x ...... x x 
Fcnestella limitaris Ulrich .................... _ .... _ .............. _.. x ............ ............... _ ........ ..... . 
Fenestella triseriallis Ulricj:J. _ ..................... _ .. _ ........ _.... x x x _..... x ............ ... _. 
Fenestella tenax Ulrich ....... _ .......... _ .. _....................... x x x ...... x ...... x .... :. 
Fenestella IDultispinosa Ulrich .... _ ................... _ .. _ ..... _.. x x x ...... x ...... x x 
Fenestella funicula Ulrich ............. _ .. _ ................ _........ x _ ........... ......... _ .... _ .. _ ........ _. 
Fenestella compressa Ulrich ....... _ ................ _ .. _........... x ...... x ..................... _ ...... . 
Fenestella exigua Ulrich ................................................ ...... ...... x ...... x ... _. x 
Fenestella rudis Ulrich ............. _ .................. _............... ...... ...... x ... _. ...... ...... x x 
Archimedes negligens Ulrich ................. _ .................. _. _ ..... _ .. _ ........... _ .... _. ...... x 
Archimedes owen anus Hall ... _ .. _ .... _ ............... _............. x ...... x ...... :x ...... ... _ ...... . 
Archimedes worthe·ni Hall ................................ _ ... _...... ...... ...... x ...... x ... _. x x 
Hemitrypa pateriformis Ulrich ................. _.................. x x x ......... _ ............. " .. ' .. 
Hemitrypa proutana Ulrich ................................. _ ........... _ ........... _ .. _..... x ...... x x 
Hemitrypa proutana var. lllOdodorsalis CUmings .... _ ........ _ ..... _. ...... ...... x ................. . 
Hemitrypa nodosa Ulrich ..... _ ............ _ ............... _ ............................. ............... _.. x .... :. 
Fenestralia sancti·ludovici Prout _ .. _ .. _ .............. _ ........................................ _. x .... :. 
Polypora gracilis Prout .................................................. x ...... x ......... _ .................. . 
Polyp ora varsoviensis Prout ........................... _ ... __ .. _. x ...... x x x ... _. x x 
Poly-pora retrorsa Ulrich ............... _ ..... _ .. _..................... ...... x x ......... _ ................. _. 
Polypora biseriata Ulrich ....... _ ........ _ .... _ ............. _..... ...... ...... x ...... x .:.... x x 
Polypora spininodata Ulrich ............................ _ .. _ ..... _..... ...... ...... ...... ...... ...... ...... x ..... . 
Ptilopora valida Ulrich ....................................... _ ............ _ .... _.. x ... _ ......... _ ......... ..... . 
Ptilopora prouti Hall ....... _ .. _ ........ _ ......... __ .. _ .... _ .. _ .... _ ...... ...... ...... ...... ...... ...... x ..... . 
Pinnatopora conf.erta Ulrich ............. _......................... x ... _ .......... _ ... _ ...... _ ............ . 
W orthenopora spinosa Ulrich ... _ ........ _ .......... _ ... _.......... x x x x ... _. x x x 
Worthenopora spatulata (Prout) ......................... - .............. - . ............... -. ······1 x I x I 
BRACHIOPODA-

Lingula varsoviensis Worthen ....... _ ........ _ .... _ ... _ .... _. ...... ...... ...... ...... x x xi ..... . 
Orbiculoidea sp ... __ .................. _ .. _ ....... _ .......... _ ............ _. ...... ...... x ... _ ....... ............ ..... . 
Streptorhynchus ruginosum (Hall and Clarlre)_ ..... _ ............ _ .......... _ .... _ .......... _. x 
Orthotetes keokuk (Hall) ....... _ .... _ .............. _ ........ _..... x ............ ............................. . 
Productus setigerus Hall ... _........................................... x x x x ...... x ...... ..... . 
Productus ovatus Hall ....... _ ...................................... _... x...... ...... .....• x x ............ . 
Productus altonensis N. and P. f ... _ ..................................................... _. ...... ...... x ..... . 
Productus indianensis Hall f ....................... _ .. _ .... _ ............ _. x ..................... _ .... _. 
Pustula alternata (N. and P.) ................... _ ........ _..... x x x x ......... _ ............ . 
Pustula biseriata (Hall) ................. _ .... _ ................ _..... ...... x x x ... '" x x x 
Rhipidomella dubia (Hall) ....... _ ........ _ ........ _ ...... _ .. _ ... ...... ...... , ... _ .... _ .... _. ...... x ..... . 
Camarotoechia IDutata (Hall) ....... _ ........ _ ................ _. x x x x ......... _ ....... ..... . 
Tetracame-ra subcuneata (Hall) ....... _ .... _ ............ _ .............. _. ...... ...... ...... x x X 

Cranaena sulcata Weller .............................. _ ..... _......... ...... x ... _ .. .............................. . 
Dielasma sp. . ...... _ .... _ .. _ ........ _ ...................................... _. x x x x ... _. x x x 
Girt yell a turgida (Hall) ................... _ ...... _ ...... _ ...................................... _. ...... x ..... . 

~~~;.rfee~~~n~~~~.~.~~.~ .. ~.~~.~~L.~~~~~~~~~~~~~~~::::;~~~~:::~::~:::~: :::~:: ::~::: .. ~ .. ... ~. ::~~~~ ~~~~~~ .. ~ .. ::::~~ 
Spirifer rostellatus Hall , ......... - .... - .................... -....... x j"'-' x ... - .... -.1 ............ ······1 
Sph:ifer cf. S. keokuk Hall ................. - .................. - ... x x x ... - ................... " .. "1 
Spirifer te·nuicostatus Hall .......................................... x x x x...... ...... x I x 
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Table showing Range of Species in the Warsaw Formation at Warsaw am.d Soap 
Factory Hollow.-Contirlllbed. 

I 
Lower II Upper 

Warsaw Wai'saw 

! 1 I 2 I 3 I 4 I 5 I 6 I 7 1 8 I 
Spirifer bifurcatus Hall ................................................ ...... x x ... _ .. ... __ .... __ x " __ '_ 
Spirifer indianensis Weller ~ ........ _ ............ _._ .. __ ... _ ............... __ .... _ .... __ ...... .. __ .. x ..... . 
Spirifer pellaensis Weller ......... _ ............. _ .............................. _ ..... _. x x x x x 
Brachythyris suborbicularis (Hall) .............. _ .. _ .......... . x x .... _ ............ _ ._ ... _ .... ___ .. _ .. 
Brachythyris subcardiformis (Hall) .............. ···_ .... ····1 x x .... _- x x x x _ .... -
Spi~iferel.la ne~lee:a (Hall) ......................................... _ x ... _.. x ...... .. _ .. _ x x x 
RetlCulana setlgem (Hall) ....... _._ ............... _ .... _ .. _..... x x x x x ...... x x 
Reticularia pseudolineata (Hall) ._ ....................... _ ....... _ ..... _ .... __ ................. _ x ........... _ 
Eumetria verneuiliana (Hall) ... _ ................ _ ................ ... _ .. x x x x x x ..... . 
Cliothyridina parvirostris (M. IIlllJd W.) ..................... _._ x x x ... _ ..... _, ...... x ..... . 
Composita trinuclea (Hall) ._ .................. ___ .............. _.... x x x . __ ........ __ ..... x .... __ 
Composita globosa Weller ................................... _ .. _ ...... _ ... _ x x ...... .... __ .... ~ ...... _ .... __ 

PELECYPODA 

Edmondia varsoviensis Worthen ............................. _ .............. _. x ......... _ .............. ... _. 
Edmondia illinoise·nsis Worthen .................. _ ............ __ .... __ ... _.. x .... _ .... _ .. ......... _ ..... _ .. 
Schizodus cf. S. circulus Worthen ............. _ .............. _ ..... _ . ..... _ x _ ... _ ......... __ .. ...... .... __ 
Schizodus sp .. __ .... _ ......... _ .... _ ... _ .... _ .. _._ ....... __ ........... _ ....... _ ... _._ ... __ . x ......... _ ............. ___ .. _ 
Schizodus sp. . ................ __ ........ _ .................... _ ......... _ ........... _ .... _ ........ ............... __ ...... x 
A viculopecten sp .......................... __ _ ...... _ ... _ .............. _ ... _ ..... _. x ......... _ . ............. ___ ._ .... _. 
A viculopecten sp ................ _ ......... __ ............ _ .............. _ .. _. __ .. __ .x ...... _ .. _ ....... _ ........... _ ..... _ 
A viculopecten ........ __ ........................... _ ....................................... __ x ...... _ .. _ .... ___ . ...... ..... _ 
A viculopecten sp ........ _ ........ __ _ ..................... _ ... _ ......... _ .. __ ... _. ...... x ...... ... _ .. .. _ .. _ ..... __ .... . 
Lithophagus illinoisensis Worthen .............................. ...... ...... x x x _ ........... ___ .. _ 
Cypricardinia indianensis Hall ................. __ ............... _ ............... _._ x x .... __ x ..... _ 

. Allorisma sp . ........ _ ........ _ .... _ ............ _ ........... _ ........................ _ .... _. x ... _ .................. __ ..... _ 

SCAPHOPODA 

Laevidentalium sp. 

GASTROPODA 

x ...... ..... _ ..... _ ............ ..... . 

Holopea proutana Hall ......... _ ........ _ .......... - ................... _. ...... x ... _.- ..... - ... -- .... _ ..... _ ... __ .. 1 

Strophostylus ~ earleyana H:all , ... _ ........ _ .......... _ ... _..... x ...... . _ ... _ .... _ . ......... _ ....... . 
Platyceras equilate·ralis Hall , ....... _ ...................... _.... x .... __ ........ __ ........ _ .... _ ... ___ .... __ 
Straparollus sp. . ................. _ .......... _ ... _ ............. _ ................... _ ..... __ x ... _ ... _._ .. .... __ .... _ ..... __ 

TRILOBITA 

Phillipsia , sp. ....... _ ........... _ ................... _ ..... _ .. _ .......... _ ...... 1 .... -.1. .. _._ . __ . __ .... _ ..... _ ....... 1 x ... _ .. 1 

THE UPPER WARSAW IN row A 

The Upper Warsaw thins abruptly to the north from the type 
section and is absent from the exposures within a distance not 
exceeding fifteen miles. 

'rhe section in the Mississippi river bluff back of the whoie
sale office of the Taber Lumber Company situated two miles 
below the Union station at Keokuk, Iowa, involves the upper 
part of the Keokuk limestone, which is exposed at the foot of 
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the bluff, the whole of the Lower and Upper Warsaw, the 
Spergen limestone and the lower and upper divisions of the 
St. Louis limestone. The Upper Warsaw is considerably thin
ner at this point than at Warsaw and has a total thickness of 
only twenty-two feeL The beds are described below: 

Section two miles below Keokuk Uwion Station. 

ST. LOUIS FEET 
SPERGEN 

3. Limestone, brownish, dolomitic ....................... _............................... 2% 
UPPER WARSAW 

2: Shale, bluish, argillaceous ......•......................................................... 18 
1. Limestone, .gray, with interbedded shale ................... _ .. __ ........... 4 

LOWER WARSAW 

The following species were collected from the Upper Warsaw 
a t this place : 

List of fossils from bed 1 of Upper Wa.rsaw in above section. 

D-RYOZOA-
Leioclema punct&tum (Hall) 
Archimedes owenanus Hall ~ 
Archimedes cf. A. owen anus Hall 
Fenestella serratula Ulrich 
Fe,nestella tenax Ulrich 
Hemitrypa plumosa Prout , 
Polypora retr~rsa Ulrich 
Rhombopora attenuata Ulrich 
Cystodictya lineat a Ulrich 
Cystodictya pustulo,sa Ulrich 
Cyclopora sp. 
W orthenopora spinosa Ulrich 

BRACHIOPODA-
Pustula biseriata (Hall) 
Rhipidomella dubia (Hall) 
Spiriferina sp. 
Spirifer cf. S. keokuk Hall 
Spirifer tenuicostatus Hall 
Spiriferella neglecta (Hall) 
Reticularia setigera ' (Hall) 
Cliothyridina parvirostris (M. and W.) 

PELECYPODA-
Pinna subspatulata Worthen 1 

GASTROPODA-
Orthonychia cf. O. acutirostre Hall 

List of fossils from bed e of Upper Warsaw in llIbove section. 

ANTHOZOA- Glyptopora sp. 
Zaphrentis sp. Cystodictya pustulosa Ulrich 

l3'RYOZOA- Cystodictya lineata Ulrich 
Fistulipora (') Bp. Worthenopora spinosa Ulrich 
Stenopora (') sp. BRACHIOPODA-
Leioclema punctatum (Hall) Productus ovatus Hall 
Archimedes wortheni Hall Rhipidomella dubia (Hall) 
Archimedes owenanus Hall Tetraea.mera subcuneata (Hall) 
Archimedes sp. Dielasma sp. 
Fenestella tenax Ulrich Spiriferina sp. 
Fene,stella serratula Ulrich Spirifer cf. S. keokuk Hall 
Fenestella exigua Ulrich Spirifer tenuicostatus Hall 
Fenestella triserialis Ulrich Spiriferella neglecta (Hall) 
Hemitrypa sp. Reticularia setige'ra (Hall) 
Polyp ora varsoviensis Prout PELEC'YPODA-
Rhombopora attenuata Ulrich A viculopecten sp. 
Glyptopor31 keyserlingi (Prout) Aviculopecten sp. 

A low bluff on B street near its intersection with Reid street, 
West Keokuk, shows seven feet of interbedded limestone and 
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shale containing Archimedes wortheni and other characteristic 
Upper Warsaw fossils. It is overlain directly by the brecciated 
nondolomitic basal bed of the St. Louis limestone which is here 
three and one-half feet thick (fig. 6). As a result of the discon
formity at the base of the St. Louis the Spergen limestone is 

FIG. 6.-St Louis limestone resting u pon Upper Warsaw shale on B street n ear its inter· 
. section with Reid s treet, Keokuk. 

not present in this section. Inasmuch as the base of the Upper 
vVarsaw is not exposed at this locality its total thickness could 
not be determined. 

In the vicinity of Ballinger Siding, five and one-half miles 
north of Keokuk, the Spergen limestone rests upon shales which 
are believed to represent the Lower Warsaw. The outcrops 
along a small creek near the centre of section 25, Township 66 
North, Range !) vVest, show about twenty-five feet of bluish 
argillaceous shale underlying the Spergen limestone. The con
tact of the Spergen with the shales appears to be even and reg
ular although a disconformity undoubtedly exists. Exposures 
along the banks of a small creek seven and one-half miles north 
of the city of Keokuk and just south of the town of Montrose 
show Spergen dolomitic limestone in contact with the Lower 
vVarsaw iIi its typical deV1elopment. 

A similar though apparently less abrupt thinning of the Up-
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per Warsaw beds takes place westward from Warsaw, Illinois. 
F]xposures along Des Moines river and its tributaries show the 
Spergen limestone underlain by shales which probably repre
sent an attenuated equivalent of the Upper Warsaw. 

The following layers are exposed below the Spergen beds in 
the Deamude quarries located near the center of section 13 of 
Des Moines township, Lee county: 

Section in DCOIlnude quarries. 

SPERGEN LLMESTONE 
UPPER WARSAW Bl:DS • FEET 

3. Concealed, probably shale; LI.?·chimedes wo?·theni found on 
weathered slope ................................................................................ .. 614 

2. Limestone, blu~sh, lenticular, arenace'o·magnesian; weather· 
imlg to thin layers ......... _ ........................................ _ ....................... :. 0-41h 

1. Shale, bluish, argillaceous, bearin.g a few calcareous nodules. 
Exposed ........... _ .............. _ .......... _ .... _ .............................................. _......... 4 

Bed 2 contains the following Ispecies : 
BRYOZOA

Streblotrypa sp. 
BRACHIOPODA-

Lingula varsoviensis Worthen 
Productus sp. 
Girtyella indianensis (Girty) , 

Spil'ife'rella neglecta (Hall) 
Reticularia setigera (Hall) 

PELECYPODA-
Aviculopecten sp. 

GASTROPODA
Conulal'ia sp. 

The presence of Lingula varsoviensis and Archimedes worth
eni in this exposure suggests the Upper Warsaw age ' 6f the 
beds. 

In his report on Van Buren county5 Gordon reports fifty-five 
feet of shales above the Keokuk limestone and refers the upper 
part of these to the Warsaw of Hall. In the present report 
these are referred to the Lower Warsaw because of the lack in 
them of fossils indicative of their Upper Warsaw age. How
ever, t.he possibilit.y of their upper part representing the Upper 
"T arsaw must be granted. 

THE SPERGEN FORMATION 

NOMENCLATURE 

The term Spergen was applied first as a formation name by 
Ulrich6 in 1904 although several authors in publications dating 
back to 1860 referred to the highly fossiliferous strata of this 
age at Spergen Hill, Indiana, as "Spurgen 's Hill beds", "Sper-

5 Iowa Geol. Survey, vol. IV, pp. 213-214; 1895. 
6 U . S. Goo!. Survey Prof. Paper 24, table opp. p . 90. 
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gen Hill limestone", etc. The name Salem limestone as pro
posed for this formation by Cumings7 in 1901 has appeared in 
the literature on Mississippian geology many times, but the U. 
S. Geological Survey now favors the use of Spergen. 

This formation was recognized by the writerS as a distinct 
unit in the Mississippian column of Iowa several years ago. 

AREAL DISTRIBUTION 

The Spergen formation has a very restricted areal distribu
tion in Iowa. In earlier reports it has usually been mapped as 
St. Louis limestone. Exposures of rocks of this age appear 
<;mly in the southeastern part of the state, the most conspicuous 
ones being in Des Moines river valley in Lee and Van Buren 
counties. Small isolated outcrops appear at a few other local
ities in Lee. D~s Moines, Henry and Jefferson counties. 

CHARACTER AND STRATIGRAPHIC RELATIONS 

The Spergen is represented in southeastern Iowa by an at
tenuated, near-shore facies, to which the name Belfast beds is 
given, because of the excellent exposures of the formation near 
the town of Belfast in Lee county. 

Until recent years the Spergen has not been recognized in 
Iowa owing to the fact that it was confused in some places with 
the Warsaw formation and in others with the basal member of 
the St. Louis limestone. This confusion was due in large part 
to the failure of earlier workers to recognize the disconformi
ties at the base and at the top of this formation. The apparent 
tendency of the Spergen to grade laterally into the Warsaw or 
the Lower St. Louis evidently is ue to this relationship. The 
Spergen as developed in the area in question has a wide range 
in character, owing in part to original conditions of sedimenta
tion and in part to differences in the degree of dolomitization. 
It is not uncommon to find a cross-bedded crinoidal limestone 
passing laterally into a massive brown dolomitic limestone, and 
this again into a brownish arenaceous dolomite, which may in 
turn give way to a fine-grained bluish sandstone. In Van Buren 
county the formation contains a large proportion of shale. Such 

7 Jour. Geol., vol. IX, pp. 232-233. 
S Iowa Acad. Sci. Proc., vol. 19, pp. 167, 168; 1912. 
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differences clearly suggest near-shore conditions of deposition. 
This also is suggested by the limited areal extent of the forma
tion in Iowa, and by its thinning to the northwest. It has not 
been found north of Jefferson county. As a result of the dis
conformity below the Spergen it may rest upon either the Upper 
or the Lower Warsaw. Owing to the hiatus above, it is in some 
places entirely cut out by the St. Louis limestone. The thick
ness of the formation thus ranges from almost nothing to thirty
five feet. 

AREAL DESCRIPTION BY COUNTIES 

L ee County, Iowa.-The most representative sec~ions of the 
Spergen formation in Iowa are those in the quarries in the east 
bluff of Des Moines river south of the town of Belfast in Lee 
county. Several different exposures are d~scribed in this area 
in order to emphasize the vaTiability of the beds. The forma
tion is well. exposed in the old Deamude quarry, located near 
the middle of section 13, Des Moines township. At the north
east end of the quarry opening the following section of the 
Spergen was measured: 

Section of Spergen fO?"l1t(htion in Deam~b('le quarry. 
FEET INCHES 

4. Limestone, gray, crinoidal, cross·bedded, overlain disconform· 
ably by conglomeratic St. Louis limestone .................................. 2 9 

3. Limestone, bluish, massive, arenaceo'magnesian, with occa· 
.sional highly fossiliferous seams ............................. _ .. _............. 4 6 

2. Shale, drab, arenaceous ................................... , ... _ .......... _ ........... _ ..... 1-2 6 
1. Limestone·, bluish, massive, magnesian, very arenaceous. 

Exposed ... _................................................................................... ........ 4 6 

Beds 1, 2 and 4 contain only fragmentary fossils but bed 3 
yields molds of numerous species which are listed below: 

Ligt of fossils from bed fj of Spergen fonnation in Deam1bde qUQI/'ry. 

BRYOZOA-
FenestelllL serratula Ulrich 
Hemitrypa sp. 

BRACHIOPODA-
Productus altonensis N. and P. 
Pustula biseriata (Hall) 
Tetracamera arctirostrata (Swallow) 
Dielasma sp. 
Girtyella indianensis (Gil-ty) 

Spirifel' tenuicostatus Hall 
Bl'ac.hythyris subcardif(}rmis (Hall) 
Spiriferella neglecta (Hall) 
Reticularia setigera (Hall ~ 
Eumetria ve1'l1euiliana (Hall) 

GASTROPODA
Ortho.n.ychia sp. 
C{)uularia sp. 

At the mouth of a ravine forty yards southeast of the preced
ing section lower layers, which are believed to represent the 
Upper 'Vol arsa:w, outcrop below the Spergen. 
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Seotion in (!J ravine at the Dewmude quarry. 

SPERGEN FEET INCHES 
8. Limestone, gray, crinoidal, cross·bedded, overlain by conglom· 

eratic St . . Louis limestone ................................. _ ................ _ .. _....... 2 3 
7. Shale, drab, arenaceous with thin layers of arenaceous mag· 

nesian limestone; containing mica flakes ............. _ .... __ ........ _..... 5 9 
6. Limestone, al'enaceo'magnesian, weathering yellowish, in layers 

about 6 inches thick ......... _ .............................................. _ .. _........... 3 
5. Shale, blu~sh,arenaceous; containing mica flakes ............... _ .... _. 2 7 
4. Limestone, bluish, arenaceo·magoosian, in layers 2 to 9 inches 

thick ......... _ .............................................. _........................................... 3 
UPPER WARSAW . 

3. Concealed, probably shale in large part. Arohitmedes wortheni 
found on weathered slope ......... _ ...................... _ ................ _........... 6 3 

2. Limestone, bluish, lenticular, arenaceo·magnesian, weathering 
to thin layws, thickening and thinning abruptly on lower sur· 
face. Bearing a f ew fossils. Passing into shales at one 
point ......... _ ...... _ ............................... , .............. _ .... _ .... _ .... _ ........... 0 to 4 6 

1. Shale, bluish, argillaceous, bearing a few calcareous nodules. 
Exposed · ....................................... _ ........................ _ .. _ .............. _........... 4 

A comparison of this section with the preceding one will illus
trate the range in character of the Spergen in this region. Bed 
8 of the last section correspqnds to number 4 of the former. 
The lower beds of the Spergen in the two sections possess little 
in common. 

Other excellent sections of the Spergen appear in the Des 
Moines river bluff along the Chicago, Rock Island & Pacific rail
way a short distance below Belfast. The most satisfactory ex
posures are in the old ' Fox quarry openings, and in the ravines 
which cut through the bluff at intervals between these, in the 
western part of section 12, Des Moines township. A detailed 
study of these sections brings to light some very puzzling feat
ures in the' way of lithologic differences of the formation. 

The first quarry opening, three-fourths of a mile below Bel· 
fast, presents the following section: 

Seotion of Spergen formation in upper Fw; qUMry. 
Drift. FEET 

SPERGEN 
4. Limestone, brownish, magnesian, with molds of bryozoans.... 2 
3. Shale, bluish,arena.ceous ... _ .. _ ................ _ ...... _ ........ _ .... _ .......... _1 to 2 
2. Limestone, dolomitic, bluish to brownish, arenaceous ............ 5 ~o 7 
1. Limestone, gray, fossiliferous, cross·bedded in upper paa:t. 

Exposed ................................. _ ...................... _ ............................ _ .... _. 6 

An irregular lens of unaltered gray fossUiferous cross-bedded 
limestone four inches to one foot thick and about ten feet long 
occurs at one point in bed 2. 

A few yards south of the above exposure the following suc
cession appears at the mouth of a ravine: 
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Seotion at mouth of ravilne below Belfast. 
ST. Loms FEET 

4. Limestone, conglomeratic ... _ ................ _ ................ _ ................ _ .... : 8 to 10 
SPERGEN 

3. Limestone, brownish, dolomitic, somewhat arenaceous, bearing 
small angular whitish chert fragments ... _ ................ _ .... _........... 2 

2. Sh;.W.e, bluish, argillaceous ......... _ ................ _................................... 3% to 4 
1. Limestone, heavy bedded, consisting of bluish dolomitic lime

stone, locally arenaceous, with interbedded seams and layers of 
grayish nondolomitic, fossiliferous limestone. Exposed ............ 11112 

Twenty-five yards up the same ravine at a small waterfall tho 
following section was measured: 

Section 01 Sperrgen forrn,a,tion in!. rOJVine below B elfast. 

FEET INCHES 
4. Drift. 

SPERGEN 
3. Limestone, bro·wnish, dolomitic, massive ; with molds of fen es· 

telloid bryozoans; thickening abruptly locally at the expense 
of the thin·bedded limestone beneath owing to uneven dolomiti· 
ZJation .............................................................................................. 1 to 4 4 

2. Limestone, gray, in the form of thin cross' bedded highly 
fossiliferous layers. The slope of the cross·bedding ranges 
from about 9 degrees to 20 degrees. Direction of slope, west, 
southwest, and southeast. At one point the lower one and 
one·half feet of this limestone bed passes abruptly into a mas· 
sive dolomitic layer, which continues ten to fifteen feet, and 
thence grades gradually back into thin·bedded unaltered lime· 
stone ................................................ : .......................... :. ..................... 2 to 6 6 

1. Limestone, bluish, arenaceo·magnesian, in heavy la.yers when 
fresh but weathering into thinner layers ...................................... 5 6 

The species listed below were collected from bed 2 of this sec
tion: 

ANTHOZOA- Worthenopora spinosa Ulrich 
Monilopora beecheri Grabau BRACHIOPODA-
Zaphrentis sp. Productus indianensis Hall 

BLASTOIDEA.- Productus altonoosis N. and P. 
P entremites sp. Pustula biseri3Jta (Hall) 
Metablastus sp. Rhip~domella dubia (Hall) 

BRYOZOA- Tetracamera subcuneata (Hall) 
Fistulipora sp. Tettracamera arctirostl'ata (Swallow) 
Stemopora sp. Girtyella turgida (Hiall) 
L eioclema gracillimum Ulrich Girt yell a indianensis (Girty) 
Fenestella serratula Ulrich Spirifer t enuicostatus Hall 
F enestella multispinosa Ulrieh Spirifer bifurcatus Hall 
Hemitrypa sp. Bl'achytJl)'l1.s subcardiformis (Hall) 
Polyp ora biseriata Ulrich Reticulal'ia setigera (Hall) 
Rhombopora bedfordensis Cumings Eumetria verneuiliana Hall 
Rhombopora varians Ulrich Cliothyridina parvirostl'is (M. amid W.) 
Rhombopora attenuata Ulrich Composita tl'inuclea (Hall) 
Bactropora simplex Ulrich GASTROPODA-
Cystodictya lineata Ulrich Orthonychia acutirostre (Hall) 
Glyptopora sagenella (Pront) TRILClBITA-
Glyptopora sp. Griffithides , sp. 

Some interesting relationships of limestone and dolomite are 
shown in a quarry face in the bluff just south of the ravine men-
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tioned above. In addition to layers of dolomite, which grade 
laterally into limestone, there occurs a lens of dolomite in a 
limestone bed. Two bowlder-like masses of dolomite appear in 
the same limestone nearby. The lens of dolomite has a rounded 
surface in the outcrop. It is seven and one-half feet long and 
has a maximum thickness of ten inches. It is of about the same 
texture as the limestone, and bears the same types of fossils, 
but it is bluish to brownish in color while the limestone is gray. 

The contact of the upper cross-bedded limestone member 
(bed 2 of preceding section) with the dolomitic beds above and 
below is irregular owing to uneven dolomitization. It appears 
that the dolomitization of the Spergen must have taken place 
after all of, the beds were deposited. The arenaceous limestones 
'of the Spergen are believed to have been more susceptible to 
alteration than the purer limestones for they are dolomitic in 
nearly every exposure in which they appea;r. 

The following succession is shown in a quarry opening about 
ninety yards below the last section: 

Section in a quarry below Belfast. 

ST. LOUIS FEET 
4. Limestone, conglomeratic, in the form of a mound with less 

disturbed layers of brownish dolomitic limestone lapping up 
on its flanks ..... _ .............. __ ... _........................................................... 12 to 15 

SPEMEN 
3. Limestone, brownish, dolomitic w:ij;h smaH scattered subangular 

quartz grains and occasional smalI angular fragments of whit· 
ish chert ............................... _ ............ _ ................................... _ .. _.......... 1 

2. Limestone, gray, crinoidal, filled with bryozoans; massive when 
fresh but weathered surfaces show thin cross·bedded layers. 
The lower part passes locally into dolomite indistinguisha.ble 
from the dolomite below. At the north end of the opeming 
the lower 3 feet of this bed is represented entirely by dolo· 
mite. This is very massive where it is dolomitic, although it 
was thin-bedded originally. 

At the south end of this opening there is a large lenticular 
layer of bluish dolomitic limestone near the middle of this 
member. It attains a maximum thickness of about 2 feet and 
is 25 to 30 feet long. Large irregular bo·wlders of dolomite 
and a smaller lens of dolomite also were noted in the upper 
part of this member ................................................ :........................... 14lh 

1. Limestone, al'enaceo·magnesian, bluish when fresh but weather
ing brownish, bearing thin discontinuous seams of compact blu· 
ish dolomitic limestone. The arenaceous material is very fine-
grained. Exposed ....................... _ .................... _ .............. _ ............ _ .. _ 11 

About ninety yards farther down stream there is another 
good exposure in a quarry opening. 
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Seotion in a q1wrry newr the preoeding one. 

ST. Loms FEET INCHES 
3. Limestone, conglomeratic, marly in lower part ................•............. 15 

SPERGEN 
2. Limestone, bluish, arenaceo·magnesian, massive when fresh 

but weathering to thin layers . and sC3Jling off obliquely. 
Locally with shaly streaks ...... ..................... ~ ................................ _.. 9 10 

1. Limestone, massive, bluish when fresh but weathering brown· 
ish ; bearing molds of bryozoans. Exposed ... _ .............. _............. 8 6 

Bed 2 is correlated with bed 2 of the preceding section, in 
part at least. The upper parts of the beds were traced into 
each other but the transition of the lower beds is concealed by 
talus. The transition observed was abrupt. The limestone first 
graded into arenaceous material and thence became dolomitic. 
Fossils are scarce and poorly preserved in the dolomitic facies 
but are abundant in the cross-bedded limestone facies. 

Two hundred and sixty yards farther down the following beds 
appear in the bluff: 

Section t1t the Des Moines "iver bl'U,jf below Belfast . 
. ST. LOUIS , FEET 

4. Limestone, much disturbed, some blocks dolomitic ... _............... 15 
SPERGEN 

3. Limestone, bro'wnish, arenaceous, with chert fragments ............ 1 
2. Limestone, gray, thin·bedded, crinoidal, shaly in lower part; 

resting on the irregular surface of bed beneath ... _ ................ _ 0 to 5 
1. Limestome, dolomitic, slightly arenaceous; bluish when fresh. 

but weathering brownish;. in heavy layers which in lower part 
are separated by layers of bluish arenaceous shale. Exposed 18lh 

At one point in this exposure bed 2 is cut out completely by 
the local thickening of bed 1. This relationship is believed to 
be due to uneven dolomitization. 

A few yards farther downstream the following section ap
pears III a quarry: 

Section near th o preceding. 
ST. LOUIS 

7. Limestone, conglomeratic, dolomitic and nondolomitic blocks 
indiscriminately mixed, marly toward the base ......... _ ......... _ ..... . 

SPERGEN 
6. Limestone, gray, criooidal, thin·bedded, slightly cross· bedded 
5. Limestone, brownish, dolomitic, slightly arenaceous ............... _ .. 
4. Shale, calcareous aJIlJd aronaceous ... _ ............................ _ .......... _._ .. . 
3. Limestollle, bluish, dolomitic, arenaceous ......... ............................. _. 
2. Linrestone, gray, crinoidal ... __ ........ _ .............. _ .. _ .......... _ ..... _ .......... . 
1. Limestone, brownish, arenaceo·magnesian, in one massive ledge. 

FEET 

11 

4 
4 1/3 
2 
1 to 2 
4 

Exposed ............... _ ................................................................... _.............. 10 

Bed 3 differs greatly in thickness and lies upon the irregular 
surface of bed 2. Bed 2 passes laterally into dolomite at one 
point in the quarry face. 
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The quarries end at a ravine one mile below the station at 
Belfast. Beyond this point a few good natural exposures may 
be seen in the bluff. One such exposure occurs sixty rods below 
this ravine. 

SeCJtion iIn bl14J of Dcs Moines river one 7wile below B~lfast. 

ST. LOUIS FEET INCHES 
10. Limesto,ne, congLomeratic, p'oorly exposed. 

SPERGEN 
9. Limestone, bluish. to brownish, with large rounded quartz 

grains and occasional angular chert fr:a.gments .......................... 2 4 
8. Sandstone, fine· grained, bluish, shaly ... _ .... _ ..... _ ............ _. ___ . _____ .. 2 3 
7. Limestone, bluish, arenaceo-magnesian __ __ _____ . __ .. __ ._ .. _ .. _________________ 5 9 
6. Shale, bluish, arenaceous, bearing small mica flakes ________________ 1 4 
5. Limestone, arenaceo-magnesian, shaly in upper part ___ __ ____ ____ ____ 3 1 
4. Limestone, arenaceo·magnesian, shaly in upper part _________ . __ ___ __ . 3 8 
3. Shale, bluish, arenaceous, with mica flakes __ ._ .. _____ . __ .. _ ... ___ ._ .. ________ 6 6 
2. Limestone, bluish, arenaceous . __ ___ . _____ . ________ . __ __________ . _______ . _________ . ___ . 6 10 
1. Shale, bluish, argillaceous. Exposed at foot of bluff ________ .. ___ 6 

Some very inter esting sections occur on Mumm creek two and 
one-half miles west of Belfast. A short distance above_ the 
mouth of the creek, the following succession is shown in an east 
branch (SE.14 sec. 33, T. 67 N., R. 7 W.). 

Section in the east branch of Mumm creek. 
SPERGEN FEET 

Limestone, arenaceo-magnesian, bluish weathering yello,wish to 
brownish; with thin discontinuous seams of bluish magnesian 
limestone which weather in relief. Massive when fresh, but 
weathering to thin layers. ",'Veathered surface of a massive 
ledge in lower part shows indications of cross-bedoing. Bearing 
molds of fenestelloid bryozoans . _____ ... ______ __ __ _______ . ______ ... ________ _ ... ___ .... _ 19 

WARSAW 
Shale, bluish to black, argillaceous, more calcareous in upper part 

and grading into the beds above. No fossils found, but occa· 
sional banos of small imperfect siliceons geodes were noted. 
Exposed .... _ ....... __ .. __ ......... _ ... ___ ............. _._ .. _ ....... _. __ .............. __ __ ..... _._ ______ 14% 

About two hundred and thirty-five yards up the creek the sec
tion given below was measured in a small ravine in the east 
bank. 

Section in small bTlJY/l;ch of Mtt71l11lt creek neM preceding section. 

LOWER ST. LoUIS FEET INCHES 
5. Limestone, compact, buff, magnesian ______ . ___ .. ___ .. _ .. ________ ..... _______ .___ 1 
4. Limestone, buff, magnesian in the nodular layers ... _____ . ______ ... __ . 1 6 
3. Limestone, yellowish, conglomeratic, magnesian; the structure 

partly obliterated by dolomitization; resting on the irregular 
surface of the bed beneath . ___ ._ ... ___ ._. __ . __ . ___ . __ __ ._._. ___ ._ ... ___ .______________ 2 6 

SPERGEN 
2. Shale, drab, arenaceous, bearing small mica flakes .___________________ 6 
1. Limest()ne, arenaceous and magnesian, massive; a , small 

amonnt of buff cherty magnesian J limestone in upper part. 
Exposed __ _______________ ___ ___ . ______ ......... __ . ____ ._._. _______ . __ . _____ ... __ ... ________ __ ____ ._ .. 17 6 
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In a small branch about eighty yards north of the above de· 
scribed section, the conglomeratic and dolomitic basal limestone 
layer of the St. Louis succeeds twenty and one-half feet or 
arenaceo-magnesian Spergen limestone. A.bout one foot of 
shale is exposed at the mouth of the branch beneath the Sper
gen. The weathering out of the shale undermines the massive 
limestone ledge for many feet, and several huge blocks of the 
latter have tumbled down into the bed of the cre~k. Some seams 
in the Spergen at this place are less arenaceous and are highly 
fossiliferous . These tend to weather out in r elief and in many 
cases indicate the existence of cross-bedding in the original Trwk. 

Two hundred yards farther upstream a section in the creek 
bank extends from the top of the ,Varsaw shale to the Upper 
St. Louis limeRtone. The Spergen is very much attenuated 
her e, averaging only about one foot in thickness in the face of 
the bluff. The abrupt thinning of the Spergen in passIng from 
the previously described Mumm creek sections to this point is 
undoubtedly due to pre-St. Louis erosion. 

The Spergen limestone has a thickness of thirteen to fourteen 
feet in the east bank of Monk creek just northwest of Belfast. 
It is underlain by shales provisionally' referred to the Warsaw 
and is overlain by the Lower St. Louis limestone. There is a 
possibility that the shales belong, in part at least, to the Spel'
gen. In the absence of well preserved fossils their age cannot 
be determined definitely. 

Seotion in the east book of Monk creek northwest of Belfast 
LowER. ST. LoUIS ' ' FEET I NCHES 

4. Limestone, c<}llIglomeratic, matrix calcareous above but shaly 
below ............... _ ........................................ _ .................... : ...................... 13 

SPERGEN 
3. Limestone, brownish, magnesian, sort, thin·bedded, bearing 

molds of fenestelloid bryozoans .................... _ .......................... _..... 2 6 
2. Limestone, brownish, arenaceo·magnesian, in one massive ledge 

which shows faint indications of cross·bedding at one point, 
but composed of thin rotten layers a few yards downstream, 
where it is much weathered ............... _ ...................... _ ..................... 11 3 

VVARSAW 
1. Shale, argillaceous, dark blue . to black where fresh but 

weathering drab; bearing effloresence of a mineral which 
appears to be gypsum; containing a few small crushed impel" 
f ect siliceous geodes; somewhat calcareous in upper part and 
gr1J.ding into t he bed above. A few poorly preserved fossils in 
the upper part. Exposed __ .... __ ................... __ ..... __ ... _ ....................... 24 5 

At and in the vicinity of the city of Keokuk the Spergen 
ranges from practically nothing to a little more than eight feet 
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in thickness. The St. Louis limestone lies directly upon the 
Upper Warsaw shale at an exposure in B street near its inter
section with Reid street, but in the Mississippi river bluff back 
of the Taber lumber mill, two miles below the Union Station, the ' 
Spergen is represented by a layer of bluish gray sandy lime
stone which weathers brownish and is two and one-half to SL,{ 

feet thick. Upper Warsaw shales underlie the limestone while 
conglomeratic St. Louis limestone outcrops above it. 

Good exposures of the Spergen and associated beds may be 
seen along a small creek in the northeast quarter of section 24 
of Jackson township, about three-fourths of a mile northwest of 
Rand Park at Keokuk. The following section was measured at 
this locality. 

Seotion ne/llr Rand Park, Keokuk 

LoWER ST. LOUIS FEk:T 
3. Limestocne, for the most part conglomeratic; cocnsisting chiefly 

of irregularly disposed blocks and sub angular bowlders of 
compact gray limestone; matrix shaly below but more cal
careous above; bearing silicified corona of Lith.ostrotion 
canadensis. Upper two to three feet more evenly-bedded. A 
more regular layer of compact gray limestone ranging m 
thickness from a few inches up to 2 feet or more appears at 
the base. It rests upon !len irregular and eroded surface of 
the Spergen .. _ ............ _ ............. _ .... ___ ... __ .. __ .. ___ ....... _ ... ____ ._ ....... __ .. ______ 16 

SPERGEN 
2. Sandstone, grayish blue, fine· grained, with scattered subangular 

quartz grains ranging up t.o 1 mm. or more in diameter. This 
bed becomes somewhat yellowish on weathered surfaces. The 
upper half exhibits a tendency towards cross·bedding of the 
torrential type ano' the uppermost two feet is weathered into 
thin layers. Locally some O'f the arenaceous layers pass into 
a bluish compact magn.esiilll limestone. The fronds of fenes
telloid bryozoans so commonly observed in the Spergen are 
seldom SCilll here. The lower two feet of the formation is 
somewhat sh3.ly and appea~s to pass graoually downward into 
the Warsaw shales below _. __ .. ___ .. __ ........... __ .. _._ ...... __ .. ___ .. __ ....... __ ._._... 81,4 

WARSAW 
1. Shale, bluish, argillaceous _. ___ . __ .. _ .. _ ....... _ .. _ ...... _ ............ __ ........ _. ____ .. _ 12 

Several outcrops of Spergen limestone appear along the north 
and south forks of a small creek near the center of section 25, 
Montrose township, five miles north of Keokuk. The greatest 
exposed thickness of the formation is ten feet . In some of the 
exposures the limestone is brownish, arenaceous and dolomitic. 
In others it consists chiefly of gray subcrystalline slightly al
tered limestone. The formation is shown at several points in 
contact with the disturbed facies of the St. Louis limestone. At 
a small fall in the creek a short distance below the confluence of 
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the two branches the Spergen is nine and one-half feet in thick
ness. The upper half consists of shale and the lower half of 
bluish to brownish arenaceo-magnesian limestone with abundant 
molds of fenestelloid bryozoans. The formation is here overlain 
by the basal disturbed layer of the St. Louis limestone one and 
one-half feet in thickness, and is underlain by the Lower War
saw shale with an exposed thickness of four feet. Farther down 
.the creek lower beds of the Lower Warsaw appear. . 

The Spergen limestone outcrops again just south of the town 
of Montrose along a small tributary of the Mississippi. It is 
ash-colored to brownish in color and arenaceous and dolomitic 
in character. Poorly preserved molds of fenestelloid bryozoans 
are the only important fossils. The formation here has a thick
ness of twenty-one feet. Thirty feet of geodiferous Lower 
Warsa.w shales is exposed below it along the banks of the creek 
while conglomeratic St. Louis limestone of variable thickness 
appears above. 

The Spergen appears in the following bluff section in the 
northern part of section 13 of P leasant Ridge township: 

Seotion in PleasOfn,t 'Ridge township. 

SPERGEN 

6. Limestone, magnesian, brownish; cross-bedded and laminated; 
impure and arenaceous tOWJaJ"d the base. Impressions of 
fenestelloid bryozoans abundan t ____ ._. __ . __ ______________________________________ _ 

5. Shale, argillaeeous, with intercalated layers of sandstone rund 
magnesian limestone near the top __________ . ___________________________________ _ 

4. Limestone, magnesian, in a massive ledge __ ___ . ___________ ____ . _______ ~ _______ _ 
WARSAW 

3. Shale, bluish, argillaceous ______________________ . __ __ . _______________________ . ____ . __ __ _ 
2_ Oo.n.cealed ____________________________________________ . ____________ . _____ . ______________________ _ 

1. Shale, calcareous, in bed of creek_ 

FEE'r 

2 
10 

Hancock Cownty, Illinois.-The Spergen formation outcrops 
at a number of localities in this county. In the vicinity of War
saw it is very thin, owing no doubt to the erosion interval 
which followed its deposition and preceded the incursion of the 
St. Louis sea (fig. 7). 

In a small ravine tributary to the large creek a short distance 
east of the High School, the following section was measured: 

Seotion near the High Sohool at Warsaw. 

ST. LOUIS FEET INCHES 
Limestone, gray, compact; the disturbed basal layer of the St. Louis _ .. __________________ _______ . _________________________________ . ____ ._________________________ __ 2 
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SPERGEN 
Limestone, yellowish, magnesian, with ocoosional rounded sand 

grains ............ ... _ ................ _ ......... _. __ _____ . ____ . ________ ___ ______ __ ___ ______________ .____ 1 8 
Limestone, gray, fossiliferous, thin-bedded ___ ___ _________________________________ 1 7 

WARSAW 
Limestone, magnesian; upper one foot brownish and massive; 

lower five feet bluish and shaly ________________ ______ ________________________ 6 

The following succession may be seen in an old quarry face 
in the south bank of the creek, about thirty yards northeast of 
the ravine section : 

Section itn quarry near the precedilng 8ection. 

SPERGEN FEET INCHES 
Limestone, brownisll, magnesian, 'with scattered ~ounded quartz 

grains about 1 mID. in diametel' __ . _________ . _____ . ____________ ___ . __ ...... __________ G 
Limestone, grayish, fossiliferous, in the form of thin cross-bedded 

!:ayers; resting on the wavy surface o'f the bed beneath ________ :_ 1 6 
WARSAW 

Limestone, brownish, in two massive ledges. Exposed ________ __ .______ 5 

FIG. 7.-View of the Spergen and associated formations near Warsaw, Illinois.. The cross
bedded member is the Spergen, the underlying- shale is 'Varsaw and the overlying 
limestone ledge is St. Louis . Notice the disconformab:e relations of the Spergen and 
Warsaw. 

The fo llo'wing section is exposed at the bend of the creek a 
short distance above the Main Street bridge: 
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SeotiO'n ab01!e MaNn Street bridge. 
ST. LOUIS 

Limestone, gray, compact, brecciated ............................. _ .................. . 
SPERGEN 

Limestarue, gray, fossilifeJ;ous, cross·bedded ................. _ .... _ .... _ .... _. 
WARSA.W 

Limestone, bluish, arenaceo·magnesian, weathers brownish ... _ ...... . 

225 

FEET 

2% 

1 

7% 

The Spergen was formerly quarried extensively in the Missis
sippi river bluff one mile south of Sonora, Illinois. The forma
tion consists of arenaceo-magnesian limestone and is twenty 
feet thick in the southernmost of the quarry openings, where it 
overlies bluish argillaceous shale presumably of Lower Warsaw 
age. It is succeeded above by six to twelve feet of conglomer
atic St. Louis limestone. The latter pinches out a few rods 
north of this exposure and the Sper,gen is succeeded dirf,ctly by 
::;anc1stones and shales of Pennsylvanian age, which contain 
characteristic plant remains. The Sonora sandstone of Keyes9 

represents t4e Spergen of the aboV'€ described section. 
The following section appears in the Fort Madison-Appa

noose Stone Company quarry about two miles northeast of 
Niota, Illinois. 

Section in Fort Maillison·Appanwosc Stone Company quarry. 

ST. LOUIS FEET 
3. Limestone, gray, compact, fine'grained, brecciated and dis· 

turbed . __ __ • __ . __ ._. __ .... __ . ____ ... __ . _____ ... __ _ .... ___ ... _______ .... __ ._ .. _ ... _._ .... _.......... 25 
SPERGEN , 

2. Shale, bluish, argilla.oeous . ___ .. _______ .. ______ ... ______ .... _._. __ . __ _ .. ___ .. __ .. _. 3 to 6 
1. Limestone, massive, dolomitic, vesicular, boo.ring many im· 

pressions of fenestelloid bryozoans; bmwnish and buff above 
but dJ:81b below and containing disseminated pyrite ._ ...... __ ...... 22% 

The contact of bed 1 with the Lower Warsaw may be studied 
in a ravine near by. 

The Spergen attains a thickness of not less than twenty-five 
feet along a creek skirting the Pontusac road, about two lIilles 
east of Niota. All but the upper _three feet of the formation at 
this place is a massive magnesian limestone.. The upper three 
feet is made up of thinly laminated and cross-bedded gray lime
stone which bears brachiopods and numerous bryozoans. The 
contact with the Lower Warsaw is shown here also. 

The Spergen outcrops in a somewhat different facies about 
one-half mile east of Niota on the west bank of a creek. 

9 Iowa Goo!. Survey, vo!' III, p. 348; 1893. 
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SlMtion one-half mile rwrtlwast of Niota. 

FEET INCHES 
10. Drift, yellowish, with blocks of lim estOOle. 

ST. LOUIS 
9. Limestone, gray, dense, fine-grained, brecciated ___ ......... ____ ... __ .__ 4 

SPERGEN 
8. Limestone, bluish, areuaceo·magnesia.n, lower half bearing 

angular fragments of white chert ... _ .. ___ . __ __ ................ ___ . ____ ._ .... __ .. _ 1 1 
7. Sandstone, fine-grained, bluish, incoherent __ ._ ....... _. __ ._. ____ .... _....... 2 
6. Limesto.ne, impure, buff, magnesian, passing dowDiward into 

sandstone ........... _____ .. __ ._._. ___ . ___ _ .... _ ......... _._ ....... _ .... _. ___ ._. __ .. _ ........ ___ .. ___ 1 3 
5. Sandstone, fine-gl'ained, bluish, calcareous, grading downward 

into bed below _._ .............. _ ... _ ... _ ... ___________ ......... __ .. __ __ ._ ............ _____ ._.____ 3 
4. Limestone, arenaceo-magnesian, weathering yellowish brown ____ 2 2 
3. Shale, bluish, arenaceous, locally more calcareous and massive. 

Bearing impressions of feneswlluid bryozoans ... _ ... ___ .......... __ . __ ... 14 
2. Limestone, brownish on weathered surface, magnesian .......... _ ... 1-2 
1. Shale, blue, argillaceous, weathering to a grayish blue plastic 

clay. Upper part grading laterally into a fossiliferous mag-
nesian limestone .............. __ ... __ ... __ ._ .... _ .......... __ ._ ...... _._ .. __ ._ ..... _. ____ . ___ . 3 

Des Moines County, Iowa.-The only exposures of the Sper
gen which are known to occur in Des Moines county appear on 
Long creek in section 12 of Augusta township. In an abandoned 
quarry on the property of vVm. Madlener, in the north bluff of 
the creek (S\iV. ~~ of SK14 sec. 12), it has an exposed thickness 
of thirty-four and one-half feet. The beds are described in the 
accompanying section: 

Section of Madlener q1,arry 

5. Drift ... _ .......... _ ... __ ....... ____ . ____ .. ___ . ____ ... ____ .. _____ . __ ____ . ___ . ____ .. ___ __ _ . _____ . ___ .. _ 
SPERGEN 

4. Limestone, buff, dolomitic ._._ .. _____ .. _ ........... _ .... ____ . ___ ... ____ ._._ ... ___ ... _. __ 
3. Shale, bluish, argillaceous ____ . __ ._ .. __ .. _._. __ ... ____ ... __ ....... __ ... _ .. _ ... __ .. _ .. 
2. Limestone, buff, dolomitic, massive, filled with the molds of 

fenestelloid bryozoans and other fossils; with occasional 
streaks and patches of denser bluish dolomitic limestone ._ ... __ _ 

LOWER W ARSA W 
1. Shale, bluish, argillaceous, with occasiJo·naJ siliceous segrega· 

tions. Exposed __ __ . __ _ .... ___ _ ._ ...... ___ ... _. __ ... __ .... _ ............................ _ ... _ .... . 

