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LETTER OF TRANSMITTAL. 

Missouri Bureau of Geology and Mines, 
Rolla, Mo., Oclobef 1:~, H) H .. 

To the President, Governor Elliott W. Major, and the Members 
of the Board of Managers of the Bureau of Geology and 
Mines: 

, Gentlemen:-I have the pleasure of lransmiLting herewiLh 
a report upon the stratigraphy of the Pennsylvanian series in 
Missouri, by Henry Hinds and F. C. Greene, the work being 
done in co-operation with the U. S. Geological Survey. Chapters 
IV, V, and the bibliography were prepared by Mr. Greene; 
the remaining chapters are the result of joint authorship. The 
paleobotany is discussed by David White, -and the invertebrate 
fossils are made the subject of an exhaustive chapter by Dr. 
Girty. 

This report supplements volume XI, which deals primarily 
with the coal deposits, their extent, thickness, stratigraphie 
relations, and development. In the present volume more spaee 
is devoted to the formations whieh contain liLLIe or no coal, 
and especially to those in the Missouri group, which were 
examined in the field by Mr. Greene. Most of the field work 
was done in connection with the preparation of the report 
on coal, but detailed mapping in the LeavenworLh quadrangle 
by Hinds, Greene, and M. Albertson late in 1911; in the Smith
ville, Green City, and Queen City quadrangles by Greene and 
Albertson in 1912; and in Grundy and Mercer counties by 
Greene and Albertson in 1913, added to the store of information 
obtained. . 

In doing the field work the various limestones were traced, 
where possible, across Missouri from Kansas to Iowa and corre
lations made with the adjoining states. The divisions and names 
used are chiefly those published in vol. 9 of Lhe reports of the 
University Geological Survey of Kansas. Except in cases 
where complete correlation has not been made, most of these 
divisions have been adopted by the neighboring. states. The 

(x) 
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Iowa Geological Survey will use the :qames and divisions as 
designated in this report with the exception of the term Drum. 
In Iowa, what is thought to be the same limestone has been desig
nated the De KaIb. If these members are found to be equiva
lent, when complete correlation is made, the term De KaIb 
must be retained. The Nebraska Geological Survey will usc 
the term Burlingame for the limestone supposed to be the same 
as the Tarkio. The exact equivalence of these two limestones 
has nol as yet been determined. The interval included in the 
Kanwaka, Lecompton, and Tecumseh members in this report 
has not been divided into three members in Nehraska as it has 
in Kansas and Missouri, and the larger unit name ("Platte") 
will be retained. With these exceptions, the scale is adopted 
in Nebraska. 

Respectfully submitted, 

H. A. BUEHLER, 
Director and State Geologist. 
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The Stratigraphy of the Pennsylvanian Series in Missouri. 
By Henry Hinds and F. C. Greene. 

CHAPTER I. 

THE PENNSYLVANIAN SERIES IN MISSOURI. 

LOCATION AND IMPORTANCE. 

The main body of the Pennsylvanian series includes the 
highest consolidated rocks in about 24,000 square miles of 
northern and western Missouri (see fig. 1). In addition there 
are a number of small outliers and pockets in central Missouri 
and on the Ozark plaleau that are too small to be shown on the 
accompanying skeLdl map. This series is of great economic 
importance because of the deposits of coal, shale, clay, and stone 
that it contains, and it also presents many problems that are 
not lacking in scientific interest. 

GENERAL RELATIONS. 

The Carboniferous system of the United States is now 
commonly considered to consist of three series: the Mississippian 
at the base, the Pennsylvanian in the middle, and the Permian 
at the top. The Mississippian of Missouri contains a very large 
proporlion of crystalline limestone, in strong lithologic contrast 
to the Pennsylvanian, in which shale is preponderate, sandstone 
is common, and the limestone is chiefly of the fine-grained type. 
The two series are separated by a wide-spread unconformity. 
The Permian series does not differ markedly from the Penn
sylvanian, but has not been found in Missouri. 

The Pennsylvanian series in Missouri is composed of about 
1,900 feet of shale, sandstone, limestone, clay, and coal. It is 
the only formation containing commercially important coal beds 
and the youngest consolidated formation in the area in which 
it outcrops. It includes beds that are contemporaneous with 
the upper part of the Pottsville, the Allegheny, the Conemaugh, 
and the lower part of the Monongahela formations of the Appa-

(1) 
G-l 



2 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

lachian region. In Missouri and adjacent portions of neigh
boring states the Pennsylvanian series is subdivided as in figu re 2. 

The dominant structural feature of Missouri is the Ozark 
uplift in the southern part of the State. In the Ozarks the early 
Paleozoics lie at relatively higher levels than elsewhere and 
younger beds that may have formerly covered the region have 
been in greater part removed by erosion (see State geologic map 
in pocket). Strata dip away from the Ozarks to the west, norlh
west, and north, so that in those directions successively younger 
rocks appear at the surface. These dips are nowhere sleep, 
but are greater near the Ozark border than at a distance from 
it. In the area occupied by the main body of the Pennsylvanian 
south of Missouri River the dip is very gently northwest; in north
western Missouri it is westerly, and in north-central Missouri 
strata lie nearly level when broadly considered, the horizontaliLy 
being disturbed only by small cross anticlines from norlhwest to 
southeast. ' 

The small outliers of probable Pennsylvanian in the Ozarks 
lie on rocks of various ages, but chiefly on late Cambrian or early 
Ordovician. The main body of the Pennsylvanian in western 
and northern Missouri lies, so far as 'known, upon Mississippian 
rocks. except in a few places near the Ozark border. The 

,Mississippian rocks upon which the Pennsylvanian rests range 
from St. Louis limestone in northeastern Missouri to limestone 
of Burlington age in the central and southwestern parts of the 
State. North of Missouri River the Pennsylvanian outcrops 
chiefly at intervals in the valleys or along partially buried 
escarpments of resistant rock, the series being-largely concealed 
by a mantle of glacial drift, accompanied in places by wind
blown loess. 

TOPOGRAPHY. 

RELIEF. 

That portion of Missouri in which the main body of Penn
sylvanian rocks outcrops lies at a lower 'altitude and has less 
relief than any other portion of the State except the Southeast 
Lowlands-apart of the Gulf Coastal Plain. The Pennsyl
vanian area is lowest in the vicinity of St. Louis and highest 
in the district between Aurora and Springfield,though small 
outliers lie at still higher levels in the Ozark plateau. 

, The surface of the area in which the Pennsylvanian is the 
highest consolidated formation ranges between 700 and 1,100 feet 
above the sea, rising from east to west. The highest altitudes are 
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Fig, 2, Generalized columnar section of the Pennsylvania series in Missouri. 
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CHEROKEE SHALE. 47 

tute the bulk of the interval between the Bevier coal horizon 
and the top of the Cherokee, resulting in a closer approximation 
to the Cherokee section of north-central Missouri. 

GENERALIZED SECTION OF CHEROKEE SHALE IN HENRY COUNTY 

Number. Stratum. Thiolmess. 
Feet. 

----------------------1----
, 
~ , ; 

2 
3 
4 

Sho.)e, light at top, black and slaty at base; bears large 
coneretions .•... '. ' ................................. . 

Coal (T,oxington) ... ' ... , .. " ..... , ..... , .. , .. , ... , . , . , . 
Glay and shale .............. , .. , .. , . , , ........... , .. . 
r,jmestone ............... , ... , , ...................... . 
Hhale and sandstone; with thin and irregular coal bed at 

baso; 25 to 50 feet thioll:. ....•.••................... 
r,imestone, gray; weathers rough on top; in places a foot or 

moro of blue limestone at base; absent In plaoes, 15 feet. 
thiok In others.'.,. ' .. ;' ....•............... , ....... J. '.' 

35 -. /.:1 : .' I) .•. 

•• j 8' 

, 
'r .. 

7 
8 
9 

Hhale, slaty ....••...................... , ............ . 
Ooal (Mulky), absent in plaoes .. ('. ?': .•. .'. : ... ' .......•... 

4~ I 

1." (I"{lt,u'" ~~l,~ t 1 ",',',11< 

10 
11 
12 
13 

14 
15 

\, 16 

Hhalo, blue ........•................................. 
Ooal (Bevier), absent in places i( .' ... , ....... ; ~ ........ . 
Clay, shttle, and sandstono; 3 to 12 feet thick ............ . 

30 
1~ 
8 

[Amostone, variable; absent In places, 6 feet thlok in others' '. 3· 
Shalo, 1!ght at top, blaole and slaty below; locally with largo 

concrotlons; absent in plaoes .• , , .................... . 
Ooal ('rebo), absent in places, ..... !. ' •• '; : ••••••••••••••• 

Shale and sandstone, with basins of coal distributed iI'I'egu-
Jarly both strl1.tigraphloally and geographioally, including 
the:....M·am~oth~coaJ bod 40 :feet below the Tebo horizon. 
a.nd ·tiii".i'ordan,)ooM,,70-100 feet below the same horizon 80-230 

Mississippian l!meston!l.J, ...........•........•......... 
( ... pJj 

\. . " ._, . -. .... 1 . ...., ..... ,. /.f f IIi!": {,. 
Number 6 of the above section is the bed previously mention

ed as the only limestone of the Cherokee shale in the Rich Hill 
district. Between Rich Hill and Clinton it is thin and in;,. 
conspicuous and is absent along the west ed.ge of the county. 
In northeastern Henry County and southeastern Johnson, 
however, it is as thick as any of the limestones of the Henrietta 
formation. Near Windsor it is 4 to 15 feet thick, at Leeton 11 
feet, and at Henrietta more than 8 feet, the Mulky coal bed being 
absent in all these localities. This exceptional thickness appar
ently led Marbut 1 to correlate the Mulky cap-rock of north
eastern Henry Coul}ty with the next higher conspicuous lime
stone, the Fort Scott, in the northwestern part of the county, 
where the lower bed is much thinner. 

'Marbut, C. F., Geological descriptions of the Olinton and Oalhoun sheets: 
Missouri Geol. Survey, vol. 12, pt. 2, pp. 1-191. 1898. 

,{\ ~ 



4 STRATIGRAPHY OF TIlE PENNSYLVANIAN SEIUES. 

valleys are also common in Iowa and other drifl-eovered regions 
and were attributed by Calvin to the disin legratiol1 and loosening 
of material on the south-facing slopes by frequen l aHema lions 
of freezing and thawing during the winter months. 

PHYSIOGRAPHIC DIVISIONS. 

Missouri contains four principal physiographic: divisions 
that are more or less distincl: (1) the Drift Plains, (2) the 
Scarped Plains, (3) lhe Ozark Hcgion, and (d) the Soulheast 
Lowlands (a part of the Gulf Couslal Plain). 1 These are shown 
in figure 3. 

The southern boundary of the Drift Plains is nol definite. 
In this division the topographie forms, with few exeeptions, 
are those produced by erosion of lhe nearly level surface of the 
Kansan drift sheet. East of Chariton HiveI' the upl:lnd is 
characterized by "Labular divides" and west of Ow l s ll'enm 
by hilly or rolling topography. 

The .Scarped Plains consist of plains bounded by escarp
ments produced by erosion of Pennsylvanian stru La of unequal 
resistance. The northern half of this division is overlain by 
glacial drift which only partially masks the terraced effect. 
In a few places this mantIe of drift causes the Searped Plains 
to blend with adjacent parls of the Drift Plains, but the boundary 
can usually be determined within a few miles. The Searped 
Plains are subdivided inlo the Lathrop, Jamesport, Warrens
burg, and Nevada plains by the escarpments of the Plattsburg 
and Stanton, the Hertha, Bethany Falls, and Winterset, and 
the Fort Scott and Pawnee limestones. Other minor plains and 
escarpments occur both in the Scarped Plains and in adjoining 
areas, but these are not considered of sufficient importance 
to warrant special mention in a state-wide elassifiealion. 

South and east of the two main divisions just mentioned 
is the Ozark Region, occupying most of the south-central portion 
of the State. It is a region of higher altitude and older outcrop
ping formations than the other physiographic divisions. Most 
of the streams flow through valleys with incised meanders. The 
Ozark Region is subdivided into the Springfield Plain and the 
Ozark Plateau. The surface of the Springfield PI-ain, as a whole, 
is smooth except near the larger streams and is upheld chiefly 
by Mississippian limestones. The Ozark Plateau is distinguished 
from the bordering plain by its greater dissection. Since there 

lIn this discuBsion Marbut's terms used in "Physical features of Missouri" 
Missouri Geol. Survey, vol. 10, pp. 14-109. 1896. are adopted in part. ' 



Fig. 3. Map of Missouri showing physIographic divisions. 
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PllYSIOGHAPIIIC EFFECTS OF GLACIATION. 5 

are only very small patches of Pennsylvanian rocks on the 
Plateau, mention of minor features is not considered essential 
in this report. 

The remaining main division, lying southeast of the Ozark 
Plateau, is the Sou Lheast Lowlands, a part of the Gulf Coastal 
Plain. This area is one of low altitudes and very little relief. 
It is the only physiographic division in which there are no 
Pennsylvanian rocks. 

PHYSIOGHAPHIC EFFECTS OF GLACIATION. 

North of Missouri. HiveI', a few escarpments appear in the 
river counlies, but over the greater part of northern Missouri 
the drift averages 50 feet thick in the south and 200 to 400 feet 
near the Iowa line, and effeel.ually conceals preglacial features. 
The preglacial surface of north Missouri consisted of escarp~ 

menls and structural plains mueh like those south of the river 
at the present time. These features are now largely obliterated 
by a drift mantle in the Drift Plains. The Hertha-Winterset 
escarpment, probably never completely eradicated, has been 
partially resurrected by the removal of drift by Grand River 
and its tributaries. Along Missouri Hiver and the lower courses 
of its tributaries short esearpments formed by the Plattsburg 
and Stanton, latan, Oread, Deer Creek, and Tarkio limestones 
have been in part resurrecled and in part accentuated by post
glacial erosion. The Jamesport and Lathrop platforms probably 
have much the same appearance as before glaciation. 

The surface left by the ice sheets slopes, in general, south
east 91' south and the main streams of the are'll may have had 
their courses determined by this inclination. In the western 
half of north Missouri the country is rolling, but farther east 

.. the divides are tabular and the valleys comparatively narrow. 
Where the streams have cut into preglacial uplands and exposed 
consolidated rocks they flow through comparatively steep-sided, 
narrow valleys; where the present streams cross preglacial 
lowlands or valleys the slopes are gentle and there are few 
outcrops of the older formations. 

GENERAL DESCRIPTION OF SERIES. 

TmCKNESS. 

The Pennsylvanian rocks of Missouri have a general dip 
to the northwest and west and are, consequently, thin along 
their eastern border, where only the older formations have been 
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spared by erosion, and thickest in the northwestern counties 

of the State. Since dips are low and surface relief small, out

crops of the highest and lowest beds are separated by distances 

of more than 100 miles. From outcrop observations alone, 

the thickness of the Pennsylvanian in any locality not on its 

border can be determined only by using the thicknesses of the 

lower formations that were determined in their outcropping 

areas at what may be considerable distances. This method does 

not yield exact results, however, for drilling shows that many of 

the shale members of the Missouri group thin to the north

west and that the Des Moines group varies within wide limils 

because of irregularities in the floor upon which it rests. 

By adding the thickness of Pennsylvanian rocks penetrated 

by the Forest City drilling to the younger formations out

cropping farther up Missouri River, the lotal thickness of the 

series is determined to be about 1,900 feet. The Nebraska 

City, Nebraska, drilling shows, however, that the Des Moines 

group overlaps toward the northwest and is much thinner 

there than at Forest City. It is probable, therefore, that the 

maximum thickness of the Pennsylvanian at anyone place 

in northwestern Missouri is not more than 1,700 feet. South 

and east of Atchison and Holt counties, the thickness decreases 

because of the absence of the younger formations. 

SUBDIVISIONS. 

The Pennsylvanian series in Missouri has been divided into 

two groups, the lower termed the Des Moines group and the upper 

termed the Missouri group (see fig. 2). This was originally 

done chiefly in the belief that the Missouri group was strongly 

differentiated by a greater abundance of calcareous material. 

It is true that the lower part of the Missouri gr~up contains 

many exceptionally thick beds of limestone and that the upper 

part of the Des Moines group is comparatively free from them, 

yet there are several thick formations in the upper group that 

. are as free from limestone as any in the lower. Nevertheless 

there is a well-marked faunal break between the two groups 

that perhaps justifies their separation, and for economic pur

poses the Missouri is distinguished from the Des Moines by the 

absence of important coal beds. 

There are strong indications of a wide-spread unconformity 

within the Pleasanton formation, and it may be that the faunal 

break mentioned above is due to this feature. If this is so, 
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the boundary between the two groups should be drawn at the 
unconformity and within the Pleasanton. In much of the 
State, however, it would be impossible to accurately map such 
a boundary in the field. It is to be hoped that additional paleon
tologic evidence may result in the near future in a new sub
division of the Pennsylvanian into groups correlative with 
those in the Appalachian region. It is fairly certain that the 
lower part of the Cherokee shale is of Pottsville age and the 
upper part is of Allegheny age. From incomplete collections 
already made it is tentatively suggested that Allegheny time ends 
at the horizon of the unconformity in the upper part of the 
Pleasanton formation and that Conemaugh time ends well up in 
the Shawnee formation. 

The two groups include eight formations, three in the Des 
Moines and five in the Missouri. The formations are in turn 
divided into units termed members. 

SUBDIVISIONS OJ)' TIm PENNSYLVANIAN SERIES IN MISSOURI. 
----"---_., -_ .. --_.,---_ ..• ,-----_._-------

Group. li'orm!tt,ion. Member. Bed. 
--. --1---------1----------1--------

Wttb!tunsee form!ttion, . 

Shawnee formation ..... 

Douglas form!ttion .. , , , 

U ndifY eren tia ted. . . . ' . , . , 
'l'arki() Jimostone ..... , ... 

Scranton shale ...... , , .. . 
Howard limestone ..... , , 
Severy slmill ........ , . , . 
Topeka limestone, .. , .. , . 
Oalhoun sh!tlo. , ........ . 
Deer Oreck limestone, , . , , 
'l'ecumseh shale .... , , .. . 
Lecompton limestone .... . 
Kanwaka shale .. , ... , ., . 

Ia tan limestone .. , ...... , 
Waston shale, ......... , . 

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

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

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

Stanton limestone ....... , .................. . 
Vilas shale .... , .... , , . ,. ., ...... , ...... ,' .. 

Mlssourl.."., Lansing formation ... " Plattsburg limestone, .. " 'Farley' limestone 'ciIi. 
Lane shale .. , ... , ., ... ,. middle). 

~°J.!i~rr:~~it~:: :: : : : : : :: 'Raytown' 'limestone 
(toward top). 

Cement City lime-
stone (near base) . 

Drum limestone, . , .. , , .. " ........ , ... ' ... . 
Kansas City formation, Cherryvale shale, . , , .. , .. , .... , .. '.',.,." .. 

Winterset limestone. . . . .. ,., ....... , .... ,.,. 
Galesburg shale .... , .. , .' ..... , ... , ... , ... ,. 
Bet,hany Falls limestone.. , .... , ..... ,.,.,.,' 
Ladore shale, . , . , ' ..... , .. ,., ...... , .... ',. 
Hertha limestone, ... , , .. "',., .. '.', .... ',. 

-------1---------1 
Pawnee limestone." ...... , ... , ..... ,',., .. . 

Des Moines... Henrietta formation, ... Labette shale. , ... , . . . . .. . ....... ,,'., ... ',. 
Fort Scott, limestone .... , ., ................ , 

Cherokee shale ... , ... , Undifferentiated .. , ........................ , 



8 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

LITHOLOGY. 

The Pennsylvanian series is composed of a number of 
varieties of shale, sandstone, limestone, clay and coal. It is 
unique among Paleozoic units in the variety of its sediments 
and in vertical variability. Some of the shale and sandstone beds 
ate more than 50 feet thick, but more commonly there is a 
change of sedimentary types every 20 feet or less vertically. 
The thickest limestone beds, the lola at Kansas City and one 
in the upper part of the Cherokee near Fulton, are 40 feet thick, 
but this is exceptional. Some of the most persistent limes Lones 
average little more than two feet in thickness. 

The shales are the most important, quantitatively, of any 
of the rock varieties and constitute a considerable proportion 
of every formation. The common type is bluish-graY and argil
laceous-rarely without some mica and sand; it is the "soap
stone" of drillers. At certain more or less persistent horizons 
the shale is reddish or purple, variegated with a light cream or 
greenish tint, and is wholly free from sand or mica. In the 
lower part of the Cherokee the shale at many horizons grades 
vertically or horizontally into dark or black shale that breaks 
down more readily on exposure and lacks the firmness of the 
slaty shale found associated with the coal and limestone beds 
of high~r strata. The slaty shale is commonly black, and is 
so fissile as to resemble true slate, a rock it is erroneously con
sidered to be by miners, drillers, and many others. Some of 
the shales are calcareous, in places containing much lime as 
a cementing material or as impure lenses and concretions. 
Some shales grade both laterally and vertically into sandstones 
and often it is merely a matter of personal opinion as to whether 
a bed should be called shale or sandstone. 

The sandstones vie with the shales in' importance, quan
titatively considered. In color they vary from white, blue, and 
gray to brown and red, but commonly weather to a yellow or 
reddish brown. As a rule they are micaceous and medium
grained, but in . a few instances are coarse-·grained and non
micaceous. They have been found containing so much cal
careous material that it was a question whether to call them 
calcareous sandstones to sandy limestones. 

. The limestones are common.ly light-colored, fossiliferous, 
fine':'grained, compact, and more or less shaly along the bedding 
planes. Many of the beds, especially the thicker ones, are cherty; 
some are oolitic and thick-bedded, as the Drum at Kansas 
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City and the Bethany Falls at Trenton and Princeton; and 
others are made up of small fragments of bryozoans, shells, and 
other invertebrate remains. Certain beds, such as the "Chae
tetes limestone" in the Cherokee shale, the upper part of the 
Fort Scott limestone, and the Pawnee limestone in Bates County, 
seem to have been inpart ancient coral reefs. A macroscopically 
crystalline appearance is rare and is largely confined to brachio
pod shells, mainly of the genus Composita or Seminula. Other 
varieties of limestone deserving special mention are the thin, 
dark-gray or blue, even-bedded deposits such as parts of the 
cap rocks of the Summit, Mulky, and Tebo coals and the middle 
part of the Oread limestone, the gray or blue "bottom-rocks" 
of coal beds, commonly nodular and uneven on their upper 
surface, and the "conglomerate" or "brecciated" un fossiliferous 
beds like the Iatan and Bethany Falls limestone at their type 
localities and some of the "bottom-rocks." 

The coal is of the cannel and bituminous varieties, the 
latter by far the more common. Cannel is not uncommon in 
the pockets in and near the Ozark region. The coal beds of 
the upper part of the Cherokee shale and of the Henrietta 
formation are in many ca,ses associated with limestones and are 
characterized by an abundance of white gypsum and calcite 
scale in the joints. The "red" coals, so much esteemed by cer
tain domestic consumers, owe their color to the staining of this 
scale by iron rust resulting form the decomposition of the' pyrite 
contained in the coal. 

Clays are most common near the base of the Cherokee, 
underlying coal beds, and as thin intercalations separating lime
stone layers' or immediately underlying limestone beds. Flint 
and plastic fire clays lie at or near the base of the Cherokee in 
Callaway and I}eighboring counties and in St. Louis county. 
Pottery and stoneware clays are found at various horizons 
in the lower part of the Cherokee. Nearly all coal beds are 
underlain by clay, commonly and often incorrectly termed 
"fire clay." Many deposits exhibit a slight lamination on 
weathering and would be called clays when moderately fresh 
and shales if subjected to longer exposure. 

The remaining type of sediment,' and perhaps the least 
common, is conglomerate. At the base of the Pennsylvanian, 
cherts-the residuum of cherty limestones that has been spared 
by pre-Pennsylvanian weathering and erosion-have since been 
cemented to form breccias or conglomerates. Some COD-
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glomerates at the base of the Pennsylvanian contain pebbles 
derived from older rocks. A few conglomerates higher in the 
section are composed chiefly of Pennsylvanian limestone pebbles 
in a calcareous matrix. 

PREVIOUS WORK. 

Because of its situation on main lines of travel from the 
East to the West, Missouri was visited a t an early dale by a 
number of geologists, but their published accounts arc rather 
fragmentary. The most important of the early expeditions 
in the Pennsylvanian area was that of Owen 1 made in con
nection with classifying the public lands of Iowa and ol her 
states. Owen followed down Missouri I\iver from Couneil 
Bluffs to St. Louis, making a number of valuable ohservaLioru;. 
He mapped the Missouri group outcrops seen above Lexington, 
as Carboniferous limestone (Mississippian), a mistake made 
also by a few other observers and definitely correeled by 
Swallow. 

Soon after the organization of the first StH te Geological 
Survey in 1853, with G. C. Swallow in eharge, systemalic work 
was begun by reconnaissance journeys, followed hy counly 
mapping. Swallow traveled down Missouri ]~iver from Council 
Bluffs to Rocheport. He believed that the Missouri group 
dipped down the river and that practically the same s l rata 
were exposed at all points between Lexington and the north
western corner of the State. His "Upper Coal Series," essentially 
the same as the Missouri group, is consequently only 2()2 feel 
thick, an error of about 880 feet in outcrop observations. Major 
F. Hawn made an examination of a strip extending across the 
State near the line of the Hannibal and S1. Joseph Hailroad, 
noted the important coal beds of north-cenldll Missouri, and 
constructed a generalized vertical section that is correct in 
part. A few other excursions were made in coal-bearing terri
tory, but the results were not published. In 1854 Swallow 
completed brief surveys of Marion and Cooper counties, while 
F. B. Meek worked in Moniteau and B. F. Shumard in St. 
Louis County. It is interesting to note that Meek recognized 
the true nature of the Ozark coal pockets at even this early 
date. The results of this work were published as the First and 
Second Annual Reports of the Missouri Geological Survey. 

'Owen, D. D., Rept. of tne Geol. Survey of WiS., Ic~., and Minn., etc., 1852 
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The outbreak of the Civil War caused the suspension of 
lhe first Survey in 1861, before the results of its later work 
could be published. The second Survey was organized in 1870 
and published in 1872 the reports of the work done just previous 
to 1801, including descripLions of the geology of Shelby, Macon, 
and Handolph counties by G. C. Broadhead, of Miller, Morgan, 
and Saline by F. B. Meck, and of Crawford and Clark by B. F. 
Shumard. These reporls, though brief and as a rule unaccom
panied by adequate maps, marked a dislinet advance over 
earlier work. In the reporL of field work done in 1872 under 
Baphael Pumpelly, W. B. PoLLer described the Lincoln Counly 
coal pockels and Broadhead the geology of Livingston, Clay, 
.PlaLle, Buchanan, Holt, ALchison, and Nodaway counLies. 
Broadheacl also reporLed on the country beLween Sedalia and 
Kansas City and gave a general description of the remainder 
of Lhe Pennsylvanian area. In connecLion wiLh this he made 
a generalized secLion of the "Upper Coal Measures" that is 
accurate in the main, and a condensed section of all the coal 
beds 1 ha t is considerably in error in the lower part. 

In Lhe reporl of Lhe field work of 187~3 and 1874, Broad
head, who was then SlaLe Geologist, published a good but much 
genomlizcd sec lion of Ihe southwest coal field and county reports 
on Cedar, Bales, Sullivan, Adair, Linn, Andrew, Daviess, and 
Cole countiefl, and described Jasper, Barton, Vernon, and Howard 
counties in Gollaboralion with C. J. Norwood. At the same time 
Norwood also deseribed Putnam and Schuyler counties. The 
second Survey was abolished in 187G. 

The Missouri Bureau of Geology and Mines was organized 
in 1889 under Arthur Winslow, one of whose first publications 
was a brief preliminary report on the coal deposits of the Slate. 
Detailed geologic and topographic mapping was soon begun 
on the quadrangle system and reporls published on the Higgins
ville quadrangle by Winslow, on the Bevier by C. H. Gordon, 

. and on the Huntsville, Richmond, Lexington, Calhoun, and 
Clinton quadrangles by C. F. Marbut. In accuracy and com
pleteness Ihese surveys were distinctly in advance of many of 
their contemporaries. The nomenclature used in the later 
reports forms the basis for that of the Des Moines group in this 
volume, with the modifications necessilated by the correlations 
recently established between the areas then mapped and be
tween Henry County and Kansas. 

With the exception of a few detailed areal descriptions 
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which mention very small coal pockets and Pennsylvanian 
outliers, all reports published during Lhe last 20 years deal only 
indirectly with Pennsylvanian stratigraphy or confine lhemselv(~s 
to one or more of the economic resources. In lR0!i Broadhead 
published a short general discussion of the "Coal Measures," 
bu't it contributed little that was new. Discussions of the 
physiography and topography of the State by Mal'bu t, of 1 he 
paleontology by C. R. Keyes, and of the Qualernary dpposits 
by J. E. Todd covered parts of the Pennsylvanian area. Two 
bibliographies, one by F. A. Sampson in lRHO and anot!wl' by 
Keyes in 1896, cited all the Missouri geologic li tera 1 u f'(l known 
at those dates. The economic reports covcnld the entire Stale 
and incl"uded that on clays and shales by II. A. Wheeler in 1~!H). 
that on the quarrying industry hy E. H. Buckley ancI 11. A. 
Buehler in 1904, that on linle and eemcnl. resources hy Buehlt!I' 
in 1907, and that on iron ores by G. W. Crane in 11112. 

In addition to the publications of the Slate SurV(lYS, OH'r(~ 
were a large number of short articles published. The Unilml 
States Geological Survey, however, issued a few important I'C· 

ports: (1) a bulletin on the flora of the ou Llying Cal'bonifm'ous 
basins of southwestern Missouri and a very complcl<' monogruph 
on the flora of the lower coal measures, chiel1y of Uenry County, 
by David White, (2) a generalized deseription of the W(1l-1t(~1'n 

interior coal field by H. F. Bain in 1002, (:3) an rtC:(~()lInt of UHl 
underground waters of the Stale and their geological rcIuli(HlH 
by E. M. Shepard in 1907, (4) a description of poc:kets lind 
outliers in the Joplin area by Smith and Siebenlhal, und (fi) 
the geology of the St. Louis quadrangle by N. M. Fennetnun. 
The State and Federal Surveys co-operated to publish in H)l2 
an economic report on coal by one of the prefolenl wrilers. 

Although, as shown above, there is a fair amount of pub
lished material on the Pennsylvanian rocks of Missouri, il WHS 

not until the inauguration of the recent co-operative work in 
1910 that an attempt was made to trace formational outcrops 
from the Kansas to the Iowa boundaries, and to bring together 
and correlate in coherent form the results of all curlier work 
and of the many excellent drill records recently obtained. During 
the last two decades, the reports of the Kansas and Iowa Surveys 
have thrown considerable light on Missouri problems. 
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NOMENCLATURE. 

VARIOUS SYSTEMS OF GROUPING. 

Many geologists who have investigated the Pennsylvanian 
rocks of the western interior coal region have attempted to group 
the beds in series, groups, stages, formations, and members, 
often using these terms as though they were essentially of the 
same rank. There are two problems involved in differentiating 
the beds, one, that of determining the stratigraphic boundaries 
and rank of the units, and, the other, that of applying proper 
geographic names. 

In 1855 Swallow segregated three divisions of the Pennsyl
vanian, then known as the "Coal Measures" or "Upper Carbon
iferous," and termed them "Upper, Middle, and Lower Coal 
Series." It is to be regretted that his divisions cannot be corre
lated definitely with the units which have been segregated 
more recently. 

When Broadhead 1 published his first Missouri River section, 
he said, "For convenience and comparison, I have separated the 
coal scrics into several groups, eaeh possessing characters some
what peculiar, and separable from each other by moderately 
well marked natural lines, but there can scarcely be said to be 
any strongly marked groups." The groups are apparently 
attempts to combine topographic, lithologic, and faunal criteria. 

BROADHEAD'S FIRST GROUPING AND MODERN EQUIVALENTS. 

Group. NOB. (1868.) Thickness. Modern equivalents. 
Feet. 

A 1- 47 370 Top of section to Severy shale member, 

B 48- 69 

C 70- 98 

D 99-133 

E 134-146 

76 

178 

337 

134 

inclusive. 

Topeka limestone and Calhoun shale mem
bers. 

Deer Creek limestone member to Kan
waka shale member, inclusive. 

Oread limestone member to Vilas shale 
member, inclusive. 

Plattsburg limestone member to Chanute 
shale member, inclusive. 

'Broadhead, G. C., Coal Measures in Missouri: St. Louis Acad. Sci. Trans., 
vol. 2, pp. 311-333, 1868 (first issued July 27, 1865). 
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BROADHEAD'S FIRST' GROUPING AND M.ODEH.N l<lQUIVAI.J~N'l'S 
-Continued. 
--------------"----~----.----. 

Modern equivalents. 

-----------~----------I---------------------------

Drum limestone member to 28 feet below 
top of" Pleasanton formation. 

Remainder of Pleasanton format,ion to 
Fort Scott limestone member, indusive. 

Cherol~ee shalo. 

Cherokee shale. 
____________ ..2..-__________________________________ _ 

When the stratigraphy along the Missouri Pacific Railroad 
in J;>ettis, Johnson, Cass and Jackson counties was studied, 
Broadhead made further subdivisions, mainly in the Des Moines 
group. These, he also termed "groups," 'and named, from the 
base upward: (1) "Clear Fork," (2) "Knob Noster," (3) "War
rensburg," (4) "Lexington," (5) "Holden," (6) "Mound." 
Number 7, the remaining division, was called the "Upper Coal 
Measures." The "Clear Fork," "Knob Noster," and "Warrens
burg" are the Cherokee shale of the present classification; the 
"Lexington" corresponds approximately with the Henrietta; 
and the "Holden" and "Mound" with the Pleasanton formation 
and the Hertha and Ladore members of the Kansas City forma
tion. 

In the same report the "Lower," "Middle" and "Upper 
Coal Measures" of Swallow were first adequately defined: the 
lower division including approximately the strata from the 
base of the Cherokee to the underclay of the Mulky coal seam; 
the'middle division, the'remainder of the Cherokee, and the 
Henrietta and Pleasanton; and the upper division the Missouri 
group. The "Upper Coal Measures" included 16 feet of strata 
(Broadhead's numbers 72 and 73) that are now referred to the 
Pleasanton. Later, however, the "Lower" and "Middle" were 
thrown together into the "Lower Coal Measures." 

Winslow in 1891 used the terms "~ower," "Middle," and 
"Upper Coal Measures" and the two lower divisions were mapped 
in the Higginsville and Bevier quadrangles. 

The names Missouri and Des Moines were introduced by 
Keyes in 1892, when he proposed Missouri "stage" to correspond 
"essentially with the 'upper' Coal Me,asures, representing the 
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more strictly marine beds," and Des Moines "stage" to corre
spond with "the lower Coal Measures, or the marginal deposits 
of the upper Carboniferous." In 1894 he stated that "the great 
limestone of Winterset may be regarded as the base of the 
'upper' Coal Measures" and that "in Missouri, it appears to 
be continued in what is known as the Bethany Falls limestone." 
The basal member of the "great limestone at Winterset" has re
cently been found to be Broadhead's number 74 (Hertha). 
Broadhead republished his sections in 1895 and definitely drew 
the base of the "Upper Coal Measures" at his number 74, a 
procedure that was afterward followed by the Missouri Survey. 
In this report, therefore, the Hertha is considered to be the base 
of the Missouri group. 

In the same report Broadhead correlated his groups of 1868 
with his numbered section of 1872. 

BROADHEAD'S I,AST GROUPING OF THE PENNSYLVANIAN. 

Group. 

A 
B 
C 
D 
E 

G 
H 

Numbers. 

Top to 212 ...................... . 
212 to 188 ....................... . 
188 to 150 ...................... . 
150 to 108 ...................... . 
108 to 96 ....................... . 

9.6 to 72 ....................... . 
72 to Lexington coal ............ . 

I"exington coal to base ............ . 

Thickness. 
Feet. 

310 
43 

200 
400 
154 
154 
175 
588 

The classification used in this report is that of the Kansas 
University Geological Survey modified by the results of recent 
field and office work in Missouri. The present and other classi
fications are shown in the long table at the end of this chapter. 

NAMES AND THEm PROPER APPLICATION. 

GENERAL STATEMENT. 

There has been much confusion in the naming of members 
and formations in the western interior coal field. Owing to the 
fact that some of the first names were published in reports not 
easily obtainable for reference, some of them were afterward 
overlooked; in other cases, the names applied were already in 
use elsewhere for some other formation. The classification adopt
ed in this report is believed to be applicable to Iowa, IVIissouri, 
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and Kansas, and in part to Oklahoma. It has been carefully 
considered and approved by the Committee on Geologic Names 
of the U. S. Geological Survey. 

Swallow, Broadhead, and other early workers in this field 
used very few names, designating beds by numbers that referred 
them to various general sections. Later investigators in Iowa 
and Missouri have also avoided as much as possible minute 
subdivision and naming of members. Many names have been 
introduced in Kansas, however, and in this report the classifi
cation recently published by the Kansas University Geological 
Survey in volume 9 of its reports has been adhered to as closely 
as possible. There have been introduced a few Missouri and Iowa 
names that were in use before their Kansas eqHivalents were 
adopted, and two of the major formations of the Kansas Survey 
have been divided on both faunal and lithologic grounds, anel 
their constituent parts renamed or assigned names already in 
common usage in Missouri. The Shawnee formation remains 
unchanged, though it is recognized that it transgresses a faunal 
stage. With the exception of two formation names and four 
names for minor limestone beds all. the names employed have 
already been proposed by other writers. 

DES MOINES CROUP. 

The name Des Moines 1 was proposed by Keyes in 1893 to 
represent the "lower Coal Measures" or the "marginal deposits 
of the upper Carboniferous." The term was soon more exactly 
defined and has since been in general use in Missouri and Iowa. 
In 1896, Keyes 2 himself says, "over the whole of its areal extent 
in the western interior coal field the Des Moines series, or pro
ductive coal measures, is clearly limited above by the Bethany 
limestone and below by the Mississippian or earlier formations." 
The term Bethany, as employed by Keyes, included the Bethany 
Falls limestone of Broadhead and the beds just above and below 
it. 

CHEROI{EE SHALE. 

DEFINITION. 

The name Cherokee 3 was first given to this formation, 
the lowest of the Des Moines group, by Haworth and Kirk. 

'Keyes, C. R., The geological formations of Iowa: Iowa Geol. Survey, vol. 
1, pp. 8.5-114, 1893. 

'Keyes, C. R., Stages of the Des Moines,' etc.: Iowa Acad. Sci. Proc., vol. 4, 
pp.. 22-2.5, 1896. 

'Haworth, E., and Kirk, M. Z., The Neosho River section: Kansas Univ. 
Quart., vol. 2, p. 10.5, 1894. 
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Since then practically every publication dealing with the forma
tion has used the name, which has become firmly established 
in the literature of Kansas and Missouri, and it has therefore been 
adopted by the United States Geological Survey, the previous 
application of the term Cherokee to rocks in North Carolina 
and to a Mississippian limestone in the Ozark region being con
sidered as obsolete. 

A number of names of more or less local significance have 
been applied to memhers of the Cherokee shale. These are re
f('l'l'ed to only in(~identally in this report, as it is :!}elieved that it 
is IUu(·h simpler und just· as adequate to designate beds by 
indi('uling thdr relation 1.0 the persistent coal beds in the upper 
part of Ow formation. 

The name Gmydon Springs sandstone and conglomerate 1 

was first suggested by W. P. Jenney and afterward used by 
Winslow, to apply to Pennsylvanian deposits in Lawrence, 
Greene, unci Dade cOllnti<!s that oecupy depressions in Mississip
pian I'ocks. The name was shortened to Graydon sandstone 2 

by Shepard and waH extended by him a and by olher writers 
t.o (~()UI'HC depoHil'; filling thunnels and depressions in the pre
P<mnsylvuniull lund HUl'faec from Callaway County to southwest 
Missouri. The lithologie and apparently stratigraphic similarity 
of the various sandstones and conglomerates' termed Graydon 
appears to be due more to the similarity of the somewhat unique 
conditions under which they wet'l'r'formed than to strict identity 
in age. The same may be said of the Saline. Creek cave con
glomera te 4 of Ball and Smith, a deposit recognized as filling 
Hoiulioll cavities in the pre-Pennsylvanian rocks of Morgan 
and Monileuu counties. 

In Kansas the term "Columbus sandstone" 5 has been 'used 
for arenaeeous sediments about ]50 feet above the base of the 
Cherokee shale, but "Columbus" is preoccupied as a formation 
nam(l, by application to a Devonian limestone in Ohio. . 

IWIIIH!OW, Arthur, I,oud and zino' da,;>osits: Missouri Geol. Survey, vol. 7, 

pp. 422·425, 1 H\)4. . 
'HIH'lmrtl, 1<l. M., O(1(Jlogy of Clroone County: Missouri Geol. Survey, vol. 12, 

p. 124, 1 HilS. 
'Ahopunl, 1'). M .. Undnrground waters of Missouri: U. S. Geol. Survey 

Wa.ter··Supply Papor I OJ;, p. 22, 11)(17. 
'Bull, S. H .. and Hmlth, A. Ii'., Oeology of Miller County: Missouri Bureau 

of Cloo]ogy a.nd MIIl(l~, vol. 1, 2nd sorlos, p. 92, 1903. 
'1iILworth, Iil., and Kirk, M. Z., 'l'ho Neosho ltlver seotion: Kansas Univ. 

Quart .• vol. 2, p 10(1, 1894. 

0-2 

'. 
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Broadhead gave the name "Clear Creek sandstone" 1 to 
about 50 feet of sandstone in the upper part of the lower division 
of the Cherokee 'Shale in Barton and the neighboring counties, 
but this name is preoccupied by Worthen's use of Clear Creek 
limestone 2 .. for a Devonian formation in Illinois, and further 
complications have ensued from the application of the name 
"Clear Creek" by Keyes and by Wheeler to Silurian limestones 
in Missouri and by Drake to Carboniferous beds in Texas. , 

The name Cheltenham 3 applIed to the fire clay of the 
St. Louis district, is also applicable, according to David White, 
to the basal clays utilized in Audrain, Callaway and Boone 
counties. . 

Aside from the coal beds, the only single layer in the lower 
part of the Cherokee to which a name has been given is the 
nodular limestone lying a few feet below the Bevier coal bed. 
This limestone, termed the Ardmore limestone by Gordon,4 is 
the hydraulic limestone of Swallow. 

In the upper part of the Cherokee the arenaceous deposits 
immediately above the Bevier coal have been given the name 
Lagonda saI'ldstones and shales 5 by Gordon. It is probable 
that he intended to include under this designation the material 
between the Bevier coal bed and the underclay of the Mulky 
(Macon City) coal bed. Where the Mulky and its closely 
associated cap-rock are absent, however, it is not practicable 
to distinguish these rocks fron the remainder of the Cherokee. 

In an economic report on the clays and shales of the Bevier 
quadrangle, Wheeler 6 applied to several beds in both the lower 
and upper parts of the Cherokee names that have not, however, 
come into general use. The underclay of the Bevier coal he 
called the Bevier fire-clay, that of the Tebo (Lower Ardmore) 
coal the Miller fire-clay, and that of the Summit coal the Thomas 
Hill fire clay. The shale bed above the cap-rock of the Mulky 
(Macon City) coal he designated as the Macon City shale, 

'Broadhead, G. C., The Geology @f Barton County: Missouri Geol. Survey, 
Rept. 1873-74, p. 100, 1874. 

·Worthen, A. H., Devonian and Silurian systems: Illinois Geol. Survey, 
vol. 1, pp. 126-129, 1866. 

'Wheeler, H. A., The clay deposits of Missouri: Missouri Geol. Survey, vol. 
11, p. 246, 1896. 

'Gordon, C. H., A report on the Bevier sheet: Missouri Geol. Survey, Sheet 
Rept. No.2, p. 20, 1893. 

'Idem p. 19. 
-Wheeler, H. A., Clays and shales (of the Bevier sheet): Missouri Geol. 

Survey, Sheet Rept. No.2, pp. 57-65. 1893. 
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and that a few feet above the Lower Ardmore coal bed as the Pot
tery shale. 

Non-geographic descriptive names have been occasionally 
used in Missouri and neighboring parts of Kansas for various 
members. The term "diamond rock" was assigned to a thin 
limestone in the Fort Scott region that is probably to be corre
lated with a similar bed in Vernon and adjacent counties and 
with the limestone cap-rock of the Mulky coal bed. Swallow's 
terms "Fort Scott marble" and "Fort Scott series" were also 
used for the Mulky cap-rock and rocks closely associated with 
it. In the northern half of the Cherokee shale outcrop Broad
head called the cap-rock of the Summit coal bed the "Rhom
boidal limestone" and the limestone just below the horizon of 
the Lexington coal bed the "Chaetetes limestone." It was 
Broadhead's usual custom to refer 'to different beds by numbers 
that corresponded with those in one of his general sections of 
the State or of one or more counties. 

HENRIETTA FORMATION. 

DEFINITION. 

The name Henrietta, from a postoffice (now abandoned) 
in Johnson County, Mo., was first u-sed by Marbut in a physio
graphic sense in 1896, and first given stratigraphic definition 
by Keyes, 1 who included in it the Pawnee limestone, Labette 
("Marmaton") shale, and Fort Scott limestone. As mapped 
by Marbut in the Clinton, Calhoun, Lexington, and Richmond 
sheets the Henrietta 2 included beds in the upper part of the 
Cherokee, but he definitely stated that it was intended to include 
the Fort Scott limestone at the base and the Pawnee limestone 
at the top. Prior to Keyes' paper Bain applied the name "Appa
noose" 3 to an approximately equivalent terrane in Appanoose 
County, Iowa, which, however, is believed to include part of 
the Pleasanton at the top and part of the Cherokee at the base. 
In 1898 Bain and Leonard suggested that both the names 
Henrietta and Appanoose 4 be reserved for local use and a new 

'Keyes, C. R., Stages of the Des Moines, etc.: Iowa Acad. Sci Proc., vol. 4, 
pp. 22-24, 1896, 

'Marbut, C. F., Geological descriptions of the Clinton, Oalhoun, Lexington 
and Richmond sheets: Missouri Geol. Survey, vol. 12, Pt. 2, 1898. 

'Bain, H. F., Geology of Appanoose County: Iowa Geol. Survey, vol. 5, 
pp. 374-409, 1896. 

'Bain, H. F., and Leonard, A, G., The Middle Coal Measures of the Western 
Interior field : Jour. Geology, vol. 6, pp. 577-588, 1898. 



20 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

general term be adopted for the Western Interior region. They 
recognized, however, that "Appanoose," being coextensive with 
a coal bed, is more local than HenrieUa, and as the latter term 
has been in general use in Missouri for some time it is adopted 
in this report. Another potent objection to the use of the term 
"Appanoose" is that it was originally defined to include a 
coal bed (Mystic-Lexington) now thought to lie ncar the top of 
the Cherokee shale, as originally defined. 

Haworth later combined all beds between the Cherokee 
shale and the top of the "Lower Coal Measures" (Des Moines 
group) in the "Marmaton formation." 1 Keyes had previously 
used the name Marmaton for the shale in the middle of the 
Henrietta (the Labette shale member of this report). While 
a grouping under one name" of all the beds of the Des Moines 
group above the Cherokee shale may be useful in Kansas, it 
is hardly applicable to Missouri, where the Henrietta and the 
overlying Pleasanton formation are sharply distinguished litho
logically. 

MEMBERS OF THE HENRIETTA FORMATION. 

Fort Scott limestone member.-Swallow applied the name 
"Fort Scott coal series" 2 to a series of strata which included a 
bed called by him the Fort Scott limestone (upper bed of the Forl 
Scott limestone member as here recognized), and the name 
"Fort Scott marble series" to a succession of strata which in
cluded a bed called by him the Fort Scott marble. In a geologic 
section through Fort Scott, Kans., to Nevada, Mo., by Hay, 
the name Fort Scott limestone 3 was used for the upper bed 
and "Fort Scott cement limestone" was used for the impure 
limestone next below it. Later Haworth and Kirk used "Os
wego" 4 for both the upper and lower limestones and the included 
shale, but, as Prosser 5 had the year before applied that name 
to a Silurian formation in New York, the Kansas Survey later 
abandoned "Oswego" and substituted for it the old name 

'Haworth, E., Stratigraphy of the Kansas Coal Measures: Kansas Univ. 
Geol. Survey. vol. 3, p. 92, 1898. 

'Swallow, G. C., Preliminary report of Geological Survey of Kansas: pp. 
25-26, 1866. 

'Hay, Robert, Natural gas in eastern Kansas: Kansas State Board Agric., 
Fifth Bienn. Rept., p. 204, 1887. 

'Haworth, E., and Kirk, M. Z., The Neosho River section: Kansas Univ. 
Quart., vol. 2, pp. 105, 106, 107, 116, 1894. 

'Prosser, C. S., The thickness of the Devonian and Silurian rocks of central 
New York: Geol. Soc. Amerioa Bull., vol. 4, pp~ 100, 108, 116, 1893. 
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Fort ~('ou. limest.one. 1 The name as now used by the Kansas 
~urvey and adopled in this report includes, therefore, the bed 
originally eidled Fort Seott limestone by Swallow, the next 
lo\\'er limestone ("cement rock"), and the thin interval of shale, 
coal, and clay bel ween them. 

Lalie{(1' shall' member. L-This member was named by Ha
wort h ill I ~nK and the name has been in general use since. As 
shown above, Keyes in .1897 used Lhe Lerm "Marmaton" for this 
BWlllher. The name "lVLirmalon," therefore, has priority over 
Labelle, but lhe subsequent usc of "Marmaton" in a wider 
sense hns led lo the abandonment of that name and the adop
tion of Labelle, whieh has heen consistently applied in the 
literature \.0 this member. The LabeUe and Pawnee members 
and the overlying Pleasanton formation were all included in 
the term "Laneville shales." 3 

p(WIl1C(, limestolle mcmlicJ'.--SwalJow first used this name in 
18()(i4, lip plying lhe name "Pawnee limestone series" to a group 
of beds whi(~h in<'illded nol only this member (called by Swallow, 
Pnwlwc linws!one), buL underlying beds as well. Swallow's 
broad usage of l he llame did not gain currency and is long 
since ob!\ole(e, but the name has hee-ome firmly established 
in the lileralurc in Lhe restricted sense in which he used it and 
i fl w hie 11 i L is here employed. 

PUCASANTON FORMATION. 

l)llJ])'INI'l'ION. 

Some confUflion has arisen in the use of the name Pleasanton. 
As first introduced in 1895 the term Pleasanton 5 was applied 
to all beds lying between the Pawnee limestone and the base 
of the Missouri group. These beds formed the upper part of 
the "Middle Coal Measures" of early geologists, of the Des 
Moines "stage" of Keyes, and of the "Marmaton formation" 
of Haworth. They were included in the "Marais des Cygnes 
(~()al series" of Swallow's section, and are equivalent to the 

--~·~~·;;;:~l~, 1-l., und Bennatt, John, General stratigraphy: Kansas Uni'l'. Geol. 

t:lm'v()y, vol. I'l, pp. Hl-82, 1908. 
'Haworth, lil., Strat.lgra.phy ef the Kunsas doal Measures: Kansas Univ. 

(hln]. Surv()y, vol. 3, pp. 36-37, 02, 94, 100, 1,898. 
'Haworth, E .. and Kirlt, M. Z., The Neosho River section: Kansas Univ. 

Q.U~ll't., vol. 2, pp. 104-112, U\94. . . 
'Sw~tl1ow, G. 0 .. Preliminary report of OOologlOal Survey of Kansas. pp. 

0.28, 1806. 
'Haworth, :m., The stratigraphy of tno E;"'n~(l,s QO(l,l Mo&suro~; K&nSa6 Univ, 

QUl~rt" vol. a, p. n'l, 18015. 
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"Marais des Cygnes shales" 1 of Keyes. In 1894 Haworth and 
Kirk used the name "Laneville shales" 2 to include the beds 
here called Pleasanton formation as well as the underlying Pawnee 
limestone and Labette shale, but the name "Laneville" was soon 
abandoned. In 1895 Hawarth divided the Pleasanton into an 
upper and a lower division, separated in part of the State by 
the Altamont limestone. In 1908, having found both the Alta
mont and the Coffeyville limestones of the Kansas Survey to 
be persistent, he restricted the name Pleasanton to the shales 
above the "Coffeyville" limestone, gave a new name to the shales 
below the "Coffeyville" limestone, and accepted Adams' name 
Bandera for the shales between the Altamont and the Pawnee. 
Soon after the original definition of the Pleasanton in 1895, 
however, the name was adopted for all Des Moines strata above 
the Henrietta formation in Missouri and above the "Appanoose 
beds" in Iowa, and has been in constant use in those states 
since that time. This usage corresponds with the original 
definition of Pleasanton, since the upper member of the Hen
rietta is the Pawnee limestone, and is the definition adopted in 
this report. 

The variable and len licular character of Pleasanton sedi
ments in Missouri and the absence of adequate stratigraphic 
markers makes it inadvisable to segragate any porlion of them 
as members in the greater part of the State. Fulure detailed 
mapping, especially near the Kansas boundary, may, however, 
show the practicability of local differentiation. 

MISSOURI GROUP. 

Keyes proposed the name Missouri "stage" 3 to correspond 
essentially with the non-geographic term "Upper Coal Measures" 
and to include the beds typically developed in northwestern 
Missouri. Since that time its lower boundary has been more 
explicitly defined in many publications and the name has been 
in general use in Missouri and Iowa. In 1896 Keyes proposed 
that the term "Missourian" be used, and that it be considered 
co-ordinate with Mississippian series. The latter suggestion has 

'Keyes, C. R., Formational synonymy of the coal measures of the Western 
basin: Iowa Acad. Sci. Froc., vol. 7, p. 84, 1900. 

'Haworth, E , and Kirk, M. Z.o The Neosho River section: Kansas Univ. 
Quart., vol. 2, pp. 104-115, 1894. 

'Keyes, C. R., The geological formations of Iowa: Iowa Geol. Survey, vol. 1, 
pp. 85-1-14, 1893. 
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never heen sc.riotIsly considered, however, and the term Mis
sOllri group is here employed in order to conform with recog
nized usage in distinguishing the major divisions of a series. 

IUNSAS CITY FORMATION. 

DKl"INI'l'ION. 

Tlw IlHmc Kansas Cily has been mentioned in other con
lwelions. In 188(iBroadh(~ad 1, in describing a limestone in 
l'vIiami and Franklin eounties, Kans., says it "very much re
semhles the .Kallsas City oolite, but is probably a different 
Hlral um higher in the serieH." Gallaher, 2 in 1898, applied the 
nanle KanHas City Ii me!'ltone to at least three limestones, through 
a series of miscoI'relations. It is not believed, however, that these 
two insfnnces, one a mere mention arid the other an extremely 
in<i('.finite application, enn calise any confusion of the term Kansas 
City formntioll us here 1Ised. The name is derived from Kansas 
City, Mo., wlwI'e the formation is typieally exposed. It is sub
divided inlo the members lisled in the table on page 7, and 
deserii>ed below. 

Ml')MIH:H.S 01<' '.L'lU; .KANSAS CJl'l'Y FORMA'l'ION. 

lIertha limestone member. --- Considerable confusion has 
existed in previous correhrliol1s of the five lower members of the 
Kansns City forrnation. Three limestones with separating shales' 
have long heen recognized at the base of the Missouri group in 
Kansas, MisHouri and Iowa. In southeastern Kansas they were 
best known, perhaps, as the Bethany Falls or Hertha, the Mound 
Valley, and the Dennis limestones. In Missouri only the middle 
one, the BeLhany Falls, has reeeived a name. In Iowa, the 
names l"ragrnenlal, Earlham, and Winterset were applied. 
The Kansas Geological Survey made the correlation in the 
western part of Kansas City, where the Hertha is below drainage 
and the Bd.hnny FallH and Winterset outcrop, the latter member 
containing a shale parting. The Iowa Survey carried its in
vestigations south to Bethany, where a similar condition prevails, 
the Hertha being below drainage and the thick Winterset lime
stone at that ti~e seemingly exposed as two ·beds. 

Mr. Greene's eonception of the equivalence of the terms 

'Broadhead, 0. 0., Carboniferous rocks of eastern Kansas: St. LouiS Acad. 
Sol. 'l'ranR., vol. 4, p. 48:~, 1886. 

'Qallf~hElr, J. A., 13ienn. Rapt. State Qeologist: Missouri 13ureau of Oeology 
and MinoFl, p. 51 ot 8()Q., 1898. 
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used in the present and former publications is shown in the 
following table: 

OORRELA'TION OF THE FTVIC I,OWgl'{, 1\1l';MI3I~H.s OF THE :KANSAS 
CITY FOJlMATION. 

-----_ .. _""--_. 

I{ansas Surveya Kansas Survey 
(sou theastern (Kansas City, 

Kansas). Mo.) 

, 

I 
-

Dennis lime- Dennis Iime-
stone stone 

Galeshurg 
shale 

Ivlound Valley 
limestone 

-
Galesburg Ladore shale 

shale 
-
Mound Valley Bethany 

limestone Falls 
limestone 

Ladore shale Not 

I mentioned 
I 

Bethany 
Falls Not 

limestone mentioned 

-

U. S., NTis-
souri. and 

Iowa Cleol. 
Surveys 

(namos ro-
contly adopt-

ed.) 

Winterset 
limestono 

Galesburg 
shale 

Bethany 
Falls 

limestone 

" 

Ladore shale 

Hertha 
limestone 

Iowa Surveyl} 
(Bethany, 

Mo.) 

~".-""----.--~.---~ 

I,imostotlo 
Unexposed 
l,imostone 

6- to 8-foot 
interval 

-----
I30thany 

Falls 
Iimostone 

(Fragmon tal) 

.-.---

low(~ 

(in gO! 

Survoy 
tOml J. 

~ ____ '._N_' 

Wint ersot 
tono Iimo~ 

Unna med 
Ie sha 

----~" .. 
}<;arlt latn 

tOllO limos 

'-,--' --. 
Not 

eXrHH:.;ed. 

,---" 

Not 
exposod 

tJ ll11a 

fihH 

'.",,,--., 

Fragnl 

rnod 
10 

ental 
olle Iimost 

----~.~.,--------- ... "_._-----"_ .. "._--

aSince the publication of volume 9 of the Kansas Survey Hopol"ts, Dr. Hawort.h 
has written to David 'White, Chief Geologist of the U. S. Cloo!. Survo.v. thu.t; l'om'nL 
field work has demonstrated the equivalenoe of the "Botl1UllY Fulls." "l\1ound 
Valley," and "Dennis" limestones of southeastern Kansas with tho Hortha, Bet.hany 
Falls, and 'iVinterset, respeotively, as here defined, and has adoptod tho abovo 
nomenclature, except that Dennis is used instead of Wintersot. 

bThe Iowa Survey, as explained on page 25, has reconsidered the section at 
Bethany, and as a result will use the names here adopted. 

Adams proposed the name Hertha,l derived from Herlha, 
Kans., for the lowest of the three limestones which mark the base 
of the Missouri group. The three limestones collectively were 
formerly known, in Kansas as the "Erie, or Triple system," 
and as the "Bronson limestone." In 1898 Haworth 2 supposed the 

'Adams, G. 1., Stratigraphy and paleontology of the Upper Carboniferous 
rocks of the Kansas seotion: U. S. Oeol. Survey BulL 211, p. 35, 1903. 

-Haworth, E., Stratigraphy of the Kansas Uoal Measures: Kansas Univ, 
Geol. Survey, voL 3, pp. 45-46, 1898. 
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Hertha limestone in southeastern Kansas to be the equivalent 
of the Bethany Falls, and so termed it. Later work, however, 
has shown the Hertha to be the limestone below the true Bethany 
Falls limestone (Broadhead's number 74), and accordingly the 
name Hertha becomes applicable to the lowest member of the 
Missouri group in Karisas. The so-called Bethany Falls lime
stone or Hertha of southeastern Kansas has been traced by 
Bennett to "Rock Mound" near Hume, Mo. (sec. 5, T .. 38 N., 
R. 33 W.), where Broadhead identified it with his number 74. 
Concerning this, Broadhead 1 says "The farthest point south 
where limestones of this horizon ("Upper Coal Measures") have 
been recognized was in the top of a mound (Tp. 38 N., R. 
XXXIII W., Sec. 5). This rock may be referred to humber 74 
of the general section." 

In Iowa a somewhat similar correlation was made by Bain. 2 

Three limestones at the base of the Missouri group were noted 
and the lowest, the "Fragmental," was correlated with the 
Bethany Falls. Field work by Prof. J. L. Tilton, of the Iowa 
Geological Survey, and Mr. Greene in 1912, however, showed -
the "Fragmental" limestone to be the Hertha, instead of the 
Bethany Falls limestone. This correlation has been adopted 
by the Iowa survey. 3 

Ladore shale member.-The name Ladore 4, from Ladore, 
Kans., was first used by Adams to designate the shale between 
the Hertha and "Mound Valley" limestones. As has been 
shown, the latter is the true Bethany Falls limestone and, accord
ingly, the name. Ladore is here used for the shale between the 
Hertha and Betha:ny Falls limestones. Its correlation has 
already been discussed. This member was originally named the 
"Mound Valley shale," but as "Mound Valley" was at the 
same time applied to the limestone above, and· has long since 
been replaced by Ladore for the shale, the adoption of the latt.er 
well-established name is believed to be preferable to the revival 
of the original name "Mound Valley." 

Bethany Falls limestone member. ·-Broadhead first used 

~Broadhead, G. c., The Coal Measures of Missouri: Missouri Geol. SlIrvAY, 
vol. 8, p. 371. 1895. 

'Bain, H. F., Geology of Decatur County: Iowa Geol. Survey, vol. 8, pp. 
258-309, 1898. 

'Tilton, J. L., The proper use of the geological name, "Bethany": Iowa 
Acad. Soi. Proc., vol. 20, pp: 207-211, 1914. 

'Adams, G. 1., Economic geology of the lola quadrangle, Kanl'as: U. S. Geol. 
Survey Bull. 238, Pi. 1, 1904. 

'Broadhead, ·G. C., Coal Measures in Missouri: St. Louis Aoad. SCi. Trans" 
vol, 2, p. 320, 1868 (read May 5, 1862, first issqeq .rqly :n, 1865), 
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this name in 1862 for the limestone forming the falls of Big 
Creek at Bethany, Mo. It has been in use in the publications 
of the Missouri Geological Survey since that time, but the name 
was neglected in Kansas and Iowa for many years. It corre
sponds to the "Mound Valley" limestone of southeastern Kansas 
and the "Earlham" limestone of Iowa. The shortened term 
Bethany has been used rather extensively by Iowa geologists 
to include a number of associated beds of limestone at the base 
of the Missouri group, a misuse of Broadhead's original name. 
The name is here adopted with its original significance. 

Galesburg shale member. I-This member was named by 
Adams from Galesburg, Kans. Its correlation has already been 
discussed. No other name is known to have been applied to 
this member. 

Winterset lime?tone member.-The name Winterset 2 was given 
by Tilton and Bain to a limestone at Winterset, Iowa, which 
corresponds to that above the Bethany Falls limestone in 
Missouri and with the "Dennis" in southeastern Kansas. It 
has been stated by Keyes 3 that the term Winterset was used by 
White to refer to a group of iimestone beds. White frequently 
used the expression "No. -- of the Winterset section," but it 
is not believed that he intended to use Winterset as a geologic 
name. 

Subsequent to the application of the name of Winterset, 
the name "Dennis" 4 was proposed by Adams for this limestone 
from outcrops at Dennis, Kans., but the use of Wmterset ante
dates that of "Dennis," and the former term is here adopted. 

Cherryvale shale member: 5-The shale next above the Winter
set limestone was named from Cherryvale, Kans. So far as 
known, no other name has ever been applied to this member. 

Drum limestone member. 6-This name was first used by 
AQ.ams. It was taken from Drum Creek, Kans., applying to a 
single limestone at that place. It was introduced to-"'feplace 
the name "Independence," which was preoocupied by a De-

'Adams, G. I., Stratigraphy and paleontology of the Upper Carboniferous 
rocks of eastern Kansas: U. S. Geol. Survey Bull. 211. p. 18, 1903. 

'Tilton, J. L., and Bain, H. F., Geology of Madison County: Iowa Geol. 
Survey, vol. 7, pp. 517-519. 1897. 

'Keyes, C. R., The Bethany limestone of the Western Interior Coal field: 
Am. Jour. Sci., 4th ser., vol. 2. pp. 224-225, 1896. 

-Adams, G. I., Stratigraphy and paleontology ~ the Upper Carboniferous 
rocks of eastern Kansas: U. S. Geol. Survey Bull. 211, p. 86, 1903. 

'Haworth, E., Stratigraphy of the Kansas Coal Measures: Kansas Univ. 
peol. Survey, vol. 3, p. 488, 1896. 

. . 'Adams, G. I.. op. 9it., p. 87 . 
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vonian shale in Iowa. Schrader later used the name Drum 1 

for a formation consisting of one to three or more members. 
According to the present correlation there are between the 

Winterset ("Dennis") and lola limestones, in southeastern 
Kansas, the Cherryvale shale, Drum limestone, and Chanute 
shale members. Little or no doubt has been expressed as to 
the correlation of the two shale members, but there is some ques
tion as to what part of the section at Kansas City is equivalent 
to the Drum limestone. To quote from Haworth and Bennett, 2 

it "probably is the equivalent of one of the limestones in the 
bluffs at Kansas City. Doctor Beede says that 'faunally it agrees 
with the Oolite of Kansas City.''' For this reason Broadhead's 
numbers. 87a-b are herein correlated with the Drum, .and the two 
next higher limestones, his numbers 90 and 96, are classed as 
beds in the Chanute shale member, though the whole section, 
numbers 87 to 96, inclusive, may prove to be the Drum of south
eastern Kansas. 