FEET 
1 

1 
3 

12 

The fossils identified from bed 2 of this section are as follows : 

List of fossils from Spergen formation in Madlaner q~WJrrry. 

Fenestelloid bryozoa (impressions) 
Pl'oditlctus altonensis N. and P. 
Pustula biseriata (Hall) 
Dielasma sp. 
Spiriferina salemensis Weller 

SpiTifer bifU1'catus Hall 
Spirifer tenuicostatus Hall 
Reticu laria setigera (HJaJl) 
Brachythyris subcardifol'lnis (Hall) 
Orthonychia acutirostre (Hall) 

A bluff on the same bank of . the creek three hlmdred yards 
farther down stream shows the following succession. 
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Section in bluff below pTecedvng exposuTe. 
FEET 

5. Drift. 
SPFIWEN 

4. Limestone, soft, buff, dolomitic, filled with the molds of 
fenestelloid bryozoans and other foSSlils ... _ ...................... _......... 6 

LoWER WARSAW 
3. Concealed ............... _ ................................................ _........................... 71h 
2. Shale, bhtish, argillaceous, more calcar eous in lower part; a 

few small imperfect siliceous. geodes on slope ................... _......... 18 
KEOKUK 

1. Limestone, bluish, medium to co'arse'grained, OTthotetes keo· 
kuk abundant. Exposed above level of water in creek ... _....... 11 

Van Buren County.-The Spergen is exposed at several local
ities along Des Moines river and its tributaries in Van Buren 
county. In the northeast quarter of section 3 of Farmington 
township it outcrops in the banks of Indian creek. An exposure 
of limestone five and one-half feet high which yields many char
acteristic Spergen fossils appears one hundred yards below the 
railroad bridge across the stream. The limestone is gray in 
color, slightly crinoidal and thinly bedded. Locally, parts of the 
bed grade laterally into heavier bedded bluish dolomitic lime
stone. Three feet of dolomitized conglomeratic St. Louis lime
stone overlies the Spergen. 

The following beds of the Spergen are 
bank one-fourth mile below this exposure. 
appears above. 

Seotion an Indian creele. 

shown in the creek 
St. Louis limestone 

SPERGEN FEET 
5. Limestone, bluish gray when fresh, weathering brownish; a 

few 'small angular chert fragments present at one point; filled 
with mold·s of bryozoans and other fossils. This bed is over· 
lain disconformably by the St. Louis limestone except at the 
west end of the section where the P ennsylvanian sandstone 
rests upon the Spergen ................................. _ .......... _ ....................... 0 to Ilh 

4. Limestone, arenaceo·magnesian, bluish; with molds of fenes· 
telloid bryozoans and other fossils. Consists typically of a 
bluish dolomitic sandstone with irregular, discontinuous seams 

·of fine·grained bluish dolomitic limestone. Locally this memo 
bel' passes completely into a fine· grained bluish sandsto'ne, 
nearly barren of fossils. One large fish' tooth was found in 
the sandstone. This facies tends to flake off obliquely to the 
weathered surface. The shaly portion at the top bears mica 
flakes ......... _ .......... _ .......... _ .............................................. _ ................ _. 4 to 51f1, 

3. Shale, bluish, argillaceous, -slightly arenaceous in the basal 
part, and gl'ading doWIIJ into the bed below. Thin seams of 
bluish fine·grained sandstooe in lower part ......................... _....... 3lh 

2. Shale, calcareous, arenaceous in upper part; approaching an 
impure limestone below; ash-colored, grading into the bed 
above, bearing Spirifer sp., ConulaTia sp. and bryozoans ............ 1 to 2 

LoWER WARSAW . 
1. Shale, bluish, argillaceous. No fossils noted. Contact with 

the bed above mostly conooaled. Exposed .................................... 7 



228 MISSISSIPPIAN STRA'l'A. OF IOWA 

Other important exposures of the Spergen are shown along 
Reed creek in the northeast quarter of section 15, Bonaparte 
township. The following section is .exposed in an abandoned 
quarry about half a mile above the mouth of the stream: 

Section in aband01wd q'Ua;rry on Reea C7·ee7c. 
ST. LOUIS 

5. Limestone, brownish, dolomitic, mashed and broken in lower 
part ....................................................................................................... . 

SPERGEN 
4. Limestone, brownish, arenaceo'magnesian ..................................... . 
3. Sandstone, fine'gTai:rued, soft, bluish ............................................. . 
2. Concealed ........................................................ , ................................... .. 

WARSAW 
1. Shale, bluish, argillaceous. Exposed to bed of Cl'eek ................ .. 

FEET 

15 

5 to 8 
1 
6 

Another ' outcrop of the Spergen, twelve feet high, appears 
about two hundred yards farther upstream and is capped by 
drift. The formation as here exposed consists of fine-grained 
bluish sandstone the upper two-thirds of which is massive when 
fresh but weathers into thin layers. The lower third is thinly 
and irregularly bedded and locally is shl;lly. 

~rhe same beds appear again in the banks ,of the creek one 
hundred and twenty-five ' yards east of the abo-ve section. At 
.this point the Spergen is represented dominantly by shale. Six
teen feet of bluish argillaceous shale with thin layers and dis- . 
continuous seams of bluish sandstone is overlain by drift. 

A small exposure on Potters branch in the southeast quarter 
of section 9, Bonaparte township, shows the Spergen in contact 
with the vVarsaw shales. 

Secti01~ on Potters bTanch. 
SPERGEN FEET 

Shale, argillaceous, bearing a few imperfect siliceous geodes ........ 12 
Limestone, brownish, dolomitic ................................................................. 16 
Shale, arenaceous and calcareous, with a band of siliceous nodules 

near the middJe; bearing fenestelloid bryoZOlans. Resting un· 
evenly on the bed beneath ..................... :......................................... 514 

WARSAW . 
Shales .................................................. :......................................................... 11 

The following section of the Spergen is exposed in the south 
bank of 'Bear creek, in the northeast quarter of section 10, 
Henry township. 

Section of Spergen formation on Bear CT(!e7c. 
j,'EET !NCHES 

7. Sandstone, bluish, fine·grained; blocks of St. Louis limestone 
on slo.pe above .................................................................................... 3 

6. Shale, bluish, argillaceous ................. _............................................. 4 
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5. Sandstone, :fine-grained, yellowish; resting unevenly on the 
bed beneath; with angular white chert fragments in basal part ________________________________ _______________________________________________________________ 1 to 2 

4. Limestone, cream-colored, with irregular seams and nodules 
of whitish chert; weathering to polyhedral blocks __________________ ____ 2 6 

3_ Shale, bluish, ::tJ'gillaceous ____________________________________________________________ 2 
2. Sandsto·ne, fine-grained, bluish, calcareous, massive when fresh 

- but weathering to shaly layers ______ __ ___________________ ________________________ 2 3 
1. Shale, bluish, argillaceous. To bed of creek ______________________________ 6 6 

A second exposure in the creek bank a little more than one
fourth mile east of the above section shows a considerable dif
ference in the character of the above beds. 

Seotion of Spergen fOTrnation east of p1'ecedilng section. 

FEET INCHES 
6. Sandstone, fine-grained- ___________________ __ __ ______________ _______ __ ______________________ 1 
5. Limestone, cream-colored, bed 4 of preceding seeti:oill ____ .___ _____ 2 6 
4. Shale, bluish, argillaceous __ ____________________________ _______________________ ____ __ __ ____ 6 6 
3. Limestone, brownish, dolomitic ______________________________________________________ 1 . 2 
2'. Shale, bluish, argillaceous _______________________________________________ _______________ 10 10 
1. Limestone, bluish when fresh but wea,thering yello·wish; dolo

mitic; be;u-ing fenestelloid bryozoans. Exposed above bed of creek __ _________ __________ ______________________________________ _____________________ _______________ • 4 

Considerable arenaceous limestone has been removed from 
the Spergen in the old Bear creek quarries which were located 
in the northwest quarter of section 11, Henry township. At 
present about three feet of arenaceous dolomite with impres
sions of fenestelloid bryozoans is exposed in the ·floor .of the 
quarry. This is overlain .by five feet of arenaceous shale: which 
in turn is capped by drift. The limestone ledge which appears 
in the quarry has an exposed thiclmess of eight feet in the bank 
of the creek near by. . , 

H enry County.-The only exposure of the Spergen formation 
observed by the writer in Henry county appears in the bed of a 
small branch of Mud creek about one and one-half miles north~ 
east of the town of Lowell in Baltimore township. At this 
locality it is represented by a wedge-shaped bed of brownish to 
buff massive dolomitic limestone between the St. Louis lime
stone and the vVarsaw· shale. It is 'filled with molds of Pro
duct~£s altone1'bSis and impressions of fenestelloid bryozoans. 
The maximum exposed thickness of the limestone is about four 
feet. It thins abruptly from this point downstream and within 
a few yards disa]>pears completely, thus permitting the basal 
bed of the St. Louis limestone to succeed the Lower Warsaw 
shale directly. 



.. 

230 MISSISSIPPIAN STRATA OF IOWA 

Jefferson County.-The northernmost exposures of the Sper
gen formation observed by the writer in Iowa occur in Lock
ridge township of J efferson county. Twenty-one feet of Sper
gen sandstone underlies an unusually complete exposure of the 
St. Louis limestone in the Cedar Bluff section on Skunk river, 
one-fourth mile east of the southwest corner of section 12. The 
base of the Spergen is not exposed. The section is as follows: 

Section of Spergen fm'motion in Cedar Bl~!ff. 
FEET INCHES 

4. Sandstone, gray with slight greenish tint, fine· grained, weath· 
ering yellowish, soft, incoherent ... c................................................ 7 8 

3. Sandstone, as above, thin·bedded, weathering yellowish ............ 2 
2. Sandstone, as above, with greenish tint, massive, soft ............ 8 4 
1. Sandstone, fine-grained, gray with greenish tint, with numer· 

ous small greenish patches and occasional thin buff dolomitic 
seams. Worthenopora spinosa, Stenopora sp., Polypora sp. .... 3 

Fifteen and one-half feet of Spergen sandstone is exposed be· 
low the St. Louis limestone in an abandoned quarry in the 
north bank of Turkey creek, near the center of the northeast 
quarter of section 11, Lockridge township. 

Section of Spergen fO'l"mation on Turkey creek. 

2. Sandstone, soft, weathering bmwnish, probably gray when 
fresh; less massive than bed below; bearing minute mica. 

FEET 

flakes; dolomitic below ...................................................................... 4% 
1. Sandstone, gray with bluish tint when fresh, micaceous; in one 

great massive ledge; lower half dolomitic and showing oblique 
stratification lines on weathered surface. This also has small 
lenses and streaks of bluish dolomitic limestone free from 
sandstone; sand grains coarser in lower half. Bearing Worth· 
enopora spi1lJosa and other bryozoans. Exposed ........................ 11 

The St. Louis Limestone 
CHARACTER AND· GENERAL ' RELATIONS 

The St. Louis limestone is named from the city of St. Louis. 
This formation, like the Spergen, has been poorly understood 
in Iowa, owing to the great lateral range in its character, a 
range which is due to original differences in sedimentation, 
to d.ifferences in the degree of dolomitization, to the presence 
of a disconformity at the base and to extensive brecciation 
at some localitjtes. According to the old definition the St. 
Louis in Iowa includes three distinct subdivisions, designat
ed by Bainlo the Springvale, or basal member, the Verdi, and 

10 GeoL of Keokuk County. Iowa GooL Survey. vol. IV. pp 277·282; 1895. 
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the Pella. It is now known that the Pella member is formation-
. ally distinct. This bears a Ste. Genevieve fauna, and is separ
ated from the true St. Louis beneath by a disconformity. Again 
it is now recognized that the arenaceo-magnesian limestone local
ly exposed above the vVarsaw, and formerly included with the 
St. Louis, is a distinct formation and belongs to the Spergen 
limestone. Furthermore the type section of the Springvale as 
defined by Bain is believed to be of K eokuk age (see page 181) 
rather than St. Louis. Consequently this te'rm should be aband
oned. In its place the name Croton is substituted, since the 
lower division of the St. Louis is typically developed in the vi
cinity of that town in Lee county. The terms Croton and Lower 
St. Louis are used synonymously in 'this report. The Croton 
limestone is by far the more extensive of the two divisions of 
the St. Louis, for it extends far to the north, overlapping all the 
earlier divisions of the Mississippian except the Kinderhook, 
upon which it r ests in Humboldt county (fig. 2, page 44). This 
relationship is believed to be due in part to greater uplift and 

. erosion in the northern r egion prior to the Croton submergence 
and to nondeposition of the Warsaw and Spergen formations in 
the northern area. This division consi!Sts for the most part of 
massive, compact buff to brovvnish dolomitic limestone, but fre
quently these beds are found to grade laterally in short distances 
into dense, fine-grained gray nondolomitic limestone. Again, 
the two phases may have an interbedded relationship. Further
more the Croton limestone is brecciated at many localities. At 
the close of Croton time, the sea retreated to the southward as 
a result of an elevation of the northern area. An intraforma
tional disconformity between this division and the Verdi has 
been traced as far south as Alton, Illinois, but there is no evi
dence of it in the St. Louis section in Ste. Genevieve county, 
Missouri, where the formation has a greater thickness than in 
Iowa. The Croton limestone is about thirty feet in thickness. 

Following a short interval of erosion at the close 'of Croton 
time the sea returned and deposition of limestone in the :region 
began again. The returning seas, however, probably did not 
extend so far north at this time ~s during the Croton. The 
Verdi or Upper St. Louis limestones, which were formed at this 
time, are, for the most part, light gray in color and fine-grained 
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and compact in texture. But interbedded layers of granular to 
oolitic limestone occur at a few localities. This member is dolo
mitic at only a few places but locally the beds pass laterally in 
whole or in part into sandstone. Its thickness is nowhere more 
than thirty-five feet. The type section is in the old railroad 
quarries near Verdi in Washington county. 

The fauna of both divisions of the St. Louis is meagre. The 
coral, Lithostrotion canadensis, which normally occurs in a zone 
at the very top of the Croton, is the most important horizon 
marker of that member. The fauna of the Verdi is more var
ied, consisting of several species of Pt'oductus, a few other 
brachiopods and occasional gastropods and pelecypods. 

The unstable conditions of the St. Louis were terminated by 
a greater and more widespread uplift than that which occurred 
in this region during preceding Mississippian time. However, 
the duration of the erosion interval which followed the uplift 
could not have been great, for the deposits of the returning Ste. 
Genevieve sea, which must have rivalled that of the early St. 
Louis in size, have not been found in Iowa to rest upon forma
tions older than the Croton. 

FIG. S.-Brecciated Lower St. Louis limestone overlying regularly bedded Spergen limestone . 
Near Colchester. Illinoi s . . 
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BRECcIATION EFFECTS 

The brecciated and disturbed f~cies of the St. Louis limestone 
received considerable attention from the writer in the course of 
field work in southeastern Iowa. The brecciation is confined al
most entirely to the St. Louis limestone as revised, although 
locally the succeeding Pella beds are slightly affected. The un
derlying Spergen beds nowhere share in the fracturing. The 
disturbance may involve beds only a few feet in thickness at any 
horizon, or it may affect the whole formation from top to bot
tom. Where it is confined to beds only a few feet in thickness 
it is usually very local and the disturbed facies passes laterally 
into undisturbed layers within short distances. Where it is 
more general, however, the beds are affected over a much larger 
area, but even there the signs of disturbance- eventually die out 
and give place to evenly lying beds show:ing no signs whatever 
of brecciation. The tendency of the beds to grade laterally into 
material of an entirely different character within shott dis
tances is very confusing and this coupled with the puzzling 
features produced by variations in the intensity of dolomitiza
tion at different localities complicates the situation considerably. 

By previous workers it has usually been assumed that the 
brecciated character of the St. Louis limestone is an original 
feature which was produced by disturbed conditions during de
position . . Thus, C. H . Gordonll offers the following possible 
explanations: 

(1) Wave action upon a rock-bound coast. 
(2) Sytematic alternation of vigorous and quiet action 

of wind waves in connection with tidal oscillation in regions 
where the sea bottom is subjected! to wave action at low 
tide. 

(3) Wave action especially facilitated by the develop
ment of coral reefs . 

. The second of these, according to Gordon, best suits the facts. 
Again, Bain12 in his discussion of the Verdi limestone of 

Washington county expresses himself as follows: 

"The Verdi contains the record of a time of considerable dis
turbance. Shore formations and open sea deposits succeed each 

11 Jour. Geology. vol. III , pp. 307. 308 ; 1895. 
12 Iowa Goo!. Survey. vol. V. p. 150; 1896. 
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other in rapid alternation. Huge blocks of the previously 
formed limestone were torn from their beds and buried in the 
sands, apparently at the foot of a series of cliffs; or they were 
beaten upon each other and reduced, in part, to fragments of 
varying degrees of coarseness, and in part to finest powder that 
eventually cemented the fragments together. Considering the 
turbulent conditions under which the beds were formed, it is 
not strange that fossils are rare." 

In his report on the geology of Henry county, Savage inter
prets the disturbed St. Louis in much the same way. Quoting 
from him:1s 

"The second or middle division is recognized by the extreme 
variableness of its beds and its generally disturbed condition. 
It consists of irregular layers of sandstones and shales with an 
occasional bed of brecciated limestone near the upper portion. 
It is a record of a time of great disturbance and of rapidly 
changing conditions. It is for the most part a deposit near the 
margin of some troubled sea. The presence of local layers 
which thin out rapidly in a short distance, the pockets of sand 
and shale, the numerous lenticular beds, and the general irreg
ular appearance of the strata indicate a vigorous wave action. 
The ripple marks which are beautifully preserved in the sand
stone at numerous points, and the local development of oolitic 
limestone testify to the close proximity of an old shore line." 

The most important outcrops of the St. Louis from the stand
point of brecciation are located at Montrose in Lee county and 
along the .creeks tributary to Des Moines river in Van Buren 
county. 

The brecciation effects in the formation may be grouped into 
three main types. In the first the disturbed portions assume 
the form of small mounds or reefs of limestone blocks, usually 
in a calcareous or sandy matrL'X:, with undisturbed layers lap
ping up on the flanks and filling in the depressions. These ap
pear at all horizons in the formation, but are most characteris
tic of the basal Croton and basal Verdi. In the second type the 
brecciation is developed along one bed of the Lower St. Louis 
owing to differential movements. The latter type is accom
panied in a few cases by tongue-like extensions of broken lime
stones which are forced into the beds below, especially where 
the underlying layers are soft shales. The third type embraces 

13 Iowa Geol. Survey. ·vol. XII. p. 263 ;1902. 
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the major part if not the entire formation over an area of dif
fering but usually limited extent. In this type the disturbance 
has been produced by mashing on a large scale and the breccia
tion is in many places associated with small overthrust fault::; 
and folds. The Pella beds also, are involved to a slight extent 
in this disturbance but in no instances have the underlying for
mations been found to exhibit signs of brecciation. 

Regarding the origin of the brecciation, at.least three periods 
of disturbance are believed to have been involved in its produc
tion. The mounds or reef-like masses of the first type are be
lieved to have been formed under conditions of violent wave 
action possibly induced by local shallowing of the sea during 
deposition. The presence in the formation of local disconform
ties, of stratified breccia, and of cross-bedded limestone sands 
supposedly formed by the grinding up of layers already depos
ited is in favor of this view. Other features which suggest 
wave action at the time of deposition are contemporaneous 
erosion phenomena, wave-marks and cross-bedding. 

The brecciation of the second type was formed as a result of 
deformation. The importance of this cannot be definitely eval
uated since its effects are in many cases overshadowed by the 
disturbance of the third type. That this disturbance is distinct 
from the third is suggested by the fact that there is evidence 
of dolomitization having intervened between the two. Thus, the 
reefs produced by the first disturbance and the shattered areas 
and fracture lines produced by the second are in numerous in
stances either wholly undolomitized or are very imperfectly 
altered while the undisturbed limestone about them is uniform
ly dolomitized. This relationship supports the theory that dolo
mitization succeeded the first and second periods of disturbance 
and that the brecciated areas were more resistant to alteration. 
But a later disturbance involves both the poorly dolomitized 
areas and the uniformly dolomitized ones and a later series of 
fractures cuts the earlier ones. The latter relationship is shown 
by the displacement of calcite veinlets which occupy the older 
fractures. (See page 257.) -

Furthermore, the fact that dolomitization apparently nowhere 
affects the topmost limestone layers of the ' St. Louis nor any 
layers of the Pella indicates that the alteration took place prior 
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to the close of the St. Louis. Now since the brecciation of the 
second type is known to have taken place still earlier and ap
pears to be confined to the Lower St. Louis it seems probable 
that this shattering may be related to the uplift which brought 
this division to a close. 

The third period of disturbance was by far the most import
ant. To this is ascribed the extensive mashing -and shearing 
effects and the overthrust faulting and folding on a small scale 
so common in the formation. These were influenced to a large 
extent by the effects of the preceding disturbances,. and at the 
same time they obscured to a large degree the evidence of these 
earlier activities. That the deformation which produced the 
later disturbances is post-Pella but pre-Pennsylvanian in age is 
indicated by the fact that blocks of Pella limestone have been 
found sheared down into basal Pella shales and sandstones and 
thus preserved at a locality where Pennsylvanian sandstone 
rests directly upon these basal beds. (See page 292.) 

The general parallelism of the strike of the faults and of thH 
tilted layers formed at this time with certain folds in the region, 
notably the Bentonsport anticline, which trends approximately 
N. 68°VV., suggests a common mode of origin of these two types 
of deformation. 

Moreover, it seems probable that both the last period of brec
ciation and the folds are closely related to the extensive uplift 
and tilting to the southwest which affected the region in late 
Mississippian time. It is ·well known that the Mississippian 
formations were profoundly eroded prior to the deposition of the 
Pennsylvanian beds. The belted arrangement of the Mississip
pian areas in southeastern Iowa was brought about largely by 
this period of erosion as is shown by the fact that Pennsylvan
ian beds are now found resting upon truncated Mississippian 
formations of all ages. That the present boundaries of the for
mations do not represent old shore lines seems certain. The 
strata at many localities consist of limestone up to the very 
margins and exhibit no shore facies. 

AREAL DISTRIBUTION 

The areal distribution of the St. Louis limestone is greatest 
in southeastern Iowa, where it forms a broad belt, ,vith occa-
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sional Pennsylvanian outliers, extending from , central Lee 
county northward through Henry county and into northeastern 
Jefferson and southern vVashington cOlmties, thence northwest
ward through Keokuk county and into southwestern Iowa and 
southeastern Poweshiek counties. Southwest o"f this belt there 
are long, linear southeasterly trending areas of St. Louis lime
stone along the larger streams, notably Skunk and Des Moines 
rivers and their larger tributaries, which have cut do"\Vll through 
the Coal Measures. The Des Moines river exposures appear in 
southwestern Lee, Van Buren, Wapello, southwestern Mahaska 
and eastern Marion counties while those related to the Skunk 
are chiefly in the northern half of Mahaska county. In south
ern Lee county there is an imperfect outlier, elliptical in outline, 
extending from Keokuk northward to Montrose. In west-cen
tral Story county there is an irregular inlier of St. Louis lime-, 
sto"ne surrounded on all sides by Pennsylvanian strata. 

The most northerly exposures of the St. Louis in Iowa are in 
,Vebster and Humboldt counties where there are several small 
isolated exposures chiefly along Des Moines river and its tribu
taries. 

,+he St. Louis · limestone has a widespread distribution in 
southern Iowa beneath the Coal Measures as is indicated by 
artesian well r~cords . 

AREAL DESCRIPTION BY COUNTIES 

Lee County.-A section exposed in the Mississippi river bluff 
two miles below the K('okuk Union Station ranges from Keo~ 
limestone up to the base of the Des Moines sandstone. The St. 
Louis limestone is well exposed at several points near· the brow 
of the bluff. One of the most typical sections appears a short di~
tance below the planing mm of the Taber Lumber Compan}f. The" 
formation is about thirty-two feet thick at this point and there is 
evidence of an intraformational disconformity in" the upper part. 
The lower or Croton division here is eighteen to twenty-three 
feet thick and consists for the most part of massive disturbed 
layers of dark gray magnesian limestone "which weathers brown
ish. The lower part is somewhat conglomeratic and some of the 
limestone pebbles in this part are compact, white and unaltered. 
The matrix and many of the pebbles, on the other hand, are mag-
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nesian and weather brownish. About one foot of drab sandstone 
of Spergen age is exposed at the base at one point. 

The contact of the Verdi member with the Croton is very ir
regular. The Verdi is greatly disturbed and consists ess.entially 
of conglomeratic, compact, dense whitish limestone with a cal
careous matrix. The maximum thickness is fourteen feet. 

In a ravine back of the wholesale office of the Taber Lumber 
Company the St. Louis limestone is overlain disconformably by 
ten feet of Des Moine~ sandstone. The St. Louis is conglomer
atic throughout its thickness of thirty feet . A very irregular 
contact line separates the conglomeratic, compact white Verdi 
limestone above from a conglomeratic gray limestone, with 
blocks and layers of brownish magnesian limestone, below. Near 
the base of the St. Louis there is a bed composed of cemented 
grains and pebbles of limestone. 

The basal Pennsylvanian sandstones are in disconformable 
contact with the Croton member of the St. Louis in a bluff sec
tion a short distance northwest of Rand Park at Keokuk as in
dicated in the following section : 

Section in a bluff. northwest of Rand Pa1'k, Keokl.k. 
DES MOINES I"EElT 

Sandstone, whitish and with carbonaceous seams below, but yellow
ish abov:e; cross-bedded and irregularly stratified. Weathered 
surfaces pitted and cavernous. A few eroded eorals and quartz 
pebbles in basal part; resting on a very uneven and irregular 
surf'a.ce of the Lower St. Louis ..... _ ... __ . ____ .... __ ... _ .. _ .. __ .. __ .. _ ....... __ 11 to 12 

LOWER ST. LOUIS 
Limestone, compact, gray, conglomeratic, with calcareous matrix; 

reef-like and structureless. One block measures 4 by 8 feet. 
;Maximum thickness _____________ ______________________________________________ : __ ______ 18 to 19 

The Upper Warsaw shale, with intercalated layers of bluish 
and gray fossiliferous limestone underlies the St. Louis at thi8 
place, but the total thickness could not be ascertained owing to 
poor exposure. 

Several exposures of Lower St. Louis limestone appear in the 
south part of the town of Montrose along a small creek which 
flows into Mississippi river. The following bluff section was 
measured a short distance below the wagon bridge. 

Seotion Vn the s01.th part of Montrose. 
FEET INCHES 

4. Drift. 
LOWER ST. LOUIS 

3. Limestone, conglomeratic; mOTe regularly stratified above. A 
layer near the middle bears small irregular quartz grains ______ 6 6 
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2. Irregular blocks ailld layers of limestone in a shaly matrix. 
The blocks in the lower part are brownish and magnesian but 
the limestone in the upper part is whitish or ash·colored ........ 6 8 

SPERGEN 
1. Sandstone, gra;y, calcareous, with a few irregular and discon

tinuous seams of compact gray limestone. Close inspection 
reveals the presence of fenestelloid bryozoans and other fossils 
in this member. Exposed ............ _................................................... 6 

A few rods north of the bluff section described above there is 
another good exposure of the Lower St. Louis in a quarry face. 
At the base of the section is the Spergen formation, consisting 
of four feet seven inches of fine-grained bluish sandstone over- , 
lain by two feet four inches of arenaceous shale. In the middle 
of the quarry face there is a mound of conglomeratic and dis
turbed limestone and on the flanks of this are more regularly 
bedded layers of limestone (fig. 9). 

FlO. g.-Reef·structure in Lower St. Louis limestone near Montrose. 

The mound evidently represents a reef built up by vigorous 
wave action in Lower St. Louis time. The disturpance probab
ly took place after the basal limestones had been deposited and 
consolidated. 

Several exposures of the St. Louis limestone in the interior of 
Lee county have been described by Keyes.H The more import-

H Iowa Geol. Survey. vol. III, pp. 334-337; 1895. 
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ant of these are on the east branch of Sugar creek. The follow
ing description from Keyes is of an outcrop on this stream in 
the northeast quarter of section 20, T. 68 N., R. 5 W. 

8ectio"" of St. LO'Uis lil1ne8'tOM on east branch of Sugar creelc (After Keyes). 

6. Concealed ............. _ ............. _ .............................. _ ........ _ .................. _ .... . 
5. Limestone, hard, bluish white; breaking with conchoidal frac· 

ture ............................................................................... _ .................... _ .. . 
4. Sandstone, light browJlJ, soft, saccharoidal ....... _ .. __ ... ______ . ___ .. ____ . 
3. Limestonc, fine, white, chel'tlike __ .. __ ..... : __ ... _________ . ______________________ __ 
2. Limestone, soft, or calcareous sandstone grading iloWIllwal'd 

into next .. ________________________ . ___________ .. ______ . __ __ __ . _______ ... ______ . __ .. __ .. ______ ____ . 
1. Limestone, brecciated, roughly stl'atifiled ____ .. ________ ... ____ .. __ .. ______ . __ __ 

,FEET 
5 

3 
10 

1 

10 
10 

It will be observed that the formation as exposed here con
tains considerable sandstone. 

Excellent exposures of the St . . Louis appear in the southwest
ern part of the cOlmty near Belfast. In the Deamude quarries, 
located near the center of section 13, Des Moines township, the 
formation is typically developed. The occurrence of the Sper, 
gen and Upper Warsaw beds at this locality has been described 
on a previous page. (See pages 213 and 215.) . 

The succession of beds in the St. Louis at the northeast end 
of the quarry is given below: 

Section of St. L01bis limestone in Deamude. quarry. 

UPPER ST. LOUIS FEE'll 
3. Limestone, conglomeratic, light gray, consisting of sub angular 
, blocks rudely stratmed. The matri.'{ is Q,f a lighter gray color. 

Rests irregularly on the surface of the bed beneath __ . _____ . __ ._. 9% 
LOWER ST. Lours 

2. Limestone, compact, massive, brownish on weathered surface, 
mUJgnesiMl; locally passing laterally into unaltered limestone__ 61h 

1. Limestone, conglomeratic. Cross·bedded Spergen limestone 
below . __________________ .. ___________ .. ____________ .... __ ... __ ... ____________________ ...... __ .. ____ . 10 to 141h 

At cine point in this part of the quarry a small outlier of 
Pennsylvanian sandstone occurs. This appears to occupy a 
small valley cut into the St. 'Louis. The contact is concealed. 

Bed 1 has a marly matrix which is more prevalent in the low
er part. Some of the blocks have a fine contorted stratification 
and many show stylolytic structure on their surfaces. The con
glomerate consists of confusedly mingled angular and subangu
lar blocks of compact dark gray limestone; gray somewhat shaly 
fossiliferous limestone; gray subcrystalline limestone filled with 
worm castings; compact brownish magnesian limestone; and 
drab fine-grained soft impure limestone. Where the blocks are 
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not greatly disturbed they are rudely stratified. This bed thick
ens abruptly at one point and bed 2 arches up OYer it. 

Bed 2 is bluish gray when fresh but weathers brownish. At 
one point it passes abruptly into a thin-bedded gray limestone. 
To the southwest in the quarry face this bed shares in the gen
eral disturbance. At this point it is only imperfectly changed 
to dolomite, and contains a few chert nodules. No fossils were 
found. 

Bed 3 is composed of blocks of a rather soft gray subcrystal
line limestone and of compact gr'ay Ihnestone. These , block:,:, 
vary from a fraction of an inch to several feet in diameter. At 
one point this bed forms a tongue-like extension down through 
bed 2 apparently as a result of shearing. 

The St. Louis limestones outcrop at a number of 'points in the 
Des Moines river bluff just below Belfast. Reference has been 
made to several of these in the description of the Spergen as 
developed there. The following section of the Lower St. Louis 
appears in the bluff about one and one-third miles south of Bel-
fast. . 

Section of L01ver St. Louis lAmi.estone below Belfast. 

LoWER ST. LoUIS FEET INCHES 
9. Limestone, gray, compact; in thin nodular layers ...................... 4 
8. Limestone, dark gray, compact ; showing no stratification 

planes and weathering to irregular chips and polyhedral 
blocks; receding ; slightly oolitic .................................................... 2 9 

7. Limestone, compact, buff, dolomitic; in . layers ranging from 
a few inches to a foot or more in thickness ................................ 4 3 

6. Limestone, compact, gray, regularly bedded ......................... _..... 1 4 
5. Limestone, yellowish to bl'ownish, dolomitic, massive, e,venly 

bedded .................................................................................................. 4 
4. Limestone, gray, compact, indefinitely stratified and weather· 

ing to irregular chips ........................................................................ 2 
3. Shale, bluish, calcareous, receding from bluff about s1.'( feet; 

resting on the undul:tting surface of the bed below................. 2 G 
2. Limestone, gray, dense and compact; undulating and showing 

disturbed stratification ....................................................................... 1 
SPERGEN 

1. Sandstone, fine'grained, bluish; upper surface slightly undulat· 
ing ........ : ..................................................... : ........................................... . 

The disturbed facies of the St. Louis is seen at the same hori· 
zon only a few yards beyond. 

An excellent section may be seen on Mumm creek in the 
southern middle part of section 33, Van Buren township, two 
and one-half miles west of Belfast and a little north of that vil
lage. This section includes the W' arsiw, an attenuated equiva
lent of the Spergen and both members of the St. Louis. 
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Se'ction on Mjllmm ureek. 
UPPER ST. Loms FEET lNCHES 

11. Limestone, gray, compact, con'glomeratic, rudely stratified; with 
occasional pockets of carbonaceous shale wnd irregular lines 
of fine· grained whitish sandstone at the very base. Resting 
on the irregular snrface of the bed beneath. Three 3pecimens 
of Lithostrotion canadensis were obtai.ned from a seam of 
carbonaceous shale at the base. These were angular, and 
showed no evidence of 3Jbrasion ........................................................ 6 

LOWER S'l'. LOUIS 
10. Limestone, brownish, tough, magnesian, bearing the silicified 

coralla of Lithwt1'otion canadensis ...................................... 5 / 6 to 1 5 
9. Limestone, buff, magnesian, brittle, tending to scale off 

obliquely; bears a few rounded chert concretions .................... .. 5 2 
8. Limestone, gray, compact, dense, unaltered here, but dolomitic 

at the bend farther up the creek .................................................. 1 5 
7. Limestone, bluish, magnesian, soft, weathering yellowish .......... 3 1 
6. Limestone, buff, magnesian, in two layers of about equal 

thickness ........................................................................................... ..... . 2 9 
:J. Limestone, yellowiRh to brownish, dolomitic; distnrbed and 

cong'lomeratic, especially in lower part; more evenly bedded 
above; passing gradually downward into the bed below; bear· 
ing pebbles and irregular p.atches of unaltered compact gray 
limesto'Ile. Lower surface extl'emely irregular ...................... 3 to 5 

40. Shale, bluish, calOOJ'eous, with imbedded pebbles of compact 
gray limestone; of very v3ifiable thickness; resting on the un· 
eVlfm snrface of the bed below, and followed unevenly by the 
bed above ............................................................ .. .......................... 1 to 3 

3. Limestone, gray to buff or y:ellowish, magnesian; conglom· 
eratic and disturbed. Some pebbles of unaltered gray com· 
pact limestone ................. _ ............................................................. 2 to 311.2 

SPERGEN 
2, Limestone, bluish, arenaceo·magn€siaJl ...................... .. ........ 2 /3 to 1 4 

WARSAW • 

1. Shale, bluish, argillaceous, more calcareous towards the top 
where it carries fish remains, Gonula1'ia sp, and Orbiculoidia 
sp. Argillaceous part bears a f ew small imperfect siliceous 
geodes. Exposed ................................................................................ S 10 
Concealed to bed of creek .................................................................. 3 

About seven hundred yards farther up, the stream bends 
abruptly from the north to an easterly direction. A fine ex
posure is afforded here in the west bank immediately below the 
bend. 

Section on Mwmm creelc above the preceding seotion. 

DES MOINES 
S. Concealed to brow of hill; surface strewn with blockS of 

brownish GaDdstone. 
UPPER ST. Lours 

7. ~!l!l~stone, light gray, compact; some Jayers granular to 
oolItIC ............................. _ ...................................................................... . 

6. Concealed, probably brecciated limestone with 8haly matrix .. .. 
5, Limestone, gray, compact, conglomeratic, rudely stratified .. .. 

LOWER ST. Lours 
4. Limestone, massive, magnesian, weathm'ing brownish; bearing 

a few silicified corolla of Lithost1'otion canadensis, Very un· 
dulating n.nd uneven .......................................................................... .. 

3, Limesto'ne, buff, magnesian. massive, structul'eless; littl e trace 
of bedding; flaking off obliquely; slightly receding, At one 

~EET 

12 
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point a small cave extends back ten to fifteen feet. Highly 
fossiliferous in basaJ. part ......................... _ ..................................... 4% to 51,-2 

2. Limestone, yellowish to brownish, magnesian; in one massive 
ledge; resting on the undulating and hummocky surface of 
bed below; usually projecting ......... _ ........ _ ............................ _ ....... 2 to 2 % 

1. Limestone, bluish, magnesian, in thin, undulating layers; 
arching up over mounds in creek bed. Exposed to bed of 
creek .............................................. .......................................................... 2 5/6 

The following forms occur as molds in bed 3: 

Girtyella indianensis (Gil'ty) 
Spirif'61' (species undescribed) 
Bl'llchythyris altonensis Weller 
Myalina sp. 
Myalina sp. 
Myalina sp. 

A viculopecten sp. 
A viculopecten sp. 
A viculopecten sp. 
Modiomorpha sp. 
Conocardium sp. 
Bellerophon sp. 

Another excellent exposure of the St. Louis occurs two hun-

FIG. lO.-Showing irregular contact between Lower and Upper St. I,ouis limestones on 
Mumm creek, near Belfast. 

dred yards east of the above mentioned bend in Mumm cr eek 
(fig. 10). The description of this exposure foUows : 

Seotio"" two lvundredJ yards east of precediJno one. 

UPPER ST. LoUIS 
6. Limestone, gray, dense, compact, unevenly stratified; exposed 
5. Limestone, gray, compact ................................... _ ........................ _ .. . 
4. Limestone, compact, gray, with small white kaolinic patches: 

in thin lwyers separated by lamin'<Lted calcareous shale, which 
weathers yellowish ............... _ ............................................................ . 

3. Limestone, gray, compact, with seams of gray granular lime· 

FEET 
714 
52/,3 

2 
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stone; locally oolitic in part; disturbed and structureless at one 
point, but passing laterally into eve:nly bedded limestone ... _... 12 

2. Limestone, gray, oompact, conglomel1ll,tic, mdcly stratined; 
lower portion with calcaTcous matri.-,:: ; upper portion with 
shaly matrix; imperfectly dolomitized locally. At one point a 
tonguelike mass about Jifteen feet wide appears in the lower 
part. 'l'his is nlled with angular blocks of limestone many of 
which differ physically fwm those in the adjacent ,_lIs. They 
consist of compact light gray limestonc, of light gmy oolitic 
limestone, and of bluish Jine·gmined shaly limestonc. The 
matrix i shaly and the brcccia has weathcred back slightly, 
thus emphasizing the outline of the mass ................... _ .... _....... 12 

LOWER ST. LO UI S 
1. Limestone, doiomitic, bluish gray when fresh but weathering 

hrownish, massive; beariJlg a few rounded chert concretions; 
beddin.g very uneven and disturbed. At one point a distinct 
depression about six feet deep and si.., feet \vide extends into 
this member [lJld is fill ed with the cOllg\omeratic limcstone of 
the bed above. A few yards to the southeast two other such 
tongues appear. These . are bro'ader but less (leop ...................... 2 to 10 

Bed 5 of the above section yields the following species : 

Streptorhynchus ruginosum (Hall and Girt yell a indiancnsis (Girty) 
Clarke) f Spirifer d. S. pellaensis Weller 

Olthotetes f sp. Compositlt trinuclea (Hall) 
Pl'oductus ovatu Hall Streblopteria f sp. 
Productus tenuioo tatus Hall Strap:nollu,s sp. 

Good exposures of the upper St. Louis limestone may be seen 
along the east branch of Monk creek in the southeast quarter of 
section 36, T. 67 N., R. 7 'V., one and one-fourth miles north
east of Belfast. The relation of conglomeratic mounds to the 
evenly-bedded facies is shown her.e on a small scale. 'Well up 
in the section a single large partly silicified corallum of Litho
strotion canadensis was found,. Imperfect ripple marks were 
noted on the surface of a lime tone layer a short distance far
ther up the branch. The mounds of limestone appear to be hut 
little altered to dolomite, while the evenly bedded layers on the 
flanks are nearly everywhere uniformly altered. 

,One of the most complete and representative exposures of the 
St. Louis limestone in southeastern Iowa a-ppears along the bed 
and banks of a small creek emptyino· into Des Moines river in 
the lower edge of the town of Croton (T. 67 N., R. 7 W.) . The 
section described below begins up the creek nearly one mile 
from its mouth but the more important outcrops of the St. Louis 
are in section 20 near the to·wn. 

Section along a creek at CI·oton. 
PELLA 

14. Limestone, gray, compact, lo,wer part aronaceous .. , .................. . 
13. Sandstone, fine· grained, y,ellowish ......... _ ......................... ............... . 

FEET 
9 
4% 
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UPPER ST. LOUIS 
12. Limestone, gray, granular, ill some places slightly oolitic; mid· 

dIe p3Jrt cross· bedded. At t he very base there is Locally a 
conglomeratic layer severoJ inches thick. The lower part of 
the granular' limestone passes laterally into gray compact, 
subcrystallino evenly bedded limestone which bears small 
pelecypods. The upper surface of this layer shows sym· 
metrical wave ripples, which have a generaJ. north·south trend. 
'l'hey measure three to five' and one·half inches f rom crest to 
crest and are one· half inch to one aJld one· half illches deep. 
This member forms a series of mounds of disturbed limestone 

2411 

at one point in the creek bled ... __ ........ _ .... __ ........ _ .... _ ................. 10 to 13lh 
11. Liniestone, bluish, magnesian, t hinly beddecL; somewhat shaly; 

slightly fossiliferous; resting on uneven undulating surface of 
bed beneath ........................................................... _ ................ _ ........... 2 

10. Limestone, conglomeratic, gradually less disturbed :md more 
eV'enIy bedued towards the top. More evenly bedded La.yers 
:trching- up over mounds of conglomeratic iimestone which 
consists of pebbles and, blocks of compact gray limestone ; 
gray subcrystalline, brittle limootone ; light gray slightly 
oolitic limestone and a few small blocks of fine·grained sand· 
stone. The matri.., is for the most paa't calcareolls but locally 
it is sandy. Some blocks show stylolytic structure. Some of 
the matri.., is of a lighter gray color than the blocks. Occa· 
sional blocks bear worm castings and some have small irreg· 
ular patches of kaolin. Locally cherty in upper vart. The 
more evenly bedded material towauds the top consists of dense, 
compact gray limestone, and of gray subcrystalline limestone. 
This pm is slightly fossiliferous ... _ ................ _ ... , ........................ _.13 

LOWER ST. L OUIS 
9. Limestone, m-assive, compact, dolomitic, gray when fresh but 

weathering yellowish. Locally bearing l'emnants of compact 
unaltered gray limestone. The Lithostrotion canadensis zone 0 to 2 

8. Limestone, dolomitic, buff, ma,ssive, tough; flaking off ob· 
liqnely. Basal part fossiliferous ............... _ .......... _ ...... _ ............... 4lh to 5 

7. Limestone, grayish weatheJ'ing buff, dolomitic; locally passing 
wholy or in parl into dark gray conglomerati c limestoUie .......... 11/3 to 1 2/3 

6. Limestone, bluish, dolomitic, weathers soft and buff, filled with 
structures resembling worm castings ..................... _ ....................... 3 to 4 

5. Limestone, brownish. dolomitic, tough; with discontinuous 
seams of unaltered limestone in upper part ... _ .... _ ........ _........... 2/3 to 1 

4. L imestone, drab, subcrystalline, rather compact, brittle; bearing 
small, irregnlar patches of kaolin and numerous small chert 
concretions with nuclei of greenish clay. Somewhat fossil· 
iferous. Lithost:rotiQru p1'o,life1'urn and Syritngopom sp. most 
common fossils. Differing in thickness on account of hum· 
mocky and ineguJar surface of the bed beneath. This bed 
arches up over the mounds below, and fills some of the de, 
pressions, thus levelling up the irregular surface. Contains 
worm castings. ' Locally passes laterally into dolomitic lime· 
stone ... __ . ____ .. ____ . _____________________ . __ __ . _____ ___ __ . __ .. __ . __ . __ .. ____ .. __ . __ . __ . __ . __ . __ . __ ...... 2/3 to 3 

3. Limestone, disturbed, conglomeratic; co))sisting of blocks, 
pebbles and subangular bowlders of compact gTa)' limestone; 
gray sub crystalline limestone; brow:nish dolomitic limestone 
and rather soft bluish, impure limestone, in a calcareous to 
shaly matri..,. Locally evenly bedded la,yors ::t.ppear for a 
few yards, but these abut abruptly against conglome)'atic lime· 
stone on either side. In one mound the matri.., is sandy. I n 
places the conglomeratic limestone assumes t he form of 
mounds and hummocks, with the c,enly bedded limestone 
above lapping up over the elevations ancl filling in the de· 
pressions. Locally the conglomeratic limestone is imperfectly 
dolomitized and discolored yellowish. The calc::t.reous matrix 
seems to be the ' first to be affected. Occasional blocks in the 
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conglomemte are slightly fossiliferous. Blocks show stylolytic 
structure. Exposed ........................... _ .......................... _ .. _ ............ _. 12 to 13 

2. Limestone, compact dense, gray; dolomitic in basal part. 
Upper part with thin wavy concretionary strrutification, the 
wavy layers of which conform to the irregular surface of the 
limestO'lle below .................................................................................. 1 to 1 2/ 3 

WARSAW 
1. Shale, bluish, argillace(}Us; exposed ......•.............. _ .... _................. 5 5/ 6 

The Spergen formation apparently was removed by erosion 
prior to the deposition of the St. Louis. 

Fossils collected from beds 3, 4, 10 and 11 were identified as 
follows: 

List of fossils from bed 9 of the St. Louis at Croto,n. 

Syringopora sp. 
Eumetria verneuiliana (Hall) 
Modiomorpha, f sp. 
Leperditia carbonaria Hall 

List of fossils from bed 4, of the St. Louis a·t Croton . 

Zaphrentis sp. • 
Lithostrotion proliferum Han 
Syringopora sp. 
Fenestella serratula Ulrich 
Fenestella sp. 
Cystodictya sp. 

Dichotrypa elegans Ulrich , 
Spirifer pellaensis Weller T 
Composita trinuclea (Hall) 
Phillipsia , sp. 
Calcareous algae 

List of fossil~ from bed 10 of th8 St. Louis at· Croton. 

Lithostrotion proliferum Hall 
Spirifer cf. S. pellaeusis Weller 
Straparollus sp. 

List of fossils from bed 11 of the St. Lo'lllis at Croton. 

Productus ovatus Hall 
Spirifer cf. S. pellaensis Weller 

The conglomeratic mounds in beds 3 and 10, representing the 
basal parts of the Lower and Upper St. Louis, respectively, are 
believed to be due to disturbed conditions during deposition, 
although later fracturing undoubtedly has modified the original 
relationship somewhat. 

A section of the St. Louis limestone in the bluff of Des Moines 
river .a little more than one mile below Croton, in section 29 of 
the same to'wIlship, shows some variations from the one at Cro
ton. The succession is as follows: 

Seotion one mile below Croton. 