The DeKalb ("Fusulina") limestone of the Iowa Survey, 
which is the first limestone above the Winterset, may p.ossibly 
prove to be the same as the Drum, as it agrees faunally and litho
logically with that member in northern Missouri. 

Chanute shale member.-The name Chanute 3 was given to 
this shale from exposures near Chanute, Kans. In volume 9 of 
the Kansas Survey reports the Chanute shale is correlated 
in one place with the beds between Broadhead's numbers 87a 
and 98 at Kansas City, but in an0ther place a tentative corre
lation with Broadhead's number 97 is made and the thickness 
of the Chanute shale at Kansas City is given as 25 feet, which is 
the thickness of Broadhead's number 97 alone. 

For the reasons stated under the description of the Drum 
limestone, there is some doubt as to the lower limits of the 
Chanute, but for the present it is made to include all the beds 
of shale and limestone between Broadhead's numbers 88 and 97, 
inclusive. Two thin but fairly persistent beds of limestone in 
the Chanute shale are here named the Cement City lim'estone bed 
and the Raytown limestone bed, the names being taken from 
localities in Jackson County, Mo. The lower, the Cement City, 
is possibly the same as the Westerville limestone of Iowa, but 

ISchrader. F. c., U. S. Geol. Survey OeoL Atlas, Independence folio (No. 
159), p. 2, 1905. 

'Haworth, E., and Bennett, John. General stratigraphy: Kansas Univ. 
OeoL Survey, vol. 9, p. 96, 1908. 

'Haworth, E., and Kirk, ]\1. Z., The Neosho River section: Kansas Univ. 
Quart., vol. 2, p. 109, 1894. 
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the correlation cannot be definitely made. It is believed to be 
the Parkville limestone of Gallaher. There is also a possibility 
that the upper or Raytown bed may be the equivalent of the 
"Earlton limestone" 1 of Adams. For the Chanute shale as a 
whole the name "Thayer" has also been used, but Chanute has 
priority over "Thayer" and is therefore herein adopted. 

lola limestone member.-The lola 2 was named from ex
posures at lola, Kans. It has been correlated by the Kansas 
Survey with Broadhead's number 98 at Kansas City, where it 
is one of the most prominent beds. No other name is known 
to have been applied to this member except through miscorrela
tion. It is the uppermost member of the Kansas City forma
tion. 

LA.NSING FORMA.TION. 

DEFINITION. 

The name Lansing is derived from Lansing, Kans., in which 
. locality many quarries, shale pits, and natural outcrops present 
fine exposures of all its members. The rocks comprise the upper 
part of the Pottawatomie formation of Kansas geologists (the 
lower part of the Pottawatomie being represented by the Kansas 
City formation of this report), and collectively form a natural 
map unit, which is faunally distinct from the underlying Kansas 
City formation. . 

MEMBERS OF THE LANSING FORMATION. 

Lane shale member. 3-The bed of shale and sandstone above 
the lola limestone, was named from Lane, Kansas. Adams gave 
the name "Concreto" to this shale, and Keyes us.ed the name 
"Parkville" 4 for it, but the name Lane has priority over both 
of these names. Near the middle of the member is an are
naceous and ferruginous limestone (Broadhead's number 100) 
varying from less than one foot to ten feet in thickness. This 
limestone is believed to be the equivalent of the limestone 
40 feet above the lola limestone in Kansas to which the name 
"Carlyle limestone" has been applied, but the Kansas Survey 
has correlated the' limestone at Carlyle with the overlying 

'Adams. G. I •• Physiography of southeastern Kansas: Kansas Univ. Quart .• 
vol. 7. p. 96. 1898. 

'Haworth. E .• and Kirk. M. Z'o The Neosho River section: Kansas Univ. 
Quart .• vol. 2, p. 109, 1894. 

'Haworth, l1l. The stratigraphy of the Kansas Coal Measures: Kansas ·Univ. 
Quart., vol. a, p. 277, 1895. 

'Keyes, C. R .• The Missourian series of the Carboniferous: Am. Geologist. 
vol. 23. p. 305. 1899. 
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Plaltsburg ("Allen") limestone, and for this reason Broadhead's 
number 100 should probably be considered a bed in the Lane shale. 
It is here proposed to name Broadhead's number 100 the Farley 
limes Lone bed from exposures near Farley, Platte County, 
Mo. 

Plattsburg limestone member.-'--The name Plattsburg 1 was 
given to this limestone by Broadhead in 1862, from the place 
of that name in Clinton County, Mo. The Plattsburg is the 
lower of l\vo closely associaled beds of limestone. In 1865 
Swallow 2 described two beds of limestone in Miami County, 
Kans., the upper of which has since been correlated with the 
upper bed of the "Garnett" limestone of the Kansas Survey. 
He gave the name "Cave rock" to the lower and Stanton to the 
upper. Broadhead's name Plattsburg has priority over any 
olher geographic name given the lower bed, and Stanton must 
be used for the upper limestone if the rules of priority are to 
be observed. 

Bennett 3 correlates the Plattsburg (Broadhead's number 
108) and Broadhead's number 112, as exposed ncar Leavenworth, 
Kans., directly with the lower and upper beds of the "Garnett" 
limestone. Haworth also states that the "Garnett" limestone 
extends to Plattsburg, Mo., and beyond. Several other names 
have been" applied to the two limestones, but it is believed that 
the two here used have priority over any others. 

Vilas shale member.-The shale between the Plattsburg 
and the Stanton limestone was named the Vilas 4 from the town 
of that name in Kansas. The name has been applied to various 
beds of shale, but it is used here in the same sense as in folio 
150 of the U. S. Geol. Survey and volume 9 of the reports of the 
Kansas Survey. 

Stanion limestone member.-The name Stanton 5 was given 
by Swallow to this limestone at Stanton, Kans. As before men
tioned, Bennett has correlated Broadhead's number 112 with the 
upper bed of "Garnett" limestone of the Kansas Survey? which 

'Broadhead, G. C., Coal Measures in Missouri: St. Louis Acad. Sci. Trans., 
vol. 2, pp. 317-327, 1868 (read May 5, 1862, first issued July 27, 1865). 

'Swallow, G. C., Geologioal report of l'viiami County, Kansas: Kansas Geo!. 
Surve'Y, p. 71-94, 1866 (also issued separately in 1865). 

'Bennott, John, A geologiC section from Baxter Springs to the Nebraska 
State line: Kansas Univ. Geol. Survey, vol. 1, p. 71, 1896. 

<Haworth, g., and Adams, G. 1., Stratigraphy of the Kansas Coal Measures: 
Kansas Univ. Geol. Survey, vol. 3, p. 51, 1898. 

'Swallow, G. C., Geological report of Miami County, Kansas: Kansas Geol. 
Survey, p. 75, 1866. 
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would make it the equivalent of the "Piqua" limestone l' of 
Adams. 

DOUGLAS FORMATION. 

DEFINITION. 

The name of this formation was proposed by Haworth 2 

in 1898 from exposures in Douglas County, Kans., the second 
county west of Missouri on the south side of Kansas River. 
Many fine outcrops of the formation occur in that county 
and practically the whole formation can be seen on or near 
Mount Oread at Lawrence, Kans., where the State University 
IS situated. 

MEMBERS OF THE DOUGLAS FOItMATION. 

Weston shale member. 3-Keyes named this shale from ex
posures at Weston, Platte County, Mo. It has been included in 
the "Le Roy" shale and the so-called Lawrence shale (broad 
sense) in a number of papers. Haworth and Bennett also 
used the term "Le Roy" 4 for this member, but the name "Le 
Roy" 5 was originally applied to the entire interval between the 
Stanton and Oread limestones in a report on reconnaisance 
work. However, the term Weston, given by Keyes, has priority 
for the shale between the Stanton and Iatan limestones. 

Iatan limestone member.6-Like the Weston shale below, 
this limestone was named by Keyes in 1899, the type locality 
being at Iatan, Platte County, a few miles above Weston. 
The name Ottawa has been applied to a limestone in Kansas 
that may be its equivalent, but this correlation is not yet 
definitely established, and in any event the name Ottawa is 
preoccupied in another sense in the geology of Canada. Haworth 
and Bennett,7 in 1908, proposed the name "Kickapoo" for this 
member, taking the name from a village in Kansas just across 
Missouri River from Iatan, Mo., but that name has no standing 
in view of the prior use of Iatan for the member. 

'Adams, G. L, Eoonomic geology of the lola quadrangle, Kansas: U. S. 
Geol. Survey Bull. 238, p. 20, 1904. 

'Haworth, E., Stratigraphy of the Kansas Coal Measures: Kansas Univ. 
Geol. Survey, vol. 3, pp. 93, 94, 1898. 

'Keye", C. R., The Missourian series of the Carboniferous: Am. Geologist, 
vol. 23, pp. 298-316, 1899, 

'Haworth, E., and Bennett, John, General stratigraphy: Kansas Univ. Geol. 
Survey, vol. 9, p. 105, 1908. 

'Haworth, E., and Kirk, M. Z., The Neosho River seotion: Kansas Univ. 
Quart., vol. 2, p. 110, 1894. 

'Keyes, C. R., Op. oit. 
'Haworth, E., and Bennett, John, General stratigraphy: I{ansas Univ. Geo1. 

Survey, vol. 9, p. 106, 1908. 
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Lawrence shale member.1-This shale takes its name from 
Lawrence, Kans. As originally defined, it occupies the interval 
between the Oread and Ottawa limestones. The latter is con
sidered by Schrader 2 to be next above th'e Stanton ("Garnett") 
limestone, a view that appears to make the Ottawa equivalent 
to the Iatan ("Kickapoo") limestone. The original use of the 
name Lawrence, therefore, is the same as that used in the 
present report and in volume 9 of the Kansas Survey. As 
mentioned under the discussion of the name Weston, the 
Lawrence-Weston interval was originally included in the "Le 
Roy" shale, and in several papers published since the original 
definition of the term Lawrence that name has been extended 
to cover the entire interval between the Stanton and the Oread. 
Keyes later used the name "Andrew" 3 for the Lawrence shale. 
A few other names have been applied to the interval. 

The Lawrence shale in places in Missouri and Kansas contains 
a limestone bed for which the name Amazonia limestone bed is 
here proposed. This limestone was confused with the Iatan by 
Broadhead and also by Haworth and Bennett,4 who thought it 
was the "Kickapoo" (Iatan) in Doniphan County, Kans. 

Oread limestone member.-The Oread limestone 5 was named 
from outcrops on Mount Oread at Lawrence, Kans. The 
limestone which outcrops on Missouri River near Plattsmouth, 
Neb., to which the name "Plattsmouth" 6 was given by Keyes, 
is believed to be the Oread limestone. 

SHAWNEE FORMATION. 

DEFINITION. 

The name Shawnee,7 derived from the Kansas county of 
that name, was first used by Haworth in 1898. As here used, 
it contains the same members as in the latest revision of Haworth 
and Bennett B; that is, Kanwaka shale to Scranton shale, in-

'Haworth, E., and Kirk, M. Z., The Neosho River section: Kansas Univ. 
Quart., vol. 2, p. 110, 1894. 

'Unpubllshed correlation table. 
'Keyes, O. R., The Missourian series of the Oarboniferous: Am. Geologist, 

VOl. 23, pp. 298-316, 1899. 
'Haworth, E., and Bennett, John,. General stratigraphy: Kansas Univ. Geol. 

Survey, vol. 9, p. 105, 1908. 
'Haworth, E., The stratigraphy of the Kansas Ooal Measures: Kansas Univ. 

Quart., vol. 2, pp. 123-124, 1894. 
'Keyes, O. R., The Missourian series of the Oarboniferous: Am. Geologist, 

vol. 23, p. 306, 1899. . 
'Haworth, E., Stratigraphy of the Kansas Ooal Measures: Kansas Univ. 

Geol. Survey, vol. 3, pp. 93-94, 1898. 
'Haworth, E., and Bennett, John: General stratigraphy, Kansas Univ. Geol. 

Survey, vol. 9. p. 76, 1908. 
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elusive. The upper limit of the fonnation was formerly drawn 
at a lower horizon, as shown by Prosser's definition of the 
base of the Wabaunsee 1, the next formation above. 

MEMBERS OF THE SHAWNEIil FOHMATION. 

Kanwaka shale member. 2-The basal member of the Shawnee 
formation takes its name from Kanwaka, Kans., and was fin;t 
applied by Adams. Haworth used the name "Lecompton" for 
this member, but Bennett had already given that name to the 
overlying limestone. 

This member, with the Lecompton limestone and Tecumseh 
shale, represents the Platte 3 shale of Keyes, named from out
crops in Platte County, Mo. 

Lecompton limestone member.--Above the Kanwaka shale is 
the Lecompton limestone,4 named from exposures near Le
compton, Kans. The name Lecompton has been in general 
use since the first application. 

Tecumseh shale member. 5-This shale takes its name from 
Tecumseh, Kans. No other name is known to have been applied 
to this member. Broadhead's section, numbers 171 to 179, is 
a duplication, so that numbers 170, 180, and 181 represent the 
Tecumseh shale. 

Deer Creek limestone member. L_ The name of this limestone 
was taken from Deer Creek, east of Topeka, Kans. I faworlh 
and Kirk previously used the name "Strawn" 7 for this linw
stone, but that name has been dropped hy [he Kansas Survey, 
as it had already been used for a Carboniferous formation in 
Texas by Cummins. Later the names "Calhoun," 8 "Nodaway" II 

and "Forbes" 10 were also used for this member. 

'Prosser, C. S., The classifioation of the Uppor Paloozoio rooks of contral 
Kansas: Jour. Geology, vol. 3, p.p. 682-705 and 764-800, 1895. 

'Adams, G. 1., Stratigraphy and paleontology of tho Upper Carboniferous 
rocks of eastern Kansas: U. S. Geol. Survoy, Bull. 211, p. 45, l!lOa. 

'Keyes, C. R., The Missourian sories of.tho Carboniferous: Am. Goologist. 
vol. 23, p. 308, 1899. 

'Bennett, John. A geologic seotion from Baxter Springs j,o tho Nobraska 
State line: Kansas Univ. Geol. Surv~y, vol. 1, p. 116, 18!16. 

>Beede, J. W., The stratigraphy of Shawnee County, Kansas: Kansal'l ACMl. 
Sci. Trans., vol. 15, pp. 27-34, 1898. 

'Bennett, John, A geologic seotion from Baxter Springs to the Nobraska 
State line: Kansas Univ. Geol. Survey, vol. 1, p. 117, 1896. 

'Haworth, E., and Kirk, M. Z .• Kansas Univ. Quart., vol. 2. pp. 104-112. 1894. 
·Beede. J. W .• The stratigraphy of Shawnee County. Kansas: Kansas AC~ld. 

Sci. Trans., vol. 15, pp. 28-29, 1898. 

'Gallaher. J. A., Bienn. Rept. State Geologist: Mis80uri Bureau of Geology 
and Mines. p. 53, 1898. 

"Keyes, C. R., The Missourian series of the Carboniferous: Am. Goologist, 
vol. 23. p. 53, 1899. 
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Calhoun shale member. L-This shale was named from out
crops near Calho1J.n, Kans. In Iowa it thins, and, with the 
overlying Topeka limestone, was called the Braddyville lime
stone 2 by Smith. 

Topeka limestone member.-The Topeka limestone 3 was 
named from Topeka, Kans., where it is extensively quarried. 
It is the equivalent of the "Hartford" limestone. 4 

SCllel'!} shalc mcmbcl'.-The name Severy 5 was derived from 
Severy, Kans., which is built on this shale. It contains the 
Nodaway or Quitman coal, which is to be correlated with the 
coal mined in Osage County, Kans., and that near Topeka, 
Kans. (Osage-Topeka coal seam). 

,noward limcstone member.-Above the Nodaway coal, and 
forming its cap-rock, is the Howard limestone, named from 
Howard, Kans .. , and first used by Haworth in 1898. Gallaher 
the same year applied the name "Quitman" 6 to this member, 
from outcrops at Quitman, Nodaway County, Mo., but the 
Kansas name is here adopted as the term "Quitman" had 
already been used for Cretaceous rocks in Texas. 

Scranton shalc mcmbcr.-The Scranton shale 7 takes its name 
from Scranton, Kans. Haworth says "Haworth, Hall and 
Adams called them the Burlingame shales and other names, 
but the name Burlingame was given to limestone above the 
shales at the same time." In view of this fact the name Scranton 
is here used. Smith later applied the name City Bluffs shale 8 

to an interval in Iowa which includes the equivalent of the 
Scranton shale, the Howard limestone, and part of the Severy 
shale. 

'Beede, ,J. W., The stratigraphy of Shawnee Oounty, Kansas: Kansas Acad. 
Soi. 'rrans., vol. 15, p. 29, 1896. 

'Smith, G. L., Oarboniferous section of southwestern Iowa: Iowa Geo!. 
Survey, vol. 19, pp. 605-057, 1909. 

'Bennett, John, A geologie section frpm Baxter Springs to the Nebraska 
State line: Kansas Univ. Geol. Survey, vol. 1, pp. 116-117, 1896. 

'Kirk, M. Z., A geologic section along the Neosho and Oottonwood rivers: 
Kansas Univ. GfJOI. Survey, voL 1, p. 80, 1896. 

'Haworth, E., Stratigraphy of the Kansas Ooal Measures (Doctor Adams' 
field work): Kansas Univ. Geol. Survey, vol. 3, p. 67, 1898. 

'Gallaher, J. A., Bienn. Rept. State Geologist: Missouri Bureau of Geology 
and Mines, p. 54, 1898. 

'Haworth, E .. and Bennett, John, General stratigraphy: Kansas Univ. Geol. 
Survey, vol. 9, p. 112, 1908. 

'Smith, G. L., Oarboniferous section of southwestern Iowa: Iowa Geol. Survey, 
vol. 19, pp. 605-657, 1909. 
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WABAUNSEE FORMATION. 

DEFINITION. 

Wabaunsee,l like Shawnee, is a term derived from a KansaR 
county. The formation was first described by Prosser. He 
says "I have considered the base of this formation as defined 
by the top of the Osage coal horizon." This paper dealt with 
the section near Topeka, Kans., where, at that time, the Osage 
coal was supposed to be represented by a bed (the Silver Lake) 
above the Topeka coal. Later Beede 2 found the Osage coal 
to be the equivalent of the Topeka bed. The limestone over the 
Silver Lake (Elmo) coal was found to be lenticular and ProsRer 3 

re-defined the base of the Wabaunsee as at the bottom of the 
next limestone above, that is, the Burlingame (believed to be the 
same as the Tarkio of the present report). The later Kansas 
reports use the name Wabaunsee in this sense, which is the 
definition herein adopted. In 1899 Keyes proposed to revive 
the name" Atchison" 4 for the beds exposed in Atchison County, 
Mo., on the supposition that Broadhead had intended to use it 
as a geologic name. It is not believed, however, that Broadhead 
intended any such use of the term. Broadhead made a seelion 
of the rocks of Atchison County, but was unable Lo makc the 
connection between it and Lhe remainder of his section, and so 
published the two separately. 

SUBDIVISIONS. 

Tarkio limestone member.-Several names have been applied 
to this member. Through a miscorrelation it was called the 
Stanton by Swallow, who supposed it to be the limestone exposed 

'at that place. Kirk named it the "Wyckoff," 5 but Owl name 
had already been applied to an Ordovician limestone in Minne
sota. The name Burlingame has been frequently used for· what 
is believed to be this member. In 1901 Calvin named this lime
stone the Tarkio limestone, 6 from outcrops on Tarkio Hiver, Page 

'Prosser, C. S., The classification of the Upper Paleozoic rocks of contral 
Kansas: Jour. Geology, vol. 3, pp. 682-705 and 764-800, 1895. 

'Beede, J. W., The stratigraphy of Shawnee County, Kansas: Kansas Acad. 
Sci. Trans., vol. 15, p. 29, 1898. 

'Prosser, C. S., Revised classification of the Upper Paleozoic forma:tionfl of 
Kansas: Jour. Geology, vol. 10, pp. 703-737, 1902. 

'Keyes, C. R., The Missourian series of the Carboniferous: Am Geologist, 
vol. 23, pp. 298-316, 1899. 

'Kirk, M. Z., The Neosho River section: Kansas' Univ. Quart., vol. 2, PI. 
III, 1894. 

'Calvin, Samuel, Geology of Page County: Iowa Geol. Survey. vol. 11, pp. 
397-460, 1901. 
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County, Iowa. Adams subsequently (in 1903) proposed "Bar
clay." 1 Although Mr. Greene has little doubt that the Tarkio 
limestone will prove to be the same as the Burlingame, in the 
absence of definite correlation with the Burlingame at the type 
locality, the name Tarkio is here used. 

Undifferentiated beds.-In southern and central Kansas the 
section above the Burlingame limestone has been studied and 
the members have been named, but between these localities 
and Missouri River the region is covered by drift and the mem
bers have never been traced. the section in Missouri corre
sponds to the Willard shale, or possibly to the Willard shale, 
Emporia limestone, and Admire shale of the Kansas Survey 
but no correlation can be made at this time. In Iowa the name 
McKissicks Groye shale has been applied to all of the Pennsyl
vanian above the Tarkio limestone. An Iowa coal seam in this 
portion of the section has been called the Nyman, a name here 
used. 

'AdamS, G. I., Stratigraphy and paleontology of tho uppor Carboniferous 
roolts of (1!lstern Kansas: U. S. 0001. Survey Bull. 211. p; 51. 1903. 



CHAPTER II. 

DES MOINES GROUP. 

GENERAL FEATURES. 

The Des Moines group was originally separated from the 
upper part of the Pennsylvanian series on the supposition that 
it was formed in shallower and more disturbed waters. Al
though, as intimated in Chapter I, this supposition is not wholly 
correct, the grouping is retained for purposes of convenience of 
treatment, as it includes deposits of far more economic im
portance than those in the Missouri group. The most important 
economic deposits a.re in the lower formation of the group, the 
Cherokee shale, and consist of coal, shales, and clays used for 
fire-brick, pottery, common brick, tile, and other ceramic prod
ucts, sandstone and other building stones, and a little zinc from 
the pocket outliers. Judged by analogy with the Kansas fields, 
from its composition, and from the rather meager results of 
drilling in :\lissouri, it is probable that any gas and oil accumula
tions that may exist in the State also lie in this formation. 

The stratigraphy of the Des Moines group has recently 
been described in detail for every county in which it outcrops. 1 

It is intended to elaborate in this chapter a few points of strati
graphic interest and to give only a bird's-eye view of the general 
features of the group. 

AREAL DISTRmUTION. 

The Des Moines group outcrops in a broad zone from a short 
distance north of the southwest corner of the State northeast
wardly to the northeast corner, with a tongue occupying the divide 
in Audrain and adjacent counties and numerous outliers east 
and southeast of the main body. The area of this surface dis
tribution of outcrop is about -16,000 square miles. Northwest 
of this outcrop zone, the Des Moines dips northwest under the 
Missouri group to beyond the State boundaries, and the area 

'Hinds., Henr~', Coal deposits of lvIissouri: Missouri Bureau of Geology and 
lVrines, vol. 11. 2d series. 1912. 
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within Ihe St.ale underlain by the group in this con clition is 
ahout. ~,OOO square miles. 

LITHOLOGIC CHARACTER. 

l'he group is composed of shale, sandstone, limestone, 
day, and eO:lI, named in the order of abundance. In a few 
pI:l(,(,S ! he nmounl of sandstone equals that of shale and in 
parts of cC'rtain formations Iilneslone is preponderant, but in 
genera! sllHln constitutes at least half of all the strata. The 
v:ll'i('l i('s and general dWl'Heteristies of the constituents do not 
differ from those of the Pennsylvanian series as a whole, except, 
perll:1 ps, t ha ( the J i mes Lones ar(~ more impure and not so crys
tnlIine as those of the Missouri group. The lithology will be 
discussed in gl'eHler delHi! in eounecLion with Lhe stratigraphy 
of the ditTeren l forma lions. 

THICKNESS. 

Variations in Lhe thid;Il0SS of the Des Moines group depend 
1:1!'f,wly UPOJl ('hanges in lhal of the Cherokee shale. The original 
lhiekness or the group in dirferent parts of the zone of outcrop 
may be roughly estimated by eombining the thicknesses of the 
throe componen t forma Lions n t their nearest full outcrop. Direct 
and (:omplelc measurements have been determined in a few 
plaees in and near the zone of Missouri group outcrop, where 
drilling has been ea1'l'ied HS far down as the Mississippian, and 
are: (1) Bedford, Iowa, 725 feeL; (2) Cainesville, Harrison 
Counly, 8tH feet; (;~) Berlin, Gentry County, 882 feet; (4) 
'1'I'('nlon, ('l'llndy Count.y, GSG feet.; (5) Forest City, Holt County, 
~DG feel; (G) Saxton, Buchanan County, 756 £eet;(7) Atchison, 
Kans., ~lJ feet; (8) Handolph, Clay County, 714 feet; (9) 
Kansas City, eGO feet. 

SUBDIVISIONS. 

The Des Moines group has been separated into three 
formations on lithologic grounds. These are the Pleasanton 
formation at the top, the Henrietta formation in the middle and 
the Cherok,ec shale aL the base. The basis for the separation 
is primarily the greater proportion of limestone in the Henrietta 
and the more regular and persistent character of its individual 
beds, but the classification ean not be said to be a particularly 
fortun,ate one. The Pleasanton was an epoch of irregular, near
shore, non-calcareous deposition, except near the Kansas line, 
and its sedim.ents are a fairly good lithologic unit. Where 
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there are one or two limestone beds near its basc, howcvcr, as 
near the Kansas and Iowa boundaries, it is sometimes difIicull 
to determine its lower limit. The Henrietta consists of the 
Pawnee and Fort Scott limestones and the intervening Labelle 
shale, and contains, in general, a greater proportion of limestonc 
than the other two formations. The upper part of the Cherokee, 
however, was deposited under as uniform conditions as any part 
of the Henrietta, and, in a few districts, is fully as calcareous. 
On practical grounds it may be objected that t.he I-IenrieLta 
of central Missouri is too thin to be a useful cartographic unit. 

CHEROKEE SHALE. 

AREAL DISTRIBUTION. 

The lowest formation of the Pennsylvanian series is the 
most important economically and outcrops in the largest ter
ritory. It forms the surface or is subjacent to the drifl in a 
broad belt from Kansas northeast through Barton and Vernon 
counties to Iowa. One tongue projects eastward along the 
north line of the State through Scotland and Clark counties 
nearly to Mississippi River and another occupies the Mississippi
Missouri divide in Audrain, Boone, Callaway, Ralls, and Mont
gomery counties. There are outliers east and south of the 
main body for a considerable distance and it may be that the 
small pockets of Pennsylvanian materials found high Oil Lhe 
Ozark Plateau are of Cherokee age. In I1orlh-ecntnt1 and 
northwestern Missouri the formation is concealed by younger 
Pennsylvanian rocks, but is shown by drill records to retain the 
characters of the zone of outcrop in all except possibly the ex
treme northwestern corner of the State. 

LITHOLOGIC CHARACTER. 

By: far the greater part of the formation consists of shale, 
although there is a considerable quantity of sandstone in the 
lower part of the Cherokee of western Missouri and thinner 
beds interstratified with higher strata in all localities. There 
is a small area in Callaway and neighboring counties where 
limestone and clay are the main constituents, shale playing an 
unimportant role. In Johnson, Henry and Bates counties there 
are also exceptionally thick limestone beds, and thinner layers 
may be fou~d in the upper part of the Cherokee in all counties 
except Barton and part of Vernon. Coal beds are scattered 
through all of the formation, but form a very small proportion 
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of the total sediments. Both the limestones and the coals, 
however, are of much greater stratigraphic significance than 
their bulk seems to warrant, for they preserve their individual 
peculiarities over large areas and are markers by which may be 
fixed the position of the other beds in the stratigraphic column. 

The Cherokee shale and the Mississippian beds were laid 
down under conditions of sedimentation that were evidently 
quite different, so that there is a corresponding difference in the 
rocks formed and little difficulty in distinguishing one from the 
other. Unlike the Cherokee, the Mississippian contains great 
beds of massive limestone with little shale, san.,dstone, or clay, 
and no coal. Moreover, the limestones of the Cherokee are in 
general separated from those of the Mississippian by several 
hundred feet of non-calcareous beds and are much more fine
grained and impure. Many limestones of the Cherokee contain 
numerous invertebrate remains that definitely .cstablish their 
Pennsylvanian age, but the distinctly different aspect of Mis
sissippian rocks ordinarily makes an appeal to paleontologic 
evidence unnecessary. 

THICKNESS. 

The Cherokee sea, advancing from the west or southwest, 
first entered Missouri between Kansas City and Forest City 
and stretched northeast as a long shallow arm to and beyond 
Worth, Harrison, and Mercer counties. In the area inundated 
by this invasion were formed earlier Pennsylvanian sediments 
than are to be found elsewhere in the State. In I-Iolt County, at 
Forest City, the thickness of the Cherokee is 712 feet, in Buch
anan County 530, in Platte 555, in Clay 460, in Jackson 430, 

.. in Livingston about 450, in Gentry 700, and in Harrison 653 feet. 
A drilling in Worth County did not reach the base of the for
mation, but indicates that the lowest Cherokee beds were de
posited in that .region. After the deposition of these first sedi
ments the sea advanced upon the old Ozark land mass lying 
southeast of the arm just mentioned, but it was some time 
before it reached Howard, Monroe, and the counties lying farther 
east. The effects of this are shown in the absence of the lowest 
Cherokee beds along the present eastern limit of the main body 
of the Pennsylvanian and by the reduced thickness of the for
mation ill the following counties; Putnam 350 feet, Adair 200 
to 320, Linn 260 to 310, Carroll about 340, Ray 350 to 400, 
Lafayette 3301 Johnson 220 to 3501 Cass 3901 Bates 325 to 370, 
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Henry about 230, Vernon and Barton ;~70, Macon 17,1), Han dolph 
180, Howard 132, Boone 1:)0, Callaway 108 and Audrnin 7;) 
feet. The country northwest of the ll1'st arm of the sea was not 
submerged for a long period, for a deep drilling at Nebraska City, 
Nebraska, not far from the northwest corner of Missouri, pene
trated practically no Cherokee. 

SUBDIVISIONS. 

A number of names have been applied in a local sense by 
several authors to a few members of the Cherokee, hut it is be
lieved that the subject can be more simply treated by describing 
the beds in connection with the coals associated with them. The 
coal beds, stratigraphically as well as economically, are the 
most important members of the formation, and their distribu Uot!, 
characteristics, and nomenclature have been fully described ill 
another report. 1 The use of a large number of member names 
in a formation as heterogeneous as the Cherokee is confusing 
to all but those who have made a special study of its strati
graphy. 

The lowest beds of the Cherokee were laid down on the 
irregular surface of older rocks in more or less disconneded bays 
and estuaries. As a consequence they were formed unckr very 
.changeable conditions and contemporaneous beds varied greatly 
from place to place. It was not lIntil several IlllIHlred fpel of 
strata had been laid down in the region first inllndaled by lhe 
'sea and the transgression had reached nenrly all of the area HOW 

occupied by the Pennsylvanian rocks that conditions of s(~di

mentation became more stahle and deposits more uniform. The 
upper 100 to 190 feet of Cherpkee consists of beds that. are so 
regular in character and distribution that individual members 
may be correlated with reasonable certainly across the entire 
'State and beyond into Kansas and Iowa. The correlations of 
beds lower in the formation can be made only where their rela
tions to the more persistent members can be delermined. There 
are, therefore, stratigraphic grounds for dividing the Cherokee 
into upper and lower divisions, as was recognized and done by 
Marbut in Henry County 2. Marbut considered t.he upper 
division to extend from the base of the Tebo coal to the lop of 
the formation. It is true thi;l-t the 1'ebo coal bed is fairly persist-

'Hinds. Henry, 000.1 deposits of Missouri: Miss(}uri Bureau of Ooulogy and 
Mines, vol. 11, 2d series, 1912. . 

'Marbut. C. F., Geological description of I.ho Clinton Shoot: J\.fisfwuri Gcol. 
Survey, vol. 12, pt. 2, p. 35, 1898. 
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Fig. A. Coal pocket at Monarch strip pit, Moniteau county. 

VOL. XIII, 2ND SERIES, PLATE IV. 

Fig. B. Near view of same, showing pre-Pennsylvanian rocks 
on right. 
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£lnt ane! thut it is Ow lowest bed that is so. Recent preliminary 
paleobotnnie work by David While, however, indicates that the 
Bevier eoal hed eorresponds in age with the base of the Alle
gheny formation of Appalachian coal fields and that the scanty 
fossil plants found in beds below the Bevier probably indicate a 
Potlsville flora. There is also straligraphic evidence that the 
Bevier eoal ('orrelates with the Murphysboro (No.2) coal of 
Illinois, a bed that. is certainly at or ncar the base of the deposits 
of Allegheny nge. In view of these facts it seems most appro
priate 10 eonsider the bottom of the Bevier coal the base of the 
upper part of the Cherokee. Should additional paleobotanic work 
substantiate the coneIufliollf; drawn from preliminary studies, it 
would then be advisable to eonsider the upper and lower parts 
of the Cherokee to be separate formations and to assign to them 
appropriate geographic: names. 

ltJ<lOIONA.L VARIATION. 

In eOlU;idering the ehanges in the Cherokee shale from 
point lo point in Missollri, lhe outliers are firsL taken up, then 
follows the outcrop zone from Kansas northeast to the Iowa line, 
and then t1wl pOJ'lion of Lhe formaLion lhallies beneath younger 
roeks in llH~ northwestern part of the Stale. 

Pockets and Ol1tliers.- M -Beyond the ouLcrop of the main 
body of '(he Cherokee thore are numerous outliers composed 
chiefly of sands Lone and shale with some intercalated clay and 
eonI. The best known of these is in St. Louis County, where 
L he elay deposits are very important and where thero is also 
(;oI1sideruhle limeflLone 1. Other notable areas are in Shelby, 
Monroe, Montgomery, Saline, Cedar, Dade, Greene, Lawrence, 
and J aspol' counties. Most of the outliers ocel~py depressions 
in Mississippian limestones and some, especially in southwestern 
Missouri, lie in long narrow valleys eroded in the pre-Pennsyl
vanian land surface. 

Pockets are in one sense also outliers, but may be distin
guished by certain unique features. Briefly stated, they are 
shale, eoal, sandstone, and clay deposits laid down in sink holes 
or small depressions and surrounded by walls of limestone be
longing to Mississippian and older formations. They occur 
in nearly all parts of the State outside the main Pennsylvanian 
body and are especially numerous in Lincoln, Callaway, Cooper, 

'Fenneman. N. M., Geology and mineral resources of the St. Louis quad
rangle. Missouri-Il!inois: U. S. Gco!. Survey Bull. 438, 1911. 
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Cole, Morgan, Moniteau, and southwestern counties. They 
are round or elliptical in horizontal cross-section, are commonly 
only a few hundred feel in widlh, and are in many eases as deep 
as they are wide. Many contain as much as 30 to 90 feet of 
coal, chiefly of the cannel variety, and have excited much eom
ment. In most eases the eomponent layers are saucer-shaped, 
dipping inward on all sides from the surrounding limestone 
walls, as though the entire mass had slipped down a considerable 
distance. Fractures and slickensides indica:le that part of this 
slipping occurred after the consolidation of the materials, though 
many of the coal pockets probably sank during deposition, the 
action of the humic acids hastening the deepening of the sinks. 
Sinks that were deepened in this way, while sedimenls were aeeu
mulating were probably slightly above ground-waleI' level at that 
time. Deposition in many sinks probably took place afler the 
drainage outlets at their bases had been choked up as a result of a 
slight subsidence of the region in which they lie. Some of the shale 
and sandstone deposits may have been formed after the region 
was invaded by the continental sea, though this is not neces
sarily the case. Certainly those containing coal were deposited 
while the region was free from braekish or salt waLers. It is 
probable that solution was renewed at the bOltoms of the sinl{s 
whenever ground-waler level was lowered as a rcsull of posl
Pennsylvanian regional movements and Owl many of l he 
deposits are still sinking. 

The age of the poekets is tentatively considered 10 he 
Cherokee, though so far as fossil and other available evidenee 
shows, those in soulhern Missouri may bo contemporaneous with 
other Pennsylvanian formatio.ns. In Callaway and othor coun
ties in which there are regularly bedded Cherokee deposits, the 
pockets are certainly of Cherokee age. 

Barton and Vernon counties.-The Cherokee shale of Barton 
and adjacent counties differs from the outcropping formation 
farther ~ortheasi chiefly in the greater thickness due, in part at 
least, to a thickening of the shale and sandstone beds in both tho 
upper and lower divisions. 
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GENERALIZED SECTION OF THE CHEROKEE SHALE IN BARTON 
AND SOUTHERN VERNON COUNTIES. 

Number. 

2 
3 
4 

5 

6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

'31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Stratum. 

Shale, black, slaty (top of Cherokee) ......... . 
Coal ..................................... . 
Shale, wiLh some sandstone; poorly exposed ... . 
Limestone, dark-blue when fresh, weathers out 

in drab, diamond-shaped flags (hence "dia-
mond-rock") ........................... . 

Shale, with ono or more 6-inch limestone llcds 
in I)Iacos ............................... . 

Shale, black, slaty; with large and small cal-
careous concretions ...................... . 

Shale, light-drab, sandy .................... . 
Shale, bluish-black ......................... . 
Coal (Mulky?) ............................ . 
Shale, perhaps inclUding sandstone ........... . 
Shale, blael<:, bituminous ............. , ...... . 
Coal (Weir-Pittsburg Upper) ............... . 
Clay .................... ,." ............. . 
Sandstone ... , .. , , ........................ . 
Shalo, slaj,y in lower half. .... , ............. . 
Coal (Woir-PitLsburg Intermediate) .......... . 
Clay ..... , ............................... . 
Sandat.one ................................ . 
Shale, sandy, induratod at baBEl .............. . 
Ooal (Woir-Pittsburg IJower [Bevier?]) ....... . 
Olay ..................................... . 
Interval oontaining sandstone and shale ...... . 
Sandstone and clay, alternating ............. . 
Shale, black, slaty, pyritiferouB at base ....... . 
Coal streak ............................... . 
Clay ..................................... . 
Sandstone in upper part, slaty shale in lower .. . 
00801, including two feet of clay in middle ..... . 
Clay ..................................... . 
Shale, blue ................................ . 
Ooal ..................................... . 
Clay ..................................... . 
Sandstone ................................ . 
Shale, slaty ............................... . 
Coal ................................... '" 
Sandstone, with thin shale layer at top ....... . 
S hale, ala ty ............................... . 
Ooal streak ............................... . 
Olay in upper half, slaty shale in lower ....... . 
Coal ..................................... . 
Olay ....•.............................. · .. 
Shale, slaty ............................... . 
Coal ..................................... . 
Clay, pyritiferous .......................... . 
Mississippian limestone and flint ............ . 

Distance 
Thickness. from top. 

Peet. Peet. 

4 
1 

01 

1 

6 

3 
3 
2)1 
172 

31 
3)1 
1)1 

12 
8 

13 
1 
2 
2 

20 
2)1 
3% 

50 
11 

7 

3)1 
10 )-5 

4 

4 
3 
1 
4 
4 
4 

33 
6 

9 

% 
8 
9)1 
1 
8 

4 

5 
66 

67 

73 

76 
79 
81 )1 
83 

114 
117)1 
119 
131 
139 
154 
155 
157 
159 
179 
181 )1 
185 
235 
246 
253 
253 
256 )1 
267 
271 
275 
278 
279 
283 
287 
291 
292 
325 
331 
331 
340 
340 )1 
348 )1 
358 
359 
367 
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Numbers 1-9 of the above section are from oull'.rops ncar 
Eve, 'Vernon County, Nos. 11-21 from drilIings near Yale, 
Kans., and outcrops north of Minden, BarLon Counly, and Nos. 
23-45 from a drilling in the valley at Liberal. The eon nee lion 
between the Mulky coal bed and the Weir-Pittsburg Lower is 
not absolutely fixed and, indeed, it is possible that the two lJeds 
are the same. The Mulky and its charaeterislic "diamond-rock" 
cap were not seen in thy Liberal and Minden districts and so 
could not be tied to the Weir-PiUsburg Lower with certainty, 
though it is known that the lattcr lies about 180 feel. below the 
top of the CherQkee shale. The strata below the Weir-Pitlsburg 
Lower are evidently very irregular. In Dade, SL Clair, easlern 

. Barton, and southcastern Vernon counties there is a conspicuous 
development of sandstone in the lower part of the Cherokee. 
Its exact stratigraphic position is doubtful. It may be lhal it 
is merely a shore phase of deposition and eonlemporaneous with 
shales and clays that were laid down farther from the Ozark 
land mass, though it is more probable that its western represen
tative is No. 36 of the above section. 

Bates and Vernon counties. In Bates and northern Ver
non counties, where the connection of the lower beds of the 
Cherokee with those of the HenrieHa formation ean he easily 
deciphered in drill records and outcrop observations, the see(ioll 
can be more accurately described. 

'rYPICAL SliJCTION OF CH KI,OKElD SHA (,1': IN BA'J'I':N A N I) NOH!I'III':ItN 
VlDRNON COUNTU;S j<'gOlVI D]'tIl,I,INClH NI':AFt Bl'ltAO[TI': ANI> 
RIOH HIJ~L. 

Number. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Stratllln. 

Shale, blue and blaok (top of' Cherolwo) ...... . 
Coal (Lexington) .......................... . 
Olay .................................... . 
Shale, in part sandy, with thin H1HldK(,OflO fwdH .. 
Ooal (Summit?) ........................... . 
Olay ..................................... . 
Limestone ................................ . 
Shale, upper half slaty ..................... . 
Ooal (Mulky?) ............................ . 
Olay .•.................................... 
Shale, with thin sandstone bed at top ........ . 
Ooal (upper Rich Hili) ..................... . 
Olay ..................................... . 
Shale. drab to black ....................... . 

Distunne 
'l'hickn"~". from I;op. 

PC/'I. Fc!'l. 

1 J~ 
7 

14 
1. 
5 

10 

(l 

(I ~1d 

1:1 
I:I!) 

80 J~ 
01 
U8 

112 
lla 
118 
128 
12fl U 
1;)4 

,1·1~ 
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Fig. A. Upper and lower Fort Scott limestono at type locality. Fort Scott. Kans. 

Fig. B. The "diamond rock" near Eve. Vernon County. showing typical jointing. 
44 
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'I'Yl'IUAT, fHW'I'ION (lI<' CIU:n,OKElfiJ SIIAIJ!D IN J3A'l'IDS AND NORTIIERN 
VKltNON COUN'rIgS FIWM DItII,j.INOS NIDAlc{' SPRAGUE AND 
JtIOII HT j, I,-Oont;inu,,(l. 

Number 

I;; 
1(\ 

17 

lR 
11) 

20 

Stratum. 

#' 

('"al (lowpr Hioh Hill [I\ovi(])'·!]) ............ . 
(Hay ..................................... . 
Hlml(], in grmd,or purt I>luo, blaok and sh,ty (It 

1>[\14(1 •••••••••••••••••••••••.•••••••••••• 

(loal ..................................... . 
Clay .....•................................ 
Hlmln, 1)luo ................................ . 

21 Coal H Croak . .............................. . 
CIHy .••..•...••........................... 
Simio. Hundy. inulu<lin,; u bod. of H~LlldHt()no ... . 
Hnn(IHtono, gray uad whiL(J wh(\ll J'roHh ... , ... . 

2· • .) Goal ..................................... . 
Hhaio, bluo to bllwk. in part; slaty ............ . 
Oo,L! ....•.........•..•.........•.......... 
Clay .•.•.•............. , ................. . 

2!) M iKHisRippilLn IimoRtOrlo .... , ................ . 

Distance 
'l'hic]{ness. from t~P. 

Feet. Feet. 

28 
1. y~ 

17'2 

4 

!lO 

7'2 
31 ~'!i 

1 

4 

147 
148 

176 
177 ~'!i 
179 
181 

185 
223 
322 
3227'2 
354 
355 
359 

......... ..... _._-_ .. _-----
The })('ds in Lhe above see lion, especially those overlying the 

lowN Hieh Ilill coal, are remarkably persis lent in a large terri
lory. Individual members thicken and thin considerably from 
point to poinl, but the dis lance from the lower Hich Hill coal to 
Lhe lop of the formaLion varies only about 30 feet, being 170 
in northwestern Bales Counly and 140 farther southeast. The 
only good sLratigraphic marker in the section is No.7. This 
limestone is variable in thickness, averaging about 7 feet, and 
is gray, irregularly bedded, and contains fossils"with a purplish 
Linge. Where the bed is of full thickness, it has a lower division 
of 18 inehes or less that is evenly bedded and vertically jointed, 
resembling No.4 of southern Vernon County, with which it is 
to be correlated. The shale between it and the Mulky (?) coal 
bed is 10 to 10 feeL thick. 

The eorrelation of the beds of Bates County with those 
farther south is clear, for the lower Rich Hill coal bed is evidently 
the same as the Weir-Pittsburg Lower and other beds can be 
definitely placed by their relations to the thick coal. The cor
relation with the Cherokee of north Missouri is less certain, 
however, though the best stratigraphic and paleo'botanic evidence 
now available points to the correspondence of the Bevier with 
either the lower or upper Rich Hill coal. The variable thickness 
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of shale No. 11 is characterislic of the shale ovcrlyin:!-( the Mulky 
coal farther northeast, while the nolable thickening of limes lone 
No.7 from a one or two-foot bed is a feature thal has its homolog 
in the Mulky cap-rock of parts of Johnson, Call1l\Vay, and other 
counties. Sands lone No. 2,1, which is exceplionally thick be
neath the Rich Hill district, probably lies at Lhe same horizon 
as Broadhead's "Clear Creek sandstone" and is Lhe arenaceous 
rock that outcrops so conspicuously in many parts of Sl. Clair 
and southeastern Bates COlmly . 

. Some of the slructural features of the southern Bates and 
northern Vernon Counly region arc of unusual interest. In the 
mines in the lower Rieh Hill coal a L Panama, Hieh Ifill, Hnd 
New I-lome, very strong dips have been eneonntcrecl. In ex
treme cases the coal bed ehanges its level as much HS 150 feeL 
in less than half a. mile, while dips suffieienlly strong to render 
mine haulage a serious problem are by no means uneommon. 
These dips do not fall into alignment with any regular syslem of 
folding and are more numerous and stronger in slu~ft mines than 
would be suspected from an inspection of the higher slrala 
at the surface. The regularity of the suceession shown in dJill 
records and outcrops precludes the supposition that many of 
the dips are depositional, yet some of lhem may be of that lype. 
In the new drainage ditch 2 miles soulh of Prairie City, in lhe 
southeastern corner of Bales County (W. y~ sec. 211, T. ;Hs N., 
R. 30 W.), the slrata are very mueh dislurhed, though slighlly 
higher beds in neighboring counlry are horizontal or neurly 
so. The accompanying photographs (PI. VI) show 1 wo of these 
exposures, one in which beds are warped, tilled, and faulled 
in at least two places, and anoLher in which there is a sharp 
symmetrical anticline on a small scale, with dips of 45° on bOLh 
limbs. These phenomena are probably due Lo different proeesscs 
than those that affected the Rich Hill coal beds. The disLurbed 
strata lie very near the base of the Pennsylvanian, for Mis
sissippian limestone appears on the Osage River, one mile above 
Belvoir, little more than a mile distant. Their condilion is 
due either to the proximity of the anticline that has brought the 
limestone to view or to collapsing of underground channels in 
the Mississippia.n limestone beneath them, a common cause of 
similar disturbances in the basal Cherokee of other localities. 

Henry County.-Passing northeast into Henry County we 
may'note the introduction of two thin limestone beds not present 
farther southwest and a thinning of the shale beds that consti-
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Fig. A. Faulting in lower part of Oherokee shale, drainage ditch two miles south of Prairie Oity, 
Bates Oounty. 

Fig. B. Small anticline in same locality. 
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attained in southern Jackson and northern Cass counties (maxi
mum 1,140 foot), on the divide in southern Clay and Platte 
counties (maximum 1,080 feet), on the divide between Platte 
and Grand rivers (maximum '1,100 feet) and on the divide be
tween Platte and Missouri rivers (maximum 1,100 feet). The 
greatest local relief is along the escarpment formed by the 
limestones at the base of the Kansas City formation and along 
Missouri River. At a point about midway between Iatan 
and Weston, in Platte County, the river bluff rises 340 feet 
above the flood-plain in one-eighth of a mile, but such notable 
relief is not known elsewhere in the Pennsylvanian area of the 
State. 

DRAINAGE. 

By far the greater part of the drainage of the Pennsyl
vanian area of the State is tributary to Missouri River, though 
a comparatively small area along the northeastern edge drains 
directly into the Mississippi.' The principal streams south of 
Missouri River are the Osage and Blackwater whiCh, in the 
Pennsylvanian area, have a general easterly direction, but the 
northeast and southeast flowing tributaries cause the outcrop 
of any particular formation to assume a dendritic form. The 
streams are, as a rule, wide-bottomed and with low bluffs where 
cutting through shale, but the valleys are slightly narrower 
and more steep-sided where there are one or more thick layers 
of limestone. Where the streams enter Mississippian rocks the 
valleys narrow and the meanders are deeply intrenched. 

North of the Missouri the principal tributaries are, from 
west to east, the Nishnabotna, Tarkio, Nodaway, Platte, Grand, 
and Chariton, most of them flowing in a general southerly 
direction. The existence of this great number of south-flowing 
streams is probably due to the initial slope of the drift surface, 
as most of the streams of northern Missouri appear to be post
glacial. The flood-plains are wide and the bluffs low where the 
streams are cutting through drift, but the valleys are narrower 
and steeper where cut in indurated rocks. The change in the 
shape of the valleys where the streams flow from glacial material 
to indurated rocks is well shown on the two forks of Grand 
River north of Trenton and on the Chariton north of Connels
ville. In the discussion of the stratigraphy of northern Mis
souri mention is more frequently made of outcrops on the south 
sides of streams than on the north sides. Steep bluffs on the 
south sides and gentle slopes on the north are characteristic 
of the valleys in this part of the State. Similar asymmetrical 
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The Tebo coal bed and its associated limestone cap-rock 
are quite persistent in a large area, but are absent at Clinton, 
southeast of Calhoun, and near Urich. These beds extend 
southwest into Bates County, but at Rich Hill and farther south 
the cap-rock is lacking, though the coal may be represented. 

The Bowen coal trough near Windsor and the Mammoth 
trough near Lewis present an interesting problem 1. The two 
deposits are unique in character and similar even in minor details, 
yet the distance of the Bowen coal below the Mulky cap-rock 
and the Bevier coal would place it at the horizon of the Tebo coal, 
while the Mammoth trough is 40 feet below the typical Tebo coal 
and cap-rock. It is difficult to believe that the two deposits 
were not formed in narrow valley-like depressions under similar 
conditions. It is probable that they were contemporaneous 
and that subsequent to their deposition and before the formation 
of the Bevier coal bed, the Lewis area underwent greater relative 
subsidence and received a greater thickness of sediments than 
the Bowen area. It is unsafe to postulate in how large a region 
this southwestward tilting was effective, but the probability 
of its existence makes it difficult to correlate many of the lower 
beds of the Cherokee. 

It is possible that the Jordan coal and the Bowen and 
Mammoth troughs are of nearly the same age, though the 
Jordan apparently corresponds with beds 175 feet below the 
Bevier coal horizon in the Rich Hill district. No direct tie can 
be made between the Jordan co'al of the Deepwater district and 
the more persistent strata of the upper part of the Cherokee, 
but the best available evidence indicates that the coal lies 80 
to 110 feet below the Bevier coal horizon. The' determination 
of the exact stratigraphic position of the Jordan oed is particu
larly important b~cause the shale just above it contains many 
species of plants that have been very fully described and com
pared with those in Appalachian formations by White 2. As 
a restllt of the examinations of fossil plant collections from many 
hoiiions and areas, and a re-examination of the Jordan coal 
flora, White states the belief that the Jordan flora is much older 
than was supposed by him in 1898, being comparable to the 
flora of the uppermost Pottsville as .that' is now revealed 
(see p. 261). 

'Missouri Bureau of Geology and Mines. vol. 11. 2d series. pp. 179, 190, and 
193, 1912. See also Geology of Calhoun Sheet. op. cit. 

·White. David. Fossil flora of the Lower Coal Measures of Missouri: U. S. 
Geol. Survey Mon. 37, 1899. ' 
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Johnson County.·--In central Johnson and neighboring 
counties on the north and northeast, most of the upper Cherokee 
strata assume characters that are persistent as far north as the 
Iowa line 1. 

TYPICAL SEOTIONS OF CHEROKEE SHAI:.E IN CENTRAL JOHNSON 
COUNTY, FROM OU'l'CROPS AND DRILLINGS NEAR MONT-
SERRA'r. 

"","b,, 1 __ . __ . ____ ._. ___ S_tr_a_t_-u_m_. _____ _ Thickness. Depth. 

Feet. Feet. 
Rhale, "oft and argillaceous at top, black and 

~laty at bottom ......................... . 3 3 
2 Coal (I,exington) ......................... . 1 4 
:{ Clay, wHh. nodular limestone at base ......... . 4 8 
4 Rhalo. yellow ............ '.' ................ . 10 18 
5 Intorval, ellioJly shale; very variable in thick-

TleSf:l,-a\rera,ge ..........•................. 20 38 
6 I,imestone, darlt gray; compact; vertically 

jointed: ....... -......................... . 2 40 
7 !'lllalo, in part slaty ........................ . 8 48 
8 Coal (lVI Hiley) ........•.•.•.••.............. 2 50 
o Intol"val, nhiofly shale ...................... . 10 60 

10 8 hale, with a 1'ow thin limestone bands at top; 
bluck. slaty, and with small nodules at baso. 21 81 

11 1,inwHLono, bluiHh-blnnl<, very fossiliferous ..... . 1 82 
12 Coal (Boviur) ............................. . 2 84 
13 Cluy, wbito ............................... . 4 88 
14 I.inH)stone, !JllW to gray; irregularly bedded; 

nodular ................................ . 3 91 
15 !'lhalo .................................... . 2 03 
16 Coal ('l'ebo) .............................. . 2 95 
17 Shale .... , ............................... . 17 112 
18 Sandst.one, reddisb-brown; in part massive; 

in part thin-bedded ..................... . 11 123 
10 Shale, darlr. beloW, light above ............... . 15 138 
20 Coal (Brushy Hill) ........................ . 1 139 
21 Clay ....................... " ............ . 5 144 
22 8hale .................................... . 8 152 
23 Coal .................................... . 1 153 
24 Clay ..................................... . 4 157 
25 Shale .................................... . 12 169 
26 Coal ..................................... . 1 170 
27 Clay ..................................... . 6 176 
28 Shale .................................... . 9 185 
29 Coal ..................................... . ,H 185,H 
30 Olay ..................................... . 4,H 190 
31 Shale. black, slaty, present only in places ..... . 
32 Coal (Montserrat) ................•......... 5 195 
33 Clay, sandy ............................... . 10 205 
34 Shale, sandy at top, black at base ........... . 25 230 
25 Sandstone; thin-bedded; fi.rmly cemented ..... . 20 250 

__ 3~ ____ ~is~~ippian flint and limestone ............. _. ___ ._-'--___ _ 

'The correlations i'n this report, and in volume XI of this series of reports, 
of coal and ether beds in the Oherokee shale south of the counties bordering Mis
souri River are tentative. Recennaissance field work in Central Johnson county 
indicates that tbe lower Fort Scett coal of Kansas may be the equivalent of the 
Mulky instead C?f the Lexington, the Lexington pinching out to the south. 

G-4 
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The interval bctwecn the Bevicr coal horizon and the lop 
of the Cherokee does not differ in essenlial respeels from that 
in Henry County, though it. is to be noled that the cap-rock of 
the Mulky coal is thin and vertically jointed as in southern 
Vernon County. There are places, however, where it if; Rlightly 
thicker and more irregularly bedded, so that it is very difIicull 
in small exposures to distinguish it from the cap-rock of the 
Tebo coal. The shale between the Mulky coal and this cnp
rock varies from 4 to 15 feet in thickncss in Johnson Counly. 
the variation being due chiefly to drab, argillaceous shale thal 
wedges into the interval in places. Little is known abou t 
the areal persistence and character of strata below the Tebo 
coal horizon, as they outcrop in only a few localities and have 
been drilled in only a few others. 

Lafayette County.-Two other thin limcRtones appear in 
Lafayette County and are persistcnt as far norl h UR Iowa: 
namely, the bottom-rock of the Lexington coal bcd and t hc en p
rock of the Summit coal bcd. While thc Summit cap-rock may 
be present as No.4 of the Henry County section, the Lexinglon 
bottom-rock is absent south and southwest of Lafayette County. 
In north Missouri it could be grouped morc naturally with the 
strongly calcareous Henrictta formation above than with the 
argillaceous and arcnaceous Cherokcc shale, and this was done 
in Bain's "Appanoose formation" of southcrn Iowa. Consisl
ency demands the placing of this bcd in thc Cherokee, ho\\,
ever, as the coal abovc it has bccn correlaled with a bed in Kan
sas that lies near the top of that formation. 

GENERALIZED SECTION OF 'L'HE CHEROKEE SHAI,E IN I,Ali'A Y]lYl"l'1iJ 
COUN'l'Y. 

---,-----------------_._-_.------_._-_ .. __ ._._ ..... _-_ .. ~ 

Number. 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 

Stratum. 
Dilltnn(J1) 

'l'hicknesR. from top. 

Peal. 
Shale, black, slaty. . . . . . . . . . . . . . . . . . . . . . . . . . 1 Ml 
Coal (Lexington). . . . . . . . . . . . . . . . . . . . . . . . . . . 1 Ml 
Clay. . .•.................................. 4 
Limestone, bluish-gray; rough-bedded; nodular 3 
Shale, drab and blue... . . . . . . . . . . . . . . . . . . . . . . 18 
Limestone, blue when fresh, gray to drah 

weathered; in one bed; vertically jointed.. . . . 1 
Shale; black, slaty. . . . . . . . . . . . . . . . . . . . . . . . . . 3 J1i 
Coal (Summit). . . . . . . . . . . . . . . . . . . . . • . . . . . . . Ml 
Clay, blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Limestone; in places very concretionary. . • . . • . 3 
Shale, drab. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 2 

I·'ecl. 
IJ1i 
3 
7 

10 
28 

29 
32 J1i 
33 
39 
42 
44 
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GENERAI .. IZED SECTION OJ)' 'rHm CHEll'l,OKEE SHALE IN LAl~AYET'l'E 
COUNTY-Con tinued. 

Number. Stratum. ThI"",,,"I Depth. 

I 

Feet. I Faet. 
12 Limestone, bluish-dra.b, weathers brown; com-

I 

monly in one bed and vertically jOinted ..... 2 46 
13 Shale, at top drab and argillaceous, in lower part 

black, slaty, and with large and small oval 
Ii mostone concretions .................... . 7V. 5331 

14 Coal (Mullry) ............................. . IV. 55 
15 Clay ................................. '.' .. . 4 59 
16 Shale, gray and drab, with intercalations of 

micaceous sandsto nc .... " ............... . 41 100 
.17 Coal (Bevier) ............................. . V. 100M 
18 Clay ...... , .............................. . 1 101 V. 
19 I.imest,one, Ilodular ........................ . 2V. 104 
20 Shale, in part dmb. in part black and slaty ... . 15 119 
21 Coal ('1'obo) ........................... : .. . 1 120 
22 Shale. with a f(jw coal bods and Roveral sandstone 

beds •.•................................. 150 270 
2:1 Sandstone, with thin oeml beds and several shale 

bods; about, ............................. . 85 355 
24 MissiHsippian limestone ..................... . 

Saline to Linn counties.-The part of the above section that 
lies below the Tebo coal is variable in character and thickness, 
the variation already noted in the thickness of the Che~okee in 
counties north of the Missouri River being largely due to thick
ening and thinning of these members and to the unconformity 
at the base. The section above the Tebo coal, though varying 
in minor details, is much the same in Saline, R.ay, Carroll, Living
ston, Linn, and Chariton counties, the greatest change being in 
the intervals just above and below the Bevier coal bed. In 
Ray County the Summit coal is represented only by carbonaceous 
shale, though the cap-rock is the same as in the Lafayette County 
section. In Carroll, Livingston, Linn,' and Chariton counties 
the Lexington coal is absent, though its bottom-rock may be 
found in many places. In Livingston and northeastern Carroll 
there are only thin streaks of coal at the Mulky horizon, and 
another coal, the Bedford, appears between the Mulky and 
Bevier coal horizons. The Bedford is probably a split from the 
Bevier and lies about 95 feet below the top of the Cherokee and 
15 feet above the Bevier. In this region the Tebo is 35 feet be
low the Bevier and the calcareous layers forming the Bevier 
bottom-rock are separated from a thin limestone cap-rock of 
the Teb~ coal by about 15 feet of shale. In eastern Linn and 



52 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

Chariton counties the Bedford and Bevier coal beds are com
monly so close together as to form virtually one bed, the interval 
between them decreasing gradually toward the east. In these 
two counties the interval between the Bevier and Tebo coals 
is very irregular, in some localities 15 feet and in others as much 
as 75 feet. The distance of the Bevier coal from the top of 
the Cherokee is normally about 90 feet and from the Mississip
pian about 200 feet, the interval containing chiefly shale. 

]}[acon and Randolph counties.-In Macon, Randolph and 
adjacent counties there is a slight change, as shown in the 
following table: 

GENERALIZED SECTION OF THE CHEROKEE SHALE IN CENTRAL 
J'viACON AND RANDOLPH COUNTIES. 

I 
Number.' Stratum. 

I ----,--------------------, 

I Sh~~e~I)~i.t~. ~~~l. ~~r~~~~ .. (~~~.i.Z~~ .. O.f. ~e.x.i~~~~1.1: 
2 I Limestone, dove-color, irregularly bedded, nodu-

1 lar and with clay partings ................ . 
3 'Clay, white ............................... . 
4 Shale, in part sand:\'. with some sandstone .... . 
5 r,imestone, blue to grayish-drab; in one layer 

with imperfect parting in oenter; Yertioally 
jointed ................................. . 

6 Shale, blaok, slat:>- ......................... . 
7 Coal (Summit) ............................ . 
8 Clay ..................................... . 
9 Limestone, nodular ........................ . 

10 Shale, blue, in places with much irregularly 
bedded limestone and in others really a 
limestone with shale partings ............. . 

11 Limestone, much like NO.5 but oommonly less 
perfeotly jointed and darker on weathered 
surfaoes. . .................... : ......... . 

. 12 Shale, blaok and slaty at base, grading to softer 
and lighter material at top; bears ovoid con-
cretions in places ........................ . 

13 Coal (l',fulky) ...... " .. " ................... . 
14 Clay ................•..... _ .............. . 
15 Shale, drab, in part sandy, in places partly re-

placed by sandstone. _ ..•..•.............. 
16 Coal (Bevier) ............................. . 
17 Clay ..................................... . 
18 Limestone, bluish-drab, mottled dark and light 

blue on fresh fracture; impure; nodular; 
weathers very unevenly at top _ ........... . 

19 Shale, with some sandstone and one or two thin 
beds of limestone ..•...................... 

20 Limestone, bluish-gray to drab; evenly bedded 
21 Shale, in large part blaok and slaty; bears ovoid 

concretions. • . • • • • • . . • • • • • • .. . ••....•... 

Distance 
Thickness. from top, 

Fect. Fret. 

5 5 

7 12 
4 16 

15 31 

3 34 
2Y2 36 ;.:2 
1 37 72 
3Y2 41 
1 42 

12 54 

3 57 

4 ~~ 61 Y2 
13-'2 63 
3 66 

20 86 
4 90 
1 91 

3 94 

20 114 
1 115 

9 124 
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I~ig. A. Limostono beneath Lexington coal horizon. weathered exposure. 

Fig. B. Limestone beneath Lexington coal horizon. !.resh exPosure. 
"52 
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GENERALIZED SECTION OF THE CHEROKEE SHALE IN CENTRAL 
MACON AND RANDOLPH COUNTIES-Continued. 

Distance 
Number. Stratum. Thickness. from toP. 

Feet. Feet. 
22 Coal (Tebo) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 125 
23 Shale, with muoh sandstone in plaoes. . . . . . . . . 70 195 
24 Coal (Eureka). . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 19'6 
25 Handstone and shale. . . . . . . . . . . . . . . . . . . . . . . . 25 221 
20 Mississippian limestono ..................... . 

While there are considerable variations in minor details , 
this section applies with remarkable fidelity to a large territory 
in the two counties. There is, in general, a thickening of the 
limestones to the south and a thinning of the shales to the east. 
Number 2 of this section is only about 4 feet thick in Macon 
County, but in Randolph it is a conspicuous 10-foot bed filled 
with large individuals of the coral Chaetetes and hence termed 
by Broadhead the "Chaetetes limestone," a name that is hardly 
appropriate, both because it is not geographic and because Chae
tetes is locally abundant in other limestones in this and other 
districts. 

The interval between the Mulky and Bevier coal beds is 
the most variable portion of the upper part of the Cherokee. 
In the eastern parts of the two counties it is quite thin, only 
six feet in plaJieS, but it thickens to the west and is 50 feet on 
the main branch of Chariton River. Its chief constituent is 
argillaceous or sandy shale, though in many localities, and 
especially where it is more than the average thickness, it contains 
considerable sandstone, much of which is cross-bedded and bears 
other evidences of deposition in disturbed waters. Though no 
two localities show exactly the same strata between the Bevier 
and Tebo coal beds, the general features of that interval are 
fairly persistent and well-marked. The beds between the Tebo 
and the base of the Cherokee are decidedly lenticular and range 
from 10 to 200 feet in thickness, the maximum being in Macon 
County . 

. Where exposures are poor, three coal beds of this section, 
with their associates, are apt to be confused in the field; namely, 
the Summit, Mulky, and Tebo. All are overlain with a few 
feet of black carbonaceous slaty shale with a limestone cap-rock. 
The cap-rocks display certain minor characteristics that make 
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it possible for the trained observer to distinguish them in most 
localities, but in others it is almost impossible to do so unless 
other beds are also exposed in the neighborhood. The shale 
between both the Mulky and Tebo coals and their respective 
cap-rocks is slightly thicker and more argillaceous at the top 
than that on the Summit coal bed, and in many places is also dis
tinguished by the presence of ovoid, calcareous concretions, or 
"niggerheads" of many sizes. The Summit is the only one of the 
three coal beds to possess a persistent limestone bottom-rock, 
though a very inconspicuous and discontinuous one locally 
underlies the Mulky. The Bevier bed is easily distinguished 
from other coals by its thickness in most of the area, by the ab- -
sence of a limestone cap-rock, and by the presence of a very 
resistant and persistent bottom-rock that has certain unique 
characters not easily described. 

Adair County and vieinity.-In Adair, Putnam, and Schuyler 
counties the Cherokee section is much the same as in Macon 
County. The Lexington coal is present in part of the area 
and its bottom-rock is commonly less than 3 feet thick and 
without Chaetetes. The cap-rock of the Summit coal is an 
impure black limestone rarely more than 2 or 3 inches thick, 
and the coal itself is only a few inches thicle The cap-rock of 
the Mulky coal is thinly developed in a large area, but the coal 
is known in only one locality. The shale and sandstone above· 
the Bevier coal are 40 to 50 feet thick, and near Kirksville the 
shale facies is inconspicuous. North and west of Connels
ville the Bevier coal splits into two beds, separated by 20 feet 
or less of shale and day. The bottom-rock of the Bevier coal 
consists of two limestones, each less than a foot thick, though 
in a few places there is a nodular phase as in Macon County. 
The interval from this bottom-rock to the Tebo coal varies from 
36 feet at Stahl to 53 feel near Kirksville. Cherokee strata 
below the Tebo coal horizon are chiefly shale and sandstone and 
vary 100 feet or more in thickness within distances of a few 
miles; the interval is as Ii Ltle as 60 feet in one drilling at Kir ks
ville and as much as 217 feet hear the Iowa line. 

Broadhead constructed a generalized section for Linn, Sulli
van, and Adair counties 1, including 85 beds, but owing to slight 
changes in the section from place to place, notably the absence 
of the Lexington coal in Linn County, duplicated parts of it. 

1Broadhead, O. 0., (Geology of) Linn. Sullivan and Adair (counties): Mis
souri Oeol. Survey. Rept. for 1873-74. pp. 222-220, 1874. 
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FIg. A. Summit coal horizon and limestone cap rock on Medicine Creek, southern Grundy County. 

Fig. B. Mulky coal horizon and limestone cap rock on Shoal Creek, Putnam County. 
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From his number 1 (Ladore shale) to number 62 (shale 
below the bottom-rock of the Bevier coal, the section is correct, 
but numbers 64 to 85 are repetitions of numbers 35 to 62. Num
bers 38 to 62 and 65 to 85 are referred to the Cherokee shale. 
The coal Broadhead named the "Spring Creek" or "lower Spring 
Creek" and placed about 175 feet below its proper horizon is 
the Lexington bed. Norwood, however, suspeded that the 
upper coal mined in this region was the same as that mined in 
LafayetLe County (the Lexington). In Norwood's two sections 
for Putnum and Schuyler counties, published in the same volume, 
the beds below number 17 of the former and number 10 of the 
latter, are referred to the Cherokee shale. 

Scotland and Clark counties.-In Scotland and Clark 
counties there are 150 feet or less of Cherokee strata resting on 
Mississippian, concealed nearly everywhere by thick glacial 
drift. These beds are chiefly shale, with sandstone in com
paratively small amount, several coal beds of lenticular character, 
and a very few very thin and . lenticular limestone beds. The 
exact stratigraphic position of these beds is still doubtful, tho..,ugh 
it may be that they lie at and just below the Bevier coal horizon, 
as do those of the nearest Illinois coal field, a short distance 
east of Clark County. 

Monroe County.-In Monroe County, east of the area 
for which the last generalized section was given, the chief change 
from the succession in Randolph County is due to the overlap 
of the Pennsylvanian on the peninsula that in Cherokee time 
projected into northestern Missouri from the Ozark land mass. 
In the wesL the interval from the bottom-rock of the Summit 
coal to the Mulky coal is the same as in the generalized section. 
Farther cast and southeast the cap-rock of the Mulky coal 
thickens to 8 feet near Madison and 15 feet near Santa Fe. 
Where it is thick it is rather thinly and irregularly bedded, is 
slightly crystalline in appearance, and at top is dove-colored 
and bears Chaetetes. The shale subjacent to the Mulky 
cap is 4 Y2 to 8 feet thick, is black and slaty, contains 
numerous small flattened concretions, and, locally, larger 
ovoid limestone concretio~s, the latter in the lower part. 
The shale between the Mulky and Bevier coals thins to the 
east so as to be less than 5 feet thick near Paris. The Bevier 
coal is too thin to be of economic fmportance and disappears 
altogether in many places near the eastern edge of the county. 
Near Madison the Tebo is separated from the Bevier by 20 feet 
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and less of material, chiefly shale, but nem Puris and further east 
the Tebo is absent and the Bevier coal horizon is scpal'a led f"Olll 

the Mississippian by only about 15 feel of clay. 
Howard County.-In Howard County the sed ion is mueh 

the same as in Randolph. The "Chaetetes limestone," lhe bot.
tom-rock of the Lexington horizon, is nearly 10 feel thick and 
outcrops conspicuollsly in many places. The day beneath the 
Summit coal contains nodules and thin heds of limestone that. 
lie on the cap-roel{ of the Mulky coal, the latter being only II 

few feet below the Summit. The Mnlky coal hed is absent. 
in much of the county. The Bevier coal lies aboul 85 fcet below 
the top of the Cherokee and the Tebo eoal 2!i fect and less below 
the Bevier. Below the Tebo there is an average Interval of 

. 20 feet, chiefly clay, to the Mississippian. 
In his general section of Howard County 1 Norwood dupli

cated a large part of the Cherokee sect.ion because of a mistake 
in correlating outcrops near Sebree. He placed the beds seen in 
the cut west of Sebree (SW. % sec. 7, T. 50 N., R. 14 W.) 
abqve those at Digg's coal bank, whereas the lowest limestone 
.at the coal bank is the highest in the cut. The Mississippian 
limestone outcrops that were seen near the cut, in the bed of 
Moniteau Creek, during th'e very dry summer of 1911, were prob
ably covered with water during Norwood's visit or he wO\lld not 
have been led into this error. 2 Coal" D" of his gcncrul sec[ ion 
is, therefore, the Tebo and lies below coal "E," the Bevier. IIiI' 
number 39, the bottom-rock of the Bevier coal, is the same 
as his number 60. If numbers 27-39 be omitted and numbers 
40-51 substituted for numbers 61-62, his section hecomes a good 
description of the rocks in this region. Broadhead noted the 
difficulties attached to .applying Norwood's section to western 
and central Howard County and Norwood himself was forced 
to dropout 127 feet of material above coal "E" in order to 
apply his section to rocks near Burton. The "Ferruginous 
sandstone" of Broadhead and Norwood is probably a local 
development of Pennsylvanian sandstone, though there i~ no 
paleontological evidence on which to base this conclusion. 

Boone County.-Southeastward .aeross northeastern Howard 
County into central Boone County the change from the Ran
dolph section is a gradual one and is due chiefly to a thinning 

INorwood, C. J., Geology of Howard County: Missouri 0001. Survoy, Hcpt. 
for 1873-1874, pp. 201-207, 212, 1874. 

'Tho correct seotion is given in volume 11, 2d series, of this Bureau, pp. 204-
201$, 1912. 
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of various shale beds and a thickening and coalescing of certain 
limestones. 

GENERALIZED SECTION OF THE CHEROKEE SHALE EAST OJ!' 
COLUMBIA, BOONE COUNTY. 

Number. Stratum. I Average Distance 
thickness. from top. 

I 
1 Shale, with coal smut (horizon of Lexington ' 

Li;~:~o~e~\;~~t-b'l~~; 'i;;e'g'~l~~;; b'c~'d'e'd';' ~~~j 
lar at toP ............................... 1 

2 

3 Shale .......................... , ......... . 
4 Limestone, bluish to light-gray, in one bed; 

5 
6 
7 

8 

9 
10 
11 

12 
13 
14 
15 

16 
17 

18 

19 

rings under the hammer .... , ............. . 
Shale, black, slaty ....................... , .. 
Coal (Summit), . , ................... , ..... . 
Clay and limestone .............. ' .......... [ 
Shale, both sandy and argillaceous, with lenses 

of sandstone .... , ........ , .. , ......... , ' I 

Coal (Bevier) ............ ' , ............. ' , .' 
Clay, with limestone concretions in lowcr part. ,i 
Limestone, dark-blue; weathers bluish-buff; nod-

ular at top ........ , ........ , .......... , . t 
Shale, dark below, light above ................ [ 
Coal. ...... " ........................... , 'I 
Clay and shale ..................... , ...... . 
Limestone, dark-blue to buff; with 2-foot shale 

parting near middle ...................... : 
Shale, dar]r, with numerous small concretions., , ' 
Coal (Tebo) .................... , ...... ' , . " 
Fire ~lay, white and variegatEid, thiCkness! 

,v~n~ble: av:rage ......... ' .............. 'i 
l\llss1ss1PPlan I1mestone, , . , ' , ... , , , ' , , ' .... , . i 

---

Feet. 

5 

5 
9 

3 
3 

2 

32 
3 
3 

2 
2 
1 
5 

10 

272 
~ 

20 

Feet, 

5 

10 
19 

22 
25 
26 
28 

60 
63 
66 

68 
70 
71 
76 

86 
8872 
89 

109 

The shale at No.3 of the above section thickens to 25 or 
30 feet northwest of Columbia and the shale and sandstone at 
No. 8 are also variable in thickness and character, in places 
showing cross-bedding. The amount of limestone between the 
Bevier and Tebo beds, aggregating 10 feet, is greater in this 
locality than observed elsewhere. The thicknesses of these 
limestones and their intercalated shales change within short 
distances; more commonly there are three thin limestones, the 
upper two a split of the bottom-rock of the Bevier coal and the 
lower the even-bedded cap-rock of the Tebo coal. The coal at 
No. 13 is of local occurrence and the Tebo is not quite as persist
ent as in many other areas. The Mulky coal was found only at 
one place, as a coal streak at the top of No, 8. 
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Our Columbia seelion does not agree very wol! wit.h one 
given by Broadhead l for the same locality. His nurrlbers 
2-15 correspond with the section given dOWIl to and ineluding 
the Bevier coal lwei, btl t the Iowpr beds are qui te different. It 
is believed thal most of Lhe strata ineluded in Broadhead's 
numbers Ui-ln, inclusive, are dupliealiolls of beds lisled in the 
upper part of his see lion and should be omitted .• 

Callawau COllntu.-The thinning of I he shuleR and the 
thickening and coalescing of [11(\ limestones above the l\1ulky 
coal horizon are carried still further in Callaway County, as 
shown in Lhe following: 

OBjNI~H,i\T.T;/'I·jD fH]C'I'[ON (JI<' '1'111'; CIII·]I{.()I'I']I'] I:{IIAf,1<J IN CAIJ1.,AWAY 
COLI N'I'Y. 

Sl,l'utllm. 

IJirnost.ono, dovo-colol'od; j,hin und irrf'gulurly 
bocldocl. _ ............................... . 

2 Limestono, brnwni~h !~ray to bluo; in OrlO iJod; 

4 

5 

() 

7 

oompact; vorLically joinl,ud ............... . 
Rhalo, bluo (hori>lon of SUllImit noal) ......... . 
IJirne8t0I10, ligh L-bluo; thin and II novollI.\! huddl'd : 

vcry i.!lII)l1f'n; 2-10 n .... _ ........... _ .... . 
Rhalo and clay. dark-drab, in p!Lt(~nH ·wiLiI :·!j,J'oaJ.: 

(II' thin b,,,[ ()C coal aL !JaH!.l (Iwl'i,IOII of' I\iulk.l' 

coal) 2 to I[ ft ............................ 1 

Rhule and clay, dr-nit; uof,hinp: i/o 10 fL ........ . 
SanrIHt.nnc, cOllltnonly Wllit.O and locally 80 cml

nalroous U,H 1.0 rCr.lornblo lirnoHt;ono; ('It-l(~\vhoro 

brow nisll; 1 to 11 ft ...................... . 
8 Shalo, in many plfWOH bcml'ing a thin, illlptll'O 

limestono "(Jap-rocl,"; 8 to 2<1 n ........... _ 
\) Coal (Bevior); 18 to 48 inchc'H ............... . 

10 Clay; 1 to 4 ft ............................. . 
11 Limostono, with thi(Jk shule IllLl't,ingtl; 1 to 11 ft. 
12 Shale; nothing to 2 ft ....................... . 
1:3 Coal (cl'obo); nothing j,() (J irwhoH ............ . 
14 

15 
16 

Clay, variegatod; good fll'O clay in lowor part.; 
10 to G5 ft .............. _ ............... . 

Sandstone, whito to brown ................. . 
Conglomerate; ftint and a fow lin"'Kj.()1l0 polJblcH 

and bouldors in a firm silic()ous matrix; 
nothing to 50 ft ......................... . 

17 Mississippian limcstollG ..................... . 

Avoru/J:o 
thlukn('~H. 

1,'col. 

Z(] 

1 ,. .. 1-

-1 !,. 

10 

:1 
5 

5 

llH 
2 )~ 
2 
2 

20 
2 

15 

DiHt.anotl 
froUl top. 

",,,,,,,,,",",,"",.,,--~--

Poet. 

20 

21 !"~ 
20 

:Iii 

:W 

4·l 

4H 

tiO J~ 
n:3 
(15 
(17 

87 
80 

104 

'Broadhead, O. C., Geology of Boorle OOllnty: Missouri' Goo]. Survey, vol. 
12, pt. 3, p. :384, l80S. 
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There is an average of 31 feet of limestone in the upper part 
of this section and in at least one place, west of Fulton, there 
are 38 feet of limestone broken only by 4 feet of blue shale. 
It is tentatively suggested that shale bed No.3 of the Columbia 
section is replaced by limestone in central Callaway County, 
causing the limestones above and below it to become parts of 
one bed. The upper part of No.1 of the Callaway section is, 
therefore, the highest limestone, the "Chaetetes limestone" 
in the Cherokee shale. No.2 may be the cap-rock of the Summit 
coal, which iL strongly resembles in the few places where it is 
well exposed. No. 4 is the bottom-rock of the Summit coal 
bed, combined with an exceptional development of calcareous 
material at its base much like that in the Higbee district of 
Randolph County, and with the cap-rock of .the Mulky coal 
as it occurs in the region on the north. The rest of the section 
does not differ. in essential particulars from that of the region 
on the northwest except that No. 11, Lhe calcareous interval just 
below the Bevier coal, thins Lo the east and, with the Tebo coal 
below it, is absent in most of central Callaway County. 

It must be admitted that the above correlations can not 
be made with any degree of certainty. Exposures on Cedar 
Creek, the boundary between Boone and Callaway counties, 
can be readily correlated with those in central Boone and the 
region farther northwest. The exposures on the east side of the 
divide w hichlies east of Cedar Creek are not so easily placed, 
however, for they include more limestone in closely associated 
beds than is known elsewhere in the Cherokee shale of Missouri. 
It has been suggested orally by two geologists familiar with the 
area that this great development of limestone should be corre
lated with the calcareous beds just below the Bevier coal in Boone 
and other counties. In the light of the recent field w,ork carried 
on in all the coal fields of the State, however, the interpretations 
given above seem better to fit all the facts. It is to be noted 
that similar exceptionally great thicknesses of the limestone just 
above the Mulky coal horizon have been observed also in south
eastern Johnson and northeastern Henry counties and in Bates 
County . 

. Audrain Counly.-In Ralls, Montgomery, and eastern 
Audrain counties the Cherokee section partakes of some of the 
~haracters it has in Callaway County combined with some of 
),~bose of Monroe and Handolph counties. Its total thickness 
~i~~)about 75 feet though the upper portion has been spared by 
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erosion only near Martinsburg and Wellsville. The top member 
is an irregularly bedded limestone about 7 feet or more thick that 
corresponds to the upper part of No.1 of the Callaway section 
and is the bottom-rock of the Lexington coal. Between it and 
the thin cap-rock of the Summit coal are 6 feet of shale par
tially filled with many lenticles of limestone, corresponding to 
No.3 of the Columbia section and the lower part of No. 1 of 
the Callaway section. Near Wellsville the upper part of this 
bed is so calcareous as to be indistinguishable from the limestone 
above it. The cap of the Summit coal and subjacent slaty 
shale are much the same as in Boone County, though the coal 
itself is very irregular in thickness. Below the variable, though 
thin, underclay of the Summit coal are 2 to 15 feet of limestone 
that is irregularly bedded at the top and more massive at the 
base. Locally the lower few feet resemble the even-bedded and 
thin cap-rock of the Mulky coal of Macon COlmty, while the 
upper portion has its counterpart in, the irregularly bedded 
shale and limestone that lie on the Mulky coal cap in Randolph 
County. Separated from the limestone by 7 to 11 feet of black, 
slaty shale containing lenses and ovoid concretions of limestone 
is a very persistent thin coal bed, the M ulky. The Bevier coal 
was found only in Ralls County, where it is a thin and nonpersist
ent bed a few feet below the Mulky. Elsewhere the 20 to 40 
foot interval between the Mulky and the flint breccia and 
Mississippian limestone is occupied only by fire and other clays. 
These clays have much the appearance of being the stratigraphic 
equivalents of the basal clays of Boone and Callaway counties 
and of the famous Cheltenham fire clay of the St. Louis district. 

Northwest Missouri.-Turning now to the northwestern 
part of the State, where the Cherokee is concealed beneath a 
cover of younger Pennsylvanian rocks, we find that the main 
features of the succession are little changed. In many of the 
drillings the Summit and Mulky coal beds and their limestone 
cap-rocks are absent, but the Bedford coal is quite persistent 
and the Bevier bed with its distinguishing limestone bottom
rock can be detected in nearly every good drilling at depths 
of 100 to 150 feet below the top of the Cherokee. ,The good 
drill-records made at Atchison and Leavenworth, and in . less 
degree the one at Forest City, show that during upper Cherokee 
time conditions of sedimentation along Missouri River at the 
west boundary of the State were almost identical with those 
in north-central Missouri. Strata below the Bevier can not be 
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correlated so easily and consist only of shale with interbedded 
sandstone, coal, and clay. The shales constitute by far the 
greater part of the formation, but the proportion of sandstone 
increases toward the base, so that there is comparatively little 
shale for 100 feet or more above the Mississippian. The increase 
in the thickness of t~e Cherokee in parts of northwestern Missouri, 
definite figures for which have already been given, is due almost 
entirely to variation in the portion that lies beneath the.Bevier 
coal horizon, and is caused by the thickening of individual mem
bers and, more especially, by the introduction at the base of 
beds that were laid down before the area farther east and south
east was submerged. Details of the stratigraphic succession 
where drillings have penetrated the Cherokee are shown in 
another publication. 1 

HENRIETTA FORMATION. 

AREAL DISTRIBUTION. 

Overlying the Cherokee shale is a series of limestones 
with interbedded shales and sandstones that has been termed 
the Henrietta formation. Filling a small interval between 
the Cherokee and Pleasanton formations and commonly out
cropping at the top of either present or pre-glacial escarpments, 
it forms the surface rock over a comparatively small area. The 
main outcrop stretches across the State from the west edge of 
Vernon to the Iowa line north of Putnam and Schuyler counties, 
with more or less extensive outliers in Randolph, Howard 
Boone, Callaway, Audrain, and Montgomery counties. West 
of its outcrop it may be recognized in practically all drillings 
penetrating its horizon. Its distance from the outcrop of the 
Mississippian varies from one to 50 miles, usually nearer the 
larger figure. The outcrop in northern Missouri is somewhat 
problematical III places, because of the thick cover of glacial 
drift. 

LITHOLOGIC CHARACTER. 

The upper and lower limits of the Henrietta formation are 
marked by two limestones that are persistent throughout most 
of its area. The middle of the formation, one-half or more of the 
whole, consists of shale, sandstone, and one or two thin lime
stones. In the southern part of its area nearly half the formation 

'Hinds, Henry, The .coal deposits of Missouri: J\1issouri Bureau of Geology 
and Mines, vol. 11, 2d series, 1912. See especially pp. 104, 112, 130, 131, 152, 156, 
157, 164, 166, 169, 170. 173. 213. 214, 302, 303, 327, and 420. 
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is limestone. Farther north the whole formation thins, hut as 
the thinning of the limestones is proportionately greater Lhan that 
of the shales, the latter form two-thirds or three-fourLhs of the 
entire thickness. In most of the State there is no coal in the 
Henrietta, but in the southwest and west there arc one or two 
very thin beds in Lhe LabeLLe shale member and one bed that 
is interstratified wiLh the shale included in the Fort Scott lime
stone .member. 

'rHICJ{NESS. 

In Vernon and Bates counties the Henrietta is no to 110 
feet thiclc Northeastward to Linn and Macon counties there 
is a persistent and uniform thinning, so that 15 feel is the maxi
mum thickness observed in Macon County. From Macon 
northward to the Iowa line there is a steady increase in thickness, 
so that in Putnam there are 40 to 50 feet of strata. In the 
southeastern outliers, mentioned above, the upper parL of the 
formation has been' eroded away in most places, but in Howard 
County alt" the beds remain and aggregate 26 feet. Northwest 
of its outcrop zone the Henrietta probably averages close to 
50 feet. 

SUBDIVISIONS. 

The Henrietta has been divided into three members, the 
Pawnee limestone at the top, the Fort Scolt limestone at the 
base, and the Labette shale between them. The Fort Scoll 
member consists of an upper and a lower limestone separated hy 
a shale bed. 

REGIONAL VARIATION. 

The order of this discussion will be to follow the ou tcrop
ping zone from southwest to northeast and then to consider 
northwestern Missouri, where the formation is concealed by 
younger rocks. . 

Barton and Vernon counties.-The basal portion of the 
Henrietta outcrops on one or two high mounds in northwestern 
Barton County and the higher beds cap the divides along the 
western border of Vernon. The type locality of the lowest 
member, the Fort Scott limestone, is at Fort Scott, Kansas, a 
few miles west of the State line (see fig. A, plate V). The 
Fort Scott section 1 is about as follows: 

'Bennett, John, A section f~om Fort Scott to Yates Oenter: Kansas Univ. 
Geol. Survey, vol. 1, pp. 86-98, 1896. 
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HENRIETTA FORMATION NEli.rl, PORT SCOTT, EANSAS. 

----~------------~----------------~------,------I 
1 Distanoe 
I Thickness. from top. Number. Stratum. 

----1---------------------:1 , ___ _ 

1 I Limestone, in upper 25 feet heavy-bodded and 
containing quantities of the coral Chaetetes 
milliporaceous, and thin seams of gypsum in 
clay partings. Below this the layers are 
somewhat evenly bedded. IvIaxim.um ex-
posed on Pawnee Creek (Pawnee limestone 
member) ............................... . 

2 Shale, arenaceous and micaceous; at Stato line 
there are 2-3 feot of shelly limestone 1 G feet 
from top; near top and bottom are layers of 
bituminous shale, with thin coal beds in 
places, and two other thin streajrs of bitumi-I 
nous matter dividing the whole into three 
nearly equal parts (Labette shale member). 

3 Limestone, upper part unevenly bedded with 
Chaotetes milliporaceous, lower layers some-
what evenly bedded, with vertical seams 
(upper limestone of Fort Soott member) .... 

4 Shale, clay and bituminous, the latter forming 
the greater part; near the middle is a thin coal 
bed and near the summit a yellow clay 
streak (middle part of Fort Scott member) .. 

5 Limestone, "cement rock," light gray, weather-
ing buff, with large crinoid stems, 1 7~ inches in 

Feet. 

35 

60 

10-14 

7 

~::~!~~ .. (~o.\~~~ .. l~~~~~~~~ .. O.f •. ~<'~)~.~ • ~.c.o.t~1 
_____ 1._. ___ .. _--------_._ .. -------_._-- ___ . _ _._ .. ________ _ 

Feet. 

35 

95 

107 

114 

118 ;',-;1 

The Henrietta in Barton and Vernon counties closely re
sembles that at Fort Scott, though the Pawnee limestone is 
probably not more than 20 feet thick. The Pawnee forms a 

. reddish soil through the weathering of its iron content and is 
rather cherty. In one place on the north end of the mound in 
secs. 6 and 7, T. 34 N., R. 32 W., the coal mentioned as lying 
between the two limestones of the Fort Scott member attains a 
thickness of 14 inches and is the thickest coal bed found in the 
Henrietta of Missouri. 

Bates County.-As shown by numerous detailed drillings, 
the Henrietta of Bates County is remarkably uniform as a whole, 
the thickness varying between 90 and 110 feet. The Pawnee 
limestone varies from 12 to 37Yz feet in thickness, is gray and 
cherty, and in many parts of the county forms the bottom rock 
of the Mulberry coal. The Labette shale is 35 to 62 feet thick 
and in most of the county prevailingly sandstone. At the top 
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is shale underlain by a blue limestone about five feel. thick and 
closely resembling the lower limestone of the Fort ScoLl mem\wl'. 
This resemblance is slrengthened by the black slaly shale and 
thin coal bed (Butler seam) underlying it in places. At the 
bottom, a few feel above the upper limestone of the Fort Seoll 
member, is another thin but fairly persistent coal seam, in pluces 
overlain by two or three feet of linleslone. The remainder of the 
Labette is heavy bedded sands lone 25 feeL or more lhick and 
apparently replacing the lower coal in places. In the easlern 
part of the county this sandstone grndes down through t hin
bedded sandstone and sundy shale to argillaceolls shale. i\ bove 
the sandstone is another beel of day shale and the \vhole IS 

about 60 feet thick. 
The upper limestone of the Fort Scott member is Hi !.~ lo 

23 feet thick and more thinly bedded than the Pawnee lime
stone. The shale between the upper and lower limesLones of 
the.Fort Scott member varies from 2 H to 10 feet thick, is blaek 
and slaty in the upper part, and in many places there is a six
inch coal bed below the slaty portion. Below the black shale 
or coal there is a bed of clay res Ling on the lower limestone 
of the Fort Scott. The latter resembles its homolog of the lype 
locality, though it is absent in some drill records and DS much 
as 20 feet thick in others. In many places it is underlain hy 
black shale and coal. 

In Broadhead's generalized seel ion of B a l cs, Verno n, : III d 
Barton counties 1, his number (J7 is the Pawnee, S()-()() the LabeLLe, 
55 the upper limestone of the Fort ScoLt and 50 Lhe lower lime
stone of the Fort Scott, giving the Henrietta a thickness of fin 
feet, rather under the normal because of the small thickness 
assigned to the Pawnee and Fort Scott members. 

A typical section of the Henrietta is shown in the log of a 
drilling near Sprague (SW. U NE. U sec. 10, T. 38 N., It 
32 W.), the upper part of which is given below: 

'Broadhead, G. C., General section of tho southwoRt ooal field in BatoR, Ver
non and Barton counties: Missouri 0001. Survoy, Hopt. for 1878-1874, lIll. (lO-lll. 
1874. 
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DRILLING NEAR SPRAGUE, BATES COUNTY, 

Number'l Stratum, I Thickness,l 

1 • Soil, etc" , , .......•.. , ...... , , , ... , . , . , ... , 
2 
3 
4 

5 
6 
7 
R 

9 
10 
11 
12 

13 
14 
15 

16 
17 

Shale, yellow .... , .... , ........ , , . , . , .. , ... 'I' 
Shale, blue ........ , . , .. , .... , , , , , , ' , , . , . , . , 
Coal (Mulberry) , . , , , . , , , , .... , ....... , ... 'j 
Olay (base of Pleasanton formation) ......... . 

, Limestone (Pawnee) .. , . , .... , ........ , .... . 
Shale, slaty (top of Labette) ........... , .... , I 

~~:ll:~t~~Uee .. " .' : : : : : : : : : : : : : : : : : : : : : : :: : : : : : : I 
Shale, slaty (horizon of Butler coal) . , ... , . , , .1 
Olay.,.", .. , .... ",."., .. ,., .. ,.,., .. , .. 1 

~::~~~~~e. '. '. '. '. " '. '. " " '. " " '. '. " '. " '. '. '. '. : : '. " : '. " " '. : : : I 
Clay (basc of Labette), . , ., .. , ... , ... ,., .... , 
Limestone (upper limestone of Fort Scotti 

member), ... ,.,., .. , ... , ......... , ...... 1 

Shale, slaty, .. , . , .. , , , , , .... ' ...... , .... , .. 1 

Clay, .... , .......... ,.,., ............ , .... ! 
18 Limestone (lower limestone of Fort Scotti 

member) ... ' ,., .. , .. , ... , ............... 1 

! 

4 
30 

2 4 
4 8 

18 6 
1 8 
2 4 
7 6 
5 6 
3 

26 4 
4 

4 10 

21 
3 
5 2 

10 4 

65 

Depth. 

Ft. in. 
11 
15 
45 
47 4 
52 
70 6 
72 2 
74 6 
82 
87 6 
90 6 

116 10 
117 2 
122 

143 
146 
151 2 

161 6 

Henry County.-The Henrietta formation was first described 
in detail in the quadrangle reports on Henry County. Marbut 1 

states that "The formation is essentially the northeastward ex
tension of the Fort Scott and Pawnee limestones and the shales in
cluded between them in Kansas, as defined by Swallow and later 
by Haworth" and gives the following section: 

MARBUT'S GENERALIZED HENRIETTA SECTION (HENRY COUNTY). 

Number, 

12 
11 
10 

9 
8 
7 
6, 
5 
4 
3 
2 
1 

Stratum. 

Limestone ... "" .. ~" ... ,',', ......................... . 
Interval (probably shale) , .. ;:",~,:~:.:.:., ............ , ..... . 
Clay ........ ,., ... ". ,:.,., .. , .................... ,. 
Limestone.c. " .. ,' ::, .. ' .. , ........................ . 
Shale ........ , ...... " ... , .'.:.', ...... , ..... , ......... . 
Limestone. ': .. ; J '. . ...•............ , ............. . 
Shale, black, fissile. . , ................. , ............ . 
Coal ............. '.' .:i . . ': : ..... , •.•.•......••.••. , •.•.. 

Shale, .... , . ,. , .. , .. , .......... , .................. , .. 
Limestone ...... , .1; ~. , :' .'. ' . .' , ... , .. , , , . , ....... , ... , .. . 
Sandstone and shale. ~ ",(i',', ",,;, . , . , ... , ..•.. , . , ...•... , 
Limestone .. , ..... . 

Thickness. 

Feel. 
5 

50 
4 
1 

8 
2 

275 
1 
7 
1 

15 
5 

10175 

'Marbut, C. F., Geological descriptions of the Clinton and Calhoun sheets: 
Missouri Geol. Survey, vol. 12, pt. 2, pp. 1-104, 1898. 

G-5 
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At the Lime Marbut did the I1enry County field work the 
Henrietta formation had not been traced from I he Kansas 
SLate line. Recent field work by Mr. Greene has shown No. 
12 to be the Pawnee limestone, 10-11 the Labelle shale and n 
and 7 the upper and lower limeslones of the .Forl Scolt member, 
respectively. No.1 of this section -is correlated with a ralher 
persistent limestone in the upper part of the Cherokee shale. 
As shown in the foregoing sec lion, bolh the Pawnee nnd upper 
limestone of the Fort Scott are considerahly thinner th:1ll in 
Bates County, partly, perhaps, because they are commonly ex
posed in escarpments where solution or erosion hus reduced 
their thicknesses. Both are known to be of greater thickness 
a few miles north and west of the area studied by Marhll L On 
the divide between Deepwater Creek and Grand HiveI' the lime
stone taken by Marbut as the base of the Henrietta thins out or 
is represented by a thin layer of limestone nodules. Con
sequently in the western part of the Clinton quadrangle the base 
of the Henrietta was originally mapped as the base of the Fort 
Scott limestone, while in the Calhoun quadrangle it. was a lower 
bed in the Cherokee shale. 

Cass Count,y.-In southenstern Cass County, a few lllil(~s 

northwest of the Clinton quadrangle, a drilling pcuctralNI the 
lower part of the Henrietta and the upper purl of Lhe Ch(\l'okpe. 
The drilling was begun on Walnut Creck (SW. }:( see. ;\.1, 1'. 

'44 N., R. 29 W.), below the Pawnee limeslone. 

DRILLING THREl':: MII,E:8 EAWl' Ol~ OAHDElN Cl'I'Y, CAHH COUNTY. 

Number. Stratum. 

Soil and clay .............................. . 
2 Shale, clayey .............................. . 
3 Coal ..................................... . 
4 Clay (base of Labette shalc member) ........ . 
5 Limestone (upper limestone of l;'ort Scol,j, 

member) .•................ , ............ . 
6 Shale, slaty .. , ............................ . 
7 Coal .. , . , ....•............................ 
8 Clay .•..•................................. 
9 Shale, clayey .............................. . 

10 Limestone (lower limestone of Fort Soo!.t. 
member) ............................... . 

11 Sandstone and shale, alternating (top of Chern-
keel •................................... 

12 Shale, slaty. ~ ............................. . 
13 Coal. •••........................... " .... . 
14 Clay,., .................................. . 
15 Shale, clayey .............................. . 
16 Limestone (Marbut's base of Henrietta) ...... . 
17 Coal .•...............................•.... 

'l'hiO!cllOH8.[ 

1<'1. ·in. 
(l 

-1 
Ii 

Ii 7 

14 
-1 
8 

:1 
3 

(j 

36 
2 
1 6 
2 

34 (j 

10 
10 

Fl. in. 
n 

10 
10 Ii 
1n 

an 

41i 

81 
8a 
84 6 
86 6 

121 
1:11 
131 10 
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Farther north in Cass County, at Pleasant Hill, a drilling 
showed the Pawnee to be 5 feet thick, the Labette 63 ~ feet, and 
the upper limestone of the Fort Scott 10 feet. Below this is (1) 
7 feet of dark shale and limestone, (2) 15 feet of shale, dark blue 
and red, and (3) 2 feet of dense blue limestone. It is not known 
whether the lower limestone of the Fort Scott is (1) or (3). 

Johnson Counfy.-On the divide in southern Johnson County 
there are many outcrops of the Henrietta and practically the 
full formation extends east to Sutherland. The following record 
was furnished by Mr. J. B. Scott of Windsor, Mo.: 

SHAFT AT SU'l'HERLAND. JOHNSON COUNTY. 

Number. 

2 
a 
4 
5 
(I 

• 7 

8 
!l 

10 
11 
12 
13 
14 
15 
16 
17 

Stratum. 

Dirt .....•.•.............................. 
Rock (I'awnoe limestone) ................... . 

"Soapstone" .... 'j 
"Slate" ......... . 
Coal. . . . . . . . . . .. (La bette shale) . . . . . . . . .. I 
Clay ........... . 
H.osk (upper limestone of l~ort Scott member) 
Blaok clay ................................ . 
"Soapstone" ......•........................ 
l'tock (lower limestone of r<'ort Scott member) .. 
"Slate" (top of Cherokee shale) ............. . 
Coal ....•................................. 
"Soapstone, fire-Clay and boulders" .......... . 
Hook (Marbut's base of Henrietta) .......... . 
"Slate" ......•............................. 
"Soapstone" .•.....•....................... 
Coal. .................................... . 

Thickness. Depth. 

Feet. 
!l 
8 

20 
3 
1 
2 

11 
5 

11 
4 
3 
Ii 

61 
14 

2 
12 

2 

Feet. 
9 

17 
37 
40 
41 
43 
54 
59 
,70 
74 
77 
78 

139 
153 
155 
167 
169 

On Blackwater drainage both the Pawnee limestone and 
Labette shale are somewhat thinner than in the southern part 
of the county. The upper limestone of the Fort Scott is ap
parently thinner but retains its thin-bedded character and gray 
color. The lower limestone of the Fort Scott is two to three feet 
thick, blue, and weathers buff. It outcrops as a single layer or 
in two or more thin beds. The shale between the two limestones 
is irregular both in thickness and lithology, but in all outcrops 
contains a layer of black bituminous shale. One or two thin 
layers of limestone occur in places. The thickness of the Fort 
Scott varies from about 10 to 30 feet. 

North of Holden is the following outcrop of the Fort SC9tt 
limestone: 
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=:~]--------------- Str:ltum. I ThickrHlHII. 

1----------------------------------- -- I - Fl.--,~~~.---

2 
3 
4 
5 

I,imestone, gray; thin-bedded, cherty (u [lpcr lweI of i.ll<'1 
Fort Scott) ................... , ....... , . . . . . . . . . . . . 1" 

Shale, drah at top and bottom, d:l.rl{ in middlo ............ 1 :l 
TJimestone, gray, even beddod, jOltlLed .................. '1 (\ 
Shale. dc~rk ......................................... " . 2 
Limestone, blue, surface Hlighl;ly wuvy and covorN! wit,hl 

fucoidul mal'kings ................................... i l-(j 

(3 I Shale, drab at top, blacl, :lnd slat.y below (horizon of IIPpor"I' 

I 
Fort Scott coal) .•.•......................... , . . . . . . :l 

7 Shale, black, soft ................... , .. , . . . . . . . . . . . . . . (\ 

No.2 or 4 of this section may be the Lexington coal horizon 
and No.6 the Summit coal horizon. Nearby are some mines 
in a bed equivalent to the lower Fort Scolt coal of Kansas. In 
the shale over-lying the coal are large, round concretions of 
limestone that contain fossils similar to those found in the 
roof shale of the Mulky coal in north-central Missouri. 

Lafayette County.-N orthward, in eastern Jackson, Lafayelle, 
and Saline counties the Pawnee limestone is commonly 4 or 5 
feet thick, though in a few drillings it is 7 or 8 feet. The I,nbetle 
shale contains much limestone, and in a few plaees has a lO-ineh 
coal s'eam and in others thin limeslones. The thickness of the 
Labette varies from 12 to 26 feet, averaging ubou l 20 feel. The 
Fort Scott member is extremely variable, the two limestones 
with the intervening shale being reported in drillings as from 1:3 
to 37 feet thick, averaging about 20 feet: the upper limestone 
is a white or gray limestone, about 8 feet thick as a rule but 
varying from 3 to 12 feet; the lower limestone, varying from 4 
t<;> 9 feet in thickness, is a blue or gray limestone, difTering, 
however, from its exposures in the type locality in being thin
bedded. No generalization can be made for the shale between 
the two limestones as it varies from a mere film to 20 feet in 
thickness, averaging about 6 feet. In places it contains so much 
calcareous material. that it is almost a limestone, and in others is 
a black shale or clay. 

Marbut, 1 in mapping the Lexington and Richmond quad
rangles, drew the base of the Henrietta formation at nearly the 
same horizon a-s in Henry County; that is, at the base of a thin 

'Marbut, C. F., Geological descriptions of the Lexington and Richmond 
sheets: Missouri Geol. Survey, vol. 12, pt. 2, pp. 193-308, 1898. 
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Fig. A. Lexington coal bed and overlying limestones, 
Lakeview, Ray County. 

'~OL. XIII. 2ND SERIES. PLATE IX. 

Fig. B. Part of Henrietta formation near Kirksville, 
Adair County. 
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limestone associated with the Summit coal and 30 or 40 feet 
below the base of the Henrietta as defined in this report. In the 
eastern part of Lafayette County, the "Middle Coal Measures" 
as defined by Winslow 1 correspond with the Henrietta of Marbut 
except that they include the Mulky coal and its underclay at 
their base. 

Ray and Carroll counties.-Across Missouri River in Ray 
County there is scarcely any change in the thickness or lithology 
of the members of the Henrietta except that in many places the 
lower limestone of the Fort Scott is, perhaps, slightly thinner. 
Marbut's section gives a total thickness of 57 feet for the forma
tion. Farther east, in Carroll County, all the members are 
thin, especially the Labette shale, and the total thickness of the 
formation is not more than 30 or 35 feet. 

HENRIET'l'A FORMATION WEST OF TINA, CARROLL COUNTY. 

Number. Stra.tum. 
I Distance 

Thickness. from top. 

Feet. Feet. 
1 T • .imestone, gray, nodular (Pawnee) ........... 3 3 
2 Shaly slope (Labette) ....................... 15 18 
3 Limestone, blue, weathers buff .. { 

(Fort Scott) . } 
2 20 

4 Shale, drab, green, and red ..... 5 25 
5 Limestone. gray to buff ........ 5 30 

-.... -,.-,--~.- .. ----------
Chariton County.-Very little of the Henrietta is exposed in 

Chariton County, as most of it has been eroded away. On Mus
sel Fork near Westville there are a few patches of beds resembling 
those in Carroll County. 

Livingston County.-The Henrietta 'is the same in south
eastern Livingston County as at Tina, Carroll County. Farther 
north, in the vicinity of Wheeling, the Pawnee limestone is 
absent, either because it was never deposited or because it was 
removed by Pennsylvanian erosion in some districts. In the 
:p.orthern part of Livingston and in Grundy County there are 
very few outcrops of the Henrietta. At Trenton the shales are 
thin, and the limestones almost unrecognizable, though near 
Laredo the formation is about 25 feet thick. 

Linn County.-The formation. varies from 25 to 30 feet thick 
in Linn County. In the Santa Fe railroad cut northeast of 
Bucklin, on the east county line, the following section was 
measured: 

IWinslow. A. W .• The Higginsville sheet: Missouri Geol. Survey. pp. 1-17 
and map. 1892. 



70 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

HENRIETTA FORMATION NORTHEAST OF BUCKLIN, I,INN COUNTY. 
---,----------.---.--------"-7-------------.-------

I Distance 
Number. 

1 

2 

3 
4 
5 
6 
7 
8 

\) 

10 

Stratum. '!'hlckness. !~~m ~oP. _ 
-----------------,------

Limestone, gray; nodular at top; weathers buff 
. or gray (Pawnee member) ................ . 

Shale, drab, greenish, and black; some layers 
calcareous (top of Labette member) ....... . 

Limestone nodules, gray; six inches to ........ . 
Olay, drab, with calcareous band in middle ... . 
Shale, purplish ............................ . 
Shale, drab, argillaceous ................... . 
Shals, calcareous tbase of Labette member) ... . 
Limestone, buff; argillaoeous; nOdu- (Fort 

lar. . . . . . • • . .. . . . . . . . . . . . . . . . Soott 
Shale, drab to buff; caloareous. . . . . lime-
Limestone, gray; argillaceous; in stone 

thin irregular beds.... ......... member) 

Ft. in. 

3 9 

5 
1 4 
o 

5 
3 

2 6 
2 (I 

4 5 

Ft. in. 

3 9 

8 \) 

10 
HI 1 
17 1 
IS (J 

III \) 

22 a 
24 n 

21J 2 

-----.:..------------------'._--_._----_._---_._-_ .. _--------

Macon County.-There are few outcrops in Macon County 
that show all of the Henrietta. F'!'agmentary exposures in
dicate a continued eastward thinning of the Labette shale and 
Fort Scott limestone. West of Atlanta the thickness of the 
whole formation was found to be only about 15 feet. the minimum 
noted in its entire outcropping area. From Linn and M~con 
counties northward to Appanoose County. Iowa. the thickness 
gradually increases. 

Sullivan and Adair counties.-Drill and shaft records at 
Milan and Boynton show the thickness of the Henrietta to 
be 29 to 34 feet. lOne mile east of Youngstown, the most 
southerly point in Adair County at which the whole formation 
was seen, the following beds were measured: 

SEOTION EAST OF YOUNGSTOWN. 
---,------------------------_ .. ---

Number. Stratum. 
Distanoe 

Thlokness. from top. 

------I-----------------~---~---·I---------I--------

1 

2 
3 
4 
5 
6 
7 
8 
9 

Limestone, gray, heavy layer (Pawnee mem-
ber) ..........•......................... 

Slope, shaly (top of Labette member) ....•.... 
Limestone, unconsolidated nodules .......... . 
Shale, dark-drab ..•........•................ 
Limestone, buff; nodular at top ............. . 
_Shale, dark-drab .....••....•................ 
Limestone, purplish, fine-grained ............ . 
Shale, drab ..•.••...•...................... 
Limestone, gray, compact, single layer (base of 

Fort Soott member) ....................•. 

Foet. Feet. 

2 
8 
1 
2 
2 
4U 

U 
8 

1 

2 
10 
11 
13 
15 
19U 
20 
28 

29 

ISee Mo. Bureau Geology and Mines, vol. 11, 2d series, pp. 406-407, 1912. 
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In Broadhead's section of Linn, Sullivan, and Adair counties 1 

a number of beds were duplicated. In the first part of this 
section numbers 19-37 are referred to -the Henrietta formation 
and in the last part number 64, a duplication of numbers 34-37, 
is also referred to the Henrietta. The Putnam and Schuyler 
county sections published by Norwood in the same volume 
are approximately correct, numbers 3-17 of the former and num
bers 1-10 of the latter being referred to the Henrietta formation. 
Attention has been called to this duplication in our discussion 
of the Cherokee shale. 

Putnam County.-The Henrietta formation is well exposed 
in Putnam County and attains there its maximum thickness 
for northern Missouri. 

SHAF'l' OF UNIONVILLE COAL COMPANY, UNIONVILLE, PUTNAM 
COUNTY. 

_N_u_m_b_cr_·I ________ s_tr_a_t_um_. _______ 1 Thickness. Depth. 

Feet. Feet. 
1 Drift clay .. ............................. 26 26 
2 Shale (base of Pleasanton formation) .; ..... , 4 30 
3 Limestone (Pawnee member) ................ 4 34 
4 Shale, red (top of Labette member) ........... 4 38 

IS Sandstone, firmly cemented .................. 7 45 
6 Shale and sandstone, alternating .............. 8 53 

7 Shale (baso of Labette member?) ............. 3 56 

8 Limestone. "water rook" .t;:,.,;.I;' !~!}" .......... 3 59 

9 Shale, dark blue ............................ 13 72 

10 I,imestone, gray, ~·10-inch cap" ................. If 73t 

11 Shale ..•............ · .............. ······ . 6 791 

12 Limestone, blue; "cap-rook" (base of Fort Scott 
member) . A~~":J.':~ ( .'~ .. ~. 't).· . .............. 2 81t 

13 "Slate and clod" (top of Chcrolree shale) ...... 2 83t 

14 Coal (Lexington) 't . ......................... 

As shown by this record the total thickness of the Henrietta 
is 51! feet. At other places in the county the thickness varies 
from 40 to 45 feet, depending largely on the thickness of the 
Labette shale. The latter is apparently thicker where sandy 
than where it is mostly clay shale. • 

Bain, in his report on Appanoose County, Iowa,2 which 
is just north of Putnam and Schuyler counties, grouped the 
Henrietta and a few other beds in a formation he named the 

'Broadhead, G. C., (Geology of) Linn, Sullivan, and Adair (counties): Mis
souri Geol. Survey, Rept. for 1873-1874, pp. 222-226, 1874. 

'Bain, H. F., Geology of Appanoose County: Iowa Geol. Survey, vol. 5, 

pp. 377-394, 1895. 
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"Appanoose," a term that is in general use by Iowa geologisls. 
His section, somewhat condensed, is as follows: 

"APPANOOSE FORMATION" IN APPANOOSEl COUNTY, IOWA. ---,---------------- ---------------
Number. Strttum. 'l'hlololOsa. ---1------------------------------

17 

16 
15 
14 
13 

12 
11 

10 

9 

8 

7 
6 
5 
4 
3 
2 
1 

Limestone, gray, sub-orystalline; known <Lmong j,he 1II11wr~ 
as the "floating rook" .............................. . 

Shale, argillaoeous; oolor variable ...................... . 
Limestone; heavy ledgos; tho "flft,y-foot limostolw" ...... . 
Shale, argillaoeous; blue and rad in color .•....•.......... 
Shale, arenaoeous; frequently forming a well doflnod Hand-

stone ......................................•....... 
Shale, argillaceous; blue to gray •••..••.•...••.......... 
Limestone, somewhat variable In thlclUl(lAS; Itnown ItH j,ilo 

"seventeen-foot limestonc" or "1lUla rock" ............ . 
Shale, sometimes gray; froquently bltumlnouB ILnd PYI'!-

tiferous ........................•................... 
Limestone, sometimos gray, and coarsoly sul>nl'y,..tallilH~; 

sometimes fine-grained, bituminous, and gl'udlng into 
the shales above and below; known as the "cap rO(lk" •.. 

Shale, usually bituminous, and known as "ala to"; ()()(Jaslon
ally in part soft and clay-like; then Imown aR clod, aj, 
times heavy and homogenous non-tlssile, In whloh form 
it is known as "blaok bat" ......................... . 

Coal, upper benoh, usually ............................ . 
Clay parting, "mud band" ............................ . 
Coal, lower bench, usually ............................ . 
Clay parting, the "dutchman" ......................... . 
Coal, frequently not so pure ........................... . 
Fire clay ............................................ . 
Limestone, "bottom rook" ............................ . 

Ft. -/11. 

2--4 
12--aO 

4--1 () 
H 

8 
10 

7 

2--4 

1-:~ 

1 

l-fl 

a 

RIO 
2- a 
810 

.~ ~ 
2 :J 

(l 

Nos. 2-7 are correlated with the Lexington coal and, with 
No.8, are at the top of the Cherokee shale. No.9 is correlated 
with the lower limestone of the Fort Scott and 11 wilh the 
upper limestone of the Fort Scott, 12-14 with the Labette shale 
and 15 with the Pawnee limestone. The beds above, Nos. 16 
and 17, are referred to the lower part of the Pleasanton shale 
on the basis of the field work recently carried on in Missouri. 

Southeastern outJiers.-Southeast of the main outcrop of the 
Henrietta are a number of more or less extensive outliers in 
Randolph, Howard, Audrain, Boone, Callaway, and Mont
gomery counties. The Henrietta formation of Randolph and 
Howard counties is about 25 feet thick and is similar to that of 
Ch~ritonl Linn? and M~con c(;)Unti~s, 
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TYPICAL SECTION OF HENRIETTA FORMATION IN RANDOLPH 
AND HOWARD COUNTIES. 

Number. Stratum. 
Distance 
from top. I Thickness. 

------1-------------------------------------1-------1-------
I Feet. 

Limestone. gray; rough-bedded; impure; with 
speoks of oaloite (Pawnee member) ........ '11 

Shale. light-buff. with small marble-like oon-
oretions (top of Labette member) ......... _ 

2 
2 

3 Coal. streak ................•............... 
4 Shale, drab; oaloareous at top (base of Labette 

5 

6 
7 

member) ............................... . 
Limestone. blue; weathers drab; rough on top; 

in one layer (top of Fort Soott member) .. . 
Shale, drab; with thin lenses of limestone ..... . 
Limestone; dark-blue to dove; irregularly bedded 

above, massive below (base of Fort Scott 
member) ............................... . 

3 

12 

2 
1 

6 

Feet. 

2 

5 

17 

19 
20 

26 

All the members of the formation in this region outcrop 
only on the divide north and south of Armstrong and in small 
scattered areas in the upper part of Bonne Femme and Moniteau 
creek drainages. The easternmost undoubted exposure of a 
Henrietta bed is a short distance from Columbia, Boone County, 
where a part of the lower limestone of the Fort Scott can be dis
tinguished. The "Chaetetes limestone" at the top of the Chero
kee shale can be seen on many ridges and it is probable that 
wherever it outcrops large outliers and fragments of the IQwer 
limestones of the Fort Scott have escaped erosion and lie con
cealed beneath the heavy drift cover. The same reasoning 
applies also to the outliers in Boone, Callaway, Audrain, and 
Montgomery counties, where areas containing the highest 
Cherokee beds are mapped as also containing some Henrietta. 
It is possible that the upper part of the very thick limestone 
at the top of the Cherokee in the last three counties named is 
of Henrietta age, the thin shale between the "Chaetetes lime
stone" and the lower part of the Fort Scott having disappeared, 
the two limestones forming one massive stratum. 

Northwestern Missouri.-Northwest of the outcrop zone of 
the Henrietta, in northwestern Missouri, the formation dips 
beneath younger rocks. Drilling in this region invariably shows 
the limestones and other beds of the formation at their proper 
horizons except in a few places where they have apparently 
been removed by erosion and replaced by shales and sand
stones of the Pleasanton formation. In much of the region 
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it is easy to recognize the Pawnee limestone at the lop of Ole 
Henrietta formation because of the absence of limestones in 
the basal Pleasanton, but the exact delimitation of the base of 
the Henrietta in drill logs is a more difficult problem. As shown 
elsewhere, there are two or three fairly persistent limestone and 
coal beds near the top of the underlying Cherokee shale and in 
some cases the line of demarkation belween these two formations 
is very indistinct. 

In Jackson and southern Clay counties the IIenrieUa is 
reported 50 to 60 feet thick and varies liLlle from its nearest 
outcrops. Farther north in Clay County 80 to 107 feel of lime
stone and shale have been penetrated below the Pleasanton, 
the lower part probably belonging in the Cherokee. At 
Leavenworth and Atchison, Kansas, the thickness is apparen tIy 
close to 50 feet, as it is also at Saxton and La Lhrop, Missouri. 
In northern Clinton County not over 30 feet of strata can be 
referred to the Henrietta in the Cameron drilling, hut in thal 
at Stewartsville the amount of "roel,," reported in the Des 
Moines may indicate a greater thickness. 

In Caldwell County the Henrietta formation is usually 
found to be about 40 feet thick, but at Hamilton there arc only 
13 feet of strata that can be assigned to it. The drilling at 
Gallatin, Daviess CounLY, penetrated about 20 feet of "conglom
erate" and interbedded shale which is believed to be lhe lJen
rietta. Westward on the same fork of Grand H.ivcr, the llell
rielta was pierced at Gentryville, Gentry County, by a core 
drill, but unfortunately all consolidated material, regardless of 
its nature, was reported simply as "rock." As nearly as Gould 
be ascertained, however, the Henrietta is 73 feet thick and the 

. Pawnee limestone at its top is 17 feet thick. At Maryville the 
log of a core drilling shows 59 feet of limestone and shale in the 
approximate stratigraphic position commonly occupied by the 
Henrietta, but drillings in Iowa seem to indicate that part of 
this may be Pleasanton. 

In the western part of the State the lower part of the 
Pleasanton apparently includes much limestone, rendering very 
difficult the exact determination of the Pleasanton-Henrietta 
boundary. On the basis of a comparison of the Forest City drill 
record with those at Atchison, Kans., and Maryville, Mo., the 
thickness of the Henri(jtta at Forest City appears to be about 
70 feet, although some limestone is present to as much as 118 
feet above the base of the formation. 
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A number of drillings in Mercer and Harrison counties 
have penetrated far into the Cherokee shale, but in most of 
them the greater part of the Henrietta has been replaced by 
Pleasanton beds. In this district the most common thickness 
of the Henrietta is 40 to 50 feet where the whole formation is 
present. Three drillings near Lineville, Mercer County, failed 
to penetrate any limestones that could be correlated with those 
of the Henrietta, and it is probable that they were removed 
by erosion during Pleasanton time. 

The northward extension of the Henrietta (termed Appa
noose in Iowa) and Pleasanton formations in southern and 
central Iowa has been ably discussed by Bain and Leonard. l 

PLEASANTON FORMATION. 

AREAL DISTRIBUTION. 

The Pleasanton formation is the upper of the three forma
tions of the Des Moines group. From the Kansas State line to 
Grand River in Livingston County it outcrops in the face of 
the escarpment capped by the limestones at the base of the 
Kansas City formation and extends eastward to the top of the 
escarpment formed by the Henrietta formation, occupying a 
belt 5 to 20 miles wide. North of Grand River its outcrop 
abruptly widens, averaging nearly 50 miles and extending 
from the Kansas City escarpment to the Chariton River or farther 
east. In Howard County there is a small outlier. The outcrop 
is shown on the State geologic map. 

UTHOLOGIC CHARACTERS. . 

By far the greater part of the Pleasanton is shale, but sand
stone is abundant and is preponderate in places. Thin lime
stones are present in Bates County a.nd in the northwestern 
part of the State, as shown in drillings, but in the greater portion 
of the area of outcrop limestone is absent or represented only 
by one or two thin beds. A thin coal seam (Ovid) i~ fairly per
sistent near the top and another (Mulberry) lies near the base. 
The latter is an important bed in Bates County and its possible 
equivalent has been mined for local consumption in Livingston 
County. One or two other thin beds are locally present. 
On the whole the lithologic character of the Pleasanton is 

'Bain, H. F., and Leonard, A. G., The Middle Coal Measures of the western 
interior ooal field: Jour. Geology, vol. 6, pp. 577-588, 1898. 
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extremely irregular, probably because of both contemporaneous 
erosion and of exposure to atmospheric denudation for a shod 
time. In many places in the northern part of the State the lower 
5 to 20 feet of the Pleasanton consist of reel, white, or green 
shale. In some localities there are one or more thin limes lones 
15 to 70 feet above the base of the Pleasanton, probably in part 
correlatives of the Altamont limestone of Kansas geologists. 
It is a question, however, whether the limestone lentalively 
correlated with the Altamont lies at the same horizon in every 
instance. Above this limestone the shale of the Pleasanton 
apparently grades laterally through sandy shale and shaly thin
bedded sandstones to heavy-bedded or massive sandstone that 
is locally accompanied by conglomerate and in many plaees 
rests on lower Pleasanton or even older rocks. That this sand
stone is of the same age as that occupying the Warrensburg 
and Moberly channels is within the bounds of possibility. 

THICKNESS. 

In Bates County the Pleasanton is more than 200 feel thick. 
Northeastward along the outcrop there is a steady thinning to 
Adair and Putnam counties, where it is about 100 to 125 feet 
thick. West of the outcrop, too, a thinning to the north has been 
noted in drill-records, so that in Buehanan, Clay, and Clinton 
counties the thiekness is only 120 feet. Still farther north, 
however, in Nodaway, Harrison, Mercer, and Grundy counties, 
the formation again thiekens to about 150 feet. Although the 
figures given are probably close to Lhe average, there is con
siderable variation, even within comparatively small areas. 

SUBDIVISIONS. 

Although five subdivisions have been described and named 
in Kansas, the formation is too heterogeneous in most of Missouri 
to justify the naming and mapping of members. It is possible 
that more detailed work in Bates and Cass counties may reveal 
the equivalents of the members in Kansas, though they are 
certainly not persistent farther north, particularly in north
central Missouri, where the formation has been carefully 
examined. At the base of the formation, resting on the Pawnc.e 
limestone, many sections show red and green shale or clay, 
in places containing ferruginous concretions. Above this red 
shale there are one or two thin coal beds overlain by limestone 
in one or more thin beds. Both the limestones and the included 
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shale are very fossiliferous and in Putnam, Sullivan, and Mercer 
counties may well be termed a Trepospira sphaerulata zone. 
The relations of this zone to the red and green shale are not 
known but there is some evidence of a slight local uncomformity. 
In Carroll, Livingston, Linn, and Adair counties there is a some
what thicker limestone that may be stratigraphically the equiva
lent of the Trepospira sphaerulata zone and is here tentatively 
correlated with the Altamont limestone of Kansas. Above this 
and below the Ovid coal (near the top of the Pleasanton) is an 
unconformity that has been noted in nearly all of the north
central counties. Sandstone that is probably of upper Pleasanton 
age rests on the shale above the limestone (Altamont?) or on 
lower beds, even on those stratigraphically 50 or 60 feet below 
the horizon of the top of the Cherokee shale. Directly beneath 
the sandstone there is in many places a thin coal bed with 
a black slaty shale roof and in others a conglomerate (Chariton 
conglomerate of Bain) which usually grades up into the sand
stone. 

The unconformity mentioned in the last paragraph may be 
wide-spread and closely connected with the channel fillings kno\vn 
as the Warrensburg and Moberly sandstones,. \yhich are dis
cussed in a separate chapter. 

REGIONAL VARIATION. 

Bates County.-In the greater part of the Pleasanton area 
of Bates County the base of the formation is well marked by 
the Mulberry coal, separated from the top member of the Hen
rietta (Pawnee limestone) by a few feet of clay. South of Osage 
River the Mulberry coal is overlain by shale having a maximum 
thickness of 65 feet, above which is a limestone that is perhaps 
the equivalent of the Altamont of Kansas. North of the Osage 
limestone lenses appear in the shale over the lVlulberry coal, 
as shown in the following drill record near Merwin (NE. U SE 
U sec. 5, T. 41 N., R. 33 W). 

DRILLING NEAR MERWIN, BATES COUNTY. 

! , 
Stratum. I Thickness.' Depth. Number. ___ .1 ________________________________ 1 ,------

I Ft. in. Ft. in 

1 
2 

3 
4 

Soil ....................................... i 15 '15 
Olay. sandy •.............................. ':1 5 20 
Sandstone, soft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 i 28 
Shale •.•................................. '1 16 44 
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DRILLING NEAH. MEnWIN, BA'l'ER COUN'J.'Y ·····Conl,illIHHI. 

Number. Stratum. Depth. 

Ft. in. Fl. in. 

5 Shale, black, slat.y. . . . . . . . . . . . . . . . . . . . . . . . . . :3 47 
6 Clay...................................... !l vn 
7 Limestone, soft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 (H 
8 Shale ..................................... :!I Hr: ,. 
{) J.Jimestone and sandstone. . . . . . . . . . . . . . . . . . . . H H III (l 

10 Shale, blue at top, light below. . . . . . . . . . . . . . . . IH S ] 10 :] 

11 I.imestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I) I j" 2 
12 Shale.. .... ............... ...... ......... . :! -1 117 n 
13 Limestono. sholly. . . . . . . . . . . . . . . . . . . . . . . . . . . {) 12(1 n 
14 Shale, blue. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 1 127 (I 

15 Coal (Mulberry) . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7 laO 1 
16 Clay. . . . . . . . . . . . . . . . .. . . . . .. .. . .. . . . . . . . . 4· l:H 
17 Limestone (Pawnee) ....................... . 

The upper part of the Pleasanton is shown in a seelion 
at the east end of Lhe long mound in T. 42 N., n .. :32 W. 

1 

2 
3 
4 
5 
6 
7 

8 
9 

10 

PI,EASANTON FOH.MA'rrON SOU'I'lIWF]ST O(i' Ann,IA N. 

Stratum. 
1

·I'hiCknOHrJ. ]) iNlallo() 
from j,()!). 

Limestone (Hertha limestone momber of Kall·1 
sas City formation) ....................... : 

Slope, covered .............................. ! 
Shale, shandy; concealed in plaoos ........... . 
Slope, covered ............................. . 
Sandstone, heavy beddod ................... . 
Shale, drab; clayey at top; co noealcd at base .. 
Shale, black, slaty ......................... . 
Clay and shale ............................ . 
Sandstone, calcareous; almost a limos tone ..... . 
Shale, drab, clayey ........................ . 

Fccl.. Fe!'/. 

10 
85 
:lO 
5+ 

25 
d 
4 
2 
(j 

10 
05 

125 
lao 
155 
15(l 
IOO 
lU2 
1Ml 

._------- ._----_. __ ._-_ ... - .. _._.----.-,._" .. 

North of Adrian the Pleasanton contains much sal1d~ 
stone. 

Near Amoret the distance between the Mulberry coal and 
the lowest limestone of the Kansas City formation was found 
to be 167 feet and to the top of the ridge 222 feel. West of 
Passaic the total thickness of the Pleasanton, as measured by 
barometer, was 185 feel. 

Johnson, Cass, and J acl-r.son counties.-Broadhead deter
mined the thickness of the Pleasanton formation in Johnson, 
Cass, and Jackson counties to be 176 feet and constructed the 
generalized section given below in modified form. 
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PLEASANTON FORMATION IN JOHNSON, CASS, AND JACKSON 
COUNTIES. 

Number. Stratum. I I Distance 
Thiokness. from. top. 

Shale, bituminous ......................... . 
Shale, argillaoeous, or porous sandstone ....... . 
Limestone, sandy .......................... . 
Sandstone, caloareous; 3 inohes of ooal at base .. 
Shale, sandy .............................. . 
Coal, a few inohes ......................... . 

Feet. 
1~ 

13~ 
1 
1~ 

35~ 

Feet. 
IH 

15 
16 
17 H 
53 

2 
3 
4 
5 . 

6 
7 
8 

9 

Shale, olayey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 68 
Sandstone, buff. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 72 
Sandstone and shale. . . . . . . . . . . . . . . . . . . . . . . . 45-55 117 

10 
11 
12 
13 
14 
15 
16 
17 

Limestone ................................. ' 2 119 
< I 

Shale, marly, and limestone nodules ........... ' 7 126 
Shale, olive and purple. . . . .•. . . .. . . . . . . . . . . . 10 136 
Shale, sandy, and shaly sandstone. . . . . . . . . . . . 22 158 
Coal (Holden). . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 159 
Shale .................................... . 
Limestone ............................ " .. . 
Shale .................................... . 

I 
I 

6 
2 
9 

165 
167 
176 

The average thickness of the Pleasanton in Jackson County,' 
as shown in ten drillings in or near Kansas City, is about 174 
feet. A few layers of limestone have been reported in drillings, 
but the most noticeable stratum is one of red shale somewhat 
below the middle of the formation. It is shown in the fog of 
a shaft near where 56th Street crosses Blue River: 

SHAFT OF CLAY MINE AT KANSAS CITY, MO. 

Number.1 Stratum. 

1 Limestone (Bethany Falls) ................. . 
2 Shale, slaty (Lad ore) ••..•.••............... 
3 Limestone (Hertha) .••....••............... 
4 Sandstone (top of Pleasanton formation) ..... . 
5 Shale ...•.•............................... 
6 Sandstone ............................... . 
7 Shale ..•.................................. 
8 Sandstone ................................ . 
9 Shale .•.•.•.............................. , 

10 
11 

12 
13 
14 
15 
16 
17 
18 

Sandstone ................................ . 
Shale ........ " ................... ' ....... . 