D ES MOINES . . . ' . FEET {, meRES 

13. Sandstone, yelloWIsh,l soft, ~ppmg the hill ................. _......... 1 to 2 
P ELLA 

12. Concealed. Loose blocks of limestone on the slope of the con· 
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cealed part seem to come from the bed which appears just 
above the basal sandstone in the Croton creek section ......... _... 7 4 

11. Sandstone, fine·grained to medium·gl·ained; somewh3!t cal· 
careous; weathering yellowish in lower part; with some iron· 
stained patches. Upper part whitish and calcareous. Thinly 
and evenly bedded ... _ .... _ ....... ... _ ................ _ .... _ ...... _ .... _ .......... _..... 5 2 

UPPER ST. LOUIS 
10. Limestone, gray, compact, with thin, irregular streaks and 

pockets of sandstone. Upper surface slightly irregulM' ...... 2 to 3 
9. Limestone, light gray, oolitic in upper part. Weathered sur· 

faces flaking off obliquely. Contains Conoca-rdVu71t sp., a 
Spiri/er resembling S. pellalmsis and a few other fossils .... 5 to 8 

8. Limestone, gray; gmnular in middle but compact in upper 
and lower parts; weathm'ing into thin layers; bearing a few 
discontinuous seams of chert. Shows slight tendency toward 
oolitic structure ... _ .......... _ ................ _ .......... _................................ ... 4 4 

7. Shale, bluish, argillaceous, weathering yellowish; with thin 
interbedded layers of compact bluish gray magnesian lime· 
stone which weathers soft and buff ............... _............................... 3 

6. Limestone, conglomeratic, compact, gray, rudely stratified ... _. 10 1 
LOWER ST. LoUIS 

5. Limestone, in one massive ledge, dolomitic, weathering brown· 
ish; middle part locally bears irregular patches of U11altered 
limestone ........................... _ ................................ _ .... _ ............. 1 1h to 3% 

4. Limestone, dolomitic, bluish when fresh but weathering buff, 
brittle, structureless; flaking off obliquely. Slightly fossilifer· 
ous; bearing worm burrows ......... , ... _ .... _.: ........ _ ....................... 8 to 9 

3·. Limestone, fine·grained, gmy, compact; locally passing into 
dolomitic limestone which. weathers buff in part. At one 
point the weathered rock is shaly in middle pa~·t. Upper part 
bears occasional sand grains. Shaly part slightly fossiliferous. 
Bears worm castings. Contact with bed above undulating and 
irregular. At olDe point there is a pocket of oarbonaceous 
shale at the con,tact. A few yards to the north this bed is 
brecciated and sheared down into the beds below .......... 2/3 to 2 

2. Limestone, bluish, magll~ian, rather soft, weathering 
buff ................................. _ .......... _ .................................. _....... 1 1 / 3 to 2 

1. Limestone, buff, magnesian, massive, compact, grayish when 
fresh; locally even·bedded, but generally disturbed and more 
or less structureless. Exposed ..................... _ .................... _........... 7 8 

One hundred and forty yards below the above described sec
tion, twenty feet of massive soft sandstone, whitish when fresh 
but weathering yellowish, rests directly upon bed 6 of the pre
ceding section. This sandstone doubtless is of Pennsylvanian 
age, although no plant remains were found in it. Massive beds 
of sandstone here bend up over a thick dome of the same ma
terial to give the appearance of a massive arch. 

Van Bu,ren County .-Exposures of the St Louis limestone jn 
Van Buren county are confined to the valley of Des Moines 
river and its tributaries. Along Indian creek west of Farming
ton it outcrops at a number of points. Beginning three and one
half miles west of Farmington, a series of sections were studied 
along the banks of the creek, conti:iming almost to its mouth. 

Below the Van Aucken quarry in the northwest one-fourth of 
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the northeast quarter of section 5, T. 67 N., R. 8 W. there is a 
good exposure of the Upper St. Louis. 

SeoPicn o{ Upper St. Lowis limestone im amd near Van Auc7cen quarry. 

UPPER ST. Lours FEET INCHES 
7. Limestone, gray, sub crystalline and compact; in rather heavy 

ledges; cherty in upper part; upper surface undulating Il.lld 
irregular. Overlain disconformably by basal san<1stone of the 
Pella. Contains numerous shells of a large B elleroplwn 2% to 4% 

6. Limestone, dark gray, sub crystalline and compact; rather 
brittle when fresh but becoming tough when weathered; local· 
ly filled with small sinuous tubular branching fucoids which 
resemble worm castings; bearing l:a.rge calcareous algre some 
of which have a maximum diameter of over 5 inches. Upper 
surface bearing a few large vertically compressed sinuous pipes 
which represent large fucoids. Separated from the bed above 
by a shaly parting 1 inch thick .. ____ ______ .... __ ______ _____ ..... ___ _________ ..... 2 to 6 

5. Shale, fissile, rather bluish when fresh, weathering drrub; up
per part more calcareous and passing into an impure fissile 
limestone. No fossils noted __ ._ .. _____ __ ___ ___ ________________ ... _ .... ___ . __ .. ____ .____ 1 5 

4. Limestone, grlty, compact, weathering to a lighter gray, cleav
ing easily into thin layers; bell-ring seams of fissile shale 
towa,rds the top _____ . _______ ____ _____ __ ____ _____________ ....... ___ . ___ . ______ .. ____________ . 1 10 

3. Limestone, gray, compact; consisting of a single layer showing 
thin irregular stratification, the irregular surface of the in
dividual lamellre being imparted to the layers immediately 
above. Bears a few small pelecypods ___ .. _. ___ ._._ .... _______ .______________ 5 to 6 

2. Limestone, gray, compact; weatheri.ng to light gray layers 2 
to 10 inches in thickness; with shaly partings in upper part. 
No fossils noted . __ . ________ _______________________________________ ... ____ . ____ ._. __________ .__ 1 7 

1. Limestone, gray, granular to compact, locally cross-bedded in 
part; a layer 1 foot 6 inches thick near top consists of dense 
compa;ct gray limestone. Rolled calcareous algre on surface of 
bed. The lower 4 feet consists of compact gray limestone _______ 12 6 

In the northwest quarter of section 4 of the same township a 
small reef appears in the Upper St. Louis limestone. This is 
shown in a small quarry opening in the east bank of Indian 
creek a short distance south of the Chicago, Burlington and 
Quincy railway bridge. The reef is fifteen feet wide and six 
and one-half feet high. The lower three feet of the reef consists 
of sub angular blocks of granular limestone in a calcareous 
matrix. The upper three feet consists of angular and sub
angular blocks of granular to oolitic limestone and of compact 
gray limestone filled with a branching bryozoan. The matrix of 
the upper part is in some places a conglomeratic limestone con
sisting of small limestone pebbles in a calcareous matrix and in 
others a gray limestone with the same species of branching 
bryozoan as above. On the flanks of this reef-like structure is 
granular cross-bedded limestone. The layers of Hils abut 
abruptly into the reef and were not found to contain the bry-
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ozoan SO common in the reef. No beds are exposed abov:e the 
reef with the exception of one thin layer which extends part 
way over it on the north sIde. 

AssDciated with the bryozoan in the reef are occasional speci
mens of a small Conularia. Some of the blocks of granular 
oolitic limestone in the upper part of the reef contain calcareous 
algre. These were not noted in the adjacent evenly bedded lime
stone. This reef structure doubtless is original in large part. 
Some of the disturbance, however, may be due to later 
mashing. 

There is a good exposure of the Upper St. Louis and the 
topmost members of the Lower St. Louis on the White farm' in 
the southeast quarter of section 33, T. 68 N., R. 8 W. This ap
pears in the north bank of Indian creek two hundred and 
twenty-five yards above an abrupt bend of the creek to the 
north, and two and one-half miles west of Farmington. 

Semwn of St. Louis UI/I/,estone on Indiam (Yfeek. 

7. Drift, yellowish, sandy. 
UPPEl~ ST. LoUIS 

6. Limestone, dJark gray, grMLular, with occasional thin layers of 

FEET 

compact gray limescfpne ... _ ...... _ ........ _ .........................•........ _......... 6 
5. Limestone, dark gray, subcrystalline; with small rounded sand 

graillS included; locally passing into brecciated limestone ; Ul 
places thin·bedded and shaly. Rests on the undulating surface 
of the bed beneath and is sepamted from it by a shaly 
parting ... _ .. _ .......... _ .......... _ .... _ .... __ .. _ ................ _ .............. _ .......... _. 1 to 2 

4. Limestone, dark gray, brecciated, consisting of anlgular and 
suba:ngular pebbles and blocks of compact gray limestone, and 
gray sub crystalline limestone in a calcareous ma,trix. Upper 
part less disturbed and more evenly stratified. In some places 
filled with fucoid·like markings resembling worm castings. II'· 
regular lenses of buff dolomitic limestone were noted at two 
points in this bed and at one place a rOlmded bowlder of dolo· 
mite 8 inches in diameter occurs. This bed rests on the very 
irregular surface of the bed below as a result of uneven dolo· 
mitization. The pseudo·disconformity at the base of this bed 
is very striking (fig. 11) ......... _............................. .......................... 2 to 6 

3. Limestone, drab, dolomitic, cQoIl.glomcratic, matrix constituting 
a large :part of rock. Pebbles roun(l.ed and subangulal'. A few 
flinty masses occur. Lower part more massive and seemulg 
to, grade do·wnward into the bOO. beneath. Upper p:nt showing 
no stratification and flaking off obliquely to sudace. The 
upper surface is very irregular 3Jld undulating. A f ew blocks 
with worm burrows were noted in the upper part. At one 
point two irregular lenses of unaltered compact gray limestone 
appear in this bed 2 f eet am 3 feet 6 inches respectively be-
low the top ............... _ .......... _ ............................ _ ............................... 3lh to 81h 

LowEIt ST. LoUIS 
2. Limestone, dolomitic, bluish gray when fresh but weathering 

brownish; bearing silicified corolla of Litho<!trotion oanadensis. 
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Imperfectly preserved Tipple marks on upper surface trend 
N.60oE. 'l'hese measure 3 to 4 inches from crest to crest and 
14 to "1t2 inch in height. They are so poorly preserved that 
it cannot be determined whether they are symmetrical or not ]th 

1. Limestone, bluish gray when ~resh but weathering brownish, 
dolomitic, the topmost part of the fossiliferous bed. Ex· 
posed in bed of creek ........................................................................ 1 

A very instructive exposure appears in the east bank at the 
point where the creek bends abruptly to the north, two hundred 
and twenty-five yards below the preceding section. Both mem
bers of the St. Louis are considerably disturbed here, owing to 
shearing, mashing and overthrust faulting on a small scale. The 
'Upper St. Louis attains a thickness of elev:en and one-half feet 

FIG. ll.-Pseudo·disconformity in St. Louis limestone marking boundary between dolomitic 
portion below and unaltered pol·tion above. Indian creek, near Farmington. 

and is gray, brecciated and nondolomitic. The Lower St. Louis 
has an exposed thickness of fourteen and one-half feet and is 
brownish and dolomitic. 

The reverse faulting is best developed in a massive member 
four feet thick at the top of the Lower St. Louis. The overly
ing and underlying softer limestones appear to have accommo
dated themselves to the compressive stresses chiefly by mash
ing. In the largest fault the massive limestone on the north 
side of the break appears to have been raised almost vertieally 
about four feet, then as a result of compression the upthrown 



ST. LOUIS IN VAN BUREN COUNTY 25-1 

side was made to overlap the downthrown side about ten feet 
while the softer beds above and below yielded by mashing. The 
strike of the fault is approximately N. 80° E. Several other 
small faults and shear zones with nearly vertical displacement 
appear in the bluff nearby. 

Other interesting exposures of the Lower St. Louis in contact 
with the Upper St. Louis arB shown a short distance farther 
down the creek in the southeast one-fourth of the southeast 
quarter of section 33 where the valley bends again to the east
ward. The Lower St. Louis is for the most part evenly bedded 
and undisturbed, but at one point a large lenslike mass of 
brownish structureless limestone is enclosed within a blue mag
nesian limestone bed, which at this point thickens greatly. rrhe 
limestone of the lens seems to grade into the blue magnesian 
limestone on the flanks. The lens has a maximum thiclmlSss of 
five feet and is thirty feet wide. It is believed to have been 
formed during the deposition of the formation. 

A bluff section in the south bank of Indian creek just below 
the bridge of the Chicago, BUrlington and Quincy Railroad, in 
the northeast quarter of section 3, T. 67 N., R. 8 W., shows the 
Des Moines sand,stone in contact with the St. Louis. 

Seotion ·on Indian creek in section 9. 
Drift. FEET 

DES MOINES 
Sandstone, grayish, carbonaceous; bearing many plant remains; 

imperfectly stratified; locally passing in part into carboIlJ3JCeous shale. Exposed . __ . ____ -'________________________________________________________________________ 7 

Sandstone, gray, carbonaceous, soft; resting on the oxidized and 
decomposed surface of the bed beneath; receding slightly be-
neath the bed above. Imperfectly stratified ____________ __________________ __ 2 

LowER. Srr. LoUIS 
Limestone, disturbed; layers undulating. Stratification oblitel'a,ted 

in some plac.es by broociatioIJ;. Some layers dolomitic and 
buff. Other layers and blocks which are interstratified anli 
mingled with the dolomitic limestone consist of compact gray 
lim€Stoue. Dolomitization 3!ppears to have been very impel'
fect . Tho lower 1 to 3 feet is shaly, and grades downwa.r:l 
into the bed beneath. Locally very much discolored. by iron 
stains, and decomposed in places, es.pecially in upper part., due 
to reacti.on with sulphate solutio·us fl10m the bedabovc_ 

At points where the limestone is decomposed and iron-stalnccl 
it bears small crystals of gypsum, probrubly formed by the 
reaction o·f limestone with iron sulphate solutions from the 
sandstones a.bove. 

Shale, bluish, calcareous, weatherin'g into irregular chips; gradiug 
gradually upwards into the beds above and resting on the 
undulating surface of the bed beneath _______________ _______ ____________________ 1 1/ 3 to 4 

Limesto·ne, dense, bluish gray, dolomitic, showing faint stratifica-tion . _____ . __ _____ __ __ ._. ___________ ___ . ____________ ,_________ _________ ___ __________________________________ 2 
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Limestone, bluish, arenaceous and dolomitic, tough, porous; fos
sils poorly preS>eil'Ved; concealed at this point, but with an 
exposed thickness of 7 feet beneath the east end of the rail-
road bridge near by _____ __ ______________________ ________ __ ____ _______________ _____________ 7 

An exposure on the north bank of the creek just north of the 
railway, two hundred yards belo'w the preceding section, again 
shows the Des Moines sandstone and Lower St. Louis in contact. 
The Des Moines is represented by thirteen feet of light gray 
medium to coarse-grained sandstone locally discolored yellow
ish or reddish. It is massive below but thin-bedded above. A 
slight development of basal conglomerate appears at the base, 
where pebbles of chert were observed. Locally at the contact 
there are thin films and small crystals of gypsum. 

The Lower St. Louis has an exposed thickness of fifteen feet . 
It is greatly disturbed and imperfectly dolomitized. At several 
places in the bluff limestone blocks of certain horizons were 
found 'sheared down several feet into lower layers with a differ
ent physical character. The dip of some of the deformed lay
ers is as great as thirty-five degrees. At several point~ pockets 
of Des Moines sandstone were found in the li~estone several 
feet below the con~act. . These evidently represe,nt. the fillings of 
solution cavities formed prior to Des Moines sedimentation. 
That the disturbance of the St. Louis limestone took place prior 
to Des Moines time is indicated by the lack of deformation in 
the sandstone of this age. 

In another exposure in the south hank of the creek, two hun
dred and fifty yards down stream, the basal Des Mojnes sand
stone, which is here five and one-half feet thick, rests directly 
upon the Spergen formation. However, farther along the bluff 
to the east the lowermost beds of the St. Louis appear between 
the other formations. 

The exposures of St. Louis limestone along Reed creek in 
Bonaparte township are very important in that they illustrate 
some of the remarkable lateral variations in the formation due 
to the variable conditions of deposition and to differences in the 
degree of deformation. 

Near the middle of the north ljne of section 14, T. 68 N., R. 8 
W., a bluff on the south side of the creek is seventy-five feet 
high and about two hundred yards long. In this bluff are ex
posed complete sections of the Pella and St. Louis formations. 
The Lower St. Louis is much more brecciated and mashed than 
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the overlying beds (figs. 12 and 13). It is probable that the 
presence of a shaly bed in the lower part of this member IS 

FIG. 12.-Brecciated Lower St. Louis limestone . Reed creek, near Bonaparte. 

FIG. 13.-Brecciated Lower St. Louis limestone. Reed creek, near Bonaparte. 

largely responsible for this relationship since the limestone lay
ers above appear to have been mashed and sheared down into 
this less resistant bed. However, deformation and mashing 
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have gone on locally in the Upper St. Louis and Pella. In these 
beds the disturbance tends to follow shear zones. 

The Pella limestone, with a maximum thickness of twenty-one 
and one-half feet, caps the bluff. Below this comes fourteen 
feet of basal Pella sandstone with intercalated beds of shale 
and limestone and under it lies the St. Louis. The section of 
the Pella at this locality is described in a later chapter of this 
report (p. 291). The Pella limestone forms a sharp cliff while 
the underlying basal Pella sandstone and the conglomeratic Up
per St. Louis below weather to a more gentle slope which term
inates below in a sharp escarpment produced by the erosion of 
the more r esistant Lower St. Louis limestone. 

N ear the middle of the bluff the following members appear in 
the St. Louis: 

Seotion on Reed creek. 
UPPER ST. LoUIS FEET 

4. Limestone, buff, dolomitic, with small scattered s3IDJd grains .... 6 
3. Limestone, buff, dolomitic, massive ................................................ 2%. 
2. Limestone, compact; originally gray, but now altered to buff 

dolomite with irreguLa,r remnlants of limestone. Slightly dis· 
turbed but not conglomeratic .............................. _......................... 9 

LOWER ST. LOUIS 
1. Limestone, browni5h, dolomitic, mashed and deformed, shaly 

in lower part ........ :............................................................................... 28 

Several remarkable shear zones appear near the east end of 
the bluff. The Pella limestone is considerably less disturbed 
along these zones than are the underlying strata. Along tlie 
most pronounced line of movement blocks of Pella limestone are 
sheared downward for at least ten feet into the soft shales and 
sandstones below. This tongue-like extension 'of mashed lime
stone weathers in relief, thus forming a prominent feature in 
the face of the bluff. On the east side of the tongue the sand
stone is but little disturbed but on the west side the layers are 
bent down as much as three feet. At points where all members 
of the Lower St. Louis are involved in the crushing the shaly 
bed in the lower part is locally greatly reduced in thickness and 
numerous tongues of mashed limestone extend down through it
At seV1eral points angular blocks of limestone several feet in 
length are kneaded far down into the shaly material belo"v. 
Some of these shale-enclosed blocks and broken layers are high
ly tilted. 

About 200 yards farther up the ci'eek a second bluff section 
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appears on the opposite bank. The succession of strata here is 
essentially the same as in the preceding section except that the 
basal Pella sandstone is much thicker and the lowermost bed of 
the Lower St. Louis is not exposed. At the south end of the 
bluff this member attains a maximum exposed thickness of 
twenty-nine feet. A few pockets of bluish shale were noted in 
the basal part. 

The Lower St. Louis is greatly disturbed here on account of 

FIG. 14.-Small r eversed f ault in Lower St. Louis limestone. R eed creek, n ear Bonaparte. 

faulting, crushing and shearing. Shear zones and small over
thrust faults appear at several points in the bluff. Most of 
these have a steep dip and the displacement is slight, the max
imum being not more than five feet. Their strike js approxi
mately N. 55° W. and the upthrow side is on the north. (Sep. 
fig. 14.) 

The following section was measured in this bluff: 

. S eotion on R eed oreelc two ]z1tndred yards above pTecediing one. 
PELLA 

6. Limestone, gray, :fine· grained .......................................................... . 
5. Shale ... _ ............ _ ........ _ .................................. _ ............................ _ ..... .. 
4. Sandstone, fine-grained, soft, bluish, massive below but thin. 

bedded and shaly above; lower part containing pebbles of lime· 
stone and chert. Resting on the uneven surface of the 
bed below ......... _ .... _ .............................................. _ ......................... .. 

UPPER ST. L OUIS 
3. Limestone, consisting typically of angular to rounded blocks 

FEET 
18 

3lh 

24 to 35 
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of gray to buff dolGmitic limestone 'in a gray impure sandy 
matrix. The limestone bears lliIIlall patches of kaolin and 
small nodules of chert. M.any of the blocks contain sinuous 
tubes resembling worm burrows. Occasional specimens of 
Lithostl'otion prolifenilln were noted ..... "" .... '' ... " ..................... "... 10 

LOWER ST. LOUIS 
2. Limest<>n.e, massive, brownish, dolomitic "."""""""",, .. """""",,. 3 
1. Limestoille, brownish, dolomitic; much disturbed and mashed 26 

The Lower St. Louis appears in its normal development in a 
cut along the Chicago, Hock Island and Pacific railway in the 
western part of section 23, T. 68 N., R 7 VY., a short distance 
below the mouth of Slaughters branch. A considerable thick· 
ness of sandstone appears in the slope above. The lower por
tion of this sandstone is believed to represent the Upper St. 
Louis while the upper portion probably belongs to the base of 
the Pella. The section follows: 

S ection below the mo1tth of Sla1tghters branch. 
PELLA FEET INCHES 

5. Limestone, gray, brecciated; capping brow of hill ".""."".",,. 3 4 
4. Concealed '"''''''''''''''''''''''' ''''''''''''' __ '''''''''''' ' '''''''''''''''''''''''''''''''''' '' '''' 31 
3. Sandstone, light gray, thin·bedded ".""""""""""""",,,,",,"""",,. 5 6 

UPPER ST. LOUIS 
2. Sandstone, soft, yellowish, bearing occasional rounded and 

subangular blocks of compact gray dolomitic limestone "''''" 21 4 
LOWER ST. LOUIS 

1. Lim€Soone, brownish, disturbed, imperfectly dolomitized "."". ]4 8 

The St. Louis is again exposed on Slaughters branch in the 
northwest quarter of section 23, about one-fourth mile above the 
point where the railway crosses the creek. Approximately 
twenty feet of Pella limestone and sandstone caps the section 
while the Spergen and vYarsaw beds appear below the St. Loui~. 

PELLA 
11. 
10. 

9. 

Section on Slaughters bra(l'!ch. 
FEET 

Lim estone capping brow of hill ""."""""""""""""""""""""",,. 2 
Concealed ".""""".""""""""""""."""""".,,,,"",,.,,."""""""""""""" 10 
Limestone, compact, gray, somewhat speckled; passing wholly 
or in part into sandstone """"""""."."""."""""""""."""" .. ",,.,,,,. 1 

8. Limestone, c1ense, compact, gl'ay, showing fin e lamination ,,",," 2 
7. Sandstone, light gray, tine·grained, bem'ing angular cllert frog· 

ments. Lo,wer pa,rt grac1ing in part into compact gray lime· 
stone; locally shaly "" .... """."""""""""."."""".,,",, .... ,, .. ,, .. ,, 2 % to 3 

UPPER ST. LOUIS 
6. Limestone, gray, granular to compact; upper part showing fine 

laminations on m'la,thered surfaces ".""""""""""""",,.,,"",,.,, ... ,,.. 9 
5. Concealed, slope covered by yellowish Ehales """ ... " .. ".""."""",,. 2 
4. Limestone, lower portion compact, gray and disturbed; upper 

pOl-tion more evenly bedc1ec1 and consisting of massive buff 
imperfectly c1olomitizec1 limestone ... """ .. """".""""",,,,.,,""""",,. 10 

LOWER ST. LOUIS 
3. Limestone, bl'ownish, dolomitic, with bluish shale bec1 three 

feet thick in basal part """""""""" .. """".""."""".,,,,.,,"""",,.,,",,. 24 

INCHES 
6 
4 

6 
6 

4 
6 

5 

3 
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SPERGEN 
2. LimestQne, bluish, massive, arenaceQ·magnesian ... _ .......... _......... 5 

WARSAW 
1. Shale, bluish, argillaceQus. EXPQsed ..................... _ .... __ ...... _....... 1 

A disturbed phase of the lower beds of the Lower St. Loui::; 
member appears along Potters branch, one and one-fourth miles 
northeast of Bonaparte, in the NW.l,4 sec. 10, T. 68 N., R. 8 W. 
At several points the upper limestone layers appear to have 
been forced down into the lower shaly beds. Locally small 
mounds of limestone are exposed. The limestone was mu~h 
fractured during at least two periods of disturbance and the 
fracture lines are sealed with veinlets of calcite. In several in
stances bands of limestone immediately adjacent to the frac
tures of earlier age are gray and unaltered although the rock 
elsewhere is brow'nish and dolomitic. It appears that the first 
disturbance here took place prior to dolomitization and that the 
limestone adjacent to the fractures was less susceptible to alter
ation, owing to its more crystalline condition or some other 
cause, than the surrounding rock. The fractures of later age in 
many instances cut across the earlier ones and their associated 
limestone bands, which are in such cases usually slightly dis
placed. The limestone is uniformly dolomitized adjacent to 
these younger breaks, a relationship which suggests that they 
were formed subsequent to dolomitization. The first period of 
fracturing is believed to have occurred at the close of Croton 
time, while the second probably occurred at the close of the 
P ella. 

A short distance farther up the creek the following bluff sec
tion is shown in the south bank. 

Section in Potters branch. 
PELLA FEET 

8. SandstQne, 8Qft, yellowish, incQherent. EXPQsed ............... _ ....... 11 
UPPER ST. LOUIS 

7. Limestone massive, gray, subcrystalline, stylQlytic, badly 
fractured; shaly parting at CQntact with bed below.................. 3 

6. Limestone, buff, magnesian, 8Qft, grades into. bed beneath ...... 11 
LOWER ST. LoUIS 

5. Limestone, buff, magnesian; in Qne massive ledge .............. 2 to. 3 
4. Limestone, buff, magnesian, brittle; tending to. flake Qff 

Qbliquely ... _ .... _ ................ _ .......... _ .......... _........................................... 4 
3. Limestone, buff, magnesian; in one heavy ledge; bearing 

small chert nQdules ... _. ...................................................................... 1 
2. Limestone, dense, dark gray; blotched with patches of lighter 

gray magnesian limestone; bears irregular seams and nQdules 
Qf chert .................................................................................................. 4 

1. LimestQne, buff, magnesian, :in rather thin layers. EXPQsed to. 
bed Qf creek ..................... _ ........................ _ ........ _ .......... _ .............. _. 2 

INCHES 
6 

6 
4 

6 

4 

to. 6 

6 
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The following species were collected from bed 7 of the above 
section: 

Lithostrotion prolifel1lm Hall 
Syringopora sp. 
Productus ovatus Hall 
Girt yell a indianensis (Girty) , 

Spirifer sp. 
Eumetria verneuiliana Hall 
Straparollus sp. 
Bellerophon sp. 

There is a~ excellent exposure of the undisturbed facies of 
the Lower St. Louis limestone in an abandoned quarry at the 
mouth of Rock creek in the northwest quarter . of section 21, 
Washington township, and in the Des Moines river bluff a short 
distance above. This phase is followed above by disturbed Up
per St. Louis limestone which in turn is overlain by the Pella 
formation. The section follows: 

Seotion at the mouth of Rock creek. 
PELLA 

12. 
11. 

FEET INCHES 
Limestone, gray, fine-grained ... _ .......... _ ...................... _ ................ _. 7 9 
Sandst()n.e, fine·grained, massive, more calcareous and approach· 
ing brecciated limestone locally in upper part ......... _................. 11 

UPPER ST. L OUIS 
10. Limestone, gray, compact, fine·grained, brecciated ......... _ ..... 5 to 8 

9. Sandstone, soft, fine-grained, bluish, locally with pebbles of 
limestone in lower part. Lower six inches in some places 
consists o,f arenaceous limestone ... _............................................... 2 

8. Limestone, buff, dolomitic; brecciated ........................... _ ....... 8 to 12 
LOWER ST. LOUIS 

7. Limestone, buff, dolomitic, the LithosfirotiIYn camadensis zone 0 to 1% 
6. Limestone, buff, dolomitic, in two massive ledges, with fucoid 

markings resembling worm burrows in two thin zones ............ 7 
5. Limestone, compact, gray, with shaly seams ................................ 2 
4. Limestone, compact, bluish, dolomitic, weathering yellowish ...... 4 
3. Limestone, buff, dolomitic, tough ..... _ .................................. _....... 2 
2. Limestone, dense, with slight bluish tint, checking into ir· 

regular blocks ......... ............ _ .............................................. _............... 2 
1. Sandstone, fine·grained, bluish, calcareous; receding. Exposed 5 

8 

4 
4 

4 

An even more typical exposure of the undisturbed Lower St. 
Louis limestone appears in the bank of Rock creek approxi
mately one-third of a mile north of the quarry just described 
(fig. 15). 

Seotion in the bank of Roole creek. 
FEET I NCHES 

12. Drift to brow of hill ............................................. _ ....................... 12 
UPPER S'l'. LOUIS 

11. Limestone, gray, compact, dense, brecciated .............................. 3 
LOWER ST. Lol.'IS 

10. Limestone, buff, dolomitic, tough, massive, overhanging, upper 
surface ilTegular ...... : .......................... _ .... _ ...................... _..... 1 to 21h 

9. Limestone, buff, dolomitie; tough .................................................. 1 6 
8. Limestone, buff, dolomitic; brittle, flakin g off parallel to t he 

face of the bluff; bearing small chert nodules in upper parL.. 7 
7. Limestone, soft, bluish, dolomitic, fucoid markings in middle 

part ...................................................... ~ ... .... .............................. ............ 3 3 
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6. L imestone, bluish when fresh but weathering buff; lower 
part soft ................................................... _............................................ 2 8 

5. Limestone, soft, drab, dolomitic; lower par t mottled and 
streaked with soft gray limestone ...... ............... _ ................ _........... 3 

4. Limestone, bluish, dolomitic, weathering yellowish, brittle, thin· 
bedded; checks irregularly when weathered .............................. 2 

3. Sandstone, fine· grained, bluish, calcaI'eous, shaly in lower part. 
At the top it beal's fucoid markings .................................... .......... 4 

2. Sandstone, bluish, calcareous, line'grained, with scattered 
grains of coarse sand and angular chert fragments included.... 2 

WARSAW f 
1. Limes,tone, soft, cream· colored, cherty. Expo-sed ........... ........... 2 

FIG. I5.-Undisturhed dolomitic phase of Lowrr St. Louis limestone. R ock creek, near 
B entonsport. 

A bed of sandstone is exposed in the south bank of Des 
Moines river approximately two and one-half miles below the 
town of Keosauqua. This has been referred to by C. H . Gor
don15 as the Keosauqua sandstone, which he regarded as a 
phasal development of the limestone designated in this report as 
the Verdi or Upper St. Louis. 

The present study makes the reference of these beds in part 
to the basal Pella and in part to the upper portion of the Verdi 
appear more plausible. In the above mentioned bluff we have 
three to four feet of brecciated Pella limestone which is under
lain by five to twenty-one and one-half feet of fine-grained mas
sive yellowish sandstone. This in turn is followed below by 
rudely stratified conglomeratic limestone with a bluish sandy 

15 Jour. Geol. TOJ. III. 1>. 304; 1~95. 
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matrix. Locally this limestone is represented by sandstone con
taining blocks and pebbles of limestone. This bed ranges to 
more than fourteen feet in thickness. At the base is a brown
is~ conglomeratic limestone ten feet thIck which is believed to 
represent the basal beds of the Verdi. The massive sandstone 
of variable thickness below the Pella limestone is referred to 
the basal Pella while the underlying sandy conglomeratic lime
stone very probably belongs to the Upper St. Louis. 

The Upper St. Louis is exposed on the west fo rk of Thatcher 
creek, about one hundred and fifty yards above its junction with 
the east fork near the middle of the west line of section 1, T. 
68 N., R. 10 W. The formation at this locality contains a bed 
of sandstone. 

SeCJtion 0'1'1 Th4tche-r creek. 
PELLA FEET 

4. Sandstone, soft, light gray when fresh but weathering yellow· 
ish; fine· grained, massive. Locally structureless but else· 
where exhibiting cross· bedding. Slightly overhanging. Ex-
posed ... _ ............. _ .................. , .... _ .......... _ .... _ ................ _ .... _................. 10 to 12 

UPPER ST. LOUIS 
3. Limestone, compact, gray, rather brittle; in heavy . layers 

when fresh but weathering to thin layers and flakes. Bears 
Leperditia sp. and shells of a small pelecypod. Apparently 
lenticular ... _ ................ _ .......... _ .................... _ .... _ ..... _ ......... _............... 2 to 4 

2. Sandstone, fine· grained, soft, bluish, calcareous. Thinnest 
where limestone above is thickest and vice versa ...... _ .. _........... 1 to 4 

1. Limestone, light gray, sofh massive, structul'eless, flaking off 
parallel to face of bluff; with occasional stylolytic 'seams and 
a few patches of greenish mnterial. Exposed ... _ .. _ ............ _..... 6 

At the north end of this bluff section all of the above beds are 
involved in a disturbance which was accompanied by consider
able shearing and brecciation. The movement appears to have 
been due ' to compression which caused the converging of two 
blocks over a wedge-shaped mass. A tongue of mashed and 
brecciated Pella limestone about twenty-five feet broad is 
sheared down into the disturbed area although this member has 
been removed by erosion elsewhere in the bluff. 

There is a second exposure of the same strata on the east 
fork of Thatcher creek just below the wagon bridge and a short 
distance above the junction with the west fork. Beds 1 and 2 
of the preceding section are represented here by a continuous 
bed of sandstone with an exposed thickness of twelve and one
half feet. 

At the Price quarry on Price creek in the southwest quarter 
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of section 20, T. 69 N., R. 10 W., the Lower St. Louis shows evi
dence of its shallow water origin in the form of strongly de
veloped cross-bedding and contemporaneous erosion phenomena. 

S eaion iIn the Price quarry. 
FEET INCHES 

6. Drift, yellowish, sandy, oxidized. Maximum thickness ... ____ ____ 10 
UPPER ST. L OUIS 

5. Limestone, buff, do,lomitic, in rather thill layers ______________________ 2 
4. Limestone, buff, dolomitic, compact, disturbed, brecciated and 

conglomeratic. At one point this member bears at the top a 
bed of medium-grained gray sandstone one foot thick. Resting irregulaa-Iy on bed below _____________________________________________________________ 5 8 

LOWER ST. LoUIS 
3. Limestone, compact, gray, tough, unaltered. Preserved as a 

small lens at one point only _______________________ _________ _______________________ 0 to 10 
2. Limestone, fossiliferous; ill places cherty; imperfectly dolo

mitized. Represented at some points by compact gray lime
stone with molds of fossils and at others by dense bluish 
mag'nesian limestone weathering buff. Locally this bed ap
pears to fill smaU channels in the bed below. One such channel 
is three feet deep and about twenty-four feet wide_ This mem-
ber is evenly bedded while the member below is cross-bedded 0 to 2lh 

1. Limestone, in the form of one massive ledge in quarry faoo, 
arenaceous, magnesian; filled with rather coarse Band grains; 
bluish when fresh but weathering buff, cross-bedded; locally 
exhibiting a tendency towards thin lamin.a.tion .. ___ __ ___ :________________ 7 

The cross-bedding in bed 1 is on a large scale. The heavy 
sloping massive layers are truncated by the bed above. A short 
distance down the creek, in the south bank, twelve feet of cross
bedded limestone is shown at the horizon of bed 1. It is over-' 
lain by drift. The upper two feet is fossiliferous and more thin
ly laminated. Below these inclined' layers is a blue soft lime
stone with fucoid markings resembling worm castings. It has 
an exposed thickness of two feet. 

In the quarry at the mouth of P,rice creek, in the eastern part 
of section 20, the Upper St. Louis is thicker than usual and is 
somewhat different lithologically ' from other exposures in this 
part of the state. 

Section in qualiTy alt mouth of Price creek. 
FEET INCHES 

8. Drift. 
PELLA 

7. Limestone, gray, fractured _________ __ _________ ____________ :____________ ________________ __ _ 6 

6. Sandsto·n.e, soft, :fine-grained; resting upon the irregular sur-face of the bed below ______________________________________________________________ . 6 8 

UPPER ST_ LOUIS 
5. Lim€5tone, gray, rather soft, in two massive ledges, fractured, 

stylolytic; with thin shaly seams near the middle which beM 
a few fossils such as Syringopora sp., OrtM'tetes sp., Zaph-I'entis sp. .. ________________________________________________________________ ____ ______________ ____ 11 9 
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4. Limestone, buff, magnesian, dense and massive above but softer 
and thin-bed:ded below ________ ____________ __ __ ____________ ______________________ 3% to 5 

3. Limestone, consisting of interbedded layers of compact and 
granular gray limestone ____ ______ _______ __________________________ _________ .4 1/3 to· 5 1/3 

2. Limestone, brecciated, buff, magnesian; shiaily in upper part; poorly exposed ___________ ________________________________________________________________________ 8 

LOWER ST. LOUIS 
1. Limestone, buff, magnesian, bluish when fresh; fucoid mark

ings in a zone about six inches below the top_ Lower three 
feet arenaceou.s and cross-bedded. Upper . part massive. To 
bed of creek ____________________________________________ .. ____________________________ .____________ 8 6 

The Upper St. Loujs is exposed in the south bank of Chequest 
creek at the bend. about one-half mile above its mouth (NE.14 
of SW.14 sec. 27, T. 69 N., R. 10 W.). It is here represented in 
part by sandstone as in the Thatcher creek section. 

Section on Cheq~!e8t creek. 
PELL.... . FEET INCHES 

6. Limestone; gray, . slightly brecciated __ __ _____ .__ _________________________________ 7 6 
5. Sandstone, massive, fine-grained; bluish when fresh but weath

ering yello·wish; with occalsional angular and sub an gular . 
blocks of compact gray limestone which bear pelecypods re-
sembling Pella types ___________ ______________________________________________________ 6 to 'Ph 

UPPER ST. LOUIS ' 
4. Limestone, . compact, gray, with a tendency to cleave; locally 

mashed _____ __ ____ __ __ ________ ____ __________________________________________ __ ___ ___ ________________ 1 to 31Al 
3. Sandstone, massive, bluish; in places filled with rounded and 

subangular pebbles of compact gr.ay limestone __________________ 3 to 7 
2. Limestone, Jl,ne-grainec1, gtfLY, rather soft, massive, stl'uctureless, 

stylolytic; with occ.asiomil small dark c.olored rounded chert 
concretions; tendillg ' to flake ' off parallel to face of bluff. 
Total t~ckness exposed 0I!~Y at onc point where a small 
anticline brings - it above 'the level of the creek. Locally 
slightly brecciated ________ __ : _______ ! ____ __ ___________________________ __ .-;- ____ ____ __ ___ ________ • 8 . 6 

1. Sandstone, fine-grained, bluish, 'soft, some layers calcareous; 
exposed in a small anticlinal flexure _______ _____ _____________ __ .... _._ .. _ ...... _ 2 

B~ds ranging from the Lower St. Louis limestone to the Des 
M~ines sandstone are exposed in the Kilbourne bluff, in the 
east bank of Lick creek near its mouth, in the southwest quarter 
of section 1, T. 69 N., R. 10 W. The section is as follows: 

Section in KilbO'llrne bluff. 
FEET 

7. Drift. 
D ES MOINES 

6. Shale, drab in basal part amd carbonaceous above ___________________ . 28 
PELLA 

5. ' SLope, strewn with blocks of lim~one _____________ ___ __ __ ____________ __ ________ 5 
4_ Limestone, gray, r esting on the uneven surface of the bed. below ________________________________ .. __ ___ _______ .___________________ _________________ ____ __ __ _________ 3 

UPPER ST. LOUIS 
3. Limestone, grfUlular to compact, thin-bedded, much fra,cturcd; 

contact with bed: below irregular ______ ________ ____ __________________________ ____ ___ 6 to 81Al 
2_ Limestone, dense, compact, gr·ay, brecciated, no semblan,ce 0'£ 

original structure preserved. Resting on the irregular surface 
of the bed beneath ______ ____________ __ ____________ . ______________________ ____ __ _________ ____ . 3% to 8Y2 

LOWER ST. LOUIS 
1. Limestone, buff, magnesian, massive. Exposed ________ __ ______________ 1614 
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The upper surface of bed 2 is very irregular. Mounds of con
glomerate . limestone locally extend several feet up into bed 3. 
Inasmuch as bed 3 does not arch up over these mounds but 
tends to fill in the depressions between them and is not itself 
conglomeratic it is believed that the disturbed character of bed 
2 is original. 

A bed resembling closely bed 3 of the preceding section is ex
posed in the east bluff of Des Moines river one and one-half 
miles southeast of Kilbourne. This bed rests directly upon the 
Lower St. Louis. It is possible that bed 2 of the Kilbourne 
bluff section is absent here, but this cannot be proven definitely. 
See the following section: 

Section sQutheast of Kilbo1wne. 
FEET 

5. Concealed to brow of hill. 
PELLA f 

4. Sandstone, fine· grained ..................... _ ................ _............................. 2 to 3 
3. Concealed ................................................... _ .......... _ .... _ .... _................. 1 

UPPER. ST. LOUIS 
2. Limestone, gray, granular to compact. Lower portion consist· 

ing of thin·bedded, granulaJ" and compact limestone which is 
somewhat cross·bedded where it is undisturbed. Upper portion 
consisting of a breccia of compact gray limestone in a calcar· 
eous matrix. Maximum measured thickness ............. __ ............... 14 2/3 

LOWER. ST. L OUIS 
1. Limestone, buff, magnesian. Exposed ........... :.............................. 20 

Des Moines COtl!nty.-In the report on the geology of Des 
Moines cou~ty Keyes16 describes the distribution and character 
of the St. Louis as follows : 

"The chief exposures of this formation are in the extreme 
southwestern corner of the county where it underlies an area 
of perhaps thirty square miles. It covers most of the uplands 
of Augusta township and probably nearly one-half of Danville 
township. A small area also occurs in the western part of Un
ion township. The outcrops are principally on Long and Cedar 
creeks and on the Skunk river." 

The exposures are small and the formation is similar in de-
velopment in all respects to that in the adjacent counties of Lee 
and V an Buren. 

Henry County.-The St. Louis limestone constitutes the bed 
rock over a much larger area in Henry than in any other county 
in Iowa. In the extreme western and southern borders there 
are narrow, irregular strips of Des Moines sandstones with oc-

la Iowa Goo!. Survey; vol. In p. 447; 1895. 
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casional small adjacent outliers. Small outliers of this forma
tion occur also in Center township near the middle of the county 
and in the extreme southeastern part. The Keokuk limestone 
and Lower Warsaw shale outcrop along Skunk river in the 
south-central part of the county ~nd along Mud creek, a tribu
tary of this stream in the southwestern part. These are the 
only important known exceptions to the universal extent of the 
St. Louis as the surface rock of Henry county. 

N early all of the important exposures of the formation are in 
the southern part of the county, the more typical outcrops being 
along Big Cedar, Little Cedar, Brush and Big creeks. 

The most complete section observed by the writer in Henry 
county occurs along Big creek in section 7 of Baltimore town
ship. Both divisions of the St. Louis appear in a high bluff just 
above the wagon bridge in the southwest quarter of this section. 
The Croton member is very much mashed and breccia ted and 
is imperfectly dolomitized. It has a thickness of about thirtv
five feet. The lower part is shaly and at the base of the secti~n 
there are carbonaceous searrns. At both the east and west ends of 
the bluff there appears more evenly bedded and less disturbed 
brownish dolomitic limestone, which abuts into the disturbed 
phase. Near the east end of the bluff the Upper St. Louis is 
exposed in the form of two beds of gray limestone. The lower 
bed is three to four feet thick and consists of fine-grained, dense 
much brecciated and partly dolomitized limestone. It has a 
rough upper surface and rests on the irregular surface of a 
soft brownish dolomitic limestone layer of Croton age contain
ing silicified specimens of Libhostrotion canadensis. The upper 
bed consists of granular to compact thin-bedded slightly frac
tured limestone seven feet in thickness. 

A few rods upstream from the abov;e described bluff section 
the following succession is shown near the mouth of a small 
ravine: 

Sectio'll on Big uree"k. 
P&iliA rUT 

7. Concealed; slope to top of hill overspread with blocks (}f 
Pella limestone ......... __ .......................................................... _........... 3 

6. Limestone, ;exposed ......... _ .................................. _ ................ _........... 1/3 
5. Concealed; upper part of slope strewn with blocks of P ella. 

limestone; lower part wjth blocks of fine·grajned sandstone .... 9lh 
UPPER ST. LOUIS 

4. Limestone, granular to compact, no fossils noted ........................ 71Al 
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3. Limesrtone, fine-grained, compact, gray to buff; imperfectly 
dolomitized; little disturbed; co,nItacts above and below poorly 
shown ... _. _________________________________________________ ----------.. --------------------------------

LOWER ST. LoUIS 
2. Limestone, buff, massive, dolomitic, probably the. Lithostrotion 

oamadensis zone __ . ___________________________________________________ ---------------------. 

1. Limestone, buff, massive, dolomitic -----------------------------------------------

3 

4 
5 

265 

A third important exposure is shown above the bend of the 
creek near the center of section 7. The Lower St. Louis has an 
exposed thickness of thirty-five feet at one point. The lower 
part is mashed and deformed but the higher layers are only 
slightly brecciated. The Upper St. Louis is twelve feet thick 
and consists of two members very similar in character to those 
in the above described bluff section farther down stream. 

A good exposure of the St. Louis is present in a meander 
scarp of Big creek, near the center of section 6 of Center town
ship. 

Section of St. LO'U,is li1pestone on Big creek. 
FEET INCHES 

8. Drift, yellowish brown clay containiD.g gravel ___ __ ___________ .__________ 2 
UPPER ST. LOUIS 

7 _ Limestone, com pact, gray, slightly brecciated; massive b~low 
but thin-bedded and nodular above; with rounded limestone pebbles in upper part ______________________________________________________ . __ .____________ 4 6 

6. Sandston~, gr,ay, fine-grained, soft _______________________________________________ 8 
5. Limestone, light gray, granular, bearing Lithcstrotion pro

li/erum, Compo.sita tr'inuclea, Spirifer sp. and Girtyella indian-. ensis ________________________________ . ___________ ______________________________ ._________________________ l ' 8 

4. Limestone, buff, dolomitic, soft, rather thin-bedded; weather
ing to thin irregular chips. A layer near the top is filled with worm castings ' _____________________ . _________ . ___ .. ________ . _____________ ... _______ ._______ 7 6 

LOWER ST. LOUIS 
3. Limestone, dolomitic, buff, in one massive ledge. The Litho-

strotion canadensis zone .. _____ ... _._. _________ ... _ .. _ .. _______ .. __ .. _._._______________ _ 3 6 
2. Limeston.e, buff, dolomitic.. in rather thin layers; ·resting on 

the irregular hummocky surface of the bed beneath ____ . ___ .. __ 3 
1. Limeston'e, gray, brecci3lted. The lower part is locally evenly 

bedded, buff and dolomitic _ .. ___ ....... ___ _________ ._ .. ___ . _____ . __ .. _ ...... _____ ._ 15 

The following beds of the St. Louis are exposed in the Win
ter quarry, located near the railway bridge over a branch of 
Big creek, in the southeast quarter of section 17, Center town
ship: 

Section of St. Louis limestone in m e Winter q~larry. 
FEET 

9. Drift ----.- ...... ________ ._._ .... _ .. ___ ... __ . ____ .. _. _____ . ___ ._ .. ___ ..... __ .. _______ .. _._ ... __ . __ ... ____ 4 
UPPER ST. LOUIS 

8. Limestone, soft, shaly; mostly concealed at presoot _ .. __ ._ .. _. ____ ._ 6 
7. Limestone, fine-grained, compact, gray; breaking with sub-

conchoidal fmcture; slightly brecciated . ____ . _______ .. _ .. __ ._ .. ___ .. ____ .... __ 10 
6. Sandstone, fine-grruned, bluish, shaly ____ ... __ . __ _____ ___ ... ___ ... ____ .. _________ 4 to 5 
5. Limestone, fine-grained, dense, gray; in some places aren:ace-
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vUS; with nodules and bands of dark flint ____________ ____________ __________ lh to Ilh 
4_ Sandstone; in part fine-grained, gray, calcareous, massive; 

with irregular stratification lines; in part shaJy and lamin-
ated; resting 011 the uneven, eroded surface of the bed below Ph to, 2lh 

3_ Limestone, light gray, compact, fine-grained, dense; usually 
badly mashed and brecciated but ill places little disturbed; 
wi th occasiollal reddish chert Ilodules; resting on the uneven surface of the bell beneath ____________ __ _____________ ___________________ ___________ __ _ 3 to 3lh 

LOWER ST_ LOUIS 
2_ Limestolle, buff, dolomitic; weathering illto ra,ther thin irreg

ular layers; with small irregular patches of unaltered gray 
limestone and an occasional non silicified specimen of Litho-
strotio1~ canadensis ___________ ___ _________ _____________ _______ _________ _______ __ ___ ___ __ ___ ____ 21f2 

L Limestolle, buff, dolomitic, in rather thiu layers; obscure 
worm t,;bes noted at one point in upper pal't.; beM'iug occasion
al rounded chert nodules: containing Brachythyris altcmensis, 
Avicnblopectm sp_ and other fossils_ Exposed _____________________ ___ ____ 5 

Another excellent exposure of the Croton limestone is located. 
approximately one mile east of the town of Lowell, in the west 
bluff of Mud creek, near the wagon bridge. This division is less 
disturbed at this locality than usual and consists of massive buff 
to brownish dolomitic limestone 'about thirty-five feet in thick
ness. It is underlain by shales of Lower Warsaw age. 

The character of the St. Louis limestone in the northeastern 
part of Henry county is well brought out by the following de
scription by Savage17 of a quarry exposure in Scott township. 

"Twenty miles directly north of the Lowell exposure and sep
arated from it by almost the length of the county, there is an 
interesting quarry in the Se.1,4 of section 4, of Scott township, 
about one mile northeast of the town of Winfield. At this place 
an exposure just north of the road on land owned by Mr. G. W. 
Wilson shows the following succession of layers: 

SectiQn. 
FEET 

5. Clay of a reddish brown color contairuing gravel ____ __ ___ ____________ __ 5 
4. Bed of fine-grained, fissile limestone, light gray in color, the 

layers ' pne to three inches in thickness, and containing but 
few fossils ______ _____ _______ __ ________ ___ __ __ __ :_. ____ . __ . _________ .___________ __ ________________ 4 

3. Bed of rather soft, fiue-gI1ained standstoue_________________________________ 61h 
2, Bed of bluish grflly limestone, the layers three to eight inches 

in thJi.ckness neal' the top, but in.creasing to as much as twelve 
inches nea~' the base, The layers are separated by shaly part-
ings which contain numerous fossils ___ __ . ____ .___________________________________ 10 

1. Yellowish brown magnesian limestone p€'l.'fOl'ated with irreg-
ularly shapell cavities ; to the ba e of the exposure __ __ _____ __ __ ____ 2 

Number 1 in the above section is of a stronger yellow color 
than the magnesian limestone u ually met with over the COlmty. 