1 Sandst~ne ................................ . 
I Shl!le, ilght-oolored ........................ . 
Sandstone ...••............................ 
Shale; red at base .......................... . 
Sandstone .•••............................. i 
Shale ••••.••.................... · ... · .. ·.·1 
Sandstone ....................•............ 

Thiokness·1 

Feet. 
22 

4 
16 

7 
4 

IH 
1234 

6 
39 

2 
16 

134 
1034 

6 
S 

1234 
22 

8 

Depth. 

Feet. 
22 
26 
42 
49 
53 
5434 
67 
73 

112 
114 
130 
13134 
142 
148 
IS6 
168~ 

190~ 

198~ 
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SHAFT OF O[,AY MINE AT ],ANSAS OJ'!'Y, lVrO.···-()Ontlllu("l. 

Number. Stratum. 
---1-·----·-·----

19 
20 
12 
22 
2:3 
24 
25 
26 

8hale (base of l'lettsanton formation) ...... . 
·l,lrnestonc (top of Henrio(,t.f1 formaLion) ...... . 
Shale .................................... . 
I,imestono, shelly .......................... . 
8halo.· ................................... . 
"Rock, httrd" ............................. . 
Sandstono ................................ . 

I Shale; light-colored at top, bluo bolow ........ . 

1<'(1£'1. 

R 
II 

4 

4 
(\ 

4 
11 

D(I[lth. 

Fcct. 
20() }~ 

212 J"~ 
2 I (\ ~~ 
:.!~ 1. .l/~ 

2~!) 3"2 
2a 1 ~,~ 
2:Hi l,~ 

Lafayette County.-One mile west of Napoleon Broadhead 
found t.he t.hickness of the Pleasan Lon to he about 165 feet un d 
saw no limestone in a rather poor exposure. According to 
Marbut the average thickness of the formation near Wellingt.on, 
Odessa, and Lexington is 150 feet. 

Ray County.-Across the Missouri River 
the Pleasanton also averages about 150 feel. 
a generalized section as follows: 

in Ray Counly 
Marbut 1 gives 

Number. 

1 

2 
2 
4 
5 
6 

PI,EASANTON FOI1MA.'rrON IN I1AY C()UN'l'Y. 

Stratum. 

Shale, argillaceous, reddish ............................ . 
Shale, sandy and argillaceous, brown and rClddlHh ........ . 
Coal ............................................... . 
Shale, sandy ........................................ . 
Sandstone ...................................... : .... . 
Shale, blue and red, argillaoeous ....................... . 

'l'hiolmOBB. 

1<"'U(. 
20 
so 

t 
25 

30 

Near the top of the formation is a thin coal bed (Ovid) 
that appears at this horizon in many places along the outcrop 
of the Pleasanton in northern Missouri. 

Carroll County.-In Carroll County the Pleasanton is about 
150 feet thick. Near the middle is a thin lenticular limestone, 
below which is red shale over sandstone and sandy shale to 
within 10 to 20 feet of the base. At the base of the formation 
is a layer of red and green shale containing a great number 
of heavy purplish or reddish-brown, ferruginous concretions. 

'Marbut, C. F., Geology of the Richmond quadrangle: Mo. Geol. Survey, 
vol 12, pt. 2, p. 274, 1898. 
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At one place near the north line of the county the total thickness 
of the Pleasanton is 122 feet. 

Caldwell County.-The Pleasanton of this county resembles 
that of Carroll and is about 140 feet thick. The formation is 
chiefly shale, the lower third containing interbedded sand
stone. In a few places the Mulberry coal has been reported at 
the base, and it is a significant fact that the coal is present only 
where there is sandy shale or sandstone just above its horizon, 
but absent where the basal Pleasanton is a red shale. The red 
shale is known to some drillers in this part of the State as "Kim
ball." 

Livingston County.-North of Caldwell County the strati
graphy of the Pleasanton is somewhat complicated by the 
presence, in places, of heavy-bedded sandstone and thin con
glomerates that rest on various members of the Pleasanton or 
even on lower beds. 

At the east end "of the high hill at Utica there are: 

SEOTION NEAR UTICA. 

Number. Stratum. Thickness. 

Ft. in. 
1 Limestone (Hertha) .................................. . 
2 Sandstone and shale .............. { } 140 
3 Ooal. . . . . . . . . . . . . . . . . . . . . . . . . .. Pleasan~on formation 12-18 
4 Sandstone and shale. . . . . . . . . . . . . . 22 10 
5 Limestone (Pawnee) ..•..•.•................•......... 

The base of this section is about 20 feet above the water 
in Grand River, though 150 feet west only sandy shale and 
sandstone appear above the river. Broadhead attributes this 
discrepancy to a fault, but there is at least the possibliity of an 
unconformity. About one-half mile above this (NW. U NE. U 
sec. 18, T. 57 N., R. 25 W.) the limestones at the top of the 
Henrietta appear above water, with a thin coal seam 5 or 6 feet 
above them. A few feet higher there is a considerable thickness 
of massive, micaceous, cross-bedded sandstone. From the coal 
to the top of a hill capped by the Bethany Falls limestone 
the vertical distance is 165 feet, by barometer. The lower part 
of the Pleasanton contains much sandstone. up the west fork 
of Grand River to at least as far as Gallatin, west of which only 
the upper portion of the formation is exposed. 

G-6 
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On the east fork of Grand River at Graham's Mill (NE. 7i 
sec. 21, T. 58 N., R. 24 W.) and about one mile below, the top 
of the Henrietta outcrops a few feet above the water and one 
to two feet above is a thin seam of coal, probably the equivalent 
of the Mulberry coal of Bates County. The hills for two miles 
south of Graham's Mill contain a limestone (Altamont?) 2 to 6 
feet thick and about 70 feet above the base of the Pleasanton. 
This limestone is absent, however, in Broadhead's section at 
the mill, which is as follows: 

SECTION AT GRAHAM'S MILL, LIVINGS'l'ON COUNTY. 

Number. Stratum. Thickness. 

Ft. in. 
1 Slope, with sand, clay and pebbles of drift ....... ~ ...... . 23 

2 Sandstone, thinly-stratified, micaceous, and shale; some 
beds have carbonaceous partings .................... . 113 

3 Shale, bituminou~ ..•.................................. 1. 2 

4 Shale, blue ........................................ . 8 
5 Shale, sandy and clay, with occasional oehery stains and 

concretions of iron pyrites .......................... . 5 6 
6 Shale, semi-bituminous; thin laminae with Cordaites and 

carbonaceous stains ................................ . 4 
7 Coal, good bituminous (Mulberry) ..................... . 10 >~ 
8 Clay (base of Pleasanton) ............................. . 1 
9 Limestone, drab, roughly bedded; fossiliferous ........... . 5 10 

10 Limestone, shaly, fossiliferous ......................... . 6 
11 Shale, pyritiferous ..•................................. 7 

12 Shale, blue ......................................... . 4 

----'-----------------------------_._---

At the Cox mines, northwest of Chillicothe (sec. 11, T. 
58 N., R. 24 W.), the Mulberry(?) coal is overlain by 43 feet 
of shale under 10 feet of sandstone, but a short distance north 
the thin-bedded sandstone and shale of the Pleasanton is replaced 
by heavy-bedded sandstone and near the south line of section 
2 of this township, in the bed of Grand River, there is a conglom
erate containing many fragments of limestone. At Gillaspie's 
Mill eSE. 7i sec. 27, T. 59 N., R. 24 W.) the upper 86 feet of the 
Pleasanton is sandstone. Over all the area just discussed the 
Ovid coal horizon is marked by a thin coal seam or black shale 
at the top of the Pleasanton. 

Northwest of Wheeling, on Medicine Creek, the Pleasanton 
outcrops in a small !lrea. A section up the west bank ot the creek 
near the old mill in section 14, T. 58 N., R.' 23 W., shows: 
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82 Pleasanton sandstone at Big Blutr. near Trenton. Grundy Oounty. 



Number. 

2 
3 
4 

5 
6 
7 

PLEASANTON FORMATION. 

SEOTION NORTHWEST OF WHEELING. 

Stratum. 

Sandstone ............................................ ' 
Slope, oovered ..... : .................................. : 
Shale, drab ................................... , ...... . 
Limestone, blue, blocky, shaly at top (Altamont?) ........ : 
Shale, drab .......................................... . 
Ooal, poor .......................................... . 

, Shale, drab, to water ................................. 'j 
I I 

83 

I 

I Thiokness. 

Feet. 
21 
38 
10 

2 
16 

10 
t 

The distance from the base of this section to the base 
of the Pleasanton could not be ascertained, but a short distance 
southeast (northeast corner section 23) the Mulberry(?) coal 
has been mined. 

Linn County.-On the ridges near Linneus and Bucklin 
the lower portion of the Pleasanton is represented by 20 feet 
or more of red and green argillaceous shale like that in Carroll 
County. In the northwestern part of Linn County the formation 
is thicker and includes the upper sandy portion. This is dis
cussed more fully under Sullivan County. 

Grundy County.-All of the Pleasanton outcrops in this 
county and is about 140 feet thick. The chief outcrops are near 
Spickard, Trenton, Brimson, and Laredo, sandstone being the 
most conspicuous constituent. At one place the base of the 
mound in the NW. ~ sec. 32, T. 62 N., R. 25 W., red shale similar 
to that in Linn County is exposed. In the central and south
eastern portions of the county the Pleasanton unconformity 
is well marked, the lower part of the Pleasanton and all or a 
part of the Henrietta having been removed prior to the deposition 
of the sandstone, sandy shale, and coal of the upper part of the 
Pleasanton. 

Drilling in Trenton shows none of the Henrietta or upper 
limestones of the Cherokee, the Pleasanton resting directly on 
the Cherokee. At the Main Street bridge over Grand River the 
unconformity is plainly exposed, with a layer of conglomerate 
resting on the various beds of the Henrietta. 

Along Medicine Creek and south of Laredo, sandstone be
longing to the Pleasanton formation is underfain by a thin coal 
bed which rests on the Henrietta. The following section was 
measured west of the railroad in the SW. ~ sec. 23. T. 60 N., 
R. 23 W.: 
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SEC'l'ION OF PLEASANTON FORMATION SOUTH OF L,AHl'.:UO. 

Number. Stratum. 'l'hio]ctlOHB. ._._--_ ... _--_._- ._----
Fl. in. 

1 Sandstone, brown, varying from thin-bedded to IlHlHHive, 
cross-bedded ...................................... . 20 

2 Shale, black. "slaty," with large lenticular conoroj,iollS ... . 2 (l 
3 Ooal (Mulberry) .......................... '.' ......... . 3-4 
4 Olay. with streak of coal at top, ehaly below ............ . 
5 Limestone (top of Henrietta) ......•.. : ................ . 

[) (l 

Sullivan County.-On Locust Creek the PleasanLon exlends 
south to near Purdin and there is coal at the base in the SW. ~ 
sec. 10, T. 59 N., R. 21 W. The sandy phase appears west of 
Browning, as shown in the following section (NE. 34 NW. M, 
sec. 7, T. 60 N., R. 20 W.). 

SEOTION NEAR PROWNING. 

Number.1 Stratum. ________ o. __ o .. 'l'hioknesB. 

1 I Slope to top of hill .. 0 ••••••••••••••••••••••••••••••••• 

2 Sandstone, brown, quarried at one tinHl, no detlnite outcrop. 

3 
4 
5 
6 
7 

bu t covers hillside for a vertical distance of ........... . 
Slope, covered ...............•........................ 
Limestone. drab to gray; coarse-grained; ooncrClt.ioTlury .... . 
Shale; drab and argillaceous at top; sluty below .......... . 
Ooal (Mulberry?) .................................... . 
Olay ... 0 " •••••••••••••••• 0 ••••••••••••••••••••••••• 

Ft. in. 
21 

21 
20 

1+. 
5 4 

7-8 
3+ 

About five miles north, on the west side of middle LocusL 
Creek (sec. 7, T. 61 No, R. 20 W.), the following was seen: 

SEOTION SOUTHWEST OF OORA. 
---~--------------------------... ..,..----
Number. Stratum. Thickness. 

Ft. tn. 1 Limestone (Hertha) .................................. . 4 6 2 Slope with outcrop of coal (Ovid) ...................... . 7 3 Shale; arenaceous at top; drab and argillaceous below ..... . 75 4 Limestone. blue; even layer .•.•........................ 8 5 Shale, dark; contains many fossils ...................... . 7 6 Limestone, dark argillaceous .......................... . 3 7 Shale, dark ....•.••................................... 3 8 Limestone, dark argillaoeous .......................... . 3 9 Shale, blue; becoming darker at base, with a small pocket 
of coal near base ••••.........................•..... 6 10 Ooncealed •...... " •.................................. 33 4 11 Shale, buft' to drab, with small calcareous concretions (part 
of Labette shale) •••.•.••...••••................•... 12 
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The horizon of the Pawnee limestone is about 13 feet 
above the base of this section, so that the Pleasanton is about 
120 feet thick. Nos. 4 to 8 of this section outcrop on Spring 
Creek in northeastern Sullivan County and on middle Locust 
in sections 16 and 30, T. 63 N., R. 20 W., where they may be 
recognized by their striking molluscan fauna (the Trepospira 
sphaerulata zone). It is possible also that they may represent 
the limestone in the Pleasanton northwest of Wheeling and 
near Youngstown. North of this place, on middle Locust, 
Broadhead gives sections showing 60 to 88 feet of sandstone. 
At one place northwest of Milan (Blaylock's bridge) he found 
the following: 

SECTIO'N AT BLAYLOCK'S BRIDGE, NO'RTHWEST OF MILAN. 

Number. Stratum. I Thickness. 

Ft. in. 
1 Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
2 Shale, bituminous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 6 
3 Coal, slaty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
4 Shale ..... , ................. " . . . . . . . . . . . .. . . . . . .. . . . 18 
5 Shale, bituminous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 2 6 
6 Coal ...•................... ~ ................ , .. . . . . . 6 
7 Shale and limestone nodules. . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
8 Limestone •............................... ; . . . . . . . . . . 6 
9 Limestone, shaly ..................................... . 6 

At another place, west of Milan, south of the road up the 
west side of the creek (sec. 19, T. 62 N., R. 20 W.), the following 
was measured: 

SECTIO'N TWO' MILES WEST O'F MILAN. 

Number. Stratum. I Thickness. 

Ft. in. 
1 Shale, drab, sandy ............•....................... 
2 Shale, black, slaty, with lens-shaped calcareous concretions. 1 6 
3 Clay, light gray, nearly white. . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
4 Coal (Mulberry?) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
5 Clay................................................ 2 
6 Limestone (Pawnee) ................................. . 

On the road 11 feet of red shale are exposed above the 
Pawnee. Three miles northwest of Milan the Ovid coal, 14 
inches thick, is exposed about 30 feet below the top of the 
PI.easanton. At Boynton, a few miles north. the following section 
was made one-fourth mile northwest of the depot: 

.. 
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SECTION NEAR BOYNTON. 

------,--------------------------------------------,-------
Number. Stratum. Thickness. 

Fl. in. 
1 Sandstone; massive to thin b~dded; cross-bedded . . . . . . . . . . 40 
2 Conglomerate, gray; composed of quartzite and other pebbleH 

with silicious (?) cement; surface honeycombed where 
weathered; 17 inches to ............................ . 2 7 

3 Shale, gray, arenaceous, micaceous. . . . . . . . . . . . . . . . . . . . .. • 5 

A short distance north, only sandstone can be seen above the 
water in 'East Locust Creek. 

Near the head of West Yellow Creek (sec. 11, T. 63 N., 
R. 19 W.), there are outcrops of yellow, micaceous sandstone 
and blue,· sandy shale, the maximum thickness seen being 25 
feet. North of Green City, on a branch in sec. 4, T. 63 N., 
R. 18 W. and sec. 34, T. 64 N., R. 18 W., is an outcrop which 
may be taken as representative of the Pleasanton of north
eastern Sullivan County. 

Number. 

1 
2 
3 

PLEASANTON FORMATION NORTH OF GREEN CITY. 

Stratum. I Distance 
Thickness. from top. 

]i'l. in. 
Clay, red and yellow. . . . . . . . . . . . . . . . . . . . . . . (l 

Coal (Ovid). . . . . . . . ...... .. .... .. .. . . .... . 2 
Shale; at top brown and blaok; slaty, with con-

cretions; a sandy shale below. . . . . . . ... . . . . 1 6 

Fl. in. 
a 
8 

2 2 
4 Sandstone, gray to yellow, calcareous, thickness 

5 

6 

7 

8 

9 
10 

varies from 14 inohes to. . . . . . . . . . . . . . . . . . . 3 
Sandstone; yellow at top, grading down through 

blue, sandy, micaceous to non-mioaoeous 
shale. . . . . . . ........... ......... . .. .... . 57 

Shale, dark calcareous, pyritif-l ) 
erous, fossiliferous.......... 6 

Limestone, blue, fossiliferous, sub- Altamont? 
crystalline. . . . . . . . . . . . . . . . . . 8 

Shale; upper foot clayey, passing into two feet 
of shaly sandstone, then greenish, arenaceous, 
micaceous shale ............. '.' . . . . . . . . . . . 12 

Shale, red, argillaceous. . . . . . . . . . • . . . . . . . . . . . 6 
Interval to base of Pleasanton about. . . . . . . . . . 2 6 

5 2 

62 2 

62 8 

63 4 

75 4 
81 4 
83 10 

The Ovid coal, which is ten to twenty feet below the top of 
the Pleasanton,varies from a streak to 2 feet, though its 
horizon is usually marked by black, slaty shale, 2 to 7 feet thick. 
Although overlain by slaty shale in nearly all outcrops, the 
material beneath the coal may be slaty shale, clay, or sand-:-
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stone. In many if not all outcrops the Pleasanton has near the 
top a calcareous and cross-bedded layer, which, however, is 
absent where the underlying sandstone is thin. II). places sandy 
shale takes the place of the sandstone. 

Putnam, Schuyler, and Adair counties.-South of Rose
wood, in Putnam County, the Pleasanton has at the base a layer 
of coarse-grained sandstone and conglomerate with a maximum 
thickness of 20 feet. At this place it is high above Spring Creek, 
but near Mapleton on Dog Branch, and across Chariton River 
on Elm Creek in Schuyler County, a conglomerate closely re
sembling it outcrops at a much lower level and rests on beds 
of Cherokee age. 

It is probable that this is an equivalent of the Chariton 
conglomerate of Bain in Appanoose County, Iowa. 1 

The limestone eN o. 7 of last section) is persistent throughout 
this area, but its distance above the base of the Pleasanton is 
variable. It is very probable that it is to be correlated with the 
uppermost member of Bain's "Appanoose formation." Below 
this limestone the Pleasanton contains more or less sandy shale, 
beneath which is a thin lenticular coal seam overlain by black 
slaty shale and with a layer of red shale a short distance below 
it. 

The Pleasanton formation extends into Adair County, 
south of the Quincy, Omaha, and Kansas City railroad, though 
its exact areal distribution is problematical. It does not extend 
to Kirksville, but along Chariton River it reaches to the latitude 
of Minard and has been seen as far southwest as the middle of 
T. 62 N., R. 17 W. The most complete section seen is that 
southeast of Youngstown (NE. 7,( NE7,(, sec. 27, T. 62 N., R. 
16 W.): 

PLEASANTON FORMATION SOUTHEAST OF YOUNGSTOWN. 

I 
Distance. 

Number. Stratum. Thiokness. from top. 

Ft. in. Ft. in. 
1 Limestone (Hertha) ......................... - -
2 Concealed (top of Pleasanton), about ......... 25 25 
3 Shale, black ................................ 3 28 
4 Coal (Ovid) ; reported thickness .. ............ 2 6 30 6 
5 Conoealed ..... ............................ 10 40 6 

6 Sandstone ..... ............................ 42 82 6 

7 Shale, black ................................ 1 83 6 

8 Shale, red at base ........................... 35 l18 6 

9 Limestone (top of Henrietta) ..... ........... - -. 
'Bain, H. F., Iowa Geol. Survey, vol. 5, pp. 394-398, 1895. 
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Due east of Youngstown, on the road east of the Chariton, 
the following is exposed: 

SEOTION EAST OF YOUNGSTOWN. 

-----:-----------------------------

Number. Stratum. Thickness. 

------------
Ft. in. 

1 Glacial drift to top of hill ............................. . 16 
2 Sandstone; at top brown or yellow and massive; shaly below 50 
3 Shale; brown; containing coal in places ................. . 2 
4 Shale; argillaceous; drab to purple ..................... . 19 
5 Sandstone, buff, micacoous ............................ . 8 
6 Shale, argillaceous; white and green with red streaks and 

ferruginous concretions ............................. . 21 
7 Limestone- (top of Henrietta) ....... - .................. . 

No.3 of this section is correlated with No.7 of the section 
just preceding and is probably the equivalent of the coal below 
the Altamont(?) limestone of Sullivan and Livingston counties. 
A limestone in the Pleasanton of Adair County is shown in the 
following section near the two just given (east side sections 
23 and 26, T. 62 N., R. 16 W.): 

Number. 

1 
2 
3 
4 
5 
6 

SEOTION SOUTHEAs'r OF YOUNGSTOWN. 

Stratum. 

Sandstone, yellow; thin-bedded and cross-bedded at top .. 
Limestone, gray, arenaceous, blocky (Altamont?) ........ . 
Sandstone, shaly, and sandy shale .... " .... , ........... _ 
Shale, black; a few inohes ............................. . 
Shale, argillaceous; red, green, and white ............ _ ... . 
Limestone (top of Henrietta) .......................... . 

Thiokness. 

Feet. 
35 

4 
15 

45 

The limestone, No.2, is also exposed in the gully south of 
the road in sec. 26, but farther west; down the hollow, it is absent 
and its place taken by 10 or 15 feet of conglomerate (Chariton? 
conglomerate of Bain) which grades up into the sandstone, 
No. 1. 

West of Chariton River, in the sri. 7.ii: SW. 7.ii: sec. 36, 
T. 63 N., R. 17 W., the Pleasanton is exposed near water level 
on Billy's Creek, where it rests on the Cherokee shale, apparently 
near the Lexington coal horizon. The section here is as fol
lows: 
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SEOTION SOUTHWEST OF NOVINGER. 

Number. Stratum. I Thickness ... 

Ft. in. 
Sandstone, more than. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

2 Shale, drab. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
3 Shale, black, slaty; Qontaining large lens-shaped concretions; 

averages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 3 
4 Olay, gray. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-12 
5 Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-12 
6 Clay. to water ....................................... . 3 

The Pleasanton is exposed in the eastern part of Putnam 
County and is usually represented by a few feet of shale. Near 
South Blackbird Creek, opposite the northeastern corner of 
Sullivan County, it contains, however, a considerable thickness 
of the sandstone and some conglomerate that is probably the same 
as the Chariton conglomerate of Bain in Iowa. The Pleasanton 
here rests unconformably on beds of Henrietta or Cherokee age. 
In a few places the Trepospira sphaerulata zone was found 20 
to 30 feet above the base of the formation. Afew feet of reddish 
shale in the northwestern corner of Schuyler County represent 
the Pleasanton in that county. 

Harrison and Mercer counties.-There are many outcrops 
of the Pleasanton on botl:!. forks of Grand River drainage north 
of Trenton, but none that show all of the formation. The 
thickness indicated by drilling near Princeton is about 160 feet. 
The Ovid coal outcrops near the top of the Pleasanton through
out this region or its horizon is marked by black shale below 
which is one or two feet of impure limestone or calcareous 
sandstone. The remainder of the Pleasanton exposed is sand
stone and shale, largely the former. DriIlings show a wide
spread unconformity within the Pleasanton in both counties 
and at one place north of Princeton the total thickness of the 
formation is only 43 feet. West of Mercer, on Grand River, the 
Trepospira sphaerulata zone was found. 

Howard County.-Stretching from west of Fayette to north 
of Roanoke is an outlier of Pleasanton containing red and drab 
shale, sandy shale, and sandstone, closely resembling the Pleas
anton at its nearest outcrop on the west. . The best exposure' 
is near Roanoke where a maximum thickness of about 30 feet 
outcrops. 
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Platte and Clay counties.-In a drill record from near 
Kearney 1 the Pleasanton is reported 112 feet thick, over half of 
it being sandstone. At Smithville it is reported 110 and 119 feet, 
respectively, in two drillings; in one as shale and in the other 
with a five-foot limestone near the middle. The thicknesses 
given are less than those in outcrops on the east and more ac
curate records on the west. In western Platte County and al 
Leavenworth, Kans., the reported thickness varies from 155 to 
173 feet, most of \~hich isshale. In the Lansing shaft two inches 
of coal (Mulberry?) were found nine feet above the base. In 
one of the shafts at Leavenworth the lower part, 68 feet thiek, 
is sandy shale. Near Kansas City, Kans., the total thi.ckness 
was found to be 181 feet, the greater part being shale. 

Buchanan and Clinton counties.-The nature of the Pleas
anton in Buchanan County is well shown in the logs of core 
drillings at Saxton, Mo., and Atchison, Kans. The thickness 
in the former is 128 feet and in the latter 129,72. The thickness 
at Lathrop, 117 feet, agrees with these, though sandy shale and 
sandstone are the chief constituents. At Cameron, north of 
Lathrop, the Pleasanton is probably 162 feet thick, nearly all of 
it being shale, largely of a red color in the lower part. The Ovid 
coal \vas found in nearly all drillings in the county . 

. Other northwestern counties.-The Pleasanton drillings in 
this territory show a number of beds of limestone, so that 
in places the delineation of its boundary is impossible. At 
Forest City (see page 215), the lower boundary cannot be 
exactly determined. At Maryville, a layer of limestone 
118 feet below the top of the Pleasanton makes it uncertain 
whether a thickness of 118 or 151 feet should be assign
ed this formation. Drillings in southwestern Iowa at Bedford 2 

and Clarinda 3indicate a thickness of 145 and 142 feet, respective
ly, for the Pleasanton. 

'Shepard, E. 1\1., Underground waters of Missouri: U. S. Geol. Survey Water
Supply Paper 195, p. 60, 1897. 

'Norton, \V. H., and others, Underground water resources of Iowa: U. S. 
Geol. Survey \Vater-Supply Paper 293, pp. 963-963, 1912. 

'Smith, Geo. L., Carboniferous seotion of southwestern law,,: low? Oeol. 
Survey. vol. 19. pp. 618-620, 1909. 



GHAPTER III. 

CHANNEL SANDSTONE DEPOSITS. 

THE CHANNEL DEPOSITS KNOWN As THE WARRENS
BURG AND MOBERLY SANDSTONES. 

CHARACTERISTICS AND AGE. 

Among the most unique features of the Missouri Penn
syivanian are two long, narrow channels filled with sandstone 
and shale which have been eroded in Cherokee, Henrietta, and 
some Pleasanton strata in Johnson, Lafayette, Randolph, and 
other counties (see State map in pocket). Remnants of other 
channels have also becn found in many parts of the Pennsy
vanian area and many more probably remain to be discovered 
as the net of detail cd geologic work is spread over the State. 

The channels are of great scientific interest, for they must 
have been formed during an interval of more or less widespread 
emergence and erosion during Pennsylvanian time. If, as 
suspected, the channel deposits are contemporaneous with 
certain sandstones and conglomerates of late Pleasanton age in 
north-central Missouri, this erosion interval occurred before the 
beginning of the Missouri .epoch. The channels are also of 
considerable economic importance, for they removed in places 
valuable coal beds and in others have caused the substitution of 
excellent building stones for comparatively unimportant beds. 

Swallow, Broadhead, and other early investigators in the 
State failed to recognize the significance of the channel deposits 
and considered them regularly inter-stratified with "Lower Coal 
Measure" beds. Winslow, however, realized their true rela
tionships,l and was followed by Marbut 2. These writers 

'Winslow, Arthur. The coal beds of Lafayette Oounty: l'viissouri Geol. Survey 
Bulletin No. I, p. 18, 1890. Preliminary report on coal: lVrissouri GeoL Survey, 
p. 24 et aL, 1891. The Higginsville Sheet, p. 8 et aI., 1892, and also vol. 9, p. 45, 

1896. 
'Marbut, C. F., Geological descriptions of the Calhoun, Lexington, Rich

mond and Huntsville sheets: Missouri Geol. Survey, vol. 12, pt. 2, PP.' 123, 210,. 
270, 331, et aI., 1898. 

(91) 
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named the western channel deposits the Warrensburg sand
stone and the eastern the Moberly sandstone and described and 
mapped about half of each of them in detail. The present writers 
examined and mapped the remainder of the two larger chan
nels in a reconnaissance way and found detached but similar 
deposits in other localities. The areal distribution of the main 
channels is shown on the State geologic map in the back of this 
volume. 

In describing the thick sandstones and sandy shales ncar 
Dover, Higginsville, and elsewhere in the Higginsville quadrangle, 
Lafayette County, Winslow advanced the theory that they arc 
of fluvial or lacustrine origin and fill" a channel eroded in the 
adj acent regularly deposited strata during a temporary emer
gence. As his principal reasons for this conclusion he gives: 

1. The great thickness of the deposit. 
2. I ts long and narrow shape. 
3. The superposition of the sandstone upon the "Middle " 

Coal Measure" rocks. 
4. The in·elusion of fragments of adjacent rocks." 
Subsequent work has fully confirmed Winslow's theory 

and shown that it is applicable to all parts of the Warrensburg 
and Moberly areas, though postulation of a lacustrine origin is 
hardly tenable. Perhaps the most striking feature of the 
channels is their great depth and length in proportion to their 
width. These old valleys must have been very steep-sided in 
many places. The length of the main body of the Moberly 
channel as now exposed is nearly 40 miles and of the Warrens
burg more than 50, while their original lengths must have 
been much greater. The thickest part of the deposits is probably 
about 200 feet, possibly 370 at Higginsville, but the average width 
is not more than two or three miles. Because of their valley
shaped cross-section, concave upward, they are wider at the top 
than the bottom, and tbe highest and widest parts have been 
removed. It is believed, however, that the valleys were never 
appreciably wider and that during their excavation there was an 
abrupt descent into them from surrounding level plains. 

The most conspicuous and probably also the most abundant 
constituent now filling these old valleys is sandstone, though 
there is much shale, some conglomerate, and a trifling amount 
of coal. The sandstones are brown, red, or gray and are micace
ous. Some are firm and massive and in part cross-bedded; others 
are thin-bedded and rather poorly consolidated. The shales 
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are blue and drab, and commonly sandy. In places, as at 
the Moberly clay pit, shales have filled most of the channel. 
The only coal found in the channels themselves is in thin films 
and streaks or in small chunks derived from neighboring ledges, 
but there are some small basins of thicker coal in deposits evi
dently connected with channel fillings near Armstrong and 
elsew here. Pieces of silicified ,vood and large petrified stumps 
are common. There are fossil stems and otheI' plant remains 
in many of the sandstones, and ferns in some of the shales. The 
most significant constituents are the conglomerates which 
lie at or near the base of the channels, either interbedded with 
or overlain by coarse sandstone. The pebbles are both rounded 
and angular and consist mainly of limestone in a very firm and 
compact calcareous matrix. They are several inches in diameter; 
so large that they could have been moved only by water in active 
motion. Many pebbles can be recognized as derived from the 
limestones of the Henrietta or other Pennsylvanian ledges. 
The conglomerates are commonly less than 10 feet thick, but 
occur in both the two main channels and in isolated deposits. 

It is believed that the Warrensburg channel was made by 
water flowing from higher country on the Ozark dome, bringing 
with it sands a.nd muds derived largely from early Pennsylvanian 
sediments. The Warrensburg stream was joined when it 
reached the present site of Missouri River by the Moberly 
River descending westward from an Ozark peninsula in north
eastern Missouri, and the united streams continued northward or 
northwestward to the open sea. This condition did not last 
long, for the valleys have all the characteristics of a topography 
as youthful as that of the Red River of the North-deep trenches 
in level plains with very little lateral drainage. Shortly before 
the land was again submerged the channels were choked \vith 
sediment, swamps with thin peat beds were formed on the flood 
plains, until finally the sea again swept in and covered them. 

The question of the age of the channels is an important and 
difficult one. They are evidently younger than the Cherokee, 
Henrietta, or lower part of the Pleasanton formations, as the 
valleys were excavated in all of these rocks after they were at 
least partially consolidated. They have not been seen to cross 
upper Pleasanton or higher strata. A large and very similar 
channel lies in the Lawrence shale at and near Waldron, Mo., 
and Leavenworth, Kans., but it apparently was not cut down 
lower than the Stanton limestone. If this channel was cut 
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through the Herlha-\VinLcrseL escarpment and lIw thick lime
stone beds above iL, as it would have been if i l joined the "Warrens
burg and Moberly channels, il left no evidences that were noled 
during recent and former field invcstigalions. 

Fossil plants collecled at :Moberly and olher places and 
examined by David White Rhow lhaL the channel depositR are 
certainly of Pennsylvanian age, bul do noL fnrnish suflieient 
evidence to eslablish their exaeL position within thnL series. 

The presence of these channels undoubtedly indicates sorrw 
period of general emergence and erosion. For several years 
evidence of this could not be found, alLhollgh the helerog(~neolls 
character of the Pleasan lon fonnu lion wnR rocogni7.ed. 1 n 
1912 and 1913, however, detailed mapping in disLrids in· whieh 
the conLaet of the PleaR:mton and Ilenl'iella wus well-exposed, 
revealed a wide-spread unconformity within the P[eusanlon 
in all of the norlh-central counties. Where regularly be(hkd 
the base of the Pleasanton is lypi('nlly shnly, hut lhe shales of 
some localities are replaced in neighboring arens hy sHndstones 
that arc locally conglomeratic. The thickness of the Pleas
anton is variable, not only in Lhe north-cen[ral counties, bUl also 
in other parLs of Lhe Slale. In mu'ny places the otherwise per
sistent limestones of the Henriella formalion me absenl, prob
ably because they were rernoved by erosion and replaced by 
sandstones of upper Pleasanton age. The u1lconformity was 
accomplished wilhouL much warping, or hy warping whieh was 
largely compensaLed by movements in the opposite direction 
when deposition was resumed, for ,Lhe HenrieLta formation below 
the Pleasanton is essentially parallel wit.h Lhe Kansas City for
mation above it. 

The actual connection between lhe channel sandstoIles and 
those of the Pleasanton formation has not been and possibly can 
not be made owing to a lack of outcrops, but the writers feel 
justified in tentatively referring the channel deposits to the 
Pleasanton epoch. 

Bain's Chariton conglomerate of Appanoose County, Iowa,l 
is evidently the same as that recently found in Schuyler and 
adjacent counties in Missouri. The Red Rock sandstone of 
Marion 2 and Jasper3 counties, Iowa, lies in a channel 2;Y2 to 3 

'Bain, H. F .• Geology of Appanoose County: Iowa Gaol. Survey. vol. 5. 
pp. 394-398, 1896. 

'Miller, B. L., Geology of Marion County; Iowa Gool. Surv(;y. vol. II, Pr>. 
153-161. 1901. 

'Williams. I. A., Geology of Jasper County: Iowa Gool. Survey, vol. 15. 
pp. 316-322. 1905. 
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miles wide that has been traced for 27 miles from Eagle Rock 
northeastward. This sandstone has a maximuum thickness of 
100 feet and has all the characteristics of the Warrensburg and 
Moberly sandstones. Iowa investigators have assigned its origin 
to contemporaneous erosion, but Miller notes its similarity to the 
Warrensburg, and Williams, from a study of the cross-bedding, 
considers it to have been made by a current of water flowing in a 
definite direction. There are other similar channels in Guthrie, 
Boone, and other Iowa counties that may be contemporaneous 
with those in Missouri. -

THE WARRENSBURG SANDSTONE. 

The Warrensburg sandstone fills a channel about 50 miles 
long, extending from north of Lewis station, Henry County, 
northward to the north bluffs of Missouri River. The sandstone 
belt, as at present exposed, has an average width of two miles, 
but just south of the Missouri widens to six miles. 

In northeastern Henry County there are several large sand
stone areas that mayor may not occupy a part of the Warrens
burg channel. Directly west, south, and east of the end of the 
channel, as mapped, no sandstones that appeared to be channel 
deposits could be found, although it is very unlikely that the 
channel began or ended as abruptly as shown (see geologic map 
of State in pocket). 

The Warrensburg sandstone is well exposed in the north
western quarter of the Calhoun quadrangle (sees. 28 and 29, T. 
43 N., R. 25 W.), where over 106 feet of it outcrop. In one 
place sandstone extep.ds from 10 feet above the horizon of the 
Fort Scott limestone to at least 77 feet below it. In the vicinity 
of Sand Creek springs the basal conglomerate is exposed, declin
ing in altitude southward. Near here Marbut 1 found 15 feet 
of conglomerate composed of limestone, sh~le, coal, and sandstone 
pebbles, and associated with thick beds of sandstone. 

West of Post Oak (Lingo City), Johnson County, the top of 
the channel sandstone is on a level with the top of the Henrietta 
formation, but nothing is known of its depth. It contains 
rather large specimens of silicified wood. Between this and 
Warrensburg a number of wells that do not reach the bottom of 
the sandstone show it to be at least 90 feet thick. 

At Warrensburg the channel is one to two miles wide and 

'Marbut. C. F .• Geologioal description of the Calhoun sheet: Missouri Geol. 
Survey. vol. 12, pt. 2, pp .. 158-159. 1898. 



96 STRATIGRAPHY OF TIIl~ PENNSYLVANIAN srmms. 

at least 87 feet and possibly 175 feet deep. A drilling 2 Jnil(~H 
north of Warrensburg penetrated 75 feet of san(lHlonc and 100 
feet of soft dark sandy shale, the former a channel deposit and 
the latter of either Warrensburg or Cherokee age. The hottom 
of this drilling is at least 105 feet below tlfe horizons of limestones 
of the Henrietta formation in neighboring coun lies. 

A very complete description of the charaeters of the Hand
stone at the quarries north of Warrensburg hUH been given by 
Buckley and Buehler 1 and need not be repeated here. Suffice 
it to say that the sandstone quarried has a lighl-gray or gray-bIlIe 
color, is cross-bedded in places, and conlains films of enrbonuce
ous material in the bedding planes and irregularly diHt ribu ted 
fragments of coal. Microscopic examination showed it lo eOl\

sist chiefly of small roundish to sub-angular quartz grains in a 
calcareous and ferruginous cement, with subotdinale amounls of 
calcite, mica, chlorite, iron oxide, hilumen, feldspar, unci day. 
It closely resembles the stone at White Hock, near Mimni 
Station. 

Several outcrops in the vicinity of Warrensburg show the 
valley-like shape of the bottom of the channel. Irrogular 
deposits of coal have been found just below the sandstone, 
and in the bed of the branch in the NW . .!4 NW. 34 sec. 2(\, 
T. 46 N., R. 26 W. there are two heds of limestone dipping at a 
high angle and overlain by arenaceous ehannel deposi ts. 

North of Warrensburg the channel averages probably 
1 Y2 miles wide. It lies just east of Fayetteville, and in southern 

-Lafayette County is deflected slightly eastward so as to underlie 
the town of Higginsville. A drill hole near the Higginsville 
depot passed through 68 feet of surface material and penetrated 
120 feet of sandstone, the lower part said to be "saturated with 
asphaltum." Below this sandstone 162 feet of shale and 20 
feet more of sandstone were found, the latter resting on Mis
sissippian limestone. As at Warrensburg, it is questionable 
whether the material below the thick sandstone should he referred 
to a channel deposit or to the Cherokee shale. Other drillings 
show more sandstone, but the one quoted seems to be the most 
reliable. The sandstone extends to at least 150 feet below the 
horizon of the base of th'e Henrietta. Coal is mined on both sides 
of the channel and is cut off sharply where~ entries have been 
driven to the edge of the sandstone. 

'Buckley, E. R., and Buehler, H. A., The quarrying industry of Missouri: 
Missouri Bureau of Geology and Mines, vol. 2, 2d aer., pp. 272-277, 1904. 
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North of Higginsville the channel abruptly widens to more 
than six miles along the south bluffs of Missouri River, presum
ably exists below the alluvium of that stream, and is exposed 
in one small area east of Lakeview in the north bluffs. 

The widening north of Higginsville seems to indicate that 
the stream which carved the Warrensburg channel flowed to the 
north. The evidence furnished by the cross-bedding was found 
to be unreliable and the present altitude of the channel's base 
also has little significence, since post-Pennsylvanian movements 
have undoubtedly altered it slightly. When the bottom of the 
channel is plotted with reference to some known horizon, such 
as the base of the Henrietta formation, conclusions may be drawn 
with more certainty. In northern Henry County the base of the 
sandstone in the lowest point yet found is at least 77 feet, at 
Warrensburg 105 feet, and at Higginsville 150 feet below the base 
of the Henrietta. The fall south of Warrensburg, according 
to these figures, is 1.4 feet per mile, and north of Warrensburg 
about 2 feet per mile, the apparent difference in gradient being 
due, possibly, to the greater amount of limestone through which 
the channel was cut at the southern end. The hypothesis of 
northward flow obtained from the data given above, rests on the 
very probable assumption that, at the time of the making of the 
channel, the beds through which it was excavated were horizontal 
or nearly so. Unfortunately, the available data are rather 
meager, so that it is impossible to state definitely that the lowest 
channel de,posits yet found in the localities mentioned actually 
lie in the lowest part of the old valley and not on its lower slopes. 

THE MOBERLY SANDSTONE. 

The Moberly channel extends from south of Madison, in 
Monroe County, west to Chariton River south of' Salisbury. 
Its length is nearly 40 miles and its average width less than 3 
miles. The maximum depth shown in drill records is about 200 
feet. Although not as long as the Warrensburg channel in actual 
connected outcrop, its original length may have been almost 
as great, for it has been eroded away at its eastern end, in com
pany with the' other Pennsylvanian formations' that formerly 
covered the Mississippian rocks in eastern Monroe and neigh
boring counties on the east and north, and is lost in the flood 
plain deposits of Chariton and Missouri rivers at its western end. 

On Milligan Creek, Monroe County, from above Harris 
Springs nearly to its junction with Elk Fork, are notable out-

6-7 
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crops of reddish sandstone, filling the eastern end of the Moberly 
channel. A short distance above Harris Springs a conglomerate 
appears below the sandstone. East and southeast of Middle 
Grove, Mississippian strata outcrop rather high on the divides 

Fig. 4. Oross-section through Harris Springs and Madison. (1) Mississippian Ume
stone. (2) Tebo coal. (3) Bevier coal. (4) Mulky coal. (5) Moberly channel. (6) Glao1a 

. drift. 

and the Moberly sandstone has in greater part been removed 
by erosion. North of the village, however, sandstone rests ori 
the Mississippian in low-lying outcrops and is the only indurated 
rock on the divides for over 3 miles. The total width of the 
channel in this vicinity is about 5 miles which is greater than 
noted elsewhere. 

A tributary of the main channel from the northeast joins 
it near Evansville. This channel is about one mile wide and 
the sandstones filling it farther north and east are well exposed 
on Baker Br.e,nch, west of Madison, and on Pedee Branch at the 
edge of Madison. On the latter stream there are 4 feet of both 

. angular and rounded pebbles of Pennsylvanian rocks firmly , 
cemented in a calcareous matrix, with buff and red sandstone 
both above and below. At Madison the channel is bounded on 
.the north and south by Cherokee strata with the cap-rock of the 
Mulky coal at the top, but its eastern continuation is concealed 
beneath drift on the divide between Madison and Holliday. 
It may be that some of the reddish sandstone seen west of Paris 
marks the direction taken by the upper part of the tributary. In 
a few places narrow channels were seen that were evidently small 
branches of the main lines of drainage. 

Along the railroad and Coon Creek from Evansville nearly 
to Moberly are conspicuous red sandstones occupying the north
ern edge of the main Moberly channel. A short distance east of 
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Moberly there are exposed about 75 feet of massive red sandstone 
with intercalations of shale. The city itself is built over the main 
channel where it is 2 to 3 miles wide, as shown by numerous 
drillings that failed to find the Bevier coal, and by higher regular
ly stratified rocks that are· exposed north of Kimberly, only a 
few miles northwest. In the large clay pit about one mile south
west of MoberlY.there are exposed: 

SECTION IN CLAY PIT SOUTHWEST OF MOBERLY. 

Number. Stratum. Thiokness. 

Feet. 
1 Shale, light-colored. sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
2 Shale, dark-colored; carbonaceous; .bears large rounded 

concretions of siderite and limestone and thin lenticular 
coal seams ......................................... . 20 

. 3 Shale, drab, in thick lay.ers ........................... . 

Plant remains, especially ferns, are plentiful, though compar
atively few species are represented. Fossilized tree stumps are 
often dug out. It is reported that much more shale was found 
in a drilling made below this exposure. There were 50 feet of 
clay shale at another pit 1 ~ miles west of the city. The quantity 
of only moderately sandy clay shale in parts of the channel so 
close to thick sandstone beds is very surprising. The n.orth 
side of the channel is different, however, for a shaft sunk one mile 
north of the Union railroad station penetrated 115 feet of sand
stone below 85 feet of glacial drift. Below the bottom of the 
sandstone, which is at about 675 feet above sea level and 50 feet 
below the-Bevier coal' horizon, are two thin coal seams and some 
beds of clay and shale lying in the lower part of the Cherokee 
shale. In some of the mines near the Wabash railroad about 
2 miles west of Moberly, the north edge of the sandstone was 
found replacing the Bevier coal bed and similar deposits probably 
reached lower depths a little farther south. 

From a point about 2 miles southeast of Huntsville west to 
three miles beyond the Chariton County line the Moberly chan
nel has been carefully examined and mapped by Marbut, 1 

who showed conclusively that the phenomena can be accounted 
for only by the presence of a deep channel and not by any ir-

'Marbut. C. F., Geology of the Huntsville quadrangle: Missouri Geol. Sur
vey, vol. 12, pt. 2, pp. 312-371, 1898. Map republished in revised form in vol. 
II, 2d. series, Missouri Bureau of Geology and Mines, 1912. ' 
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regularity in the deposition of Lhe Cherokee shale. In this 
area the outcrop of channel-filling sediments is two l.o three miles 
wide and of unknown depth in Lhe middle, allhough it is certain 
that it extends Lo below the Bevier coal horizon. The deposits 
are chiefly coarse, thick-bedded sandstones, cross-bedded in 
many places and forming bluffs 50 feet or more in height. In 
some localities this sandstone may be seen truncating the regu
larly and horizonlally bedded Cherokee slraLa. Where the base 
of the sandstone is exposed on the sides of the channel a 1'0 l her 
thin but firmly cemented congolomeraLe commonly lies bet ween 
it and Cherokee strata. 

Although no tributaries have been traced directly in to the 
main channel in the Huntsville quadrangle, there are many 
evidences that a considerable drainage system was developed 
some time after the deposiLion of the earliest Pleasanton sedi
ments. Two and three miles southwest of Yales considerable 
sandstone is exposed and in the same locality (cel1ler sec. 2H, 
T. 52 N., R. 15 W.), the "ChaeteLes limestone," t.he boLtom
rock of the Lexington coal horizon, is cut of!' sharply by sand
stone that is strongly conglomeratic ncar the limestone (fig. 5). 

Fig. 5. Cross-section showing channel southwest of Yatos, Randolph count;:y' (M!Lrbut.). 

Two miles west of this (sec. 25, T. 52 N., H. 16 W.), two 
small mines were formerly operated in coal hasins that lie near 
the hase of a channel deposit. Near these mines there is also 
much sandstone and sandy shale that in some plaees rests on 
the hottom-rock' of the Lexington coal, and in others on the 
Pawnee limestone, the top memher of the Henrietta formation. 
All of these arenaceous outcrops southwest of Yates. were evident
ly parts of one small channel that possibly also extended to a 
prospect shaft heside the railroad one mile southwest of Yates, 
hut its connection with the main Moberly channel could not he 
traced. In the country northeast and southeast of Roanoke, 
however, there are many places where the Pawnee limestone and, 



MOBERLY SANDSTONE. 101 

more rarely, the Fort Scott are absent and their places taken by 
more or less sandy shale. The persistence of the limestones of 
the Henrietta formation in character and thickness in neighbor
ing territory indicates that they were all originally deposited 
in this area also and were afterwards removed by erosion. 

Shafts and drillings at Salisbury revealed 100 to 150 feet 
of sandstone and shale near the surface and no trace of the 
Bevier coal and other regular Cherokee strata that outcrop only 
two miles east of town and on Chariton River between Salisbury 
and Keytesville. Much massive, red, micaceous sandstone out
crops near Salisbury, and one mile south of town 30 feet of it 
overlie Cherokee strata that are near the Tebo coal horizon. 

Near Rockford, on Chariton River about 3 miles south
west of Shannondale, there are excellent exposures of red, 
micaceous sandstone that fill either the main Moberly channel or 
one similar to it. In a narrow, steepsided valley near the store 
are high walls of this sandstone, some cross-bedded, some thin
bedded, but most of it massive. In one place (southeast corner 
sec. 34, T. 53 N., R. 18 W.) it may be seen resting on the upturned 
edges of two two-foot layers of dark-blue, fine-grained Pennsyl
vanian limestone that dip 30° to 60° south of east. A well on 
the upland near the head of the valley penetrated 110 feet of 
sandstone below 25 feet of surface material. Up the Chariton 
from Rockford to within two miles of Keytesville Station there 
are sandstone bluffs 75 feet or more in height, with regular Chero
kee strata outcropping farther up stream. 

In the region south of Salisbury the topographic relief is 
slight, the altitude low, and the rare outcrops much obscured 
by till and loess. The course of the Moberly channel across 
it is, therefore, doubtful. It seems likely that it was deflected 
to the north to Salisbury and then turned south to Rockford in a 
great bend, though it is possible that it continued its nearly 
straight westerly course from the boundaries of the Huntsville 
quadrangle across Middle Fork to Rockford and that a tributary 
from the north joined it by way of Salisbury. The drift is 
very thick east of the Rockford Moberly area and the absence of 
sandstone outcrops between it and the channel deposits just 
off the northwestern tip of Howard County could be accounted 
for by preglacial erosion. 

There is no trace of the continuation of the Moberly channel 
between Chariton River and Miami Station, 20 miles west. 
This is not surprising, for the ancient river probably followed 
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the present wide flood plain of Missouri River and all traces of it 
have been removed by erosion. If it touched the Saline County 
side of the river it would probably have been raised subsequenLly 
by the relative uplift to which part of that counly has been sub
jected, and, in that case also, its deposits would have been sub
jected to vigorous erosion. Deposits at Brunswick may have fill
ed only a tributary channel. 

Along the bluffs from Miami Station to While Rock quarries, 
a little more than a mile southwest, the north side of a ehannel 
sandstone deposit is exposed, the rest of it having been removed 
during the excavation of the Missouri valley. 

White Rock lies almost directly in line with the direction 
taken by most of the Moberly channel and is evidently part of 
what was a large deposit, indicating strongly that it was formerly 
connected with the Rockford channel on Chariton River. In 
the bluffs near Miami Station the sandstone is brownish-red and 
bears intercalated shale, but at the White Rock quarries there is 
a face of massive, light-gray sandstone composed chiefly of round
ed, semi-translucent quartz grains in a calcareous cement. There 
are subordinate amounts of iron oxide, feldspar, and clay, abun
dant small flakes of white mica, and many carbonized plan l 
remains along bedding planes. The maximum thiekness of 
sandstone is said to be about 80 feet. At the north end of the 
quarry Cherokee strata appear beneath Lhe sandstone, which 
disappears completely within a short distance. 

From White Rock the Moberly channel probably conlinued 
its westerly course and joined the Warrensburg channel north of 
Dover, Lafayette County. The probable coincidence of the 
present Missouri River valley and the Moberly channel from 
Dover to Rockford is interesting. Although the channel 
deposits are more resistant than the Cherokee strata that in 
greater part are now adjacent to them, they are more easily erod
ed than the compact limestones of the Henrietta and Kansas 
City formations that formerly extended over this territory. 
During its early stages, therefore, the Missouri would find it 
easier to carve its way through the Moberly deposits than Lo 
attack the older formations and it may be that this part of the 
river had its course determined by that of the earlier stream that 
once occupied the Moberly channel. 
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OTHER CHANNEL DEPOSITS. 

Outcrops of thick Pennsylvanian sandstone beds lying in 
more or less unconformable fashion on lower strata were found 
at many places within the State. Many of these are, of course, 
nothing more than regularly interbedded arenaceous deposits, 
but where material was found filling. narrow, gorge-like valleys or 

.. containing well-defined conglomerates it is thought worthy 
of special mention. 

Nearly due west of Hallsville, Boone County, on Silver 
Fork, there is a low bluff of sandstone at the horizon of the 
Summit coal and other rocks exposed only a quarter mile up 
stream. Traces of a similar channel were seen on Hinkson 
Creek drainage northeast of Columbia. 

At Duncans Bridge, in the northwestern corner of Monroe 
County, and for a mile or more west and south, there is much 
red sandstone resting on Mississippian limestone in places and 
on Cherokee shale in others. Farther up Salt River m'ore 
red sandstone outcrops and is particularly conspicuous in the 
neighborhood of Woodville, in the southeastern corner of 
Macon County. Near this village are 40 feet or more of mas
sive, red sandstone and no sign of the Cherokee strata that 
outcrop within a mile. In several places there are beds of con
glomerate near the base of the sandstone, containing limestone 
pebbles in a firm calcareous matrix. Most of the pebbles have 
all the characteristics of Pennsylvanian rocks, some bearing the 
coral Chaetetes and much resembling the highest calcareous bed 
of the Cherokee. Fossil ferns of Pennsylvanian age were gather
ed from shaly parts of the sandstone. The material was, there
fore, laid down in Pennsylvanian time, but not until after the 
consolidation of at least some of the Cherokee strata. North 
of west from Woodville, on Hoover Creek eSE. Usee. 28, T. 
56 N., R. 13 W.), Cherokee beds at about the horizon of the 
Tebo coal are overlain with six feet of conglomeratic sand
stone dipping 300 to the east. Sandy shales and sandstones are 
much in evidence in the vicinity. 

A drilling at Cairo, ;Randolph County, penetrated .23 feet 
of sandstone under 33 feet of surface material, but its relation
ships are not certain, nor are those of the sandstone that replaces 
the limestone cap-rock of the Mulky coal two miles southwest 
of town (center sec. 3). A mile and a half southwest of Macon 
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City (by-road, NW. ~ SW. ~ sec. 20), a small outcrop 
shows sandstone replacing the cap-rock of the Summit coal in a 
similar manner. 

A few miles southeast of Laclede, at Woodland Mills (near 
center of sec. 14, T. 57 N., R. 21 W.) there is an outcrop of sand
stone that is in part conglomeratic at the base. This deposit 
overlies shale and limestone of the Des Moines group, but it was 
impossible to determine whether it is a channel deposit of the 
Warrensburg type or has been faulted into its present position. 
A few hundred yards southeast there are other beds of limeston(.. 
and sandstone dipping at an angle of 80°. Considerable red
dish sandstone outcrops in neighboring territory. 

In the territory northwest of Woodland Mills there arc 
severallocalilies in which sandstones of the Pleasanton forma lion 
have peculiar relationships. Near Wheeling, Livingston County, 
sandstones which at one place (sec. ~)l, T. 58 N., H. 22 W.) 
are apparently resting uncomformably on the Fort Scott lime
stone, were found at another about three miles northwest un
derlying and involved in folding with limestones of the Missouri 
group, showing conclusively the Pleasanton age of these part.icu]al 
sandstones. Still farther northwest (sec. 2, T. 58 N., H. 21 W.) 
conglomerate, similar to that accompanying the Moberly sand
stone, was found in the bed of Grand HiveI', and SHIHIRtonc known 
to be of Pleasanton age has a thiekneRs of more than 8f) fect. 
At Laredo, Trenton, and Melbourne arc massively bedded 
sandstones of Pleasanton age. DrillingR at Trenton indieat.c 
that the whole of the Henrietta formation was removed before 
the deposition of the sandstone. Ncar Mill Grove and Princeton 
there are thick sandstone deposits of the Pleasanton formation. 
In one place near Princeton (sec. 4, T. 65 N., H. 24 W.) the 
sandstone contains many coal streaks and fosRil logs, one of the 
latter being more than six feet long and a foot in diameter. 
Drillings at Lineville that certainly star Led above the level of 
the Henrietta formation in neighboring territory show only 
sandstone and shale, either because of exceptional dips in that 
district or because the Henrietta beds have been replaeecl by 
deposits of Pleasanton age. At Mercer, Princeton, and Caines
ville most or all of the Henrietta has been replaced by Pleasanton. 

Another area where the Pleasanton possesses many of the 
characters of channel deposits stretches from Boynton, Sullivan 
County, to near Millard, Adair County. A conglomerate is 
exposed at the base of the formation near Y oungslown, Adair 
County, south of Rosewood on south Blackbird Creek? west of 
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Fig. A. Warrensburg channel sandstone near Warrensburg. 

FIg. B. Exposure at Woodland Mills, Linn County. 
104 
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Mapleton on Dog Branch, Putnam County, and west of Queen 
City, Schuyler County. The maximum thickness of the con
glomerate in this area is 20 feet, which, however, includes in
terbedded layers of coarse sandstone. Its correlation with 
Bain's Chariton conglomerate has been suggested in the dis
cussion of the Pleasanton formation. This conglomerate is 
especially significant as, in township 65 north, each successive 
outcrop to the east is at a lower altitude and rests on older beds 
than its neighbor on the west, indicating an eastward slope of 
the surface on which it was deposited. It contains large rounded 
fragments of Chaetetes milleporaceous, not known to be in place 
nearer than 50 or 60 miles to the south. 

A drilling near Millard, Ada.r County 1, penetrated no lime
stone at the Henrietta horizon, although the level at which the 
drilling began is higher than that of the nearest outcrops of that 
formation. Outcrops southwest of Novinger contain sand": 
stone, probably of Plcasanton age, resting on beds of Cherokee 
age. 

A number of peculiar occurrences of sandstone 'were noted in 
Charilon County and some have already been mentioned as 
connected with the Moberly channel. There is considerable 
difficulty in definitely placing many of these stratigraphically 
for some are certainly channel deposits and others may be 
of the age of the sandstone between the Mulky and Bevier coal 
beds that is so prominent in the Grand River bluffs east of Hale. 
One-half mile southeast of Rothville Station (center sec. 28, T. 
56 N., R. 19 W.) and two miles east (W. 72 sec. 23) there is much 
sandstone apparently occupying the stratigraphic position of 
the Mulky coal and associated shales and sandstones of the' 
Cherokee exposed in the bluffs one mile east of the depot. In 
several drillings near Indian Springs (Indian Grove) a surprising 
thickness of sandstone and shale with no coal or limestone is 
reported, while there are many sandstone outcrops in territory 
south of the village. Material of undoubted Moberly type was 
found four miles northwest of Brunswick, on Salt Creek (S. 
line sec. 20, T. 54 N., R. 20 W.), where sandstone that is 25 
feet thick in neighboring outcrops, overlies horizontally a number 
ber of Cherokee strata dipping S. 30° E. at an angle of about 10°. 

At the mouth of Hurricane Creek, one mile south of Glasgow, 
Howard County, there are 60 feet of sandstone, in greater part 
massive, and some sandy shale. This may possibly be a channel 

'Hinds, H,mry, The coal deposits of Missouri: Missouri Bureau of Geology 
and Mines, vol. U, 2d ser., p. 55, 1912. 
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deposit, though the presence of pronounced folding and a heavy 
loess mantle in the area makes this difficult to determine, and 
Broadhead 1 may be correct in assigning to it a position among 
regular Cherokee strata. 

In Lawrence, Christian, Greene, and Dade counties there 
are some sandstone deposits whose narrow, channel-like form 
has suggested their correlation with the Warrensburg sand
stone. The position of the channel is such that it might be a 
continuation of the Warrensburg, a fact which added strength to 
the correlation. However, plants were found and identified by 
David White 2 as being much older than the Warrensburg. The 
sandstone in these channels is probably the same as that called 
Graydon Springs sandstone and conglomerate by Winslow, and 
Graydon sandstone by Shepard and other writers, which is 
believed to be of Cherokee age. It was apparently deposited 
in valleys eroded prior to the deposition of Pennsylvanian sedi
ments. Two of these valleys have been traced for considerable 
distance and named, 3 "the Schoolcraft River, best seen at 
Graydon Springs, and the Swallow River, which has left a large 
bed of gravel, conglomerate, and sandstone a mile and a half 
east of Aurora. Both of these channels extend northward lo
ward the Osage." 

Sandstone and conglomerate, resting unconformably on 
upper beds of the Cherokee shale, cap the mound norLhwest 
of Walker, Vernon County (sec. 8, T. 36 N., R. 30 W.). The 
basal conglomerate contains boulders - of Pennsylvanian lime
stone two feet in diameter, and the sandstone above, of which 
there is at least 25 feet, is brown, coarse-grained, and quartzose. 
The base of the sandstone is 12 to 20 feet above the Summit 
coal horizon, though the next mound on the north is capped by 
Henrietta beds and shows no such sandstone in the Cherokee 
shale below. It is to be presumed that t1\e sandstone at Walker 
is post-Henrietta, but that it is of Warrensburg age or occupies 
part of the Warrensburg channel is uncertain. 

A large channel very similar to the Warrensburg channel 
lies in the Lawrence shale member at and near Waldron, Mo., 
and East Leavenworth, Mo. It is described on pages 170 to 
172. 

'Broadhead, G. C., (Geology of) Howard County: Missouri Geol. Survey, 
Report for 1873-1874, P. 187 et aI., 1874. 

'Personal communioation. 
'Baboook, E. N., and Minor, Jessie, The Graydon sandstone and its mineral 

waters: Bradley Geol. Field Station of Drury College, Bull. vol. I, pt. 1, pp. 24, 
1904. 



CHAPTER IV. 

MISSOURI GROUP. 

GENERAL FEATURES. 

The Missouri group is the upper or "barren" portion of the 
Pennsylvanian series in Missouri, the so-called "Upper Coal 
Measures" of early reports. It resembles the upper half of 
the Des Moines group lithologically, but differs from it as a whole 
in having more persistent strata, more limestone, less sandstone, 
and much less coal. The chief difference between it and the 
underlying Des Moines group, however, is faunal. 

From an economic standpoint the group is not so important 
as the Des Moines. Small, local coal mines have been opened 
in Platte, Buchanan, Gentry, Nodaway, and Atchison counties 1. 

The shales have been used for the various ceramic industries 2 

and in making lime and Portland cement 3; they contain an in
exhaustible supply of material. The limestones are quarried 4 

for crushed rock ballast and rough building stone and, in a few 
places, notably at Kansas City and Princeton, a small amount 
of dimension stone has been obtained. The sandstones have 
been used for flagging and rough building work, but most of them 
are too soft for such uses. 

At the present time considerable interest is being taken in 
northern Missouri as a prospective oil and gas· field and for 
this reason the structure is described in some detail in a separate 
chapter dealing with that subject. 

AREAL DISTRIBUTION. 

The Missouri group comprises the highest consolidated 
rocks in all of Missouri west of an irregular line extending from 

'Hinds, Henry, Coal deposits: ]\1issouri Bureau of Geology and Mines, vol. 
11, 2d ser., 1912. 

'Wheeler, H. A., Clay deposits: l\fissouri Geol. Survey, vol. 11, 1896. 
'Buehler, H. A., The lime and cement resources of l\Hssouri: MIssouri Bureau 

of Geology and lVIines, vol. 6, 2d ser., 1907. 
'Buckley, E. R., and Buehler, H. A., The quarrying industry of :r..:Iissouri: 

Missouri Bureau of Geology and Mines, vol. 2, 2d ser., 1904. 
(107) 
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near Amsterdam, Bates County, to the northeastern corner 
of Mercer County (see Fig. 1). It also outcrops in a large 
territory in adjacent port.ions of Kansas, Iowa, and Nebraska. 
East of the main area, there are isolated outcrops in Bates, Cass, 
Johnson, Lafayette, Ray, Carroll, Livingston, Linn, Grundy, Sul
livan, Adair, and Putnam Counties. The lolal area is about 
8,000 square miles. 

LITBOLOGIO OBARAOTER. 

Shale and sandstone strata constitute nearly three-fourlhs of 
the Missouri group, which is a series of alternating beds of 
shale, sandstone, and limestone, wilh a few thin beds of coal and 
clay. The limestones, being more resistant to the processes of 
weathering, are more prominent than the beds of shule and 
sandstone both in outcrop and in influence on the topography and 
have, therefore, produced an erroneous impression that the 
Missouri lithologically differs greatly from the Des Moines. 

The following table shows the thickness of each kind of 
sediment in the group. It should be considered only un ap
proximation obtained by taking the average thickness of euch 
bed. The heavy sandstones which replace shale in certain areas 
are not included. 

OHARAOTER OF SEDIMI<JN'l'S OI!' 'rHE MISSOURI OltOUP. _______________ .----,0---------.-----

Kind of rook. 

Limestone ........................... , ......... . 
Shale, oaloareous ................................ . 
Shale, argillaoeous .............................. . 
Shale, sandy ................................... . 
Sandstone ..................................... . 
Shale, bituminous .............................. . 

.. Ooal ........................................ ~ .. 

'rhiokness 
in 

l'eroent 
of t,otal 

feet. thlokness. 

279 
17 

577 
158 
63 
14 

3 

25.1 
1.5 

52.0 
14.2 
5.6 
1.8 
.8 

1,111 100.00 

The lower part of the' group, particularly the Kansas City 
formation, has a larger proportion of limestone, and is often 
reported as solid limestone by careless drillers. Bennett 1 has 
some interesting figures on the composition of the lower part 
of the group as exposed in the vicinity of Kansas City, Mo. 