It is less compact and contains a greater number of cavities 
which resemble water worn passages. No traces of fossils were 

17 Iowa Geol. Survey, vol. XII, pp. 277, 2'18; 1902. 
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found in the rocks of this member. Number 2 is a bed of gray 
limestone. · The narrower layers are somewhat shaly and weath
er easily into thin fragments, but the thicker portions are com
pact and durable. The shaly bands are very fossiliferous and 
among them the following forms are abundant: 

Zaphrentis spinulosa E. and H. 
Lithostrotion canadensis var. proli

ferum RaIl 
Syringopol'a; sp. undet. 
Archaeocidaris sp. spines and plates 

F enestella sp. 
Dielasma fonnosa f Hall 
Spirifer keokuk Hall 
Eumetria marcyi Shumard 
Athyris subqua.dcr-ata , RaIl" 

Beds 1 and 2 of the above section probably represent the Cro
ton while the overlying beds are believed to be of Verdi age. 

Another section of interest, located in the northwestern part 
of the county, two miles west of Wayland, also is described by 
Savage.IS 

Section of St. Louis limestone ~vest of WayZwnd (after Sarvage). 

FEET INCHES 
6. Bed of browIlJ sandstone, rather hard ILlld coarsely granular 4 
5. Layer of white fine-grained nonfossiliferous limestone ____________ 1 2 
4. Soft fine-grained sandstone ____ . _________________ ________________ ____________________ 12 

3. Layers of light colored limest.one, eight to ten inches in 
thickness, containing no fossils ____ . ___________________________ . _____ .___________ 1 6 

2. Band of clay- or marl containing very numerous casts of a 
fossil which somewhat resembles a species of Athyris ___________ 4 

1. Layers of light gray n0l!fossiliferous limestone down to the level of the stream _________________________________ . __ ___ __ . ____________ . __ ... _____ .__________ 2 

Jefferson County.-The mantle rock is underlain over the 
greater part of Jefferson county by the Des Moines formation. 
The St. Louis as mapped by Udden/9 appears in the northeast
ern part of the county where it has been uncovered by Skunk 
river and its tributaries; over a small area in the extreme north
western part of the county; as small inliers in the eastern, 
south-central, and southwestern parts; and as ribbon-like areas 
along Cedar creek and its tributaries in the southeastern part. 

One of the most complete sections in the entire county may be 
studied in the Cedar Bluff of Skunk river just southeast of the 
mouth of Rattlesnake creek and one-fourth mile east of the 
southeast corner of section 12, Lockridge township. The St. 
Louis is underlain here by fine-grained, bluish sandstone of 
Spergen age with an exposed thickness of twenty-one feet . 

18 Idem, p. 2 76_ 
19 Iowa Geol. Survey, vol. XII, pp. 355-437; 1901. 
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Section of St. Louis limestone on S7cun7c river. 
FEET INCHES 

14. Drift .----........ -----__ .. _ .................................... _ ........................................ _ 1 
UPPER ST. LOUIS 

13. Limestone, gray to light gray, less brittle and dense than the 
bed below, containing Productus ova,tus, Composita tritnruclea, 
d lloris-ma. si71lnata .... ---.. --........ ~ .. ___ ................ ___ .. __ ........ _ .. ___ .. _ .. __ .... __ .. _ 2 6 

12. Sandstone, soft, fine-grained, bluish, incoherent _ ............ __ .. __ .... _ 2 
11. Sandstone, gray, calcareous, fine-grained, in a single lruyer...... 6 
10. Limestone, gray, compact, fine-grained, brittle, middle a.nd 

upper parts with ribbon-like stratification .. __ ........ __ ...... _ .... __ ...... 3 6 
9. Shaly parting ................................ _ ................ __ .. _ ...... ______ ........ __ .... __ .. _ 4 
8. Limestone, oompact, dark gray, fine-gra.ined; rather heavily 

bedded; slightly disturbed in upper part __ .. _ .... __ ........................ ___ 1 6 
7. Limestone, compact, gray, nodular; in the form of rounded 

pellets, ranging from size of pea up to size of walnut, in a 
shaly matrix. Filled with Composita trinuclea .... ___ ................. 6 

6. Limestone, gray, compact, fine-grained, brittle; weathering 
into thin ftal,es; 10caUy brecciated and mashed down into the 
bed below; with stylolytic seams. Lower contact poorly p.x
posed but appears to be irregular where mashini:;- has not taken 
place. Spirifer cf. S. pellaensis and Composita trim!clea .. __ 5 to G 

LOWER ST_ LOUIS 
5. Limestone, yellowish to brownish, dolomitic, much decayed; 

shale in lower and upper parts; of differing- thickness due to 
mashing down of limestone above .................... --...... -........... 41h to 71h 

<4,. Limestone, brownish, tough, massive, dolomitic; wit;ll small 
fragments and nodules of chert; indistinctly stratified; con
tact with bed below is an irregular wavy line; slightly vesicu-
lar; in one massive layer ............ .. __ .... __ .. __ ...................... _ .......... _ 3 6 

3. Limestone, gray, tough, dolomitiC, hard; weathering buff and 
soft; in layers 2 to 18 inches thick; receding slightly beneath 
bed above. Upper surface irregular_ Top layer thickens 
and thins from above; shaly and arenaceous in lower part 
and grading down into the bed below ..... _ ...... __ ................. __ ........ _ 4 6 

2. Shale, bluish, argilLaceous, with seams of light gray more 
calcareous shale _ .. _____ .. _ .......... ____ .................. _ ........................... _ .. __ .... _ 3 

1. Limestone, oompact, buff, dolomitic; in a single layer. Prob-
ably the base of the Lower St. Louis _ ............ _ .... _ ...... __ .... ___ .... _ .. _ 8 

An excellent section of the Lower St. Louis occurs in an old 
quarry opening in the north bank of Turkey creek near the cen
ter of the northeast quarter of. section 11, Lockridge township. 
It is here underlain by fifteen and one-half feet of Spergen 
sandstone. 

Seotion of Low'er St. Lo'uis lvmestone on T~!T7cey cree7c. 

UPPER ST. LOUIS FEET 
9. Slope, covered with loose blocks of gray nondolomitic lime

stone. 
LOWER ST. LOUIS 

8. Limestone, gray" , dolomitic, ! weathering brown.ish, poorly 
exposed ........ __ ...... _ ........ __ ................ _ .... ____ ................ _ ...... _____ .. __ ............ 3 

7. Limestone, gra.y weathering buff, soft, dolomitie, much rotted, 
structul'eless .......... _ .. ____ ........ __ ...... __________ .... __ ...... _ .... _ ........ __ .... _ ........ _ .. _ 4 

6. Limestone, dark gray weathering buff; tough; massive below 
but thin-bedded above; projecting _ ......... __ .............. _ ........ _____ .... _ 2:14 

5. Shale, bluish, weathering buff; arenaceous and dolomitic 
above but calcareous below .. __ .... __ .... __ ........ ____ .. __ .............. _ .......... __ 4 1/ 6 

4. Limestone, compact, dense, dove-colored, brittle; with fine 
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lines of stratification; upper and lower surfaces uneven; brec· 
ciated; mashed d:own at O!lle point 2 or 3 feet into bed belo.w; 
bearing many small irregular areas of calcite and a few buff 
pa.tches of dolomite. Pinches out at east end of quarry, prob· 
ably owing to dolomitization. Probably bed 8 of Cedar Bluff 
section ................................. _ .......... _...................................................... 0 to 1 ~ 

3. Limestone, gray weathering slightly yellowish, soft, dolomitic; 
massive below but laminated above; of variable thickness ow· 
ing to mashing down of bed l!1Jbove ......... _..................................... 3 to 4 1/3 

2. Shale, bluish, caloareous, weathering slightly yellowish; of 
variable thickness owing to mashin.g ............... _ .... _....................... 1% to 3 

1. Limestone, gray, subcrystalline; mottled with yellowish dolo· 
mitic patches above, but shaly, buff and dolomitic below; 
resting on the slightly undulating surfa.ce of the Spergen 
sandstone .............................................................................................. 1 

The following section is exposed in a quarry and in the ravine 
nearby in the southwest one-fourth of the southeast quarter or 
section 3, Lockridge township. 

Section of St. Lo'uis liflnestonc in section 3, Loo7cridge township. 

UPPER ST. LOUIS FEET INCHES 
12. Sandstone, gray, calcareous ... _......................................................... 1 6 
11. Sandstone, fine·grailled, soft, shaly .... c....................... ...... ..... ......... 3 
10. Limestone, gray, compaet .......................................................... 1 to 2% 

9. Limestone, compact," gray, nodular; ·filled with a Composita.... 6 
8. Limestone, gray, compact, brecciated ......... _ ........ _ ........ _ ....... 3 to 5-% 
7. Shale, bluish, calcareous; of variable thickness owing :to 

mashing .................. .................. ............................................. _ ........... 1 to< 3 
6. Limestone, brownish, dolomitic, tough; with reddish, 

quartzose masses ......... _ .................................. _ .......... _....................... . 6 
LOWER ST. LOUIS 

5. Limestone, gray, compact, containing Lithostrotion pmlifer· 
um, Syringopora sp. and. Compositn trinuclea ............................ 2 6 

4. Limestone, gray, dolomitic, slightly vesicular, massive; worm 
burrows in 6· inch zone at top ... _ .................................. _............... 5 6 

3. Shaly pa.rting ................................. _ ........................................ _........... 8 
2. . Limestone, gray weathering yellowish, dolomitic, tough, mas· 

sive; irregularly bedded owing to mashing and deformation .... 7 6 
1. 'Shale, bluish, dolomitic, weathering buff. Exposed ...... ............ 4 

Other characteristic exposures appear in Round Prairie town
ship. The accompanying section is exposed in the bluff at the 
south end of the bridge over Cedar creek, near the middle of the 
south line of section 33. 

Section of St. Louis limestone ()'11; Cedar creek. 
FEET iNCHES 

10. Drift, to brow of hill ... _ ................................................. _ .. _.............. 6 
UPPER ST. LOUIS 

9. Limestone, gray, fine·grained, compact .......................................... 1 6 
8. Concealed ... _ ................... ___ _ ................... _ ................................. _........... 1 3 
7. Sandstone, gray weathering buff; massive in middle but thin· 

bedded above and belo·w ... _ ........................................ .......... _........... 7 
6. Shale, soft, buff, dolomitic ................................................. _............. 8 8 

LOWER ST. LOUIS 
15. Limestone, gray, fine·grained, compact, brittle, non dolomitic ; 



270 MISSISSIPPIAN S'l'RATA OF IOWA 

containing Lithostrotio1l, p?'olifemm, !::Jpirifer sp., and other 
fossils ... - ....... ......................................... ......................................... ...... 1 7 to 

2 
• 4. Limestone, gray weathering buff, dolomitic, with occasional 

rounded chert nodules; rather soft above. Bears the follow· 
ing fossils : Girtyella indiarnensis, Spirifer sp., S. pellaensis, 
Composita t?'inuclea and Straparollus sp. ............................ .......... 4 

3. Limestone, gray, dolomitic, weathering buff; in two heavy 
layers ................................................ .......................................... ............ 2 8 

2. Limestone, gray, aren~ceous, thin· bedded ; cross· bedded below; 
bearing Lithostrotion prolifemm ........................ ............................ 4 2 

1. Limestone, gmy, subcrystalline, non dolomitic. Exposed to 
level of water in creek .................................................................. ..... 1 6 

A good exposure of the 1St. Louis occurs in the north bank of 
Cedar creek a short distance E;l~st of the southwest corner of 
section 34 of the same township. 

Section of St. Louis limestone on Cedar creek in section 34. 

UPPER ST. Lours , FEET INCHES 
5. Limestone and sandstone interbedded, the sandstone predomi· 

natin.g belo·w and the limestone above. Sandstone soft, fine· 
grained and gray; limestone gray, compact, dense and slightly 
brecciated. At the top no sandstone appears and the lime· 
stone is filled with small sinuous tubes of calcite. Some of 
the limestone layers exhibit a tendency towards lamination .... 23 

4. Limestone, gray, fine·grained ; filled with clark brecciated chert 1 6 
3. Sandstone, gray, calcareous, weathering yellowish, very iregu· 

larly bedded. Locally filled Witll small angular fragments of 
whitish chert ......... _ ...................... _....... .............................................. 4 

LoWER ST. LOUIS . 
2. Limestone, light gray, fine·grained; weathering to irregular 

angular blocks. Bears Lithostrotion oanadensi.f in calcareoU5 
form. This ' and the bed below are undulating and much 
disturbed ... _ .... _ .... _ ........... _........................ ......................................... 1 9 

1. Limestone, dark gray, dense, compact, tough, brecciated. 
Exposed to water level ... _ .......... _ ..... _ .................... _ ....... ,-................. 4 6 

At the meander scarp of the large meander, a short distance 
east of this point, in the northeast quarter of the southwest 
quarter of section 34, the Pella limestone, with a basal sand
stone three to four feet in thickness, ' rests upon bed 5 of the 
preceding section. 

Numerous other outcrops of the St. Louis limestone in J ef
ferson county have been described by U dden20 but inasmuch as 
the general character of the formation is much the same as jn 
the exposures described above further space will not be given to 
them here. 

Wapello County.-The beds in 'Wapello county 'which were 
mapped and described as St. Louis by Leonard21 are believed 

20 Iowa Gool. Survey, vol. XII, pp. 368-386: 1901. 
21 Iowa Geo!. Survey, vol. XII, pp. 439-499; 1901. 
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to be everywhere of Pella age. They were so identified by him 
with the exception of a layer of soft sandstone, which was seen 
below the limestones at two localities, and which he referred to 
the Verdi. According to the observations of the writer this 
sandstone is more probably of basal P ella age and it is so re
garded in this r eport. 

Louisa County.- In the report on Louisa county submitted by 
Udden22 reference is made to only one locaiity where rocks be
lieved to be of St. Louis age outcrop. I quote from his descrip
tion : 

. "On the left bank of Honey creek in the Se.14 of the Sw.14 of 
Sec. 32, Tp. 73 N., R. 3 W., some twenty rods north of the 
boundary of the county, there is a limestone breccia of greenish 
gray color composed of fragments of varying sizes, interbedded 
in a calcareous matrix of the same color. Some of the limestone 
blocks contain fragments of crinoid stems and other unrecog
nizable fossils . There are also seen in them some small cavities 
filled with a bright green clay. The breccia is only three or 
four feet .high in the bank and rests on an uneven surface of the 
lower formation, which is yellow and weathered. An uncon
formity is here indicated. The rock extends only a few rods 
along the stream. A little farther down some reddish shaly 
beds appear on the same side of the creek. These are appar
ently continuous with the geode-bearing horizon of the Augusta 
(Osage), exposed nearby. The limestone breccia on this creek 
is entirely unlike anything else seen in the county. Doctor Bain, 
who visited the locality in company with the author, inclines to 
the opinion that it r epresents the St. Louis. stage. If such is the 
case ther e are possibly some more outliers of the same forma
tion under the drift in the southwest part of the county, where 
the bed rock occurs in wells at a considerably higher level than 
that of the Burlington limestone in the nearest outcrops". 

Washington County.-·Beds of St. Louis age cover the south
ern part .of the county with the exception of small areas in the 
southwestern part which are buried by the Des Moines forma
tion. 

The type section of the Verdi member is located in this coun
ty at an abandoned quarry one-half mile south of Verdi station, 
in the eastern part of section 9 of Brighton township. The suc
cession of beds there is as follows : 

22 Iowa Geol. Survey, vol. XI , pp. 55-12G; 1901. 
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Section one-ha~f 'mile south of Verdi, 
}'EET 

6, Drift, reddish, with decayed granite bowlders ____________________________ 41h to 11 
DES MOINES 

5_ Sandstone, coarse-grained, yellowish, soft ___________________________________ 0 to 6lh 
VERDI 

4, Limestone, compact, gray, finely brecciated ____________________________ 1/3 
3. Limestone, ash-gray, fine-grruned, rather soft, brecciated; 

thin-bedded and laminated above; locally little disturbed and 
heavily bedded below. Filled with stylolytic structure along 
fractures, Small pelecypods and L ep.erditia abundant in 
laminated layer at very top ________________ __ ________________________________ ___ ______ 91h 

2_ Sandstone, gray, fine-grained, soft, incoheren.t, shaly; thickens 
and thins owing to mashing down of limestone ab{)ve ____________ 1 to· 2lh 

1. Sandstone, massive, fine-grained, gray, soft, weathering yellow
ish; with mashed' irregular lentils of compact gray limestone. ExpOsed ___________ __ ____ . _____________________________________ __ ____ __ ______ . _______________________ 7 

In an exposure two hundred yards north of the preceding sec
tion in the west bluff of a small creek which parallels the rail
road the Lower St. Louis appears. ' It consists of twenty feet 
of sandstone, dolomitic and shaly below, with a large lentil of 
compact gray limestone, about five feet thick in the middle and 
fifty feet long, in the upper part. A thin seam of finely brec
ciated lim~stone near the top of the lens is filled' with a s~all 
brachiopod resembling Girtyella. Below the dolomitic shales 
comes four feet of thin-bedded, laminated buff dolomitic lime
stone with thin light gray to whitish chert bands. 

The following fossils were collected from bed 3 of the above 
described quarry section. 

Orthoootes , sp. A viculopec;.ten sp. 
A viculopeeten sp. Pustula alternata (N. and P.) 

Girtyella indianensis (Girty) 
Spirifer cf. S_ pella.ensis Weller 
Composita trinuclea (Hall) 
Edmondia , sp. 

Allorisma sinuata McChesney , 
Laevidentalium , sp. 
Bellemphon sp_ 
Leperditia carbonmia Hall 

The Lower St. Louis is exposed in the vicinity of Brighton 
mill, one mile slightly east of north of the town of Brighton, in 
the southwest quarter of section 20, Brighton township. The 
following section appears in the Skunk river bluff at the mill 
and in the banks of a small creek just south of the mill. 

Semion at and neM Brighton mill. 
FEET 

7_ Drift to brow of hill ________________________________________________________________ ,____ 3 
UPPER ST_ LOUIS 

6. Limestone, gl'ay, compact, brecciated; !!lot well exposed _________ ~___ 8 
5. Sandstone, gray, fine-grained, massive, calcaJ:eous ______ ________________ 5 
4. Sandstone, yellowish, soft, incoherent; filled with small an.gular 

fraglllents of whitish chert _________ __ __ ___ __ ________________________________________ . 2 to 3 



ST. LOUIS BEDS NEAR COPPOCK 273 

LOWER ST. LOUIS 
3. Concealed ......... _ .... _ .... _ .... _ .......... _ .... _ .... _......................................... 3 
2. Shale and limestone; thin layers of dark gray compact, dense 

limestone weathering buff, intercalated with layers of shale ... _ 1 %, 
1. ShaJe, bluish, argillaceous, with thin sandy seams ...................... 14 

In a quarry one-half mile south of the Brighton mill a bed 
believed to represent an upward continuation of number 6 of the 
preceding section is overlain unevenly by sandstone and shale, 
viz. : 

Section one-half mile south of Brighton I1Vill. 
FEET 

4. Drift ......... _ ...................... _ .................................. _ .......... _. .................. 4 
3. Shale, bluish, argillaceous ....................... _ .... _ ..... _ ................ _........... 1 
2. Sandstone, gray, fine· grained, thin· bedded, calcareous; weath· 

ering yellowish on surface; slightly cross·hedded; with thin 
seams and lenses of compact gray limestone in lower part. 
Resting on the uneven surface of the bed beneath .................... . 5 

1. Limestone, gray, nne-grained, compact, dense, brittle; breaking 
with subconchoidal to splintery fracture; in heavy, massive 
layers. Lower part slightly brecciated locally; with occasional 
small nodules of chert. Leperditia zone at top 4 to 6 inches 
thick. Bed 6 of pl'eceding S(lction. Exposed ............................ 5 

The fossils listed below are from bed 1: 

Zaphrentis sp. 
Syringopora sp. 
Orthotetes , sp. 
Productus ovatus Hall , 
Girtyella indianensis (Girty) 
Spirifer sp. 

Composita trinuclea (Hall) 
Allorisma sp. 
Sphenotus sp. 
Myalin,a , sp. 
Straparollus sp. 
Leperditia carbonaria Hall' 

An exposure in a ravine one hundred yards south of the quar
ry section shows the shale bed, number 3, to be overlain by five 
and one-half feet of interbedded shales and limestones filled 
with characteristic Pella fossils. It is probable therefore that 
the sandstone bed, number 2, of the · quarry section represents 
the basal member of the Pella formation. Bed f undoubtedly 
represents bed 3 of the Verdi section. 

An exposure in an abandoned quarry along the Chicago, 
Burlington and Quincy railway one-half mile northeast of Cop
pock probably represents a shaly facies of the Lower St. Louis. 
No fossils were found. 

S eotion northeast of Coppoc/.;. 
FEET 

3. Limestone, brownish, dolo:m.itic, with shaly and sandy seams; 
much decayed and Totted, and with solution cavities ..... _....... 8 

' 2. Shale, dolomitic and arenaceous, buff, poorly Ejxposed _. __ .... __ .. 12 
1. Sandstone, fine-grained, gray weathering yellowish. Exposed 3 

Bain23 has described other exposures of the St. Louis alo~g 

23 Iowa Geol. Suney, vol. V, p. 148 ft; 1896. 
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Crooked creek in the southeastern part of the county and on 
Skunk river between the Brighton mill and the west county line. 

/( eokuk Co'unty.-The St. Louis limestone underlies the great
er part of Keokuk county. Osage formations · appear in the 
northeastern p~rt and as isolated inliers in . the St. Louis in the 
southern half of the county. Areas of P ennsylvanian project 
into the county on the west and southeast and there are small 
scattered outliers in the interior. Elsewhere the St. Louis is 
the bed rock. 

The St. Louis as developed in Keokuk county has been sub
divided by Bain24 into three members designated as the Spring
vale, the Verdi, and the Pella. He reports the Pella beds as 
being sparingly present. 

His type sectio\l of the Spril1gvale is at the old Springvale 
mill on South Skunk river in section 34, Warren township. The 
writer has pointed out on an earlier p.age (p. 181) that the shaly 
beds exposed here are more probably of Keokuk age, as are the 
shaly beds in the" granite" quarry northwest of Ollie, which 
were referred by him to the Springvale. It is apparent, how
ever, that in a few instances, the beds elsewhere in the county 
designated by him as Springvale are of true Lower St. Louis 
age. 

One of the most typical sections of the Upper St. Louis ap
pears in a cut of the Minneapolis and Saint Louis railway one 
and one-half miles west of Ollie, in Jackson township. The fol
lowing description of this is modified after Bain.25 

Seotion of Upper St. L ouis lime.stone west of Ollie. 
}'EET INC lIES 

8. Drift, reddish ........................................................................................ 6 
7. Limestone, gray, compact, with subconchoidal fmcture, lamin· 

ated; in the form of large lenses in the upper part of the 
sandstone member below .......................................... ........................ 2 6 

6. Sandstone, fine·g)'ained, yellowish, of differing thickness due 
to limestone lenses in upper part. 'With )'oullded blocks of 
Jimestone in lower part .......................................................... :'l1h to G . 

5. Limestone, compact, g)'ay, not everywhere present .................... 8 
4. Limestone, brecciated, with shaly ::md sandy matrix ................ 6 
3. Limestonet ~ray, fine·grained .......................................................... 4 
2. Limestone, gray, compact, finely brecciated; upper part 

locally undi sturbed ...................................................... ...................... 2 
1. Limestone, gray, compac.t; locally slightly brecciated. Exposed 6 

24 Iowa Geol. Survey, vol. IV. p . 277 ff; 1895. 
2" Idem

f 
p. 281. 
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A layer of limestone at the very top of bed 1 is filled with a 
small species of a Pelecypod and a small L r:-perditia. The fos
sils of this bed and of bed 7 are as follows: 

List of fossils f7·om bed 1 of above section. 

Stellopora sp. 
Productus ovatus Hall 
Spirifer cf. S. pellaensis Weller 
Schizodus sp. 
Modiomorpha sp. 

Laevidentalium Bp. 
Bellerophon sp. 
Bellerophon sp. 
Bucanopsis sp. 
Straparollus sp. 

Allorisma sp. Leperditia d. L. carbonaria Hall. 
Allorisma sp. 

List of fossils from bed 7 of above &ection. 

Orthotetes kaskaskiensis Weller 
Spirifer pellaensis Weller 
Composita trinuclea (Hall) 

Ninety yards east of the above section, twenty-one feet of 
Lower St. Louis limestone is exposed in the bluff of a small 
creek which parallels the railway on the north. 

Section 7Wnety yards east of the precedvno section. 

4. Drift. 
LOWER ST. LOUIS 

3. Limestone, brownish, soft, dolomitic, a thin·bedded chipstone; 
with occasional chert nodules and II. few poorly preserved 

FEET 

fossils ......... _ ................ _ .... _ ........................................ _ ........ __ ........ _. 12 
2. Limestone, brownish, dolomitic; massive above, but thinner 

bedded and rotted below ........... _ .. _ ................ _ ........ _ .... _ .......... _. 4 
1. Limestone, shaly and arenaceous, bluish to buff; massive in 

lower part. Exposed ..................... _ .... _ ................ _......................... 5 

About one hundred yards east of this point another bluff on 
this branch shows Lower St. Louis in contact with the Upper. 
Twenty and one-half feet of dolomitic limestone, which is poor
ly exposed in its upper part, is succeeded by six feet of massive 
basal Verdi sandstone. This is overlain by two and one-half 
feet of shaly sandstone which is succeeded in turn by three feet 
of gray limestone. 

Another interesting section appears one-fourth mile farther 
east in the north bank of the branch a short distance north of 
the railroad and about one ana one-fourth miles west of Ollie. 

Seotion in m'eek bed west of Ollie. 
FEET INCHES 

9; Drift, with loose blocks of gray limestone .................................. 2 
UPPER ST. LoUIS 

8. Limestone, gray, compact, nne· grained, brecciated. Bed 1 of 
railway cut l!ection ... _ .... _ .... _ .......... _ ............ ,.................................. 7 
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7. Sandstone, very soft, incoherent, shaly ......... _ ................ _........... 2 
6. Sandstone, gr,ay weathering buff, in one massive ledge; cal· 

careous and irregularly stratified in lower part .......................... 5 
LOWER ST. LOUIS 

5. Limestone, buff, dolomitic; with occasional seams and lenses 
of gray compact limestone. Contact with bed above irregular 
and undulating ......... _ .......... _ ................ _............................... 1 /3 to 1 

4. Limestone, buff, fine·grained, dolomitic; soft and shaly in mid· 
dIe part; flaking off obliquely; with wne of worm borings 
four inches thick in lower part ..... _............................................. 2 

3. Limestone, gray, shaly, laminated ....... __________ __ _______ . ____________ ____ ____ __ _ 
2. Limestone, dark gray, fine-g:rained, dense . ____ . _____ . __ _____________ : _____ . 
1. Limestone, soft, buff, dolomitic. Exposed ______ ______________________________ 1 

6 
3 to 5 
8 to 12 

3 

Additional exposures in which the Verdi member of the St
Louis appears prominently are described by Bain (1) in a 
quarry located in the northeast quarter of section 12, T. 74 N., 
R. 12 W.; (2) in the bank of Cedar creek south of Sigourney 
(T. 75 N., R. 12 V.,T., sec. 10, Se.1,4 Sw.1,4); (3) in a railway cut 
north of Hedrick and near Showman station; and (4) in the 
Atwood quarry (T. 75 N., R. 13 VV., sec. 8, Ne.1,4) . 

The best evidence at hand supports the view that the Lower · 
St. Louis limestone rests upon shaly beds of Keokuk age in this 
part of the state although the writer has not observed any di
rect contacts. 

In the "granite" quarry, which is located in the southeast 
quarter of section 10, Jackson township, typical Keokuk lime
stone is overlain by cherty dolomitic shale ten feet in thickness. 
The fauna of this shaly member jndicates that it also js of 
Keokuk age, although Bain~6 referred it to the St. Louis. The 
following beds of Verdi limestone are exposed three hundred 
yards south of this quarry. 

Section of Verdi lilmestone near the" grawite" quan·y. 
FEET INCHES 

5. Drift ___ ___ __ _______________ ____ ___ _________ _________ ___ . ________________________ .. _________ ____________ ___ 1 

UPPER S'l'. LOUIS 
4. Sandstone, fine-grained, gray, massive __ __________________ __ _ .__ ___________ _____ 3 
3. Limestone, gray, compact, in single layer ___________ .______________ __ ________ 6 
2. Limestone, gray, fine-grained, finely brecciated ______ _________________ __ 10 
1. Limestone, gray, compact. Exposed ___ __ _________________________________ __ ______ 7 

Barometric measurements indicate that bed 1 of this section 
lies about twenty-two feet above the top of the highest member 
of the Keokuk in the" granite" quarry. It is believed that this 
interval is occupied by the Lower St. Louis limestone. 

Bain21 reports the occurrence of St. Louis limestone in con-

2S Iowa Geol. Survey, vol. IV, p. 278; 1894. 
21 Idem, p. 273. 
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tact with the Augusta limestone (presumably Keokuk) in the 
Connor quarry, in the southeast quarter of section 15, Sigour
ney township. 

His section is given below: 

Section in the Connor q~w,rry (After B wiIn). 
FEET 

2. Limestone, yellow, soft, magnesian; apparently arenaceous in 
part. Exposed ......................................... _ .......... _............................. 10 

1. Limestone, coarse, sub crystalline. Exposed at water's edge.... 4 

Bed 2 was referred by Bain to the St. Louis and bed 1 to the 
Augusta. At the time of the writer's visit bed 1 was not ex
posed. Bed 2 is partly concealed but it resembles the Lower St. 
Louis limestone. Bain28 says further: 

"About two and one-half miles west of Connor's quarry (Tp. 
75 N., R. 12 W., sec. 18, Se.1,4 Se.1,4), the Augusta limestone, 
having its usual characteristics, rises above the water four feet. 
Both above and below this point the St. Louis limestone is well 
developed. " . 

Mahaska Coun.ty.-According to Bain2P the Verdi member of 
the St. Louis and the Pella beds a~e the only Mississippiall 
formations exposed in Mahaska county. They outcrop at ip.ter
vals alon'g the valleys' of North Skunk, South Skunk and De:;; 
Moines rivers, which flow in a southeasteriy direction across the 
county in the northeastern, middle and southwestern parts reo 
spectively. Both the Verdi and the Pella members were mapper! 
by Bain as St. Louis without differentiation. The Verdi in this 
area contains a large proportion of sandstone. 

At Roberts mill, on North Skunk river, (T. 76 N., R. 14 W., 
sec. 4, Nw.1,4 Ne.1,4) Bain30 found twelve feet of poorly exposed 
interbedded sandstone and limestone of Verdi age. He also r e
ports six feet of interbedded Verdi limestone and sandstone as 
heing exposed at McBride's mill in the southwest quarter of 
section 15 of the ~'ame township. These beds are overlain by 
fossiliferous marls and limel:':tnJlPS of Pella age. 

The Verdi beds as shown in the valley of Des Moines river in 
the southwest quarter of section 14, T. 75 N'1 R 14 W"' 1 have an 

28 Iowa Geol. Survey, vol. IV, p. 273. 
29 Idem, p. 333 if. 
30 Idem, p . 326. 
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exposed thickness of thirty-five feet and consist of soft yellow 
cross-bedded sandstones which are capped locally by limestone. 
An exposure showing the Verdi limestone and sandstone over
lain by the Pella beds appears in the valley of Spring creek and 
in the Des Moines river bluff nearby in the northwest quarter 
of section 4, T. 75 N., R. 15 W. 

Other interesting exposures of the Verdi along Des Moines 
river are described by Bain31 as being present at and above 
Bellefountaine in the western part of Scott township. In sec
tion 18 he found eight feet of white calcareous sandstone over
lain by twelve feet of fine-grained bluish sandstone. Southward, 
in section 19, fifteen feet of limestone with irregular, cross
bedded sandstone layers of Verdi age is overlain by more than 
one hundred feet of Des Moines sandstones and shales. 

Marion County.-The Verdi beds are the lowest member of 
the St. Louis exposed in ,Marion county. So far as the writer is 
aware outcrops of these beds are confined to the valleys of 
South Skunk river and its tributary, Thunder creek, in the 
northeastern part of the county. 

The following section is typieal of the Thunder creek ex
posures. It is located in the east bluff of an old meander in the 
creek which is now abandoned as a result of an artificial cut-off 
in the northeast quarter of section 26, T. 77 N., R. 18 W . 

. Section of Verdi beds on, TlIIU'ri>der uree1c. 
FEET INCHES 

5. Drift ...................................................................................................... 3 
4. Shale, marly; with thin irregular layers of fine·gro.i.ned gray 

limestone. Exposed ............................................................................ 4 
3. Limestone, gray; with included rounded pebbles and grains of 

compact gray limestone and dark flint .......................................... 1 6 
2. Shale, bluish, 31rgillaceous, weathering buff ................................ 4 6 
1. Sandstone, yellowish, malSsive; with thin inte.Tbedded layers of 

compact gray limestone which weather in relief ........................ 27 6 

• Poweshiek Coun~y.-The geological map which accompanies 
Stookey's32 report on the geology of Poweshiek county shows an 
area of St. Louis linlestone in the southeastern part of the coun
ty. Inasmuch as no descriptions of outcrops in this area an~ 
given it is not known whether this represents the true St. Louis 
or the P ella since both 'were mapped as St. Louis in the reports 
issued at that time. 

31 Iowa Geol. Survey, vol. IV, p. 330. 
32 Iowa Geol. Survey, vol. XX, pp. 237·270; 1910. 
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Descriptions are given of exposures of both Pella and Verdi 
limestones in Sugar Creek township in the southwestern part of 
the county. S.tookey's statements regarding the Verdi are as 
follows: 

"In the northwest quarter of the southwest quarter of section 
36, Sugar Creek township, in the east bank of the river near the 
Stil,well bridge, eight feet of rather heavily bedded, compact 
limestone is exposed. It represents the middle phase of the 
Saint Louis stage, known from the typical exposures at Verdi 
in Washington county, as the Verdi beds. No fossils were no
ticed. Above the limestone exposure the drift is intermingled 
with fragments of limestone, indicating the extension of these 
beds upwards. Elsewhere, as in Washington county, the Verdi 
beds are characteristically brecciated, and in Keokuk county 
they alternate with beds of sandstone. The phase represented 
here is the compact cherty form of the limestone which to the 
southeast is found associated with sandstone." 

The stratigraphic relations of the St. Louis in this county are 
not entirely clear, owing apparently to the lack of outcrops 
showing this formation in contact with lmderlying deposits. It 
is possible that it rests upon the Kinderhook locally as indicated 
by Stookey's geological map of the county. However, Norton33 

identifies strata below the St. Louis as Osage in his records of 
deep wells at Grinnell. 

Marshall County.-With the exceptio~ of one small ~xposure 
in Bangor township, provisionally referred to the St. Louis by 
Beyer,s4 the bed rock over Marshall county is of Des Moines 
and Kinderhook age. Beyer's description of the doubtful beds 
follows : 

"In Bangor township in the SW.l,4 SW.~ of sec. 16, a heav
ily bedded, close-textured limestone is quarried in the bottom of 
Honey creek. The rock is of a dark, ash-gray color and con
tains some small, cherty concretions. Iron pyrites occur in 
bands and sheets in certain layers. The rock breaks with f'tn 
uneven or hackley fracture, and some blocks give a metaWc 
chink when struck 'with a hammer, No fossils conld be found. 
Lithologically, these beds have a very close resemblance to the 
lithographic facies of the Saint Louis limestone as exhibited 
at the quarries north of Ames on the Skunk river, and at Web-

33 Iowa Geo!. Survey. va!. XXI. p. 580 II.; 1912. 
84 Iowa Grol. Survey. yol. VII. P. 227. 
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ster Cit:y: on the Boone river. The area is mapped as Kinder
hook, but probably should be referred to the Saint Louis. Coal 
Measures overlie these beds at this point." 

Story Cottnty.-The highest consolidated rocks in Story 
county are everywhere of Des Moines age except for an irregu
lar inlier in the vicinity of .L\.roes, in the western part. Thjs 
owes its development to a local doming of the rocks and subse
quent erosion. 

In the report on the Geology of Story county, Beyer35 says: 

"The chief outcrops occur along the Skunk and its immediate 
tributaries between Ames and Soper's mill, and along Onion 
creek, in Franklin township. The beds exposed consist, in the 
J;llain, of impure limestone, but arenaceous layers and calcar
eous shales are usually also present." 

One of the most typical exposures of the St. Louis in this 
area is in the southwest quarter of section 25, Franklin town
shIp. Beyer's description of this follows : 

Seotion of St. L~ li?nestone on S7cwnk river (After Beyer) . 

FEET 
5. Drift ............................. _ .......... _ ............ _ .............. _ ...... _ .. _ .. "_."._" .. ' 5-10 
4. Limestone, earthy, yellow; very much disintegrated and rubbly; 

bedding planes almost eliminated ............... _ .... _............................. 4 
3. Limestone, fossiliferous ............... _ .... _ .......................... _ .......... _..... 1 
2. Limestone, similar to 4; bedding planes a.pparent, but showing 

tendency to become marly and assume a. fissile structure in 
places ........................... _ .... _ ........................................ _ .... _................. 3 

1. Limestone, buff to gray·buff when unweathered and massive; 
layers from ten to twenty inches in thickness; compact, litho· 
graphic in texture, fracture conchoidal to uneven; and earthy 
when weathered (exposed) ... _ ................ _ ................ _ ........ _ .... _....... 6 

He reports that a fenestelloid bryozoan and a syringoporjd 
coral occur in the upper half of the exposure. From the fossil
iferous bed he jdentifie'd a cyathophylloid coral and several 
brachiopods. . 

Additional exposures of the St. Louis are to be found in the 
banks of Skunk river at Hannom's mill in the southwest quarter 
of section 23, Franklin township. The following sect jon of an 
escarpment in the south bank was described by Beyer: 

35 Iowa Gool. Survey. vol. IX. pp. 155·245:' 1899. 
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Section on "Skunk river at! H=m's mill (After B eyer) . 

6. SQil anld bowldery wash ......... _ .... _ .... _ .... _ .................................... _. 
5. Limestone, residual and copcr.etionary · ... _ .... _ .............................. . 
4. Limestone, arenaceous, yellowish gr·ay to blue· gray, thin~y· 

bedded and much fractured; in places argillaceous, while in 
others tends towards the massive; and nssility is apparently 
a function of weathering; small cherty concretions pres'ent ... _. 

3. Sanillstone, grayish blue, friable; shaly below ........................... . 
2. Limestone, impure, grayish buff; uneven to earthy fracture; 

compact and heavy·bedded ............... _ ................ _. ____ ......... _ ............. . 
1. Limestone, gr,ay·buff, compact, almost lithographic in char· 
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FEET 
3 
lh 

6 
2 

4 

acter ............... _ .................................................................. _ .... _........... 5 

The fossiliferous zone of the preceding section occurs in bed 
1 at this locality and is at an elevation nearly twenty-five feet 
lower. The latter relationship probably is due to the arch which 
exists in the Ames area. 

Beyer states that north of Hannom's mill the St. Louis is 
concealed by Pleistocene depos,its as far as Soper's mill, in the 
southeast quarter of section 6, Milford township, where he 
found the following section: 

Seotion on' Skunk rwer art Soper's mill (After Beyer) . 

4. Drift, pale yellow, bluish below, unoxidized amd UILlooched ..... . 
3. Limestone, rubbly, with occasional heavy ledges ....................... . 
2. Limestone, cherty, concretionary, cavernous; some of the 

larger caverns coated with calcite crystals, which consist of 
complicated combinations of the scalenohedron and rhombo· 
hedron; also smaller quartz·decor.ated caverns ........................... . 

1. Limestone, gray· buff, compact; heavy, but irregularly bedded; 

FEET 
10 
10 

5 

some of the layers two· feet in thickness .................................... 10 

No fossils were found in these exposures but the strata were 
regarded as representing the St. Louis. 

The following beds are exposed near the mouth of Onion 
creek. The section is revised from Beyer's by the writer. 

Section of St. Louis lim&tone near the mO'Uth of Onion creek. 
FF.Wl' 

6. Limestone, brownish, dolomitic, impure ... _ ...................... _........... 6 
5. Limestone, brownish, heavy bedded; formiIlJJg a pmjecting ledge llh 
4. Lim~to.ne, shaly, containing Productus ovatus and Fenestella 

mult1.-Sptnosa .................................................................•............... _..... 1 
3. Sandstone, yellowish, buff to gray buff; close textured, and 

bedding planes not appa.rent; the upper 15 inch layer more 
indurated than the lower part; nonfossiliferous ...................... 7 

2. Sandstone, bluish gray to yellowish gray; irregularly bedded; 
containing Modiomorpha sp. ............................................................ 4 

1. Sandstone intermixed with shale, thinly and evenly bedded; 
exposed ......................................... _ ............... _....................................... 2 

A similar exposure showing the same layers appears a shor.t 
distance farther up the creek. 
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W ebste'r County.-The P ella beds were included with the St. 
Louis in the geological report on Webster county,36 therefore 
the areal distribution of the St. Louis as now delimited cannot 
be definitely determined without additional field work. The 
areas mapped as St. Louis by Wilder are small isolated patches 
chiefly along Des Moines river and its tributaries and in the 
valleys of Soldier creek and Lizard creek, in the central and 
north-central parts of the county. A small inlier in the east
central part also is indicated on the map. Elsewhere the coun
try rock is of Pennsylvanian and Permian age. 

The more important exposures in which St. Louis beds appear 
are located in the abandoned Miller quarry on Soldier creek; 
in the east bluff of Des Moines river in the southeast quarter of 
section 7 and across section 18, Cooper township; and along 
Lizard creek west of Fort Dodge. All of these sections have 
been described by Wilder37 but they were revisited and exam
ined by the writer. 

The Miller quarry is located just below the stone bridge over 
Soldier creek in Fort Dodge. The revised section follows: 

Seotion in the Miller quarry. 
FEET lNCHES 

7. Drift ...................................................................................................... 1 
UPPER ST. LOUIS 

6. Limestone, lenticular, gray, compact, brecciated, fossils scarce 
and poorly preserved .................................................................... 0 to 1 6 

5. Sandstone, :fine· grained ................................................................ 3 to 6 
4. Sandstone, fine, calcareous, in a sblgle layer ................................ 1 6 

L OWER ST. L OUIS 
3. Limestone, massive, dolomitic in lower part; less disturbed 

than the beds betl.ow ......... _ .... _ .... _ ................ _ .... _ .. _........... ............ 3 6 
2. Ooncealed ............................................. _ ............... " .................. _. _ .. _...... 7 6 
1. Limestone, yellowish, tough, d'olomitic, in mashed undulating 

layers. Exposed in bed and bank of creek near by.................. 4 

The beds are arched up in the quarry. The contact of beds 
3 and 4 is irregular, indicating a dis conformity. The exposure 
gives evidence of small cavities in the limestone which are filled 
with sandstone. 

Wilder38 states that" a little above Miller's quarry, on Soldier 
creek, the St. Louis limestone gives place to Coal Measure 
shales. One-half mile farther up Soldier creek in Cooper town-

36 Wilder, F. A. , I owa Geol. Survey, vol. XII, pp. 63·235; 1902. 
37 Idem, p. 78. See also vol. XXVIII, m ap in pocket and pp. 139·147, 163, 164; 1918. 
38 Idem, p. 79 . 
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ship, section 19, NE.~~, the limestone again comes to the surface 
and appears for 200 feet in the creek bed". 

Still farther up Soldier creek in the southwest quarter of sec
tion 17, the St. Louis is overlain by gypsum beds which are be
lieved to be of Permian age . . 

At one point seven feet of massive gypsum overlain by thirty 
feet of red sandy shale appears in the bank of the creek. The 
gypsum comes down to the water's edge. "One hundred yards 
farther down stream, at the water level and for three feet aqove 
it, the St. Louis limestoIl(~ is exposed" . Within another hun
dred yards the limestone gives way to Coal Measure shale . . 

The east bluff of Des Moines riv8r in section 7 Of Cooper 
township shows the following beds: 

. Section on Des Moines river in section 7, Cooper township. 

UPPER ST. LOUIS FEET INCHES 
4. Sandstone, fme'grained, soft, incoherent, marly above .............. 10 
3. Sandstone, fme·grained) gray, calcareous, in one heavy layer.... 1 2 

LOWER ST. LOUIS 
2. Limestone, gray weathering buff, massive, zone o·f worm 

burro.ws ill lower and middle parts. A thin' flint layer near the 
top ..........•.......... _ ..... ______ ._.______________________________________________________________________ 8 

1. Concealed to level of water in the river ___ . _________ . __ . ___ .______ ___________ 3 (j 

A few yards down stream a massive layer of finely brecciated 
compact gray limestone three feet thick comes above the level 
of bed 4. Drift overlies the limestone. Farther up the river, 
around the bend Wilder found Coal Measure shales resting up
on ten feet of St. Louis limestone. Several other exposures or 
limestone along the river between this point and ' the north 
boundary of the county are described by the same writer.39 He 
says: "The striking peculiarity of the limestone in the north
ern part of the county is the great amount of drusy quartz and 
flint that it . carries, most of it in the upper brecciated layers. 
Frequently the masses weigh 200 pounds. Calcite is also 
abundant. ' , 

Small exposures of the St. Louis along Des Moines river 
below Fort Dodge are described byWildet from sections 5, 8 
and 16 of Pleasant Valley township. Elsewhere the Coal Meas
ures appear along the valley. 

The Lizard creek sections are most important from the stand-

39 Idem. p. 82. 
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point of Pella stratigraphy but the St. Louis beds outcrop at a 
few points at the base of the exposures. 

In a bluff section near the center of section 24, Douglas town
ship, approximately thirteen feet of limestone, sandstone and 
shale of this age is overlain by more than fifty feet of strata 
referred to the Pella. A description of the individual beds is 
given below: 

Section on Ikard creek. 
PELLA FEET 

9. Marl. Like bed below but free from red areas __ ____ ___________________ 6 
8. . Gray marl blotched with red. Bears Sp1;rifer pellaemsis, Pug-

noides ottwmU}{t, Composita trinuclea and other fossils ____________ 34 
UPPER ST. LOUIS 

7. Limestone, drab, compact, shaly and laminated ________ . ___ .______________ 3 
6. Shale, drab, argillaceous _____________________________________________ ____ _________________ 0 3 
5. Sandstone .____________________________________________________________________________________________ 2 

LOWER ST. LOUIS 4. Limestone GiS in bed 2 ____________________________________________________________________ 0 to 2/3 
3. Shaly partinlg -----____________ ______ _____________ _____________ 0______________ ____________ _____ lh 
2. Limestone, gray, dolomitic, tough; undulating owing to mash-

ing. Bearing impressions of Sigillaria _________ _________________________ __ ___ 2/ 3 
1. Sandstone, fine-grained, gray, thin-bedded. Exposed 0 __ ___ ______ . ___ 3 

Lees and Thomas40 found thirty feet of St. Louis limestone 
exposed in the bluff of South Lizard creek jusf above the junc
tion of the two branches of the Lizard, one mile west of the 
above section. The beds dip eastward, that is, downstream. 
One hundred feet upstream ten feet of green sandy marl grading 
up into gray sandstone underlies the limestone. Below a gap of 
six feet they found a two foot bed of limestone. 

Humboldt Cownty.-So far as the writer is aware only the 
Lower St. Louis is represented in these northernmost exposures 
of the formation in Iowa. It apparently rests everywhere on 
the Kinderhook formation, all of the pre-St. Louis Mississippian 
formations except the basal deposits having wedged out to the 
south of this area. The exposures are all in the form of small 
isolated patches along Des Moines river and its east and west 
forks. 

An excellent opportunity of observing the contact of the St. 
Louis and Kinderhook limestones is afforded in the banks of a 
small creek a short distance southwest of the creamery at Rut
land, in section 29, Rutland township. 

40 Iowa Acad. Sci., vol. XXV. ll. 602; 1918. 
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Section sfYUthwest of the crea1nery at R1!tland. 

FEET 
4. Drift ... _ ...................... _ .... _ .......................................................... _....... 2 

ST. LoUIS 
3. Limestone, brecciated, dense, gray, imperfectly dolomitized; 

1000ver surface irregular and undulating ........................... _........... 3 
2. Limestone, dense, gray, tough, in the form of one undulating 

layer which fills irregular depressions in the limestone beneath lh to 1 
KINDERHOOK 

1. Limestone, light gray; stratification very imperfect; finely 
oolitic except in middle part where there is a thin seam of 
coarse oolite ......................................................... _ .......... _................. 2 to 3lh 

The contact of the Kinderhook and St. Louis is again shown 
at the point where this small creek joins the west fork of Des 
Moines river, just above the dam at the old mill site. At this 
point about four feet of the Kinderhook oolite is exposed 
above the bed of the creek. This is overlain by three feet of 
gray tough St. Louis dolomite which weathers yellowish. At 
one point in the exposure this dolomite grades laterally, in part 
at least, into unaltered gray brecciated limestone. 

This contact is again shown in the river bank about seventy
five yards below the dam. Three feet of Kinderhook oolite is 
succeeded by two feet of yellowish St. Louis limestone in undu
lating layers, and this again by four feet of dense gray thin
bedded unaltered' limestone of the same formation, which locally 
is mashed into mounds of breccia. 

Where the St. Louis is disturbed the Kinderhook also shows 
considerable fracturing and slight brecciation. 

Several other expo surfs between this point and the bridge 
show a similar relationship. The upper light gray limestone is 
five and one-half feet thick at one point. Where it is only 
slightly brecciated it tends to assume a ma~sive appearance and 
in places is almost lithographic in fineness. 

In the abandoned quarry and in the bank of a creek twenty 
yards west of the creamery at Rutland eight feet of St. Louis 
limestone is exposed. The lower two feet consists of disturbed, 
hummocky limestone but the upper SL",{ feet is made up of 
mashed layers of yellowish dolomitic limestone with seams and 
patches of gray dense unaltered limestone. 

A small isolated exposure occurs along the West Fork of Des 
Moines river near the center of section 23, Avery township. 
Here the St. Louis is represented by undulating, slightly brec
ciated layers of gray dense limestone. A moundlike mass of 
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structureless brownish dolomite which occupies the middle part 
of the outcrop contains small remnants of gray limestone. 

Macbride shows on his geological map of Humboldt county a 
small area of St. Louis in the valley of the Des Moines in the 
northern part of section 17, Avery township. The limestone in 
the vicinity of Gilmore City in western Humboldt and eastern 
Pocahontas counties which was referred to the St. Louis by 
:Macbride41 is believed to be of Kinderhook age. 

A small exposure of the St. Louis appears south of the town 
of Humboldt in the east bank of the West Fork of Des Moines 
river. In an abandoned quarry back of the slaughter house, 
south of the center of section 12, Corinth township, two feet of 
yellowish dolomitic limestone is succeeded above by two' feet of 
gray to drab calcareous shale and this in turn by two feet of 
dimse gray slightly brecciated limestone. A short distance far
ther downstream massive yellowish dolomitic St. Louis lime~ 
stone rises ten feet above the water's edge. . . ' ,. 

The most complete section of the St. Louis in the county ap
pears at the ' mill in the east bluff of the East Fo~i{ of Des 
Moines ri ver at Dakota City. The section is as follows: 

4;~ 

Section at Dakota City. 

FEET 
5. Drift ...................................................................................................... 1 
4. Limestone, soft, brownish, dolomitic; massive and structure· 

less and showing evidences of brecciation .................................. 8 
3. Limestone, brownish, soft, dolomitic; in layers 2. inches to 1 

foot in thickness ... _ .... _ ................ _ .... _...... ...... ................................. 314 
2. Thin interbedded layers of fine·grained gray sandstone and 

limesto·ne ........................... __ ................................................................. 2 
1. Limestone, dolomitic, dense; gray when fresh but wea.thering 

yellowish or bmWD·ish; Exposed above level of water ............ 2 

No fossils were noted in any of the beds. 
A very sharp flexure is shown in the strata near the middle 

of the exposure. The beds are bent down three feet in the 
space of six feet although they are essentially horizontal on 
each side. The axis of the flexure trends approximately north
west-southeast. Similar beds are exposed in the Welch quarry 
and in the river bank near by in the west bluff of the same 
stream in the southeast quarter of section 31, Grove township. 

41 Iowa Gwl. Survey. vol. IX. pp. 131, 132; 1898. 
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Seotion in and near the Welch qua7·ry. 
FEET INCHES 

4. Limestone, gray and medium·grained .................................. ~.. ....... · 8 
3. Sandstone, soft, incoherent, fine· grained, drab weathering 

yellowish .............................................................................................. 2 
2. Limestone, buff, dolomitic; thin·bedded and arenaceous below, 

but more calcareous and massi,e ·above ... _................................. 5 
1. Shale, drab when fresh but weathering yellowish, with thin 

layers of fine· grained drab sandstone also weathering yellow· 
ish. Exposed above water ........................................ :....................... 3 6 

The following section is modified after Macbride's descrip
tion of an outcrop of St. Louis which appears in the east bank 
of Des Moines river, near the south line of the county. 

Seotion in east bank of Des Moines river. 

8. Limestone, soft, buff, dolomitic ..................................................... . 
7. Limestone, yello.wish, dolomitic, brecciated ................................. . 
6. Shale seam ,yith pockets of clay ........ ....................................... . 
5. Limestone, compact, gray ......... _ ................ _ .... _ .......... _ .. : ... .......... . 
4. Limestone, gmy, dolomitic, weathering yellowish ......... _ ............ . 
3. LimestJo<ne, gray, fi:ne-grained ............................................. _ .......... . 
2. Concealed ................................. _ .................................. _ ...................... . 
1. Limestone, gray, weatheriug yellowish, in bed of river ....... . 

FEET 
6 to 10 
5 to 7 

4 
2 
2 
4 

The quarry section in the city of Humboldt which Macbride 
describes as showing the St. Louis overlying the Kinderhook is 
concealed at present. But mounds of gray St. Louis limestone 
are exposed along the streets in the northwest part of the town. 
A particularly good outcrop may be studied three blocks north 
of Main street and one block west of the high school. 

The Ste. Genevieve Fonnation 
NOMENCLATURE 

The name Ste. Genevieve was given by Shumard42 to a lime
stone formation typically developed in the Mississippi river 
bluffs near Ste. Genevieve, Missouri. This formation is repre
sented in Iowa py the Pella beds of earlier reports. The Pella 
formation, so named by Bain4 3 because of its exposure near the 
town of Pella in Marion county, was formerly regarded as the 
topmost member of the St. Louis limestone. In the year 1900, 
however, Nickles and Bassler44 correlated the Pella beds with 
the Ste. Genevieve formation upon the basis of the bryozoan 
element of their fauna. The Ste. Genevieve affinities of the 

42 Trans. St. Louis Acad. Sci., vol. I, p. 406 ;1859. 
43 Iowa Geol Survey, vol. IV, p. 282; 1894. 
44 U. S. Geol. Survey Bull. 173, pp. 166 and 180. 
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fauna were later pointed out by Weller/s and the correlation 
was definitely established by Weller and Van Tuyl/6 as a result 
of further field and faunal studies. 

AREAL DISTRIBUTION 

The formation has a limited areal distribution due in part to 
erosion in late Mississippian time prior to the deposition of the 
Pennsylvanian beds and in part to post-Pennsylvanian denuda
tion. The most representative sections are along the tributar·· 
ies of Des Moines river in Lee, Van Buren, ,Vapello, Mahaska 
and Marion counties. These deposits have also been recognized 
locally in southeastern Iowa in Henry, Jefferson, Washington, 
Keokuk and Poweshiek counties. To the northwest of the last 
named county the Pella beds, if present, are concealed by Des 
Moines sandstone as far as Webster county where several ex
posures of the formation appear. 

On the areal geology map of the state of Iowa the Pella 
formation is grouped with the St. Louis limestone and the 
Spergen formation under the name of "St. Louis limestone." 

LITHOLOGIC CHARACTER AND TRICKNESS 

The Pella formation is most typically developed in southeast
ern Iowa where it normally consists of a thin basal sandstone 
followed by a bed of shale about five feet in thickness, and this 
again by approximately twenty-five feet of compact thinly bed
ded limestone. To the northwest the limestones give way to 
shale. In Webster county, in north-central Iowa, the formation 
is represented almost entirely by shale, which is there about 
fifty feet in thickness. 

STRATIGRAPHIC RELATIONS 

The Pella beds rest disconformably upon the St. lJou~s lime
stone wherever their contact has been observed in Iowa. In 
most of the exposures where the contact is shown the basal 
sandstone of the formation succeeds the Verdi limestone mem
ber but at a few localities it overlies the C:roton, or Lower St. 
Louis limestone. The formation is overlain disconformably by 
either Des Moines sandstone or Pleistocene deposits. 

45 Journal of Geology, voL XVII, p. 278; 1909. 
46 Proc. Iowa Acad. Sci., voL XXII, p. 241 II.; 191 5. 



PELLA BEDS NEAR CROTON 289 

CHANGES AT CLOSE OF STE. GENEVIEVE TIME 

At the close of Pella time the sea withdrew from the Upper 
Mississippi Valley again and this region remained a land area 
until the close of the Mississippian period. A great waJ;'ping 
began to the north at the time of this emergence and continued 
probably to the end of the Mississippian. This resulted in a 
tilting of the Mississippian and earlier formations to the south
west and was accompanied by the development of small north
west-southeast anticlines and synclines ·and by extensive brec
ciation of the hard, brittle St. Louis limestone. 

Consequent upon this uplift erosion proce('ded rapidly during 
the remainder of Mississippian time and the tilted beds were 
partly truncated, thus giving rise to a series of northwest
southeast belts of formational outcrops in Iowa, some of which 
were later buried by the Coal Measures. 

This southwestward tilting of the beds in Iowa was related to 
a widespread late Mississippian deformation which involved 
also eastern Nebraska, eastern Kansas and Missouri, and out
lined a great southwestwardly pitching geosyncline which was 
later occupied by the early Pennsylvanian sea as it advanced 
along a narrow trough from the southwest and gradually 
spread to the margin of the basin. 

AREAL DESORIPTION BY COUNTIES 

Lee County.-The Pella formation is exposed at few locali
ties in this county, although the underlying St. Louis limestone 
outcrops over large areas. 

The section in the banks of a small creek emptying into Des 
Moines river in the lower part of the town of Croton is typical. 

Section along creek near Croton. 

PENNSYLVANIAN FEET 
3. Sandstone, yellowish, soft. 

PELLA 
2. Limestone, compact, light gray above but dark gray below; 

near the middle is ,a bed of calcareous shale 21h feet thick.... 9 
1. Sandstone, yellowish, fine· grained; in some places soft and 

shaly in lower part; contact with bed below uneven; bearing 
large fucoid·lilre markings on surface of layers .......................... 414 

UPPER ST. LOUIS 

The limestone member yields the following species: 
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BRACHIOPODA- PELECYPODA
Edmondia sp. 
Schizodus sp. 
Schizodus sp. 
Allorisma sp. 

Productus ovatus Hall 
Pugnoides ottumwa (White) 
Girtyella indianensis (Girty) 
Spirifer pellaensis Weller 
Composita trinuclea (Hall) f TRILOBITA

Phillipsia f sp. 

Van Buren County.-The most important exposures of the 
Pella beds in Van Buren county appear along Des Moines river 
and its tributaries, especially on Indian and Reed creeks. 

The following section was measured in an abandoned quarry 
on the south bank of Indian creek (NE.% of N\iV.1,4, sec. 5, T. 
67 N., R. 8 VV.). 

S.ection of Pella beds on Indiwn (yreek. 
FEET INCHES 

5. Drift, yellowish, sandy ...................... ." .......... ....... :....................... ...... 0-8 
PELT,A 

4. Limestone, light gray, dense, breaking with conchoidal frac· 
ture; coarser·grained and slightly crin oidal in the upper part; 
in rather heavy layers separated by thin prurtings of shaly 
limestone; locally seamed with calcitfiJ veinlets following 
fractures ; some layers exhibiting stylolytic structure ................ 8 6 

3. Shale, bluish, argillaceous, bearing many pelecypods in cal· 
careous seams near top ____________________________________________ .. ________________________ 3 5 

2. Limestone, gray, sub crystalline, with discontin.uous seams of 
fine·grained sandstone in thin undulating layers; bearing a few 
small pelecypods ____ .. ________________ .. ____ .. ____________ __________ . ____________ .. __ ... . ________ . 9 

1. Sandstone, fine· grained, rather soft; light gray when fresh but 
weathering yellowish; in some places with ' angular chert 
fragments in basal part ____________ ______________ ______ __ __________________________ ______ 0-2 

UPPER S 'r. LOUIS 

The shale bed (bed 3) and the overlying limestone (bed 4) 
contain numerous fossils, as is shown by the following lists: 

List of fossils from bed 3 of (~bove section. 

BRACHIOPODA-
Pugnoides ottumwa (White) 

PELECYPODA- . 
Sphenotus (several species) 
Nucula illinoisensis 
Leda curta M. and W. , 
MyaJina sp. 
Schizodus (several species) 

Aviculopecten sp. 
Modiola sp. 
Allorisma sp. 

GASTROPODA
Solenospira sp. 

CRus'rAcEA
Leperditia sp. 

List of fossils f1"01n bed 4 of above 8Iection. 

BRYOZOA
Rhombopora ;sp. 

BRACHIOPODA-
Productus ovatus Hall 
Pugnoides ottumwa (White) 
Girtyella indianensis (Girty) 
Spirifer peHaensis Weller 

Composita trinuclea (Hall) , 
PELECYPODA-

Allorisma sp. 
G .\STIWPODA

Bellerophon sp. 
TRILOBITA

Phlllipsia , up. 
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A remarkable section exhibiting both the Pella and the whole 
of the St. Louis appears in the south bluff of Reed creek about 
three-fourths of a mile above its mouth (near middle of north 
line, sec. 14, T. 68 N., R. 8 W.). The succession, as measured 
near the middle of the bluff, is as follows: 

Sectwn of Pella beds on R eed creek. 
FEET I NCHES 

11. Drift. 
PELLA 

10. Limeston e, light gray, compact to subcrystaJline; some layers 
lithographic·like and breaking with conchoidal fracture; layers 
1 inch to 11)2 feet thick, separated by shaly partings some 
of which are highly fossiliferous; exhibiting mnch stylolytic 
structure; increasingly shaly in lower part 'll1d gruding down· 
wards inte- the beel below; locally brecciaLeel in part .............. 21 6 

(I. Shale, bluish, argillaceous to calca,reous, of variable thielmess 
owing to mashing' ... _ ........................................ _ ........................... 3 to 6 

8. Limestone, light gray, compact, in thin irregular layers with 
shaly partings ....................................... _........................... .................. !) 

7. Sandstone, bluish, fine· grained, rather soft, bearin'g rounded 
and subangular pebbles, of compact gray limestone .................... 6 

6. Limestone, gray, compact in middle but subcrystalline a.bove 
and below .................................................. .. .. .................................... .... 4 

5. Sandstone, bluish, fine·grai·ned, calcareous, massive, bearing 
rolled chert fragments ...................................................................... 3 

UPPER ST. LoUIS 
4. Limestone, buff, magnesian, arenaceous ........................................ 6 
3. Limestone, buff, dolomitic., massive ................................................ 2 9 
2. Limest'one, buff, dolomitic with small irregular remnants and 

blocks of compact gmy limesto;ne; slightly brecciated ............ 9 
LOWER ST. LoUIS 

1. Limestone, buff, dolomitic, mashed and brecciated, shaly in 
lower part .......................... __ ................................... __ ................. __ .... __ .... 28 

Beds 9 and 10 of this section, which are to be correlated with 
beds 3 and 4 of the preceding Indian creek section, are fossil
iferous. 

List of fossils fro'ln bed 9 of above section. 

BRACHIOPODA-
Pugnoides ottumwa (White) 

PEL]<;CYPODA-
Solen.omya ~ iowensis Worthen 
Sphenotus (several undescribed 

species) 
Glossites (species undescribed) 
Edmondia (species undescribed) 
Nucula , sp. 
Leda curta M. and W. , 

Piima (species undetermined) 
Myalina , sp. 
Myalina (species undetermined) 
Schizodus (several undescribed 

species) 
Aviculopecten (species undetermined) 
Allorisma (species undescribed) 

CRUSTACEA-
Leperditia (species undetermined) 

List of fossils from bed 10 of ab01Je section. 

BRACHIOPODA-
Productus ovatus Hall 
Girt yell a indianensis (Girty) 
Pugnoides ottumwa (White) 

Spirifer pellaensis Weller 
Composita trinuclea (Hall) t 

PELECYPODA-
Schizodus sp. 

• 



• 
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Other sections measured nearby in the same bluff showed 
considerable variation from that given, owing to differential 
erosion of the St. Louis prior to the deposition of the Pella and 
to the variable character of the basal beds of the Pella itself. 
The section presented, however, may be regarded as typicaL 

In another bluff on the opposite side of Reed creek about two 
hundred yards above the location of the preceding section the 
Pella beds are seen to rest upon somewhat lower beds of the 
Upper St. Louis. At this point, bed 10 of the foregoing section 
is represented by eighteen feet of limestone; bed 9 by three and 
one-half feet of shale; and beds 5, 6, 7 and 8 collectively by a 
continuous bed: of sandstone ranging from twenty-four to thirty
four feet il}. thickness. The underlying St. Louis limestone is 
mashed here for the most part, and towards the top the matrix 
of the brecciated limestone is filled with sand grains pr.obably 
derived from the overlying formation. .The basal sandstone of 
the Pella attains a similar development in the vicinity of Keo
sauqua, whence the name Keosauqua sandstone as applied by 
Gordon.;l7 

A very interesting and instructive exposure appears along a 
small branch of Des Moines river one and one-half miles north 
of Farmington, near the middle of the north line of the north
east quarter of section 26, T. 68 N., R. 8 W. Near the Yargus 
coal ' bank about fifteen feet of Pella beds is overlain by Des 
Moines sandstone. At the base of the exposure there is shown 
throe to four feet of fine-grained Pella limestone. OVf'l'lying this 
member is eleven feet of fine-grained thin-bedded shaly sand
stone also of Pella age. Des Moines sandstone caps the section. 
At one point in the bluft a shear zone appears in the Pella beds 
but does not traverse the Des Moines formation, which shows 

' no disturbance whatever. Where this shear zone crosses the 
Pella sandstone there are numerous angular blocks of limestone 
resembling in every way the limestone which normally comes at 
the top of the Pella formation in this region. It is believed that 
the shearing took place directly after the deposition of the Pella 
and before erosion stripped off the limestone member which 
normally comes above the sandstone. After the shearing of 
fragments of this bed down into the sandstone a period of 

41 Jour, Geol., vol. III, p , 304; 1895 . 
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erosion, representing the disconformity between the Mississip
pian and Pennsylvanian systems, followed. It is believed that 
the shearing was contemporaneous, in part at least, with the 
local brecciation of the St. Louis limestone and that it was re
lated to the regional uplift which caused a retreat of the Missis
sippian sea to the southward at the close of Pella time. 

An exposure of the Pella beds appears approximately mid
way between the towns of Farmington and Bonaparte, on 
Slaughters branch (NW.1,4 sec. 23, T. 68N., R. 8 W.). 

S eoUo'T/) of P ellal beds 0'l1i Slaughters brCJ/Mh. 
FEET INCHES 

4. Limestone, fo·rmerly quarried ODi a small scale . ____ __________ .. ____ __ 13 6 
3. Shale _______________ ___ ______ ___________________________________________________________________ ___ ______ __ 4 
2. Limestone, compact, gray, dense ___ __ ______ _______ __ __ ___ __ ___ __ _______ ___ ____ __ __ __ 9 
1. Sandstone, fine-grained, light gray, soft and shaly in upper part. Exposed ____ __________________________________ ____ __________ __________ _______________ ___ ______ 2 10 

The capping limestone contains several typical Pella brach
iopods, viz.: 

Productns ovatuB Hall 
Girtyella indianensis (Girty) 

Pugnoides ottumwa (White) 
Spirifer pellaensis Weller 

At the southeast end of the bridge over Des Moines river at 
Keosauqua an exposure shows three to four feet of Pella lime
stone underlain by thirteen feet of sandstone. Blocks of the 
Pella limestone are mashed down several feet into the sand
stone at one point. 

Davis COttnty.-In the report on the geology of Davis county, 
M. F '. Arey48 describes exposures of limestone along Des Moines 
river and its tributaries in the extreme northeastern part of the 
county. He refers these to the Pella but in the absence of lists 
of diagnostic fossils it is possible that they represent the St. 
Louis. 

Henry County.-The most representative sections of the 
Pella formation in Henry county occur along Brush creek in 
the eastern part of section 6 of Baltimore township. The fol
lowing beds appear in the east bank of the stream just north 
of the wagon road at the point where it crosses the creek. 

48 Iowa Gee!. Survey, vol. XX, p . 501 If. 
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Section of Pella b-eds along Brush C'reek. 
PELLA FEET 

3. Limestone, gray, :fine-grained, thinr-bedded; shaly partings 
between the layers filled with fossils _______ . ___________________ . __________ .. ____ 8% 

2. Sandstone, fine-grained, gray, massive, weathering yello.wish____ 21 
LOWER ST. LoUIS . . 

1. Limestone, buff, dolomitic, massive; Lithostrotion zone at the top _______________ . _____________________________ . _______________ . ________ .. ___ ._______________________ ____ 2 

A well defined synclinal flexure is developed in the beds of 
this locality. In a quarry in the opposite bank of the creek, 
directly west of'this exposure, bed 3 has an exposed thickness 
of six and one-half feet and is followed by the same thickness 
of highly fossiliferous calcareous shale with intercalated lime
stone layers. The shale is gray when fresh but weathers yel
lowish. About SL,{ feet of drift comes above. 

The following species characterize the limestone (bed 3) : 

BRYOZOA
F enestella sp. 

BRACHIOPODA-

Girt yell a indianensis (Girty) 
Spirifer pellaensis Weller 
Composita trinuclea (Hall) 

Productus ovatus Hall 
Pugnoides ottumwa (White) 

PELECYPODA-
Allorisma marionensis White 

The overlying shale contains a somewhat more diversified 
faunule, as the following list shows: 

ANTHOZOA- Productus ovatus Hall 
Zaphrentis pellaensis Worthen Productus parvus M. and W. 

CruNOIDEA- Pugnoides ottumwa (White) 
Stems and fragments Spirifer pellaensis Weller 

BRYOZOA- Composita trinuclea (Hall) 
Anisotrypa :fistulosa Ulrich Cliothyridina sp. 
Anisotrypa ramulosa Ulrich PELECYPODA-
Fenestella sp. . Allorisma sp. 

BRAcmoPoDA- VERTEBRATA-
Orthotetes kaskaskienJSis (McChesney) Fish teeth 

Jeffe1-son County.-A number of exposures of the Pella beds 
in Jefferson county have been carefully described by J. A. 
Vdden49

• These occur on the north and middle branches of 
Walnut creek in sections 21 and 23 of Penn township; in the 
south bank of Brush creek, near the northeast corner of section 
3G, Lockridge township; in the bed of Wolf creek, south of the 
center of section 5, Round Prairie township; in the' banks of 
Cedar Cl'eek in the southwe'3t one·-fourth of the southeast quar
ter of section 34. Round Prairie township; in the south bank of 
Rod\. creek in th€ northeast one-fourth of the northeast quarter 
of section 32, Round Prairie township; in a ravine about one-

49 Iowa Geol. Survey. vol. XII, pp . 373-386 ;1902. 



PELLA FOSSILS IN JEFFERSON COUNTY 295 

sL"Xth mile southwest of the center of section 23, Round Prairie 
town~hip; in the south bank of Cedar creek in the n;)rtheast 
quarter of section 34, Cedar iownship; in an old quarry in the 
east banJc of Cedar creek, northeast of the center of section 10, 
Liherty township; near thc· Chicago,. Rock Island amI Pacific 
rail way in the northwest one·fourth of the sOllth~~st quarter of 
section 9, Lillprty townshir, and in the bed of Lidr creek neal' 
the center of section 25, Des Moines township. 

l'he section in the south bank of Rock creek, ivhieh was vis
ited by the 'writer, is typical for the entire area. lJdden's de
scription is copied without change. 

Section in tlw 80'Uth bank of Rock creek (A.fter Udden). 

10. Gray marl .................................... ............................................... _ ...... . 
9. Limestone ............................................................................................. . 
8. Gray marl ................................................. _ ........................................ . 
7. Limestone ... _ .............................................. _ ...... _ ................................ . 
6. Marl ........................................................... _ .......................................... . 
5. Limestone ........................... _ .... _ .......... _ ......................................... ..... . 
4. Yello,w marl containing Product1bs O'Vatus, PrOd1tCt~tS ?!UlJrgini

Cilnct11S, P~bgnoii.&es otm!?l{~/Ja, Spirifer keokuk, SemilllU/,a trintUolea, 
(f) Fenestella serratula, A.nisotrypa fist1tlata, cyathophylloids 

FEET 
1/3 
1 / 2 
1 /2 

1 1/3 
1 / 8 

1 

and stems of crin.o;ids ......................................... _............................... 5 
3. Limestone ............ _ .. _ ........ _._................. ................................................ 1 
2. Marl with some of the same fossils as those above ................ 1 / 8 
1. Quite evenly bedded ledges of bluish gray limestone ..... ........ -.. 71,~ 

The thickness of the formation in this county is given by him 
as seventeen feet. The above section therefore contains all the 
members of the Pella represented in thi s part of the state. 

The fauna of the formation in this county as listed by lTdden, 
hut now subject to some revision in the light of more recent 
paleontological studies, is as follows: 

List of fossils from the P ella beds in J efferson cmmty (after Udden). 

PROTOZOA- BRACHIOPODA-
Endothyra bail('yi (Hall) 
Other rhizopods not identified 

ANTHOZOA-
ZaphTentis pellaensis Worthen 

ECIIINODERMATA-
PentTemites koninckiana Hall 
Archaeoci<1aris (spin.es and separate 

plates, small) . 
Crin oids (stems) 

VERMES-
Spirorbis , 

BRYOZOA-
Anisotrypa. fistulosa Ulrich 
Fenestella ' serratula Ulrich 

Cleiothyris roissyi (Leveille) 
Derbya keokuk (Hall) 
DiJelasma formo a (Hall ) 
Dielasma turgida Hall 
Eumetrla marcyi (Shumard) 
Productus ma.1'ginicinctus Prout 
Productus ovatus Hall 
Camarotoechia grosvenori (Hall) 
Pugnoides ottumwa (White) 
Seminula trinuclea (H&.ll ) 
Seminda sp. uncl t. 
Spirifer keohuk Hall 

P ELECYPODA-
Allorisma marionensis White 

j 
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Aatartella sp. 
Lithophaga pertenuis M~ and W. (~) 
Pinna , (fragment) 

. Leperditia carbonaria Hall 
Phillipsia , (pygidium) 

VERTEBRATA-
ARTHROPODA- Deltodopsis stludovici .St. J. and W. 

Cytherellina glandella Whitfield 

Wapello Cottnty.-Exposures of the Pella formation in Wa
pello county are confined to the valleys of Des Moines river and 
its larger tributaries in the central and northwestern parts. 
But rocks of this age are believed to underlie the mantle rock 
over small areas in the northeastern and southeastern corners 
of the county also. 

It is probable that all the rocks in this county mapped and 
described by Leonard50 as St. Louis are of Pella age. The sand
stone below the Pella limestone which he referred to the Verdi 
is believed to be a basal sandstone of Pella age. 

One of the most instructive and complete exposures of the 
formation in this county is in an abandoned quarry on Har
rows branch, one-fourth mile above Second street, in the north
west part of the city of Ottumwa. The succession is as follows: 

Section on Harrows branch. 
FEET INCHES 

8. Drift, yellowish ......... _ .... _ ...................... _ .... _ .... _............................. 5 
DES MOINES 

7. Shale, dark, carbonaecous, contact with shale below obscure.... 4 
PELLA 

6. Shale, drab, marly, with harder calcareous seams in lower 
part; blotched and streaked with reddish patches .................... 9 

5. Limestone, drab, fine· grained; massive when fresh but 
weathering shaly; grading into shale above and below ... _ .. _... 2 

4. Shale, like bed 6 but free from reddish patches; locally 
grading laterally into limestone ... _ ................ _ ...................... _....... 1 9 

3. Limestone, like bed 5 ......... _ .......... _ ........................................ _....... 6 
2. Shale, like bed 4 ..................... _ .... _ .......... _....................................... 3 2 
1. Limestone, drab, fine·grained. Exposed ......................... _........... 2 6· 

The following fossils were collected from the Pella beds at 
this locality: 

ANTHOZOA-
Zaphrentis pellaensis Worthen 

CRINOIDEA-
Crinoid stems 

BRYOZOA-
Anisotrypa ramulosa Ulrich 
Amisotrypa fistulosa Ulrich 
Fenestella sp. 

Bp..ACHIOPODA-
Orthotetes kaskaskiensis (McChesney) 

Productus parvus M. and W. 
Productus ovatus Hall 
Pugnoides ottumwa (White) 
Gir,tyel1a indianensis (Girty) 
Spirifer . pellaensis Weller 
Composita trinuelea (Hall) 
Cliothyridina hirsuta (Hall) 

PELECYPODA-
Allorisma marionensis White 

~O Iowa Geol. Survey, yol. XII, pp. 439-499; 1901. 
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Other important exposures appear in the vicinity of the town 
of Dudley. The accompanying section is shown in a quarry 
opening on South Avery creek (SW.1,4 of SE.14, sec. 35, T. 73 
N., R. 15 "V.). 

Section of P ella beds on SO'Uth AVIJry creek. 

4. Drift ..................................................................................................... . 
3. Limestone, shaly. Exposed ... _ .......... _ .. _ .... _ .... _ ...................... _ .... . 
2. Shale, marly, with (l six inch layer of shaly limestone in 

middle ..................... _ ........ __ .............. _ ........................ _ .................... _ .. 
1. Limestone, gray, massive when fresh but weathering to thin 

:w,yers, :fine·grained. Exposed _._ .... _ ........ _._ ........ __ .... _ .. _ ......... _ 

FEET 
1 to 2 
1 

Bed 1 yields only a few species, namely: Prod16c'tus ovatus 
Hall, Pugnoides ottumwa (White), Spirifer pellaensis Weller, 
Composita trinuclea (Hall) and Allorisma sp. The fossils of 
bed 2 are much more varied. 

List of fossils from bed 2 of Pella formc,tion on South Avery creek. 

ANTHOZOA- Productus ovatus Hall 
Zaphrentis pellaensis Worthen Productus parvus M. and W. 

CRINOIDEA- Pugnoides ottumwa (White) 
Crinoid stems Girtyella indianensis (Girty) 

BRYOZOA- Spirifer pellaensis Weller 
Anisotrypa ramulosa Ulrich Composita trinuclea (Hall) 
Anisotrypa fistulo-sa Ulrich PELECYPODA-
Fenestella sp. Allorisma marionensis 'White 

BRACHIOPODA- GASTROPODA-
Orthotetes kaskaskiensis (McOhesney) Gastropod sp. 

Two hundred yards south of the above exposure the following 
layers are exposed in the opposite bank of the creek. 

Section of Pella beds two hundred yards sO'Uth of the preceding one. 

4. Drift ............... _ ........................ _ ........ _ ........... _ .......... _ .......... _ .... __ .... . 
3. Limestone, gray, fine·grained, thin·bedded ... _ .................... _ ........ . 
2. Concealed ............................................. _ .... _ ............ -........... _ .............. . 
1. Sandstone, fine· grained, gr,ay to buff, massive below but in 

thin cl"lOOS·beded layers above. Exposed' ....... _ ...... : ...... __ ............. . 

FEET 
10 
5% 
21,i 

10 

Several feet of the Pella are exposed in an abandoned~ quarry 
just west of the Chicago, Burlington and Quincy railway sta
tion at Dudley. 

Section of Pella beds i;n, quarry at Dudley. 

6. Drift ........... ___ ._ ............... __ . ___ .............. _ ... -.-............. -................. -.... -... . 
5. Limestone, gray, fine· grained, shaly .. --........................................ . 
4. Shale, gray, marly ..................... _ ......... __ ...... _ ............................. - ... -. 
3. Limestone like bed 5 ........................... -.-...... - .... -....... --... -............ . 
2. Shale like bed 4 ._._ ............... _ ..... _ ....... _. __ ._ ....... ............ -............... --... . 
1. Lime~tone, dove·colored, very compact, thin· bedded ; coarser· 

grained and crim,oidal in lower part. Exposed ........................... . 

FEET 
10 
1% 
2 

1h 
3 

6 
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The fauna of the formation at this place IS very similar to 
that of the foregoing exposures. 

Fa'una of the Pella beds fin quarry at Dudley. 
ANTHI!>WA- Spirifer pellaensis Weller 

Zaphrentis pellaensis Worthen Oomposita trinuclea (Hall) 
~NOIDEA- PELECYPODA-

. Crinoid stems Schizodus sp. 
BRYOZOA- Allorisma marionensis White 

Anisotrypa fistulosa Ulrich Allorisma sp. 
Anisotrypa l',amulosa Ulrich GASTROPODA-

BRACHIOPODA- Bellerophon sp. 
Orthotetes kaskaskiensis (McChesney) TRILOBITA-
Produetus ovatus Hall Phillipsia Bp 
Productus parvus M. and W. OSTRACODA-
Pugnoides ottumwa (White) Leperditia sp. 
Girtyella indianensis (Girty) 

An excellent exposure of the Pella beds in disconformable 
contact with the Des Moines formation may be seen half a mile 
east of Dudley where an artificial channel for N orth Avery 
creek has been cut in order to shorten its course. The following 
section was measured near the west end of the cut: 

Section east of DU,dley. 

7. Drift. 
6. Limestone, light gray, compact, fine·grained, thin·bedded above 

but in heavier layers below; with a coarser· grained c.rinoidal 
layer 20 inches thick in lower P3Jrt ..................... _....................... 7 

5. Sandstone, fine· grained, soft, bluish, resting on the irregular 

tEET 

surface of the bed beneath .............................................................. 1/6-% 
4. Limestone, dark gl'ay, fine'gl'ained, compact, locally coarser· 

grained and criuoidal in part, very irregular owing to ex· 
treme brecciation and mashing; lower boundary irregular owing 
to mashmg down into soft sandstone below ......... _....................... 3 

3. Sandstone, fine· grained, bluish, soft ................................................ 1 to Ph 
2. Limestone, compact, dark gmy, brecciated, with a sandy 

matrix ........................................................... _ ........................ _............. 1 to 2 
1. Sandstone, gTaY, fine·grained, soft, irregulal'ly and imperfectly 

stl'atified. Exposed ... _ ........ _ .. _ ................ _ ............ _......................... 41j~ 

A short distance east of this point a black carbonaceous 
laminated shale of Des Moines age occupies a broad shallow 
valley cut into the Pella formation. 

On N orth Avery creek, nearby, a bed of sandstone with 
an exposed thickness of ten feet is followed above by Pella lime
stone like bed 6 of the above section, a concealed interval of 
two and one-half feet intervening. 

Washington County.-The Pella beds extend northward from 
J effers.on county a short distance into southern Washingtol1 
county. BainS1 says: 

51 Iowa Geol. Survey. vol. V. p. 150; 1896. 
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"They have only been preserved from erosion in the immed
iate neighborhood of Brighton, in the bottom of what is probab
ly a broad, shallow syncline." 

The most representative exposures are in the western part of 
section 29 of Brighton township. The following succession is 
shown in the bank of a small ravine half a mile south of the 
Brighton mill. 

Seotion of P~lla beds near Brighton mill. 
FEET INCHES 

4. Drift ............. _ .... _ .... _........................................................................... 3 
3. Limestone, gray, :fine· grained, in one heavy layer, containing 

Spilrifer pella'ensis, Pugnoides ottumwa and Straparollus sp .... _ 1 6 
2. Limestone, drab, fine·grain ed, in layers 2 to 3 inches thick, 

separated by shaly layers 1 to 8 inches thick. Pugnoides 
ottumwa abundant ... _.......................................................................... 4 2 

1. Shale, bluish, arenaceous, with lenses and seams of compact 
gray brecciated limestone. Exposed ....................... _ ................ _. 3 6 

Bed 1 of the preceding section has a thicl{ness of one foot in 
a quarry opening one hundred yards north of the ravine. It is 
underlain by five feet of gray fine-grained thin-bedded basal 
Pella sandstone which rests unevenly on the St. Louis limestone. 

Keokuk County.-Exposures of the Pella beds in Keokuk 
county apparently are confined to its western half. Bain52 re
fers to several quarries east and south of 'What Cheer in Wash
ington township which derive stone from this formation. The 
more important of these are in the southeast quarter of section 
11 and the northwest quarter of section 24. At the last locality 
Pugnoides ottwmwa and other characteristic fossils were col
lected by him. Bain states that the quarrie,s north of. Sigour
ney, the county seat, are in bot~ the Verdi and Pella limestones. 

Mahaska County.-The distribution of the Pella beds in Ma
haska comity is similar to that of the St. Louis limestone, al
though they are not so extensive. Bain5 3 describes scattered 
outcrops of the formation .along the north and south forks of 
Skunk river and in theV!alley of Des Moines river. 

On the north fork of Skunk river exposures appear (1) in the 
Meyer's section (T. 77 N., R. 16 W., sec. 1, NW.1.4 SE.1.4) 
where six feet of limestone is overlain by Des Moines shales and 
sandstones; (2) in the Union mills sections 'in the east half of 

52 Iowa Geol. Survey, vol. IV, p. 305; 1895. 
53 Idem, p. 324. if. 
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section 23 (T. 77 N., R. 15 W.) ; and (3) in the McBride mill 
section (T. 76 N., R. 14 W., sec. 15, SW.%). At the last named 
locality Bain measured the following section: 

Section at the McBride mill. 
FEET 

6. Limestone, gray, subcrystalline, with interbedded fossiliferous 
marl layers ................................................... _ ........ _ .. _ ............ _........... l(l 

5. Unexposed ......... _ ...... _ ........ _ .......... _ .. _ ...................................... _....... 11 
4. Limestone, ash· gray, compact .......................................................... 1 
3. Sandstone, soft, yellow ....................................... _ ........................ _... 1 
2. Limestone, as above .................................................. .......................... 2 
1. Sandstone, as abo've ..................... _..................................................... 2 

Beds 1 to 4, which he refers to the Verdi, outcrop under the 
east pier of the bridge. Bed 6, the Pella, appears in a small 
quarry opening about two hundred yards west of the milL 

Bain identified the Pella on South Skunk river in (1) the Bal
linger branch section (T. 76 N., R. 17 W., sec. 11, NW.l,4), (2) 
in the waterworks section (T. 76 N., R. 16 W ., sec. 25, SW.1,4 
SE.1,4), and (3) in the Spring creek section (T. 75 N., R. 15 W., 
sec. 4, NW.%). He also reports the presence of the Pella along 
Des Moines river in the Given (T. 74 N., R. 16 W., sec. 10, 
SW.1,4) and Bluff creek (T. 74 N., R. 16 W ., sec. 23, NW.%) 
sections. 

P01Vesh·iek County.-The only exposure of the Pella beds -re
corded by Stookey54 in his report on the geology of Poweshiek 
county is located in the southeast one-fou:rth of the northwest 
quarter of section 35, Sugar Creek township, where seven feet 
of interbedded shale and limestone of this age is overlai.n by 
Des Moines sandstone. The fauna listed by Stookey is very 
similar to that of the Pella in adjoining counties. 

Marion County.-The type section of the Pella formation is 
near the town of Pella in Marion county. The nearest exposure 
of the beds to the town is in an abandoned quarry one-half mile 
southwest of the city limits (T. 76 N., R. 18 W., sec. 9, SE.1,4). 

'Other quarry openings are located a short distance south in the 
northeast quarter of section 16. The limestone which was 
formerly quarried no longer outcrops, but the overlying fossil
iferous shales have an exposed thickness of eight feet. The 
following species were collected from these shales: 

54 Iowa Geol. Survey, vol. XX, p. 255 ; 1909. 



PELLA BEDS IN WEBSTER COUNTY 

List of fossils from Pella shales near, Pella'. 

ANTHOZOA-
Zaphrentis pellaensis 'Vorthen 

llLAST()IDEA-
Pentremites conoideus Shumard 

CRINOIDEA-
Crinoid stems 

BRYOZOA-
Anisotrypa fistulosa Ulrich 
Anisotrypa ramulosa Ulrich 
Fenestella sp. 
Polypora sp. 

BRACFIIOPODA-
Orthotetes kaskaskiensis (McChesney) 

Productus ovatus Hall 
Productus parvus M. and W. 
Pugnoides ottumwa (White) 
GirtyeHa indianensis (Girty) 
Sphifer pellaensis 'Weller 
Composita trinuclea (Hall) 
Cliothyridina hirsuta (Hall) 

PELECYPODA-
Allorisma marionensis White 
Schizodus sp. 

TRILOBITA
Phillipsia sp. 
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The limestone member of the Pella is exposed below the fos
siliferous marls in the quarriet; southwest of the town of Tracy 
(T. 75 N., R. 18 W., sec. 35, NE.% lof SE.l,4). Near the middle 
of the quarry face the succession is as follows: 

Section southwest of Tra01J. 
DES MOINES rEET 

5. Shale, dark, impregnated with carbonaceous material, arenace· 
ous above ............................................. _............................................... 8 

PELLA 
4. Shale, fossiliferous ................................. _........................................... 4% 
3. Limestone, gray, fine· grained, in a single }ruyer ................. _..... 1 
2. Limestone, gray, fine·grained, thin·bedded, rather soft ond 

shaly ...................................................................................................... 5 
1. Limestone, similar to bed 3 .......................................................... 2 

The . characteristic fossils of the limestone members are: 
Pttgnoides ottumwa, Spirifer pellaensis, Composita t1'inuclea 
and All07-isma sp. 

The assemblage in the shale js considerably more diversified, 
VIZ.: 

List of fossils from shale bed at top of Pella in above section. 

ANTHOZOA- Pugnoides ottumwa (White) 
Zaphrentis pellaensis Worthen Girtyella indianensis ' (Girty) 

CRINOIDEA- Spirifer pellaensis Weller 
Crinoid stems Composita trinuclea (Hall) 

BRYOZOA- PELECYPODA-
Anisotrypa fistulosa Ulrich Schizodus sp. 
Anisotrypa ramulosa Ulrich Schizodus sp. 
Fenestella cf. F. multi spinosa Ulrich Allorisma sp. 

BRACHIOPODA- . GASTROPODA-
Orthotetes kaskaskiensis (McOhesney) Bellerophon sp. 
Productus ovatus Hall YERTEDRATA-
Productus parvus M. and W. Fish t eeth 

Webster County.-No exposures of the Pella formation ar~ 
known northwestward from southwestern Poweshiek county 
until Webster county is reached. E~cept for a small inlier of 
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St. Louis limestone in Story county the intervening area is cov
ered everywhere by the Des Moines formation. 

Fossils now known as characteristic Pella species were re
ported from the St. Louis limestone of this area by White55 as 
early as 1870. Many years later Wilder56 described fossilifer
ous marls on Lizard creek, one mile west of Fort Dodge~ which 
he also referred to the St. Louis. Upon the basis of the ·fossils 
listed by Wilder, the beds were asigned to the Pella by 'Weller 
and Van Tuyl in 1915.57 MOl'e recent studies by Lees and 
Thomas5s have demonstrated the presence of a typical Pella 
fauna in the marls. 

Lees and Thomas state that all the known exposures of the 
formation in Webster county are, with two exceptions, located 
in the valley of Lizard creek west of Fort Dodge. One of these 
exceptional localities "is in a ravine which opens into Des 
Moines valley from the northwest opposite the dam and about 
one-third ;mile above the railroad and wagon bridges over the 
river at the mouth of Lizard creek." Twenty to twenty-five 
feet of fossiliferous Pella shales is overlain here by the Coal 
Measures. The other locality is in the northwest quarter 
of section 6, Cooper township, in a small ravine on the 
east side of Des Moines river, about five miles above Fort 
Dodge'. Two small outcrops here show a few in~hes of 
sandy shale at water level, above which is two feet of marl. 
Over this is a foot of clay shale in which were found a few 
specimens of Spi'rifer pellaensis and Pugnoi.des ottwrnwa. A 
bluff section on Lizard creek near the center of section 24, 
Douglas township, shows forty feet of Pella shales underlain by 
thirteen feet of interbedded sandstone and li:rnestone of St. 
Louis age. The lower thirty-four feet of the Pella shale ~s mot
tled with red areas and contains Spirifer pellaensis, Pugnoides 
ottumwa, Compos~ta trinuclea and other fossils. (See also page 
284.) 

Several other exposures of Pella shales on Lizard creek are 
described by Lees and Thomas.59 In an exposure about one
fourth mile U'P the valley from the above mentioned section 
they found three feet of nodular gray limestone overlain by 

5r, Report on the Geol. Survey, Iowa, vol. I, p. 221 ff. 
56 Iowa Geol. Survey, vol. XII, p. 78; 1901. See also Wilder's statements in vol. XXVIII, 

pp. 146, 154, 1'64; 1918. . 
57 Proc. Iowa Acad. Sci. •. vol. XXII, p. 241 If. 
58 Proc. Iowa Acad. Sci, vol. XXV, p. 599 ff. 
59 Idem, p. 600 ff. 
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thirty or mpre feet of fossiliferous gray-green shale which is 
followed in turn by fi ve feet of red clay shale barren of life 
forms. Regarding other outcrops they say: 

"About four hundred yartls above the junction of North and 
South Lizard creeks, on the east bank of North Lizard there is 
an exposure of the gray-green shale which rises twenty-five or 
thirty feet above the stream. Over this shale lies fifteen to 
twenty feet of red shale. At several horizons in the gray-green 
shale there are harder limy bands which contain large numbers 
of fossil brachiopods. The contact of the red shale with the 
g-ray is quite sharp and lies just above a layer of fossiliferous 
yellow limestone. . 

The next exposures on this fork, and so far as known to the 
writers the last ones, are a group five miles up the valley and 
in the southeast quarter of section 8, Douglas township, about 
one-fourth mile below the Minneapolis and Saint Louis railroad 
bridge on the north bank of the stream. Here a small tributary 
ravjne has been cut through six feet of yellow and green shale~ 
below this through five feet of red and green shale, beneath 
which is exposed two feet of gray sandstone or sandy limestone, 
then five feet of shaly material beneath which in turn two feet . 
of green shale is seen above the stream leveL" 

N one of the beds at this locality yielded any fossils . 
Regarding the exposures on South Lizard creek Lees and 

Thomas have the following to say : 

"In the lower one-half mile of South Lizard valley there are 
several exposures of the red and green shales. Only one of 
these, the southernmost, need be described. here. This one shows 
beneath twenty or thirty feet of till a body of red clay shale 
twelve feet thick. Under it is eight feet of gray sandstone and 
below this bed a green and red shale extends fifteen feet to 
water level. Some of the shale near the base of this exposure 
is finely sandy. All the other outcrops are similar in the char
acter of the beds exposed and it is noteworthy that none of the 
beds carry aIfY fossils ." 

The fauna of the Pella beds of Webster county as reported 
by Lees and Thomas6o js as follows : 
SPONGIAE-. 

ClinoJithes lizardensis Lees and 
Thomas 

VERMES-
Spi rorhis fortdodgensis Lees and 

Thomas 
CRINOIDEA-

Crinoid stems 
BRYOZOA-

Batostomella interstincta ffirich 

600p. cit., p. 605 If. 

Batostomella (species undescribed) 
Anisotrypa fistu]'osa Ulrich 

BRACHIOPODA-
Orthotetes kaskaskiensis (McChesney) 
Pugnoides ottumwa (White) 
Ghtyella indianensis (Girty) 
Spi"ifer pellaensis Weller 
Composita trinuclea (Hall) 

TRILOBITA
Phillipsia sp. 



CHAPTER V 

THE GEODES OF THE KEOKUK AND LOWER WARSA. W 
BEDS 

.Introduction 

In no other area in North America do geodes attain such an 
exceptional development as in the Keokuk and Lower Warsaw 
beds of the central Mississippi Valley. Representative speci
mens of geodes from this region are now found in the mineral 
cabinets of many of the museums of the world. Apart from 
Professor Brush'sl preliminary examination and description of 
a few select specimens submitted to him in 1865 by A. H. 
Worthen, then director of the Geological Survey of Illinois, no 
study of these remarkable geodes has ever been made, in spite 
of the fact that they bear a variety of metallic sulphides and 
promise to throw soine light upon the origin of more important 
deposits of these materials in sedimentary rocks which show no 
signs of igneous influence. The following report on their char
acteristics is therefore considered justified. 

Definition of Geode 

The term geode is derived from the Greek word meaning 
earthlike. The following definition of geode is given in Web
ster's International Dictionary : 

a "A nodule of stone containing a cavity lined with 
crystals or mineral matter:" 

b "The cavity in such a nodule." 

Geodes are described in Dana's Manual of Geology as 
"Spheres or irregular spheroids, or balls in rock, hollow within 
and lined with crystals." 

Chamberlin and Salisbury2 in their text books on Geology 
state that geodes are formed by the partial filling of cavities by 
the inward growth of crytsals. 

1 Geol. Survey Illinois, vol. I , pp . 90-96 ; 1866_ 
~ Geology, vol. I, pp_ 416, 417; 1904_ 

.,. 
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Bassler,3 who has recently made a study of geodes, defines 
them thus: 

"Spheroidal or irregular spheroidal, concretion-like masses, 
hollow and lined with crystals pointing inwardly are known to 
geologists as geodes." 

The following definition is given by 0 'Hara in Bulletin 9 of 
the South Dakota School of Mines: 

"Geodes are spheroidal masses of mineral matter formed by 
deposition of crystals froin mineral solution on the walls of a 
rock cavity. The growth is constantly inwa:r:d toward the center. 
If the process of deposition has continued sufficiently long, the 
crystals reach across the ,depositional space, interlock with each 
other and the geodes become solid. Often the cr'ystals project 
only part way, leaving a considerable cavity and then the geodes 
when broken present a crystal lining of much -beauty and inter
est. " 

In all but the last of these definitions the impression is given 
that geodes are always hollow and that they are formed by the 
partial filling of pre-existing cavities by the inward growth of 
crystals. Such a view, however, is incorrect, for the growth of 

. crystals toward the interior has in many cases proceeded suf
ficiently for them to meet and coalesce, thus giving rise to solid 
geodes. 

Furthermore geodes are not always spheroidal. Some of them 
do not even distantly approach the spheroidal form. Many are 
very irregular and nodular in shape. A more comprehensive 
definition is as follows : Geodes are rounded or nodular masses 
formed by the inward growth of mineral matter upon the walls 
of pre-existing cavities. They may be either solid or hollow, 
depending upon whether or not the process of filling has been 
carried to completion. 

The origin of the cavities need not enter into the definition. 
They may be either original, as in amygdaloidal lava, or they 
may be due to solution. Solution cavities are characteristic 
of sedimentary rocks. In their most typical development, 
geodes possess siliceous or calcareous shells and in this respect 
they should be distinguished from geodic cavities which are in
separable from the enclpsing rock. 

3 u. S. Nat. Museum Proe, vol. 35, p, 133 ff; 1908, 
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Agates have a method of development analogous to that of 
geodes but they always consist of banded chalcedonic quartz. 
Also they are normally limited to igneous rocks while geodes 
are typically confined to shales and limestones. 