'Bennett. John. The Kansas Oity seotion: Kansas Univ. Geo.!. Survey. vol. 1. pp. 30-53, 1896. 
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CHARACTER OF SEDIMENTS IN THE KANSAS CITY SECTION. 

-
Thickness Percent 

Kind of rock. in of total 
feet. thickness. 

Limestone ........... " ........... '" ........... 119 52.7 
Limestone (thin layers in shale) ................... 12 5.3 
Shale, argillaceous and bituminous ................. 94.6 42.0 

225.6 100.00 

To the north the beds thin, particularly the shales. In 
northwestern Missouri and southwestern Iowa, drillings show 
very little sandstone in this group. The sandstones are usually 
arenaceous phases of strata which are elsewhere argillaceous. 
In Clay and Platte counties, and possibly in other areas, there 
are beds of sandstone comparable with those filling the Warrens
burg and Moberly channels. The beds of coal and bituminous 
shale are closely associated with limestones as in the upper half 
of the Des Moines group. The coal beds are fairly persistent, 
though thin and widely separated stratigraphically, and have 
yielded little commercial fuel. 

TmCKNESS . 

. Broadhead estimated the thickness of the group to be 1,317 
feel. This result was obtained by compiling a general section 
along Missouri River, a method which failed to show the thin
ning of the lower members to the north, where they are concealed 
by higher rocks. Drilling in the vicinity of the northwest corner 
of the State shows considerable thinning of all the shale and 
some of the limestone beds as compared with their thickness 
where they outcrop. The probable thickness of the Missouri 
group in Atchison County, where all formations are present, is 
close to 1,000 feet according to the Nebraska City drilling. This 
agrees approximately with Smith's estimate of 969 feet in 
southwestern Iowa 1. That part of the Missouri group which 
is represented in Missouri has a thickness of 1,500 feet in south
eastern Kansas. 

'Smith, G. L., Carboniferous section of southwestern Iowa: Iowa Geol. 
Survey, vol. 19. p. 655, 1909. 
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SUBDIVISIONS. 

From the great number of formation and member names 
proposed at various times the writer has selected, with the 
approval of Committee on Geologic Names of the U. S. Geological 
Survey, the following as being most suitable on the grounds of 
paleontology, lithology, or priority, as explained at the end of 
Chapter 1. 

FORMATIONS AND MEMBERS OF MISSOURI OH.OUl'. 
------------,.-----------------_. __ ._--

Formation. 

Wabaunsee formation. 

Member. 

Undifferentiatod 
~hale and limestone. 

'l'arkio limestone. 
--------------1-----------------------------

Shawnee formation. 

Scranton shale. 
Howard limestone. 
Severy shale. 
Topeka limestone. 
Calhoun shale. 
Deer Creek limestone. 
Tecumseh shale. 
Lecompton limestone. 
Kanwaka shale. 

------------,1--------'----_· __ ·_---_······_·····_--_· -----.. ----. 

Douglas formation. 

Oread limestono. 
Lawrence shale with Amazonia IimoHtnno !Joel. 
Iatan limestone. 
Weston shaJe. 

-----------1----------_ .. _-----------_ .. 

Lansing formation. 

kansas City formation. 

Stanton limestone. 
Vilas shale. 
Plattsburg limestone. 
Lane shale with Farley limestono bed. 

IoJa limestone. 
Chanute shale with Raytown IImostone bod and 

Cement City limestone bed. 
Drum limestone. 
Cherryvale shale. 
Winterset limestone. 
Galesburg shale. 
Bethany Falls Iimesto'ne. 
Ladore shale. 
Hertha limestone. 
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GENERALIZED SECTION OF MISSOURI GROUP, AFTER BROAD
HEAD, THE FORMATION AND MEMBER NAMES BEING THOSE 
ADOPTED IN THIS REPORT. 

Wabaunsee formation: 
Shale,-red .....•... _ .. _ .. __ . _ .. _ . _ .. _ ...........•. 
Sandstone and shale; sandstone at top, upper three feet 

irregularly bedded and micaceous; green; below, 8 
or 10 feet soft brown; then 35 feet shale and sand
stone, red shales in ,upper part, thick-bedded sand-
stone at bottom .......... _ ..................... . 

( L~mestone, drab;·weather~'brow~ ..•................. 
" Llmestone, shaly;, contaimng fOSSlls ................. . 
,Limestone, blue. concretionary; traversed by calcspar 

veins •.....................•.................... 
Shale, sandy or dark brown clay .......... _ ......... . 
Coal (Nyman) impure, and shales, 2-10 inches ....... . 
Shale, ochery. sandy; thin streaks where ooal is ab-

sent ........................................... . 
Shale, sandy ..................................... . 

- TarkIo'limestone member: 
f~z..:.>Limestone ,dark-blue, shaly ...... : '" ........•.... 

~~-;,.:;;:r:~~='~ ,~hale, green and red, with nodules of limestone ..... . 
-;,-'~~: ,", •• J Limestone, upper part nodular; weathers brown; 

:.: ' ' , , _' abounds in FuBulina ..... : .............•....... 
Shawnee formation: 

Soranton shale member: 
Shale, blue and drab; argillaoeous .................. . 
Limestone, bluish-drab; fossiliferous ...... , ........ . 
Shale, blue; fossiliferous ............• '.' .......... . 
Sandstone, hard •.. '" ......... , ................. . 
Sandstone, soft ................................. . 
Sandstone, caloareous ......................... ' .. . 
Shale, blue, argillaoeous; thickest where the sand-

stone above is absent ............•.....•..•..•• 
Limestone, blue; tolerably fine-grained; perpendicu

larly jointed; weathers brown ..•••.............. 
Shale ............... , ......................... . 

~:f . .,t;1............. Limestone: buff, ochex::; easily decomposed; jointed 
, ~ _____ , __ '-perpendlCularlY; fosslliferous •••.........•....... 

Shale, buff and olive .•..••....................... 
Shale, red ....................... ' ..... , ........ . 
Shale, clayey and sandy with conoretionary layers 

of sandy ironstone .............•.•.......••..•. 
Limestone, shelly; fossiliferous; local •..•...•....... 
Shale, gray to black; local •...•.•............••... 
Coal (Elmo); in places represented by blaok shale .. 
Shale, drab •••.•••.... , ••.•....•..•.•........••• 
Limestone, shelly, porous, ferruginous ........•..... 
Shale; septaria occur neat upper part ...•. ' ........ . 
Septaria 6 inches to 1 foot; fossiliferous ...•.•.•.•... 
Shale •••. ; •.•..•......••.•• " •••••..•..••....... 

Broad
head's 

numbers. 

3a 

4 
5 
6 

7 
8 
9 

10 
11 

.12 
• 13 

14 

15 
16 
17 
18 
19 
20 

21 

22 
23 

24 
25 
26 

27 
28 

224 
223 
222 
221 

Thickness. 

Ft. in. 

5 

47 

3 

1 

22 

1 
1 

4 

28 
2 

2 
3 

6-13 

1 
1 

2 
2 

30 
)(-1 
)(-1 
)(-1 
13 

2-4 
36 

48 

10 
2 

4 
2 
2 

6 
6 

10 
6 

10 

3 

10 

/lNumbers 3-28 are in the Atchison County section. numbers 224-'14 in Mis
souri River section. 



" 
I 

.' 
,~ 

~ J '~1' 

112 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

GENERALIZED SECTION OF MISSOURI GROUP-Continuod. 

Broad
head's 

numbers. 
Thickness. 

1"1. in. 
Shawnee formation-Continued. 

Howard limestone membor: 
Limestone, spathio; a 4-Inch bed of carbonate of 

iron and lime at lower part; fossillferous ......... . 
,Shale, sandy ................•.....• , ........... . 
Limestone; 16 in. to 2 ft.; pyritiferous; very fossil-

iferous ....•.....•........•......•........•.... 
Severy shale member: 

Limestone, arenaceous; not always present; composed 
mainly of ostracods ... , ....................... . 

Shale, blue and black, slaty; in northern Nodaway 
County, black concretionary limestone occurs In 
the shales; both are fossiliferous ..• , ............ . 

Coal (Nodaway); 4 to 16 inches; divided into different 
seams by 2 to 4 inches of blue clay ..... " ....... . 

( 
l ,1 Sandstone and shales, containing plants ........... . 

Shale, argillaceous; fossiliferous ...... ; ............ . 
"""!fopeka limestone member: 

Limestone, deep-blue; compact; in thin layers with 
shale partings; fossiliferous; absent'in places ..... . 

Limestone, ash-blue; fossiliferous ................. . 
Shale, brown, with nodular limestone layer; fossil-

iferous ..• " ........•.....•......•............. 
Limestone, dark ash-blue; fossiliferous ............. . 
Shale, calcareous ............................... . 
Shale, blue and black, slaty ........•.............. 
Limestone, blue; resembles No. 209; fossiliferous ... . 
Shale, drab; in thick laminae .................... . 

220 
210 

218 

216 

215 
214 
213 

212 
211 

210 
200 
208 
207 
206 
205 

2 
2 

1 

4 

17 
4 

)4-4 

4 

1 
1 
2 

Shale, dark-green. . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . . 204 1 
Shale, green, nodular. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203 
Shale, yellow. . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 202 1 
Limestone, ash-blue or gray; coarse; sub-oolitic; 

weathers rough; fossiliferous. . . . . . . . . . . . . . . . . . . . 201 
Shale; light-green paSSing into blue; has limestone 

concretions'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 2 
Limestone ash-blue; .rough; shelly; weathers brown; 

fossiliferous. . . . . . . . . . . . . . . . . . . . . . • . . . . • . • . . . . . 199 
Shale, blue. .. . . . . . . .• . .. . .. .. . . . . . . . . . . . . . . . . . . . 198 
Limestone, ash-blue or buff; weathers brown; fossil-

iferous.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197 
Calhoun shale member: 

Shale, brown; fossiliferous. . . . . . . . • . . . . . . . . . . . . . . . 196 
Shale, sandy, and sandstone. . . . . . • . . . . . . . . . . . . . . . 195 
Shale, black and slaty; in places contains a thin 

coal seam. . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 
Shale, sandy, micaceous. . . . . ... . .. .. . . . . . . . . . . • . . 193 
Limestone, grayish-blue. . . . . . . . . • • . . . . . . • . . . . . . . . 192 
Shale .. " ................................... " . 191 
Limestone, grayish-blue; highly fossiliferous. ....... . 190 
Shale, blue; in places 10 feet thick. . .•.... .......... 189 
Limestone, dull-blue; 4 to 10 inches; in places has a bed 

of cone-In-cone structure on upper surface ;fossiliferous 188 
Shale, 3 to 4 feet thick with Fusulina; fossillferous. . 187 

2 
2 

2 

3 
4 

1 
3 
1 

3 

8 

6 

(\ 

8 

r 

6 

10 

(I 

4-
6 
4 
8 
4 

10 
'I 

{', 
, 

6 

Ill' ,I ,:," " I 

, 
} 

" 
9 \ 

5 
6 J 
6 

10 

" 
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GENERALIZED SECTION OF MISSOURI GROUP-Continued. 

Broad-
head's 

numbers' l 

Shawnee formation-Continued. 
Deer Creek limestone member: 
::{, Limestone; ash-gray; fossiliferous ...•.............. 
""Shale, blue and bituminous .............. , ........ . 

Limestone; even layer; fine grained ............... . 
Shale ......•.•.•.•..•...•..............•....... 
Limestone, buff .•............................... 

,Teoumseh shale member: 
Sandstone ...........•..•..••...•............... 
Shale .......•....•........... ' ................. . 
Shale, argillaoeous or arenaoeous ....•...... , ...... . 

Leoompton limestone member: 
Limestone, dark ash-blue; shelly; fossiliferous ..•... 
Shale, dark olive ............................... . 

i Limestone, light-drab, mottled with white speoks; 
t \ 7 upper part nodular; lower part even; fossiliferous 

C Limestone, shelly and nodular; fossiliferous ........ . 
( Shale, dark .................................... . 

i 7 Shale, black, slaty .............................. . 
\, Shale, contains Fusulina ......•. ~ ................ . 

Limestone; contains Fusulina .................... . 
Shale, yellow; contains calcareous nodules ......... . 
Limestone: light-brown; rough fracture; mottled 

with dark-brown streaks and white specks; fossil-
_._. __ •• iferous ..................•..................... 

Kanwaka shale member: 
Shale. argillaceous .............................. . 
Coal: local ..•........................... ; .....•. 
Sandstone, shaly .............................•... 
Coal; local ..................................... . 
Shale, sandy .•...•.............................. 

(Ii'!:'j ~f. Limestone; contains Fusulina ......... '" ""'" .... . .o .... . 

Shale ...•................................ ; .... . 
Douglas formation: 

····-Oread limestone member: 
Limestone; 3 to 14 feet; strong, tough, silicious and, 

oolitic; even layers; in places cross laminated; 
fossiliferous .•.......•.......•................. 

Shale; absent in a few places ....••.•...•.......... 
Limestone. grayish-drab; 27 to 35 feet; irregularly 

~:!~ee~.; . ~~s. ~. ~e.~ . ~~~~:. ~~:~~.;. ~~~~ . ~o.s~~l~~e~~~~: : I 
S~ale, blue and black, slaty .....•.......•........ '1 
LImestone, blue to gray; even bedded .............. j 
Shale, ~lu.e ...••..•....•........................ '1 
Shale; llke above ••....•..•...................... 
Shale, whitish or blue ..•.......•................. 
Limestone, buff; fossiliferous ..................... ·1 

186 
185 
184 
183 
182 

181 
180 1 

170 

169 
168 

167 
166 
165 
164 
163 
162 
161 

160 

159 
158 
157 
156 
155 
154 
153 

152 
151 

150 
149 
148 
147 
146 
145 
144 
143 

Thiokness. 

Ft. in. 

15 '- ;, 

5 
2 
7 
5 

2 
2 

50 

2 
3 

3 
3 
3 

4 
10 

9 

4 6 

5 
H 

9 
3 

8 t; 

2 
9 

!l 
3 

27 
3 
2 
2 4 

4 
8 
5 
7 

'Numbers 171-179 of Broadhead's section are duplications of some of the 
next lower beds. 
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OE:NmRAI,I7.1~D SmC'.l'[ON 01" MJHSOUHI <111.0UP~·~··Co!l\.inuod. 

. _----------_._---_._-_ .. 

DouglaA formation--Oontinucd. 
Lawrence shalo member:' 

Shale. whitc. rod and green at toP. variablo below; 
contains locally I,; t.o 10 foot of Band y Ahulo lLnd 
sandst.one (=Nos. lal,; and 142). and :~ itwhos to 2 
feet of coul whioh has rnUllY olay rml't.ings (,,,,.·N nl4. 
la4 and 141) ................................. . 

. ' IJirnestono (Amazonia bed); ferruginous; has 0. 

brecciated appoaranoe where weat.horn<i ........•. 
Shale. drab; ar'p;iI1acoous (=Nos. l:~a nn<l Ian) ..... . 
Shale. sandy. ["rruginous. culoarooul:l; highly fOHl:lil-

iferous (==N o. 1;,2) ....•...............•....... 
Shale. drab to bull' .............................. . 
Limes~one. drah. rough; loordly ou.lear(lOUR RandHj,one. 
Shale. blael,. eontuining locally lL thin coo.l SOfltn ••••• 

.~., .... Shale, gray. red. or green (",,,,,Nos. 12\l .. l.aO-l:U) .•.. 
latan limestone morn bor: 

Limestone. gruy. ferruginous; weathers to a b!'{\cciated 
appearance; at St. Joseph is 4·1,; foet thiolt; (.ttaln8 
maximum thIckness nnar rutan. l'Iat,te Count.y 
(=No. 128); snomingly roplaood sandstone In 
southern Plutte County; absent in pinons ........ . 

Weston shale momber: 
Shale, drab, argillaoeous; in plaoos tho upper part, or 

whole of thi8 shalo is repiauod by 50 foet or mom 
of snndstqno with a thin eoal Houm locally pl'OHont 
ncar the buso (=Nos. 110 .. !U); t.ho sandstono Ii'! 
seemingly uno()ufoJ'malJlo at tho baHo ..........•. 

Lansing formation: 
Stanton limestone mambor: 

Lirnestone, san(ly; fOHHili/'el'ou8 ................... . 
Shale. blue or groonish; HUll<lstollO pr'osont in plftCOS ••. 

Limostollo, buff ................................ . 
IJilllostono, gray; fossiliferouB ..................... . 
Shale, blue; middle 8 inohes blank and slu1,y ........ . 

................ " .... Limestone. blue; fossiliferous ..................... . 
shale member: 

Shale; usually calcareous or bituminous whel'C1 thin .... 
.. -.... -·-'PlattsbUrg limestono rnember: 

Limestone, bluo and gray, with buff shaly partings; 
1",," "'<'" C. fossiliferous .................................. . 

Lane shale member: 
.Limestone. shelly; in places arenaceous; fOSSilifel'OUIl 
Shale, blue and sandstone, buff, white or red .•...... 

(Li~:::~:~,. ~~~r.u.g.i~~~~, .. ~~I:~, .. C~.n.~I~)~~~r~.t~(~; .. ~'~H.a~l: I Shale .... " ................................... . 
L.Limestone (Farley bed), hard. ferruginous; 3 to 10 

ft.; contains large fossils ....................... . 
C, Shale, sandy ..•................................. 

Bnmd-
11<'<1d's 

numbers . 

1-12··1:lH 

1!l7 
127 

12H 
1:.!5 
124 
12:1 
122 

121 

l:.!O 

115 
114 
It:! 
112 
III 
110 

lOll 

108 

107 
10!l-10a 

102 
101 

100 
99 

'l'hielnlOSB. 

Fl. in, 

:U;·l()() 

I-Hl 
fin 

.2 (; 

(\ 

J,:(_. 8 
~::.:-.1O 

15-20 

no 100 

:l 
1- H\ 
a (\ 

1:1 (I 

5 !l 
>1 

1") \l 

IS 

20-40 

:J 

3 
:n 

'Broadhead's section of the Lawrence shale is much confused owing to eert.ain 
d upliea tions. 
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GENERALIZED SECTION OF MISSOURI GROUP-Continued. 

Kansas City formation: 
lola limestone member: 

Limestone, gray and buff; thin and irregularly bedded; 
fossiliferous .................................. . 

Chanute shale member: 
Shale, blue; argillaceous; has ochery concretions; 
fossiliferous; contains sandstone and thin coal bed 
in places ............................. '" ....... . 
Limestone (Raytown bed), bluish-gray; contains large 

fossils ....................................... . 
Shale, blue and black, slaty ...................... . 
Shale ......................................... . 
Shale, fossiliferous .............................. . 
.Limestone, even bed; fossiliferous ................. . 

. Sl1ale, blue, buff and reddish; in places sandy ....... . 
Limestone (Cement City bed), drab .............. . 
Shale, blue and olive ............... : ............ . 
Shale, buff and nodular .......................... . 

Drum limestone member: 
Limestone, bluish-drab, irregularly bedded ......... . 
Limestone, oolitic; very fossiliferous ............... . 

Cherryvale shale member: 
Shale ......................................... . 

F .• ( k Limestone, blue; fossiliferous ..................... . 
Sl1ale, blue clayey .............................. . 
Coal, poor; absent in places ...... ' ................ . 

'Ninterset limestone member: 
Limestone, very dark blue; silicious; witl1 lenticularl 

forms and concretionary bedS. of black chert; fOSSilSI numerous, especially in upper part ............. . 
Limestone, dove and drab colored; fine-grained; 

fossiliferous ...... , ........................... . 
Shale ......................................... . 
Limestone, drab and blue; irregularly bedded; some 

cl1ert concretions; has buff shaly partings; fossili- I 
. ferous ....................................... . 

Shale, blue ..................................... . 
Limestone, blue; concretionary ................... . 

·····--oalesburg shale member: 
Sl1ale, blue ..................................... . 
Shale, black, slaty .............................. . 
Sl1ale, clay ..................................... . 

Bethany Falls limestone member: I 
V· Limestone, nodular and shelly; fine-grained ........ . 

Limestone, oolitic; attains a thickness of 8 feet in 
places; absent in others ........................ . 

Limestone, dun and gray; fossiliferous; varies from a, 
thin-bedded to masRive oolitic or "conglomeratic"I' 

Ladore shale member: 
Shale, blue, argillaceous ......................... . 
Shale, black, slaty. . . . . . . . . . . . . . . . . . . . . . . . I 

Broad
head's 

numbers. 

98 

97 

96 
95 
94 
93 
92 
91 
90 
89 
88 

87b 
87a 

86 
85d 
85c 
8Sb 

85a 

84 

83b 
83a 
82 

81c 
81b 
81a 

80 

79 

78 

77b 
77a 

Thickness. 

Ft. iT),. 

1-43 

5-30 

5 
2 

1 
1 

5-15 
9 
5 
2 

3 
2-18 

15 
1 
2 

8 

9 

5 

1 

1 
2 

4 

3£-1 

20 

2 

9 
9 
1 
1 

2 
6 

74-4 

8 

4 
5 

8 
6 

11 
7 

8 

2 
4 
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KANSAS Crry FORMATION. 

(jlIARACTJ~RISTXCS. 

7Ue 
7Hl> 
7tl!L 

7·1 

Fl. 'i,L 

"1 

At the base of the Missouri group is Lhe Kansas City for
mation, essentially a lithologic and faunal llniL Beede and 
Rogers grouped the members of Lhe formation into a single faunal 
series but divided it into three stages, making the Drum a separale 
stage from a study of the fauna of ils o()Jilie plw:se al Kansas 
City. Girty al:so found the formalion lo he mnrhd otT 1'rom 
those above and helow by certain faunal dislincl.ions. At 
Kansas City over half lhe formation is limestone hutto Lhe norlh 
the amount of limestone decreases. Very Ii Llle :sandstone occurs 
in the formation, but thin heds have been found locally at Lhree 
horizons. The shales are argillaceous or caleareou:s, but there are 
several persistent layers of black, slaty shale. The to lal Lhiek
ness varies from 225 feet at Kansas Ci ly Lo abou L 200 feeL in 
Harrison County. The type localily is at Kansas City, Mo. 
The outcrop is shown on the State geologic mnp. 

MIOMBERS. 

Hertha limestone member.-The Hertha limestone is a 
resistant, heavy-bedded, gray, ferruginous, crystalline limes lone, 
varying from 4 to 18 Yz feet in thickness, thinning to Lhe northeast.. 
South of Missouri River it is a rather massive, rough-appearing 
limestone. In northern Missouri it usually occurs in two 
beds, the upper about 2 feet and the lower 2 Yz feet thick, wi th 
shaly, sandy layers of impure limestone above and below. It 
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weathers to a mottled or corrugated appearance which has led 
to its being called a "conglomeratic" or "fragmental" lime
stone. In other places it is thin-bedded with shaly partings. 
A few feet below its base there is usually a thin bed of coal 
(the Ovid seam). 

Ladore shale member.-Above the Hertha is a shale member 
varying in thickness from 6 to 30 feet. In the upper part is a 
layer of slaty, carbonaceous shale underlain by a thin lime
stone commonly consisting of one or two layers. The remainder 
of the member is composed of shale and shaly limestone, or, where 
thicknesses approaching the maximum are attained, of sandstone 
and sandy shale. In Livingston County the sandstone is very 
firmly cemented. 

Bethany Falls limestone member.-This member is com
posed of two beds, the upper of which is about three or four 
feet thick and made up of limestone nodules, that do not appear 
as a rule in natural outcrops but may be seen in quarries or rail
road cuts. The lower bed is 12 to 21 feet thick and presents two 
distinct phases, that of a heavy-bedded, pitted or corrugated, 
unfossiliferous and somewhat loosely cemented limestone, as 
at the type locality, or of a thick-bedded oolitic rock. This 
phase w~athers into thin beds and is rather fossiliferous. In 
places both types of limestone may be seen in the same face, in 
which case the latter is below the former. The general color is 
light or dark gray. It is locally knovm as the "Spotted-rock." 

Galesburg shale member.-Between the" Bethany Falls and 
Winterset limestones is a thin ,bed of shale, slaty in the middle 
and blue at the top and base. Its thickness in northern Missouri 
varies from 5 to 10 feet. In south,vestern Missouri and south
eastern Kansas the thickness is somevirhat greater. 

Winterset limestone member.-The Winterset is a blue, thin
bedded, limestone with buff shaly partings. Its thickness varies 
from 25 to 40 feet. At many places it is divided into three beds 
by thin shale partings. Throughout its outcrop, the Winterset 
is extremely cherty, a feature that has given it the local name 
"Chert ledge" at Kansas City, where the chert is dark-blue or 
nearly black and contains an abundant molluscan fauna. At 
Kansas City and east of Liberty, Clay County, the shale partings 
between the three beds are apparently thicker than usual. In 
the northern counties the top of the Winterset limestone' con
tains many specimens of Fusulina. 

Cherryvale shale member.-Above the Winterset limestone 
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is an argillaceous or calcareous shale varying from 1:~ to 25 
feet in thickness. Near the base is a thin layer of limestone 
(Broadhead's number 85d), that is persistent from Kansas City 
to northern Harrison County. Thin lcnticular limestones oecur 
in this shale in many places and, in the northern cotlnlies, a 
series of thin regular beds of limestone alternating with shale 
makes up most of the thickness. Blue or buff is the prevailing 
color, but in Jackson and Clay counties there is a layer of black 
shale, with a thin bed of impure coal in plaees. 

Drum limestone membcr.-The next higher member is the 
Drum limestone. At Kansas City it varies from almost nothing 
to 18 feet thick, and is gray and oolilic. I t thins to t.he norlh
east to. 3 to 6 feet but usually retains its oolHie character. At 
Kansas City it is in places dividcd by a thin shale parling into 
two beds, the upper of which is known as the "Oolitic ledge'" 
and the lower as the "Bull ledge." At Parkville and possibly 
at Liberty it is rather cherty. 

Chanute shale member.-Above the Drum limestone is a com
posite shale member, the Chanute. At the base is a bed of shale 
5 to 20 feet thick, in places calcareous but as a rule al'gillaecous 
and tinged with green, red or purple. Ovcr it is a bcd of gray, 
buff or cream colored limestone varying from 5 to 10 feet in 
thickness and here called the Cement Cily limeslone bcd, from 
the town of that name in Jackson County, Mo. At Kansas City 
it is known as the "Gray ledge" or "Building ledge." This 
is succeeded by another shale layer 10 to 15 feet thiek and, like 
that below, tinged with red or purple in places. In this laller 
phase it is sometimes known as "Kimball" or "Madder dirt" 
to drillers. In other places a thin layer .of persistent mieaceous 
sandstone is found at this horizon. The upper part of this 
shale is the black "slaty" variety and is set off from the lower 
portion by a thin but persistent bed of limestone (Broadhead's 
number 92). Above the black shale is another bed of lime
stone, the Raytown limestone bed, 3 to 6 feet thick, gray and 
thinly bedded. To the north it becomes rather shaly in the 
middle. It is characterized by the large size 'of its fossils and is 
known among quarrymen at Kansas City as the "Calico ledge." 
At the top of the Chanute member is blue argillaceous shale, 
sandy shale or sandstone that varies from 5 to 30 feet in thick
ness. Where arenaceous a thin coal bed may occur. Where 
the upper layer of the Chanute shale is thin it is commonly 
the blue argillaceous phase. 
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lola limestone member.-The upper member of the Kansas 
City formation is the lola limestone. It is a light gray, some
what crystalline, and thinly bedded limestone whose shaly 
partings weather to buff. At Kansas City where it is known as 
the "Crusher ledge" its maximum thickness is 43 feet but to 
the north, along its eastern outcrop it thins to nothing. In 
northwestern Missouri, west of its outcrop, drillings indicate that 
it is present but thinner than at Kansas City. The lower 
portion is usually a single layer about one foot thick, darker than 
the remainder and separated from it by a thin shale parting. . It 
is persistent farther to the north than the upper portion and is 
overlain by a few inches of shale and a foot of loosely cemented 
material, largely made up of fossils. This shaly material is 
believed to be the equivalent of the upper part of the member. 

REGIONAL VARIATION AND DETAILED SECTIO"NS. 

Bates County.-As there has been some confusion in the 
correlation of the three lower limestones of the Kansas City 
formation, it is thought best to give Bennett's 1 section along 
Marmaton River near Uniontown, Kans., 22 miles west of the 
Missouri line. This locality is near Bronson and not a great 
distance from Erie, both of which names have been given to the 
beds near Uniontown. The section, slightly modified is: 

SECTION WEST OF UNIONTOWN. KANSAS.· 

Number. Stratum. Thickness, 

Ft. in. 
1 Limestone. white. upper 5 feet very cherty. lower 20 feet 

somewhat evenly bedded. with an ocqasional chert con
cretion (Winterset)................................. 25 

2 Shale. bituminous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
3 Limestone, evenly bedded; two layers. . . . . . . . . . . . . . . . . . . 1 6 
4 Shale; somewhat argillaceous. . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
5 Limestone, upper part light-colored, sub-oolitic; lower 

part breCCiated or heavy-bedded; even-bedded (Bethany 
Falls) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

6 Shale. clay and bituminous ............... , . : . . . . . . . . . . . 4 
7 Limestone, evenly-bedded; two layers. .. . . . ............. 3 
8 Shale, clay ....................................... '. . . . 7 
9 Limestone, unevenly and heavily bedded; weathering. 

rough (Hertha) . . . • . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 22 
10 Sbale. drab, argillaceous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
11 Limestone. dark; in two layers ............... ,.......... 1 4 

94 10 

'BenIlAtt, John. A geologic section along tbe Misspuri Pacific Railway from 
State line. Bourbon County, to Yates Center: Kansas Univ. Geol. Survey, vol. 1, 
pp. 95-96. 1896. 
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No 9 of this section is correlated by the Kansas Survey with 
the Bethany Falls limestone (Broadhead's number 78); No. G with 
the "Mound Valley" limestone (Broadhead's numbers 8:)-8,1)= 
true Bethany Falls limestone; and No. 1 wiLh the "Dennis' 
limestone (Broadhead's number 858)= Winlerset limes Lone. 
The writer, however, differs from this opinion in correlating 
No. 9 with the Hertha (Broadhead's number 7'1), No. 
8 with 75-7(5a-b, No. 7 with 7G, No. G with 778-b, No. 5 
with the Bethany Falls 1 78-80, Nos. :3-4 with 81u, No.2 wilh 
8Ib-c, and No.1 with the Winterset 82-85a. It will be seen that 
with the exception of 1he thickness of the lowest limestone, 
No.9 or 74, there is a close agreement with Brondhcad's sce[ion, 
even in the minor details. The "Mound Valley" and "Dennis" 
limestones at Kansas City -as correlaled by the Kansas Survey 
have no black shale between them; in fact, very Ii ttle shale of 
any kind. In the writer's experience the thin beds of black 
shale are among the most persistent beds in the Missouri group 
and that this particular layer of black shale (No.2 of above) 
should entirely disappear between Uniontown and Kansas City 
does not seem probable. As to the thickness of the lower lime
stone, it is known to thin to the north along the eastern outcrop, 
though in many deep drillings it exhibits a thickness of nearly 
20 feet. No.9 of the Uniontown section has been traced 10 the 
Missouri line, where it has been identified by Broadhead 2 as 
his number 74, the Hertha limestone. 

The most southerly occurrence of the Missouri group in 
Missouri is on "Rock Mound" (sec. 5, T. 38 N., R. 33 W.), 
capped by the Hertha limestone. This member is here about 
eight feet thick, massive, ferruginous, dark gray on the weathered 
surface, lighter where freshly broken, and with a rongh appear
ance. Its altitude is approximately 950 feet, about the same as 
the escarpment five or six miles to the west. 

The Hertha limestone next appears in the county on a mound 
on the divide in T. 39 N., R. 33 W. From the north side of 
Marais des Cygnes River, the Hertha and Bethany Falls lime
stones cap a series of mounds along the State line to the vicinity 
of Mervin where the main escarpment enters the State, cuts 
across the northwest corner of Bates and enters Cass County . 
.The Winterset limestone probably occurs in this area. Out-

'The Kansas Survey now concurs in this correlation in a letter to David 
White, dated May 14, 1912. . 

'Broadhead, O. 0., The coal measures of Missouri: Missouri Oeol. Survey, 
vol. 8, :po 3n, 1895. 
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Fig. A. "Rock Mound" near Hume, capped by Hertha limestone. 

Fig. B. Escarpment of Kansas City formation a(Amsterdam. 
120 
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liers of the Kansas City formation are found in Bates County 
as far east as the western part of T. 41 N., R. 30 W., at an alti
tude of about 1,000 feet. Some of these are capped with the 
Bethany Falls limestone, according to Broadhead. 1 

At the mound on the east line of sec. 13, T. 41 N., R. 32 W., 
the Hertha limestone is eight feet or more in thickness. It is a 
gray limestone with red ferruginous streaks and has a somewhat 
brecciated appearance. A fresh surface shows many sections 
of a shall of the Bellerophon type. 

SECTION AT MOUND IN SEC. 1, T. 41 N., R. 32 W. 

Number. Stratum. Thickness. 

Feet. 
1 Soil, with chert. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
2 Limestone, gray, "brecciated" (Bethany Falls, base) . . . . . . 5 
3 Shale, black, bituminous, and covered. . . . . . . . . . . . . . . . . . . 3 
4 Limestone, dark gray ................................. . 
5 Shale and covered. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
6 I,imestone, massive (Hertha), about. . . . . . . . . . . . . . . . . . . . . 4 

Cass County.-The escarpment of Kansas City formation 
enters this county from the south.on the western side of range 
32 west, and crosses the county in an irregular line to the north
eastern corner. The following section slightly modified from 
Broadhead, was taken at Pleasant Hill. 

SECTION AT PLEASANT HILL, ]),10. 

Number.I __________ S_t_ra_t_u_m_. __________ .;i __ T_h_ic_k_n_ess. 

1 
2 

3 
4 

5 

6 

Shale, clay .......................................... . 
Limestone; decomposing bed; brownish; ochery= upperl 

part of number 85 ........................ , ........ " 
Shale, dark-drab, clay ................................. i 
Limestone, buff; decomposing; with disseminated particles' 

of calcite, and fragments of crinoid stems ............. ·1 
Limestone, silicious, blue; weathers drab; fracture con-; 

choidal ........................................... i 
Limestone siliciOUS, drab, fine-grained; with numerous l 

specks ~f calo-spar disseminated; when not too chertY"1 
admits of a fine polish .............................. . 

Ft. in. 
4 

4 
4 

2 

3 

2 

'Broadhead, G. C. (Geology of) Bates County: Missouri Geol. Survey. 
Eeport for 1873-74, p. 161, 1874. 
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SECTION A'r PI,EASANT HIT,I" MO.-Cont.inuod. 

Number. Stratum. 
------------------------.-.-----.-.~----.-

7 Limestone, rough a.nd irrogulurly-hnclclocl; gmyiKh-c1rab; 
l<as buff, shaly parting,;; ('-Ont.ain" brown and whit. .. 
calcite; ancl roso-colol'od heavy spar; contain~ !1 poclltiar 
cyJindrioal fucoid about an inch in dinmo!.nt·, I.lto Jluri
phery of silioious ch(il'ty muj,orial sj,uddo(j wij,hin wHh 
minute quartz o!'ystulA; sorno wIth a <mlt,jj,o band ho·· 
tweon tho innor and t.he outo!' purt ........ , .......... . 

8 Shalo. brown and bull', oalcareous ............... , ...... . 
9 Limestone, bluo, shaly; turns brown on oxpofmro ......... . 

10 Shalo, bituminous ................................... . 
11 Shale, blue and bituminous; w it,h ()orduitol:! and nn 01'-

easional knife-edge of (Joul .......................... . 
12 Clay, blue and buff .................................. . 
13 Limestone, light-drab, flno-grainot! ..................... . 
14 Limestono, oolitlo and 8ub-orysj"tlIill(\; tho oolitic: hod iM 

ferruginous ....................................... . 
15 Limestone, gray, sholly (=78) ........................ . 
16 Shale, blue and bituminouR ............................ . 
17 Limestone and shale; f'ossilil'ol'ouH ...................... . 
18 Shale ............................................... . 
19 Limestone, gray; qUitl) fOl'l'uglnou8 il1l>i'100H ............. . 

'l.'hinkneSR. 

Ft. in. 

H 
1 U 

4 

:l 
:l 
:.l 

-1 
10 

(J 

1 
4 
4 

Number 19 is the Hertha; 16-18, the Ladorc; 13-15, the 
Bethany Falls; 10-12, the Galesburg; 2-9, the Winterset. This sec
tion may be taken as a type of the base of the Kansas City for.ma
tion thr.oughout Cass County. In the western part of the county, 
the upper members of the formation also occur.. 'The lola limc
'stone enters the State from Kansas in the northwest corner 
of the county. 

Jl'ohnson County.-The Hertha and Bethany Falls lime
stones cap a series of narrow ridges and mounds in the extreme 
western part of the county, and in the extreme northwest corner 
the Winterset limestone probably occurs. The residual chert of 
the latter member is found in the southern part of T. 47 N., 
R. 29 W. The easternmost outcrop of the Hertha is on a 
mound in the east-central part of T. 47 N., R. 28 W., where 
its altitude is about 1,000 feet. 

Jackson County.l-The formation, of which Kansas City, 
is the type locality, covers the greater part of. the county. The 
lola limestone, the upper member, extends east to Independence, 

'A report on Jaekson County is being prepared and will be publisned by tnls 
BureaU wit:4in a snort tim'i'. 
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where it is the highest bed exposed. The following is a genera
lized section made in the vicinity of Kansas City and now on 
file in the office of the State Geologist at Rolla: 

GENERALIZED SECTION OF THE KANSAS CITY FORMATION AT 
KANSAS CITY. 

------------------------,------,-----

Stratum. 

lola limestone member: 
Limestone, gray to buff; thinly-bedded; increasing 
in thickness from top to bottom; non-cherty; "Crusher 
ledge" ......................................... . 

Chanute shale member: 
Shale, blue to olive; ocher concretions; fine-grained; 

sligh tly arenaceous .............................. . 
Limestone (Raytown bed), variegated, gray; large 

fossils; "Calico ledge" ........................... . 
Clay ............................................ . 
Limestone, blue .................................. . 
Shale, bituminous and blue ........................ . 
Limestone ....................................... . 
Shale, blue ....................................... . 
Limestone, blue, shaly ............................ . 
Shale, blue, buff and red ........................... . 
Limestone (Cement City bed), drab; fine-grained; 

"Building ledge," lower half-foot "fish tooth ledge" .. 
Shale, blue and olive .............................. . 
Shale, yellow, nodular, ochery ...................... . 

Drum limestone member: 
Limestone, irregularly bedded ...................... . 
Limestone, oolitic, gray; very fossiliferous; "Oolitic 

ledge" ......................................... . 
Shale, blue ....................................... . 
Limestone, gray, seams buff, solid, fossiliferous, "Bull 

ledge" ......................................... . 
Cherryvale shale member: 

Shale, dark ...................................... . 
Limestone, shelly ................................. . 

~~;::~t~~:~ '. '. '. '. '. : : : : : : : : : : : : : : : : : : : : : :.: : : : : : : : : : : : i 
Shale ........................................... . 
Limestone ...................................... . 
Shale, buff ...... ', ................................ . 
Shale, blue ..... - ............... - .................. 1 

Coal .................... - - ...................... . 
Winterset limestone member: 

Limestone, dark blue; black chert in upper 4 ft. "Chert 
ledge" ......................................... . 

Shale, blue, slaty ................................. . 
Limestone, drab; fine-grained __ ....... - ............ . 
Shale ........................................... . 
Limestone ......... ; ............................. . 
Shale ........................................... . 
Limestone, blue to drab ....................•..... -.. 

Broad
head's 

number. 

98 

97 

96 

95 
94 
93 
92 
91 

90 
89 
88 

87b 

87a 

86 

85d 

85c 
85b 

85a 

84 

83 

Thickness. 

Feet. 

25-30 

21-25 

5-8 
(parting) 

1-1~ 

2 
1-1 ~ 
1-1 ~ 
1-1 ~ 
8-13 

9-10 
4 

3-4 

2--3 

11-13 
1 

6--7 

13-15 
1 
1 
1 

2 
1 
1 

3 

12--16 
4--5 
3-8 
~ 

2 
1 
3-5 
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GENERAI"I?:ED SF:Ccl'10N Oli' TH.Fl KANSAS CITY FOHMA'['10N Nl' 
E:ANRA8 CT'I'Y····Cnnt.ll1l1ncl. 

Stratum. 
" 

Wintorset limestono rncmhor- CnntintH'd. 
Shalo, bluo ............•...................... 
I,imostonc ....................................... . 

Galesburg slmlo morn hoI': 
Shale, yellow, oohcl'.V .............................. . 
Slwlo, blue ....................................... . 
Shale, bituminous ................................ . 
Sllnle, argilluooouB ......•.......................... 

Bethany Falls limost.ono mernlwl': 
Limost.ono, nO(\1I1ur, sholly ......................... . 
LirnoBtone, oullt.ie ................................. . 
I"irnostono, grayish; UPPOl' () ft. 1ll(JI, t;lnd , lownr c[,.VHI,ullinc' 

!ine-gl'aln()ci ..........•.......................... 
Lnciora shnJo rnombol': 

Shale, bluo .................................... ' ... . 
Shalo, bituminous ................................ . 
Limestone, dull ................................... . 
Shalo .•.......................................... 
I,imostone ....................................... . 
Shale, blue ....................................... . 

I-Iertha liUlestone mern ),"1': 
I,imestono ....................................... . 

B['o!td·· 
hoa<i'H Thit'l,nPHH. 

Ilurnbnr. 

Hln !l 
Hlb 
Hla !.~ 

flO !l ·1 
7U 

7R 1 !:l.!.i 1 

77h ~,,,,·a 

77a ]···2 
700 
7(1)' L; 
7!la ,1,-, 

7[; 2·",a 

74 (l 

The sections of Bro~ldhead and Bennett essentially Hgree 
with that given. It will be seen that there is a shale parting 
in the Winterset limestone at this place. The lack of ()uterops 
of the Hertha in the northern part of the cit.y caused the parting 
in the Winterset to be mistaken for the Galesburg shale and 
resulted in the mix-up in correlation menlioned under the 
nomenclature of the Kansas City formation in Chapt.er 1. 

With the exception of the Drum limestone and the upper 
shale in the Chanute member, the formation is fairly regular 
throughout the county. The Drum is thin or absent in the 
southern part and is arenaceous in others. 

Lafayette County.-The Kansas City formation is confined 
to a few narrow ridges and mounds in the western part of the 
county. As in nearly all mound outcrops, details can not be 
determined very satisfactorily. A section of the formation 
capping the hill at Greenton is as follows: 1 

'Marbut, C. F., Geologioal description of tIle Lexington shoot: Missouri Gool. Survey, yol. 12, pt. 2, p. 2~5, 1898, 



l\1rssouRI BUREAU OF GEOLOGY AND l\1rNES. ,TOL. XIII. 2ND SERIES, PLATE XIII. 

124 Cement City and Raytown limestones in Chanute shale at Kansas City. 
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SECTION OF KANSAS CITY FORMATION CAPPING HILL AT 
GREENTON. 

125 

Number. Stratum. Thickness. 

Feet. 
1 Concealed (soil). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
2 Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
3 Shale ....................... ". . . . . . . . . . . . . . . . . . . . . . . . 10 
4 Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
5 Shale. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
6 Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

No.2 is probably the Bethany Falls; No.4, the Hertha; 
and No.6, a lens in the upper part of the Pleasanton shale. 

Platte County.-The Kansas City formation underlies all 
of this county, but is largely covered by higher formations. One 
exception is the Missouri River floodplain in the southern part 
of the county where erosion has cut through the base of the 
formation into the underlying PleasaJ?ton formation. The 
outcrop of the Kansas City formation is mainly confined to the 
Missouri" River bluffs but extends farther north in the south
eastern corner. The upper members are shown especially well 
on Line Creek near the east county line. 

The northernmost outcrop of the Winterset limestone 
on Missouri River. is along the bluff road in the NE. U sec. 6, 
T. 50 N., R. 3.3 W. The shale immediately above is a Marginifera 
splendens and Chonetes verneuilianus zone as at Kansas City and 
Quindaro. 

Above the Winterset, a limestone in the Cherryvale shale 
(Broadhead's number 85d) is exposed for some distance. It is 
14 inches thick, in two layers, and is a very hard, fine-grained 
blue stone that weathers to buff. It is little affected by freezing 
and thawing and has been quarried wherever practicable. 

The Drum limestone on the north side of the river differs 
from its development at Kansas City in that it has largely lost 
its oolitic character and is a thin and irregularly bedded, cherty 
limestone. In the old quarry in the NE. M sec. 5, T. 50 N., 
R. 33 W. only the upper three feet are oolitic. At the falls ~ 
mile below Parkville is the following: 
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Number. Stratum. Thickness. 

Ft. in. 
1 I"imesLone, Rhaly argillaceous (CerIlent City bo(l) ........ . 2 2 

2 Limestone, argillaceous ........................ : ...... . 8 
3 Shalel, blue and bituminouR ............................ . 2 () 

4 Limostone, thin-budded, uhel'j,y (Un!tll) ................ . 1-1 

5 Shale, blue, argillaceous ............................... . 

The upper part of the Kansas City formation is better 
exposed in the bluff west of Parkville, 

----,--_ •.. _--------_ ..... _._-_ ... _ ...•. 
Number. Stratum. 'l'hicknOHH. 

-,~.,--~.,-~ ".~~.-.-. 

Ft. in. 
1 Shale, greonish, arenacoous (baRe of I,anc member of 

formation) ........................................ . 16 
2 Limestone, top foot brownish, crystalline, even-bedded 

remainder thin-and wavy-bedded, irregular (Iola) .... . 20 
3 Shale, blue and buff ....... ',' ......................... . 27 
4 Limestone (Raytown bod) ............................ . 4 2 
5 Shale, greenish, ealcarcouB ............................ . (} 

6 Limestone ....................................... ' ... . 7 
7 Shale, brown, slaty, carbonaceous (No. !J5) .............. . 10 
8 Limestone (No. 92) .................................. . 2 

9 Slope; shale shows in places (No. 91) ............ , .. " .. . !I 

___ --L ____________ ....• ____ ._ .. 

The Cement City bed and the Drum limestone outcrop 
for nearly a mile above Parkville and have been extensively 
quarried. The shale above the Cement City bed conlains a 
conspicuous red layer near Parkville. The northernmost ex
posure of the lola limestone in Platte County is about one 
mile southeast of Waldron, where 13 feet of it may be seen. 
~n the various drillings at Leavenworth the members of the 
formation appear with few changes. 

Clay County.-The Kansas City is the highest ind.urated 
formation over a large part of Clay County. The base of the 
formation is exposed along Missouri and Fishing rivers and the 
top outcrops in a sinuous line from the southwest to the north
ea~t corner with an extensive inlier on Smith's Fork in the north
western corner. Along the south side of the county, on the 
Missouri bluffs and also in the vicinity of Liberty, the lower 
members of the formation are extensively quarried. 
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Broadhead took the following section near Liberty Landing 
(South Liberty): 

SECTION NEAR LIBERTY LANDING. 

Number. Stratum. I Thickness. 

Ft. in. 
Limestone (No. 84) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

2 Shale, blue, argillaceous ............................... . 
3 
4 

5 
6 
7 
8 
9 

Limestone, bluish-gray; in irregular beds (Nos. 82-83) .... . 
Shale, bituminous .. {NO. 81)} ........................ . 
Shale, blue. . . . . . . . . ........................ . 
Limestone, dove-colored, nodular (No. 80) .............. . 
Limestone, whitish, oolitic (No. 79) .................... . 
Limestone, dove-colored, thick-bedded; fucoidal (No. 78) 
Limestone, gray; irregularly-bedded (No. 78) ........... . 
Shale, blue, argillaceOUSl (No. 77) j' .................... . 
Shale, bituminous. . . . . . ..................... . 
Limestone, argillaceous. (No. 76) ..................... . 
Shale, blue, argillaceous ..................... . 

Shale, blue, argillaceous. . .. (No. 75) ................. . 

6 
2 
2 

4 

14 
6 
2 

1 

4 

6 

1 
8 

2 
4 
6 
7 
6 
6 

10 
11 
12 
13 
14 
15 
16 
17 

Limestone, concretionary ... { } ................ .. 

Limestone, gray; weathers brown ...... { } ....... . 
Limestone, gray; coarse-grained ........ (No. 74) ...... . 

2 
4 

2 6 

62 8 

Numbers 16 and 17 are the Hertha limestone; 10-15, the 
Ladore shale; 6-9, the Bethany Falls; 4-5, the Galesburg; 1-3, the 
Winterset. This section may be considered typical for the lower 
part of the formation. 

The entire thickness of the Winterset is shown in the 
section (Broadhead, modified) at North Missouri Junction 
(Birmingham) : 

Number. 

1 

2 
3 

SECTION AT BIRMINGHAM. 

Stratum. 

Limestone, blue, containing crinoids .................... . 
Shale, blue, argillaceous ...•.................. ' ........ . 
Coal, black streak (base of Cherryvale) ................. . 

4 Limestone, deep-blue, cherty, in irregular layers; at three 

5 

feet from top are 10 inches of shale. "The top layer is 
shaly and abounds in remains of leaves of plants, probably 
Cordaites, on which are often found reposing univalves 
belonging most probably to the genera Pleurotomaria, 
Murchisonia and Loxonema. This shaly, black band 
passes into the next subordinate cherty beds. The fossils 
are generally of white chert composition on the outer 
crust and blue within, the chert layers deep-blue within, 
changing to decomposing white on the exterior surface" 

Limestone in two thick beds; lower ash-blue ...........•.. 

Thickness. 

Ft. in. 
1 2 
2 6 

4 

8 8 
9 4 
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SECTION AT BIRMINGHAM-Continued. 

Number. Stratum. Thickness. 

Fe. in. 
6 Shale, blue .......................................... . t) 

7 Limestone, gray, in irregular layers ....•..............•.. 5 8 
8 Shale, blue ...............................•........... 5 
9 Limestone, light-gray and somewhat concretionary (basc 

of Wintersct) .......•.............................. 2 
10 Shale, blue .......................................... . 11 
11 Shale, bituminous .................................... . 1 7 
12 Shale, blue, argillaceous ................................... . 2 
13 Limestone (Bethany Falls) ............................ . 20 8 
14 Shale, blue ................................... '," .... . 2 
15 Slope to railroad track ................................ . 5 

-----'---------------------------,--.. _-_ ........ __ .. _-----

In the vicinity of Liberty the Winterset limestone is appar
ently somewhat irregular, as shown by the following sec lion 
taken one and one-half miles east, where the road crosses Rush 
Creek: 

SECTION ONE AND ONE-HALF MII,ES EAST OF IoIBERTY. 

-------------------------------------------------------
Number. 

1 
2 
3 

4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Stratum. 

I,imestone, very cherty at top (north of road) ........... . 
Shale, blue ...............•........................... 
Concealed, no exact measurements could be made on 

account of dip. may be about ....................... . 
Shale, calcareous, with limestone lenses (south of road) ... . 
Limestone, argillaceous with black carbonized plant re-

mains ............................................ . 
Shale ............................................... . 
Limestone, argillaceous ............................... . 
Shale ..............•................................. 
Limestone, upper surface uneven with three feet relief in 

places; near the middle is a 5-inch shale parting; the 
stone above is argillaceous, and below, thin-bedded and 
purer ............................................ . 

Shale, blue .•......................................... 
Limestone, argillaceous, grades into No. 12 .............. . 
Shale, blue, argillaceous ............ { } ..... .. 
Shale,black, slaty. . • • . . . . . . . • • . .. (Galesburg) ...... . 
Shale, blue. . • . . . . . . . . . . . . . . . . . • . . . ..... . 
Limestone (Bethany Falls)' .................•..••....... 

Thiclmess. 

1"t. in. 
14 

8 

1 0 

3 

8-10 
8 

1 ~-4 

15 
4-15 

6 
1 2 
1 6 
2 
2 

The relief at the top of No.9 is suggestive of a local uncon
formity and for that reason the writer is uncertain as to whether 
the whole section above the Galesburg should be referred to 
the Winterset or whether it includes the Winterset, Cherryvale, 
and Drum members. 
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Northeast of Liberty, near the railroad tracks, are some 
quarries in a limestone which is possibly to be referred to No. 1 
of this section. No good exposures occur below the limestone 
in these quarries. At the quarry west of the Burlington tracks, 
1 Y2 miles north, the following is exposed: 

SEOTION ONE AND ONE-HALF MILES NORTH OF LIBERTY. 

Number Stratum. Thickness. 

Ft. in. 
1 Limestone, gray. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4 
2 Shale, with thin streal, of black shale near bottom. . . . . . . . 5 
3 Limestone, blue, very cherty at top (Drum?)............. 13 8 
4 Oovered ..................... '. . . . . . . . . . . . . . .. . . . . . . . . 25 
5 Limestone, in bed of creel, ............................ . 

No. 1 of this section resembles Broadhead's number 85d, just 
above the Winterset, but a nearby exposure shows eight feet 
of blue shale below the heavy limestone, a thicker body of shale 
than known elsewhere in the Winterset limestone. 

The beds above No.3 of the foregoing section are exposed 
on Rush Creek about three miles northeast of Liberty, and 
measured as follows: 

SEOTION ON RUSH OREEK, THREE MILES NORTHEAST OF 
LIBERTY. 

NuIDoecl __________ S_t_ra_t_u_m_. __________ 1 ____ _ 
Thickness. 

Ft. in. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 

Shale, arenaoeous, mioaceous (Ohanute) ................ . 

Limestone, gray ....... 'j j" .............. .. 
Shale, very calcareous.. .. (Raytown) ................. . 
Shale.................. . ................. , 
Limestone.. ... . ....... . ................ . 
Shale, black, slaty in middle (No. 95) ...•............... 
Limestone, gray (No. 92) ............................. . 
Shale, drab, argillaceous .............................. . 
Covered ...•...••........•.....•.....•............... 
Covered, oolitio, gray limestone at top, oalcareous shale at 

bottom ..................•......................... 
Limestone ......•.................................... 
Shale and covered .........•........................... 
Limestone, blue, cherty ............................... . 
Limestone, thin-bedded, wavy; shaly partings ............ ' 
Shale parting ...................•..................... 
Limestone, like No. 14 ................................ . 
Shale parting •........................................ 
Limestone •......•............ , ......... , ......... :" .. 
Shale, blue; to water in Rush Creek ..•................. 

G=9 

15 
11-12 

1 3 
7 
6 

11 
11 

4 

11 

5 
1 1 
5 
6 
3 9 

3 
1 

4-5 
1-2 

4 8 
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Numbers 13 to 18 arc believed to be the Drum limestone. 
Near Liberty the Raytown bed is fairly uniform. The 

black, slaty shale below is absent in places but small, round 
concretions mark its horizon. The upper shale bed of the 
Chanute varies from 11 to 32 feet; where thin, it is a blue argil
laceous shale, but where the maximum thickness is attained, 
it is sandy and locally contains a thin coal seam. The upper 
member of the Kansas City, the lola limes lone, varies from 5 
to 11 feet but its other charac leristics are fairly constant. 

In the vicinity of Smithville there is a rather extensive in
lier of the Kansas City formation on Smith's Fork of PlaHe HiveI'. 
The section shows the same beds as at Liberty but with even a 
wider range in thickness. The following is a generalized scetion: 

KANSAS OITY PORMAcl'lON NgAR SMI'['HVILf,E, MO, 

Number. Stratum. 

Limestone, gray, thin-bedded .. , ............... '{ 
2 Shale, blue or gray ..... , ....... , , . . . . . . . . . . . .. (Iola) 
3 Limestone, ovon layer; oontains fossil spongeR ... 
4 Shale, blue; argillaceous; calcareous at top in places 

97) ... , .. , ............ , .. , , , , . , , . , , .... , . , .. , .... . 
5 l,imestone, thin-bedded, with shaly partings; 11 

grained crinoidal layer at base (Raytown bod)" , , . , .. 
6 Shale, black, slaty where thin, but with dark clay 

above slaty portion whore thiok (NOB. !J;l-!H;).,.", .. 
7 J .. imestone, even layer (No. !J2) ...............•.......... 
8 Shale, blue or buff, contains a hard layer of 

sandstone in places ................................ . 
9 Limestone, gray (Oement Oity bed) .................... . 

10 Shale, greenish (No. 91) ..•.•................ , ........ . 
11 Limestone, gray, oolitic in places (Drum) ....... , ... , ... . 
12 Shale, blue (Oherryvale) .............................. . 

'I'll leknoss, 

It'eet. 
8-14 

1-7 

~~. t 

lO 1 (j 
(j./) 

Ii 10 
(i-X 

0+ 
----'-------------'----.-.----.~.--.-.... _ .... _-

In the vicinity of Holt, Clay County, the upper part of the 
Kansas City formation is well exposed: 

GENERALIZED SEOTION NEAR Hovr. 

Stratum. CJ.'hicknoss. 
----, ------------------_ .. __ ._---------

1 
2 
3 
4 
5 

Pt. in. 
Limestone, thin-bedded, crystalline{ }.. .. .. . .. .. . .. 7 
Shale ................ : . . . . . . . .. (Iola) .............. 1 
Limestone like above. . . . . . .. . . . . . . . . . . . . . . . . . . 1 8 
Shale (No. 97) ....................................... 15-20 
Limestone, gray; weathering buff; thielt" to thin-bedded; 

with 2 feet of blaok, slaty bituminous shale 6-8 inches 
above bottom (Nos. 92-96) . • . • • . . . . . . . . . . . . . . . . . . . . . 6 
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GENERALIZED SECTION NEAR HOLT-Continued. 

Number. Stratum. Thickness. 

Ft. in .. 
6 Sandstone; at top firm and micaceous; soft drab shale at 

bottom (No. 91) .......•••...•..••.•....••......•.. 15 
7 Limestone, gray to cream-colored; compact; sub-oolitic or 

shelly and argillaceous (Cement City) •......•..•...... 3-5 
8 Shale, soft drab (Nos. 88-89) •.•........................ 15 
9 Limestone, gray; fine-grained with shale partings (Drum) 3 6 

10 Limestone composed mainly of Fusulina ......•.......... 8 
11 Shale, purple or blue; argi)laceous (No. 86) ...•.......... 19 

Good outcrops of the Kansas City formation occur near 
Excelsior Springs. The following section, taken on Dry Branch, 
shows the greater part of the formation, though details are 
lacking. 

SECTION AT EXCELSIOR SPRINGS. 

Number. Stratum. Thickness. 

Ft. in. 
1 Limestone; upper foot buff, gray below; fine-grained; thick-

to thin-bedded with chert (lola) ........ : ..••......... 6 
2 Covered, about ....•.................•......•...•..... 60 
3 Limestone, blue, weathering buff; cherty in upper part; 

with beds averaging 20 inches, thinner-bedded below 
(Winterset) .....................•. : .•..•.••. '.' ..... 14 

4 Covered ..................................•••........ 15 
5 Limestone composed of unconsolidated nodules •.••....... 2 
6 Limestone, massive, gray (with 5 is Bethany Falls) ....... . 14 
7 Shale, blue and bituminous (No. 77) ...•..•.•••......... 3 
8 Limestone (No. 76c) .•.•..•.••.....•.••............... 3 

No. 3 of this section certainly includes Broadhead's numbers 
84 and 85a and possibly his 83b, and there are no partings of 
consequence, as at Liberty and Kansas City. The upper part 
of the Winterset weathers to a buff, brittle, shaly texture. 

Ray County.-The Missouri group is represented in this 
county by the Kansas City and· Lansing formations. The 
latter covers a very small area in the northwestern corner of 
the county, forming a part of the Lathrop upland. The three 
limestones at the base of the Kansas City formation cap a well
defined escarpment, extending in an irregular line from the south
west to the northeast corner of the county, and, in places, 
reaching an elevation of 150 feet above the lowland •• 

The easternmost outcrop of· the Kansas City formation 
on the north bluffs of Missouri River is a little east of Orrick, 
where the Bethany Falls is about 15 feet thick and the Hertha 
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about 5 Y2 feet thick, with 9 feet of shale between them. In the 
vicinity of Rayville the thickness of the Bethany Falls lime
stone is 16 feet. It is known locally as the "Spotted rock." 
The Hertha limestone is 5 feet 2 inches to 5 feet 4 inches thick, 
in two layers with a shaly parting. The Ladore shale between 
these is about 10 feet thick here, but southeast of Lawson 
reaches nearly 20 feet. The Kansas City formation in the south
eastern part of this county is discussed in detail in the report 
on the Richmond quadrangle. 1 

The higher beds of the formalion are well exposed in the 
vicinity of Elmira: 

SECTION ON CREET';: NEAR RAII.nOAD, ONE MILl!J SOU'l'H 

Number. Stratum. 'I'hicltness. 

10' t. in. 
1 Limestone, gray; crystalline (lola) ..................... . 7 
2 Shale, arenaoeous, micaceouB; with streak of coal 15 fcoj, 

above base (No. 97) ••••••.•••..••••..••••••.••••.•. 25 
3 Limestone and shale (Raytown bed) ..............•..... 5 
4 Covered slope ....................................... . 20 
5 Limestone, gray to almost white; suboolitie, massive to 

shaly (Coment Oity bed) ........................... . 3-5 
6 Shale ........................... " .................. . 15 
7 Limestone. nodular; in thin beds with heavior shale part-

ings (Drurn) ...................................... . 2 2 

8 Shale ........................ '" .................... . 3 
9 Limestone, even-bedded, very fossili.fol'ous .............. . 4-6 

10 Shale, light blue; to bed of creel, ....................... . 3 

In the second cut south of Elmira, No.5 of above is 10 feel 
thick, the lower two feet constituting a single layer, fine-grained 
at top and bottom and "conglomeratic" in middle, the remaining 
8 feet being shaly, nodular limestone and inter-bedded shale. 

In the first cut north of Elmira the section appears thus: 

SEOTION IN RAILROAD CUT NOR,TH OF ELMIR,A. 

Number. Stratum. Thiokness. 

1 Limestone (No. 92) .................................. . 
2 Shale, drab. • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .. . . . . . . . 5 
3 Sandstone, firm. micaceous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
4 Shale, drab. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
5 Limestone, like lower layer of No.5 in last section (Cement 

City) . . . . • . . . . . . . . . . . . . . .. . . . . . .. . ... . . . . . . . . . . . . . . 2 
6 Shale, drab. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

'Marbut, C. F., Geological description of the Richmond sheet: Missouri 
Geol. Survey, vol. 12, pt. 2, pp. 252-308, 1898. 
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SECTION FROM CUT ON MILWAUKEE RAILROAD, ONE AND ONE

QUARTER MILES NORTH OF ELMIRA TO CREEK BELOW. 

Number. 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 

Stratum. 

Limestone, dark, massive, fossiliferous (lower part of 

lola) •••••••.•.•..••...••••..•••••••••••••••.••••.. 

Shale, sandy, mioaoeous; upper part dark andl ) 

with ferruginous oonoretions, lower part 

lighter .•••••••••••••••••••••.••••••••••• (No. 97) 

Coal, impure •••...•••..••.•••...••••..••••. 

Shale, like lower part of No.2 ..••.•.••.• " •.. 

Limestone, gray; oomposed of broken fOSSilS{ } 

Shale ..•. '. ••. • ..•.•• . •... •.•••••.••.•. .•• (Raytown) 

Limestone, gray ..••.....•.•...•..••.••••• 

Shale, oaloareous, and thin beds of limestone (No. 95) .•.. 

Limestone, buff (No. 92) ..•••.•.•.•••...••••••..•..••. 

Shale, sandy, and sandstone ..•......••...•.••••........ 

Limestone, impure; nodular; rough; weathering shows 

interbedded shale (Cement City) ..•.................. 

Covered, about .....•....•..•...........••...........• 

Limestone, gray, massive; sub-oolitio (Drum) ........... . 

Covered to bed of branoh near Crooked River ........... . 
i 

Thiokness. 

Ft. in. 

1 9 

,20 
4 

6 
1 

4 
8 
6 

1 6 
19 

10 
25 

1 2 
3 

The limesto'ne correlated with the lola in this section is 

probably the lower part of that member, as it develops a rather 

persistent shale parting near the base in this region, as shown 

in the section near Holt, Clay County. The Chanute shale is 

much more arenaceous in the upper portion than it is farther 

south and contains a thin coal seam. Six inches is the maximum 

. thickness of coal known and this is probably a local thickening. 

The black shale usually found below the Raytown bed is poorly 

developed here but at its horizon are small round concretions. 

The Drum limestone is poorly, exposed at this place and is 

probably of greater thickness than given in the section. 

Carroll County.-The Kansas City formation is represented 

in Carroll County by the three basal limestones and. the inter

bedded shales in the northwestern corner of the cQunty and in 

the Blue Mound region in the north central part. These areas 

are table lands, rather even on top, standing 100-200 feet above 

the surrounding country. 

GENERALIZED SEOTION IN THE BLUE MOUND REGION. 

Number.I __________ S_t_ra_t_u_m_. _________ +_T_hi_.c_kn_es_s. 

1 

2 

Lin;estone, gray;. composed largely of Fusu-f 

hna; not seen m plaoe................. (Winterset) 

Limestone, gray, thin-bedded ............. ' 
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GENERALIZED SECTION IN THE BLUE MOUND RT1lGTON-Continnnd, 

Number. Stratum. 'l'hic](ne88, 

Feet. 
3 Shale, blue; argillaceous, and black bituminous (GaloH-

burg). , . . . . .. . ....•.....•.... . . ... .. . .... .. . .. . . . . 8 4 I .. imestonc, gray (Bethany Falls) . . . . . . . . . . . . . . . . . . . . . . . . 10 5 Interval with sandy shale and firm sandstone in lower 
two-thirds (Ladore) ............................... , :lO·-28 6 Limestone, gray; weathoring brown (Hortha) . . . . . . . . . . . . . ·1 y." 