Nodules and concretions differ in their origin from geodes 
and agates in that they · grow from a nucleus outward by the 
segregation of like material originally disseminated through 
thf> surrounding rocks. 

Other Occurrences of Geodes 

Some of the more important occurrences of geodes in thi~ 
country are as follows : (1) In the Keokuk limestone and the 
Lower -Warsaw beds of the Central Mississippi Valley; (2) in 
the Little Falls dolomite of New York; (3) in the Lockport 
limestone at Lockport and Rochester, New York; (4) in the 
Knobstone shales of Indiana and Kentucky; (5) in the Ter
tiary beds of the Big Bad Lands of South Dakota; and (6) in 
Tertiary shales at Yaquima Bay on the coast of Oregon. 

In England geodes occur in the marls and dolomitic conglom
erate of the Keuper formation and in a basalt at Tortworth. 

Geodes of the Keokuk Beds 

Geodes attain their most typical development in the Lower 
Warsaw beds. But geodes and calcareo-siliceous masses are 
locally found in the Keokuk. These will be considered briefly 
before passing to a more detailed discussion of the geodes of 
the Lower Warsaw. 

In this subdivision the masses are confined invariably to un
fossiliferous calcareous shale beds and impure magnesian lime
stone layers which are interstratified with the bluish fossilifer
ous crystalline limestone. They are present at only a few local
ities in the area. Tlle best known of these are (1) along the 
bed of a small intermittent stream two miles northwest of Den
mark in Lee county; (2) in a quarry along Long creek in the 
northern part of section 18 of l Jnion township, Des Moines 
county ; and (3) at the mouth of Soap creekin the city of K eo
kuk. 

The occurrence near Denmark is typical. Imperfect calcar
",uus geodes and calcareo-siliceous masses appear in several 
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layers separated from each other by bluish fossiliferous lime
stone. The most productive layer, however, is an impure buff 
magnesian limestone about two and one-half feet in thickness. 
Rounded and lenticular masses, some of which exceed two feet 
in greatest diameter, are common at this level. The relation of 
such masses to the surrounding rock is not such as to indicate 
appreciable expansion during their growth. The maximum 
arching of the overlying layers noted was less than two inches 
for a mass two feet in diameter. The majority of these masses 
are solid, and although they possess chalcedonic shells, in part 
at least, as do the typical geodes of the area, and may have a 
similar method of origin, many of them cannot be regarded 
strictly as geodes. Rather they should be described as segre
gations. The interiors of such masses are characterized by no 
definite structural arrangement and many of them contain lay
ers or smaller inclusions of material resembling the surround
ing rock. They are usually occupied in large part, however, by 
crystalline calcite and fine-grained quartzose material. The cal
cite and massi ve quartz may be indiscriminately mixed but 
usually the calcite either occupies the entire interior or is limited 
to isolated pockrts in the included limestone. In the latter case 
the calcite of some masses contains small inclusions of buff cal
careous material ann in some others is associated with masses 
of sphalerite, some of which are as large as a man's fist. In 
still other cases it hrars many fibrous inclusions of pyrite or 
small sphenoids of chalcopyrite. All three sulphides may occur 
in the same mass but not more than two have been found i1) any 
one calcite pocket. The chalcopyrite found in some masses has 
a zonal arrangement, the small sphenoids generally bein'g most 
abundant about the periphery of the calcite clusters. 

Such segregations are usually surrounded, either wholly or in 
large part, by a ~hell of chalcedony which may differ in thick
ness from a thin film to several centimeters. The outer surfaces 
of most shells are marked by numerous ridges, protuberances 
and rounded depressions, and in some cases they show ,a blis
tered appearance. 

An impure soft magnesian limestone layer which is exposerl 
i1). the quarry in ~e('~ion 18, Union township, Des Moines county, 
and which belongs in the upper part of the Keokuk limestone, is 
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geode-bearing. Wen formed hollow calcareous geodes are com
mon at this place. Their shells consist commonly of buff cal
careous material which is more indurated than the surrounding 
rock. But in some cases incomplete siliceous shells envelop a 
portion of the, masses. Besides the rhombohedrons of calcite 
which line the interiors of these masses, crystals of sphalerite 
are abundant. In several instances this mineral was found to 
be associated with smithsonite, one of its decomposition pro
ducts. 

Well formed caJcareous geodes occur in an impure limestone 
bed near the middle of the Keokuk at the mouth of Soap creek 
in the city of Keokuk. This geodiferous layer is six feet in 
thickness. It bears hollow calcareous geodes ranging up to ten 
or twelve inches in diameter. The interiors of these are lined 
with transparent rhombohedrons of calcite to which are at
tached numerous hairlike tufts and fibers of millerite, the sul
phide of nickeL These tufts and fibers are intergrown 
"\vith the calcite and in some cases they are entirely included 
by it. 

SmaJI geodic cavities have like:wise been noted in the cherty 
limestone layers of the Montrose chert which was exposed in the 
excavation for the Mississippi river dam at Keokuk. These 
have no true shells and usually occur in compact chert bands. 
They are almost all lined with quartz crystals, but upon these 
are frequently superimposed rhombohedrons of calcite. Some of 
these rhombohedrons carry fibrous inclusions or needle-like pro
jections of millerite. The nickel mineral, however, is not always 
confined to ·calcite, for in one instance its filaments were found 
implanted upon the crystals of a pure quartz geode. 

Geodes of the Lower Wars!aw Beds 

OCCURRENCE .AND ::nZE 

The geodes of the Lower vVarsaw are remarkable for their 
abundance as well as for their beauty. Geodes occur in great 
profusion in the geodiferous phases of this horizon and many 
of the outcrops are thickly set with these rounded masses. The 
weathering of such outcrops r eleases large numbers of speci
mens and the stream beds at some localities are strewn with 
many geodes. (See Plate II.) 



IOWA GEOLOGICAL SURVEY PLATE I 

Group of !l'eodes from the Lower Warsaw beds. 
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The geodes from this horizon range in size from about 0.2 
centimeter up to 75 centimeters in diameter. Well developed 
geodes, however, of either extreme are very rarely found. Many 
of the smallest specimens consists of solid chalcedony, but well 
formed geodes no larger than a pea occur. The greater num
ber of the largest examples, on the other hand, are either lentic
ular and poorly developed, or compound, in which case they 
consist of several individuals intergrown. Well formed geodes, 
however, ranging up to 60 centimeters in diameter are found, 
but most of these are chambered in their interiors. 

Large and small geodes are not found intimately associated 
in any given layer, but there may be considerable range in size 
at different levels in . the same exposure. Moreover, there may 
be marked differences in their dimensions at the same level at 
different localities. 

In abundance the geodes of the geodiferous phase of the 
Lower Warsaw have a wide range both laterally and vertically. 
In places they are so numerous in a given layer that their free
dom of growth has been interfered with and they are thus of 
very irregular shape. In other places, geodes are very sparing
ly distributed throughout the rock and none are present in an 
outcrop embracing an area of several square feet. In the non
geodiferous phase no trace of geodes may be found. 

The proportion of well-developed geodes in the beds differs 
greatly at different localities. At some places well formed 
geodes do not constitute more than ten per cent of the total, but 
at others the great majority of those broken may be of typical 
character. The same relationship holds for different levels in 
the Lower Warsaw at the same locality. . 

MlNERALOGIOAL CHARACTER 

Mineralogically the geodes are almost all siliceous but a few 
calcareous geodes and geodic calcareous nodules have been 
found. The siliceous types are without exception characterized 
by an outer shell of chalcedony. In most geodes this is followed 
by crystalline quarts, but calcite occas,ionally succeeds the chal
cedony. In some instances, however, the interior is lined with 
botryoidal chalcedony and no crystalline quartz nor calcite ap
pears. Many of these chalcedonic types · bear cubes of pyrite, 
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and one . speci,rnen was found which contained sphalerite, partly 
decomposed to smithsonite. This geode bore also a slight in
crustation and a few minute crystals of gypsum, but the same 
mineral has been found in normal quartz geodes. Some of the 
quartz geodes are solid. In many of those which are hollow the 
quartz crystals of the interior are studded with crystals of cal
cite, dolomite, ankerite, sphalerite, or pyrite. More rarely 
elongated crystals of magnetite or the red powder of hematite 
are found. Some of these quartz types, on account of their im
perviousness, contain water, although the surrounding rocks 
may be dry. 

Many hollow siliceous geodes in the vicinity of Niota, Illi
nois, are filled with a black viscous bitumen, and those from the 
upper argillaceous half of the Lower Warsaw, particularly at 
Keokuk and Warsaw, commonly contain kaolin in the form of a 
flocculent white powder. 

Calcite geodes and geodic calcareous nodules with or without 
siliceous shells are much .less common than the quartz variety. 
A few calcite geodes from the Denmark locality bear small 
sphenoids of chalcopyrite. The geodic calcareous nodules, how
ever, are characterized in general by calcite of two periods of 
growth and many of them contain elongated crystals of pyrite. 
Calcareous nodules without geodic cavities and inclosed by 
siliceous shells identical with those of perfect geodes have been 
found at several localities. 

RELATION TO THE CONTAINING ROCK 

It has been stated previously that the Lower Warsaw is rep
resented by geodiferous and nongeodiferous phases which may 
grade into each other laterally within short distances. The only 
apparent physical difference betwken the two phases is that the 
member where it bears no geodes is in most cases, although 
not in all, fossiliferous, while the geodiferous phase is, except 
for occasional limited seams of limestone, nearly destitute of 
fos sil remains. 

The Lower Warsaw, in its typical development, is roughly 
di visible. intq two halves. The lower of these is massive and 
has the composition of an impure magnesian limestone. Bands 
or seams of fos siliferous nonmagnesian limestone are sometimes 
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found interbedded with this type. Where it is geodiferous this 
limestone tends to bear large and well developed geodes which 
are distributed irrregularly throughout the rock mass. The 
upper part, however, is much more argillaceous and in some ex
posures is laminated. The geodes in this part are much more 
numerous than in the lower part but they are much smaller and 
more imperfectly developed. In general, it may be said that the 
degree of development of the geodes varies directly with the 
amount of calcareous matter in the rocks. In this part of the 
Lower Warsaw most of the geodes are found in productive lay
ers or bands parallel to the stratification and ranging from a 
few inches to several feet in thickness. These bands are as a 
rule separated from each other by layers of barren shales of 
differing thickness. Such bands, interbedded with unproductive 
shale, and in some localities thickly set with geodes, are in many 
cases traceable along the entire width of an outcrop. 

The relationship of the geodes of the Lower Warsaw to the 
. containing rock, as in the case of the masses in the Keokuk 
limestone, does not suggest appreciable expansion during their 
formation. At no place was the inclosing rock found to be un
der any strain at the contact, nor was 'there any evidence of 
flexing consequent upon lat!'lral pressure. Some thin seams of 
limestone, however, which overlie the geodes are slightly arched 
upward. But such archings are no greater than would result if 
masses analogous in size to the geodes were imbedded in the 
sediment at the time of its accumulation, and this seems to be 
the true condition. This idea is further strengthened by the oc
currence of a few limestone layers which exhibit a thinning 
where-they pass over the upper surface of the geodes. This is 
the usual relationship. An excellent example of such thinning is 
found in the lower part of the Lower Warsaw at the outcrop 
along Fox river, near Fox City, Missouri. 

A close study of geodes in place in the rocks reveals. the fact 
that their greatest diameter invariably lies in a horizontal 
plane, provided their development has not been interfered with. 
Calcareous nodules when found exhibit a similar relationship. 

Many of the geodes have been deformed and crushed in place 
by the pressure of the superincumbent strata. The imperfect 
development of such geodes indicates that the crushing must 
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have taken place while the process of geodization was yet in 
progress. Additional evidence of the settling of the rocks is 
found in the slickensided structure which characterizes much of 
the shaly material adhering to the siliceous shells of the geodes, 
and which, in some instances is even impressed upon the sur
face of the chalcedonic shells. 

The extent of the geodes in the roek back from the outcrops 
is 'worthy of some consideration. Bassler4 in his discussion of 
the geodes of the Knobstone shales of Kentucky and Indiana 
calls attention to the impervious nature of shale and inclines to 
the view that the geodes of that formation, which are of fossil 
origin, are confined to the ilmnediate neighborhood of joint 
planes or rifts in the strata through which "vater had easy ac
cess. In speaking of their occurrence he says : 

, 'U sually the geodes were lying on the surface itself, free or 
partially covered with soil, and digging in the compact shale 
immediately beneath would reveal no trace of other specimens. 
In other eases they were apparently buried in the shale, but, in 
every instance of this kind, closer examination showed these ex
amples to lie on the edge or very neal' to joint planes or rifts 
in the strata through which the 'water had easy access." . 

Such a relationship does llot appear to hold for the geodes of 
the Lower Warsaw beds. They do accumulate along ravines as 
residual material, but they are found also in appreciable num
bers in the unweathered shale. Blasting many feet into the 
bluff of the Lower Warsaw at Keokuk, Iowa, did not reveal any 
discontinuity of its geodiferous character. Geodes occur in a 
clay pit in the beds at Hamilton, and the sinking of a well into 
this division neal' Bentonsport revealed the presence of perfect 
geodes well down within the formation. 

The mineralogical relationships of the geodes to the contain
ing rock received some atte!ltion in this study. The O'eneral COll
clusion drawn from this investigation is that at any given local-

. jty each geodiferous layer or band, as a rule, bears geodes which 
are closely related among themselves but which may be mineral
ogically unlike those from other bands. Such differences, how
ever, may be trivial, and one series may possess only a greater 
and more constant amount of one mineral than the other. Also 
the geodes from the same level may differ in general character 

'U. S. Nat. Museum Proc. vol. 35, p. 1~3 ff. 
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at different localities. In this respect it has been found that 
there are characteristic geode provinces. 

To illustrate the diversity of character of the geodes from 
different bands, specimens from several levels in the Lower 
Warsaw, at Warsaw, Illinois, were studied· and classified upon 
the basis of their development and mineral content. The fol
lowing tables r epresent the types found in three productive 
bands in the lower ten feet of the upper argillaceous half of the 
formation at that place. The bands are designated as band A, 
band B, and band C, respectively, A being the highest band. 

BAND A. 

Geodes dominantly of the quartz type. 
I. Geodes having well developed chalcedonic shells. 

A. Hollow geodes. NUMBER 
1. Interior lined in part with drusy quartz and in part with 

granular quartz coated with chalcedony...................................... HI 
2. Geodes similar to those of I A 1. but contain:ing kaolin ... _... 25 
3. Geodes like I A 1, but with fine crystals of quartz occurring 

upon the chalcedonized grains. 
(a) Without fl.akes of pyrite ............... _....................................... 12 
(b) With flakes of pyrite ................................. _....... .................... 2 

B. Geo.lllis solid or nearly so. 
(a) Like I A 3a but irolll stained! ......... _ .... _ .... _... ........ ........... 2 

II. Geodes with imperfect shells. 
A. Otherwise like I A 2 ................................. _........................................... 2 
B. Otherwise like I A 3 ................................................................................ 3 

BAND B. 

Geodes dominantly of calcite type. 
I. Geodes with well developed shells. NUMBER 

A. Hollow geodes. 
1. Interior of chalcedonic shells lined with rhombs of calcite. 

(a) Without kaolin ........... ............................................................... 9 
(b) Bearing ~aolin .......................................................................... 10 

B . Solid geodes ( quartzose) ......... _ .... _ ....... ..................... _................... .... 1 
II. Geodes with imperfect shells. 

A. Hollow specimens. 
1. Bearing calcite, kaolin, clay and sphalerite ................................ 1 

B. Geodes solid or nearly so. 
1. Otherwise like II A 1 .................. .................. .................................. 1 
2. Otherwise like II B 1 but containing no sphalerite ................ 3 

BAND C. 

Geodes dominantly of calcite type. 
I. Geodes \vith well deve10ped shells. NUMBER 

A. Hollow geodes. 
1. Interior of shell studded with transparent crystals of calcite 9 
2. Like I A 1 but bearing kaolin .................. ...................................... 1 
3. Like I A 1 but bearing a few flakes of pyrite .......................... 1 

B. Solid geodes. 
1. Interior filled with impure calcite ................................................ 8 
2. Like I B 1 but containing kaolin .................................................. 7 
3. Like I B 1 but containing blende and kaolin ...... ...................... 1 
4. Like I B 1 but containing only blende ......... _............................. 1 
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.1\.nother band a few feet above A yielded very imperfectly 
developed and nodular geodes. Many specimens from this level 
have only incomplete chalcedonic shells· while their interiors are 
occupied by clay intermixed with kaolin. The greatest diameter 
of these nodular geodes is about three inches. 

The lower part of the Lower Warsaw at this place bears 
much larger but less 'numerous geodes than does the upper 
division. The lower four and one-half feet is by far the most 
productive part of the seven and one-half feet of this division 
which is exposed. The geodes taken at this level from an area 
four and one-half feet high and ten feet wide were studied. ~J..lhe 
results .of this study are given in the following table: 

I. Well formed geodes with chalcedonic shells. NUMBER 
A. Solid quartz geodes ..................... _ ...................................... _............. ...... 9 
B. Hollow quartz geodes. 

1. Interior lined with pure quartz crystals. 
(a) Crystals not bearing flakes of pyrite ................................ 3 
(b) Crystals bearing' flakes of pyrite ................... _................. 6 

2. Interior lined with quartz crystals which :l,re coated with 
chalcedony. 
(a) Without flakes of pyrite ..................... _............................... 2 
(b) With flakes of pyrite ............. .. ............................................... 5 

II. Imperfect geodes; either broken or possessing brittle defective shells; 
interiors hollow but occupied by panular and finely crystalline quartz. 
A. Already broken ... _............ ......................................................................... 29 
B. Broken with hammer ............................................. _............................... 9 

63 

At this locality the geodes from anyone layer were not found 
to differ greatly in their mineralogical character, and this is 
the general rule. Instances have been found, however, in which 
there is considerable range in the mineral content of the geodes 
from the same level. This feature is illustrated by the follow
ing table prepared from the study of geodes taken from a band 
in the upper part of the Lower 'lvarsaw, which is exposed along 
a small stream on the east side of Mud creek, about one mile 
above its mouth, in Henry county, Iowa. 

I. Well formed geodes with chalcedonic shells. NUMBER 
A. Hollow geodes. 

1. Interior lined with crystalline quartz ............................................ 2 
2. Like I A 1 but quartz crystals bearing elongated crystals of 

magnetite upon their surfaces ... _ ...................... _ ......................... ,. 1 
3. Like I A 2 but containing calcite also ......... _............................... 1 
4. Like I ·A 1 but with quartz bearing flakes and crystals of 

pyrite ............................................................................. _..................... 3 
5. Like I A 4 but containing calcite ................................................ 7 

II. Solid and imperfectly developed geodes; 
A. Interior partly filled with shaly material............................................ 8 
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The same feature is illustrated even more forcibly by the 
mineralogical nature of the geodes which occur in a band along 
a ravine which cuts into the Lower Warsaw in the vicinity of 
the Fort Madison and Appanoose Stone Company's quarry near 
Niota, Illinois. The. geodes obtained from this band were as 
follows : 

1. Well formed geodes 'with siliceous shells. N UMBER 
A. Hollow geodes. 

1. Interior lined with mammillated chalcedony. 
(a) Metallic sulphides wanting ........ ___ . ____ . ______ ___ ___ ___________ __ ____ .____ 6 
(b) Chalcedony bearing pyrite_ 

1. Without calcite _________________________ __ ___ __ ________ . __________________ ._____ 3 
2. With calcite ______ __________ ______________ __ __ . _______ .. __________ __ _____________ 1 

( c) Chalcedony bearing sphaleri te _________________ __________________________ ___ 1 
2. Interior lined with quartz crystals. (a) With pyrite ____ __ ______ _________________ _____________ _____ ______ _______ ______ __________ 1 

(b) Without pyrite _____ _______________________ ___ ______________ __________________________ 1 

3. Interior lined with crystals of calcite. 
(a) With pyrite __ .. ______ ____________ . ___________ ______ . ____________ _____ . ____ ._______ ______ 2 
(b) Without pyrite ____ ___ ___ __ _____ ____ . _________________________ . ___ . _____________ .______ 2 

B. Solid geodes. 
1. Solid cha lcedony _________ ._. _______ _________ ______________ .... __ _ . __ _ ........ 1 
2_ Solid calcite ______ __ ________ __ _________________ ____________________ . __ .____________ ______ __ ________ 3 

II. Imperfectly developed geodes; containing shaly matter. 
A. Without kaolin __________ __ ________________ ____________________ ___________ __ __ . __ ______ ._._._ ....... _ .. ___ . 3 
B. With kaolin . ____ ______ ___ _____ ____ .. _____ .. ___ ........ _ .. _ .. __ ___ ____ ... __ . _____ ..... _ ... _______ 1 

The formations overlying the Lower Warsaw do not appear 
to_have influenced geode development, for geodes occur at local
ities where the overlying strata are still preserved, as well as 
at localities where they have been completely eroded. Thus, at 
Warsaw the geodiferous beds are succeeded above by the Upper 
,\Varsaw formation,' but at Lowell the beds are overlain at the 
most productive point only by dr~ft. 

The presence or absence of unconformities between the Lower 
Warsaw and the overlying formations, however, may have had 
some influence, but it is believed that the effect, if there was 
any, had to .do with the time of origin rather than with the 
mode of development. 

IMPORTANT LOCALITIES 

Some of the most typical localities for studying the Lower 
,\Var saw and its geodes have already been mentioned in connec
tion with the discussion of the stratigraphy of the beds. But 
reference is again made to these localities with greater emphasis 

The best known localities, without a doubt, are Keokuk, Iowa, 
placed on the geodes. 
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and Warsaw, Illinois. It was from these places that A. H. 
Worthen collected many specimens to distribute among the 
museums of the world. The same localitites have, in more re
cent years, afforded most of the geodes taken from the region 
for museum and ornamental purposes. . 

The Lower \!ItT arsaw is most typically developed at Keokuk 
along Soap creek near the end of Fourteenth Street, but it is 
exposed also along the west bluff of Mississippi river from the 
Union station southward for a distance of at least two miles. 
The Soap creek exposure is most satisfactory for the study of 

. geodes. A section of the beds at this locality has been recorded 
earlier in this report. (See page 193.) 

The most characteristic geodes at this locality are the thin
shelled siliceous types which bear crystals of dolomite and 
ankerite. These are best developed in the lower part of the 
formation but on account of the fragile nature of th~ir siliceous 
shells they have been broken in most instances by the scaling off 
of large flakes of the containing rock which adheres tightly to 
the geodes. . 

The geodes of the upper part of the beds are much smaller 
than those from the lower part, and like those from Warsaw at 
this horizon, many of them contain the white powder of kaolin. 
The subjoined table will indicate the general character of the 
geodes occurring in a persistent band near the middle of the 
upper part of the beds. 

1. Geodes well developed and hollow. N UMBER 
A. Interior lined with drusy quartz .......................................................... 1 
B . Interior lined with drusy quartz which bears small crystals 0'£ 

pyrite ............................................................................................................ 2 
C. Interior occupied by drusy quartz, pyrite, dolomite and calcite.... 1 
D. Interior lined with drusy quartz studded with dolomite ................ 3 
E. Interior lined with drusy quartz, dolomite and pyrite .................... 1 
F . Interior occupied by drusy quartz, dolomite and k.aolin ................ 1 
G. Interior lined 'with coarse crystals of quartz . ___ ._ .... ___________ .. __ ______ __ ... 2 
H. Coarse crystals of quartz and pyrite ..... _ .. _ .. _ .. _ .................... _....... 1 

2. Geodes well developed but solid ..................... _............................................. 2 
3. Geodes imperfectly developed'; interior nearly filled. 

A. Lined with drusy quartz and dolomite and bearing kaolin ............ 7 
B. Interior consisting of drusy quartz, dolomite, kaolin and blende.... 1 

Another excellent place for studying geodes is along the east ' 
bluff of a creek just northeast of the town of Warsaw (fig. 16), 
where the Lower Warsaw is well exposed. A detailed section 
of the rocks at this point has been given on page 190. The na
ture of the geodes at this place is indicated by the tables pre-
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sented under the discussion of the mineralogical relationship of 
the geodes to the containing rock. (See pages 315 to 317.) One 
of the most striking features in connection ,"lith the geodes at 
this locality is that although they are otherwise quite similar to 
the Keokuk specimens, they were not found to bear dolomite, 
which is a very characteristic mineral in the geodes at Keokuk. 

FIG. lB.-Geodes in place in Geode bed along creek just northeast of Warsaw, Illinois . 

Geodes occur also at Soap Factory Hollow, a creek two 
miles south of Warsaw, and along the beds of creeks tributary 
to the Mississippi between Warsaw and Hamilton. Of these 
creeks. Crystal Glen, whose mouth is about two miles above War
saw, is the most important. Many geodes are strewn along the 
bed of this stream and about a mile up the valley an outcrop of 
the lower part of the geodiferous phase of the Lower Warsaw 
maybe seen. The exposure at this point is about eight feet 
high and is made up of highly calcareous shale interstratified 
with layers of limestone. The geodes occur both in the lime-
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stone and in the shale. They are dominantly of the quartz, 
calcite and quartz-calcite varieties. Metallic sulphides are rare. 

At Hamilton geodes are common along Railroad creek but 
conditions are the most favorable for studying them at the clay 
pits of the Hamilton Clay Company, situated about one-half 
mile southeast of town. The bluish nonfossiliferous shales of 
the upper part of the Lower Warsaw are here used for the 
manufacture of brick and tile and have been exposed to a max
imum thickness of about eight feet . Many geodes which have 
been picked from the shale in the process of excavation are now 
scattered over the floors of the pits. More than one hundred of 
these were broken. Of this number about one-fourth were of 
the solid quartz variety and the remainder consisted chiefly of 
hollow quartz geodes whose interiors were in most cases stud
ded with rhombs of calcite or crystals of dolomite or ankerite. 
A few, however, were found to contain pyrite and an occasional 
one contained sphalerite. The anke-rite is in many cases partly 
decomposed to limonite. The interior linings of nearly all of the 
geodes at this place are incrusted, in part at least, with lime 
carbonate. 

Many of the hollow geodes have been fractured transversely 
and recemented by calcareous material. These are for the most 
part much discolored in their interiors. The rupture of these 
is believed to have been caused by the freezing of included 
water when they were not far below the surface. A few de
formed geodes also were observed. Most of these contained 
kaolin and included clay but a few were found to contain dolo
mite or ankerite. 

The exposure of the Lower ,Varsaw at Fox City, Missouri, is 
very interesting from many standpoints. ~eference has already 
been made to the excellent opportunities at this place for study
ing the relation of the geodes to the containing rock. Many 
geodes have been collected at this locality and considerable 
blasting has been done along the face of the bluff to f3ccilitate 
their removal from the rock. The upper part of the formation 
at this place furnishes the greatest number of specimens, but 
they are small and most of them are poorly developed. In size 
they range from about 0.2 centimeter to 20 centimeters in diam
eter. Many of the smallest geodes consists of solid chalcedony. 
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But the larger geodes are usually of the quartz type and many 
are nearly or quite solid. Other varieties of subordinate im
portance are the quartz-pyrite, quartz-calcite, quartz-calcite
pyrite and the kaolinitic types. 

The geodes from the lower part of the shale are of far great
er importance than those from the upper part. A t no other 
known locality in the area can such large and well developed 
geodes be so satisfactorily studied in place in the rocks. Num-

. erous well formed quartz geodes ranging up to 45 centimeters 
in greatest diameter may be seen dotting the face of the bluff. 
They reach their maximum development, however, in a layer six 
feet in thickness near the base of the exposure. The geodes 
from this layer may be classified as follows: 

A. Geodes exceeding six inches in diameter. NUMBER 
1. Interior hollow. 

(a) Intel'ior lined with qumtz crystals which bear small 
flakes of pyrite upon their surfaces ...................................... 2 

2. Solid geodes. 
(a) Interior filled with crystalline quartz .............................. 1 

B. Geodes less than sLx inches in diameter. 
1. Interior hollow. 

(a) Pure quartz type .................................................................... 4 
(b) Interior lined with quartz crystals bearing flakes of 

pyrite .......................................................................................... 26 
2. Solid or almost solid geodes. 

(a) Pure quartz filling the interior .................. :........................... 2 
(b) Interior filled with quartz which bears pyrite .................. 2 

The widespread occurrence of pyrite and the paucity of cal
cite are the most characteristic features of the geodes at this 
place. 

Another Missouri locality for collecting geodes is near Way
land. A few feet of the Lower "\Varsaw are exposed about one
half mile southwest of this place" in the east bank of Fox river. 
Here many of the geodes contain calcite. St. Francisville, Mis
souri, also is said to be a good locality for quartz geodes. 

The geodes from the lower part of the Lower Warsaw at sev
eral localities near Niota, Illinois, are strikingly contrasted to 
those in other occurrences in that many of them are partly or 
completely filled with a black viscous bitumen. The fact that 
such bituminous geodes occur in a non-bituminous shale and 
may be found in close proximity to ordinary O'eodes which show 
no trace of bitumen, lends to this feature still greater interest. 
As a general rule, however, the regular hollow geodes which 
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occur in the same layers with bituminous types show at least a 
black stain in their chalcedonic shells. 

Such bituminous geodes occur along a small creek in thfl 
southern limIts of Niota. But the most satisfactory place to 
study them is two miles south of Niota along the north and 
south forks of a small creek a short distance back from their 
confluence. At the more northerly of these places bituminous 
geodes occur only in a layer a few feet in thickness near the 
base of the Lower Warsaw. Above this layer occur thin-shelled 
geodes lined with drusy quartz studded with ankerite. These 
show no traces of petroleum. 

The geodes which bear oil are, so far as could be ascertained, 
no different from the geodes 'which normally occur at this hor
izon. Most of them are of either the calcite or the quartz types 
but some geodes lined with botryoidal chalcedony also contain 
bitumen. Furthermore, the thickness of the wall seems to have 
had no great influence, for almost solid quartz geodes have been 
found to contain a small amount of the crude oil in their cen
ters. No bitumen or carbonaceous material has ever been found 
included in the quartz. The bitumen, then, must have been in
troduced at some tin1e subsequent to the development of the 
geodes. It certainly has not interfered with their development. 
The soUrce of the oil is not positively known. It may have 
migrated into the basal part of the Lower Warsaw from the 
underlying formations. When it penetrated the geodes it must 
have been in a much more fluid condition than it now is. 

Other outcrops of the Lower Warsaw occur along a small 
creek which empties into the Mississippi about three miles be
low Niota. J ear the sources of this creek many rounded cal
careous nodules occur in a layer of shale exposed along the 
bed of the stream. One of these masses was found when broken 
to bear a geodic cavity lined with calcite. 

Toward the mouth of the same stream, however, the :<seodifer
ous shales al;e exposed in their usual facies. They are capped 
with drift at this point and are underlain by the upper ledges 
of the Keokuk limestone. The maximum exposure of the Lower 
Warsaw is about thirty feet . The geodes at this place have 
nearly all been deformed by the weight of the overlying sedi
ments and in consequence of such deformation the upper or 
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lower sides of many of the geodes were crushed inward before 
geodization was complete. Their interiors are now occupied by 
impure clay and kaolin. No bitumen was found in any of the 
geodes at thi; locality, although conditions were favorable for 
its retention. A similar condition prevails ,at the outcrops 
above Niota. Thus in the ravine near the Fort Madison and 
Appanoose Stone Company's quarry, no trace of oil was found, 
although well developed geodes occur at that place. 

The most famous, and in fact the only known, locality for col
lecting geodes in Henry county, Iowa, is east of Lowell, in Balti
more township, along Mud creek, a tributary of Skunk river. 
Many geodes occur along the bed of this stream and several out
crops of the Lower Warsaw appear. The first outcrop of 
the Lower Warsaw to be seen in following up this creek 
from its mouth is one in the southern part of section 27 
at the west end of the iron bridge on the Lowell road. The beds 
are succeeded above by St. Louis limestone. The exposure of 
the Lower Warsaw at this place, however, is largely concealed 
and cannot be satisfactorily studied. But a few rods farther 
upstream a low bluff capped ·with drift on the east side of the 
stream furnishes a section sixteen feet in thickness. The upper 
ten feet of the beds at this place is v~ry argillaceous, but the 
lower six feet is calcareous and some of the layers approach in 
composition an impure magnesian limestone. 

The geodes of the more shaly part are small, imperfectly de
veloped and nodular. The siliceous shells of these are of a red
dish color and in some specimens the red tint shows through the 
transparent druses of quartz which line the interior. The lower 
part, 'on the other hand, bears more perfectly developed geodes 
which are dominantly of the quartz type. These have a max
imUlR diameter of more than ten inches. Flakes of pyrite or 
single crystals of sphalerite occur in the interiors of some · of 
these geodes while a few were found which were filled with 
water. A short distance above this point and just west of the 
second wagon bridge which spans Mud creek appears a third 
outcrop of the beds. At the base of this section appears a layer 
which was not exposed at the above described section. At the 
top of the basal layer there occurs a band which is thickly 



324 MISSISSIPPIAN STRA'rA OF IOWA 

set with rounded nodules which appear to be more calcareous 
than the containing rock. 

Still farther up the creek the uppermost ledges of the Keokuk 
beds appear in the bed of the stream, a fact which suggests 
that an anticlinal arch exists at this place. No other exposures 
of the Lower ,Varsaw appear until the northern limit of section 
27 is reached. Here on the east bank of 'the stream is a bluff 
of shale thirty feet in height, without a\l.y indurated rocks 
above the shale beds. Parts of the formation are exposed also 
a few rods north of this point in the southeTll part of sectioll 
22 in an extension of the same bluff and along the ravines 
emptying into Mud creek above this place on the same side of 
the stream. These are the most northerly outcrops of the 
Lower Warsaw. Beyond this point only the limestones of the 
Keokuk appear. 

The upper part of the Lower Warsaw which is exposed at the 
bluff in the northern part of section 27 consists of argillaceous 
shale. The lower part is made up of calcareous shale inter
stratified with bands of impure magnesian limestone. The up
per argillaceous portion is twelve feet in thiclmess and bears 
many geodes, but most of them are very small. In character 
they are dominantly of the quartz type. The surfaces of many 
of the specimens from this level are partly coated with mamil
lary pyrites and many of their shells are of the red variety of 
chalcedony. These geodes differ from those from other locali
ties at the same level in that they do not bear kaolin. Many of 
the imperfect specimens, however, contain impure clay. 

Just below the argillaceous member there occurs a band of 
soft impure buff magnesian limestone which bears large quartz 
geodes. A few of these have a maximum diameter of two ·feet. 
They are usually somewhat lenticular in shape and are cham
bered within. The walls of some of the geodes from this level 
are. quite thin but others possess very strong shells and can bo 
broken only with great difficulty. In some of the geodes from 
this layer characteristic twinned crystals of calcite are found. 

The formation is poorly exposed at the bluff in the southern 
part of section 22 but many geodes similar in character to those 
in the magnesian layer of the above exposure are strewn over 
the surface of the slope. In addition to the types described 
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from the foregoing locality there are found at this place a few 
geodes whose interiors are partly or completely occupied by a 
soft white gritty variety of silica which in some cases is inter
sected by a network of veins of transparent quartz. In some 
chambered specimens this material is limited to one of several 
chambers but in simple geodes it may occupy the entire interior. 
In some instances cavities lined with small transparent crystals 
of quartz appear in the interior of masses of this materiaL 

One small quartz geode from this exposure was found to bear 
small slender crystals of magnetite and the red powder of 
hematite. Along the bed of one of the ravines a few rods north 
of this point there appear many large quartz geodes whose in
teriors are stained with limonite as the result of the decomposi
tion of small flakes of pyrite which they formerly contained. 
Several of these geodes have a maximum diameter of two feet, 
but specimens of such size were invariably found to be of the 
compound type. N one of these large geodes was found in place 
but judging from the material adhering to their shells they were 
derived from a layer of impure magnesian limestone. 

A short distance farther up the creek many geodes are to be 
fOlmd in the drift on the west side of the creek. Beyond this 
point a few appear along the bed of the creek as far north as 
the bridge crossing the stream in the northern part of section 
22. 

Satisfactory outcrops of the Lower Warsaw in Des Moines 
county are rare and apparently the typica~ geodiferous phase of 
the subdivision is lacking, for well developed geodes were not 
found. 

N ear Denmark in Lee county an interesting exposure of the 
Lower Warsaw is to be found along a small stream flowing 
through the old Leverett estate, two miles northwest of the 
town. In the bed of this creek there appears at one point a 
layer of calcareous shale which bears many siliceous ·and cal
careous nodules some of which are geodic. Some of the calcar
eous nodules are inclosed by chalcedonic shells and the resem
blance of these to the siliceous masses strongly suggests that 
the latter have been formed by the replacement of their cal
careous content by silica. Furthermore the similarity of the 
geodes to such calcareous and siliceous nodules is striking. The 
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surfaces of many of the nodules and geodes at this place are 
partly encrusted with pyrite. Well developed geodes are not 
common and the majority of those found are of the calcite or 
chalcedony types. Of the calcite geodes some are lined with 
rhombohedral calcite but others bear dog tooth spar. Some of 
the latter variety bear sphenoids of chalcopyrite. :Many of the 
chalcedony geodes, on the other. hand, lack characteristic mamil
lary structure. Some of the hollow specimens bear perfect 
cubes of unaltered pyrite in their interiors. 

Other interesting localities for studying geodes occur in Van 
Buren county. The most important of these are: along Indian 
creek across the river from the town of Farmington; along Bear 
creek one-half mile south of Vernon; and along Copperas creek 
about two miles northwest of Bentonsport. At the Farmington 
and Vernon localities rounded calcareous nodules, some with 
and some without inclosing shells of chalcedony, are common in . 
the shale. Some of these are hollow and lined with crystals. 
Exteriorly most of such masses are indistinguishable from the 
typical geodes with which they are occasionally associated, but 
when they are broken their true character is revealed. :Many of 
those which are hollow bear a brownish variety of calcite upon 
which in some cases there are superimposed bright transparent 
rhombohedrons of the .same mineral of a later period of 
growth. Elongated crystals of pyrite are frequently found in 
association with this last variety of calcite; 

In many of the solid nodules there is considerable evidence of 
the partial replacement of original calcareous nlaterial by silica. 
This replacement product commonly assumes the form of irreg
ular patches of reddish chalcedony but in some specimens 
rounded masses of bluish chalcedony occupy part of the inter
ior. In addition some specimens bear many radiating groups of 
small quartz crystals imbedded in the mass. 

The Copperas creek locality is noted mainly for the deformed 
condition and the irregular surfaces of the geodes. But the oc
currence of bands and lenticular masses of reddish siliceous ma
terial intermixed with calcite also is of considerable interest. 
The upper and lower surfaces of such bands and masses are 
tliickly set with small nodular elevations which generally are 
blended together and many of which are geodic. 
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Over seventy-five per cent of the geodes ' at this place are 
either crushed or of a very irregular shape, and only a frac
tion of the well rounded specimens attain a normal state of de
velopment. Among the few well formed specimens one geode 
of the quartz type was found to bear slender elongated crystals 
of magnetite partly decomposed to limonite. 

DESCRIPTION OF TYPICAL GEODES 

r:rhe mineralogical variations of the geodes are such that it 
is impossible to give a general description of their characters 
which is satisfactory. In order that the many mineralogical re
lationships may be fully presented a number of typical geodes 
are described below. 

Geode No . .1.-Shape roughly oblong. Surface bearing minute 
concretionary masses of chalcedony and in places exhibiting 
faint slickensided structure. Dimensions5 23.1 by 18.2 by 15.6 
cms. Interior hollow; wall 0.5 cm. to 5. cms. thiclc Chalcedonic 
shell 0.1 to 0.7 cm. in thickness. Cavity lined with transparent 
terminations of quartz crystals. When it was broken this geode 
was partly filled with water. 

Position and locality: In place in an exposure of the Lower 
Warsaw along the east bank of Mud creek, just above the iron 
bridge east of Lowell, Henry county. 

Geod'e No. 2.-Shape lenticular; surface fairly smooth but 
showing minute concretionary protuberances. Dimensions 15.1 
by 14.1 by 8.8 cms. Interio.r hollow; wall 0.85 cm. to 2.8 ems. 
in thickness; chalcedonic shell not distinctly marked off; outer 
part consisting in large part of fine-grained calcareous material 
partly replaced by concretionary silica; inner part occupied by 
an irregular band of bluish chalcedony. Upon this band there 
occurs a perfect .lining of small transparent quartz crystals to
which the underlying chalcedony imparts a bluish tint. 

Position and locality: Basal part of Lower Warsaw two 
miles northwest of Denmark, Lee county. 

Geode No. 3.-Shape approximately spheroidal with slight 
compression at one point. Surface exhibiting many small 

~ The dimensions given are the greatest in each of the three directions. Statements made 
regarding the thickness of the wall or of the chalcedonic shell are based only upon the 
section obtained in breaking the geodes. 
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rounded elevations of chalcedony. Adhering shale showing 
slight slickensided structure in direction of greatest diameter. 
Dimensions 18.6 by 17.3 by 15.8 cms. Interior hollow; separated 
by a perforated partition into two almost equal chambers. Outer 
wall 2.2 to 3.75 cms. in thickness, outer shell of chalcedony av
eraging 0.35 cm. in thickness. Inner part of wall occupied by 
crystalline quartz. Chambers lined with pointed quartz crys
tals. In one chamber there is superimposed upon this quartz a 
thin layer of bluish chalcedony. No trace of this mineral is to 
be found in the other chamber. Both chambers slightly iron 
stained. Close study of this geode shows that it is compound 
in character, having resulted from the union of two individuals. 
The presence of the chalcedony in only one chamber, however, 
when the intervening wall offers no resistance to passage of so
lutions, is difficult to explain. 

Position and locality: Along the bed of Mud creek in section 
27 of Baltimore township, Henry county. 

Geode No. 4.-Shape lenticular, with lower side compressed, 
upper surface corraded in places, bearing the usual concretion
ary elevations and marked with several gougelike depressions; 
lower surface smooth but irregular. Dimensions 29 by 28.2 by 
17.25 cms. Interior nearly solid. Outer shell of chalcedony 
ranging from practically nothing to 0.8 cm. in thickness; bear
ing a single minute crystal of sphalerite. Succeeding this shell 
inwardly there is a band of unequal thickness of solid crystal
line· quartz analogous to that which lines ordinary quartz geodes. 
Resting upon this and coating the quartz crystals there appears 
a layer of banded chalcedony averaging 0.8 cm. in thickness. 
Following this there occurs a second layer of quartz more finely 
crystalline than the first. In a part of the cavity there is a 
thin coating of chalcedony on the terminations of the crystals 
of this layer. Implanted on this coating are a few cubes of 
pyrite, and in the lower part of the cavity there is a slight in
crustation of calcium carbonate. A large part of the cavity js 

. occupied by a mass of crystalline calcite, which bears included 
flakes of pyrite. About 'the periphery of this mass are crystals 
consisting of a combination of hexagonal prisms of the first or
der with the negative rhombohedon. 

Position and locality: Along the bed of a ravine tributary 
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to Mud creek in the southern part of section 22, Baltimore town
ship', Henry county. 

Geode NO.5-Shape globular. Surface fairly smooth and 
regular. Dimensions 16.5 by 14.8 by 13.9 cms. Interior hollow, 
lined with botryoidal chalcedony. Width of lining 0.35 cm. to 
2.7 cms. Outer chalcedonic shell 0.2 cm. to 1.3 cms. thick; bear
ing a trace of calcareous materiaL Line of contact with inner 
layer of chalcedony in general very irregular. Lining of botry
oidal chalcedony showing faint evidence of banding and markt'd 
by numerous rounded pits which extend out to the crust. One 
such pit of irregular shape is filled with crystalline sphalerite 
which js decomposing to smithsonite. The latter mineral forms 
an incomplete crust over the unaltered sulphide. A slight de
posit of the same mineral forms a coating in the bottom of -the 
cavity of the geode. In addition there are a few flakes of 
gypsum. 

Position and locality: In place in the Lower Warsaw along 
a ravine near the Fort Madison-Appanoose stone quarry, near 
Niota, Illinois. 

Geode No. 6.-Shape subglobose. Surface with many small 
rounded concretionary protuberances of chalcedony. Dimen
sions 8.3 by 8.1 by 7.1 cms. Interior hollow; wall siliceous; 
thickness 0.4 cm. to 2.1 cms. Outer shell of chalcedony 0.3 to 
0.5 cm. thick. Cavity lined with terminations of small quartz 
crystals bearing slender prismatic crystals of magnetite, and 
stained with the reddish powder of hematite. The hematite is 
later than the magnetite for it forms a coating on some of the 
crystals of ·that miner-al. 

Position and locality: F:rom an exposure in the east bank of 
Mud creek in the southern part of section 22, Baltimore town
ship, Henry county. 

Geode No. 7.-Shape roughly spheroidaL Outer surface with 
irregular elevations. Dimensions 17 by 14 by 13.5 cms. Interior 
hollow; walls chalcedonic, 1.2 to 3 cms. thick, showing no trace 
of banding. Shell not distinct. Cavity lined with drusy quartz 
which possesses a sufficient coating of chalcedony to give it a 
milky white appearance. Thickly implanted upon this material 
are small, slightly tarnished cubes of pyrite . . In one part of the 
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cavity thel;e also are one large and several small crystals of 
calcite. The large crystal is of the same form as that found in 
geode No.4. It envelops pyritiferous drusy quartz and is clear
ly younger than that mineral. In one part of the wall there 
occurs a pocket of calcite which bears inclusions of pyrite. 

Position and locality: In place in lower part of Lower War
saw two miles northwest of Denmark. 

Geode No. 8.- Vertical section subcircular, horizontal section 
subquadrangular. Surface with minute elevations. Dimensions 
9.15 by 8 by 6.6 cms. Interior hollow; wall siliceous, averaging 
about 1.6 cms. in thickness. Chalcedonic sltell 0.25 to 0.5 ' oJm. 
thick, bearing small pockets of kaolin. Succeeding the shell 
there is a 'band of crystalline quartz, which is again followed by 
a coating of chalcedony of differing thickness. Many small 
bright cubes of pyrite occur on this coating and a few minute 
crystals and a thin incrustation of gypsum occur in a part of 
the cavity. A few stains of limonite were observed on the 
chalcedonic lining. 

Position and locality: In place in Lower Vvarsaw bed along 
Soap creek, Keokuk. 

Geode No . 9.-Geode large, sub-ovate; longer and wider than 
high. Surface smpoth but marked by irregular elevations and 
depressions. Dimensions 39 by 37 by 25.3 ems. Interior occu
pied for the most part by a large rounded mass of cryptocrys
talline silica coated with crystalline quartz. Several quartz-lined 
cavities intervene between this mass and the wall of the geode. 

Position and locality: In Lower \V" arsaw beds along Mud 
creek, so.uth part of section 22, near Lowell. 

Geode No. 10.-Shape spheroidal; surface with small irregu
lar protuberances and minute rounded elevations. Dimensions 
13.8 by 12.3 by 10.7 ems. Wall siliceous; interior hollow, lined 
with quartz crystals, and. almost completely filled with black 
viscous bitumen. 

Position and locality: Along bed of creek south of Niota, 
Illinois. 

Geode No. 11.-Shape, nodular; flattened upon one side by 
contact with another specimen; surface smooth. Dimensions 
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9.8 by 7.8 by 6.6 cms. Interior hollow; wall about 1.1 cms. in 
thickness; outer part consisting of a thin shell of chalcedony; 
inner part made up of fine-grained impure calcareous material. 
Lining this wall are small scalenohedrons of calcite on which 
are numerous flakes and sphenoids of chalcopyrite. 

Position and locality: In place in lower part of Lower War
saw, two miles northwest of Denmark. 

Geode No. l2.-Shape nodular; surface irregular. Dimen
sions 12.5 by 11.2 by 8 cms. Interior hollow; wall 0.55 cm. to 
1.5 cms. thick, consisting of finely crystalline calcareous mater
ial; no trace of a chalcedonic shelL Brownish rhombs of calcite, 
some which are much elongated, line the wall, and implant
ed on them are small tarnished crystals of pyrite which exhibit 
the fares of the pyritohedron. Superimpo~etl upon both miner
als are many clear, transparent rhombs of Iceland spar with 
which are associated acicular crystals of unaltered pyrite either 
as inclusions or as freely projecting needles which upon super
ficial examination might be mistaken for millerite. Two periods 
of mineralization are indicated by this geode. 

Position and locality: In place in the upper part of the Low
er Warsaw beds along Indian creek near Farmington, Van 
Buren county. 

Geode No. l3.-Shape lenticular. Surface rough and irreg
ular, partly coated with mammillary pyrites. Dimensions 21 by 
19.1 by 11.4 cms. Interior hollow; wall siliceous, 0.8 cm. to 3 
cms. thick. Outer shell of chalcedony distinct; showing concre
tionary structure; partly replaced by pyrite 0.2 cm. to 1.1 cms. 
in thickness. Cavity lined with quartz and occupied in part by 
a large mass and smaller aggregates of calcite which are thick
ly set with included flakes of pyrite. Small crystals of pyrite 
are implanted upon the quartz also and the latter mineral is 
partly coated with an incrustation of calcium carbonate. 

Position and locality: Along bed of ravine emptying into 
Mud creek near Lowell. 

Geode 'No . l4.-Shape irregular and nodular, surface with 
concretionary elevations of chalcedony. Dimension 8.5 by 7 by 
6.5 cms. Wall siliceous, averaging about 0.6 cm. in thickness. 
Outer shell of chalcedony 0.1 to 0.5 cm. thick; concretionary; 
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bearing a few small cavities filled with kaolin. Interior of wall 
thickly set with small pointed quartz crystals beyond which 
occur aggregates of dolomite crystals, which possess character
istic curved surfaces. Remainder of cavity almost filled with 
white fluffy powder of kaolin. Solution of several dolomite 
crystals from different places in the cavity showed that some 
contained inclusions of kaolin, for a cloudy liquid resulted in 
a few instances. lYIlcroscopic examination of the quartz, ho w
ever, did not reveal any inclusions of the powder in it. 

Position and locality: In place in bluff back of Harrison 
lumber mills two miles below the Union Station at Keokuk. 