It is safe to assume that the upper part of No.5 c.onlains black 
shale and a thin bed of limestone above the shale and sand
stone. The latter is very resistant and quarlzilic in places. 
The Ladore shale has here thickened here quite perceptibly. 

The upper layer of the Bethany Falls weathers to a brown, 
porous material in many of the outcrops in this region. The 
lower layers show the' thin-bedded oolitic phase of this lime
stone. 

Buchanan and Clinton counties.-The lola and Chanute 
members of the Kansas City formation outcrop near the south
eastern and northeastern corners. of Clinton County but are 
concealed in most of it and in all of Buchanan County by higher 
formations. The records of borings at Lathrop, 1 Cameron, 
Stewartsville, and Saxton, Mo., and Atchison, Kans., show the 
character of the formation in these counties to be similar to 
that of other counties lying south and east. 

Caldwell County.-The greater part of the county is under
lai'n by the Missouri group, which is represented by both the Kan
sas City and Lansing formations. The latter is found in the 
northwest corner and along the western edge of the county. 
In the vicinity of Braymer the escarpment formed by the three 
lower limestones of the Kansas City, is well developed as shown by 
the profile of the Chicago, Milwaukee and' St. Paul Railway. 
Braymer, below the escarpment has an altitude of 755 feet, 
while Cowgill, west of the escarpment, is 960 feet above sea 
level. In the railroad cut two miles east of Cowgill, 12-14 feet 
of the Winterset limestone is exposed. It is here a thinly bedded, 
finely crystalline, gray limestone. The main ledge of the Bethany 
Falls is 1172 feet thick. Over most of its outcrop it has the 

'For Lathrop record, see Hinds, Henry, The coal deposits of Missouri: Missou!'i Bureau Of Geology a!!d Milles, vol. p, 2d series, Pp. 156-1.57, 191!?, 
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mottled texture that is present at the type locality and at 
Missouri City. 

The following is a section showing the succession at the 
quarry of the Breckenridge Stone Company north of Brecken
ridge 1: 

SECTION IN QUARRY OF BRECKENRIDGE STONE COMPANY NORTH 
OF BRECKENRIDGE. 

Number. Stratum. 

1 Red dirt stripping ........... : ................. " ...... . 
2 Limestone, gray, thin, irregularly bedded; contains specks 

of calcite and fossils; very little iron ................. . 
3 Shale, blue .........................................•. 
4 Shale, fissile, bituminous .............................. . 
5 Shale, bluish, argillaceous ................•............. 
6 Limestone, gray, heavily bedded; somewhat shelly on 

surface; upper portion of the ledge shows small specks 
of iron oxide whioh gives the stone a slightly brownish 
color; center of the ledge has an oolitic texture ....... . 

7 Shale, yellowish-buff ................................. . 
8 Limestone, gray .................................... '. ". 
9 Shale, blue to dark; non-arenaceous; grades into the bed 

below ...................... " ..................... . 
10 Shale. fissile, bituminous .............................. . 
11 Limestone, bluish-black; probably contains considerable 

iron .............................................. . 
12 Shale, bluish; of a non-arenaceous nature ........ '. , ..... . 

Thickness. 

Ft. in. 
2 

6 
1 
1 6 
2 6 

17 
6 

10 

1 6 
1 6 

10 
12 

47 2 

Numbers 9-12 are included in the Ladore shale; numbers 6-8 
are the Bethany Falls limestone; 3-5 the Galesburg shale; and 
2 is the lower part of the \"Vinterset limestone. The parting at 
the base of the Bethany Falls is characteristic of this limestone 
in much of its outcrop in the north-central counties of the 
State. 

The higher beds of the county are exposed in the north
western part. At the quarry north of the Burlington Railroad 
east of the CaldwelI-DeKalb county line, are: 

'Buehler, H. A., Lime and cement resources of ~1issouri: IvIissouri Bureau 
Geology and Mines, vol. 6, 2d ser" p. 108, 1907. 
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SECTION NORTH OF BURLINGTON RAILROAD NEAR THE CALD
WELL-DEKALB COUNTY LINE. 

--_._-_ .. _--------_ ... _--. 

Number. Stratum. Thlolmess. 

Ft. tn. 
1 Shale, oaloareous; a mass of fossils. . . • . • . • . . . . • . . . . . . . . . 2 
2 Limestone, gray, resistant. . • . . . . . . • • . . . . • . • . . . . . . . . . . . . 1 
3 Shale, olayey at bottom; blaok, bituminous at top. . . . . . . . . 1 4 
4 Shale, buff; brittle; oaloareous; grades into No.5. . . . . . . . . . 2 
5 Limestone, buff: shaly and sandy. . . . . . . . . . . . . . . . . . . . . . . 4 
6 Shale and nodular impure limestone. . . . . . . . . • . . . . . . . . . . . 1 I) 

7 Limestone; In bed of branoh: irregular; very unOVllll on 
toP. . . . . . .•...... ........... . .. .. .. .... ....... .... 2 8 

Nos. 1 and 2 agree faunally with Nos. 12 ~nd 13 of the Winston, 
Daviess County section, and are to be correlated with t.he 
lola limestone. They probably represent only the lower layer 
of this member as exposed in northern Clay and Ray counties. 

One-fourth mile to the north and at a slightly higher level 
the following section was measured: 

SECTION ONE-FOURTH MILE NORTH OF BURLINGTON RAIMtOAD 
NEAR OALDWEI.L-DEKAL13· OOlTN'l'Y LINE. 

Number. Stratum. 

1 LImestone, buff ...................................... . 
2 Limestone. thin, irregular beds; shaly ................... . 
3 Shale, with thin, irregular limestones ................... . 
4 Limestone; thin. irregular, and with unevenly bedded shales 
5 Shale, drab, argillaoeous .............................. . 
6 Shale. blaok. slaty ......................... ~ ........ . 

-----------------------_ .. _--_ .... -... _-_._----- ... _-

'rhiokness. 

Ft. tn. 
1 4: 
2 
1 3 
2 4 
5 6 
1 5 

The last section dips strongly to the south and underlies 
the preceding section. The Nos. 1-4 of the last section con
stitute the Raytown bed of the Chanute shale member, and 
the black shale below is Broadhead's number 95. Numbers 
5-7 of the first section may also be the Raytown bed but if so 
Broadhead's number 97, i3 feet thick a few miles north, has 
thinned to 31 feet at this place. It is more likely that the 
limestones below the lola in the first section are me~ely local 
lenses in the upper layer (number 97) of the Chanute shale. 

The core drilling at Cameron.' ~hows the following at this 
horizon: 
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PART OF LOG OF CORE DRILLING AT CAMERON. 

Number. Stratum. Thickness. 

Feet. 
I Shale, calcareous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
2 Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
3 Limestone. • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
4 Shale, gray. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
5 Shale. ............................ .. . . ............... 4 
6 , Shale, black, slaty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

From this it appears that the lola member and the Raytown 
bed of the Chanute member form but one limestone near 
Cameron. 

Livingston County.-The Kansas' City formation occurs on 
the south edge of this county as a northern extension of the Blue 
Mound of Carroll County, in the southwest corner as a continua
tion of the ridge between Mud Creek and the "Low Gap" area, 
on the divide between Shoal Creek and Grand River, in the 
northwestern portion on the divide between the two forks of 
Grand River, and in a small area northwest of vVheeling. With 
the exception of the latter locality, the basal limestones of the 
group form a well-marked escarpment, in places nearly 200 
feet high. It is also possible that outliers of the Hertha lime
stone may occur on the higher ridges in the northeastern part 
of the county but the presence of the drift makes it impossible 
to determine this. 

The Drum limestone is probably the highest member of 
the formation represented in the county and occurs only in the 
extreme northwest corner. (See Grundy County.) 

BROADHEAD'S GENERALIZED SECTION OF LIVI);fGSTON 
COUNTY. 

Number.\ Stratum. I Thiokness. 

1 I Limestone, nodular and fine-grained; marble bed (No. 84). 

, 

Ft. in. 
2 6 

2 i Limestone, bluish.; irregular layers ............. { (~o. 83) 
3 Shale, buff, and l1mestone ................... . 

3 
2 

4 Limestone; even layers (No. 82) ......•................. 9 
5 Shale (No. 81c) ...................................... . 1 9 
6 Shale, bituminous (No. SIb) ........••................. i 2 
7 Limestone, nodular ();fo. 80) ...... tf Bethany Falls lime- }! 
8 Limestone, oolitic (No. 79) . . . .. . .. stone, locally called I 

9 Limestone (No. 7S) . . . . . . . .. . . . . . "cotton rock" I 
10 Shale, blue (No. 77b) .•..................... '" ....... . 

3 
8 5 

10 
5 

11 Shale, bituminous (No. 77a) ........................... ' 
12 Limestone (No. 76) •••................................ i 

1 6 
10 

13 Shaly slope (No. 75) ••.•.............................. : 
14 Limestone, ferruginous (No. 74) •....•••......••........ 1 

10 
7 
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In a cut on the Chicago, Burlington and Quincy Railroad 
in the northeast corner of section 22, T. 57 N., R. 25 W., is: 

SECTION ONE AND ONl1J-HAI,I<' MII,ES EAwr OF MOOH.mSVILI,I';. 

Number. Stratum. Thiokness. 

Fl. in. 
1 Limestone, shaly ..................................... . :\ •. 4, 

2 Limestone, gray, thin-beddod, sub-oolitic ............... . II 

3 Shale ............................................... . 8 
4 I~imestono, gray ..................................... . 10 
5 Shale, argillaoeous ................................... . 2 (I 

6 Shale, blacl~, fissile, bituminous ........................ . a 
7 Limestone, nodular ................................... . a-·(I 
8 Shale to bottom of trenoh ... ; ......................... . 

Numbers 1-4 are the Bethany Falls limestone, Lhe re
mainder the Ladore shale. The parting near the base of the 
Bethany Falls is a constant feature in this part of the State. 

West of Utica CW. Yz NE. M sec. 14, T. 57 N., R. 25 W.), 
Broadhead took the following section: 

SECTION ON SOUTH BLUFF OF QRAND Rlvml~, 'rwo MII,ES w:mS'r 
OF UTICA. 

iber. Stratum. 'I'h iel,mlss . 
. "'--" ---- .. ~.~ .... ".- "-,--

Ft. in. 
1 Limestone, irregularly bedded ......................... . a 
2 Shale, olive and drab ................................. . 1 6 
3 Shale, bituminoUB .................................... . 1 
4 Shale, dark, clayey ................................... . 1 
5 Limestone, nodular ........................... ' ........ . 6 
6 Limestone, gray, oolitic ............................... . 3 
7 Limestone, oolitic, even layer .......................... . 1 5 
8 Limestone, oolitic: ................................... . 1 4 
9 Limestone, oolitic .................................... . 2 6 

Numbers 5-9 are included in the Bethany Falls;. 3-4, the Gales
burg shale; and 1, the lower part of the Winterset. 

The Ladore shale varies from 25 to 30 feet in thickness. 
In the Blue Mound area and at Spring Hill, a resistant, almost 
quartzitic, ripple-marked sandstone is found in the lower half 
of this shale. 

In sees. 22 and 23, T.58 N., R. 23 W., the Hertha, Bethany 
Falls, and Winterset limestones and intervening shales are seen 
dipping beneath a branch. At this place the Hertha is divided 
by several partings. The Bethany Falls is the same as in the 
sections given above. The following is a section of the Winterset 
limeston~ ancl. Galesbur$ shale; 
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SECTION NEAR HALLOWEEN STORE. 

Number. Stratum. I Thickness. 

Ft. in. 
1 Limestone; thin wavy beds, with buff shaly partings, 

cherty; .divided into three beds by partings ........ 0 • • • 15+ 
2 Shale, light, argillaceous; grading into next below. . . . . . . . . 2 
3 Shale, black, fissile, bituminous ... 0 • • • • • • • • • • • • • • • • • •• • • 2 
4 
5 

Limestone; wavy on lower surface .................... 0 •• 

Shale, drab, argillaceous .......................... : ... . 5 
3-5 

Linn County.-The Missouri group may be present in the 
high ridges in the northern part of this county. It outcrops 
in the southern part of Sullivan, not far north of the Linn County 
line. 

The Hertha and Bethany Falls limestones may also be 
represented by two limestones near Woodland Mills in sec. 14, 
To 57, No, R. 21 W. The limestone correlated with the Hertha 
is five feet thick, and nearby are fragments of a limestone 
resembling the Bethany Falls. 

Holt and Andrew counties.-No outcrops of the Kansas City 
formation occur in either of these counties, the stratigraphy 
being known only from the deep drillings in Holt County at 

. Forest City (see p. 215) and Oregon. 
DeKalb County.-Outcrops of the Kansas City formation 

are confined to the lower course of Grindstone Creek near 
where it passes out of the county. The following sect~on was 
measured near Weatherby in a ravine north of the Rock Island 
Railroad (center of the SE. %, NW.%, sec. 25, T. 59 N., R. 
30 W.): 

Number. 

2 
3 
4 
5 
6 
7 

8 
9 

10 

SEOTION NEAR WEATHERBY. 

Stratum. 

Limestone, gray and shale; very calcareous; nodular; 
fossiliferous (Raytown bed) ...... 0 ••••••••••••••••••• 

Shale, argillaceous ... 0 ••••• 0 •••••••••••••••••••• 0 ••••• 

Shale, black, slaty, bituminous (No. 95) ..... 0 •••••• 0 •••• 

Limestone, nodular (No. 92) ................... 0 0 0 o' • 0 0 

Shale ...... 0 o •• 0 0 •••••• , 0 •••••••• 0 0 ••••••• 0 •••••• 0 ••• 

Limestone; nearly white; uneven at top ... { }I 
Limestone, nodular, and buff, and buff (Cement City) , 

calcareous shale. . . . . . . . . . . . . . . . . . . . . '\ 
Shale .......••....................................... 
Shale, argillaceous; tinged with red in places ............ '1 

Limestone, buff and cream-colcred (Drum) ..... 0 •••••••• \ 

Thickness. 

Ft, in. 

2 
9 
1 

4 
12 

1 7 

2 6 
2 2 
6 6 
3 

-:'~-'----'-----'-~;'.----'-~---'--,~-----.. -------- ,--c--
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The following section taken in Daviess County, in the center 
of sec. 19, T. 59 N., R. 29 W., on the so'uth side of the ereek, 
shows the character of the lowest beds found in the county: 

SECTION ABOUT A MILE EAST OF W1DATHERBY, IN DAVIl~SS 

COUN'l'Y. 

Number. 

1 
2 
3 
4 

Stratum. 

Shale, with thin regular layors of limes to no ............. . 
Limestone, gray ............... , .. { 
s~ale, blue, clayey. . . . . . . . . . . . . . .. (Broadhead's 85d) 
LImestone, nodular ............... . 

----- .. _-_ .. _. __ ... _.--_ .. _-_ ..... _._----_ ...... __ .. . 

The whole section is in the Cherryvale shale. 

'l'htoknoss. 

Ft. in. 
H 

2 
2 
·t 

Daviess County.-With the exception of the flood-plain of 
Grand River, the entire surface of this county is underlain by 
the Missouri group, which is represented by both the Kansas 
City and Lansing formations. The lowest members occur 
along Grand River. Buehler 1 gives a section along the railroad 
track east of Gallatin, which in substance is as follows: 

SECTION NEAR OAT,T,A'l'IN. 

---.......,..-----_._----
Number. 

1 

2 

3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 

Stratum. 

Limestone, gray, fossiliferous; weathered shelly, along trw 
crest of ridge ...................................... . 

Limestone, gray, fossiliferous; rather thinly-bedded; show-
ing occasional small nodules of black chert ............ . 

Shale slope .......................................... . 
Limestone, gray; irregularly bedded; fossiliferous; showing 

numerous specks and irregular markings of calcite ..... . 
Shale, dark, bluish ................................... . 
Shale. black ........................................ . 
Shale. slope .........................•................ 
Limestone. gray; nodules of diSintegrated limestone ...... . 
Limestone. gray; weathered to buff along jOints; upper 

portion somewhat mottled (Bethany ))'alls) ........... . 
Shale ............................. , ................. . 
Limestone .......................................... . 
Shale. bluish-gray ....•................................ 
Limestone .......................................... . 
Shale. lower portion black; carbonaceous; upper portion 

gray to buff ...............•........................ 
Limestone. gray, heavy bed, fossiliferous ................ . 
Shale ..•.....•.........•..•.......................... 

'I'hiokneae. 

1.'1. in. 

(I 

3 6 
2 

8 
1 3 

6 
5 
5 

9 6 
2 
5 
6 
8 

4 6 
1 2 
3 

'Buehler. H. A .• Lime and cement resources of Missouri: Missouri Bureau 
of Geology and Mines. vol. u, 2nd series. pp. 125-126, 1907. 
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Numbers 14-16 are included in the Ladore shale; 8-13 in the 
Bethany Falls limestone; 5-7 in the Galesburg shale, and 1-4 in 
the Winterset limestone. 

Broadhead gives a section at Gallatin; this section, slightly 
modified, is as follows: 

SECTION AT GALLATIN SBROADHEAD'S SEOTION 120). 

Number.! Stratum. I Thiokness. 
-----------------------------------~------

2 
3 
4 
5 

·6 

7 
8 
9 

10 
11 
12 
13 

14 
15 

16 
17 

18 
19 
20 
21 
22 
23 
24 
25 

Slope to hill top .... , ................................ . 
Limestone, coarse, ferruginous ......................... . 
Slope ............................ ' ................... . 
Limestone, drab, rough-looking ........................ . 
Shale ..................... , ......................... . 
Limestone, drab and brown; ferruginous; upper part is 

very flne-grained; compaot .......................... . 
Shale, with thin beds of fossiliferous limestone ....... ' .... . 
Shaly slope ........................................ . 
Limestone, bluish-drab; irregular-bedded; with vein of 

calcite (No. 87) ................................... . 

~~::st~~~: i:a'rd' b;~~: ~~~;s~' (~·o· .. ~~~) ... : : : : : : : : : : : : : : : : : I 
I 

Slope (No. 85c) ...................................... . 
Limestone, light-drab, nodular and shelly; fine-grained; 

full of small holes (No. 84c) ........................ . 
Limestone, drab, sub-oolitic ........................... . 
Limestone, bluish-drab, irregular-bedded, with shale part-

ings and chert concretions (No. 83) .................. . 
Limestone, shaly, irregular and concretionary (No. 83) .... . 
Limestone, in apparently thiok beds, but separated bYI 

irregular lines. of deposit (No. 83) . , ......... , . , .. , ... '1 
Shale, with two thin concretionary limestone beds (No. 83) 
Limestone, deep blue, shaly, fucoidal (No. 83) .. , , ....... ·1 
Limestone, gray; in 4 beds like No. 15. , .... , ........... '1 
Shale, olive ..... , . , , ............... , .. , ............. . 
Shale, bituminous. , ................. , ........ , ....... . 
Shale, blue and black; passing to a blue fire clay beneath ... 1 

Slope, a few feet ..... , ....... , ...... ', ................ '1 
Limestone (Bethany Falls) (No. 78) . , ................. . 

Ft. in. 
35 

1 
2 
1 6 
8 6 

2 6 
2 6 

23 

4 
16 

2 

8 
1 6 

5 6 
2 

2 7 
2 
2 6 
2 2 

10 

4 

10 + 

The numbers given are Broadhead's own designation of the beds, 
Nos. 13-20 compose the Winterset; 10-12 the Cherryvale shale; 
8-9, the Drum limestone; and 1-8, the Chanute shale; No.6 is 
Broadhead's No. 90, the Cement City bed. No.8 would probably 
show purple shale if exposed. The section shows a close corre
spondence to that east of Jamesport in Grundy County. From 
Gallatin to the west county line, there are outcrops of the 
Kansas City formation along Grand River. The Bethany Falls 
dips below that stream southwest of Pattonsburg. 
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A sec lion taken northwest of PaUonslH1rg (NW. ):{ sec. 1·1, 
T. 61 N., R. 29 W., from Big Creck to wagon road lo west) is 
as follows: 

AlcCTJON NOlt'l'HWl<:S'l: OF I'A'l''.l'ONSBtJltO. 

Number, Stratum. : 'l'1I1<:Kn'·8H. 

2 
3 

4 
5 
(\ 

7 

8 

Il 
10 
11 

Lirnos1,ono; nodular, irornu'o, ooartw .. and llnn .. gru.iJHJd .. ... 'i 
Simla, vor'Y caI0u,n'nUA .••......•.•....•••..•.••••...•.. i 
Shuio, drat>, l1loLLlor\ wHit Illll'j>\o; urgillamIOUl:l; t,hiol,v! 

laminated ...................•......•......•...... ,I 
1,irnostono; gr'r1Y; flnn··grainod; wavy on til!> •.•.•••..••. , 'I 
[,iIll0StOIW, huff', wi Lil l"uHulinn •••••.•••••• , •.••.•••.• , .j 
f-rha1c~, bull', calearooluL ...................... .......... : 
L,imostoIlo, gray, All b-ooIHio; llHl!JHi vo or ill t.Wl> or i.tll'('I': 

It1yorH .............•......•.•. ................ " ..... ! 

Shalo, bun'; cf.lle!1I'(lOllH; wlt.1'! thin !)odulnr la.yol's of limo,,11 
BtOIlO. , .••••• , , •••.••••••••••••••••••••••••••••••• , 

Shale, yollow; sOrtlowlmt SLI,n<ly .•.... , •..••...•• , .•..•.. I 
Shf110, bluo, oJayoy ............ " •...................... , 
Hhn.le, Wit.ll t.hin ov~n beds of limosj,one; t,oLal thl(1iul!IS8 

evonly dlvlciocl bot,woon 8h(,lo and lilllustorw ...•.... , .. , 
12 Limost,ono, durk-gray; in sevorl11 hLYOrs ......•.••.••... ,' 
13 (l<)vorod (shale) .........•........................ , . , . 
14 Limostone, shelly .....................•... , ..•... , , .. , 
15 Rhalo ......................... , " ......... , ... " .... . 
1 (\ r,iruestoIlO ..... , .................. , ................. . 
17 Limostono, bluo, I'osistant ........... , .... , .. , .. , , . , .. , , 
18 J~lrnollton(), nodulur; (,W{) laYOI'H with shllly parLing ... , , , , , 
III J,imostono, ehaly, !lnd sha\o ......•.......... '" . ,. '" , , 
20 .Limostone, wiLl! r·'usullnu ...................... , . , . , .. . 
21 J,imostone, thin-boddod; CJhorLy; with bufr, wavy l>HI'UU;(H 
22 Covered to water in Big Orook ..•..•........ , , ... , ..... 

Fl, in. 
I H 
5 (i 

1:1 

2 
2 
-1 

a 

8 
a 
3 

10 
2 
:;>, 

:2 
4 
-1 

8 10 

10 

4 
2 

\8 
a 

Numbers 20 and 21 are Broadhead's numbers 83-85a, the Winter
set limestone, and 14-17 are his number 85d at the base of the 
Cherryvale. Number 12 is a lens like those quite common at 
this horizon in the northern part of the State. Numbers 8-9-10-11 
are Broadhead's No. 86, the thin alternating, beds of shale and 
limestone being the characteristic part of this shale and out
cropping over the surrounding country wherever the horizon is 
exposed. Numbers 4-7 represent the Drum, and No.1. Broad
head's number 90, the Cement City limestone bed. 

The section is continued in a hollow north of the track 
about 4Yz miles northwest of Pattonsburg: 
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SECTION FOUR AND ONE-HALF MILES NORTHWEST OF PATTONS
BURG. 

Number. Stratum. 

1 Soil, with fragments of weathered chert ................. . 
2 Shale ................ " ............................... . 
3 Limestone, gray; fossiliferous; impure .................. . 
4 Shale, blue; argillaceous .............................. . 
5 Limestone, blue; shelly; fucoidal; thin-bedded ........... . 
6 Limestone; even layer, like above ...................... . 
7 Shale, dark; argillaceous; grading into next below ......... 1 

8 Shale, black; fissile; b.ituminous ......................... 1 

9 Shale, dark drab; argillaceous ......................... . 

Thickness. 

Ft. in. 

30 
2 

3 
3 

4 

7 

6 
8-12 10 Limestone, very nodular ............................. '1 

__ 1~" ____ Shale, blue .................... _ •.............. _._._._._". _. _. _ . ...!. __ 1 ___ _ 

Number 10 is correlated with Broadhead's number 92; No. 9 
with numbers 93 and 94; 8 with number 95; 5-6 with number 
96; and 3 with number 100, the Farley limestone bed. It will be 
noted that the lola has entirely disappeared here. The section 
closely resembles those at Gentryville and Bethany, Mo. 

Owing to the numerous fine exposures on Grindstone 
Creek drainage, in the vicinity of Winston, a very complete 
section was obtained there. The Kansas City f.ormation IS 

rather low topographically. The generalized section is as 
follows: 

GENERALIZED SECTION IN THE VICINITY OF WINSTON. 

Number. 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 

11 
12 
13 

Stratum. 

S~ale, calcareous, nod~lar; full of fossils ........ { (No. 98)} 
Limestone, gray. maSSive ................... . 
Shale; calcareous at top; blue and argillaceous at bottom ... 
Limestone; with shaly partings .............. . 
Shale, with calcareous nodules. . . . . . . . . . . . . . .. (No. 96) 
Limestone; thin nodular layers with interbedded 

shale ..........•.•.....•........... ··.· .. 
Shale. argillaceous ......................... , (No. 95) 
Shale, black, slaty. bituminous .............. . 
Shale; with micaceous sandstone near middle ......•..... 
Limestone; light gray above; nodular and buff below (No. 

90) .••...••..••••. , ••••.•.•..••••..•... " •........ 
Shale; lower 6 inches calcareous ......•.................. 
Limestone •.......................................... 
Shale. blue with red blotches .......................... . 

Thickness. 

Ft. in. 
1 6 
1 

12 
2 
3 

2 
5 
1 6 

13 

4 
13 6 

5-6 
2 
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Numbers 3-13 are correlated with the Chanute slu~Ic, 1-G 
with the Cement City limestone bed, and 1-2 with the lola 
limestone. 

Grundy County.-The Kansas City formation outcrops in 
the western and northern portions of this county. The highest 
bed is probably' the Cement City limestone bed near the middle 
of the Chanute shale member;. it outcrops in the extreme south
west corner of the county. The sections below give the complete 
succession found in the county. The first was taken at the quarry, 
due west of Trenton, on the high bluff west of Grand Hiver: 

SECTION AT QUAR.R.Y WEST OF TR.ENTON. 
---,------------------_ .. _------_._---_ ..... _._-------_.--_. __ . 
Number. Stratum. 'l'hioknoss. 

---1--------------_·_------_·_-
Ill. in. 

1 Limestone, very shaly, nodular ........................ . 3-4 
2 Limestone, light gray; suboolitic; cross-bod dod ; with 

occasional chert concretions ......................... . 18 
3 Shale, blue, clayey ....•............................... 2 
4 Shale, black, slaty, bituminous ........................ . 1 
() Limestone, dark; in two layers ......................... . 1 
6 Covered ...•......................................... 15 
7 Limestono: two or three thin layers with interbedded shalo 1 
8 Limestone, gray, weathers reddish-brown: in two layers .. 4 6 
9 Shale, clayey ........................................ . 2-3 

10 Coal ..•.................... '" ..................... . 2 
____ .L-_____________ . ________________ _ 

Numbers 1-2 are the Bethany Falls limestone; 3-7 the Ladore, 
,shale; and 8, the Hertha limestone. 

East of Jamesport, in the southwest corner of the county, 
a cut on the Rock Island Railroad near Gee Creek, between 
Hickory Creek station and Jamesport, shows: 

SECTION ON ROCK ISLAND RAILROAD, WEST OF HICKORY 
CREEK STATION. 

Number. 

1 

2 

3 
4 

() 

6 
7 

Stratum. 

Limestone, gray, massive; composed of fOSSill ) 

Li::!:::.ts;~l~~~i~h;· i~'~' ~'r"~' i~~~r~;' ~~~; (No. 87) 
nodular.and Impure ........•........... ; .. 

Shale, yellowish; calcareous; with thin lens of limestone .. 
Shale, blue, clayey; with thin even layers of limestone; at 

top yellow and slightly arenaceous ................... . 
Limestone; six thin layers with shale partings ........... . 
Shale, blue ......................................... . 
Limestone, very fossiliferous ........................... . 

Thickness. 

Ft. in. 

1 6 

2 3 
9 

19 6 
4 
2 2 

3-6 
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SECTION ON ROCK ISLAND RAILROAD, WEST OF HICKORY 

CREEK STATION-Continued. 

Number. 

8 
9 

10 
11 

12 

13 
1-1 

15 
16 
17 

18 
19 
20 
21 
22 

23 
24 

25 
26 
27 
28 
29 
30 
31 

I Thiokness. 

----------------------~----------
---I 

Stratum. 

~!:::,,;;; .. .. • . . .• .• • • . . . • . • • • • • • . • • • • . • . • . . . ••.••..•.. ·1 F<. I 
Limestone, blue, wavy-bedded ............... { li 1 

Limest.one; nodular in 1 or 2 layers. . . . . . . . . .. (No. 85d))' 

Shale ............................................... . 

l..1i.t11estolle .......................................... . 

Shalf>, blue; contains finely preserved fossils ............. . 

l,irnestono, thin·bedded, lenticular ..................... . 

Shalle; upper 2 feet argillaceous; grades into loose calcareous, 

nod u]f>s at. bottom .................................. 1 

Limestone, fine-grained; in 4 layers ..................... : 

Limestone, shaly or shale, ............................. . 

Limostone; composed largely of Fusulina ................ . 

Lirnostone, argillaceous ................................ . 

Shalo, blue; with two nodular layers of limestone ....... . 

Limestone, t.hin-bedded, cherty; buff shaly partings ....... 1 

Shale parting ........................................ . 

Limest.one: like No. 23 ................................ . 

Shale partmg .. ' ...................................... " 

Limestono, liko No. 25 ................................. 1 

Shale, dark .......................................... 1 

Shale, blacl<, slaty, bituminous ......................... 1 

Shale, blue, clayey ............. ' ....................... i 
Limestone; upper shaly nodular portion of Bethany Falls,1 

to traok (No. 80) ....................... ' ........... '1 

6 
?i-I 

8 
3 
1 
1 
2 
2 
3 

4 

4 

2 
6 

1 

8 
4 

7 

8 
3 

9 

8 
6 

6-8 
10 

6 
6 

6 

The whole 
southwest. 
and 12 are 

of the Bethany Falls is exposed a short distance 

Nos. 18-27 are included in the Winterset, Nos. 11 

Broadhead's number 85d, and 1-2 the Drum lime-

stone. 
The following section was measured one hundred yards 

west of road in center of sec. 30, T. 60 N., R. 25 W.: 

SECTION IN THE SOUTHWESTERN PART OF GRUNDY COUNTY. 

--.--.---~'----
---------------

.--------------
----,,------

Number. 

1 

2 
3 

Stratum. 