Geode No. 15.-Shape subglobose; surface rough and irregu
lar. Dimensions 11.3 by 9.9 by 9.3 ems. Interior hollow; wall 
1.8 to 5.1 ems. in thickness ; outer part siliceous ; inner part 
dolomite. Chalcedonlc shell concretionary, 0.5 cm. to 2 ems. 
thick, containing small cavities and irregular pockets of limon
ite and kaolin. Inner lining of dolomite continuous. Shell suc
ceeded by massive dolomite in lower part on which are super
imposed crystals of the same mineral. But in the upper part 
crystals of dolomite succeed the siliceous shell directly. The 
crystals are rhombohedrons with characteristi~ curved surfaces. 

Position and locality: In upper part of fossiliferous phase 
of the Lower ,Varsaw, two miles below the Union Station at 
Keokuk. 

Geode No. l6.-Geode small, globular; surface bearing min
ute rounded elevations of chalcedony. Dimensions 7 by 7 by 
6.3 cms. Interior hollow; wall thin, consisting of a shell of 
chalcedony, averaging 0.5 cm. in thickness, succeeded in all but 
what ·seems to be the lower part, by a thin layer of drusy quartz. 
In the part excepted, a layer of the massive quartz containing 
one large and several small pockets of limonite intervenes be
tween the shell and the drusy coating. Superimposed upon the 
quartz lining are a few rhombs of calcite, the largest of which 
measures 1.3 ems. in diameter, and several aggregates of anker
ite crystals. A whitish efflorescent-like coating of calcium car
bonate is present as an incrustation on these minerals and on 
the drusy quartz. 
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Position and locality: From the Lower vVarsaw in the clay 
pit of the Hamilton Clay Company, Hamilton; Illinois. 

Geode No. 17.-Geode small, nodular; surface rough. Dimen
sions 6.0 by 5.5 by 38.0 ems. Wall thin, averaging 0.5 em., con
sisting of an outer shell of chalcedony lined with a thin layer of 
whitish granular calcite upon which appear numerous minute 
crystals of pyrite. Interior almost completely filled with flaky 
kaolin. The calcite crystals contain minute flakes of this min
eral. 

Position and locality : Lower Warsaw along bluff back of 
Harrison lumber mills two miles below Keokuk Union Station. 

Geode No. lB.-Geode large; shape very irregular; surface 
rough and uneven. Dimensions 37.3 by 29.0 by 28.5 ems. En
tirely siliceous. vVall averaging about two centimeters in thick
ness; lined with crystals; chalcedonic shell distinct. Interior 
occupied by a large mass of chalcedonic silica which is covere(: 
by a coating of crystalline quartz, some of the crystals of which 
are united with those of the wall. The whole interior is strong
ly stained with limonite, and locally it is incrusted with calcium 
carbonate. 

Position and locality: Along bed of a ravine in southern part 
of section 22 of Baltimore township, Henry county. 

Geode No. 19.-Geode of medium size, subglobose; surface 
rough, irregularly pitted. Dimensions 11.5 by 10.8 by 8.5 ems. 
Interior hollow; wall averaging about 2.5 ems. in thickness; 
chalcedonic shell distinct, bearing minute cavities, some or 
which are filled with kaolin. Following this is a layer of crYS7 
talline quartz, the interstices of which are filled with chalcedony. 
Superimposed upon the quartz layer and lining the interior of 
the geode is a band 'of chalcedony about three-tenths centimeter 
thick which bears botryoidal prominences. A few bright un
tarnished flakes of pyrite rest upon the surface of the chalce
dony. In the lower part of the cavity there is a yello\vish stain 
of limonite. 

Position and locality: In place in Lower vVarsaw, along 
Soap creek, Keokuk. 

Geode No. 20.-Shape nodular and very irregular; surface 
bearing many rounded elevations, as if formed by the coal-
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escence of many small nodules. Dimensions 14.8 by 13.1 by 9.1 
cms. Interior hollow; wall siliceous, averaging about 2.4 cms. in 
thickness. Outer shell of calcedony exhibiting faint traces of 
banding; about 0.4 cm. thiclc Inner part of wall consisting of 
massive crystalline quartz. Cavity lined with closely inter
grown crystals of quartz. In one part of the cavity there oc
curs a small mass of crystalline calcite about two centimeters 
long and one centimeter wide, and implanted upon both the 
quartz and . calcite are slender prismatic 'crystals of magnetite. 
There is a slight incrustation of calcium carbonate in "vhat 
seems to be the lower part of the cavity. 

Position and locality: In Lower Warsaw, along Copperas 
creek two miles northwest of Bentonsport, Van Buren county. 

Geode No . . 21.-Size small; bun-shaped; surface fairly 
smooth. Dimensions 9.4 by 8.4 by 4.7 cms. Interior hollow; 
wall about 0.7 cm. thick; outer half consisting of reddish chal
cedony which has a concretionary structure; inner part consist
ing of discolored crystalline calcite. Cavity lined with imper
fect scalenohedrons of brownish discolored calcite. 

Position and locality: In place in Lower ,TV arsaw, along 
Bear creek near V ern on, Van Buren county. 

Geode No. 22.-Shape approaching lenticular but laterally 
compressed. Surface with minute elevations of chalcedony. 
Dimensions 11.0 by 10.8 by 8.3 cms. Interior hollow; wall 
siliceous; outer shell distinct, showing a reddish tint. Interior 
of wall lined with drusy quartz which, for the most part, is iron 
stained. Implanted upon this quartz occur many small cubes of 
pyrite which are decomposing to limonite. Superimposed in
discriminately upon quartz and pyrite there are, in some parts 
of the cavity, small twinned rhombohedrons of calcite. Related 
to all three minerals and obviously subsequent to them are a 
few slender projecting crystals of gypsum of the usual form. 
One elongated crystal has a length of 1.5 cms., its greatest width 
being not more than 0.1 cm. 

Position and locality: In place in Lower Warsaw beds along 
bluff of Mud creek in southern part of section 22 of Baltimore 
township, Henry county. 
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Minerals of the Geodes and the Inclosing Rocks 

Quartz (Rock Crystal), Si02.-This is the most common min
eral found in the geodes. The majority of specimens are either 
lined or completely filled with crystalline quartz. The crystal::; 
almost without exception consist of the first order hexagonal 
prism terminated with positive and negative rhombohedrons. 
Usually only the pyramidal terminations line the cavities of the 
quartz geodes, but doubly terminated crys~als are found loose 
in the interiors of some specimens. 

Ched, Si02.-Discontinuous bands and irregular nodules of 
chert occur in the Keokuk limestone and in the limestone layer:::; 
of the Lower Warsaw. The r elation of the material to the lime
stone suggests that it has resulted from the replacement of that 
rock. 

Chalcedony, Si02.- 'rhe outer siliceous shell which covers al
most all geodes is of the variety of quartz known as chalcedony. 
the same mineral also .occurs as a bluish lininO' with botryoidal 
prominences in the interior 'of some geodes and it appears com
monly as a coating on the surfaces of the quartz crystals which 
line the cavities. In the first mode of occurrence the chalcedony 
in most cases has a concretionary structure, but in the last two 
l'nodes it may show only faint evidence of banding. 

Calcite, CaC03.-This is a common constituent of the geodes 
and its relationships are such as to indicate at least two periods
of formation. This mineral is most commonly found as isolated 
crystals or crystal aggregates on the quartz of quartz geodes. 
But calcite in some instances succeeds the siliceous shell direct
ly. In all geodes not characterized by chalcedonic shells and in 
the geodic calcareous nodules this mineral lines the ' interior. 
The calcite of the Keokuk limestone in some cases includes crys
tals of metallic sulphides such as hairlike tufts of millerite, 
sphenoids .of chalcopyrite and slender elongated crystals of 
pyrite. In the Lower Vvarsaw, on the other hand, some of the 
crystals include the white powder of kaolin and a few of them 
contain flakes of pyrite. But in many of the geodes from this 
horizon the calcite was depos'ited subsequently to the pyrite. 
The crystals of the earlier period of formation exhibit a variety 
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of forms and some of them show a brownish discoloration. The 
most common forms of the calcite of this age are the rhomb
ohedron, the scalenohedron, and the scalenohedron modified by 
the rhombohedron. 

Much of the calcite of later growth consists of bright, irans
parent rhombohedrons of Iceland spar, some of which rest on 
calcite of earlier growth. Other forms assumed by the calcite 
of this age are the rhombohedron, the hexagonal prism of the 
first order in combination with the rhombohedron, and ' a 
twinned rhombohedron. 

Dolom.ite, CaCOs. MgCOa.- Rhombohedrons of this mineral ex
hibiting characteristic curved surfaces are commonly found in 
the geodes at Keokuk, Iowa, and N iota, Illinois. The dolomite 
appears as aggregates of crystals r esting on the quartz of the 
geodes, or it follows the siliceous shell directly. 

Ankerite, (Ca.Mg.Fe)COs.-Some, of the crystals outwardly 
resembling dolomite possess a high iron content and undoubted
ly they are to be classed as ankerite. The decomposition of tkese 
crystals generates a considerable amount of limonite. Th(~ 

limonite thus formed is in many instances a more or less perfect 
pseudomorph after the ankerite. 

Magnetite, Fes0 4.-Slender elongated crystals of magnetite 
appear in the interiors of some of the geodes from the Lower 
Warsaw. In most cases the crystals of this substance are im
planfed on quartz, but in one instance they occur on both quartz 
and calcite. Microscopic examination shows that some of the 
magnetite crystals have been partly altered to limonite. This 
mineral has not been reported previously from the geodes. 

Hematite, Fe20 a.-In a few of the geodes from the Mud creek 
locality the reddish powder of hematite is found staining the 
interior lining of quartz. Geode No. 6 exhibits such a relation
ship. 

Pyrite, FeS2.-Pyrite is by far the most abundant metallic 
mineral associated with tbe geodes. It occurs both in the 
geodes 'from the Keokuk limestone and in those from the Lower 
Warsaw. It is found also as free crystal aggregates in the 
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shale and as a mammillary coating on the surface of some 
geodes of the Lower Warsaw. 

Within the geodes, pyrite of at least two periods of growth 
appears. Geode No. 12 illustrates this feature excellently. This 
mineral favors no particular associations for its crystals. They 
.occur implanted indiscriminately upon quartz, chalcedony, or 
calcite. In some specimens it is also. included in calcite. The 
pyrite of such inclusions is almost invariably in a fibrous or 
flaky condition. This is especially true of the geodes of the 
Keokuk limestone. Geode No. 13 from the Lower 'Warsaw ex
hibits such a relationship. The majority of the uninclosed crys
tals of pyrite assume more or less well developed forms, but in 
a few geodes, of which No. 12 is the type, there are slender 
elongated crystals which might easily be mistaken for millerite. 
The hexahedron is the most common of the crystal forms which 
are normally found. Others which have been rioted are the 
pyritohedron and the cube with octahedral modifications. De
composition of the pyrite has taken place in many of the geodes 
and bright unaltered crystals are not often found. The altera
tion has been accompanied by the formation of limonite in each 
case and the interiors of many of the geodes are, as a conse
quence, strongly iron stained. 

Milleri.te, NiS.-Millerite has been found in the geodes 'of the 
Keokuk limestone at Keokuk and in the geodic cavities of the 
Montrose chert exposed in the excavation for the dam at the 
same city. In both of these occurrenc(':; the mil1erite is closely 
associated with calcite. In but a single instance was it found on 
quartz. Many of the slender needles of this mineral are includ
ed in the calcite, but some freely projecting tufts are found. 
The inclusions resemble very much the flakes of pyrite found in 
the calcite of the geodes of the Lower Warsaw. 

Chalcopyrite, CuFeS2.-Small sphenoids of this mineral have 
been found in the geodes both from the Keokuk limestone and 
from the Lower Warsaw at the locality northwest of Denmark. 
At no other place in the area was this mineral found in these 
beds. The crystals of this substance are always associated with 
calcite. N one has ever been found on quartz. In the Keokuk 
limestone the small sphenoids are entirely included by the cal-
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cite, but in the geodes of the Lower Warsaw crystals of chal
copyrite are implanted on the surface (If rllOIllbolleciron::: and 
scalenohedrons of this mineral. 

Sphalerite, ZnS.-Sphalerite is commonly found in the geodes 
both from the Keokuk limestone and from the Lower Warsaw. 
It occurs as irregular , crystalline masses which range in size 
-from very small particles to those having a diameter of four 
inches. It is usually associated with calcite and the two min
erals are in many instances so inter grown as to indicate a con· 
temporaneous deposition. In some geodes, however, sphalerite 
is found with quartz. 

In. the Lower vVarsaw the crystals of sphalerite attain their 
greatest development in those geodes which have been crushed, 
or which are otherwise imperfectly developed. Crystals of 
blende are not common in well formed specimens. This mineral 
is very common in the large rounded masses which occur in the 
Keokuk limestone two miles northwest of Denmark. At no other 
place in the region is sphalerite known to be so abundant. 

Limonite, 2Fe20 a+3H20.-Limonite is the most common alter
ation product of the geodes and the interiors of a large percent
age of the specimens are discolored by ' this mineral. The hy
drate of iron has two common modes of origin, namely, by the 
alteration of pyrite and by the decomposition of ankerite. It 
occurs either as a rusty stain or as small ocherous mass.es III 

the interiors or in the shells of the geodes. 

Smithsonite, ZnCOa.-The carbonate of zinc occurs in some 
geodes as an alteration product of sphalerite, with which it is 
closely related. ' It usually appears as an encrl1sting film over 
the unaltered sulphide. 

Malachite, CuCOa+Cu(OH)2.-The green basic carbonate of 
copper is associated with the small sphenoids of chalcopyrite in 
some of the geodes which occur in the Keokul{ and Lower War
saw beds northwest of Denmark. 

Kaolin, AI20 a, 2Si02+2H20.-In some of the geodes there oc
curs the flocculent white powder of kaolin. This mine:ral is 
commo,nly found in the specimens from the upper argill&ceous 
part of the Lower Warsaw at Keokuk, Iowa, and Warsaw, Illi-
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nois, but it also occurs in imperfectly developed geodes at 
other localities. Examination of the powder under the micro
scope shows it to be in the form of fine scales. The relation of 
this mineral to. the argillaceous material in some of the speci
mens suggests that it may have been formed by a leaching pro
cess. Most of the geodes in which' it occurs are poorly de
veloped and the calcite found in some kaolinitic specimens in
cludes the white powder of this mineral. In such cases the 
kaolin evidently was formed early in the history of the geodes. 

Gyps'/,~rn, CaS04+ 2H20.-Gypsum occurs in the shales of the 
Lower Warsaw as irregular flakes and in a few of the geodes 
from the same horizon as incrusting films and tabular mono
clinic crystals. 

Water, H 20.-Some of the geodes, as has been stated, contain 
water. No analysis of this water was undertaken by the writer 
for it was thought that little emphasis could be placed upon the 
result, since circulation and diffusion must have continued long 
after the geodes were formed. Professor Brush, however, has 
made a chemical examination of the water contained in a geode 
from this region. His report follows: 

"A portion of this water weighing 16.327 grammes, gave, on 
evaporation, a crystalline residue weighing .094 grammes, which 
on analysis, proves to consist of sulphate of lime and sulphate 
of magnsia, with minute traces of silica. Another sample was 
examined for carbonic acid with a negative result". 

The character of this sample suggests that the water was in·· 
troduced after the geode was formed. 

Bitumen.-A hydrocarbon. In the vicinity of Niota, Illinois, 
many of the geodes from the Lower Warsaw are partly or com
pletely filled with a black, viscous asphaltic bitumen. In a few 
specimens from this place a black solid hydrocarbon was found. 
This has resulted undoubtedly from the natural distillation of 
lighter hydrocarbon from the liquid bitu;men commonly ob
served. 

In many cases the rocks containing bituminous geodes show 
no evidence of bitumen but the shells of some of the geodes are 
strongly discolored with this material. 
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P ARAG'ENESIS OF THE MINERALS 

In the discussion of the order of deposition of the minerals 
only the primary ones are considered. With reference to these 
minerals, no constant order of succession holds for all geodes, 
and the same order of formation may not obtain in two adja
cent specimens. 

For the purpose of illustrating the variations in the succes
sion of the minerals in the geodes the order of their deposition 
in a number of typical specimens is given. The chalcedony of 
the shells of the geodes is listed first for it must be concedecl 
that this was formed prior to the deposition of the minerals now 
found in the interior of the geodes. 

1. Chalcedony, quartz. 
2. Chalcedony, quartz, chalcedony. 
3. Chalcedony, chalcedony, quartz. 
4. Chalcedony, quartz, chalcedony, pyrite. 
5. Chalcedony, chalcedony, sphalerite. 
6. Chalcedony, quartz, chalcedony, quartz, chalcedony, pyrite, calcite with 

included pYl·ite. 
7. Chalcedony, quartz, chalcedony, pyrite, calcite. 
8. Chalcedony, qualtz, calcite with included pyrite. 
9. Chalcedony, quartz, pyrite, calcite. 

10. Chalcedony, quartz, pyrite, calcite with included pyrite. 
11. Chalcedony, quartz, chalcedony, pyrite, sphalerite. 
12. Chalcedony, quartz, dolomite, calcite. 
13. Chalcedony, quartz, calcite, calcite. 
14. Ohalccdony, quartz, magnetite, hematite. 
15. Chalcedony, quartz, pyrite, magnetite. 
16. Chalcedony, quartz, pyrite, dolomite. 
17. Chalcedony, quartz, dolomite. 
18. Chalcedony, quartz, bitumen. 
19.- Chalcedony, quartz, calcite, bitumen. 
20. Chalcedony, quartz, ankerite, calcite. 
21. Chalcedony, qu'artz, pyrite, calcite. 
22. Chalcedony, calcite, chalcopyrite. 
23. Chalcedony, calcite, calcite and chalcopyrite. 
24. Chalcedony, calcite, calcite. 
25. Chalcedony, calcite. 
26. Chalcedony, calcite, millerHe. 
27. Calcite and millerite. 
28. Qmutz, millerite. 

First in the process of development of the siliceous geodes 
there was formed in nearly every case a thin chalcedonic shell. 
Upon thjs is superposed quartz, in either the crystalline or chal
cedonic condition, or calcite. ' But where quartz is present in the 
specimens studied it always rests on the siliceous shell or on an 
inner layer of chalcedony. 

The cause of the alternation of crystalline quartz and chalce
dony in some of the geodes is not known. If the layers were all 
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formed during one period of growth, as seems probable, change~ 
in the condition and amount of silicia supplied may have given 
rise to the phenomenon. Changes in temperature or pressure 
cannot be appealed to because in many cases adjacent quartz 
geodes in the strata show no such alternations. 

The position of ,calcite in the geodes is subject to even more 
variations. In some instances it succeeds the chalcedonic shell 
directly, but in more cases it rests upon a lining of quartz or 
chalcedony. Two distinct periods of growth of this mineral arc 
,indicated. In some of the geodes calcite of both generations 
appears. Geode number 12 illustrates this feature excellently. 
In some specimens the earlier calcite is discolored and in many 
cases it is contemporaneous with, or directly followed by sphal
erite, millerite, chalcopyrite, or pyrite. Crystals of dolomite or 
ankerite are sometimes found intervening between the earlier 
calcite and that of later age. These crystals rest directly upon 
calcite or quartz or in some instances upon the pyrite which suc
ceeds them. Much of the calcite of later formation is clear and 
transparent, and so~e of the crystals are characteristically 
twinned. Pyrite is commonly assoGiated with this variety of 
calcite, either as included flakes or as implanted crystals. The 
occurrence of crystals of magnetite on calcite of this age in 
geode number 20 suggests that deposition of this mineral di
rectly folowed. 

The kaolin which occurs in some of the geodes has no con
stant relationship. In some instances it occupies the interior 
of well-formed geodes (see geode number 14) but in most cases 
it appears in imperfect specimens. In the latter condition the 
kaolin evidently is residual for it has interfered with the normal 
geode development. In the more perfectly formed kaolinitic 
types, however, the material may possibly have been introduced 
after the geodes were formed. But the evidellce is in favor of 
the view that it is an original constituent. 

Origin of the Geodes 

The following discussion of the origin of the geodes is taken 
from an earlier paper by the writer :6 

The origin of the geodes of the Keokuk and Lower Warsaw 

6 Am. Jour. Sci.. 4th ser .• vol. XLII, p. 38 ff . ; 1916. 
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beds has long been a disputed questio:r;t, and, altHough there has 
been considerable speculation upon the subject, no one theory or 
their development has, as yet, been widely held. 

The existence of perfectly developed geodes in strata often 
very impervious to underground circulation furnishes a · prob
lem 'which is exceedingly difficult to solve. The containing rock 
is in many cases highly argillaceous and no structures whidl 
might serve as passage ways for mineralizing solutions are to 
be seen. 

It was formerly believed that the geodes were formed by the 
deposition of mineral matter on the walls of cavities formed by 
the solution of sponges imbedded in the rocks. Thus, Dana 
states :7 

"They have been supposed to occupy the centers of sponges 
that were at some time hollowed out by siliceous solutions, like 
the hollowed corals of Florida, and then lined with crystals by 
deposition from the same or some other mineral solution." 

This theory has had many followers and S. J. Wallace has 
even gone so far as to coin a generic name for the sponge whose 
solution is supposed to have afforded the cavities in which the 
geodes were developed.8 To this genus, called Biopalla, eight 
species were referred upon the basis of difference in size, shape, 
and surface ma~kings of the geodes. The sponge hypothesis, 
however, is not now widely held. No evidence of sponges capa
ble of giving rise to geodes has ever been found in the Keokuk 
or Warsaw beds. Moreover, the geodes vary widely in size and 
shape, a fact which argues strongly against any theory which 
presupposes such an origin. Many specimens are nodular and 
irregularities of the greatest variety characterize their exterior 
form. It may safely be said that no two of them assume exact
ly the same proportions. 

Professor Shaler, in a paper entitle~ "Formation of Dikes 
and Veins,' '9 also devotes some space to the development of 
geodes and, although his studies were based upon geodes known 
to be of fossil origin which occur in the Knobstone shales of 
Kentucky, his conclusions may well be considered at this point: 

7 Manual of Geology, 4th ed., pp. 97, 98; 1895. 
oS Am. Jour. Sci . (3), vol. XV, P. 366 If.; 1878. 
9 Bull. Geol. Soc. Am., vol X, p . 253 If. ; 1899. 
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"N ormal geodes are hollow spheroids and are generally found 
in s~~lles. ~hey clear~y represent, in most cases, a segregation 
Qf SIlIca, whIch has eVIdently taken place under conditions of no . 
very great heat, brought about by deep burial beneath sediments 
or other sources of temperature. It is difficult in all cases to 
observe the circumstances of their origin, but in certain instruc
tive instances this can be traced. It is there as follows: Where 
in a bed in which the conditions have permitted the formation of 
geodes the calyx of a crinoid occurs, the planes of junction of 
the several plates of which it is composed may become the seat 
of vein-building. As the process advances these plates are 
pushed apart and in course of time enwrapped by the silica un
til the original sphere may attain many times its original 
diameter and all trace of its origin lost to view, though it may 
be more or less clearly revealed by 1;>reaking the mass. 

In the process of enlargement which the geodes undergo they 
evidently provide the space for their storage by compressing 
the rock in which they are formed. In the rare instances where 
I have been able to clearly observe them in their original posi
tion they were evidently cramped against the country rock, the 
layers of which they had condensed and more or less deformed. 
Although ' when found upon the talus slopes or the soil these 
spheres usually contain no water in their central cavities, these 
spaces are filled with the fluid while they are forming and so 
long as they are deeply buried. There can be no doubt that this 
water is under a considerable though variable pressure. 

The conditions of formation of spheroidal veins or geodes 
clearly 'indicate that an apparently solid mass of crystalline 
structure may ' be in effect easily permeated by vein-building 
waters, and this when the temperature and pressure could not 
have been great. It is readily seen that the walls of these hol.
low spheres grow interstitially while at the same time the crys
tals projecting from the inner llide of the shell grow toward the 
center. We, therefore, have to recognize the fact that the silex
bearing water penetrated through the dense wall. In many of 
these spherical veins we maY' note that the process of growth in 
the interior of the spheres has been from time to time inter
rupted and again resumed. These changes may be due to the 
variations in pressure to which the water in the cavities hi 
necessarilv subjected as the conditions of its passage through 
the geode~bearing zone ' are altered." ' 

More recently Bassler has written10 on the formation of the 
.Knobstone geodes .. He says : 

"The majority of geodes in the Knobstone group may be 

10 Proc. U. S. Nat. Mus., vol. XXXV, p . ~33 fr.; 1908. 
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traced directly or indirectly to a crinoidal origin for the simple 
reas~n that these stra;ta ave often crowded with the fragments 
of thIS class of orgamsms. Probably next in order as a geode 
maker is the common brachiopod Athyris lamellosa, but no clas£ 
of fossil is exempt from replacement by silica when the proper 
conditions obtain." 

Bassler is of the opinion that the Keokuk and Lower Warsaw 
geodes may have the same mode of origin as those of the Knob
stone. But he disagrees with Shaler as to the details of geode 
development. Thus: 

"Retur~ing to the suggestion in Dana's Manual of Geology 
that the h .. eokuk geodes are hollowed out sponges lined with 
crys,tals it seems more reasonable; in 'View of the absence of such 
sponges in that formation and the pres(~nce of numerous speci
mens indicating the origin described above, that the latter is 
nearer the truth. Prof. Shaler's idea that this class of geodes 
is formed when deeply buried is not in accord with the facts, 
nor does there appear to be any necessity for the wah'r of 
formation to be under a considerable though variable pressure. 
Ordinary surface waters charged with silica seem to he suffi- ' 
cient. " 

This generalIzation in so far as it relat~s to the geodes of the 
region studied, would seem to be too broad. Out of several 
thousand geodes examined only one, which had plainly been 
formed by the enlargement of a specimen of the crinoid Bary
crinu8, showed evidence of this method of geodization. 

The origin of the geodes in the region studied is believed by 
the writer to be related to the calcareous concretionr:; which 
originally must have been very abundant in the beds and which 
are still preserved at some localities. These nodules, being 
more soluble than the inclosing rocks, have been in large part 
removed, thus affording cavities in which the geodes could be 
formed. Where they are still preserved, the concretions have 
exactly the same relationship to the containing rock as the 
geodes and possess analogous shapes. They were obviously 
formed on the s.ea-bottom while the strata were being deposited, 
since lines of stratification do not pass through them and. no 
evidence of expansion is encountered about their borders. The 
process of solution seems to have started in the interior and 
proceedf\d outwards. That this was the method of removal is 
indicated by the occurrence in the beds of some geodic nodules 
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whose interiors were only partly hollowed out when deposition 
began. Carbonic acid and sulphuric acid, the latter · of which 
must have been generated by the decomposition of the pyrite so 
common in the beds, probably were the most active solvents. 

The white powder of kaolin found in some of the geodes is 
thought to represent, at least in part, a residual product result
ing from the leaching of the original argillaceous content of the 
nodules. That kaolin can be so formed is clearly indicated by 
the presence of this mineral so related to impurities in some of 
the nodules that its ·derivation cannot be questioned. The more 
common occurrence of kaolin in the geodes from the more 
argillaceous part of the beds is .significant in this connection. 
Moreover, the great majority of the geodes which contain kaolin 
are imperfectly developed and the calcite of such specimens in
variably includes the white powder of this mineral. These facts 
strongly support the idea that the kaolin must be a residual pro
duct. 

Concerning the time of formation of the geodes, little is defin
itely known. The removal of the calcareous nodules which, it 
is assumed, preceded the geodes, implies an interval of solvent 
action during which the Keokuk and Lower Warsaw beds were 
above ground-water level. The growth of geodes, on the other 
hand, undoubtedly took place below ground-water level. 

In the development .of the geodes at least two periods of min
eralization are involved. The first period of development was 
by far the most important. During this period of growth the 
quartz, chalcedony, dolomite, and a considerable amount of the 
calcite together with almost all of the metallic sulphides were 
deposited. 

Of the minerals of the second period of growth, transparent 
crystals of calcite and slender untarnished flakes of pyrite are 
by far the most important. The minerals of this class are doubt
less much younger than those of· the former as suggested by th~~ 
fact that in many instances the pyrite associated with the newer 
calcite is perfectly fresh while in the same geode the earlier 
pyrite is badly decomposed. 

The secondary minerals of the geodes such as limonite, gyp
sum, smithsonite, and malachite are for the most part of much 
more recent origin. They have resulted from the alteration of 
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the primary sulphides as is shown by their association with the 
partly decomposed members of this group. 

The bitumen which occurs in some of the geodes must have 
been introduced sometime after their formation, since it has not 
interfered with the normal geode development. 

The process of geodization evidently consisted of the inward 
growth of crystals upon the walls of cavities left by the solution 
of the imbedded concretions. The growth was necessarily ac
complished by deposition from a solution which filled the inter
ior completely. As this solution became depleted in its mineral 
content, more was introduced by some process of diffusion and 
a continuous deposition resulted. In some instances a very im
pervious wall was developed and growth must have been ex
tremely slow. But in the majority of geodes numerous feeding 
channels in the walls afforded ready passage to -the solutions 
after they penetrated t4e siliceous shells. 

The mineralogical differences of geodes which occur in close 
proximity to each other are difficult to account for. It must be 
assumed either that the process of geodizatioh was a very local 
one and that each individual geode possessed only a small 
sphere of attraction, or that a peculiar localization of conditions 
favored in some instances the deposition of mineral matter 
more widely diffused through the mineralizing solutions. 



CHAPTER VI 

GEOLOGIC HISTORY 

Conditions at the Close of the Devonian 

The character and distribution of the Upper Devonian depos
its. in Iowa are such as to suggest that they extended over a 
larger area in pre-Kinderhook time and it is believed that an 
erosion interval preceded the incursion of the ' first Mississip
pian sea. However, the data bearing on the stratigraphic rela
tions of the Kinderhook and underlying Devonian deposits in 
Iowa are meagre, owing to the fact that no contact of these 
older strata with layers definitely known to represent the basal 
Kinderhook has been observed. 

The Kinderhook Transgression 

With the opening of Mississippian time an interior sea occu
pied a considerable area in the Mississippi Valley region. The 
greater proportion of limestone in the group in central and 
north-central Iowa suggests that clearer and deeper seas pre
vailed in those areas than to the S'outheast. The deposits 
formed at this time undoubtedly once extended a considerable 
distance northeast of their present belt of exposure. 

Conditions During Osage Time 

The exent of the changes at the close of Kinderhook time is 
not definitely known. The next succeeding Burlington lime
stones, exposures of which are now confined to the southeastern 
part of Iowa, appear to follow the Kinderhook group conform
ably. Inasmuch as they exhibit a marked thinning in passing 
from the city of Burlington to southern Louisa county, it is 
probable that they did not extend far to the northwest. 

The Keokuk formation succeeds the Burlington without a 
stratigraphic break and has essentially the same geographic 
distribution in Iowa. It thins to the northwest and is shaly in 
its upper part, the argillaceous horizon gradually descending in 
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the formation towards the northwest. This suggests a gradual 
recession of the sea to the south during Keokuk time. 

Oscillations During Meramec Time 

The contraction of the seas during Keokuk time was appar
ently continued through the Warsaw. The deposits of this age 
consist predominantly of shales. Both divisions of this forma
tion are confined to the southeastern part of the state, the Up
per vVarsaw being even more restricted than the Lower. 

At the close of the Warsaw time the interior sea retreated 
more rapidly to the south, apparently as a result of an uplift of 
the Wisconsin positive element to the north, and the· Warsaw 
and earlier Mississippian formations were subjected to erosion. 

The returning sea of Spergen time probably was but little 
more extensive than that of the vVarsaw, since the deposits of 
Spergen age in Iowa are of the near-shore type and ~re like
wise confined to the southeastern part of the state. 

The close of the Spergen was marked by a southward retreat 
similar to that at the close of the Warsaw. The readvancing 
Lower St. Louis sea extended far to the north, overlapping all 
the earlier divisions of the Mississippian except the Kinder
hook, upon which it rests in Humboldt county. Early in St. 
Louis time, however, another elevation of the northern area 
took place and the strand line retreated rapidly to a point some
where between Alton, Illinois, and Ste. Genevieve, Missouri. 
The disconformity resulting from this retreat has been found as 
far south as Alton, but no trace of it is shown in the section at 
Ste. Genevieve. Following a slight interval of erosion the St. 
Louis sea returned as rapidly as it ha;d receded and the deposi
tion of Upper St. Louis limestone in Iowa resulted. 

The unstable conditions of the St. Louis were terminated by 
still another uplift. The duration of the erosion interval which 
followed could not have been great, for the deposits of the re
turning Ste. Genevieve sea, which must have rivaled that of the 
early St. Louis in size, have not been found to rest upon forma
tions older than the Lower St. Louis. 

Warping at Close of Meramec Time 

At the close of Ste. Genevieve time the sea withdrew from the 
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upper Mississippi Valley again, and the entire region remained 
a land area until the close of the Mississippian period. A great 
warping took place during and following this emergence, which 
resulted in a tilting of the Mississippian and earlier formation~ 
to the southwest and is known to have been accompanied by the 
development of small northwest-southeast trending anticlines 
and synclines and by extensive brecciation of the hard, brittle 
St. Louis limestone. (See page 236.) Consequent upon this up
lift erosion proceeded rapidly during the remainder of the Mis
sissippian and the tilted beds were partly truncated, thus giving 
rise to a series of northwest-southeast belts of formational out
crops in Iowa, many of which were later buried by the Coal 
Measures. 

This southwestward tilting of the beds in Iowa was related to 
a widespread late Mississippian deformation involving also 
eastern Nebraska, eastern Kansas and Missouri, which outlined . 
a great southwestwardly pitching geosyncline later occupied by 
the early Pennsylvanian sea advancing along a narrow trough 
from the southwest and gradually spreading to the margins of 
the basin by overlap. A structure contour ' map of the geo
syncline and a discussion of its influence on Pennsylvanian sedi
mentation have been published previously by the writer.1 

The geosyncline was shallow in early Pennsylvanian time as 
is indicated by the fact that the maximum known thickness of 
the Cherokee stage, which doubtless repr~sents the time of 
greatest sea extension in the province during the period, is only 
712 feet. However, it must be remembered that the rim of the 
basin had been lowered considerably by pre~Pennsylvanian 
erosion. At the present time, the basin is considerably deeper 
as a result of subsidence during Pennsylvanian time. 

1 Jour. G<!ol.. vol. x~v. pp. 150-156; 1917. 





PLATES ILLUSTRATING MISSISSIPPIAN 
FOSSILS 

On the follJo'wing plates the illustrations are all natUl13l size. Some of the type 
fossils suggested by Doctor Van; Tuyl had to be omitted due to lack of space. This 
is especially true of the large Keokuk brachiopods to include which another plate 
would have been necessary. Most of the brachiopod Iillustrations were furnished 
by Doctor Stuart Weller from the origillal plates of his Monog!1aph 1, Illinois 
Geological Survey. Some of the 'crinoids are copied from W·achsmuth and 
Springer's Crinoidea Camerata. All others are illustrations of specimens in the 
paleontological collections at the State University of Iowa. 

-A. O. Thomas. 



PLATE III 

TYPE KINDERHOOK FOSSILS 

Fig. 1. Lep~oPQq'a typa Winchell. 
Calycinal view of an inx;omplete colony. 
In railway cut three miles northeast of Morning Sun. 

Fig. 2. L eptaen,al convcxa Weller. 
Impression of the external surface of a brachial valve. 
Bed NIDI. 5, Burlin.gton. 
After Weller, Monog. 1, Ill. Geol. Sm·v. 

Figs. 3, 4. ScheUwienlg-Uol iq~fla.ta (Wllite and Whitfield). 
Brachial and lateral views of an internal cast. 
Bedl No.7, BurlingtolJ], After Weller. 

Fig. 5. Chonet6s lo·gani Norwood and Pratten. 
Pedicile view. 
Bed No·. 6, Burlington. After Weller. 

Fig. 6. C7wnopeat'!!s fi,scherri Norwood a:J.d Pratten. 
View of a very perfect pedicle valve sho-wing the spines ~long the 

cardinal mm·gin . 
Bed No . 3, Burliugto1JJ. After Weller. 

Figs. 7, 8. PTodlttJtus al'ln!atus Hall. 
7. Pedicle view of a shell frOml Chouteau Springs, Missouri. 
8. Lateral view of a pedicle valve from Bed No.6, Burlington. After 

Weller. 

Figs. 9, ' 10. Parl'ph01'hynchus transverrSltm Weller. 
9. Pec1ricle view of a cast from Kinderhook, Illinois. 

10. Anterior view orf a cast from Chonopectus sandstone, Burlington. 
After Weller. 

Figs. 11, 12. SpiTife?'ina solidirostris Wihite. 
Pedicle and brachial views of the cotypes. 
Bed No.7, Burlington. After Weller. 

Fig. 13. Spirifer platynotttS Weller. 
View of a brachial v;aJve of one of the cotypes. 
Bed No.6, Burlington. After Weller. 

Figs. 14, 15. SpiTifel' biplioa.tus Hall. 
Pedicle and brachial views. 
Chonopectus sandstone, Burlington. After Weller. 

Figs. 16-18. Spil-ifm' subrottmdtts Weller. 
Pedicle, brachial and lateoo.l views. 
ClllOlJlopectus sandstone, Burlington,. After Weller. 

Figs. 19, 20. .Retiln!101-i-a oooperensis (Swallo-w). 
Pedicle and bnwhial views of 3J specimen from P ettis county, Missouri. 

It is common. at Burlington and elsewhere m I owa. After Weller. 

Fig. 21. Edmondia j ejt!'I1Qts (Winchell). 
View of right valve of an internal mold. 
IVnssonville. 

Figs. 2.2, 23. Nt/ln!la iotvensis White and Whitfield. = N. hOltghtJom Stevens. 
Internal and external views of left aJld right valves, respectively. 
Wassonville cherts, IVassonville. 

Fig. 24. DentalM!7n gTol/tdaevt!m Winchell. 
A typical specimen from the Wassonville . cherts. 

Fig. 25. Straparoll1t8 obtusus (Hall ) . 
Apical view. 
Oolitic beds, Humboldt. 
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PLATE IV 

TYPE BURLINGTON If'OSSILS 

Fi g~ . I, 2. Z((pli?"entil; Oftlccola, (White amI Whitfield ). 
'1'11'0 specim ens show in g s ize an L1 curvature. 
Bcd No. 4, Burlin gton . 

Pig:;. 3, 4. Or bitj' mites nonvoodi ( 011'011. a nd Shum a rd). 
Basal an.d intelTadial "ie,vs of a nearl y perfect spec im.en sho\\"iu g' the 

clevated am bu lacm. 
Uppc r Du rI ington. I imcstone ; Burlin gton. 

Figs. 5, 6. Cj''!f1JtoNastu8 1I/ elo (Owen and Shumad ) . 
Inte;")":1(1ial a.nel apical " i en's showing the sunken a,mbu lac m. Burlington 

P igs. 7, S. jll a01'(lcri'll1tS venumili 01ws (Shum a rd ) . 
Right postcrior Ylews of two typica.l calyces of one of t he conunoncst 

BuJ"l in gton crin oids, 
Burlin gton . 

Fig. 9. Dizy,gocrinus j'o t 'undus (Shumard) . 
Left postcrior yicw of a. typical calyx. 
Bu rl ingto'll. 

Fi g . 10. Upej'ocrin ll s PYj'ifonllis ( Shumal·d ) . 
A n teri o r vi c \\" of a typical caJyx. 
Bmlingbo,n. 

Fig. 11. T el&iocrVnlllS mil bj'osus (Ha 11 ) . 
Postc ri or view of a typical but r athe r small calyx. 
Bu r1in gbO~1. 

Figs. 12-14. Ch01~etcs iUinoisensis 'Worthen. 
Pedicle a,nd bro,chi al views of typi(laJ shell s from Burlington limestone 

at Spri~l lgflckl l, Mo. 14 is a v iew of the intCl'ior of a brachial valve I I"om 
tho K eokuk limestone of the same 10caJi ty. After W eller. 

Figs . 15, IG. Pro(lj/()t~ls blwlin,gtonensis Hall. 
1.5. Ped icle vi ew of a. shell hom Bmli ngton . ] 6. Brachial view of a 

spccime n from Quincy, Illinois. After Well er. 

Fig. 17. Rhil'id01l1f'lh bl(j'Zing'lon ensil! ( H~1 11 ) . 
Pecl icle " icw of a typical shell. 
Bmlington . A ftc I' "Well er. 

Fig"3 . ] 8, In. , '/Jvri f cj' l]1'imesi Hn ll. 
Vi r w of I:W in ~llInpll't{) pl'lliclE' ,,:th'c shuwin g' th p markings antI the in

ter ior of wnoth('l' ped icle yah I' show ill g' t he muscle scar. 
i::lpr ill gfielLl , Mo . Afte r , Vcll ey. 

Fig. 2U. Spirifer ella l'~ena (Hall ) . 
Int-c ri or of a.p icnl part of a pedi cle vahe shuwin g t he L1ental la lllellro. 
B-ul'lin gtoll . After , Veller. 

Fig. 2]. A thy1'is la1t( ellosa (L (lI'c ill c). 
Pcd icle view of ::t llea rl y pe rfect Hpccillle n. 
F rom the Keokuk limes tonlc ; , Va l'saw, Illillui~ It i s Hlsu CO IllUlOl[ ill t he 

Burlin gton lim esto~lC" 

F ig. 22. L epetopsis capq~lus (Rnll ) . 
Sitle v icll' of a m o,]d. 
Bec1 No.6, B urlington. 
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PLATE V 

T Y PE KEOKUK AND WARSAW FOSSILS 

:Figs. 1, 2. Pa./;aea·lJIis Obt1IS11S Meek and Worthen. 

Fig. 3. 

Fig. 4. 

~~i g . G. 

Fig. G. 

F ig. 7. 

Fig. 8. 

Calycinal aJld latm'al views of two coloni es. 
K eokuk. 

jlI[a c1'0C1'imIS ktg1£1lC1£hls (Hall ). 
Postom-latcnll vi ew of a typ ical 031yx f rom Keokuk. 
After Wachsmuth and Sprin g-m·. 

D07'YC1'i1l11S m-ississippiensis RKlemer. 
Anal "i ew of ft vel")' tine e.,'\.lyx . 
Keokuk. 

A1'clli11ledes 01l1e1U11WS Hall . 
Part of . p i mJ axis. 
Keokuk. 

0 1'thotct es keo7nt7~ (Hall ) . 
Ped icle view of ft large and il C!uly complete specimen. 
Keokuk. After ·Weller. 

P1'od1ICtUS setige1'1ls Hall. 
P ed icle illu tration of a somewhat disto r ted shell. 
Hamilton, Illinois. After Well N. 

Trtmca111 era 8ubt1'ioona (Meek an,l ·Worthen ) . 
Peclicle viel"l of a 1aJ'ge specimen. 
Warsa.w, Illinoi s. After Weller. 

F igs. 9, 10. SpiTifeT 7ceo/.;1£7c Hall. 
B rachi al ancl lateral views of a nearly perfect specimen. 
Keokuk. After \ 'Veller. 

F igs. ll, 12. Spi1'ife1' 1'ostellaMIS H all. 
Pedicle and bmchiaJ views of t he holotype. 
Specimen f rom War ~11W, Illin ois. After Weller. 

E'ig. 13. ]llya~in(b keoiC1I./'; WOl·then. 
Beel No.6, K eokuk. 
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PLATE VI 

1'YPE S1'. LOUI S AND PELLA FOSSILS 

F ig . 1. 1'1'ip lop7l yll~w1 dalei (M ilne-Ec1wa rc1s an.c1 Haime) . 
Calycinal viow of a fi.ne specimen f rom St. L oui s limestone. 
H enry county, IQ~va. 

Figs. 2-4. 'l'l'iplop7l ylhl,1l1 pella,e!1sis (Worthen ) . 
Lateral views an c1 a calyci'1181 vi ews of t hree typical specimens. Note 

tho spine bases. 
P ell a bec1s; P eUa. 

F ig. 5. L ithost!'otiAm oanadense Castelnau. 
Part of a perfect colony fl'Om. St. Loui s limestone. 
Mt. PleaSaJlt . 

Fi g. 6. A I'cil'i/lI1 edes WOI·t!I &nri, H all. 
Po rt ion of t he screw- hapcll ax i. of thi : 1)coI11i :11' fcnestelli d bryozo.:l11 . 

Uppe r Warsaw l ime tone . Keokuk. 

F ig. 7. Lin,gllla V(/1'soviensis W ort hcn . 
V icw of t he holotype. 
'Warsaw bec1s; "Varsww, Ill inoi s. After W eller . 

F igs. 8, 9. Ol·tho·t et es 7casicasi.;iensis ( McChesney) . 
B I'achi al aOla pec1icle views of somewhflt hl'ol<cn specimens. 
P en a, beels ; Fort Doelge. 

F igs. 10-12. 1'e,t!'(lcannem arotil'ostrata, (Swall ow) . 
P ed icle, brachial anel l,ft,teral views of a specim en f rom Salem l imeston e. 
Boonev ille, Missomi. After Wcll e r. 

Fi gs. 1:\-16. P1t,g!l{)ides OttltlllWCL (Wl'Lite). 
Brachial, pedicle, <111teri or anel lateral vicws of spccimClls f rom t he P ell n 

heel s at Fort Dodge. 

E'i gs. 17-19 . Gil·tyella indi(/1 !e!lsi.~ (Girty). 
B raclLial , pedicle lmd latera l views. 
P ella beels; P ell a. After Well er. 

Fig. 20. Spil-i/el' pellaensis W eller. 
Brachl al view. 
Pell a beds; Fort Doc1ge. 

Figs. 21, ~2. ..4 1101·islnu InOJl'ionense White. 
Cast of two specimens "iewcd f rom th o hin ge :111c1 f rom the left s iele, 

r espectively. 
PolI n, heds; Ottumwa. 
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INDEX 
A 

Acanthoclema conlluens, 153 
Actinocrinus lowei, 152, 159, 166; mul

tiradiatus, 133, 137; pernodosus, 152, 
194; scitulus, 133, 140 

Agaricocrinus americanus, 152; amer
icanus var. tuberosus, 152, 193; gra.
cilis, 135; nodulosus, 194; nodulosus 
var. macadamsi, 194; ornotrema, 124; 
wortheni, 152, 188, 194, 208 

Aga tes, development of, 306 
Agelacrinus legrandensis, 83 
Agoniatites opimus, 62 
Alden . limestone of Kinderhook group, 

52, 92; in Hardin county, 99 
Allorhyhchus heteropsis, 60, 66, ,73 
AUorisma marionensis, 294 ff; sinuata, 

272 
Alton, Illinois, Verdi beds at, 231 
Amana, Kinderhook beds at, 78 
Ambocoelia parva, 64 
Ames, St. Louis beds near, 279 
Amplexus fragilis, 123 
Anderson quarry, Louisa Co., Burling

ton beds in, 139; Kinderhook beds 
at, 63 

Anisotrypa fistulosa, 294 ff; ramulosa, 
294 ff 

Ankerite in geodes, 312, 336 
Aorocrinus immaturus, 83 ; parvibasis, 

83; parvus, 124, 138 
Archaeocidaris, 170, 267; keokuk, 188, 

200; legrandensis, 83 
Archimedes limestone near Warsaw, 205 
Archimedes negligens, 160, 209; cf 'A. 

negligens, 153, 199-201, 209; owena
nus, 153, 161, 189 ff, 209, 211; ' wor-

, theni, 189, 209, 211, 216 
Arey, M. F ., work of, 87, 107, 293 
Astartella, 2% ' 
Athyris crassicardinalis, 60, 66, 98, 

105; corpulent a, 68,· JO; incrassatus, 

68; lamellosa, 125, 133 ff, 154, 156, 
167, 180, 344; subquadrata, 267 

Augusta, Burlington beds at, 127; 
fauna of Burlington beds at, 132 ; 
Keokuk limestone near, 163, 167 

Augusta , limestone, classification, 46; 
in Keokuk county, 180; in Wash
ington county, 141 

Avicula strigosa, 61 
Aviculopecten caroli, 61, 68; iowensis, 

61; tenuicostus, 61; cf A. oblongus, 
171 

B 

Bactropora simplex, 160, 176, 199, 201, 
209, 217 

Bain, H. F., work of, 48, 71, 74, 75, 
141, 180, 230, 233, 273, 274, 276, 278, 
2!lR, 299 

Ballinger Siding, Lower Warsaw beds 
near, 212 

Barycrinus bullatus, 194; magister, 152, 
194; spurius, 152, 193, 194; stellatUs, 
152, 194; tumidus, 152, 194 

Bassler, R. S., work of, 305, 314, 343 
Batocrinus clypeatus, 137; 'grandis, 132; 

laura, 132; 134, 137, var. sinuosus, 
141; macbridei, 83; poculum, 83; sub
aequalis, 124 

Batostomella, 189; interstincta, 303 
Bear, creek, Van Buren Co., geodes on, 

326, 334; Lower Warsaw be'ds on, 
201; Spergen formation on, 228 

Belfast, St. Louis' limestone near, 240; 
Spergen beds near, 216 

Bellerophon bilabiatus, 61; 69, 73; pan
neus, 62; sublaevis, 109; vinculatus, 
61, 73 

Bentonsport, geodes at, 326, 334; Keo
kuk limestone at, 169; Lower Warsaw 
beds near, 199; St. Louis limestone 
near, 259; Upper Burlington beds 
near, 135 
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Beyer, S. W., work of, 79, 83, 84, 87, 
88, 93, 95, 279, 280 

Big creek, He,nry Co., St. Louis beds 
on, 264 

Bitumen in geodes, 312, 321, 339 
Bonaparte, Pella beds near, 293; St. 

Louis lime,stone near, 252; Spergen 
beds near, 228 

Brachythyris altonensis, 243, 266; bur
lingtonensis, 64; peculiaris, 60; sub· 
cardiformis, 153, 189, 194, 199, 210, 
215, 217, 226 ; suborbicularis, 125, 133, 
135, 138, 153, 156, 167, 170 ff, 189, 
194, 210 

Brecciation of St. Louis limestone, 233; 
origin, 235; relation to dolomitiza
tion, 235 

Brighton, Pella beds near, 299; St. 