Limestone, "brecciated", fragmental (Cement City) .... " ., 

~~~::~:~~ .. ~r~~:~~~~i~~~ ·c~·~~~~~~ .;; ~~~~~~';o~~ii~: : : : : : I 

Thickness. 

Feet. 
3 

23 
1 

No.3 is No.1 of the last section; No.2 probably contains red 

shale near the middle. 
G-lO 
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Atchison, Nodaway and lVol'lh counlies.-The stratigraphy 
of the Kansas City formation in these counties is lmown only 
from drill records. The core drilling at Maryville shows it in 
great detail. 

Gentl'Y County.-Outcrops of the Kansas City formation are 
confined to the southeastern corner of the county along the 
"breaks" of Grand River, the rest of the county being covered 
by the Lansing and Douglas formations. The following section 
(after Broadhead) 'taken in sec. 28, T. 61 N., H. ~10 W., shows 
probably the lowest beds in the county: 

1 
'2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

SECTION NEAH ar<~N'rnYVILLE. 

8 Lratum. 

Limestone, fine fossils (Iolu.) ................... , ...... . 
Shale (top of Chanute) .............................. . 
IJimestone, blue, shelly .................... { 
S~ale... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (U,ay!;own) 
Llmestone, nod ular ....................... . 
Clay ............................................... . 
Shale, slaty (No. 95) ................................ . 
Limestone (No. H2) .............. .' ................... . 
Shale, blue (No. 91) ....... : .......................... . 
Slope ............................................... . 
Limestone; full of fossils (Cement City) ................ . 
Shale ............................................... . 
I .. imestone, buff ...................................... . 
Shale (base of Chanute) ............................. . 
Limestone, light drab ......................... { 
C~ay, lightcoolorcd, and limestone noclulcs ....... (Drum) 
Limestone ................................. . 
Shale (top ofCbel'ryvalo) ............................. . 
Limestone, blue ...................................... . 
Shale ......... " .................................... . 
Limestone .......................................... . 

PI. in. 
2 
[; 

1 

1 
2 
1 

3 
2 

a 
10 

2 
4 

5 
3 
1 

3 
1 

6 
(\ 

[; 

(l 

n 
I) 

6 
(\ 

5 

The upper part of this section is also exposed near Gentryville 
and shows no changes. 

Harrison County.-The entire area of this county, with the 
exception of a strip bordering Grand River on the eastern side, 
is underlain by rocks of the Kansas City formation with a cover
ing of glacial till and possibly also of the Lansing formation 
in places. Over most of the county the number of exposures is 
rather limited because of the heavy mantle of drift. 
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Fig. A. 

146 

Winterset, Oherryvale and Drum members in 
railroad cut east of Jamesport. 

Fig. B. 

VOL. XIII, 2ND SERIES, PLATE XIV. 

Nearer view of Oherryvale shale and Drum 
limestone at same place. 
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SECTION ALONG TOMBSTONE CREEK, WEST OF MELBOURNE. 

Number. 

2 

3 
4 

5 
6 
7 
8 
9 

10 
11 
12 

13 

14 
15 

16 
17 
18 
19 
20 

---------"----

Stratum. 

Slope with fragments of "brecciated" limestone .......... '1 
Limestone, buff. oolitic; uneven layers with interbedded

r shale (Drum) ..•................................... 
Shale, buff; with nodular limestone (No. 86) .... _ ...... __ I 
Shale. blue; with very even alternating beds of blue lime-

stone .............................................. 1 

Unexposed ........... __ ...................... _ ...... . 
Limestone. dark-blue; wavy on top and bottom .......... " I 
Limestone, like above ................................ 'I 
Shale. clayey .. , .... , , ........... , .. , ................ , 
Limestone (only top exposed) ... , .. , , ... _ ... , , . _ ....... ' 
Unexposed (basc of Cherryvale) ....... _ ..... , . , ..... _ . 'I: 
Limestone, gray; with Fusulina, about ........ , ..... __ . , . 
Limestone, blue, cherty; thin wavy beds with buff shale 

partings (base of Winterset) . , ..................... , .1 
Shale; with black, slaty, bituminous shale in middle (Gales-, 

burg) .............. , ... , ..... , ..... - ............. 'I 
Limestone, nodular, shaly, .. , ......... , ...... , .. , ..... ': 
Limestone; thick-bedded at top, rescmbling the Bethanyi 

Falls at type locality, lower part thin-bedded as at] 
Cainesville and Princeton (base of Bethany Falls) .... . 

Shale, drab, clayey .............. , ... , , ....... , ....... " 
Shale, black, slaty. bituminous, , , , , . , , , . , .... , . , , , . , , , , 
Limestone .......•.. , .... , , , . , .... , , , , , . , .......... , , 
Shale, sandy (base of Ladore) ......................... . 
Limestone, gray (Hertha) ............................. . 

Thickness. 

Ft. in. 

5 6 
5 6 

12 

1 
3 
5 

5 

18 

8 
4 

14 
2 3 
1 6 

4 
12 

2 2 
1 6 { 

----'------------- ------"--" -----" -------'--'------

The Falls of Big Creek at Bethany is the type locality of 
the Bethany Falls limestone. It has been described so fully 
that it would be useless to repeat the descriptions here. There 
are, however, two very different phases of this bed, which, 
not being recognized as such, have caused some misconceptions 
as to the correlation. 

Bain 1 giv"es the following section in the western part of 
Bethany: 

Number, 

1 
2 
3 
4 

5 
6 

BAIN'S SECTION AT BETHANY. 

Stratum. 

Shale, clayey drab ............................. .' ..... . 
Shale, calcareous; transition beds ................ , , , ... , 
Limestone, heavy ledge; many Fusulina c'vlindrica . ...... _ 
Limestone, thinly bedded ............. , . , ........ , , ... '1 
Unexposed .......•............... ,."" ..... , .. , .... . 
Limestone, thin-bedded .. , ...... _ , .. , , , . , ............ , .1 

,I 

Thickness. 

Ft. in, 
6 

1 6 
2 10 

10 
8 

12-15 

'Bain, H. F., Geology of Deoatur County:' Iowa Geol. Survey, vol. 8, pp, 
255-314, 1897. 
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"The rock forming the falls lies probably fi or 8 feel helow 
the base of the limestone just deseribed. It is about l\venLy 
feet thick." 

As now exposed, the upper part of the seetion above No. G 
IS as follows: 

smOTION A'I' spmn.HV Ql1AH.n,V, Hl'l'l'HANV. 

I 

. J'l'hiOlmo88. Sl.mtuJ.ll. 
------I----.. -~ .. --.. - ...... ------... ---.... ---.-........... -

1 
2 
3 

4 
5 
6 

I Fl. in. 
ShaIn, brown, and thir: bodK of iimnHI,ollo ........ ',' ... " "II " 
ShaIn, gray. and thin Im.los t.()nos . . . . • . . . . . . . . . . . . . . . . . . . :I 
Limostone, gruy. m£1Rsivo ;wH.h l"lIlmIinn and blnnl, nllol'l·. ('IIlI"j 

oroti.o,nR •.••.•••.••...•..•.•..•.•. , •••. ~ ....•.•••.. ! 4 .2 

Limestone like above ................... , .....•...•.... i 
S11£1lo, bull', on!cm,rnOllR. and thin Ii ttIOR\;OllOH .••• , , • , , , .••. '1 
Limostolle, t.hin-beddod; with btl [1', Hlmly. WILVY PHI'I.lIIHB'1 

These beds are now beller exposed [It the quarry near the 
junction of the two forks of Big Creek, as shown in Lhe following 
section: 

SECTION SOU'l'rr en;' IH.:'l'HANV ON BIn Clunn;:. 

Sl;ro.t,um. 'l·hlokn{)s~. 

Ft. ·In. 
1 I,\mestonc, nodular, and. shalo, ..... , .................. . t 
2 IAmestone, blue; wavy on llpper und lowol' Rlll'flWOS .•••••. 1-1 ~i 
3 Limestono, blue; lentioulltr and concrotiol1ury ..... , .•..... a 
4 Shale, bluish .. , ........ , ... , .. , .... , .... , . , •.... , ... . 1 
5 Limestone, nodular; with shalc partings .... , '" ....... , .. 1 
6 Shale, c;lrab, argillaceous, fossiliferous ..•.•............... a 6 
7 Shale, buff. calcareous ............•..• , ............ , .. . a 
8 Shale, blue to buff, gritty ...•...•..•.•......••........ , 3 
9 LiInestone, blUish, nodular .............•.•...•...... , .. 2 6 

10 Shale, dark; nearly blaek; a mere film to ••.. , , ........ , .. 1 
11 'Limestone, gray, heavy-beddod; oontains a few oherty (Jon-

oretions ....•......•.. , .... , .......•....•.. , .... , .. 6 9 
12 Limestone, dark-bluish; thin-bodded; cherty; sha.lo purt-

ings which weather buff; fessilif()rous ................. , . 7 10 
13 Conoealed; with limestone at top in fi001' of quarry ....... . 16 
14 Limestone, gray; to bed of crook (Bethany ll'£1lIs) .• , •. ' ... . I> 

Number 13 contains the Galesburg shale and the lower part 
of the Winterset~ as may be seen by comparison with the Mel
bourne section. The top of the Winterset is placed at No. 11 
but may include No.9. The remainder belongs to the Cherry
vale, the lower part of which is the equivalent of the upper part 
of the two previous sections. 
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ll'ig. A. BcUmuy Falls limostone at type locality near Bethany. 

Fig. B. Bethany Falls limestone in quarry three miles south of Princeton. 

us 
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Another phase of these beds is shown in the following 
section: 

SECTION NEAH NOH/fHWEWf CORNER SEC. 27, T. 63 N., R. 28 W. 

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

I Thiokness. Number. Stratum. 

Ft. in. 
Limestone, dark blue, silicious; with white specks; wavy-

bedded, in 2 or 3 layers. . . . . . . . . . . . . . . . . • . . . . . . . . . . . 2 6 
2 Shalc; oaloareous to olayey; dark when fresh; light gray' 

when woatherqd; 3-inoh nodular limestone near bottom. . 2 6 
3 T..imostone, vcry fossiliferous. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
4 Shale .............................................. ,.. 6-8 
5 r~ime8tono. . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
5 Limestono, massive, wavy-bedded. . . . . . . . . . . . . . . . • . . . . . . 10 
7 Covered .••................................... "..... 7 
8 Lirnestone, gray, masHivc, cherty; with Fusulina, to water 

level in oreelt ....................... , ........ , . . . . . . 6 

Number 8 is the top of the Winterset; and Nos. 5 and 6 are 
number 85d; number 1 is correlated with Nos. 2-5 of the previous 
section. 

In the SE. 34 sec. 3, T. 62 N., R. 28 W., above number 1 
of the last section, are the thin alternating layers of limestone 
and shale (Cherryvale) which reach to about the base 'ofBain's 
first section at Bethany (near the railway bridge north of the 
depot) : 

BAIN'S SECTION IN NORTHERN PART OF BETHANY, 

Number.j Stratum. I Thiokness. 

Feet, 
1 I,imestonc, fragmental; loosely oemcnted (Drum),. . • . . . . . 6 
2 Shale, grecn tc? drab, clayey; with thin bands of lirne-

stone ..•.. , ....................... , . , . " .•. , , , .. ,. . 2 
3 Shale, drab to black, clayey .. , .. , , .. , ... , , , .. , , .. , . , . . . 2 
4 I,imestone, dark blue; in two ledges 9 and 3 inches thick, 

respectively, . , , , , , . , , •. , , .••. , , . , , •• , , , , . , . , . . . . . . . 1 
5 Shale, black. , .. , . , , , .•.. , , . , , .. , , . , . , , , , , . , ,', , , , . , . . . 1 
6 Shale, black to drab; with irregular nodular and thin layers 

of impure black limestone, , ..•. , , , , " .... , , , . , . . . . . . . 6 

It will thu's be seen that there are exposed at Bethany three 
limestones, the Bethany Falls, Winterset and Drum, corre
sponding to Broadhead's numbers 78, 83-85a, and 87a, but the 
Hertha is below drainage. 
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A well drilled one-fourth mile south of center of sec. 9, 
T. 63 N., R. 28 W., on the flood-plain ncar the Falls, gave the 
following (driller's terminology): 

1,00 01<' \VF:LI, AT Bli}'l'HANY. 

Stratum. 

Soil ............................................... . 
Palls Iimost.one (BeLhuny Falls) ............... : ...... . 
Shale: with some thin lirneetonos (Ladora) ............. . 
Limestone (Hertha) ................................ . 
SandstonG, hard, ioosc-grainod (top of Pleasanton) ...... . 
Sandstone, open, coarRr)-grainNl ...................... . 

Fect. I""ct. 

l!) 
() 

1,r; 

Bain's 1 sec Lion in DecaLur County, Iowa, included four 
limestones which he named, beginning at the b~lse, the Frag
mental, Earlham, Winterset, and De Kall> (or FusuJina). In 
attempting to correlate with t.he section at Belhnny, Mo., he 
supposed the Winterset to be two beds instead of one, and with 
the Drum above and Bethany Falls below (four ultogether) 
correlated them with the four in Decatur CounlY, making the 
Bethany Falls at Bethany the equivalent of the "Fragmental" 
of Iowa. As the lithologic character of the two is not unlike, 
a correlation based on this character alone was seemingly cor
rect. 

The writer's correlation is shown in the following table: 

CORHELATION OJ)' BASAl, MEMBJi:H,S ()1<' l{ANSAS Ol'l'Y 
J)'OItMA'l'ION. 

"DeKalb" ("FuBulina") limestone ....... =1)rllm limestone (No. S7a). 
Winterset limestone .................... =Wintel'sot (Nos. Sa-Soa). 
"Earlham" limGstone ................... =BGthuny Fallfl (Nos. 78-S0). 
"Fragmental" limestone ................. =Hertha (No. 74). 

Below the "Fragmental" of Iowa and the Hertha of Mis
souri there is a thin bed of coal, very persistent in Missouri, 
which gives additional support to the correlation. 

The following section, taken down the branch in the NE. U 
NW. ~ sec. 2, T. 62 N., R. 28 W., is only approximate because 
of the great dip down stream, which exposed the lowest beds 
near the head of the branch: 

'Op cit. 



KANSAS CITY FORMATION. 151 

SECTION ABOUT THREE MILES SOUTHEAST OF BETHANY. 

----:-----------"-------------------
i 

Number.; Stratum. Thickness. 

Feet. 
1 Shale, buff, brittle, calcareous, sandy ............ , . . . . . . 10± 
2 ,Unexposed; probably about. . . • • . ......... ....•. .... .. . 20 
3 i Limestone, gray; in three beds with shale between (Ray-

town) ..•..•.•.....•.•.•.••.......• ,............... s± 
4 Shale; clayey at top; black and slaty below (No. 95) ...... , 3 
S ,Limestone. gray (No. 92) .....•......................... 1 ~ 
6 Unexposed (No. 91) . .. • .. . . . • .. . . . . . .. . . . . . . . . . . . . . . . . 13± 
7 : Limestone, gray; rough on top" (Cement Cit:,.) . . . . . . . . . . . . 5 
8 Shale. red ................................ , .......... . 

The failure of the lola to outcrop in this section indicates 
that it is absent or very thin. The upper member of the section 
may belong to the Lansing formation. 

SECTION AT CAINESYILLE. 

i 
I 

Number"i Stratum. 

I 

1 " 

1 I Limestone, gray; fossiliferous; thin-bedded, irregular; top; 
I and bottom not exposed (Bethany Falls) ......•..••... ' 

: I ~~~=~~,' ~;;. ~~~~~rl:;~' b;~';'~;' i~' 't:;'~' i~;:r~;' ~h~, 
upper 18 and the lower 30 inches (Hertha) ............ 1 

Thickness. 

Feet. 

10 
22 

4 

No.3, on a fresh fracture, is a fine-to coarse-grained crystalline 
limestone, with more Composita subtilita than any other fossil. 
In places it weathers light gray with a "fragmental" face, closely 
resembling' the Bethany Falls limestone at Bethany. 

Near Eagleville on Chain Creek the Drum is finely exposed 
and about four feet thick. East of Blythedale is an exposure 
of limestone thought to be the Cement City bed (No. 90). 
In the northeastern part of the county the limestones forming the 
base of the Missouri group are exposed along both sides of 
Grand River. 

Mercer Counlll.-The Kansas City formation outcrops at 
a number of places in Mercer County, chiefly along Grand 
River and East Muddy Creek. The Hertha limestone has also 
been found on Medicine Creek east of Ravanna. The Chanute 
shale is probably the highest bed in the county. 

One of the best exposed sections of the basal limestones of 
the Kansas City occurring in north Missouri is at Princeton, 
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where the following section was taken in the railroad eut sou ll1 
of town: 

SECTION TN H.A.T1,n,OAD (lilT ROll 'I' II (»<' 1'IllNC'I·:'I'()N. 

Number·1 

1 

2 
3 
4 
5 
(I 

7 
8 

9 
10 
11 
12 
13 

Ht,T'at.utli . 
. _---- -----------~---------- ... -- -.-.-.-.-------

Limostone, gr'ay; weathnrs light, hun'; t,hin-beddod; ft",,,il-
iferous (Bothu,ny I<'ull~)., ........................... . 

Shale, gray, olaycy; grading illt", lInxt b"low ........... '" 
Shale, blucl" Hlaty, bit,u rn IflOUr<, • , ••• , •••••••••••••• , ••• 

IJimestone, dark gn1Y; in Lwo laYot"H ~"/lal'at,od by I-lhn.Io .... . 
Shale, gray .•.................. , .... , .......... , .... . 
r~irnestone, nodular, hit [1'. . , .•....•.....•...••...•...... 
Shalo, gray (baso of I,udo]'() ....... , ...........•.... , . ·1 
Limestono, gray; woal',hOl'ing hrown; ill t.wn laYI'I'H (I [nl'l-hU.1 1 

Shale, blue; with sandy limoKt,ollO "-'III'< in 1>111""1< •...•••.... 
Llmestono, burt'; vu.rylng in thlnl{1l0HH; ahouL. , ..•........ 
Oovered; coal horizon. ...................... , ........ , . 
r~lmestone, buff; WeaUlOl'Jllg to nntlulnH. , .... , . , ........ . 
Shale, gray .......................... , ........ , ..... . 

The following is a section of the beds above the Bethany 
Falls, which are well shown at Lhe old ernshcr quarry soulh of 
Princeton: 

SEOTION AT OIJD QUAH.ItY 'l'.BH-l')J'l MIl.JI'l:-1 :-IOlI'I'11 (ll<' ('(!IN(~WI'()N. 

Number. 

-----,------.-----.. -.---------~ .. -------...... 

Atratarm. I 'l'hlnlltl"I'lK. 
I ..... .. --

Ft. in. 
1 Limestone, gray; cherty; thIn wavy bedRi 1m!!' I-Ihltl.v part.-

Ings (Winterset) ............ , ... , . , ... , •. , . , . , . , , . , , 12 
2 Shale; light at top; clarker bolow; grading Int,() noxL bolow. , 2 (I 
3 Shale, blaok, slaty. bituminous .• , , .......•... , .. , .... , . 10-·14 
4 Shale; dark at top; light below; grading into rlOld boJow (lml-l(l 

of Galesburg) ..• , , ..•.. , .. , , .. , ... , ....•....... , . , , 5 4 
5 Shale; composed of loose, calcareous Iwdul(lfl ...... , .. , .. . a 
6 Limestone, light gray, massive, oolitic (baso of Hot,llU.lIY 

Falls) .... , .................. , . , ................ , .. 7 7 
___ ...L... ___________________ . __ .. ~ .. ____ . ___ ._ 

The upper part of the Winterset is exposed across Grand 
River, about due west of this quarry, as follows: 

SEOTION IN THE NE. USE. U SEC. 8, 'r. 64 N .. It. 24 W. 

Number. Stratum. Thioknoss 

1<'eet. 
1 Limestone, light gray; composed mainly of FUBulina. . . . . . . 6 
2 Shale and thin limestones .... , ......•....•.• , •.. , . . . . . . 8 
3 Limestone, thin-bedded, oherty (No.1 of last) . . . . . • . . . . . . 14 

___ ...L... __________________ . ___ , ___ . _____ ... _._ .... _._._. __ _ 
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1!'ig. A. Horthl',U,dol'o lind He!,lmny ]i'nUH mcmborA in rilliroad cut ono milo south of Princeton. 

Fig. B. Bethany Falls, Galesburg and Winterset members in quarry three miles south of Princeton. 
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This "Fusulina" limestone is to be correlated with that of 
the upper part of the Winterset at Bethany, the whole thickness 
of twenty-eight feet being Broadhead's numbers 83-85a. 

The beds just below the Hertha are exposed 300 feet south
west of the northeast corner of sec. 7, T. 63 N., R. 24 W., as 
shown below: 

Rl·~(1'rrON WES'r OF WEI,DON FORK NEAR MILL GROVE. 

Rtratum. 

j,illlosi>ono (Flor!;ha) ..... : ...................... " .... . 
2 Shale, Iigh!,; with large coneretions ..................... . 

Shnlo, blnck, slaty, bituminous ........................ . 
noal (Ovid) ........................................ . 

Thickness. 

Pt. in. 

1 + 
3 6 
2 

7-8 

A buff limestone (No. 12 of the Princeton section) usually occurs 
beneath the thin bed of fire clay that underlies this coal. This 
limestone varies from one Lo two feet in thickness. 

Putnam, Sulliuan, and Adair counfies.-The area covered 
by the Missouri group in these counties is a matter of some 
doubt beeallse of the exlreme thickness of glacial drift, but that 
the grot]p is represenLed in all three, by aL least the Hertha 
limestone, is very probable. The Hertha was quarried only 
two miles wesl of the west line of PuLnam County, and has been 
found farLher east in the county on Chariton River drainage. 
The Hertha, Bethany Falls, and Winterset outcrop in Sullivan 
County in the syncline at Milan, and weathered fragments of 
the Hertha were found in Adair County on the high ridge lying 
east of Chariton River. 

SECTION IN QUAH,H,Y IN SOU'l'HE!AS'l: PAR'l: OF MILAN. 

lber. 

2 
3 
4 

5 
6 

Stratum. 

I,imestono; unconsolidated nodules .................... . 
[,irnestone, light gray; sub-oolitic; cross-beddod ......... . 
Shale parting ....................................... . 
Limestone, light-gray; unevenly bedded ................ . 
S hale, calcareous; very fossiliferous ..................... . 
Limestone like last ................................... . 

7 Limestone in bed of quarry ............................ . 

'J.'hiokness. 

Pt. in. 
1 10 
5 8 

2-4 
3 

8-10 
3 6 

All this section is included in the Bethany Falls limestone and 
is continued downward in the railroad cut nearby as follows: 
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SEOTION IN RAILROAD OUT SOUTH OF MILAN. 

Number_ Stratum. Thickness. 

];,t. in. 
1 Limestone (Bethany Falls) ............. _ . ___ ......... _ . 
2 Shale, blue, clayey ...•........ _ ............ __ ....... _ . 10 
3 Shale, black, fissile, bituminous ........................ . 6 
4 Limestone, dark gray ................................. . 4 
5 Shale, drab ...................•....................... 5 
6 Sandstone, yellow; thin even beds; calcareous; with worm 

burrows or fucoids on bedding planes ................ . 4 () 

7 Shale, light drab, sandy (base of Ladore) ............... . 10 4 
8 Limestone, gray; flne-grained; crystalline; fossiliferous; 

wavy-bedded (Hertha) ............................. . 4 
9 Shale, light drab, clayey (top of Pleasanton) ............ . 2 5 

10 Shale, bluish ........................................ . 3 
11 Shale, red ........................................... . 10 
12 Shale, light ..•........................................ 3 6 
13 Shale; light; calcareous ; resistant layer .................. . 
14 Shale, light drab; somewhat arenaceous and micaceous; 

with hard concretions .............................. . 

North of Milan the coal below the Hertha limestone is 14 inches 
thick with 25 feet of shale above. 

In the northeastern part of the county (SE. >i NW. >i sec. 
19, T. 64 N., R. 18 W.) are outcrops of the Hertha limestone 
and the underlying Ovid coal. The following is a detailed 
section of the Hertha at this place: 

SEOTION IN NORTHEASTERN PART OF SULLIVAN OOUNTY. 

------~-------------------------------------------------------------

Number. Stratum. I ThIckness. 

Pt. in. 
1 Limestone; composed mainly of shell fragments .......... . 1 
2 Shale, gray .......................................... . 2 
3 Limestone; fossiliferous at top ......................... . 
4 Shale, gray ........................................... 1 

3 
4 

5 Limestone, gray; thin-bedded; cherty; fossiliferous ....... . 5 {; 

6 Shale, gray .••........................................ 8 
7 Limestone, blue; thin-bedded; fossiliferous .............. . {; 

8 Shale, dark (top of Plea.santon) ........................ . 1 + 

The shale partings resemble those seen in the Hertha limestone 
northeast of Chillicothe, Livingston County. 

In the northeast corner of sec. 27, T. 62 N., R. 16 W., 
Adair County, and at one or two places farther north, the Hertha 
limestone with the coal below it, is found as the highest con
solidated rock of the divide east of Chariton River. As far as 
known: this is the most easterly exposure of the Missouri group. 
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LANSING FORMATION. 

CHARACTERISTICS. 

Beede and Rogers found the section from the Lane shale 
to the Oread limestone, inclusive, to constitute a faunal stage. 
According to Girty 1, the Lane, Weston, and Lawrence shale 
faunas are strikingly similar, being well marked off from the 
faunas of the shales and limestones both above and below, 
and, as the fauna of Lhe Oread limestone is more closely related 
to that of the Stanton and Plattsburg than to any above, the 
interval from the Lane shale to the Oread limestone, inclusivee 
was classified as a faunal unit. The upper part of the unit had 
previously been designated the Douglas formation, a division 
it seems advisable to retain because the lower part is rendered 
more or less distinct lithologically by the greater proportion 
of limestone it contains. The beds included in the interval from 
the base of the Lane shale to the top of the Stanton limestone 
ar~, therefore, segregated and termed the Lansing formation. 
All its members are well exposed near Lansing, Kansas. 

The thickness of the Lansing varies from 140 feet in Platte 
County to less than 100 feet along the west fork of Grand 
River. The upper half is chiefly limestone and the lower half 
shale and sandstone. The area of outcrop is shown on the State 
geologic map. 

MEMBERS. 

Lane shale member.-At the base of the Lansing is the Lane 
shale, 50 to 80 feet thick, thinning from southwest to north
east. The upper part is arenaceous and the lower part chiefly 
argillaceous. The two portions, over a large part of ' the area, 
are separated by the Farley limestone bed, ranging from a thin 
layer of calcareous shale to a bed of limestone 10 feet thick in 
an irregular manner and seemingly disappearing entirely to the 
northeast. ' 

Plattsburg limestone member.-Above the Lane shale is the 
Plattsburg limestone. Its thickness is variabie but its other 
features fairly persistent. The maximum thickness is 20 feet in 
the southern part of the outcrop but to the no!th it becomes 
thinner. It is everywhere a blue, argillaceous limestone in the 
lower part, and cherty in the upper, weathering to a buff. The 
basal layer is more or less arenaceous and a marked pelecypod 

'Evidence submitted to committee on nomenclature, U. S. Geol. Survey. 
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horizon. In its northernmost outcrop, it is commonly repre
sented by fragments of brown, porous, weathered eherl, or as 
a buff, brittle, thinly laminated, sandy limes lone. 

Vilas shale member.--Separating the 1 wo limeRlone members 
of the Lansing is the Vilas shale. In Plalte County the VilaR 
is 20 feet thick, but to the northeasl and eHRt is only :~ or ·1 feel. 
The composition varies from argillaceolls or arenaceous Rhale 
to black, slaty shale with a thin eoa1 Ream in plneeR. The 
bituminous phase may be found in the northern part of itR out
crop. 

Stanton limestone mcmber.----At the top of the Lansing is 
the Stanton limes lone member, compoRed of three limcR[one nnd 
two shale beds. The lower limestone iR of a hlue color mHl from 
a few inches to four feel thiclL The lower shule hed is aholl [ 
five feet thick ancI contains, in mosl places, a layer of black 
slaty shale. The middle or main ledge of the Stanton is 1;; 
feet thick, a gray, thin-bedded limes Lone with a 2-foot bu cr 
layer at the top. In a few places it is largely composed of 
Fusulina. The upper shale varies from one or L wo feel to twcn Ly 
and, where thick, contains a layer of sandstone and green shaJe. 
The upper limestone is of a gray color, in l wo to four thin, 
even layers, in places separated by shale parlings. Only Lhe main 
ledge is generally seen where the Stanton cups escarrnnenls. 

REGIONAl, VAlUATION AN.D ImTAILlH) Sl~()TIONS. 

Jackson Counly.-The highest indurated rocks in Lhe 
county consist of the Lane shale and Plaltsburg limestone mem
bers of the Lansing formation. They are not materially difl'erent 
from these members in Platte County. At the base of the 
Lane shale, however, there are 6 to 10 feet of arenaceous lime
stone separated from the lola limestone by only six feet of 
sandy shale. This is apparently the Farley limestone bed, 
but, if so, it is much nearer the base of. the Lane than at other 
places. However, it may be a local, lenticular limestone. 

Clay and Platte counties.-The Lansing formation exhibits 
a remarkable regularity throughout these counties, the chief 
changes being in the thickness of the Farley bed and the Vilas 
shale: though the Plattsburg limestone also varies somewhat. 

The part of the Lane shale below the Farley bed is a rather 
uniform bluish or greenish clay shale with no special charac
teristics, varying from 16 to 40 feet in thickness. At Parkville 
it is 16 feet thick. In one locality it was arenaceous. The Farley 
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bed near Parkville is a coarse to oolitic, brownish-gray, resistant 
limestone. One-half mile above Parkville it occurs as one bed 
8 feet thick. It is slightly ferruginous, quite compact and oolitic. 
In one place it is "cross-laminated." In many outcrops between 
Parkville and Waldron it is composed largely of Productus shells. 

North of Waldron (center of the SE. 'U sec. 14, T. 51 N., 
R. 35 W.) the following section of the Farley limestone bed was 
measured: 

SJ~CTION NORTH OF WAI.DRON. 

Number. Stratum. Thiekness. 

Ft. in. 
I.imo~tone, dark bluo; massivo; coursD-grained; has proud-

!lont vertioal joints. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
2 Shalo, dark drab, argillaceous. . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 
:~ Limestone, darl! blue; thin-bedded; coarse-grained. . . . . . . . 1 
4 Shale, dnlb; aronaceous; calcaroous at top. . . . . . . . . . . . . . . . 4 
5 Limestone, bluo; weathers bull'; nno-grained; arg!1laccouB; 

with wavy bedding pIanos. . . . . . . . . . . . . . . . . . . . . . . . . . . 3 6 

No. 1 of this section is the most uniform layer of the Farley, 
but it varies from a mere film to 5 feet in thickness. The beds 
below are extremely variable in thickness but the blue color 
and argillaceous character are persistent. In one or two places, 
there is a thin layer of pisolitic limestone above No. 1. 

The part of the Lane shale above the Farley bed varies from 
20 to 40 feet in thickness and contains, at most outcrops, a 
layer of sandstone. As with many other shale beds, the thick
ness is increased where the sandstone is present. In places it 
contains a red layer. 

The Plattsburg is a bluish limestone, weathering buff,. 
even-bedded in the lower part but more irregular in the upper. 
In many places it is cherty. The details are shown in the follow
ing section measured by Broadhead about one mile southwest 
of Waldron: 

DETAILED SECTION OF PLATTSBURG LIMESTONE MEMBER ONE 
MILE SOUTH OF WALDRON. 

Numbor. Stratum. Thickness. 

Ft. in. 
Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

2 Shale................................................ 3 
3 Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
4 
5 
6 

Limestone .......................................... . 
Limestone .......................................... . 
L~m.estone .......................................... . 

2 
6 
6 
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DETAILED SECTION OF PI,ATTSI3URG LIMES'rONE MEMBKlt ONE 
MILE SOUTH 01<' WALDRON-Cont;inued. 

---,------'-------

Number. Stratum, Thickness. 

---1------------------------'-----
Pt. in. 

7 Limestone, , ................................... , .... . 1 8 

8 Shale ...................... , .. , ..................... . 4 

9 Limestone, ......................................... . 10 

10 Shale. , .. , ......... , ............ _ ................... . Ii 

11 Limesto ne. . . . . . . ................................... . 10 

12 Shale ............................................... . 3 

13 Limestone, ...................................... , .. . 10 

14 Shale ...................... , ........................ . :3 

Along Missouri River the Vilas shale is 17 to 20 feel thick, 
is argillaceous, and, in places, has a reddish cast. The Stanton 
limestone in this region varies but little from that shown in the 
generalized section near the beginning of this chapter. 

The following is a typical section of the Platt.sburg, Vilas, 
and Stanton members in eastern Platte and Clay counlies: 

TYPICAL SECTION Ol? UPPEH. HAIJI<' OF 'rUE I,ANSTNO ]"OlUvlA'l'ION 
IN EASTERN PLA'l"!,g AND CLAY COUN'l'llilfl. 

Number. 

1 
2 
3 
4 
5 

6 
7 

8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Stratum. 'l'hickno8A. 

1<'1. in. 
Limestone, gray; in thin layors .............. j I 4 
Limestone, gray; in one b, od ................. (No. 115) 
Shale, gray ........ , ............... , . . . . . . 7 
Limestone, blue,argiJIacoouB. . . . . . . . . . . . . . . . 0 
Shale, greenish and sandy above; argillaooous bolow (No. 

114) ........... , . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 6 8 
Limestone, buff (No. 113) ............................ . 
Limestone, gray; thin-bedded; with bufl', ahal:; partingH 

(No. 112) ... , ............ ,' .... ' ................... . 
Shale; slaty in lower half (No. 111) .••••••.•..••••...... 
Limestone, blue; even-bedded; in 4 or. more layers (No. 

l1o-base of Stanton limestone) , ' ................... . 
Shale, blue, sandy (No. 109-Vilas shale) ••.............. 
Limestone, banded gray; in thin wavy beds; weathoring 

buff and sandy (top of Plattsburg) .................. . 
Shale, buff; with layers and nOdules of limestone ......... . 
Limestone, nodular ................................... . 
Shale, buff .......................................... . 
Limestone, bluish-gray ............................... . 
Shale .••............................................. 
Limestone, bluish-gray ................................ . 
Shale .•..................•........................... 
Limestone, bluish-gray ............................... . 
Shale, blue ...... , ............ , ............. , ........ . 
Limestone, buff, cellular .............................. . 
Limestone, gray ..................................... . 
Shale, dark-blue, almost blaok ......................... . 
Shale; with layers and nodules of limestone ......•....... 
Limestone, blue (base of Plattsburg) .................... . 

2 

13 
5 

3 
4 6 

1 4 
2 7 

4-5 
8 

2 6 
1 

6 6 
2 

1 8 

1 

8 
9 
6 

1 4 
4 4 
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mg. A. PJI~ttHhurg linHlstono n(lar Rm[j;I1VlIlo. 

Fig. B. Stanton limestone (lower and main ledges) near Plattsburg. 
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To the southeast, the shale (No. 114) increases to 20 feet in 
places and contains a layer of sandstone, but is greenish at the 
top and bottom. 

In the northeastern part of Clay County, part of the Lansing 
is exposed near Holt. The following section was taken north of 
the town: 

SECTION NEAR HOLT. 

Number. Stratum. 'l'hickness. 
---1----------

Ft. in. 
1 IJimostono (Plattsburg), blue to gray; weathering buff; 

hard to shelly; eherty at top; shows the following beds: 
Ft. in. 

Umestono, thick-bedded, cherty ........ . 5 
IJimestone, thin-bedded ......•......... 6 6 
Shale ............................... . 
Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Shale ..•........... -. . . . . . . . . . . . . . . . . . 2 
lJimestone, shelly; grading to shale below 1 6 16 2 

2 Sandstone and shale (IJane), shale at top; sandstone varies 
from hard to soft, red to white; is ripple-marked and 
cross-bedded, massive or thin-bedded, micaceous; in 
tho middle is a 9-10-inoh layer of blue limestone (Far-
ley) .•...................... '" ..................... 65-70 

3 Limestone (lola) ...................................... __ 

Bay County.-The upland at Lawson probably contains 
part or all of the Lansing formation but aside from a few feet of 
the basal Lane shale, no outcrops of it were seen. 

Buchanan County.-In the southeastern corner of the county 
along Platte River there are outcrops of the upper part of the 
Lansing formation. Two miles south of Agency, on the east 
side of Platte River, the following is exposed: 

Number. 

1 
2 
a 
4 
5 
6 
7 
8 
9 

10 
11 
12 

SEC'l'ION TWO MILES SOUTH OF AGENCY. 

Stratum. 

Shale (base of Weston) ....•.................•. , ...... . 
Limestone, gray; in two beds (top of Stanton) ...•........ 
Shale ...........................•.................... 
Limestone, dark, somewhat sandy; 1 foot to .. -........... . 
Shale ..............................•................. 
Limestone, gray, thin-bedded; top very uneven (No. 112). 
Shale, lower 1711 feet dark to black (No. 111) .........•... 
Limestone; in three beds (No. nO-base of Stanton) ..... . 
Shale, and yellow, nodular limestone ..•........•........ 
Limestone, finely striped parallel to bedding planes .....•.. 
Shale and thin beds of limestone ...•..•.•.••..........•. 
Limestone .•...•....•...• " .....•.•••.•..•... , •••.... 

Thickness. 

Ft. in. 

10 
a 9 
1 4 
5 

16 
a 6 
1 5 
1 

4 
1 2 

8 
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SECTION TWO MILJ<;S SOU'l'H OD' AClE:NCY---,(1"nt.inllo<l. 

StrtLtuIll. Thin]'" 

-----1 -----,-
Ft. 1; 

13 SheLle _ .............................................. . 
14 Limestone, buff, argillacc'ouH; thin-budded; grading illio 

Sllf.l1c n.l)o'vo ..................... '. . . . . . . . . . . . . . . . . . . 2 

15 LiTncstonc, gray; ovon-bed(lcd; 'weathering 1;0 fnl~~tnnt)j,H 

size of a hand; to waLor 1cvoJ ..................... - - -

Numbers 14 and 15 are typical Plattsburg limestone, tho l 
Nos. 10 to 13 may be included. 

Clinton County.-The outcropping roeks over a Inrge p 
of Clinton County belong to the Lansing formation. Al PIa I 
burg, the Ioeality which Broadhead took as tho type of 
Plattsburg limes lone, the following section was measured: 

Numbor. 

1 
2 

3 

4 

5 

Stratum. 

Limestone, bull', argillaceous (No. 11:3) ................. . 
Limestone, light gmy; thin-beddocl; wUh bu f'C, wavy 

ings (No. 112) ..................................... _ 
Covered slope wih blaok Rhalo s(mttorod ovur it (Nos. 1 

111) .............................•... __ .......... ' 

Limcstone, .,df1I'lr,.hl.U(); thin-bedducl to flnOIYj 
larrllnatod; argtllacoou8. . . . . . . . . . . . . . . . . .. (No. 

Limestone, b\l 11', Hhelly; with ealniLo st,!'oal<s; 
gradcs into above ..•............•....... 

[i'CIt I 
1 

1 L 

The lower portion of the Plattsburg outcrops a short l 

tance to the north. The section here is as follows: 

LOWElR PORTION OJ)' PLATTSBUHG I,IMElSTONE MgMrn~R Nm. 
PI,A'r'rSBURG. 

Stratum. 'l'IIi,clr) 

lit. i 
1 Limestone, white and buff; even-bedded, argillaoeous. . . . . . 6 
2 Shale, blue, clayey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
3 Limestone, light buff ......•........................... 
4 Shale, dark; calcareous at base. . . . . . . . . . . . . . . . . . . . . . . . . 1 
5 Limestone, buff, shaly ................................ . 
6 Shale ................................. _ ............. . 
7 Limestone, buff, shaly ................................ . 
8 Limestone, buff, shaly ..... : .......................... . 
9 Shale; blue to water. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
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This section reaches to the lower part of the first section under 
"Clinton County," and with Nos. 4 and 5 of that, constitutes 
the Plattsburg limestone. ' 

The beds between Nos. 2 and 4 of the first section at Platts
burg are seen in the northeast corner of sec .. 24, T. 55 N., R. 
32 W., as follows: 

SECTION IN THE NORTHEAST CORNER OF SEC. 24, T. 55 N., R. 32 W 

Number. stratum. Thiokness. 

Ft. in, 
1 Limestone (No. 112) ................................. . 
2 Shale; blaok in middle (No. 111). . . . . . . . . . . . . . . . . . . . . .. . 5 
3 Limestone, gray; resistent (No. 110) . . . . . . . . . . . . . . . . .•. . 1 3 
4 Shale, drab (No. 109) ..................... ~ .. . . . . . . .. . 3 
5 Limestone (No. 108) .... : ............................ . 

The upper Stanton (Broadhead's number 115), is seen at 
the head of the small branch in the SW. M sec. 30, T. 55 N., 
R. 31 W., as shown below: 

SECTION IN THE SW.;a, SEC. 30, T. 55 N., R. 31 W. 

Number. Stratum. Thiokness. 

Ft. in. 
1 Shale, argillaoeous;·with brown ferruginous conoretlons ... . 
2 Limestone, very shelly; weathers to small pieoes. • . . . ..... 3 
3 Limestone, gray. . • • • • • . . . • . . . . . . . . • . . . . . . . . • . . . . . . . . . 4-6 
4 Limestone, gray. . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 10 
5 Shale to No. 113. . . .. . . .. . . . . .. . ... . ..... . .. .. . ........ 3t 

The lowest limestone seen in this vicinity is the Farley lime
stone bed, which outcrops at the ford in the stream at the 
northeast corner of sec. 30, T. 55 N., R. 31 W. 

Between Plattsburg and the outcrops along Missouri and 
Platte rivers, there is very little change in the Plattsburg, Vilas. 
and Stanton beds as shown on outcrop. except a thickening of 
the Vilas shale to the south and west. . 

Although Lathrop is situated on a high divide at an altitude 
of 1,060 feet, the Plattsburg limestone is the highest rock ex
posed. The following section was taken on the head waters of 
Shoal Creek from where it crosses the line between sections 19 

. and 30 to one-eighth mile north of line between sections 18 
and 19, T. 55 N., R. 30 W.: 

G-11 
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Number. SLrat,Uln. '['hloklH1SI;. 

Fl. 'in. 
Chert, blaek: weatherinE: to blooks. . . . . . . . . . . . . . . . . . . . .. I!" ~ 

2 
a 
4. 
5 
6 
7 
8 
9 

Liulostonc, oven. hoel .......... ....................... . 
I,imcstono, gray; thin-bf1d'lnd; buff on partillf!,H ........... . 
Shale, drab .......................................... . 
fJimestolle .......................................... . 
Shalo, drab ...................•....................... 
Limostono, gray; weathors butT; shaly .................. . 
Shale nnd Bhn.ly limClHtono .................... '.' ....... . 
f~imot!tone, (,hick- to ihin-boddod ...................... . 

a 

r. 
1 f).) ~ 

11 

:1+ 

Below this, elriH lills the bed of Lhc stream anel there are no 
outcrops for some dis lance. The en Lire seelion belongs to the 
Plattsburg (No. 108). . 

The next oulcrop seen was on the easl hluff of Shoal Creek 
in sec. 32, T. 5() N., R. 30 W.: 

SECTION ON SHOAl, CHEEK ABou'r Ii'OUH MU/ES NOH/l'n 0.1" 
1',A.cl'lfHOP. 

Number. 

1 

2 
3 

Stratum. 

Shale, buff; resistant; calcaroous or sandy; brittle; 
placos hardening into n vory firm, blue, ealon.rf1ouB 
stone (base of Pln.ttsburg) .......................... . 

Sandstone, shaly and calearoous ....................... . 
Covered, argillaceous and sandy Shale in plaeeH .......... . 

4 Calcareous sandstono in bod of crook ................... . 

'l'hlo\tnoss. 

Fect. 

If) 

50 

No.1 of this secLion is doublfully referred to the lower parL of 
the Plattsburg. The remainder belongs to the Lane shalc. 

The northernmost outcrop which can be definitely corrc
lated with the Farley limestone bed is on the south side of the 
creek, on the road in the eastern part of sec. lA, T. 5() N., H. 
30 W.: 

SECTION SOUTH Ol~ CAMI<JRON. 
--------------.-------- ~ ... -.--.--.... -. _._-_._._--_._ ... 

Number. Stratum. 'l'hiekno8S. 

PI. in. 
1 Limestone (Plattsburg) ............................... . 
2 Covered, shale and sandstone. . . . . . . . . . . . . . . . . . . . . . . . . .. 20-~5 

3 
4 
5 
6 

Limestone; poor outcrop .............................. . 
Shale and limestone; poor ou tcrop ..................... . 
IAmestenc, blue, resistant, oolitic, sandy (]'arlcy) ........ . 
Shale. sandy ........................................ . 

2 
4 G 
3 
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Caldwell County.-The Lansing is the highest indurated 
rock formation in, the west-central and northwestern portions 
of the county. Both of the limestone members at the top of 
the formation outcrop west of Kidder. The section closely 
resembles that at Winston, Daviess County, to which the reader 
is referred. 

Holt and Andrew counties.-The Lansing formation does not 
outcrop in these counties, though the deep drilling at Forest 
City shows the nature of the formation. 

De Kalb County.-Grindstone Creek and its tributaries in 
the vicinity of Maysville, Weatherby, and Fairport show small 
sections of the Lansing formation. The following section was 
taken near Maysville in the northeast corner of sec. 2, !. 58 N., 
R. 31 W., on the east bank of Lost Creek: 

SECTION NEAR MAYSVILLE. 

Number. Stratum. Thiokness. 

Ft. in. 
Shale, buff, sandy, brittle; oaloareous; weathers reddish 

brown............................................. 3 
2 Limestone, gray, or slaty blue; thin-bedded, cherty; ohert 

weathers out into brown porous masses. . . . . . . . . . . . . . . . 3 6 
3 Shale, buff, caloareous. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
4 Limestone, gray, resistant; heavy-bedded; wavy bedding 

planes.............................. ......•........ 3 3 
5 Shale, blue, clayey. . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 1 
6 Shale, buff, oaloareous. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 1 4 
7 Limestone, buff, argillaoeous. • . . . . . . . . . . . . . • • . . . . . . . . . . 4 
8 Shale, drab, olayey. . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . . . . . . 2 
9 Limestone, buff, argillaoeous. . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

10 Shale, drab, clayey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
11 Limestone, buff, shaly. resistant, brittle; grades into 

next above ....................................... , . 1 
12 Shale; grades into soft drab to black fissile bituminous 

shale. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . .•.. . 2 3 
13 Shale, blackish, sandy; resistant layer. • . . . . . . . . .. . . . . . . . 2 
14 Shale, blue, sandy, micaceous........................... 17 

Numbers 12-14 are correlated with the Lane shale; all above 
these with the Plattsburg limestone. 

The Plattsburg limestone is shown in the following section, 
taken by Buehler l in a quarry near here: 

. 'Buokley, E. R., and Buehler, H. A., The quarrying industry of Missouri: 
Missouri Bureau of Geology and Mines, vol. 2, 2nd series, p. 245, 1904. 
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BUJ.;rU,gn:s SECTION NgATt MAY~Vn,r.K 

-~--'"-." 

Number. Stiratum. I Thiclmess. 
--.------ - --------_.-.. __ . I-';;~-;:-

1 Stripping; clay and .soil .....•.......................... [ 2 
2 [,imestone, buff colored, Hne-grained, COl11[HWt.; con\,uinA 

calcite gnodot! ............ ,. . . . . . . . . . . . . . . . . . . . . . . . . . 2 

:~ Llmest.one, bufT colored, fiJlo-grainod; Hpllt,s in\,Q tVI'O j)Ods:1 
weather>! rapidly ................................. , . , I 10 

4 Rhalo, white .......................................... i n 
I) [,imesfi()UO, yellowIsh-brown, gnulu!ur, HOft,; UHOc! for woll 

rock ....•.........•.......•................... ,... " 
o 

7 
8 

9 

Limestone, !JIUll, oolored buff {,long hedrling pianos, flnn
grained, fossiliferous: contu.lnl:l sltlull culo1.to go(\dm •.... 

l.imostone, like al)ove .........•..................... , . 
LImostone, durk blue, Onoly crysl,nllln\); O(Hlt.nilis m,ldk 

goodes .....•...•..•............................ " . 
Limestono, blue, flne-grailiOd .......................... . 8 

At Weatherby the Plattsburg limestone is poorly represented. 
Following is a section in the road in the middle of sec. 27: '1'. 5H 
N., R. 30 W., south of 'Lhe Roek Island Railroad: 

SEC'l'ION NEAR WEA'l'HERBY. 

Number. St,ratum. 
---1---.. --_·_---------

1 

2 
3 

Limestone, brown; very arcnaecotH,; weathorod t.o pOrOIlK 
fragments ........................ , ............... . 

J.,imestone ......................................... . 
Shale ............................................... . 

'l'hiekness. 

Ft. in. 

3 

4 Limestone (base ef Plattsburg) . . . . . . . . . . . . . . . . . . . . . . . . . 4 
5 Covered, shale at bottom; probably all shale or shu]y 

sandstone {Lane) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311 

The Stanton limestone was not exposed at any place visiled by 
the writer, but undoubtedly occurs in the northern and western 
parts of the county. 

Daviess County.-The best outcrops of the Lansing formation 
in the county are found west of Winston. A typical section is 
as follows: 

TYPICAL SECTION NEAR WINSTON. 

Number. Stratum. Thiokness. 

Ft. in. 
1 Limestone, gray to buff; oherty in plaoes .•.•............. 12-16 
2 Shale, dark at top, yellow at bottom whero it eontains 

small calcareous concretions. . • . • • . .. • . • • . . • . . • . . • . • . • . 3 
3 Limestone; heavy with siderite (base of Stanton) . . . . . . .. . 2-4 
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'l'YPICAT, sJ!)C'rrON NEAR WINSTON-Continued. --_. __ . -----_ ... _------------_._------------------,-----
Numbor. Stratum. Thiokness. 

Ft. in. 
4 Shale; oaloareous or with nodular limestone ....•.•.•.•... a 
5 Coal; represented in some seotions by' 1 ft. 9 in. blaok, 

slaty, bituminous shale ............................. . 1-4 
6 Shale, sandy (base of Vilas) ........................... . 2 
7 Limestone, burr, shaly ................................ . 3 
8 Limestone, blue ...................................... . a 
9 Limestone, blue, resistant ............................. . 1 2 

10 Shale ............................................... . 3 
11 r,imostone, shaly (base of Plattsburg) .....•..•... " .... . 1 6 
12 Shale and sandstone; beoomes more arenaoeous toward 

bottom; looally oontalns a thin Ilmestone (Farley) near 
middlo (Lane) .................................... . 50 

13 KanRnA (1lty formatIon ............................... . 

--.. -.. _ ..... _ ....• _ ... _ ........ __ .. _._------_._---_._--_._--'----
In the northwesLern corner of the county the tops of the 

highest hills show fragments of a brown, porous, arenaceous 
material which is thought to be weathered chert from the 
Plattsburg limestone. It resembles the tripoli of Newton 
County, Mo., in texture though not in color. Its stratigraphic 
relations have never been clearly ascertained. North of Pattons
burg (sec. 21, T. 61 N., R. 29 W.) the fragments were found 
50 feet above the Drum limestone. Northwest, along the Wabash 
Railroad tracks, the fragments were 30 feet above the Raytown 
limestone bed. About four miles northwest of Pattonsburg 
the following section was taken south of the tracks: 

SECTION FOUR MILES NORTHWEST OF PATTONSBURG. 

Number. Stratum. Thlokness. 

Ft. in. 
1 Shale, burr, brittle, sandy ........................ ,' .... . 1 
2 Shale, dark blue; arglllaoeous at base; lighter and arena.oeous 

toward top; one foot from top is a tlUn layer of sand-
stone .....................•......... '. " .... , ...... . 11 

3 Limestone, blue, shelly, fossiliferous .................... . 8-12 
4 Limestone, burr, gray at top, brittle; sandy; thin-bedded; 

with layers of impure ohert ........•................. 5 
5 Shale, blue ........................•.................. 1 
6 Limestone, like No.4 .. , ........... , ..........•.... ' ... . 1 
7 Shale, blue, argillaoeous; oontains septarian oonoretions and 

. large irregular masses of limestone .... ~ .............. . 10 
8 Limestone, dark gray, impure, fossiliferous .............. . 8 
9 Shale, blue, argillaoeous ............................... . 10 

The chert in No. 4 may weather into the brown .tripoli men
tioned above. 
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Atchison and Nodaway counties .. ·-·Thc Lansing formalion 
in these counties is concealed by laler formalions and is known 
only from the Maryville drill record (sec p. 2:)9). 

Worth COl1nly.-Outcrops correlated wilh the upper part 
of the Lansing formation are found along Grand River from 
Denver north. On the banks of Grand River at Denver, ncar the 
sawmill, the following section was observed: 

Number. St.ratum. '!'hiolcIlOA". 
---1---·--···· 

1 
2 

3 
4 

6 

7 
8 
9 

10 

I~!mestono, gray, thin-bedded ...•....................... 
Limestone, gray, fine-grained, cherty, hoo,vy-boddod; 

weathol's with a buff tinge .......................... . 
IJimostone, gray, thin-bedded .......................... . 
Covered; probably limestone .......................... . 
IJimestonc, gray; wcttthel'B buff; even layer .............. . 
"hale; at top buff, oaloaroous; below this a hard 1.J hlO 1< 

layer; blaek and drab at base ...•.................... 
IJimestone, blue, fine-grained; even layer ................ . 
Shale, drab ...•....................................... 
Limestone, shaly; very fossiliferous ..................... . 
Shale, dark drab; to water ............................ . 

Pt. in. 

:.3 4 

2 tl 
7 

10 
7 
1 
1 
4 

Number 7 is correlated with the lower parl of the Stanton 
and Nos. 1-5 with the main ledge of that member. The shale, 
No.6, contains Chonetes granulijer and olherwise resembles the 
shale at this horizon in other localities farther south. 

The following section was measured at the old mill site 
near Denver: 

Number. 

1 

2 
3 
4 

SECTION NE~AR DI<JNVEn. 

-----~------""--- •... 

Stratum. 

Limestone, buff, very shaly ........................... . 
I"imestone, gray;· 6-inch beds ....•...................... 
Concealed ............................... " ..... , .... . 
I,imestone, gray; with worm burrows or fucoids .......... . 

~lChickness. 

P'C()t. 

1 
2 

11 
1 

The lowest limestone in this section is probably Broadhead's 
number 115. The beds in the two foregoing sections are also 
seen on the east bluff of Grand River at the bridge, one and a 
half miles north of Denver. 



LANSING FOHMA'l'ION. 167 

Centl'l! COl1nl.ZJ.---The southeastern corner of Gentry County 
Ul the norlhernmosL IoealiLy in the State in which there were 
observed sections of the Lansing formation approaching com:. 
plctcness. A sec Lion taken ncar the center of sec. 35, T. 62 N., 
H. 31 W., where the road crosses the branch, shows: 

SECTION NEAI{ GENTRYVILLE. 

Number. Stratum. 'l'hlcknesB. 

Ft. in. 
1 IJimf)stone, bull', fino-grainod; ono foot to ............... . 1 3 
2 Covered .....•.... , ................................. . 2 
a IJimc~t.ono, buff ...................................... . 3 
4 Covcrod. " ......................................... . 12 
15 I,i'Ulostono, hul'f ...................................... . 3-4 
6 'LimtlHt.ono, gray, impuro; ono fout to ................... . 1 2 
7 Shaio, a morc fllm t,o ................................. . 1 2 
8 Shale, burr, oalcu,rootls, britt;lo ......................... . 1 3 
() Covel'oel, apparently all shale .......................... . 60 

1 () IJimestoIl(l, gray, fOAAllife>rous; in two boels in bot.tom of 
(11'on1< . ............................................ . 1 2 

No. lOaf the above is the Lop of the lola, the heavy shale is 
the Lane, and the beds above belong to the Plattsburg, Vilas 
and Stanton. 

Ncar the south side of sec. 23, T. 62 N., R. 31 W., north of 
where the road turns to the south, are: 

Number. Stratum. Thickness. 
----""- -_·_--------------------·1----

Ft. in. 
1 IJimestone, gray; composed of fragmentary fossils ........ . 1 
2 Slope with outcrop of black shale ... , _ ................. . 16 
3 'Limestone, buff; very fine-grained; with Interbedded shale 2 2 
4 Umestone; several th:in layers with interbedded shale ..... . 8 
5 Covered ....•........................................ 19 
6 I.lmestone, uniform bed ........ , ...................... . 3 
7 Shale ............................................... . 4-6 
8 Limestone, nodular, impure ........................... . 1 6 

Numbers 5-8 belong to the upper part of the Lane shale; Nos. 
3-4 to the Plattsburg; and No.1 probably to the Stanton. 

Near the south side of sec. 26, T. 62 N., R. 31 W., up south 
bank of creek northwest of ford, are exposed: 
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SECTION NEAR GEN'l'H,YVII,T,m. 

Number. Stratum. '['hlckneSB. 
----_. __ . __ ._--._----

Pt. in. 
1 Limestone. gray. thin-bedded .......................... . 6 
2 Slope ..............• o ••• 0 ••••••••••• 0 •••••••••••••••• 31 
3 Limestone, buff; oven-layer; flno-grr<inN[ ................ . 1 
4 Shale and thin limestones ..... 0 •••••••••••••••••••••••• 8 
5 Limestone. buff; shaly in places ........................ . 3 
6 Covered ... 0 •••••••••••••••••••••••••••• : ••••••••••••• 14 
7 Shale. buff. calcareous, sand y, bri HI q . .................. . 5 l) 

8 Shale, drab; to Ncol, ................................. . 12 

Number 1 is possibly the Stanton but may be the latan member 
of the Douglas formation; Nos. 3-8 arc probably the Plu'l.Lsburg 
to Stanton. 

On the road near the southeast corner of sec. 35, T. 62 No, 
R. 31 W., are: 

Number. 

1 
2 
3 
4 

5 
6 

SECTION NEAH, GEN'rRYVIl,T,E, 

Stratum. 'rh iolmcss. 

Feet. 
Slope with scattered fnigments of limestono. . . . . . . . . . . . . . 15 
Limestone, blue. ... . ...... .. ... .. . ....... ...... . . . . . . . 1 
Shale, drab. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . () 
Limestone, gray; thin-bedded; fine-grainl,d; top of each 

layer.covered with what appear to ho worm burrows .... 1 13 
Slope wlth outcrop of black shale. . . . . . . . . . . . . . . . . . . . . . . 10 
Limestone, gray, weathers bufT; fine-grained; slope wi t.ll 

fragments of brittl(" bu fT. e,t1(',ax(>()t1B shale ............. 1 a 

Number 4 is probably to be correlated with the. Stanton and No. 
6 with the Plattsburg. 

The two following sections are both in the Lane shale, 
below the Plattsburg limestone: 

SECTION AT NORTHEAST con,NER OF SEC. 30, T. ()2 N., It. 30 W. 

Number. Stratum .. Thickness. 

Ft. in. 
1 Slope with fragments of buff, calcareous shale and weatherod 

porous masses of calcareous sandstone ................ . 
2 Shale, drab. sandy, micaceous. . . . . . . . . . . . . . . . . . . . . . . . . . 20 
3 Limestone, gray, fossiliferous; thickens to four fcet 50 feet 

to south. . . . ...... ...... ....... ... .. ... . ... .. . .. . . . 6 
4 Shale......................... ... .................... 8 
5 Limestone, gray, fossiliferous. . . . . . . . . . . . . . . . . . . . . . . . . . . 6-12 
6 Shale, bright blue ................................. : . . . 5 
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SECTION SOUTH OF CREEK ON EAST SIDE OF SEC. 18, T. 62 N., 
R. 30 W. 

Number 

1 
2 

2 
4 
5 
6 

Stratum. I Thickness. 

I Ft. in. 
Limestone, gray, fossiliferous .................... " . . . . . 6 
Shale, drab .... , . , .......•........•................... , 2 6 
Shale, buff, calcareous, b~ittle, micaceous .. , ............ ,) 4 
Shale, calcareous; grades mto above .... , .....•...... , .. , I 2 
Limestone; two thin layers with interbedded shale .. , .... " 1 2 
Shale, blue to dark; with two very thin layers of lime.' 

stone ... , , , , .. , . , . , , , , . , . , .. , .......... , ... , , .. , . , , ,[ 7 8 

No outcrops could be found on Grand River near Darlington, 
probably because a deeply buried preglacial channel exists at 
that place. 

Harrison County.-Broadhead reports an outcrop of the 
Plattsburg limestone in the northeastern corner of the county, 
but the writer failed to find it. It is probable that the whole 
thickness of the Lansing formation occurs in the western part 
of the county but is covered by drift. In the section south of 
Bethany (page 151) the upper bed may be the Plattsburg. 
I t resembles the rock doubtfully referred to the Plattsburg III 

Daviess and Gentry counties. 

DOUGLAS FORMATION. 

CHARACTERISTICS. 

The Douglas is essentially a shale and sandstone forma
tion, though the Oread member at the top is one of the thickest 
limestones in the Pennsylvanian. The variation in thickness is 
shown by the following measurements: 

Platte County ........................... 300 feet. 
Forest City drilling .... , . , ...............• 276 " 
Maryville 'drUling ......................•• 238 .. 
Hopkins drilling ................. , ........ 200 " 

The strata below the Oread member are rather irregular because 
of the lenticular nature of the limestones and the presence, in 
certain localities, of basin or channel-like sandstone deposits 
seemingly unconformable at the base. 

Coal has been found at two or more horizons, at one of which 
is the thickest coal bed in the Missouri group. The stratigraphy, 
on the whole, bears a close resemblance to that of the Cherokt't' 
shale and Pleasanton formation. 
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MEMBERS. 

Weston shale member.-The basal member of the Douglas 
is the Weston shale, which is argillaceous in most places and 
varies from 60 to 100 feet in thickness. Its soft nature causes 
the overlying Iatan limestone to form an escarpmant where not 
concealed by glacial drift. 

Iatan limestone member.-The Iatan member is a dark to 
light gray, mottled limestone with large red blotches in places 
on the weathered surface. The most usual mode of weathering 
gives it a corrugated appearance. It appears as a thin and irregu
larly bedded or massive limestone. The thickness of the Iatan 
varies from 2 to 22 feet, but, except in two areas, it is present 
at its horizon both in outcrops and drillings. .. The Forest City 
drilling indicates that it was never deposited in that region 
and in southern Platte County it appears to have been removed 
by erosion preceding unconformity. 

Lawrence shale member.-The Lawrence shale consists of 
130 to 200 feet 6f shale and sandstone with two or three coal 
seams and a limestone, the Amazonia limestone bed, which in 
places attains a thickness of 16 feet. The thinning of the Law
rence shaJe is from south to north as is the case with most of the 
other thick shale members. 'The upper 10 to 20 feet contain 
in practically all outcrops and drill records a prominent bed of 
red shale. 

The Amazonia bed is 25 to 100 feet below the top of the Law
rence, the interval decreasing at a fairly regular rate from south 
to north along Missouri River. Above the Amazonia the Law
rence is prevailingly arenaceous and below argillaceous, but this 
does not hold true in all sections. The shale above the Amazonia 
contains a coal seam and another is found 10 to 20 feet from the 
base of the Lawrence, but both are non-persistent. The latter 
is overlain by an impure, very fossiliferous limestone, and under
lain, in many places, by red and blue shale. 

The channel sandstone which outcrops in southern Platte 
and southwestern Clay counties is an unconformable bed that 
appears to be of Lawrence age. This sandstone is the highest 

.indurated formation in most of its area of outcrop but its age 
seems to be fairly well established. Drillings at Valley Falls and 
Atchison, Kans. 1, show the sandstone to be overlain by the 

'Haworth, E .• Special report on oil and gas: Kansas Univ. Geol. Survey, vol. 
9, plates OIl and ovr, 1908. 



MISSOURI BUREAU OF GEOLOGY AND Jl.1L'<ES. 

Fig. A. ·Conglomerate resting on Stanton limestone near Nashua. 
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Fig. B. Conglomerate one mile north of East Leavenworth. 
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Oreud limestone and there is little doubt but that it passes 
below the Oread escarpment at Leavenworth, Kans., all of 
which occurrences indicate its age to be Lawrence. In much 
of its outcrop it replaces the two lower members of the Douglas. 
It is described more fully below. 

Orcad limestone member.-The Oread limestone consists of 
four beds of limestone separated by three beds of shale. The 
lower limes Lone is of a blue or gray color, 3 to 8 feet thick, 
weathering burr or gray. Above it is 10 to 20 feet of blue or 
drab, sandy shale or red clay. The middle limestone is a dense, 
dark-gray, even-bedded rock, in one or two layers, jointed 
perpendicllllnrIy, and about two feeL thick. The shale above is 
about five feet thick and is usually, in part, black and slaty. 
The upper limestone varies from 17 to 35 feet in thickness, is 
thi n-beddcd, eon Lains cherty laym s, and has buff, wavy, shaly 
partings. It is charaeLerized by the abundance of Fusulina. 
Above the upper limestone, and commonly separated from it 
by a thin film Lo 14 feet (average about three feet) of blue or 
gray day shale, is the so-called "Waverly flagging," consisting 
of three feet or more of gray, somewhat oolitic limestone with a 
splintery fracture. The Oread limestone forms one of the 
best marked escarpments of the Pennsylvanian, where not covered 
by thick glacial drift. 

REGIONAL VARIATION AND DETAILED SECTIONS. 

Platte and Clay counties.-The entire thickness of the 
Douglas formation is exposed in Platte County. North of the 
latitude of East Leavenworth the base of the formation is the 
Weston shale, overlain by the Iatan lImestone. South of East 
Leavenworth the horizon of the formation is represented by a . 
channel sandstone, of Lawrence age, and its accompanying 
conglomerate. This deposit extends from Missouri River 
across Platte County and four miles into Clay County, forming 
the divide between the :platte and Missouri rivers. North of 
its outcrop no trace of it could be found; farther south, it has 
been removed by erosion, if ever deposited. It has a maximum 
thickness of nearly one hundred feet and is accompanied locally 
by a basal conglomerate composed mainly of fragments of lime
s-lone in a calcareous cement. It is unconformable on the 
underlying rocks. In places the sandstone and the locally 
developed basal conglomerate have been found resting. on 
some part of the Stanton limestone, well below the top of that 
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member; in others only the upper purt of .the Weston shale 
had been removed before the deposition of the sandstone. In 
most of Platte and Clay counties the sandstone rests on the 
upper layer of the S lanton limestone. 

Near the contact with the underlying limestone there are, 
locally, concretionary forms of white, vitreous, calcareous sand
stone and bands of material containing much siderite. Coal 
has also been found ncar the base. The main body of the sand
stone varies from a massive to a thin-bedded structme, con
tains beds of clay shale, is cross-bedded, and has ripple marks. 

The best outcrops of the basal conglomerate arc at East 
Leavenworth, norLh of the store, where it is eight and one-halI 
feet thick, and in the northern part of sec. 31, T. f)2 N., IL :32 W., 
where it is about flve feet thiclc It is cross-bedded in both places. 
The best outcrop of the coal accompanying the sandstone was 
seen near the southwest corner of sec. 3Ci, T. 62 N., H. ;3/1 W., 
where the following section was measured: 

SIDc'rrON SOU'J'I-IlilAScl' OJ)' l!'Al'tl,]DY. 

'rhiokncss. 

Pl. 'In. 
Sandstone ............................... _ ........... . 

2 Shale, arenaceous; with thin layers of sandetollo ........ _ . J[) 

3 Coal, poor .................................. _ ....... . 8 
4 Shale. black, bituminous; grades into next bolow ......... . 10 
I) Shale, drab .......................................... . 4 U 
(} Sandstone, calcarc,ous; firmly cemented ............. _ , .. . (}-11 
7 Shale, drab, clayey ............•....................... 1 (} 

8 Shale, drab, clayey; more resistant than last ............. . (} 

9 Sandstone; probably ................................. . 20 

The conformable members of the Douglas outcrop north of 
the sandstone area and do not occur in Clay County. The 
Weston member is a clay shale with no sandstone. It contains 
the concentrically-banded iron concretions charaeleristic of 
many shale beds. It is about 60 feet thick near the southern 
limit of its area, but increases to SO or 90 feet near the north line 
of the county. The Iatan limestone above is gray with red 
blotches, thick-bedded in fresh faces but weathering into thin 
irregular beds having a brecciated appearance due to the leaching 
of the crystalline calcite of the fossils. Its thickness vades 
from:S or 10 feet to 22 feet just south of Iatan. The following 
seetion was measured one-half mile northwest of the Weston 
depot: 
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SECTION ONl1l-HAI"F MTI,E: NOn:rnWEST OF WESTON. 

Number. stratum. Thickness. 

Ft. in. 
Shale, oalcareous; extremely fossiliferous. . . • . . . . . . . . . . . . . 2 

2 Shale;drabattopandbottom;buffinmiddlo ............ 10 
3 IJimestone, blael" bituminous; ahaly and samly. . . . . . . . . . . 6 
4 Sbale and clay; black at top, grudes down through (Jluy to 

drab shale (baBo of IJawronce) . . . . . . . . . . . . . . . . . . . . . . . . 6 4 
5 l,imestono, gray, hoavy-l:JClcldod (Iat,an) .......... , , . . . . . . 12 6 
Ii Rlopc, siJaly (Woston) ... , ................ , .. , . . . . . . . . . 70 
7 LinlClstono (tOIl of Stanton) . . • • . . . . . . . . . . . . . . . . . . . . . . . . 2 

The Iatun dips below Lhe botloms one and ()ne~half miles north~ 
west of Iatan. 

The Lawrence shale member in Platle County varies from 
175 to 200 feet. It is composed of clay, sandy shale, and sand
stone. Near the top is a persis lent layer of red shale and near 
lhe middle a thin bed of crystalline limostone, probably the 
southern extonsion of the Amazonia limestone bed. Ncar the 
base is a coal horizon (in No, 4 of preceding section) at which 
there is a maximum of fourteen inches of ralher poor coal. 
Outcrops of Lhe Lawrence shale are poor and no detailed section 
could be ob lained in this count.y. 

The upper member of the Douglas, the Oread limestone, 
is typically developed in Platte County and closely follows the 
description given in the generalized section. The so~called 

"Waverly flagging" above the upper limestone of the Oread 
member is about four feet thick and at the top has two or three 
inches of calcite with a peculiar 'Vertical cleavage ("cone-in
cone.") 

Buchanan and Clinton counties.-The whole of the Douglas 
formation outcrops in Buchanan County and the two lower 
members occur in the western part of Clinton County. The 
section closely corresponds to that of PIalle County but differs 
in the absence of the channel sandstone and in the presence of 
the typically developed Amazonia limestone bed. Other changes, 
chIefly in thickness, also take place. The lowest part of the sec~ 
tion is exposed on Platte River south of Agency, where the 
section is as follows: 
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S li~C'rl0N 0 N VLAcr'l'El HI'lI;lIt ROll'!, II () 1.-- .Ar 11<: N C Y. 

Number. S traj,um. 

1 
2 
3 
4 
5 

I~imestono, thin-bcddod; contains li'uHulina ..... { • 
Shule. ............................. ......... (Tlttan) f 
I,imestone, gray; woathors to !t blo()],y ft)rm .... . 
Shulc (Weston) ...................................... . 
I,ime~tone (Sl,untou) ................................. . 

Fl. 

'I 
100 

'in. 
S 
a 
:.l 

The areal extenL of these members in Clinton counly is 1111-

known, but one or bOlh are probably present. 
In the southwestern corner of the county, at 'rank (now 

Armour) Broadhead found: "2 feel dark colored, evenly bedded, 
ferruginous limestone, rough fracture, weathers red, upper and 
lower bed 9 inches thick with a shale band beneath the upper 
layer (number 128)." This is 15 feel above the railroad and 
116 feet below the upper limestone of the Oread. Broadhead 
called this number 128, but on page 122 he says "number 128 
was only positively recognized near SL Joseph." This limes lone 
was. traced from its firsl appearance to SL Joseph and found 
to be the Amazonia bed (Broadhead's number 1:37). It thiekens 
to the north and also changes greatly in its general appearance. 
At Rushville it is shown in the following sec lion : 

SE:CTION A'r RUSII'lILLIU. 

," 

Number. Stratum. 'L'lliDkneSB. 

Pl. ·in. 
1 Limestone, blue and buff'; with lmJT shuly pUI'1ingH;·t,,v 

(upper limestone of Oread member) . . . . • . . . . . . . . . . . . . . 18 
2 Oovered, about. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 35 
3 Limestone. buff, shaly (lower limos tone of Oreud member).. :l 
4 Oovered. about, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
5 Limestone. gray, even-bedded, fine-grained (Arnuzonia) . . . . :l 8 
6 Shale. blue. clayey ...•................................ 

The shale above the Amazonia is sandy in mosL outcrops and that 
below clayey. Between Rushville and SL Joseph the Amazonia 
is about 100 feet below the upper limestone of the Oread 
member. 

The rise in the strata above Rushville exposes the following 
section in the NW. ~ sec. 5, T. 55 N., R. 36 W.: 
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SEOTION NORTHEAST OF RUSHVILLE. 

Number. Stratum. , I Thickness. 

Ft. in. 
1 l~imcston!) (No. 143) (lower limestone of Oread member) .. 
2 Covered; slope and shale ............................. " 40 
3 Coal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
4 8hal0, bluo; with oocasional layers of mioaceous sand· 

stone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
5 Sandstone, blue; usually firmly oemented but shaly in plar:cs 5 
(J I Shale. ............................................... 6 
7 Limostone, gray', oven-bedded (Amazonia) . . . . . . . . . . . . . . . 5 
8 Shale, blue, clayey. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
!J Oovered to bottom. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

The ravine in the norlhcastern corner of sec. 1, T. 55 N., 
R. 37 W., shows: 

SECTION ON BLUFF. EAST OF HALL'S STATION. 

Number. Stratum. Thiolmess. 

Fl. in: 
[,im(lstono, bllff; thin-bedded; cherty; wavy partings (uppec 

llmoHtono of Oroad member) ........................ . 12 
2 Rhale; blacl{ and bituminous in lower part; blue and argil-

laceous in upper ................................... . 5 10 
a r,inwst<me, gray massive, (middle limestone of Oread mem-

ber) ....•.......•................................. 1 9 
4 Oovorod ...•......................................... 25 6 
5 Limestone, buff (lower limestone of Oread member) ...... . 7 
6 Shale, blue .......................................... . 8 
7 Oovered ............................................ . 57 
8 Limestone, gray, even-bedded (Amazonia) .............. . 5 

One-half mile north of this place the Amazonia is seven 
feet thick, the upper two feet shaly, the lower five feet thin and 
evenly bedded, and the whole weathering buff. 

The section at Atchison," Kans., 1 is inserted here to show 
the relation of the coal worked near Atchison to that on the Mis
souri side of the river. It also shows the beds above the Oread 
which occur in the s'Outhern part of Buchanan County but are· 
not well exposed. The correlations in parentheses are the 
writer's: 

'Kneer, E. B., A geologic seotion from Atohison to Barnes, etc.: Kansas 
Univ. Geol. Survey. vol. 1, pp. 140-141, 1896. 
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SEO'rJ(~N A'l' A'l'CIITSON. ICANSMI. 

i 

... _ ... __ .. ... ._ ....... _. ____ =Hra tum. ____ .' .I'rhj.(!ttr~~:~ 
I PI. In. 

Numbor. 

I Drift ..•.••.•••.••.••••..•.....•...•.•.•.......... '" iiO··()() 

2 
3 
4 
5 
() 

7 

8 

9 
10 

11 
12 
13 
11 

15 

16 

17 
18 
19 
20 

Shalo ................................................ 1 

I,imoB~ono, wC!athol'od .•........................•...... 1 

~~~::;o',;t~ ~;)' ........ : .... : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : I 

I 
Shale, bIaek, slippery .•........................••...... ! 
TJH1C.lstOIlO; I'le11 in li'uBulina; darkol' t.han tho f.ollOWinfr.' Yo!.11 

lighter than most of jihe At,ehison lirnostonnH •••..••.... 
I,]most:ono; very light in coloI' and lUutJh l'()somhling (JoHull. 

wood Falls rook, but not, porolls ....... , ........ , •.... 
Shalo ...................................•............ 
[,lmcstollo; very good for bulIding and mOl:lt.ly uHod for A1Wh 

purpoHo ...••..••..••...........•...••..••• , ...... , 
Shalo. , .... , ........................•................ 
Coal ........•••...•...........•..•....•.....•.••.. , . 
Hllttlo ........... .......... ~ ................. ~ " ...... . 
Sandstono; runs inj,o shal{) in pluoos Itnd is ()OllltnOll In \111 

1)luffs ...................... , ....•••..•.•.......... 
Rhale; use extonsively for tho nml1ufaei,uN of vl.trill(H! 

\ 
l'il;~~i~~~~~~\.: ·l;~.;ci '0. ·()·n.·.l~~;);'; 'l;r~)~,'o~' ~t' ;~~~I~~' j r;t,;r~;.i~ 'j;l~; 

large monoliths, vory similar to No. 22 In appoaranoo. , 
Shale (bmle of Shuwlloe formation) ..•... , ••.•...•.•..... 
l,imostollo ("Waverly !lugging" in Orcad mom [)(1!') ••••••• 

Shale ............................... , ...........•.... 
Limestene; morll 01' loss il!nty; of litt.lll or no vuluo for' 

building purposos; used extensively for railrou.d ballaHL 
(upper limostono of Oreu.<l mom her) .................. . 

21 Shalo, Ju,minat.o(\; containing wore or 10SA PYl'iLo nodlJlnH .. 
22 Limostono, hard, firm; brcalm off in immorlRo blonjtF1. alld 

is conspicuous in all bluffs (middle linHlstol1o of Ol'oa<i 
momber) ..••...•.••.•....••••...•.•.....•......... 

23 Shale ...............................•.........•• , .... 
24 IJimesto!le (lower Iimestono of Oread uwmbor) ...•.....•.. 
25 Shale .......•........................... '" ......... . 
26 Coal; worked at tho Donald and Ada minos j,wn milos Routh 

of Atchison ..................................•..... 
27 Shale ...................... , ........................ . 

--_.-.-.. - - ........ -.--.... -........•.••.. -••.......• 

2_+' 
2 

2 
r; 

() 

2 
4-8 

4· 10 

(\ 

20-211 

2 
5 
(I 

1-·(1 

!.!.1 
:1· 4 

1 9 
iJ 

10 
25 

16·18 
ao 

The section above the Douglas formation is discussed 
under Shawnee formation. It will be noticed that there is no 
limestone at the horizon of the Amazonia bed, the same being 
very thin on the Missouri side of the river opposite this place. 

Up the river from Rushville the Iatan appears in the 
so.utheast corner of sec. 14, T. 56 N., R. 36 W. as three feet 
four inches of compact, gray limestone. 

A short distance north of Rushville the Amazonia bed 
loses its massive appearance and is thin but evenly bedded, 
gray limestone, weathering buff. These characters are retained 
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to the northern edge of SL Joseph, with a regularly and gradually 
increasing thickness to the north. In the northern part of SL 
Joseph, however, the lens assumes its conglomeratic appearance, 
"ferruginous conglomerate" as Broadhead terms it, and in 
places attains a thickness of 16 feeL 

The following section combines outcrops, shale pits, and a 
drilling in the vicinity of King Hill, SL 'Joseph: 

GENERALTZED SECTION NEAR SOUTH ST. JOSEPH . 
... _--------

Number.1 Stratum. Thickness. 

Ft. in. 
Loess and drift ...................................... . 

2 Lirrwstone, wavy-bedded; thin layers; buff shaly partings 
(lower part of upper limestone of Oread member) ...... . 7 

3 Covered ............................................ . 19 
4 Shale, drab .......................•................... 5 
5 Limestone, dark brown; shaly to massive (lower limestone 

of Oread member.) ................................ . 7 
6 Sandstone and sandy shale; covered slope at bottom (top 

of Lawrence) ...................................... . 43 
7 Limestone, gray; even-bedded; weathers to buff (No. 137, 

A mazonia bed) ....... , ............. , .......... , , .. . 7 
8 Shale, blue, argillaceous; with brown ferruginous con-

cretions ................ , ......................... . 52 
9 Shale; very calcareous; fossiliferous; forms a resistant band 

where outcropping ... , . , ........................... . 2 6 
10 Shale, red and green; argillaceous (base of Lawrence) .... . 15 
11 Limestone, gray and compaot ................. { ) 
12 Shale parting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (Iatan) 
13 Limestone, gray and compact ................ . 

1 9 
3 

2 
14 Shale, blue, argillaoeous; to bottom of pit (top of Weston) . 

__ 15 __ ~ale~ drill_h~.~~_._._._._. _~~._ ........................ 1 

25 
50 

The details of the Oread at SL Joseph are shown in the 
following typical section: 

DETAILED SECTION OF OREAD LIMESTONE MEMBER AT ST. 
JOSEPH. 

Number. Stratum. Thiokness. 

----------c----------------------------------------------i---------
Ft. in. 

1 Limestone, gray, fine-grained ("Waverly flagging" in 
Oread member) .......................•............ 2 6 

2 Shale, dark blue, argillaceous .........•............... , . 3 
3 Limestone; thin and wavy-bedded; with buff shaly partings; 

oherty in places (upper limestone of Oread member) ... . 21 
4 Shale, blue, argillaceous ............................... . 3 
5 Shale, blacl~, bituminous .............................. . 2 
6 Limestone, gray, compact; with conchoidal fracture; 

generally in two layers (middle limestone of Oread member) 2 4 
7 Shale, drab, clayey ..•.........•....................... 9-15 
8 Limestone, buff, argillaceous (lower limestone of Oread 

member) ......................................... . 6--7 

0-12 
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Below this to the Amazonia limestone bed is a variable section 
of 34-45 feet of sandstone and shale with a thin bed of coal in 
places. 

Broadhead assigned his number 128 to Nos. 11-13 of the St. 
Joseph section, supposing it to be a different limestone from 
number 121. It is, however, the northern thin extension of the 
latan, brought up from below the river bottom by the anti
cline at St. Joseph. The thicker phase of the latan to the south 
and of the Amazonia to the north also resemble eaeh other 
very closely and might easily be mistaken for the same lime
stone, both being "limestone conglomerate." The same is true 
of the thin phases of the two limestones, that of the Amazonia 
at Rushville resembling very closely that of the latan at SL 
Joseph. The correlation of Broadhead's numbers 121 and 128 
was made certain by tracing them into each other along the 
Platte and 102 rivers. The confusion of the two phases of the 
latan limestone caused a duplication of 96 feet in Broadhead's 
section, his numbers from 128 to 136 corresponding to other 
numbers in his section. 

Holl County.-Only the upper member of the Douglas. 
the Oread limestone, is exposed in Holt County, and its outcrops 
are confined to the southeast corner. West of Nodaway River 
there are some large quarries in the upper limestone of the 
Oread, north of the Burlington Railroad tracks. Almost contin
uous exposures to where it dips beneath the river show the irregu
larities of the next limestone bed above, the so-called "Waverly 
flagging." In places the shale between it and the upper lime
stone of the Oread feathers out and in others the flagging thins 
to nothing. The most western outcrop of the upper limestone 
as formerly exposed at the river's edge near the corner of sees. 
23, 24, 25 and 26, T. 59 N., R. 37 W., is now covered with 
debris. 

Andrew and De J{alb counties.-In the eastern half of An
drew and the western half of De Kalb the Douglas is the highest 
formation below the drift, except possibly on the highest ridges. 
There are outcrops of the latan and Weston members in the 
southern part of Andrew County, on the'Missouri and Platte 
rivers, and near Clarksdale in De Kalb County. 

At the Cosby Mill on Platte River is the following section 
(Wheelwright) : 
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Fig. A. Oread limestone in quarry near Amazonia. 

Fig. B. Amazonia limestone near Amazonia. 
178 
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SECTION AT COSBY MILL. 

Number. Stratum. Thickness. 

Ft. in. 
1 Shale, green and red; sandy and micaceous; with an inch 

bed of limestone three feet above base and a thin bed of 
sandstone ...................••.••.............•.... 4± 

2 Limestone, irregularly bedded; coarsely crystalline; fossili-
ferous; shaly partings .......•.......•..•.•••..•..... 1 3 

3 Shale, calcareous ........•...•...•................•.... 3 
4 Limestone, gray; coarsely crystalline; sugary; fossiliferous 1 8 
5 Shale ............•...............•........•.......... U 
6 Limestone like No.4 but not so coarse at top; thin-bedded 

and argillaceous below .•................•........... 11 
7 Limestone, bluish-gray, fine-grained, groundmase with 

crystals and many fossils ........................... . 1 6 
8 Shale, greenish-blue; sandy; micaoeous; slightly calcareous 

to water in river ........•............ " ............ . 8 

Numbers 2 to 7 are included in the Iatan limestone. On Missouri 
River this member passes below the bottoms two miles north 
of the south county line. 

At Amazonia is the following section (Broadhead modi
fied) : 

Number. 

1 

2 
3 

4 

SECTION AT AMAZONIA. 

Stratum. 

Limestone, thin-bedded; buff wavy partings (upper lime
stone of Oread member) •.......................•.... 

Slope with red shale in one place ................••..•... 
Limestone, gray; nodular at top; weathers buff (Amazonia 

bed) ............................................. . 
Shale ...•............................................ 

Thickness. 

Feet. 

20 
43 

9 
42 

This place is taken as the type locality of the Amazonia 
limestone bed. The bed is exposed and quarried at several 
places on the point east of town and in the hill west of town. 
I t is a bed in the Lawrence shale, thinning both to the north and 
south, as shown by drill records on the north and outcrops 
on the south. 

A short distance north of Amazonia is a crusher quarry 
belonging to Messrs. Atwood and Newell, and operating in the 
upper limestone of the Oread member. At the south end of 
the quarry the section is as follows: 
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1 

2 
3 
4 

5 
6 

Sl!JC'l'ION Nl' (J,llAIUtY NOlt'i'lI o i·' AMi\Y.ON.l/\, 

Stratum. 

Limestono, gl'!l.Y; tllln··b()(ldod; splintery fract,un); fllw·· 

gralnod; 30 inohos to ....................•........... 
811alo, dark; flrgilluooouA; 30 inollOB to .................. . 
J,imostone rosem bUng abovo .. , .•... , .. , .............. . 
IAmcstone, blue, oherty; thin- alHt wavY-bodduc!; full 01' 

l?uBulina, ...•.. , .. , ......•.... , , .........•.....•... 
Prominent bedding plano ..... , ....................... . 
IJimostoIlo IIkc No.4 ................................. . 

'l'hloknCflH. 

ft. ill. 

l) (J 

7 \l 

In places the total thickness of the upper limestone of the 
Oread is 22 feet, 

At the north ena of the quarry and in t.he railroad eut 
nearby most of the Oread is well exposed and is nearly 50 feet 
thick, as shown in the following: 

SEOTION AT QUAIUtY AND RAII,ROAD OUT NOR'rH OF 
AMAZONIA. 

Number. St,ratum. Thiclmess. 

Ft. in. 
1 r~ime8tone, gray. oolitio; massivu; wl1ttthor- ("Wuvol'ly 

lng thin-bedded. . . . . . . . . . . . . . . . . . . . . . flugging" 2 
2 Shale, parting.......................... in Ol'ead n 
3 Limestone. like above ....... , . . . . . . . . . . . mornl>er) 
4 Shale. blue, argillaceouB .............................. . a 
5 Limestone. like above. . . . . . . . . . . . . . . . . . . . . (Upper a (I 
6 Limestone. thin- and wavy-bedded; cherty; i'llll lilIwHtono 

of I<'usulina; with prominent bedding plano of 
between this and layer below. . . . . . . . . . . . Oread 7 

7 Limestone, lil{e above ...... , .. " . . . . . . . . . .. memb(1r) n 
8 Oovered slope, with blue, argillaceous shale at baHo grading 

Into next below .................................... . 17 
9 Limestone, very shaly .... '.' ........... , .. . 10 

10 Shale. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (I()wor (l 

11 Limestone, buff. . . . . . . . . . . . . . . . . . . . . . . . . .. limestone 2 
12 Shale, ............................... '" . of 8 
13 Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Oread 6 
14 Shale, ... , . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. menl ber) 8 
15 Limestone .............................. . 8 

One and one-half miles west of Amazonia, at an old quarry, 
Broadhead observed the following section: 
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SECTION ONE AND ONE-HALF MILES WEST OF AMAZONIA. 

Number. Stratum. Thickness. 

Ft. in. 
1 Limestone, oolitic with splintery fracture; beds rest directly 

on each other without any shale parting (No. 152) ..... . 14 6 
2 Shale ............................................... . 2 
3 Limestone, blue and brown ............................ . 2 
4 Limestone, brown and blue, shelly ..................... . 2 
5 Limestone, blue, shaly ................................ . 3 
6 Limestone, shaly ..................................... . 2 
7 Limestone, blue and brown ............................ . 1 4 
8 Limestone .......................................... . 2 6 
9 Limestone, brown .................................... . 1 

10 Limestone, brown and blue; ohert concretions near 
middle ............................................ . 2 6 

11 Limestone, mostly brown ............................. . 1 6 
12 Limestone .......................................... . 2 

Numbers 4-12, 15 feet 3 inches thick, are the upper limestone' 
of the Oread member. The thickness of the flagging here is 
rather unusual and Broadhead may have mistaken the upper 
part of the upper limestone for the lower part of number 152. 
As now exposed (the quarry having been abandoned) not over 
four feet of the flagging outcrops and the upper limestone is 
18 feet thick, the upper three feet closely resembling the bed 
above it. Just west of this quarry, the Amazonia limestone bed, 
7 Y2 feet thick, dips below the Missouri flood-plain. 

The following is exposed in the western part of the county 
where the bluff road crosses Nodaway River: 

SECTION NEAR MOUTH OF NODAWAY RIVER. 

Number. Stratum. 

1 Limestone, gray, thin-bedded .......................... . 
2 Shale, blue, argillaceous ..•............................. 
3 Limestone; thin wavy beds with shale partings (upper 

limestone of Oread member) ........................ . 
4 i Shale, blue or gray, argillaceous ....... ' ..........•....... 
5 Shale, black, bituminous, slaty ........................ . 
6 Limestone, gray, compact; in two layers (middle limestone 

of Oread member) ................................. . 

I Thickness. 

Feet. 
3 
2 

20 
2 
3 

2 

Practically the entire section of the Douglas is shown 
in the following log of the well at Savannah, Andrew County, 
though the driller failed to' distinguish the middle limestone 
of the Oread: 
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I;()Q OF DIt,H,I,R[) WKr,TJ A'l.' SAVANNAH, !..,lO. 

Strtttum. ,'1' hie )t'lOHl:I,I" 1)(!pt,h. 

Feci. 1"1'1'1. 

1 (drift,) ...•..........•.•........ , . !if! H>l 

2 gruy ........................... , 2 IHI 

3 Clay. bluo (1mHe of ShUWllot' fonrmMon) ••.... , 22 11:l 
4 I,irnestono, gl'llY ("Waverly flagging" In On'ad 

membor) ............................... , 2 11<1 
I) cnay slmlo or "st)o.pstOl)o" .•..•....••....... , 1 J\ 12H 
(l l,lmostono (uppor and m!d(llo IirnoHtoll<1>1 

Ore!\d mombor) .....•...........••.•..... 24 152 
7 "Soapstollo" ........•...................... 4 1M! 

8 Clay, red ............................... , .. 12 H\H 
9 I,imosteno (low or Iim(lfltollo 01' Ol'oad mom hoI') , 4 I7:l 

10 Oluy. Nd, shaly (top ()f I,uwro!lco) ........... . 25 11)7 

11 IJimostono (Amuzo!lia) ..................... . 13 :no 
12 Cluy. blue ................................ . 12 222 
13 "SoapsteIlo" .............................. . 64 2f!() 

14 IJimostonc ....................•............ 3 2RU 
15 Clay. blue (base of IJuwronoo) ............... . l:~ :102 
16 lAmestono (Iutan) ....•.................... 8 :no 
17 "Soapstono" (Weston) ........•............ 60 370 

Another drilling near Wyeth (NE. U sec. 14, T. 60 N., R. 35 
W.) shows the middle limestone of the Oread at its proper posi
tion, three feet thick. 

The easternmost outcrop of the Oread seen in the counlies 
under consideration is that south of Union Star, where only 
four feet of the upper Oread are exposed. The scclion does not 
differ otherwise from that on Missouri Hiver. The lower part 
of the Douglas is concealed by drift along its eastern border. 

Atchison and Nodaway counties.-The Douglas formation 
in these counties is concealed by higher formations, but drillings 
at Hockport 1 and Maryville reveal its presence. 

Worth and Gentry counties.-It is probable that the Douglas 
formation is present in much of the western half of both counties, 
but a great thickness of drift conceals most of the indurated 
rocks. The best outcrops known are those along Island Branch 
in southwestern Gentry County, where Broadhead measured 
the following sections. (The correlations in parentheses are the 
writer's) : 

'Hinds. Henry. The coal depOSits of Missouri: Bureau of Geology and 
Mines. vol. 11. 2nd series, p. 58, 1912. 
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Sg(j'l'ION 05. 

H !'rat,11IH. 

LillloKt,onn (Iowor lirnost01l0 of 01'011(1) ..........•..•..... 
i->!I,lllo, yollow (top of 1,a.wronoo) ....................... . 
IJirlln8t'(~Yl!\, nodular ..................... , ...... , ...... . 
Hlmlo, gl'(\OlI ••••••••••••••.•••.••••••••.••.•••.••••••• 

Hhll,lo, rod and ~~J'(li'll •• ~ ................................ . 

HLmj.U1n. 
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cChiclmc8s. 

Pt. in. 
4 

6 
4 

1 6 
3 

cl'hi()lmess. 

I n~ 
j,illltlHI.()l)o (No. 1110), (up!>"r liIllOf,t.OIlO of O)'()o.(l)........ 17 

Tlw coal repol'lml between Elknorah and Albany is lhought 
to he in the Lawrence shale. 

Tho lalan limestono rnny be IHcscnl ncar Gentryville (see 
pnge lGR). 

SHAWNEE FORMATION. 

(J IlAltA. () 'rJlllu~ '1' lC S. 

The Shawneo formation eonLains much more shale than 
lim(~slo!l(\ bul heds of limeHLone occur throughout the forma
lion. The shales, when Lhin and associaled with limestone, 
are argillaeco\1s or calcareous. The thicker shales are pre
vailingly arCllueeOUH und mieaceous. There are several layers 
of blaek slaly shale and thin coal scams in the forl11ation, two 
of the laLt.er being fairly persistent. The thickness in the southern 
part of the ouLerop is 175 fecI., 1mL near .Lhe Iowa-Missouri 
State line dCGreases to aGO feel. 

The Shawnee formation transgresses a faunal boundary, 
l he Howard limestone, 200 feet below the top, marking, accord
ing to Beede and Hogers, 1 the exLine Lion of 28 species ofPennsyl
vanian invertebrates. a fact which may call for a revision of the 
boundary at some future lime. The outcrop is shown on the 
SLat.e geologie map. 

'l!flo(Jn, .1. W., un'! 110p;OfS, A. 1"., Coal moasures fUllrml studios: Kansas 
trnlv. <.lool. RllfVOY, vol. 9, )lp. 345-:!4(), IDOl). 
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MEMBERS. 

Kanwaka shale member.-The·basal member of the Shawnee 
is a shale and sandstone bed, 30 to 50 feet thick, containing 
locally two thin streaks of coal. 

Lecompton limestone member.-The Lecompton is an assem
blage of thin alternating limeslones and shales varying from 
20 to 30 feet in thickness. Most of the layers weather to a 
deep buff and some of them have a cellular appearance. In 
drillings limestones at this horizon are often reported as "chalk 
rock." Near the middle of the member is a layer of black 
shale. The chief characteristic of the Lecompton is the number 
of large spines and plales of Echinoidea from which the name 
"sea-urchin" limestone arises. 

Tecumseh shale member.-The Tecumseh is commonly a 
shale member but contains some sandstone in places. Along 
Missouri River it is 60 feet thick, but thins to the north as shown 
in drillings and in Todd's Missouri River section, 1 where this and 
the two preceding members are assi"gned a thickness of only 
69 feet. 

Deer Creek limestone member.-The Deer Creek consists of 
three limestones with intervening shales. The lower limestone 
is a soft, buff, argillaceous layer about five feet thick; the lower 
shale is seven feet thick; the middle limestone is a gray, fine
grained limestone, containing specks of calcite, divided into two 
layers, the lower 16 to 20 inches and the upper 4 inches thick; 
the upper shale is five feet thick, black and slaty in the middle; 
the upper limestone is gray, cherty, thick- or thin-bedded, 
oolitic in the upper part and weathering buff on the bedding 
planes. This upper limestone is 13 to 15 feet thick in Missouri. 

Calhoun shale member.-The lower part of the Calhoun is 
argillaceous and contains one or two thin layers of limestone 
at the bottom. Next above the shaly portion along Missouri 
River is a six-inch layer of blue"limestone, a few inches of shale, 
and then another blue limestone one or two feet thick. Above 
the limestone lentils the Calhoun is prevailingly sandy shale or 
sandstone with a streak of coal in places. The thickness of the 
whole is 20 to 25 feet. 

Topeka limestone member.-The Topeka limestone is com
posed of 25 feet of blue and buff limestone with interbedded shale. 

'Todd. J. E., Some variant conclusions in Iowa geology: Iowa Acad. Sci. 
Trans., vol. 13. pp. 183-186, 1906. 
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the whole of whi<:h, with the exception of a persistent layer of 
black slat.y shale, weathers to a deep buff. The individual beds 
of limestone and shale appear to be rather persistent, though vary
ing in thi(~kness in shorl distances and thereby making correIa..; 
lions diflkult in some eases. The uppermost beds of the Topeka 
do not. outcrop on the Missouri River, hut app~ar in Nodaway 
Counly. 

S(,lwril shale 11I(,11Ib£'r.-Tho lower part of the Severy is 
arenaecous and the upper pad eOl'nmonly bituminous, containing 
over a wide area the Nodaway or Quitman coal (Osage or To
l)(~ka eou! of Kansas). The Nodawuy coal is from two to thirty 
itH'hes thiek and is overlain hy black slaty shale. At Forest 
City the Severy is :W feel lhi(~k hut decreases to the north. 
More (~()al mining has been done in it thun in any other member 
of the Missouri group in Missouri. 

Howard lirnestone ml'llliJer.--The cap-rock of the Nodaway 
coul is the Howard limeslone. It consists of two limestones 
r(~mnl'kahle for their persistency, as they arc each less than two 
f(H~l thick. The lowm' limestone, is blue und Lhe upper is gray. 
The intervening shale is Lwo to eighl feel thick and is argil
Inccotls or ealeareotls. The Howard is often reporled as solid 
limestone in dl'illings. 

Scranton shah~ 11Innber .. --Al the top of the Shawnee forma Lion 
is a shale member about 200 feet thick, the Scranton shale. 
The lower half is prevailingly clay and sandy shale or sand~ 
slone; the upper half con Lains a number of thin, buff-weathering 
limestones. Ncar Lhe middle of the Scranton is a coal horizon, 
con Laining 10(:ally the Elmo coal (Silver Lake coal of Kansas). 
The shale ncar ,the lop of the Seranlon is commonly variegated. 
On account of its soft nalure the Seranton was eroded deeply 
prior to the deposition of the Kansan drift and good outcrops 
are rare. No complete outcrop has been found in the State. 
Farther south, in Kansas, it appears in Lhe faces of escarp
ments capped by the overlying Burlingame limestone (probably 
same as Tarkio limestone of this report). 

REGIONAL VARIATION AND DETAILED SECTIONS. 

For convenience the detailed description of Shawnee 
formation is combined with that of the Wabaunseeformation. 
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WABAUNSEE FORMATION. 

CJIARACTERISTICS. 

At the top of the Pennsylvanian series in Missouri there 
are about 100 feet of strata lying at the base of the Wabaunsee 
formation, which in Kansas and Nebraska contains more members 
and is much thicker than in Missouri. The bulk of the formation 
is sandy shale and sandstone, but there are three or more per
sistent layers of limestone and one irregular coal seam, the 
Nyman. The outcrop is confined to Atchison and northwest
ern Holt counties. 

SUBDIVISIONS. 

Tarkio limestone member.-'rhe Tarkio is a thin member con
sisting of a basal bed of limestone about four feet thick, above 
which are one or two thin layers of limestone separated by shale. 
The limestones are blue but weather to a deep buff color. The 
shales are red and blue and contain more or less nodular lime
stone. The thickness of the whole is 10 to 14 feet. In the south
ern part of Atchison COU:ij.ty a small escarpment is capped by 
the Tarkio limestone. 