Louis beds near, 272 

Brooklyn wells, Kinderhook strata in, 
77 

Brush, Geo. H., work of, 304 
Brush creek, Henry Co., PeUa beds 

along, 294 
Bucanopsis deflectus, 62; perelegans, 

62, 66 
Bulimorpha ? keokuk, 180 
Burlington, Burlington limestone at, 

121; fauna of Kinderhook at, 55; 
Keokuk beds at, 168; Kinderhook 
beds at, 51, 53 

Burlington limestone, character, 119; 
classification, 45; crinoid remains in, 
120; distribution, 118; fish bed in, 
120; relations, 347; thickness, 121; 
at Burlington, 121; in Des Moines 
county, 121, fauna, 123; in Lee 
county, 121; in Louisa county, 136, 
fauna, 137; in Van Buren county, 
135; in Washington county, 141 

Butler county, Kinderhook beds in, 106 

C 

Cactocrinus arnolcll, 83; glans, 133 ; 
longus, 133; multibrachiatus, 124; 
nodobrachiatus, 83; ornatissimus, 83; 
proboscidialis, 83, 122, 124 

Calcite in geodes, 311, 335 
Calvin, Samuel, work of, 88, 114 
Camarophorella lenticularis, 60 

Camarophoria bisinuata, 133, 170, 180 
Camarotoechia chouteauensis, 74, 94, 

101, 104, 107; mutata, 160, 170 if, 
189 ff, 205, 209; subglobosa, 97; cf. 
C. tuta, 98; grosvenori, 295 

Capulus paralius, 62; vomerium, 62 
Carboniferous, r elation of Mississippian 

system to, 41 
Cardiopsis megambonata, 61 
Cascade', Des Moines Co ., Burlington 

beds at, 121 
Cedar Bluff, J ,efferson Co., Spergen for

mation in, 230 
Cedar creek, J 'efferson Co., St. Louis 

limestone on, 269 
Cedar Glen, Illinois, Keokuk beds at, 

155 
Cedar Valley beds, relation to Missis

sippian system, 43 ; and Kinderhook, 
relations, 52 

Cement production, 18; in United 
States, 19; uses, 20 

Centronelloidea rowleyi, 98 
Cerro 'Gordo county, Kinderhook beds 

in, 114 
Chalcedony in geodes, 311, 335 
Chalcopyrite in geodes, 337 
Chamberlin and Salisbury, cited, 304 
Chapin, Chapin beds near, 104 
Chapin beds, 52, 91; in Butler county, 

lOS; in Franklin county, 104 
Chemung stage, 46 
Chequest creek, Van Buren Co., St. 

Louis beds on, 262 
Che,rokee beds, thickne,ss of, 349 
Chert in geodes, 335 
Cherty limestone, classification, 45 
Chester series of Mississippian system, 

41 
Chonetes burlingtonensis, 59, 66; gen!

culata, 59, 64; gregarius, 59; illinois
ensis, 59, 68, 125, 135, 160, 170, 174; 
logani, 59, 66, 74, 81, 105; multicosta, 
59, 66, 74, 81, 105, 106, 133; shumar
danus, 170 

Chonopectus sandstone, 65; at Burling
ton, 72 

Chonopectus fischeri, 59 ff. 
Chouteau affinities of Kinderhook fos

sils, 63 
Chouteau beds, i 16; fauna, age, 116 

• ,. 
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Cladodus, 140 
Clark <!ounty, Missouri, geodes in, 320; 

Lower Warsaw beds in, 195 
Clay wares, classes, 16; output, 15; 

production in United States, 18 
Cleiothyrts roissyi, 295 
Clifton creek, Louisa Co., Kinderhook 

beds on, 69 
Clinolithes lizardensis, 303 
Cliothyrtdina glenparkensis, 60; hirsuta, 

60, 296, 301; incrassata, 125, 133, 
135, 157, 167 ff., obmaxima, 113, 125, 
133, 154, 156, 167, 180; parvirostris, 
134, 154, 160, 167, 170 ff, 189 ff, 210, 
211, 217; prouti, 101, 102-104, 107; 
tenuilineata, 81, 109, 125 

Coal, production, 10, 14, 15; 1913 to 
1922, 14; in United State,s, 15 

Coal Measures, relation to Mississippian 
system, 44 

Coal tonnage mined per man, 15 
Cochliodus nObilis,. 154 
Coelanthus welleri, 62 
Colchester, illinois, St. Louis bed.s at, 

232 
Composita corpulenta, 60, 64, 73; glo

bosa, 146, 154, 189, 190, 200, 210; 
oPPosita, 81; pentagona, 154;' trinu
clea, 113, 134, 154, 157-160, 167, 170 
ff, 189, 190, 210, 217, 244, 246, 269, 
272, 275, 284, 290 ff 

Concretions, origin of, 306 
Connor quarry, Keokuk Co., Keokuk 

beds in, 181; St. Louis beds in, 277 
Conocardium, 247; pulchellum, 61 
Conrad, Kinderhook beds at, 87 
Conularia byblis, 62; micronema 1, 69; 

missouriensis, 154 
Copperas creek, Van Buren Co., geodes 

on, 326 
Coppock, St. Louis beds near, 273 
Correlation, see various formations 
Cosinium latum, 124, 13S; 142 
CranaJena 1 a11el, 60; globosa, 180; 

sulcata, 158, 172, 173, 189, 194, 209 
Cretaceous, relation to Mis.sissippian 

system, 44; and Kinderhook, rela
tions, 52 

Crinoid remains in Burlington lime
stone, 120; of LeGrand beds, 83 

Croton, Pella 'beds at, 289; St. Louis 
beds at, 244 

Croton limestone, 238, 264, 266; brec
ciation in, 234; character and rela
tions, 231; see also St. Louis, Lower 
St. Louis 

Cryptoblastus melo, 124 
Crystal Glen, Illinois, geodes in, 319 
Cyathaxonia, 132 
Cyatho'crinus marshallensis, 83 
Cyathophyllum glabrum, 110 
Cyclopora fungia, 195 
Cypricardinia indianensis, 203, 210; 

sulcifera, 61, 66 
Cyrtina acutirostris, 60 
Cyrtoceras unicorne, 62 
Cystodictya americana: 199; lineata, 

176, 189' ff, 208 ff; nitida, 199; pus
tulosa, 166, 176, 189 ff, 208, 211 

Cytherellina gland ella, 296 

D 

Dakota City, St. Louis beds at, 286 
Dana, J. D., cited, 342 
Davis county, P ella beds in, 293 
Deamude quarries, Lee Co., St. Louis 

limestone in, 240; Spergen forma
tion in, 215; Upper Warsaw beds in, 
213 

Delthyrts clarksvillensis, 82; similis, 
157 

Deltodopsis bialveatus, 141; convexus, 
141; stludovici, 296 

Deltodus, 140; spatulatus, 141 
Denmark, geodes near, 306, 325, 327; 

Keokuk limestone near, 16~ 

Dentalium grandaevum, 61, 64, 66, 73, 
75, 82 

Deposition of minerals in geodes, 340 
Derbya keokuk, 295 
Des Moines, Kinderhook strata at, 51 
Des Moines county, Burlington beds 

in, 121; geodes in, 307; Keokuk 
lime.stone in, 163; Kinderhook beds 
in, 53; Lower Warsaw beds in, 196; 
St. Louis beds in, 263; Spergen 
beds in, 226 

Des Moines river, Pella beds on, 289, 
302; St. Louis beds on, 247, 283, 
285; Verdi beds on, 277 
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Devils Anvil, Tama Co., Kinderhook 
beds at, 86 

Devonian, relation to Mi.ssissippian 
system, 43 ; and Kinderhook, r ela· 
tions, 52; fossils of Kinderhook, 56 

Dexiobia halli, 61; ovata, 61 
Dichocrinus cinctus, 83; delicatus, 83 ; 

inornatus, 83 
DichotrYlla elegans, 246 
Dictophyton, 58 
Dielasma burlingtonensis, 60; formosa, 

267, 295; osceolensis, 125, 133; row
lei, 140; sinuata, 153, 172; turgid a, 
295 

Dizygocrinus andrewsianus, 124, 133 ; 
biturbinatus, 152, 194 ; dodecadacty
Ius, 132, 134; rotund us, 124, 132, 134, 
137, 140 

Dolomite in geodes, 312, 336 
Dolomitization, relation to brecciation, 

235 
Dorycrinus cornigel1ls, 135; mississip

piensis, 152, 171, 193; missouriensis, 
133; quinquelobus, 124, 140; unicor
nis, 124 . 

Drain tile·, sales, 17 
Drainage of Mississippian system, 40 
Dudley, Pella beds at, 297 

E 

Eagle City, Eagle City formation at, 
94 

Eagle City beds of Kinderhook group, 
52, 92; in Hardin county, 93 

Echinoderms from LeGrand beds, 83 
Eckles quarry, Washington Co., Bur

lin gton beds in, 142 
Edmondia aequimarginalis, 60, 66 ; bur

lingtonensis, 60, 68, 70; illino-ise:qsis, 
190, 210; jejunus, 60, 73; nitida, 60, 
64 ; nuptialis, 60, 64; quadrata., 60; 
strigillata, 60; varsoviensis, 190, 210 

Elevations of Mississippian system, 40 
Ellsworth quarry, Hardin Co., Kinder

hook bed.s in, 96 
Elrick Junction, Kinderhook beds near, 

68 
Elriek quarry, Louisa Co., Burlington 

beds in, 139 
Endothyra baileyi, 295 

England, geodes in, 306 
English river, Kinderhook beds on, 71 
English River gritstone, 51, 72 
Eretmocrinus calycUloides, 124 
Eucladocrinus, 180; · pleurovimenus, 133; 

praenuntius, 124 
. Eumetria altirostris, 60, 70, 73; marcyi, 

267, 295; verneuiliana, 94, 154 ff, 
171 ff, 190, 194, 210, 215, 217, 246, 
258 

Euomphalus luxus, 110 
Eutaxocrinus fletcheri, 83 
Eutrochocrinus christyi, 124, 133, 137, 

141; lovei, 124, 140; planodiscus, 152, 
1 il, 194 

Evactinopora grandis, 133 

F 

Farmington, geodes at, 326, 331; Lower 
Warsaw beds near, 201; Pella beds 
near, 292, 293; St. Louis beds near, 
249; Spergen beds near, 227 

Fauna of Burlington beds, at Augusta, 
132; at Burlington, 122; in Des 
Moines county, 123; in Louisa county, 
137; of Keokuk beds, in Des Moines 
county, 164; in Henry county, .175; 
in Keokuk county, i 78; in Lee coun
ty, 146; in Louisa county, 177; in 
Van Buren county, 170; of Kinde·r
hook beds, at Burlington, 55; in 
Hardin county, 94; in Louisa county, 
63; in Marshall county, 81; in ' Po
cahontas county, 113; in Washington 
county, 73; of Lower Warsaw beds, 
in Illinois, 188; in Lee county, 193; 
of Upper Warsaw at Warsaw, 208; 
of Pella beds, in H e·nry county, 294 ; 
in Jefferson county, 295; in Marion 
county, 301 ; in WapeUo county, 296; 
in Web.ster county, 303 

Fenestella, 81; burlingtonensis, 124, 
138; cingUlata, 160, 172; compres~ 
152, 189, 193, 195, 209; compressa. 
var. nododorsalis, 152; exigua, 189, 
193, 199, 202, 209, 211; funicUla, 188, 
209; limitaris, 152, 176, 188, 209; 
multispinosa., 152, 157-160, 166, 176, 
]80 ff. 20fl, 217, 281, 301; rudis, 152, 
160, 176, 189, 199, 201, 209; serratula, 
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124, 138, 152, 157-160, 166, 170 ff, 
188 if, 209 ff, 246, ;l95; tena.x, 152, 
176, 188 ff, 209, 215 ; triserialis, 152, 
188 if, 209, 211 

Fenestralia saneti-ludoviei, 209 
Fish remains, 64, 103, 126, 131, 138, 158, 

170 if, 194, 294, 301 
Fistulipora spergenensis, 152 
Forbesioerinus wortheni, 194 
Fort Dodge, Pella beds at, 302 ; St_ 

Louis beds at, 282 
Fort Madison-Appanoose Stone Co. 

quarry, I llinois, geodes in, 317; Sper
gen beds in, 225 

Fox City, Missouri, geodes at, 320; 
Lower Warsaw beds near, 195 

Fox quarry, Lee Co., SpeTg.en forma
tion in, 216 

Franklin county, Kinderhook beds in, 
100 

G 

Geode shales, age, 143; classification, 
45; relation,s, 185 ; of Keokuk and 
Lowe·r Warsaw, 304 

Geodes, bitumen in, 321; character, 
311, 315 ; definition, 304; descriptions, 
327; minerals in, 335; occurr·ences, 
306; origin, 341 ; relation to con
taining rock, 312; time of fo rma
tion, 345 ; of t he Keokuk beds, 306; 
of the Lower Warsaw beds, 308 

Geodization, process of, 346 
Geosyncline, Western Interior, 45, 349 
Gifford, Kinderhook beds near, 95 
Gilmor.e City, Kinderhook beds at, 113 
Gilmore City limestone, relations, 114 
Gilmore Portland Cement Co. quarry, 

Pocahontas Co., Kinderhook beds in" 
113 

Girt yell a indianensis, 174, 178, 205, 
209, 215, 217, 243, 244, 258, 265, 272, 
290 if; turgida, 161, 209, 217 

Glaciation over Mississippian system, 
40 

Glossites, 291; burlingtonensis, 60; ellip
tiea, 60, 69 

Glyptopora elegans, 195, 199, 208; key
serlingi, 153, 160, 166, 180, 190, 195, 
199, 208, 211; michelinia, 201, 202, 

208 ; plumosa, 209; sagenella, 199, 
208, 217; sagenella var. ealiculosa, 
209 

Gomphoeeras, 62 
Gonioerinus seulptilis, 83 
Goniophora jennae, 61, 73 
Gordon, C. H ., work of, 46, 142, 147, 

213, 233, 259, 292 
Grammysia amygdalinus, 60, 73; plena, 

60, 64, 70, 73 
Granite quarry, Keokuk Co., Keokuk 

lime$tone in, 178; Verdi limestone 
near, 276 

Graphioerinus longieirrifer, 83 
Griffithides, 62, 134, 154, 170; port

loeki, 176 
Grinnell wells, Kinderhook strata in, 

77 
Grundy county, Kinderhook beds of, 

86 
Gurley, see Miller and Gurley 
Gypsum in geodes, 312, 339 ; produc

tion, 20; production in United States, 
22 

Gyroeeras burlingtonensis, 62 

H 

Hadrophyllum glans, 123, 132, 137 
HaJa Roberts quarry, Hardin Co_, Al

den limestone in, 99 
Hall, James, wOl'k of, 45, 118, 142, 184, 

203 
Halysioerinus tunieatus, 194 
Hamilton, Illinois, geodes at, 320, 333; 

Lower Warsaw beds near, 190 
Hamilton Clay Co_ pit, geodes in, 320; 

Lower Warsaw beds in, 190 
Hancock county, Illinois, Lower War

saw beds in, 187; Spergen formation 
in, 223; Upper Warsaw beds in, 203 

Hancock county, Iowa, Kinderhook 
beds in, 115 

Hannibal beds, 116 
Hannom '$ mill, Story Co., St. Louis 

beds at, 280 
Hardin county, Kinderhook beds in, 

92 
Harrows branch, Wapello Co ., Pella 

beds on, 296 
Helodus, 67 
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Hematite in geodes, 312, 336 
Hemitrypa aspera, 195, 199; cf. H . 

beedei, 199; nodosa, 199, 209; pa.teri
f Ormis, 160, 189, 209; perstriata, 152, 
195, 199; plumosa, 195, 211 ; prouta
na, 152, 194, 195, 199, 209; prouta
na var. nododorsalis, 209 

Henry county, geodes in, 316, 323, 327 
ff; Keokuk limestone in, 174; Lower 
Warsaw beds in, 196; Pella forma
tion in, 293; St. Louis beds in, 263; 
Spergen formation in, 229 

History, geologic, of Mississippian 
strata, 347 

Holopea subconica, 62, 98; proutana, 
210; cf. H. proutana, 189, 194 

Holopella mira, 62 
Honey creek, Louisa Co., Burlington 

lime,stone on, 136; Keokuk limestone 
on, 177 

Humboldt, Kinderhook beds at, 109; 
St. Louis beds at, 286 

Humboldt county, Kinderhook beds in, 
109; St. Louis beds in, 284 

Humboldt oolite, relations, III 

I ' 

I goceras, 134; capulus, 141; undata, 62 
Illinois, geodes in, 318 ff; Ke·okuk 

beds in, 145 ; Lower Warsaw beds 
in, 187, 318 ff; Spergen formation 
in, 223; Upper Wa~s!l;w beds in, 203 

Indian creek, Van Buren Co., geodes 
on, 326, 331; Pella beds on, 290; 
St. Louis limestone on, 249; Sperge·n 
beds on, 227 

Indiana, building stone in, 31 
Iowa, Mississippian system in, 39 
Iowa county, Kinderhook beds of, 78 
Iowa Falls, Eagle City bed,s at, 97; 

Iowa Falls beds at, 97; Kinderhook 
beds at, 51; well at, 93 

Iowa Falls dolomite of Kinderhook, 92; 
in Hardin county, 97 

Iowa river, Kinderhook beds on, 69, 95 
Iowa se·ries of Mississippian system, 41 
Iowana Gyp,sum Company, 21 
Ivanhoe quar_ries, Hardin Co., Alden 

beds in, 100 

J 

Jasper county, Kinderhook beds in, 78 
Jeff,erson county, Pella beds in, 294; 

St. Louis beds in, 267; Spergen for
mation in, 230 

J uniper Hill formation, name proposed, 
116 

K 

Kalona, Kinderhook beds at, 72 
Kaolin in geodes, 312, 338, 345 
Kay, G. F ., acknowledgments, 39 
Kemper quarries, Des Moines Co., Bur-

lington beds at, 126; Kinderhook beds 
at, 55 

Keokuk, geodes at, 308, 318, 330; Keo
kuk beds at, 145; L ower Warsaw 
beds at, 193.; Montrose cherts at, 
155; St. L ouis beds at, 237; Spe·rgen 
beds at, 222; thickness of Kinder
hook beds at, 51; Upper Warsaw 
beds near, 211 

Keokuk county, Keokuk lime.stone in, 
178; Pella beds in, 299; St. Louis 
limestone in, 274 

Keokuk formation, beds in, 143; char
acter, 142; classiJkation, 45; distri
bution, 144; geodes of, 306; fauna 
of, 143; relations, 44, 143, 347 ; in 
Illinois, 145; in Des Moines county, 
163, fauna, 1M; in H enry county, 
174, fauna, 175; in Keokuk county, 
178; fauna, 178; in Lee county, 145, 
fauna, 146; in L ouisa county, 176, 
fauna, 177; in Van Buren county, 
168, fauna, 170 

Keokuk and Lower Warsaw beds, 
geodes of, 304 

Keosauqua, Pella beds at, 292; St. 
Louis limestone near, 259 

Keosauqua sandstone, 292; relations, 
259 

Kieyes, Charles, work of, 46, 53, 117, 
120, 142, 144, 239, 263 

Kilbourne, St. Louis limestone near, 
262 

Kinderhook group, Alden lime.stone of, 
92; Chapin beds of, 91; character, 
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50; classification, 46 ; definition, 49; 
distribution, 49; Eagle City beds of, 
92; English River gritstone of, 72 ; 
Iowa Palls dolomite of, 92; LeGrand 
beds of, 'SO, 89; Maple Mill beds of, 
71; Marshalltown shales of, 84; 
Mayne Creek beds of, 92; relations, 
44; Sheffield beds of, 91; Sweetland 
Creek 'beds of, 70; subdivisions, 51; 
thickness, 51; Wassonville beds of, 
74; at Burlington, 55 ; in ButLer 
county, 106; in Cerro Gordo county, 
114; in Des Moines county, 53, fauna, 
55; in Prapklin county, 100; in 
Grundy county, 87; in Hancock 
county, 115; in Hardin county, 92, 
fauna, 94; in Humboldt county, 109; 
in ' Iowa county, 78; in Jasper coun
ty, 78; in Kossuth county, 115; in 
Lee county, 53 ; in L ouisa county, 63, 
correlation, 70, fauna, 63; in Mar
shall county, 80, fauna, 81; in Mus
catine county, 70 ; in Pocahontas 
county, 113, fauna, 113; in Powe
shiek county, 77; in Tama county, 84; 
in Washington county, 71, fauna, 
73; in Winnebago county, 115 ; in 
Wright county, 109 

Kinderhook of central I owa, correla
tion, 88; relations, 78; of north
central Iowa, 90; correlation, 115 

Kinderhook transgression, 347 
KinderhooK and Cedar Valley, relations, 

52; and Cretaceous, relations, 52; 
and Devonian, relations, 52 ; and 
Lime Creek, relations, 52; and Penn
sylvanian, relations, 52 

Kirschner quarries, Des Moines Co., 
Kinderhook beds in, 54 

Knobstone shale, geodes of, 314 
Kossuth county, Kinderhook beds in, 

115 

L 

Laevidentalium, 189, 210, 272 
Leda curta, 290, 291; saccata, 61, 64, 

106 
Lee county, brecciation in, 234; Bur

lington beds in, 121; geodes in, 306, 

325, 327 ; Keokuk beds in, 145; Kin
derhook beds in, 53; Lowe·r Warsaw 
beds in, 192; Pella fo rmation in, 
289; St. Louis limestone in, 237; 
Spergen formation in, 215; Upper 
W/Lrsaw beds in, 210 

Lees and Thomas, work of, 284, 302, 
303 

LeGrand, fossils from, 81; quarries 
near, 80 

LeGrand beds, 52, 84; age, 89; cri
noids of, 83; echinode·rms from, 83; 
sections in, 80 

Leioclema f oliatum, 199, 208; gracilli
mum, 160, 166, 180, 217; punctatum, 
152, 158-160, 166, 173 ff, 189 ff, 208, 
211; wachsmuthi, 87 

Leiopteria spinalata, 61, 73 
Leonard, A. G., work of, 270, 296 
Leperditia carbonaria, 246, 272, 275, 

296 
Lepetopsis capulus, 125, 133, 135, 138 
Leptaena analoga, 81, 87, 94, 105, 106, 

133; convexa, 59, 65 
Leptopora typa, 58, 104, 105 
Leverett estate', geodes on, 325 
Limel, production in Iowa, 31 
Lime Creek shales, relation to Missis

sippian system, 43; and Kinderhook, 
relations, 52 

Limestone sold in Iowa, 28; in United 
States, 30 

Limonite in geodes, 339 
Lingula cf. L. melie, 71; membranacea, 

59; cf. L. nuda., 71; subspatulata, 
71; varsoviensis, 209 

Lithophaga minuta, 61; pertenuis, 296 
Lithophagus illinoisensis, 154, 161, 173, 

100, 210 
Lithostrotion canadensis, 242, 244, 264 

ff; canadensis var. proliferum, 267, 
269; proliferum, 246, 256, 258, 265 ff 

Lizard creek, Webster Co., Pella beds 
on, 302; St. Louis bed,s on, 284 

Lobocrinus pyriformis, 65, 140 
Long creek, Louisa Co., Kinderhook 

beds in, 68 
Lost creek, Lee Co., fossils from, 134 
Lomsa county, Burlington beds in, 136; 

correlation of Kinderhook of, 70; 
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Keokuk limestone, in, 176; Kinder
hook beds in, 63; St. Louis beds in, 
271 

Louisiana beds of Mississippian sys
tem, :).16 

Lowell, geodes at, 316, 323, 327; Low
er Warsaw beds near, 196; St. Louis 
beds ne'ar, 266; Spergen beds near, 
229 

Lower Archimedes limestone, 142 
Lower Burlington beds at B urlington, 

121; in Louisa county, 139; see Bur
lington limestone 

Lower St. Louis beds, character, 231; 
see Croton, St. Louis 

Lower Warsaw beds, analysis, 186; 
character, 186, 312; geode,s of, 308; 
at Montrose, 195; in C'lark county, 
Missouri, 195, , 320; in Des Moines 
(,,ounty, 196; in Hancock county, 
Illinois, 187; in H enry county, 196; 
i~ Illinois, fauna of, 188; in L ee 
county, 192, fauna, 193; in Van 
Buren county, 198, fauna, 199 

Lower ,Warsaw and Keokuk beds, 
geodes of, 304, 318 

Loxonema difficile, 11 0; oligospira, 62; 
shumardana, 62; yandellana, 109 

M 

McBride mill, Pella beds at, 300 
Macbride, T. H., work of, 109, 112, 286 
Macrocrinus konincki, 124, 132, 137; 

lagunculus, 152; verneuilianus 124, 
132, 134, 137, 179 . 

Macrodon cochlearis, 69; cf. M. coch
learis, 110 

Madlener quarry, Lower Warsaw in, 
196; Spergen in, 226 

Magnetite in geodes, 312, 336 
Mahaska county, Pella beds in, 299; 

St. Louis beds in, 277 
Malachite in geodes, 338 
Maple Mill, fossils from, 73; Kinder

hook beds at, 71 
Maple Mill shale, 51, 72 
Marion county, Pella formation in, 

300; St. Louis beds in, 278 
Marshall county, Kinderhook beels in, 

80; St. Louis beds in, 279 

Marshalltown, deep. well at, 79; t hick· 
ness of Kinderhook at, 51 

Marshalltown shales, 52; age, 90; at 
Marshalltown, 84 

Mayne Creek beds of Kinderhook 
group, 52, 92; in Butler county, 108; 
in Franklin county, 105 

Meek and Worthen, work of, 46, 49 
Meekopora, 189, 208 
Megistocrinus d. M. evansi, 124; no

bilis, 83 
Meramec group, character, 183; defini

tion' 182; distribution, 183; r elations, 
184; thickness, 184 

. Meramec time, oscillations during, 438 
Metablastus lineatus, 138; wortheni, 199 
Mil1er quarry, Des Moines Co" Bur

lington beds in, 121 
Miller quarry, Webster Co., St. Louis 

beds in, 282 
Millerite in geodes, 337 
Mineral production in Iowa, value, 9 
Mineral water, production, 31; in 

United States, 32 
Minerals, paragenesis of, in geodes, 

340 
Minerals of the geodes, 335 
Miners employed in Iowa, 11 
Minnesota, building stone in, 31 
Missis,sippian system, Chester series, 

41; classification, 41; distribution, 39; 
divisions, 41; drainage, 40; eleva
tions, 40; geologic history, 347; gla· 
ciation ov,er, 40; in Iowa, 39; Iowa 
series, 41; r elations, 43; relation to 
Cedar Valley, 43; relation to Coal 
Measures, 44; relation to Cretaceous, 
44; r elation to Devonian, 43; rela
tion to Lime Creek shales, 43; rela
tion to Pennsylvanian, 44; section, 
41; structure, 45; topography, 40 

Missouri, Clark county, geodes in, 320; 
Lower Warsaw in, 195 

Modiola, 290 
Modiomorpha, 69, 246, 281 
Monilopora beeclleri, 152, 159, 160, 166, 

174, 175, 188 ff, 208, 217 
Monk creek, Lee Co" Spergen lime· 

ston e on, 221 
Monotrypa, 113 
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Montrose, Spergen limestone at, 223; 
St. Louis limestone near, 238 

Montrose cherts, age, 120, 143; clas.s
ification, 46; gleodes in, 308; at Keo
kuk, 155; in Louisa county, 176 

Moore quarry, Louisa Co., Upper Bur
lington beds in, 141 

Morning Sun, Burlington beds. near, 67; 
Kinderhook beds near, 67; Upper 
Burlington beds near, 140 

Mount P leasant, thickness of Kinder
hook at, 51 

Mud creek, Henry Co., geode.s on, 323, 
327 ff; Lower Warsaw beds on, 197 

Mumm creek, Lee Co., St. Louis beds 
on, 242 ; Spergen beds on, 220 

Murchisonia quadricincta, 61, 66 
Muscatine county, Kinderh ook beds in, 

70; Sweetland Creek beds in, 70 
Myalina ? abstemia, 110; keokuk, 154, 

157, 170, 173, 174 
Mytilarca fibristriata, 61; occidentalis, 

61, 73 

N 

Naticopsis depressa, 62, 73 
Natural gas, production, 32 
Nauvoo, Dlinois, Keokuk limestone 

near, 158 
Niles and Wachsmuth, work of, 120 
Niota, Illinois, geodes from, 317, 321, 

329; Keokuk limestone near, 161; 
Lower Warsaw beds near, 191; Sper
gen beds near, 225 

Nodules, origin of, 306 
Norton, W. H ., work of, 45, 79, 279 
Nucleospira b arrisi, 60, 64, 66, 74, 105 
Nucula illinoisensis, 290; iowensis, 61, 

64, 66 

o 

O'Hara, Cleopas, work of, 505 
Ollie, Keokuk beds near, 178; St. Louis 

limestone near, 274 
Onion creek, Story Co., St. Louis b~ds 

00, 281 
Orbiculoidea, 190, 242; capax, 59 
Orbitremites n orwoodi, 124, 133, 135, 

138 

Orodus, 140 
Orophocrinus conic11s, 83, 87; fusifor

mis, 83 
Orthoceras heter ocinctum, 62, 73 ; in

aequalis, 70; indianense, 62, 66; 
whitei, 62, 69, 73 

Orthonychia cf. O. acutirostre, 200, 211, 
217, 226; pabulocrinus, 125, 133, 154; 
quincyense, 134 

Orthotetes crentstria, 85; inaequalis, 
68; kaskaskiensis, 275, 294 ff; keo
kUlk, 153, 157-161, 166, 170 ff, 189 

. ff, 209 
Osage group, character, 118; classifica

tio!!, 46; definition, 117; distribution, 
117 ; relations, 118; thick ness, 118 

Osage time, conditions during, 347 
Ottumwa, Pella beds in, 296 
Owen, D. D., work of, 45, 79, 142 

p 

Pachylocrinus, 194 
Palaeacis obtusus, 152, 157 ff, 170 ff 
Palaeoneilo barrisi, 61, 66; microdonta, 

61, 73 
Padaeopalaemon newberryi, 62 
Paragenesis of miner als in geodes, 340 
P arallelodon cochlearis, 61, 73; lepto-

gaster, 61; modesta, 61; parvus, 61, 
64, 74 

P arichthyocrinus meeki, 160 
Paryphorhynchus stri.atocostatuml 60, 

68; transver sum, 59, 64, 73 
P atellostium scriptiferus, 62 
Pella, :Kinderhook beds at, 51; Pella 

beds near, 300 
Pella beels, brecciation in, 236; charac

ter and relations, 44', 231, 288; class
ification, 48; type section of, 300; in 
Davi.s county, 293; in Henry county, 
293, fauna, 294; in Jefferson county, 
294, fauna, 295; in Keokuk county, 
299; in Lee county, 289; in Mahaska 
county, 299; in Marion county, 300, 
fauna, 301; in Powe-shiek county, 
300; in Van Buren county, 290; in 
Wapello county, 296, fauna, 296; in 
Washington county, 298; in Webster 
county, 301, fauna, 303 
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Pella time, chang.es at close of, 289 
Pennsylvanian, r elat ion t o Mississippian 

system, 44; and Kinderhook, rela
tions, 52 

Pentremites conoideus, 208, 301; eloDg
atus, 124, 133, 138, 140; koninckia.na., 
295 

Bernopecten circulus, 61; cooperensis, 
61, 64, 73, 74 

Petr01eum in Iowa, 32 
Phanerotinus paradoxus, 62 
Phillipsia, 66, 73, 179, 210, 290 ff 
Pholidocidaris irregularts, 200 
Phractopora trifolia, 159, 160, 166, 176, 

199, 202 
Phragmoceras expansum, 62, 73 
Physetocrinus ventricosus, 124, 133, 137 
Picnic Point, Des Moines Co., K inder-

hook beds at, 54 
Pinna, 291 ; subspatulata, 194, 211 
Pinnatopora conferta, 189, 193, 209 
Platyceras equilateralis, 154, 170, 189, 

194, 210; fissurella, 154, 170; latum, 
125, 133 ; obliquum, 125, 133; para
lium, 125 

Platychisma barrisi, 62, 73; depressa, 
62 

Platycrinus agassizi, 83; burlingtonen
sis, 133; discoideus, 133 ; glyptus, 137 ; 
halli, 124; ornigranulus, 124 ; planus, 
124 ; saffordi, 152, 194; sculptus, 124 ; 
symmetricus, 83 

Pleuracanthus, 154 
Pleurotomaria mississippiensis, 61; quin

quesulcata, 61 
Pocahontas county, Kinderhook beds 

in, 113 
Polyp ora biseriata, 160, 189, 195, 209, 

217; burlingtonensis, 153; gracilis, 
189, 193, 209; halliana, 153, 160, 199; 
maccoyana, 153, 160 ; radialis, 176; 
retrorsa, 153, 158-160, 189 ff, 209, 
211 ; simulatrix, 153, 16"0, 176; spini
nodata, 195, 199, 209; striata, 153; 
varsoviensis, 153, 189 ff, 209, 211 

Porcellia crassinoda, 61 ; obliquinoda, 
61, 70, 73; rectinoda, 61 

Portland cement production, 18 
Posidonomya ? ambigua, 61 
Poteriocrinus genista, 83; hammondi, 

83; legrandensis, 83; maccabei, 83 ; 
maccabei var. decrepitus, 83 ; scopae, 
83 

Potters branch, Van Buren Co., Lower 
Warsaw beds on, 202; St. Louis beds 
on, 257 ; Spergen beds on, 228 

Poweshiek county, Kinderhook beds in, 
77 ; Pella beds in, 300; St. L ouis 
limestone in, 278 

Prairie Plains province, 40 
Price creek, Van Buren Co., St. L ouis 

beds on, 261 
P rice quarry, Van Buren Co., St. L ouis 

beds in, 261 
Productella concentrica, 59; 67, 73 ; 

nummularis, 59, 70, 73 
Productus altonensis, 174, 209, 215, 

217, 226; arcuatus, 59, 64, 66, 73, 74, 
81, 103, 105; blairi, 59, 64, 102-104, 
107; burlingtonensis, 65, 125, 133, 
135, 138, 141; cooperensis, 59, 68; 
curtirostris, 59, 64, 70, 73 ; cf . P. 
gallatinensis, 153; indianensis, 190, 
209, 217; laevicostatus, 68; levicostus, 
68; marginicinctus, 295; mesialis, 160, 
171, 175; mesicostalis, 59, 73; ovatus, 
59, 64, 73, 81, 94, 105, 153, 167, 172, 
174, 189, 194, 209, 211, 246, 258, 275, 
281, 290 ff ; parvulus, 59, 66 ; parvus, 
294 ff; sampsoni, 59; semireticulatus, 
140; setigerus, 153, 170 ff, 189 ff, 
209; tenuicostatus, 244; viminalis, 
133, 135, 153; wortheni, 167, 171 ff 

Promacrus cuneatus, 60 
P rospect Hill, Burlington, K inderhook 

beds at, 53 
Proutella discoidea, 153 
Psammodus glyptus, 14;1 
Pseudo syrinx keokuk, 153, 171, 194 
pterinopecten laetus, 61; nodocostus, 61 
Pteronites whitei, 61, 73 
ptilopora prouti, 195, 209; valida, 153, 

189, 209 
ptyctodus calceolus, 71 
Pugnoides ottumwa, 284, 290 ff 
Pustula alternata, 12q, 133, 135, 153, 

156-160, 167, 170 ff, 189 ff, 205, 209, 
272; biseriata, 153, 170 ff, 190 ff, 
209 ff, 226; morbilliana, 59 

Pyrite in geodes, 312, 336 
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Q 

Quartz in geodes, 311, 335 

It 

Rand Park, Keokuk, St. Louis beds 
near, 238; Spergen beds near, 222 

Reed creek, Van Buren Co., Pella beWi 
on, 291; St. L ouis limestone on, 254; 
Spergen beds on, 228 

ReticuIaria cooperensis, 60, 64, 74, 81, 
87, 94, 106; pseudolineata, 125, 133, 
138, 154 ff, 161, 167, 170 ff, 194, 
199, 210; setigera, 154, 189 ff, 210 
ff, 226 

Rhipidomella burlingtonensis, 59, 68, 
125, 133, 135, 138, 140; dubia, 82, 
125, 133, 135, 153, 157-160, 167, 170 
ff, 194 ff, 209, 211, 217; tenuicostata, 
105; t hiemei, 59, 64, 66 

Rhizopods, 295 
Rhodocrinus coxanus, 195; kirbyi, 83; 

nanus, 83; watersianus, 83 
Rhombopora asperuIa, 160, 200, 203; 

attenuata, 153, 160, 166, 176, 180, 
189 ff, 209, 211, 215; bedfordensis, 
217; dichotoma, 153, 193; gracilis, 
124, 138; transversalis, 166, 176, 200 ; 
varians, 153, 157, 160, 166, 172, 176, 
178, 180, 189 ff, 209,. 217 

Rhynchodus excavatus, 71 
Rhynchonella unica, 60 
Rhynchopora beecheri, 153, 173, 174; 

persinuata, 60; pustuIosa, 60, 66 
Rynchotetra caput-testudinis, 60, 66 
Rivers in Mississippian area, 40 
Rock creek, Van Buren Co., Pella beds 

on, 295; St. Louis limestone on, 258 
Rockton, L eGrand beds at, 83 
Rutland, Kinderhook beds at, 110; St. 

Louis beds at, 285 

S 

St. Francisville, Missouri, geodes at, 
321 

St. Louis limestone, brecciation, 233; 
character, 230; classification, 45; dis
tribution, 236; fauna of, 232 ; rela
tipns, 44; in Des Moines county, 263; 
iil Henry c?unty, 263 ; in Humboldt 

~ounty, 284; in Keokuk county, 274; 
m J efferson county, 267 ; in Lee 
count~ 237; in L ouisa county, 271; 
in Mahaska county, 277 ; in Marion 
county, 278; in Marshall county, 279; 
in Powe,shiek county, 278; in Sto;ry 
county, 280 ; in Van Buren county, 
247; in Wapello county, 270; in 
Washington county, 271; in Webster 
county, 282 

St. Louis time, conditions during, 348 
Ste. Genevieve b e.ds, 287; relations, 44; 

see also Pella 
Ste. Genevieve time, changes at close 

of, 289 
Salisbury and Chamberlin, cited, 304 
Sand and gravel production, 23 ; in 

United States, 27 
Sandalodus, 146 
Sardeson, F. W., work of, 110 
Savage., T. E., work of, 79, 84, 88, 142, 

174, 234, 266 
Scalarituba missouriensis, 73 
Scaphiocrinus briaerius, 195; elegantu

Ius, 83; extensus, 195; globosus, 83 ; 
iowensis, 195; notatus, 83; obscurus, 
195; orestes, 195 

Schellwienella crenuIicostata, 59, 74 ; 
inaequalis, 59; inflata, 59, 65, 81, 94; 
planunlbona, 59, 65, 81 

Schizoblastus granuIosus, 188 208· roe- · 
meri, 104, 109 " 

Schizodus, 290; burlingtonensis, 61; d. 
S. circulus, 190, 210; iowensis, 61; 
t r igonaUs, 61, 64 

Schizophoria chouteauensis, 74, 105, 
106; sub elliptic a, 59; swallovi, 125, 
133, 135, 138, 141 

Schuchertella, 171 
Scylatocrinus, 194 
Second Archimedes limestone at War-

saw, 203 
SeminuIa trinuclea, 295 
Shaler, N. S., cited, 342 
Sheffield, Sheffield beds near 101 
Sheffield beds of Kinderh~ok group, 

52, 91; age, 91; in Butler county, 
107; in Franklin county, 101 

Shumard, B. F., work of, 182 
Skunk river, Burlington beds on, 127; 

St. Louis limestone on, 268, 280 
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Slaughters branch, .Van Buren Co., 
Pella beds on, 293; St. Louis lime
stone on, 256 

Smith creek, Louisa Co., Burlington 
beds on, 65; Kinderhook beds on, 
65 

Smithsonite in geodes, 312, 338 
Soap creek, Lee Co., geodes in, 308, 

318, 330, 333 ; Keokuk beds on, 145; 
Lower Warsaw beds on, 192 

Soap Factory Hollow, Illinois, geodes 
in, 319; Lower Warsaw beds in, 188; 
'Warsaw beds in, 207 

Soldier creek, Webster Co., St. Louis 
bed.s on, 282 

Solenocaris strigata, 71 
Solenomya iowensis, 291 
Solenospira, 290 
Soper's mill, Story Co., St. Louis beds 

at, 281 
South Augusta, Burlington beds at, 

127; Keokuk limestone near, 162 
South Avery creek, Wapello Co., Pella 

b eds on, 297 
Spathella phaselia, 60 
Spathiocaris emersoni, 71 
Spergen beds, character and r elations, . 

44, 214, 348; distribution, 214; no
menclature, 213 ; in Des Moines coun
ty, 226; in Hancock county, Illinois, 
223; in Henry county, 229; in J effer
son county, 230; in Lee county, 215; 
in Van Buren county, 226 

Sphaerodoma pinguis, 62 
Sphalerite in geode~, 312, 338 ' 
Sphenotus, 290; bicarinatus, 60; bicos-

tatus, 60; cylindricus, 60, 74; iowen
sis, 60, 64, 73; rigid us, 60; ventri
cosa, 60 

Spirifer bifurcatus, 189, 190, 210, 217, 
226; biplicatus, 60, 64, 67, 73, 85; 
biplicoides, 60, 64, 66, 85; calvini, 
81, 87; carinatus, 133; exten~atu~, 
85; forbesi, 60, 105, 125; g=eSl, 
60, 125, 133, 135, 138, 141, 162, 1'67, 
170, 179; d. S. grimesi, 157; imbrex, 
125; incertus, 125, 133, 135, 138, 167; 
indianensis, 210; insculptus, 133; 
keokuk, 153, 157-161, 167, 170 if, 
189 ff, 209, 211, 267, 295; legran
densis, 81, 87, 94, 105, 106, 109; 

logani, 153, 156, 161, 167, 170, 175; 
louisianensis, 125 ; maplensis, 73; 
marionensis, 67; cf. S. mundulus, 60 ; 
pellaensis, 210, 246, 275, 284, 291 ff; 
cf. S. pellaensis, 153, 199, 205, 244, 
246, 272, 275; platy,notus, 60, 64, 66, 
74, 81, 82, 105, 109; plenus, 140; 
rostellatus, 136, 153, 158, 167, 170 
if, 189, 209; subaequalis, 153; sub
rotundus, 60, 64, 69; tenmcostatus, 
153, 156-160, 167, 170 ff, 189 ff, 209 
if, 226; whitneyi, 102, 103, 107 

Spiriferella neglecta, 154, 157-160, 167, 
170 if, 189 if, 210, 211, 215; plena, 
125, 134, 135, 138 

Spiriferina norwoodana, 194; salemen
sis, 226; sOlidirostris, 60, 66, 74, 81, 
82, 105, 106; subtexta, 94, 105; d. 
S. subtexta, 133 

Spirorbis, 189, 208, 295; f ortdodgensis,. 
303 

Springer, see Wachsmuth 
Springvale b eds, 274 ; age, 181; class

ification, 48 ; r elations, 231 
Starr cave, Des Moines Co., Burlington 

beds at, 127; Kinderhook beds at, 55 
Stenopora, 189 
Stookey, S. W., work of, 77, 78, 278 
Stone and lime, production, 28 
Story county, St. Louis beds in, 280 
Straparollus ammon, 62, 73; angularis, 

62; latus, 85; macromphalus, 62, 69, 
109; obtuStls, 62, 66, 81, 96, 97, 105, 
109, 134; planispira, 109; springva
lensis, 109 

Streblotrypa. major, 160, 176, 199; ra
dialis, 166, 176, 199 

Streptorhynchus, 113; ruginosum, 207, 
209, 244 

Strophostylus bivolve, 62, 73; ? car
leyana, 189, 210 

Strotocrinus glyptus, 124, 133, 137; 
regalis, 124, 137 

Sub carboniferous period, 45 
Sugar creek, Le·e Co., St. Louis lime

stone on, 240 
Sweetland Creek beds, Muscatine Co.. 

age, 70 
Synbathocrinus swallowi, 194 
Synthetodus, 71 
Syringopora, 65 
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Syringothyris extenuatus, 60, 67, 73; 
halli, 60, 105; subeuspidatus, 153, 
171, 199; textus, 153, 180; typus, 125 

T 
Taeniodletya line at a, 153; ramuIosa, 

147, 160, 166, 174; cf. T. ramuIosa 
var. burlingtonensis, 87 

Tama county, Kinderhook of, 84 
Taxoerinus intermedius, 83 
Teleioerinus umbrosus, 124, 133, 137 
Tetraeamera aretirostrata, 2~5, 217; 

subcuneata, 153, 157, 167, 170, 209, 
211, 217; subtrigona, 153, 157, 161, 
167, 170 ff 

Thatcher creek, Van Buren Co., St. 
Louis beds on, 260 

Thomfts, A. 0., work of, 71, 102; and 
'Lees, 284, 302, 303 

Thund.er creek, Marion Co., Verdi beds 
on, 278 

f'opography of Mississippian system, 
40 

Tracy, Pella beds near, 301 
Triplophyllum dalei, 123, 132, 134, 137, 

152, 156·160, 166, 170 if, 188 ff, 208 ; 
pellaensis, 200 

Turkey creek, J efferson Co., St. Louis 
limestone on, 268 

U 

Udden, J. A., work of, 63, 65, 67, 70, 
136, 139, 176, 177, 267, 270, 271, 294 

Ulrich, E. 0., work of, 182, 213 
Universal Gyp~um Company, 21 
Uperocrinus a.equibraehiatus var. aster-

iseus, 133; hageri, 133; nashvi1la.e, 
152, 188, 193, 208; pyriformis, 124, 
133, 137 

Upper Burlington bed.s, 121; at West 
Burlington, 127; in Louisa county, 
139; see also Burlington 

Upper St. Louis limestones, character, 
231; see· also Verdi, St. Louis 

Upper Warsaw beds, fauna of, at War
saw, 208; type. section, 203; in Lee 
county, 210 

v 
Van Aucken quarry, Van Bure.n Co., 

Upper St. Louis limestone in, 248 

Van Buren county, brecciation in, 234 ; 
. Burlington beds in, 135; geodes in, 

326; Keokuk limestc>ne in, 168; Low
er Warsaw beds in, 198; Pella beds 
in, 290; St. Louis limestone in, 247; 
Spergen beps in, 227 

Van Tuyl, F. M., work of, 45, 288. 
302 ; on geodes, 341 

Verdi, St. Louis beds near, 272 
'~erdi member, 238, 259, 274 ff, 299, 

300; brecciation in, 234; character 
and relations, 231; classification, 48; 
type section, 271;. 'see also St. Louis, 
Upper St. Louis 

Vernon, geode.s at, 326, 334 

w 
'Wachsmuth and Springer, work of, 79, 

83, 88, 120, 126, 143; see also Niles 
Wallace, S. J., cited, 342 
Wapello county, Pella ' formation in, 

296; St. Louis beds in, 270 
Warsaw, Illinois, geodes from, 315, 

318; Lower Warsaw beds near, 190; 
Spergen beds at, 223; Upper Warsaw 
b eds at, 203 

Warsaw formation, classification, 45; 
description, 184; relations, 44, 348 

Washington, Burlington beds n ear, 142 
Washington county, Burlington beds 

in, 141; Kinderhook beds in, 71; 
Pella beds in, 298; St. Louis beds 
in, 271 

Wasson quarry, Louisa Co., Burlington 
b eds in, 140 

Wasson ville limestone, 51, 74; ·correla
tion, 76 

Wassonville mill, Kinderhook beds at, 
74 

Water in geodes, 312, 339 
Wayland, St. Louis limestone near, 267 
Wayland, Missouri, geodes near, 321; 

Lowe·r Warsaw beds near, 195 
W ebster City, St. Louis beds near, 279 
W ebster county, Pella formation in, 

301; St. Louis beds in, 282 
Webster mill, Keokuk limestone· near, 

174 
W eller, Stuart, work of, 39, 41, 46, 

49, 53, 55, 56, 70, 71, 116, 117, 182, 
288, 302 
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Wellman, Wassonville limestone at, 75 
West Burlington, Burlington beds at, 

127 
Western Interior geosyncline, 45, 289, 

349 
Wever fossils from Upper Burlington 

beds near, 135 
What Cheer, Pella beds near, 299 
White, C. A ., work of, 46, 79, 88, 302 
Whitney, J. D., work of, 79 
Wild Cat Glen, Hardin Co., Iowa Falls 

beds at, 98 
Wilder, F. A., work of, 282, 302 
Williams, H. S., work of, 46, 117 
Williams, Ira A., work of, 78, ro1, 

107 
Winfield, St. Louis limestone near, 266 
Winnebago county, Kinde~hook beds 

in, 115 
Winter quarry, Henry Co., St. Louis 

limestone in, 265 

... 

Woodocrinus asperatus, 195; tentacu
latus, 195 

Worthen, A. H., work of, 49, 83, 142, 
195, 304, 318; see also Meek 

Worthenia mississippiensis, 66 
Worthenopora spatulata, 209; spinosa, 

153, 160, 166, 172 ff, 189 ff, 209, 
211, 215 

Wright county, Kinderhook beds in, 109 

Z 

Zaphrentis, 65, 81; calCCQla, 104, 123; 
cassedyi, 208; illinolsensis, 172; pel
laensis, 294 ff; spergenensis, 189, 
194, 208; spinulifera, 208; spinulosa, 
267; cf. Z. spinulosa, 152; varsovien
sis, 152, 159, 160, 166, 170 ff 

Zeacrinus keokuk, 195 
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