Undi[ferentiated beds.-Above the Tarkio are about 20 feet 
of shale and sandstone overlain by the Nyman coal seam, a 
bed only a few inches thicl{. The Nyman coal has a cap-roek 
about two feet thick, consisting of one or two layers of lime
stone that is nodular at the top. This may be the equivalent of 
the Emp~Fia limestone. The remainder of the formation as 
found in Missouri is about 50 feet thick and composed luI gely 
of sandy shale and sandstones, but containing one or two thin 
layers of sandy limestone. There is a possibility that one of the 
latter, instead of the Nyman cap-rock, may be the Emporia 
limestone of Kansas geologists. 

REGIONAL VARIA'rION AND DETAILED SI!JC'l'IONS. 

Buchanan County.-The lower part of the Shawnee forma
tion outcrops in the .southern part of the county, south of the 
S1. Joseph anticline. The best outcrops occur on Contrary Creek. 
The section at Atchison, Kans. (see page 176) is much better 
than any exposed in Buchanan County and is, therefore, sub
stituted. Nos. 2-10 of that section comprise the Lecompton 
limestone and Nos. 11-17 the Kanwaka shale. The section corrc
spond~ closely to' that of Broadhead. 
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lloli and A ndl'(,w cOlllllies.'-In the greater part of Holt 
and the western half of Andrew County the Shawnee is the 
highest indurated formation. In the northwestern corner of 
the former is the Tarkio member of the Wabaunsee. 

The drift is very deep in these counties, so that outcrops 
are confilHld to the bluffs of the Missouri and Nodaway rivers 
and Uwir largm' tributaries. The Seranton shale seems to have 
been subjected to a large amount of preglaeial erosion. From 
the mouth of Kimsey Creek to the vicinity of Corning there are 
no outcrops of the Missouri group along the Missouri River, 
and, consequenlly, Broadhead was unable to connect the Atchison 
Count.y section with that of Holt County', supposing a gap of 
fifty fect to intervene. It has since been learned that this gap 
umoun la to only fifteen feet. This will be more fully discussed 
in the d<.~s<:ripli()n of, Nodaway County. 

The following gelleralized section near the mouth 'of Nod
away Hiver shows the lower part of the Shawnee formation: 

ONNI~H.AI.tXI'lJ) I-nW'I'ION NJolAlt MOIJ',rH 01<' NODAWAY RIVER. 

NUlIlbOI"\ 

--"I' 
HLl'utlllll. '!'hlokneSB. 

;c.'t. in. 
I,itIHlML()IIO. l.iray and buff (uppor IImo~tono ot J)uot' drolllt 

tnolll ),01') • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • •. 15,-20 
2 Shalo, hluo. urgllluooon8, u.ncl biltolt. bituminous.......... IS 
3 IJlmo"tnrto, "my, oompaot; tu II of oalulte stroalu; weathor~ 

burl' (In two layun,,-·uppor 4 inohes, Jowor 1 foot 8 
l!WhllK): (mlddltl lirnuHtuflo of 1)001' Ot'ool~ mombor)... . 2 

4 I'Ihulll.dru.h •••••••••••••.•••••••••••••.•••••••••••... 11 
1\ 1.irllllHtnllo, bull'; two IU.YOI'H with shulo pu.rtlngs (lower 

lIt1lOKtonn or 1,j(l(11' Orllllit lrlllmiJOI') • • • • • • • . • . • • • • • • • . • • 4 
6 FHu~I(l, bluo: ul'gllla<loouH und al'ollu(JoOUl!; m!(Ju.oooUH (top 

of 'l'oolll1lij(lh) • . . . . • • . . . • . . . • . . . • • • . . . . . • . . . . . . . . . • . 52 
7 1,irnost.ollu "(Iolll(llllllorut.u" oorrUllu.tod: l'osornbl(l'a tho Iatan 

and Amul'lonlu •••••...•••• , .•.••.••.•....•....••• , • • 2 
8 Shaio, blu(l and burr (baso of 'l'o(Jurnsoh) . . . . . . . . . . . . . . . . • 8 10 
II 1.lrnostol1o, gra.v; bllj~' shaly partillllH; thin- and wavy-

bed dod (top of I,eoornpton) . • . . • . . . . . . . • • • • . . . • . . . . . . 1\ 6 
10 Ahule. blua, arglllaoeous. • . . . •. .. . • • . • . • . . . • . . . •. . . • .. . . 2 
11 Shale, black, bituminous. • . • • . • . . • • . • . • . . • . . . . . • . . • . • . . 2 
12 Shale, arg!1laoeoull. • . • . . . . • • • . . • • • • . . • . . . . . . . . . . • . . . . • 4 
l:~ I.tmelltnno, dar'k i full of J.i'ullullna. • • . • . • . . . . • • • • • • . . •• . . 1 
14 Shaie, bun'; oaloareous at top ("(lhalk") i argUlaocous at 

bottom. • • . . . . . . . . . . . . . . . • • . . . . . . . . . . . • . . . . . . . • . . . . 9 8 
lIS Shale. buff and white; oaloareous. • . . . . . . . . .. . . . . . . . . . • . . 4 
16 I.trnast(Jno, buff; In threa layors with ,shule partings: oon-

tains many apinas of Eohlnoorlnus (baso of Looomp-
ton) ......•.............. , . • . . . . • . . .•. . .. . . . . . . . . . 5 6 

17 Shale, gl'ay 01' bluo; arglllaooous or aronaoeous; in plaoos, 
sandstone (.top of Kanwaka) • . . . . . • . . • . • • • . . . . . . • . . . 25 

1 S Limestone, gray i even-beddad: in two layers. . • . • . . . • • . . . 2 6 
19 Shale. drab, arglllaoeous (base of Kanwaka) . . • • • • • • . . . . .. 16-20 
20 Limestone (top of Douglas formation) . . • . . . . . . . . . . . . . . .. - -

~ •• ,. __ .M ___ ~"~_O-__ '~" "_. __ .'0" __ •• , ".~- ••••••• ,,' •• _. -- ••• " ,.. ~ ••• ""-- " •• _,,, " •• ,- .>,. - ,'---"- .~ •• ----:----'----
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The close resemblance of the lower part of this section to Kneer's 
Atchison section is clearly apparent. 

The thickness of the section between the upper limestone 
of the Oread member' and the upper limestone of the Deer 
Creek member was found to be 172 feet near the town of N od
away. Broadhead gives 180 feet for this interval, but interpolated 
between numbers 5 and 6 of the foregoing section his numbers 
171-181 aggregating 42~ feet, 37~ feet of which he found out
cropping on Brockman Branch in Holt County. This is probably 
a repetition of the Lecompton section: The beds below his 
number 169 are in places given a thickness rather under the 
normal, which acco,!-nts for his total thickness being almost 
correct. 

The Calhoun shale and Topeka limestone are exposed one 
mile west of Fillmore, a:nd are thought to be the highest rocks 
in An"drew County. 

At Forbes the base of the Lecompton limestone is slightly 
above the railroad grade and a short distance above the town it 
dips below the bottoms. About two miles above Forbes eNE. ~ 
sec. 23, T. 59 N., R. 38 W.) the Howard limestone appears 
in the bluff, but the section below is poorly exposed. 

The following section was measured in the quarry at Forest 
City: 

SECTION AT l?ORES'r CITY. 
------~----------.---.---.-... -.-.-.-.. -.. -.... _- .. _---_._-
Number. 

1 

2 
3 
4 
5 
6 
7 
f! 

9 
10 
11 
12 
13 
14 
15 
16· 
17 
18 
19 
20 
21 
22 

Stratum. 

Shale, buff; with 3 or 4 nodular layers of limestone (top 
of Topeka) ........................................ . 

Limestone, gray; irregularly bedded; in two layers ........ 1 

Shale, blue, and black, bituminous ........ : ............ . 
Limestone, gray; wavy base ........................... . 
Clay, blue; non-laminated; indurated ................... . 
Limestone, gray ..................................... . 
Shale, blue and blue-black; argillaceous ................. . 
Limestone; 2 or 3 lenticular layers with interbedded shale .. 
Shale, blue, argillaceous ............................... . 
Limestone, blue; weathers salmon-colored. ' ............... . 
Shale, blue; weathers buff; calcareous nodules ............. . 
Limestone, buff (base of Topeka) ; 16 inches to ............ . 
Shale, brown calcareous (top of Calhoun) ................ . 
Limestone •. : ......... '" ...•.......................... 
Shale. sandy ........................................ . 
Sandstone ........................................... . 
Sandstone ........................................... . 
Shale, sandy ........................................ . 
Sandstone ..................................... '" ... . 
Shale, blue, argillaceous ............................... . 
Limestone, sandy •.................... ' ............... . 
Shale, brown ..................•...... ' ............... . 

Thiokness. 

Ft. in. 

3 
10 

2 3 
1 2 
1 5 

9 
2 1 
1 4 

7 
1 2 
2 6 

9 
2 6 

4-6 
7 

1 6 
3 

9 
2 3 
1 4 
1 2 

2 
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Calhoun shale aIHI Topoka limestone in quarry at Forest Cny. 
188 
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I 
'~~!~~)~I_ ~_ .. _ .. ~~!:~t.~~m. ___ . __ 

2:1 I Hlmln, blne\{, h!tuminOllH .............................. . 
2·1 l,i1110Bt.0I10, gntyiAh-bluo ............................... . 
25 Hhato, graylrsh .. bluo ........ ....................... , ... . 
:m l.illWHiOfl(I, gl'uyiHh-lJl\w. ~ •.............................. 

Hhaln ............................................... . 
T,illwAt.(lIl('. p;m.yiHh-l>luo .......................•........ 
C()VI"'o('\ t.o wut('r in ()l'()1I1, ••.••••••••••••••••••••••••••• 

Thicknoss. 

Pt. in. 
1 

2 
10 

1 
() 

a 
:3 

The concealed interval is about the nonnal thickness Lo 
the lop of the Deer Creek limestone as shown in Broadhead's 
Forest Ci ly scdion (revi:"!ed and corrected hy the writer): 

BH.OA1)lIgAJ)'R rH](l'l'rON NI':AH Fon.I·JST CITY. 

fHmt.um. 

\,iItII'HCIIltl', broWlI, )llmiy; a~ i'!LflU ill a 4'fllnh f(l'uyiHh-hiu(\ 
h.yor of (lul'lio!mj,c\ or Hmo U.11U iron (Lop of Howtl.n) .. 

Shahl .••.•.••.•••.......•....•.••......•.•.•....•.. 
r,itnmlt.oml, ItHh-bluo; Aili(Ji()tHI [tnd pyl'itifnroU(, (bUAO of 

Hnwltl'd) •.•••••••••••.......•.••.•...•••.•...•.. 
Stmdllt()rlO (I,op (,fSov("ry) ..••...••••................. 
Shltlo, blt,uminouR; (Ib~nnt in plt\O(l~, 1l1llXilllll111 ......... . 
Olay, ffilmdy ••.••.••••••. " •.••.••..•..•..•......... 
')nul (Nnr!llwulY) .•••••••....•..••.•......•.......•.. 
Ahu.le, lIu:ht hlllO, clayey ••.••.•.•.........•........... 
Hhulo, AI1.ndy •.•.....•............................... 
Shu.l.v slop!); flhalo ut bottom ......................... . 
l,ltnoNt,ollO; ~huly und nodular (top of 'l'opolm) ......... . 
Sha.io, wlt.h brown, o{Jrtol'oilonary !lociu'los of limostono .. 
l,itl)otl(;otlo, rough, oorwl'otionuTY ..................... . 
Ahal" .•............................................ 
I,!mol'lt,()ne, 1:>luo, (lv(JU·boddod ........................ . 
Shalo, blue ••..•.•.••.•.•..................•........ 
!,Imo!lt.uno, blue •••••...•.........•.................. 
Shltlo ..•..•........•............................... 
r,irrl(\st.ollll, aSh-bluo, wou.Lhora brown ................. . 
Shu\!I. yo!Jow, gray atroaka .......................... . 
l,ime!ltono, brown (bUHO of 'l'oJ,1clka) .................. . 
Shale, yollow; bands of bltuminouf:! shalo in tho iown!' part 

(top of Calhoun) ..•••... , ...................... . 
Sand!!tollo ..••.........•..•.....................••.. 
Limestone, grayish-blue .•............................ 
Shale .•........•................................... 
lJimestone, gray; abounds in many fino unlvalvos ....... . 
Shale, bluo ..•.....•................................ 
rArnostono, doop-blue, even layer ..................... . 
Shalo, blue; at the base of this and resting on No. 186 

Is a oa\oa.reo\l.S stratum (base of Calhoun) ........... . 
Limestone (Doer Croek) ••..••••.....•.....•......... 

Hrol\(l-
!I\lud's 

Ilumbors . 
. --~~.-.. -.-~-

220 
2111 

218 
217 
210 

215 
214 
214 

210 
210 
210 
210 
209 
207 
200 
205 
199 

197 

196 
193 
192 
191 
190 
189 

186 

ThicknoHs. 

~~".~. ~~, ~.~-...-~-

Ft. -In. 

1 
4 

6 
10··10 

2 B 

2 
4 

2 
2 

25 
:I 

1 6 
10 
10 
10 

2 

10 
1 0 
2 10 
1 6 

7 
2 6 
1 (l 

5 
(l~ 

3 6 
4, 

8 
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Broadhead's number 217, which he called a sandstone, is a slightly 
arenaceous limestone about 80 per cent of which is composed of 
Ostracod shells. . 

The upper limit of the Topeka limestone is well .defined at 
Forest City, being the top of Broadhead's number 210, but there 
is some question as to its lower hmi t. Tentatively, this is drawn 
at the base of Broadhead's number 19', including a total thickness 
of about 20 feet. The Topeka lImestone may include, however, 
his numbers, 190-1-2. If Broadhead's number 1.97 is considered 
the base of the Topeka limestone, the Calhoun shale is about 
26 feet thick. His numbers 211 and 212 are lenticular and are 
not represented at Forest City. 

The following is a section at Iow;a Point, Kans. (Broad
head) : 

BROADHEAD'S SECTION AT IOWA POIN'r, KANS . 
.. _---_._---_._-_.- ._-_. __ . 

Droad-
Number. Stratum. head's 'l'hlckness. 

numbers. 

1"1. in. 
1 Shale, brown, ealcareous; contains many fossils -...... 1 6 
2 Limestone, brown; with Fusul!na .•.•..•...... 210 1 
3 Shale, brown ......•....................... 8 
4 Limestone, concretionary .................... 200 10 
5 Shale, blue; bituminous ..................... 207 2 6 
6 Limestone, blue ..•......................... 206 1 
7 Shale, blue ...........................•. '.' .. 201-203 4 
8 Limestone, gray ............................ 190 1 2 
9 Shale, blue above, brown below ... ~ .......... 198 4 

10 Limestone, blue, nodular, shall" ............... 107 6 
11 Shale, brown. calcareous ..................... 196 2 
12 Limestone. blue, nodular, shaly ............... 6 
13 Shale, olive and blue; a few thin coal laminae .. 193-195 8 
14 Limestone, bluish-gray, nodular ••............ { 

} 
1 6 

15 Shale, brown ................... ' ........... 192 2 
16 Limestone, bluish-gray; weathers brown ....... 3 6 
17 Shale, olive ...•............................ 191 9 
18 Limestone, bluish-gray ...................... 190 6 
19 Shale, blue ...................•............. 2 
20 Slope, shall" ................................ 7 
21 Limestone ................................. 186 6 

-----"--------------_ .. _--_. __ ._--- .. ----..... ---.-.--. 

Number 21 is the Deer Creek limestone; Nos. 11-20, the Calhoun 
shale; and Nos. 1-10, the Topeka limestone. 

Atchison and Nodaway counties.-Owing to the heavy cover
ing of glacial drift, outcrops are rare in these counties and are 
confined to the bluffs of the larger streams, All outcrops of hard 
rock belong t~ the Shawnee and Wabaunsee formations, 
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Atchison County has the distinction of having the highest, or 
youngest Pennsylvanian strata in the State. The lowest member 
known to outcrop is the Tecumseh shale. 

The following section taken in the SE. USE. Usee. 4, 
T:64 N., R. 33 W., is referred to the Tecumseh shale: 

SEOTION NORTH OF RAVENWOOD. 

Numbor. Stratum. 

Shalo, drab: rod at top; argillaceous .................... . 
2 Coal, poor .......................................... . 
a SIl(~lo; drab; clayoy and sandy; wIth luyers of hard cal-

naroous sandstono; beddIng very Irregular ............. . 

Thiokness. 

Ft. tn. 
10+ 

1-4 

...• - .... --.-.-- ... --.--- .. _ ..... _----._--_._._._ ...... _---_._._._--._._--'--_._-
The Deer Creek limestone is exposed along 102 River, 

especially north of Barnard and at intervals along Platte River. 
The following section was taken near RavenwQod in the SW. U 
SW. >i sec. 6, T. 64 N., R. 33 W.: 

SEOTION NEAR RAVENWOOD. _._ .. _--_._---------_._---_._---------,----
Number. Stratum. Thlokness. 

In in. 
1 Limestone, gray; weathers buff; thlok to thin beds; wavy-

bedded and oherty In lower part, more even and non-
oherty above: weathers to fragments size of hand. . . . . . 5 

2 Shale, drab, arg!llaoeous; with streak of blaok shale near 
base ••••.... , ....•...•.. , . . .... . . .. .. .. . . . . . .. . .. . 10 

3 !Jimestone, gray, thin-bedded; somewhat arglllaoeous; with 
small ohert l'Ioclules. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

--'-'-'-" .... _-_ ....... _-----------------_......!-_--
Across the wagon road to the east, No. 1 of the previous 

section is much better' exposed. A detailed measurement is as 
follows: 

UPPER PART OF DEER OREEK LIMESTONE MEMBER NEAR 
RAVENWOOD. 

Numbcr. Stratum. 

1 Limestone, gray; even-bedclecl; non-cherty .•. ' .......... . 
2 Limestone •.•..•.•....•..•........................... 
3 Limestone .•...•..................................... 
4 IJimestone, shelly .................................... . 
5 Limestone, like No.1. ................................ . 
6 LImestone, in 2 layers ................................ . 
7 Shale ....••....•...... , ... , ....•..•.................. 
8 Limestone, gray, wavy-becldecl, cherty .•................. 
9 Limestone, like No.8 .••...•.................•......... 

Thickness. 

Ft. in. 
6 
5 
8 
4 
4 

11 
2 

1 2 
1 2 

5 8 
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The limestone lentils inlhe Calhoun shale (numhers l!)()· 
192) were not seen .in Nodaway County, bulmay he represNlled 
in the following seeLion taken on Dog Creek, one-half mile above 
its mouth (Broadhead): 

BHOADHEAD'S f:n~C'1'I()N HAr,11'·Mn;l~ AHOVI<] MOUTH 01-' I)on cmV:KIC 

Stratum. 

Slope ............................................. '" 
2 1Jo080 fORsils ovorlying noxt. bolow ..•.................... 

5 
6 

IJimel'ltono, Lluo; wtHtthors hrown ...................... . 
Slopo. , ....................... , •..................... 
Shalo, brown (hl1S0 of (1r11houn) ..•.•................... 
TA1'llostono, irrogulnrly b"ddod (D(1<H' GrN,],) •••..•...•.... 

'],hinlI11I1HI!. 

fit. Ill. 

7 

7 

The following seelion was taken by Brondlwud on Dog 
Creek, in the NW. 34 NW. 34, sec. 20, T. ()2 N., n. :l:~ \V.: 

BltOAJ)HI'~AD'S SWC'l'ION ON DOa OHl·:I!)K. 

Number. 

1 
2 
3 
4 

5 

6 

7 
8 
9 

10 
11 
12 
13 

Stratum. 

Slope .....••............•............... , . 
Shale, oil VCl •••••••••••••••••••••••••••••••• 

. T ... imestonc, ash-bluc ... , .................... '1· 
Shale, nppol' half a dark olive and (mloat'o'>!l"" 

bituminous below ........................ i 
Lir~eBtono,. ~lue; int,crior oj' tho fossils is orystaJ-r' 

lized calmte ............................. . 
Shale, olivo and bluo; sornewhat sa.ndy ........ i 
S~alo and nodular limostone ... : : ............ 1 

I,unes\;ono, gray, onarso, Hub-oolitIC ........... 1 
Shale, nodular, oalcaroous .................. . 
I,imestonc, ash-oolorod, ooarso, shaly ......... . 
Shale, olivo .... , .......................... . 
I,imostono, dull, deep ash-bluo; woathcrs drab .. 
Shale; dark-blue, calcareous ................. . 

14 LimestoIlc, bluish-gray, un oven bod; contains 
calc!tc veins a.nd spooll:S, and zinc blcnde .... 

15 Shale, dark, sandy, micaooous •............... 
16 Coal. •.................................... 

17 

18 
19 

Sandstone, blacl~; oven layers: regularly lami
nated; slightly calcareous ....•............. 

Olay, sandy ..•.......•..................... 
Fire clay, blue; 3 feet exposed; said to be () or 7 

feet thick .•.....................•....... 

Broad-
jHmd'!l 'I'hlckneJils. 

nurnborH. 

210 
20l) 

207 

:lOI 
20() 

100 

IH6 

1<'/' in. 

fi 

11 

10 
4, 

2 
7 
() 

2 (I 

1 
a 

7 

0 
\) 

l;;,t t.o 
2 II. 

S 
8 

3 

Number 14 of this section and all above are to be included in 
the Topeka limestone; below that, in the Calhoun shale. 
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The following section, modified from that of the Broad
head, includes a detailed description of the Topeka limestone; 
the section was measured near the present site of Skidmore 
(sec. 5, T. 63 N., R. 37 W.): 

BROADHEAD'S SECTION NEAR SKIDMORE. 

Broad-
Number. Stratum. head's Thickness. 

numbers. 
-----" --------_·_-----------1-----1----

2 
a 
4 

I> 
6 
7 

l.illlos\;onll, c!nop-bluc; oornpact; in even 6- to 
lO-ineh luyors ...........•.......••....... 

T.inlllRl.ono. d()op uHh-hItHl ................... . 
Allulo, huff'. alld f()~811lt'()I'()ull Iirnnstonn nodules .. 
l.imo",tone. hluo; ubundu.nt,ly f(lRSiIiforou8; 

hl'uohiopOc\R arc genu'mlly r(,pJu(Jo(\ by caloito. 
Ahalo, blue, OIlI(;I~I'OOUH; fOHHllifoI'OUH ••••••••••• 

AllaIn, hlttclk, Hlaty ..............•...•.•..... 
Rhule, clark I1luo ........................... . 

R 8l1ulo. bluClt, alaty ......................... . 
II Hhulo, oll vo ............................... . 

J() 

11 
12 
13 
14 
lIS 
10 
17 
lR 

{.\lIIolit.nno, dpop-blue; ()on{,uinf! many fOI:!HJlR; 

int;(J!'ior of f(l~HilH roplu()od by ()ulcito ....... . 
Hhul(), hrown, o(lliory •......•................ 
Shuln, gray •••...•.•...... 0 •••••••••••••••• 

14110.10, groon, nodular ..•........•. 0 0 ••••• 00 •• 

Shale, :follow; hus nodular IImestono lavora ..... 
tJimoatono, bu ff'; BU boolltlo. 0 ••••••••••••••••• 

Llmostono, dull ash-uluo, hus shalv partlt~is. o •• 

Shalo, dark olive ...•. 0 •• o •••••• 0 ••••••••••• 

IJimoeLono, dark-ash .... 0 ••••••••••• 0 •• 0 •••• 

212 
211 
210 

209 

199 

197 

All the above are included in the Topeka limestone. 

Ft. in. 

2 
6 

4. 

10 
1 

1 
9 
5 
3 

10 
2 

1 6 
2 
2 4 
1 
3 

9 
1 

Broadhead's numbers 211 and 212 are irregular and not 
represented at Forest City. but occur in Nodaway County. 
The following section (NW. U NE. U sec. 35, T. 64 No, R. 37 
W. on Florida Creek) shows these beds: 

SEOTION ON FLORIDA OREEK, SOUTHWEST OF MARYVILLE. 

Number. Stratum. Thicknese. 

Ft. in. 
1· Limestone (lower bed of Howard) ...................... . 1 3 
2 Oovered (top of Severy) .............................. . I) 

3 Alternatini layers of mioaoeous sandstone and micaceous 
sandy shale. 0 •••••••••••••••••••••••••••••••••••••• 22 

4 Limestone, gray, compaet; layers extremely reiular, and 
shale, blue, argUlaoeous (Nos. 211-12). (top of To-
peka) as follows ..........•. 0 •••••••••••• ' •••••• 0 •••• 4 2 

G-13 



Hl4 STRATIGHAPHY OF THE PENNSYLVANIAN SEHlES. 

SECTION ON l<'!,OH,IDA CI(,Ii]K[{, ROIT'l'nWl;]I'l'r (H' MAH,YVI I.Jd·J·,,(1onVd 

St.ratu1t1. 

Ft. in. 
l,inlostono, two layers ............. , . , , . 7 

Shalo ............... " ............. " .. . 1 
I,imeston(l ................. , .... , .... . 4 

Shalo ....... " ....................... . 1 
I,imostono ..............• , , .......... . a 
t:ihale. " ................... " ....... ". 1 
IJirnostorl.c ........................... . :l 

Sru:.tlo •• ~ ~ •••.•....•.•••...•.••......• :l 

J"imestono .. , ... , ......... " .... , ..... . Ii 
Shale .. " ........................... . 4 
1.,imos1;ono ........................... . 2 
ShaIn ... , •....... " .......... ", ...... . 4 
1,lmostono in throe la.yorH bdow W!Li.'ll' in 

----_ .. " .. " , ........ " ... " ... " .......... . nroo].\ •...........•.............•.. , 

The Howard limestone forms the cap roek of the Nodaway 
or Quitman coal. This coal has been found outcropping along 
the Nodaway Hiver from Graham to a point north of Quitman. 
H.ere it dips below drainage, but has' been reached by shafting 
in several places as far north as Burlington Junction. Near 
the Iowa line it again appears above the river. It has been 
found on White Cloud, Florida and Sand creeks, south of Arkoe, 
and west of Hopkins on the west side of 102 HiveI'. In the im
mediate vicinity of Maryville it seems to "have been removed by 
preglacial erosion, as the deep drilling at that place failed to find 
it. 

The following section is modified from lhat taken at Quit
man by Broadhead: 

, SFW'I'ION A '1' QUITMAN" 

Number. Stratum. ThiOltnoss. 
----1--------------------.. --.. -------- .. --.. ---

Pl. in. 
1 Slope of bluff' clays ...................... , , ........... . 
2 Limestone, blue, snathie (upper lirnostono of } loward 

member) ................ .' ..... , . ; , , .............. . 10 
3 Shalo, sandy ........... , ................ , .......... , . 2 () 

4 Limestone, ash-bluo (lowor limestone of Howard nHllnIHH') 2 
5 Shale, olive and dt:ab; lower half fossiliferous (t.op of 

. Severy) ............................... , ... , , .. , .. . 2 2 
6 Coal (Nodaway) ...... , ...... , . , ............ , , , ' ..... . 2 
7 Clay, gray and ochery. sandy; with romains of plantH ..... . 2 0 
8 Shale, sandy .................. , ........ , , ........ , .. . 8 5 
9 Sandstone, brownish-drab; irregularly bedded ..... , .. " . , . 4 

10 Shale, sandy ........... , ... , .........•........ , , , . , .. 7 
11 Shale, blue, argillaceouB (No" 213) .......•..... , ....... . 1 
12 Slope, shaly ................ , .... ' , , ...... , ... , ...... . a 
13 Shale, dark blue ............ , .... , ........... , ....... . 2 
14 Limestones, blue, comnaet (top of Topeka) .......... , .. . 2 
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Ahove the Howard limeslone is a terrane which has proh
~\ hly been tlw Sll bjeeL of more disenssion than any other parL of 
the l\lissouri group, ineluding as it docs the Nebraska City 
seelioll. As shown in the next section, the lower part of 1he 
:-;c'rull ton shale, which is next above the Howard limestone, 
consists of about one hundred feet of poorly consolidated shale 
which pn'glacial erosion hns largely removed from the region 
:lloll/.{ 1\lissouri HiveI'. 

HI()'\ I JI11':,\ 1)'14 (ll':N I':H·A 1,Tv,1'ln i'n:C'I'JON AIlOVT<l 'J'HlTI HOWAl'!.D 
L I i\11':WI'O N I') 1\1 I': 1\1 lHl 1(,. 

I1l'0ud-
:-III'Ht,\!I11. hourl's 'l'hlal,nCSA, 

rlllIII bOI"R. 

Ft. 'In. 
l.drnpHtoflP, };lif·lly, POt'011H. fI'1'I·tlJ.~itj(ltl!4. • • ••• • . ••• . . •.• . . 2~1 4-
r"ll!aln; HPpL;II'iu, t)f't!lll' Ht'Ht' lqq~lir part.. • • • .. •.....•... 22:; :In 
t,4f'fJt.lu'in, .•• , •••.••.•..••....•...... , • . . . . . . . . . . . . • • . 2!:l2 1 0 
f"4hn,ln ........... ,. ..,.'., ... " .. , ..••.. ,."......... ~:J l. 48 

In his Nod:l\vay County r<~Jlort he snyfl there are 100 feet 
of shale beLween numl)()l' 22.'1 and Lho Nodaway eouJ. Number 
22,1, "dosely resembling the buff limestone over the eonl at 
Hul0 nnd th('l mouth of the Big Nemaha in Nebraska" caps what 
BJ'()ndheud thoughL to he the highest rocks in Nodaway Connty. 
Between this and the base of his Al.(~hison County section he 
estimated a thieknm;s of IJO or 50 feeL to inlervene. 

The scelioll aL Elmo, Nodaway County, near the center of 
~we. 21), 'f. (Hj N" n. ;{7 W., measured as follows: 

Nilm!H\I'. 

<I 
4 
r; 
(l 

Stratum. 'l'hlckness. 

Hhllln, gr'ay, sandy, ... , , ....•..... , . , . , .. , ...... , ... . 
IdnlfIHj;O[\O, gmy; Hlmly u,t top; 100HO nodu10s al; bottom ... . 
Hlmln, .r,nty, , , , .... , , ..... , .... , ..... , .. , , ..••... , .. . 
(loul, bltlHnil1()u~ (I'Hmo) . , . , , , •... , ...•. , . , . , ..... , . , 
Hhal(l, wit,h thin lu.:yor or olay at top ..... , . , ..•. , .. , , ... 
IjiwOH\,o110, KIll tnoIl-,.,olofolt; urgillu,coQus, nodular at 

Feet. 
2 

13 
2 

Number 1 is Lhe lower part of No. 27 of the Atchison County 
seetion; No.2 is No. 28 of the Atchison County section; a.nd 
No.6 is number 221: of the Missouri River section. 

r 
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The Elmo coal also outcrops northwest of Burlington 
Junction (City Bluffs of Broadhead) with its characteristic 
irregular cap rock. It· is probably the equivalen t of the Silver 
Lake coal of Kansas which is about 120 feet above the Osage 
or Topeka coal. In Kansas it has an irregular cap rock as in 
Missouri. For the present it will be called the Elmo coal. 

SEC'l'ION NEAR MlvrON. 

Stratum. ThinknoA8. 

Pt. in. 
1 T~imestone fragments; not in place .................... . 
2 Shale. .... .... . . ...... . . .. . .. . .. .. . . . . .. . . .. .. . .. . .. . 20 
3 Limestone, gray, very shaly (No. 28 of Atchison 

4 
5 
6 

section) .......................................... . 
Covered, yellow, oehery, sand at top ............... , ... . 
I"imestone, brown .................................... . 
Shale, yellow, ocherous, sandy (horizon of Elrno coal) .... . 

2 

Along Missouri River the lowest member of Broadhead's 
Atchison County section is exposed near where the line between 
sees. 34 and 35, T. 63 N., R. 40 W., crosses the bluffs. At that 
place shaly limestone, No. 28, outcrops, underlain by a foot of 
light shale and that in turn by black shale and CQal, .according to 
Mr. 'Fisher on whose farm this outcrop is located. 

Concerning the stratigraphy along Missouri Hiver above 
this point there is little to be added to Broadhead's Atchison 
County section, given in the generalized section of the Missouri 
group and here repeated for convenience in Broadhead's wording, 
the correlations in parentheses being the writer's. 

ATOHISON COUNTY SEOTION. 

No. 1.-250 feet bluff. 
2.-Drift; thickness unknown, beneath the bluff. 
3.-5 feet red shales. 
4.-Sandstone and shales; sandstone at top, upper thrce feet irregularly

bedded and micaceous, green; below, 8 or 10 feet soft brown; then 
35 feet shales and sandstone at bottom. 

5.-10 inches drab limestone; weathers brown. 
6.-3 feet 2 inches shaly limestone, containing fossils. 
7.-1 foot 4 inches blue, concretionary limestone, traversed by calc-spar 

veins. 
8.-2 inches sandy shale or dark brown clay. 
9.-2 inches impure coal and shale, two to three inches. 

10.-Ochery, sandy shale. 
11.-22 feet sandy shale. 
12.-1 foot 6 inches dark blue, shaly limestone (top of Tarkio). 
13.-1 foot 6 inches red and green shale; with nodules of limestone. 
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14.-4 feet limestone, upper part nodular; weathers brown; abounds in 
Fusulina. 

15.-28 feet blue and drab, argillaceous shale (top of Scranton). 
16.-2 feet limestone, bluish-drab. 
17.-10 inches blue, fossiliferous shale. 
18.-2 feet 6 inches hard sandstone. 
19.-3 feet soft sandstone. 
20.-10 inches calcareous sandstone; springs abound at the base. 
21.-6 feet blue. argillaceous shale, 6 feet to 13 feet. 
22.-1 foot tolerably fine-grained, blue limestone, perpendicularly jointed; 

weathers brown. 
23.-1 foot 3 inches shale. 
24.-10 inches buff, ochery, decomposing limestone; jointed perpendicularly. 
25.-2 feet buff and olive shale. 
26.-2 feet red Shale. 
27.-30 feet clay and sandy shale, and concretionary layers of sandy iron

stone. 
28.-Shelly limestone. 

Near Corning (center sec. 18, T. 63 N., R. 40 W.) a well is 
said to have -penetrated coal at a depth of 80 feet and another 
bed (probably the Nodaway) at 180 feet. From nearby outcrops 
it is estimated that the Scranton shale is here about 195 feet thick. 
The following section was taken in the NE. 7.;i; sec. 22, T. 64 
N., R. 41 W. on the farm of Mr. John Whitham: 

Number. 

1 
2 

3 
4 

5 
6 
7 
8 
9 

10 
11 
12 

SECTION SOUTHEAST OF LANGDON. 

Broad-
Stratum. head's 

numbers. 

Limestone ................................ . 5 
Shale, black ....................... " ...... . 
IAmestone ...... , .......................... , 7 
Shale ............................ " ...... . 8 
Coal (Nyman) ............................ . 9 

11 
12 
13 
14 

15 

~::e~~d .... : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : i 
Limestone, dark bl~e .............. f .}i 
Clay. red. non-Iammated ........ ':l (TarklO) i 
Limestone, brown, massive. . . . . . . . : 
Shale, blue (top of Scranton) ................ !.{ 
Slope covered with shale at bottom ........... : 

Tbickness. 

, Ft. in. 
6 
9 

17-19 
6 
8 
2 

18 
1 6 
1 6 
3 6 

} 4 8 
22 

The shale bed at the base of this section ,(Broadhead's 
number 15) decreases to 12 feet near the State line, but that 
between the Tarkio limestone and the Nyman coal increases 
about 10 feet in the same distanc·e. 

The Tarkio limestone dips under the l;>ottoms near the 
south line of sec. 20, T. 65 N., R. 41 W. The following section 
outcrops at this place: 
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SEc'.rrON WgWI' OF HOCT<P01Vr ON nI,CT[<'li' 0[" MfSROOHr HIVI'llt. 

Number. 

1 
2 

3 
4 

5 
6 

7 
8 

Stratum. 

. _---------._._._--_ ...... _--

Oalcareous sandstone .................. ' .... . 
Sandst;ol1(l, shaly sandstone, and very luim:wo"lls 

sha.le; in placos blank with blotito ......... . 
I,imostone, impuro, fossiliforou8 ............. . 
Shale, carbonaeoous. in plaGoe (Nyman (:oal 

horizon) ............................... . 
Shalo, sundy, tnioaceous .................... . 
LiIllostono, vory eonerotionary and! 

imp\l~·o ................. : . . . . .. (TurJdo) 
Shalo with culoaroous conm·l,tIOTlS .. . 
Lirnostollo, brown, with FllAlllina .. . 

Broad
head's 

numbors . 

4 
5, n, 7 

H, n 
11 

la 

I·' 

'l'hicknoSkL 

1<'1. in. 
J~ 

ant: 

H.I:l 
:1 (\ 
:l+. 

Above the cap rod: of the Nyman coal there appears to be 
little regularity in Lhe sectio n, which consists chiefly of sand
stone and shale. There are, however, one or two thin lay<'1's 
of calcareous sandstone or sandy limestone that seem to be fairly 
persistent 15 to 30 feet above the Nyman cap rock. One of these 
lies at the top of the section west of Hockport and one or both 
of them appear in the sections measured by Broadhead at Hall's 
Bridge, a few miles south of the Stale line, and at the St.ate line. 

BROADHEAD'S RmOTION A'J' 1IAT,J;R 13H.lT) (Hij (l\TOI>IFHHl). 
----.------.--.--.-.. - .. -~--- ............ __ ... -.-. 

Number. Stratum. 

1 Limestone, hard, sandy and ferruginous; fracturo showH 
a dull load-blue color; weathers brownish ............. . 

2 Sandston~, greenish-drab, flno-grainod; slightly mieaOO()UH; 
i~regularly bedded ......•........................... 

3 Limestone, brown and greenish, vory coarse-grainod and 
tough; sandy and micaoeous ........................ . 

4 Sandstone, brown and buff; soft ....................... . 
5 Shale; upper half sandy; lower half argillaccous .......... . 
6 Shalo; with nodules of brown and furruginollfl lillHlstono 

(Nyman cap-rock) ................................. . 

'l'hloknoss. 

Peel. 

3 

4 
1(; 

2 

----------_ ... __ .. _---_ .. ,_ .. __ . __ ._ ....• _._-----_ .... __ ...... _-_ . .-...... --,-----....•. __ ...•.•...... 

BROADHEAP'S SECTION NJ<JAR 'l'HE S'rATm IJINE (MODIFIED) 

Number. Stratum. 

1 Shale; blue-banded; ochery, argillaceous, clay 
shale thinly laminated ................... . 

2 Limestone, dark gray; weathers brown ....... . 

-----,----_._ .. _--
Broad
head's 

numbers. 
Thickness. 

Pt. in. 
2 

10 
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BROADHBAD'S SBCTION NEJAR 'l'HE STA'rB LINB (MODIFIED)
Continued. 

Number. 

3 
4 
5 
6 
7 

Stratum. 

Limestone; rat.her shaly; fossiliferous ......... . 
Clay, cir,rlt brown .......................... . 
Ochro, dark, and ooal, Interboddeci ........... . 
Shale, oehory, sandy ....................... . 
Shale, varlegatcld, oehery, and bluo, sandy .... . 

Broad
head's 

numbers. 

·7 

8 
9 

Thiokness. 

Ft. in. 
2 

2 
3 
2 

17 

Two miles northwest of Hamburg, Iowa, and about the same 
distance north of the State line, at McKissicks Grove, is the 
type section of the McKissicks Grove shale of Smith. 1 His 
section, slightly modified, is as follows: 

SJUCTION Acl' MoKISSIO[{S GROVE, IOWA. 
-----_ ..... _------------

Numbor. Stratum. 
Broad
hoad's 

nurnhors. 
'rhiokness. 

----.. ----.-------.. --------.-.- -·----1----

1 
2 
3 

4 

Shale, gray .... , , ......................... . 
Llmostone, weatherod ... , .•..... , , •......... 
Limestone, very dark; containing nodulos about 

~ inch in dlametor •....••................ 
Sha.le, blue, sandy and mloaoeous; with soveral 

thin banda of sandstone •.•.••..••......... 
5 Sandstone, blue, weathering to yellow; mica-

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

16 
17 

caous ..•...... , ..•.. , .•..•..•........... 
Shale, gray, sandy ...........•..•........... 
JJlmestone, gray, compact. . • • . . . . . . . . . . . . . . . 7 
Limestone, impuro, . . . . . . . . . . . . . . . . . . . . . . . . . 9 
00£.11 (Nyman) ...........•................. 
Shale, sandy, and sandstono ............•.... 
Limestone ... , .............•.......•....... 
Shale, dark. . • . . . . . . . • . • . . . • . . . . . . . . . . . . . . . 10-13 
IJimeatone ......•......•..............•.•.. 
Shale, blue, weathering to yellow ...•......... 
Limestone; in' two or three heavy ledges 

orowded with Fusul!na. . • • • . . . . . . . • . . . . . . . 14 
Sha.le ..•...•••.........••.• , ' .. , , . , , , , , • . . 15 
Limestone, dark gray. , .. , , , , . . . . . . . ... . . . . . 16 

Ft. in. 
7 
1 

1 

7 

3 
15 

1 
1 

20 
9 

6 
3 6 

6 
8 

4 
12 

1 

No. 15 of this section is the main ledge of the Tarkio lime..; 
stone, and the shale and limestone below are referred to the 
Scranton shale as interpreted in this report. 

'Smith, G. L., The Oarboniferous section of southwestern low~: lowl\. Geol. 
Survey, vol. 19, pp. 605-658, 1909, 
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At Nebraska City, Nebr., arc outcrops whose age was 
formerly considered doubtful, but has in laler years been shown 
conclusively to be Pennsylvanian. Smith 1 gives the following 
section at the shale pit: 

SECTION AT SHALE PIT' A'l' Nl!lBHAHf<A CI'I'Y, NgHI{,. 

Number. Stratum. "rhlelmoRs. 

Ft. in. 
1 Thin-bedded limostone, impuro wlt;h shuly partings; I:-lOlllO 

2 
3 
4 
5 

crinoid stoms. . • . . . . . . . . . . . • • . . . • . . . . . • . . • . . . . . . . . . . 4 
Yellow, very arotln(:OOUH Hhnlo .•.••...•.••.•..••........ 
Blue shalo ..•...•....•.....•...•....••.....••........ 
Heuvy layor llmoHtoJ1ll ................................ . 
Thin aoam, vory earbo!l(woouS maUo!', wll,h plant: im-

4 
5 
2 

prossio rlH • • • • • • • • • • • • • . . • • • • • • • • • • • • • • • • • • • • • • . • • • . 3 
6 Bluo, laminatod and nOll-lalllinatod shulo. Illi(;u()(JOUH and 

7 
8 
9 

10 
11 
12 

arona()oous in plttoos. In part of the oxpo/lUre divld,·d 
by a thin band of mo!'o induratod shal(l, yollowiHh ill 
color. Ton feot above the bo.se of the sha!o is a thin 
band of limestono. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

:r~!m08tone .......................................... . 
Shale ............................................... . 
Crinoida! Iimosto!lCl .................................. . 
Shalo ............................ , .................. . 
Limostono in two layers .............................. . 
Shale, exposed in bed of small intormittont; crook ......... . 

6 

1 

1 

00 :1 

Smith correlates No. 5 of the above with the Nyman eoa!. 
The writer visited this exposure in company with Dr. Smith 
and is inclined to believe this correlation correct. In this case, 
Nos. 7 to 12 are the upper layers of the Tarkio limestone, and the 
main ledge is probably just below water level. . 

The following partial log of a drIlling at Nebraska City 
confirms the above correl alion: 

LOG OF DRILLING AT NEBRASKA CITY, NmBR. 

Stratum. Thickness. Depth. 

Ji'eet. Ji'eet. 
Soil .•................................. " . . .. . . . . . . . 4 4 
Lime (T.arkio). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 8 
Shale (top of Scranton) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 33 
Lime...................... .................... ..... 2 35 
Shale. red. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 40 
Shale, .. blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 55 
Shale, red. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 60 
Shale. blue .......................... ; . . . . . . . . . . . . . . . 22 82 

'OP. cit. 
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LOG OF DRILLING AT NEBRASKA CITY, NEBR.-Continued. 

Stratum. 

Limestone (Elmo cap rock?) ......................... . 
Shale, blue .••....••................................. 
Shale, red ••. ' ..•.....•.............................. 
Sandstone ••.•.•..•.•............................... 
Shale, blue (base of Scranton) ........................ . 
Lime (Howard) .•••.......•......................... 
Shale, blaok (horizon of Nodaway coal) ............... . 

Thickness. 

Feet. 
5 

32 
6 
2 

73 
9 
6 

Depth. 

Feet. 
87 

119 
125 
127 
200 
209 
215 

Another dri.lling, one mile below the shale pit shows: 

OONDENSED LOG OF CROXTON BORING NEAR NEBRASKA CITY. 
NEBR. 

Stratum. 

Alluvium •.•......•..•.....•........................ 
Shale, sandstone and six thin layers of limestone (base of 

Scranton) .••..•••..••••.•.••.•.•................ 
Limestone, blue (Howard) •.•....•..................•. 
Coal (Nodaway) ••.•••..•••••.••..................... 

Thiokness. 

Feet. 
17 

176 
5 

134: 

Depth. 

Feet. 
17 

193 
198 
19934: 



CHAPTER V. 

STRUCTURE. 

REPHESENTATION 01" S1'HlJC:TlJHE. 

Dclincalioll.-----Regionnl structure may be shown in three 
ways, by cross-sections, by models, and by strudure cOr),toUl's. 
Cross-sections 011 a small seale, sueh (IS those in Chapter I. serve 
a useful purpose in showing graphically the general strike and 
dip of the rocks, but in a region where the rocks nre so neDrly 
horizontal as in Missouri, both eross-sections and Inodels (lrc 
inadequate. In this regioIl strueL\lI'c eOllLours delinente the 
structure in greater detail. 

Structure conloW's.--A slrllcturemap is (:onstrueted by 
plotting the altitude of a given datum plane (some easily recog
nized stratum, such as a coal bed) at all points where it ean be 
determined. Points are then united by lines known as structure 
contours, along each of which the datum plane is supposed to 
have the same altitude. Between any two structure contours the 
stratum selected as the datum plane has annltilude mtermediate 
between those of the structure contours on caeh side. The 
struct.ure contours generally have no' eon nee lion with contour 
lines showing the surface topography, and the folds usually arc 
not clearly related to surface features. When the structure 
contours have been placed on the map they show the regional 
dip and strike, thedireetion and magnitude of Lhe folds, and 
the altitude of the datum plane. Where the surface altitude 
is known, the depth of the datum plane may be readily computed. 

Data Jor structure contours.--Thc method described in the 
previous paragraph was used in constructing the strueture map of 
the Missouri Pennsylvanian (Plate XXIII), the Bevier coal being 
selected. as the datum plane on account of its great persistency. 
Although structure contours have been drawn on this horizon 
over most of the Pennsylvanian area of the State, the writer 
does not mean to imply the existence of the Bevier coal under the 
entire area. East of Range 25 and "north of Missouri Hiver, 
there are many outcrops of the Bevier bed; also many mine shafts 
and drill holes that furnish data on its altitude. In this district, 
therefore, the altitudes have been taken directly from the Bevier 

(202) 
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coal. In lhe district south of Missouri River, the Bevier coal 
cannot be certainly identified, and an arbitrary horizon 100 
feet below the upper limestone of the Fort Scott member has 
been used as a datum plane. In the remainder of the Pennsyl
vanian area elevations were first plotted on the base of the 
Hertha limestone and were lowered 300 feet, that being about 
the average vertical distance between the Hertha limestone 
and the Bevier coal horizon. 

Accuracy of structure contours.-The preliminary nature of 
the map has been noted. The reasons for this are many. Only 
a small proportion of the coal-bearing portion of the State is 
covered by accurate topographic maps, so that the majority 
of the altitudes, whether on outcrops, shafts, or drill holes, had 
to be obtained by barometer or, in a few cases, by guess. In the 
northwestern counties only a few drill records reach the Hertha 
limestone and even a smaller number have passed through the 
Bevier coal or its horizon. In this area, the structure has been 
largely inferred from that of the outcropping rocks. This 
method is not altogether reliable, because of the irregular manner 
in which the thickness of the unexposed members varies and 
because of one or more unconformities. One of these, in the 
Pleasanton formation, was accompanied by some warping, so 
that the rocks of the Des Moines group exhibit more folding and 
faulting than those of the Missouri group. In areas where the 
Des Moines group outcrops this structure may be visible, but 
where the Missouri group is at the surface it is usually much 
less marked. 

Many places have not been visited; in ~any others, deposits 
of glacial drift or channel sandstone effectually obscure the under
lying rocks. In these places very few data could be obtained and 
the structure contours are based on information obtained in 
neighboring areas. The contours are necessarily much general
ized, because of the small scale of the map, and mans small 
folds could not be shown. 

Interpretation of the structure map.-The curve of the con
tour lines shows the regional strike and dip, the location, length, 
and direction of the folds, and the degree of folding (vertical 
displacement as compared with the axes of bounding folds). 
In a region where the dip is to the northwest, re-entrant angles 
of the structure contours to the northwest and southeast indicate 
anticlines and synclines respectively. Closed contours show 
the location of discontinuous or unevenly developed folds. The 
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vertical displacement may be computed by comparing the 
altitudes along a line at right angles to the direction of the folds. 
As an illustration, the Bevier coal at Milan lies at an altitude 
of 623 feet; in southeastern Putnam County, at 807 feet; and 
on Chariton River, where it crosses the State line, at 710 feet. 
The dip on the south limb of the anticline is, therefore, 184 
feet in 27 miles; and on the north limb, 97 feet in 10 miles. 

STRUCTURE OF THE PENNSYLVANIAN SERIES IN 
MISSOURI. 

DIP AND STRIKE. 

In general the dip of the Pennsylvanian is approximately 
N. 57° W. and the strike N. 23° E. Locally the dip varies con
siderably, owing to slight folding; and in northern Missouri, 
north of a line that corresponds roughly with the Omaha branch 
of the Wabash Railroad, the general dip is to the southwest. 
This is also true in Iowa, where the line of strike turns to the 
northwest. 

The rocks commonly lie so flat that no dip can be detected 
excepting when large areas are considered; that is, to the eye, 
they are usually quite horizontal. From Kansas City north 
to Hopkins, more than 100 miles, the Hertha limestone dips 
280 feet, or about 2.7 feet per mile. From Macon City to At
chison, Kans., the Lexington coal horizon dips 704 feet in about 
140 miles or about 5 feet per mile. From' Utica, Livingston 
County, west to St. Joseph, the Hertha dips 7.7 feet per mile. 
From Princeton to Rockport, along the north boundary of the 
State, the westerly dip of the Hertha limestone is about 7.5 
feet per mile. The dip of the surface rocks in northwestern 
Missouri appears to be somewhat greater than indicated by the 
figures given, owing to the thinning of the shale members of 
the Missouri group to the north. 

Soutli of Missouri River the general dip is northwestward. 
From Clinton to Kansas City the dip is 420 feet or 6.4 feet per 
mile. From Mi,nden, Barton County, to Kansas City "the 
northerly component of the dip is 550 feet or about 5 feet per 
mile. 

FOLDING. 

It has already been mentioned that the general dip can be 
. deter~ined only when very large areas are considered, and that 

locally the dip may vary considerably. The local structure seems 
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to fall into three classes which, however, are not separated by 
hard and fast. lines. 

The first class of structure comprises the low undulations 
common in the western interior coal field and best shown in 
coal mines with extensive workings or along creek beds. 

The second class is the most striking and includes the small 
areas, usually two or three to a county, in which the rocks dip 
rather steeply and are faulted in a few places. 

The last, and perhaps most important class from an econom
ic standpoint, includes the folds whose axes trend northwest 
and southeast. This class of folding, like the regional dip, 
however, is so gentle that it can be detected only where geologic 
work covers a comparatively large area. Folds such that the 
strata are arched· (convex upward) are called anticlines and 
those that are trough-shaped (concave upward) are known as. 
synclines. They are shown on Plate XXIII, which is a prelim
inary structure map and is subject to revision by future work. 

Minor undulations.-Extensive mine workings or good creek
bed outcrops usually exhibit slight changes in the level of the coal 
bed or outcropping rocks .. In mines, these undulations have no 
definite direction, and it is therefore probable that folding 
has played a minor role in producing them. The variation in 
altitude usually amounts to only 30 feet or less in even the 
larger mines. These minor structural features are probably due 
to slight irregularities of the surface on which the bed was deposit
ed or to unequal settling of the strata after' deposition. 

Small areas of marked folding and faulting.-No attempt 
has been made to show these on the structure map because of 
their small size, the disturbed areas usually covering only a 
few acres. In such places, dips of 15 or 20 degrees are common; 
and near Woodland Mills, Linn County, the rocks are nearly 
vertical. In a few instances, faulting seems to have taken place. 
The structural features vary froni small symmetrical folds to 
irregular dips whose inter-relations can be determined only with 
difficulty. A fault in one of the coal mines at Leavenworth,. 
Kans., is accompanied by a fault breccia in which there are frag
ments of the coal, limestone, and shale beds affected by the fault. 

These disturbances may be explained in two ways. Some 
may be due to solution of the underlying Mississippian, causing 
a collapse of the Pennsylvanian strata; others are probably 
due to the intersection of larger folds, where exceptional straIns 
have resulted in steep dips or faults. 
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Larger folds.-The approximate location of the axes of the 
larger folds is shown on the structure map (Plate XXIII). The 
folds are so gentle, however, that they cannot be said to have 
definite axes and the lines mapped are, consequently, some
what generalized. The anticlinal axes are indicated by dashed 
lines and the synclines by dotted lines. 

The larger anticlines named from points through which 
they pass, are from south to north: the Schell Ci ty-Rich Hill; 

, the Ladue-Freeman; the Centerview-Kansas City; the Richmond 
, St. Joseph; the Salisbury-Quitman; the Tren ton; the College 
Mound-Bucklin; and the Kirksville-Mendola; as shown on 
Plate XXIII. 

The dips associated with the larger folds are extremely low 
as a rule. It is possible, however, that even this slight degree 
of folding may influence the accumulation of oil and gas, but 
many other factors must be considered. There must be a source 
of the oil and gas, there must be a sufficient quantity of water 
to force them into the anticlines, a porous stratum for their pas
sage, and impervious beds to confine them to the porous stratum. 
The absence of anyone of these conditions would probably 
render an anticline valueless as an oil and gas bearer. 

JOINTING. 

All of the limestone and some of the sandstone beds of the 
region are more or less prominently intersected by verlical 
joint planes. Most' of these may be separated into two principal 
and two minor sets, but others strike in random directions. 
Of the principal set, those striking about N. 62° E. are the most 
common, but those whose direction is about N. 3° W. are scarcely 
less abundant. Many of the thinner limestones have been cut 
into rhomboidally-shaped blocks by these joints. The two 
minor sets strike approximately N. 45° E. and N. 45° W., but 
vary within a wider range than those of the principal sets. 
The thicker limestones usually exhibit only the minor jointing. 

ALTITUDE OF THE BASE OF THE PENNSYL
V ANIAN SERIES. 

The configuration of northern and western Missouri prior 
to the deposition of the Pennsylvanian is discussed under "Geo
logic. History." Warping has somewhat .changed the aspect 
of the floor rocks on which the Cherokee shale rests. The 
pre-Pennsylvanian valley that extended n:ortheast from Atchison 
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and Forest" City was tilted up to the east so that the base of the 
Pennsylvanian deposits in Missouri slope~ in general from all 
directions toward a point in Holt County. Here the base of the 
Cherokee shale lies at a lower altitude (800 feet below sea level) 
than at any other place known in the State. 

The altitude of the base of the Pennsylvanian rocks has 
been plotted and lines drawn through points of equal altitude 
as shown in Plate. XXV .. By use of this map, the depth to the 
base of the C'herokee shale can be estimated at any place where 
the altitude of the surface is known. It should be remembered, 
however, that the data on which the map is constructed are 
rather meagre, and the unconformity between the Mississippian 
and the Pennsylvanian causes changes in the altitude of their 
contact within very short distances. These two factors may 
cause errors in places. 



CHAPTER VI. 

GEOLOGIC HISTORY. 

INTERVAL PRECEDING PENNSYLVANIAN 
SEDIMENTATION. 

At the beginning of the Pennsylvanian epoch the area 
included in the present boundaries of Missouri was above sea 
level. The highest part was a. plateau corresponding roughly 
with a tongue projecling into the northeastern parL of the 
State a short distance west of the site of the Mississippi. The 
region now' occupied by the main body of the Pennsylvanian 
was lower, though probably the difference in altitude of the 
two areas was slight. Meanwhile sediments were being de
posited in shallow seas occupying parts of Oklahoma, Arkansas 
and northern Illinois and the waters were slowly advancing over 
adjacent land areas. 

A description of the topography of Missouri just before Penn
sylvanian deposition began must be largely from inference as 
regards details. Broadly considered, the surface of north
western Missouri sloped to the northwest about 4 feet per mile 
to a depression extending from Forest City norlheastward. 
Northwest of this depression the surface apparently rose about 
12 feet per mile. Drillings in eastern Harrison County indicate 
differences in the thickness of Cherokee shale of about 250 feet, 
due in part at least to the uneven contour of its base, though 
so great a local variation is uncommon. Along the present 
margin of the coal-bearing territory early Pennsylvanian topo
graphy was one of late maturity, much modified by the effects 
of solution. The surface rocks were largely soluble limestones 
containing lenticular layers of insoluble and very resistant chert, 
which, after the calcareous material had been worn away or dis
solved, became concentrated as a talus mantle on the slopes and 
accumulated in the stream beds. Large underground channels 
came into existence and many sinks were formed, some of them 
quite large. Ultimately there was developed a karst topog
raphy, similar to that now prevailing in many limestone regions. 

(208) . 
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Although a long time elapsed between the emergence of the 
Mississippian surface and the deposition of Pennsylvanian sedi
ments upon that surface, the earth movements which took place 
In northern and western Missouri during the interval were not 
notable. Except in and near the present Ozark country the 
relationship of the land and sea areas to one another were slowly 
modified without appreciably altering the approximate hori
zontality of the Mississippian strata of northern and western 
Missouri. As a consequence basal Cherokee sediments in widely 
separated areas rest on formations that are not far apart strati
graphically. In northeastern Missouri they lie, in general, 
on the St.Louis limestone, and farther southwest along their 
outcrop zone on the Keokuk and Burlington limestones or their 
equivalents. Back of the basal outcrop, where the Cherokee 
shale is now covered with later sediments, the floor of the Cher
okee sea was, so far as known, also formed by Mississippian rocks. 
It is only on and near the Ozarks that Pennsylvanian strata are 
in con Lact with pre-Mississippian formations or on strata that 
are notably tilled. 

EARLY TRANSGRESSIONS OF THE SEA. 

The Cherokee sea, advancing from the west or south
west, first invaded Missouri ,in the vicinity of Forest City, 
Holt County, and soon extended northeast as a long shallow 
arm through W.orlh, Harrison, and Mercer counties into Iowa. 
When about 150 feet of Cherokee sediments had been laid 
down the arm had broadened out to the southeast so as to 
embrace Buchanan and Platte counties and, a short time later, 
Clay, Jackson, and Livingston counties. After the deposition 
of nearly 400 feet of material in the Forest City area the sea 
covered practically all of the western tier of counties, except 
Atchison, and soon extended eastward into Henry, Johnson, 
Lafayette, Ray, Carroll, Linn, Putnam, and Adair. When 
the Bevier coal bed was formed, near the beginning of Allegheny 
time and after the deposition of 580 feet of material at Forest 
City, some sedimentation had already taken place in all the 
region now occupied, by the main body of the Pennsylvanian 
and in a fairly large area in which there are now only small 
patches remaining. The land area had been reduced to an island 
in southeastern Missouri, with a peninsula projecting into 
Pike and neighboring counties and a small part of a northern 

G-14 
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land mass in the extreme northwestern corner of Lhe Slu lc. 
The western sea continued to ndvanee easl ward, while' an 
eastern sea occupying most of Illinois adv,anced westward. 
Probably by the end of Cherokee time the two seas had joined, 
submerging practically all of northern Missouri and possibly 
nearly all of southern Missouri also. No deposition appears 
to have taken place at this time in the extreme northwestern 
corner of the State, for the Nebraska Ci ly drilling shows less 
than 100 feet of Des Moines stra1n, probably of Pleasanlon age. 

There is still much doubt as 10 whether the Pennsylvanian 
sea finally covered practically all of southern Missouri and sub
merged the Ozarks, though the evidence in h~nd seems to in
dicate that a large part of the region was inundated for a com
paratively short interval, beginning, probably, noar the end of 
the Cherokee epoch. In nearly all the Ozark counties there 
are small outliers or pockets of shale, sandstone. and coal in 
sink holes and other protected situations. Many of these. at 
least. are of Pennsylvanian age, but were probably deposited 
before invasion or after the sea receded from the region. The 
sink holes themselves were certainly formed while above ground
water level and some of them seem to have been deepened while be
ing filled with Pennsylvanian coal and olher materials. The 
remarkably thick pockets of cannel-a coal formed very slowly 
from only the plant products most resistant to decay--were 
deposited in stagnant water that was probably fresh. 

In addition to the pockets. however. sandstone and shale 
of Pennsylvanian age are scattered over the Ozarks in small 
patches capping divides where erosion has not been active. 
These outliers may have been deposited at the time when the 
sea covered all or ~ost of Missouri. The thinness of the prob
able marine Pennsylvanian sediments in all of the Oz@.rks, 
however, indicates that the sea may have retreated again in a 
comparatively short time, probably before the end of the Des 
Moines epoch. If the Warrensburg and Moberly channels 
came into existence late in the Pleasanton epoch, as seems prob
able. a relative uplift of the Ozark took place at that t.ime. 
Moreover, the differences in the sediments laid down in Missouri 
and Illinois during the Missouri epoch, so far as known from strata 
still intact, point toward the presence of a land mass between 
the two areas during that interval. Some of the sands deposited 
in parts of the Missouri epoch are also most easily explained by 
postulating a land mass in 'southern Missouri. The 'overlap of 
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Basal sandstonl3 of Pennsylvanian series, Monegaw Springs, St. Clair County. 
:!1Il 
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Des Moines strata toward the west and the probable deriva
tion of some early Des Moines sediments from an Ozark land 
mass, on the other hand, seem to show that the Ozarks were above 
sea until late in the Cherokee epoch. 

SEDIMENTATION DURING DES MOINES EPOCH. 

As the Cherokee sea advanced upon the old land surface 
its first act was to rearrange the loose weathered materials 
and to fill up existing valleys and caverns. It may be that much 
of the basal sandstone along the southwestern outcrop and under 
cover farther northwest is only slightly rearranged residual 
matter, and that the thick basal fire clays of east-central Mis
souri had a similar origin. The deposit to which Smith applied 
the name Saline Creek cave-conglomerate is the result of the 
filling of underground caverns, in many cases before their sub
mergence. True basal conglomerates are rare and essentially 
local, showing that the drainage from the Ozark land . ma~s 
had been sluggish for !llong time before Cherokee sedimentation 
began. 

Before the formation of the Tebo and Bevier coal beds 
Cherokee deposits consisted almost entirely of clay and sands 
laid down in a shallow sea that occasionally withdrew while 
peats were formed in low-lying swamps. The earlier deposits 
were laid down in submerged valleys and more or less discon
nected bays, and, consequently, varied greatly from place to 
place. About the time the Tebo coal was formed conditions 
became more uniform, and during the later Cherokee depo
sition was slower and remarkably similar over large areas. The 
coal swamps were all of the coastal type and were destroyed 
by invasions of salt or brackish water that were often simultane
ous over large areas. Several of the coals bear very thin per
sistent partings, formed. during temporary sub mergences that 
killed the plants but brought in very little sediment. 

During the later part of the Cherokee epoch· several thin 
marine limestones were formed, closely associated with coal 
beds. There seem to have been cycles of sedimentation similar 
to those in Illinois· which are described by Udden. 1 The 
cycles began with (1) the growth of coal-forming plants; 
follow~d by (2) an invasion of the sea which killed the vegetation, 

lUdden, J. A., Geology and mineral resources of the Peoria quadrangle, 
Illinois: U. S. Geol. Survey Bull. 506, pp. 47-50, 1912. 
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but was favorable to marine animal life ; then (3) an increase 
in sediment killed most of the limestone-forming animals, and 
the basin filled to the surface with muck and sand; and finally 
(4) soil was formed and plant life began to flourish. In Mis
souri a second interval favorable to marine life often inter
vened between stages (3) and (4), so that the soil and plants 
of the final stage were laid upon a thin limestone. Acids derived 
from plant material passed down and dissolved parts of the 
underlying limestone, giving it the nodular appearance charac
teristic of many of the "bottom rocks" of coal beds. 

During Henrietta time a greater proportion of limestone was 
produced. These beds were also marine and some of them 
were probably huge fringing reefs and were' co-extensive with 
at least the region now underlain by the Henrietta formation 
in Missouri. 

Pleasanton time was characterized by the deposition of 
muds and sands under rapidly changing conditions, though' 
some limestone and a few coal swamps were formed. After about 
100 feet of sediment had been laid down, there was probably a 
relative uplift sufficient to cause withdrawal of the sea from most 
of Missouri. The uplift was greater in the Ozark region and near 
the Mississippi than elsewhere, and swift streams flowed from 
these higher lands to the north and west. Several deep, narrow 
valleys characteristic of a region in early topographic youth 
were excavated, and part of the deposits of Henrietta and early 
Pleasanton time were removed in places. During the last 
of the Pleasan ton epoch northern and western Missouri subsided 
and sand and mud were spread over the recently exposed sur
faces, most of which had been only slightly eroded. 

SEDIMENTATION DURING MISSOURI EPOCH. 

The Missouri group seems to have been deposited under' 
conditions which alternated between those of quiet waters, 
which permitted the growth of marine invertebrates but excluded 
clastic sediments to a large degree. and those of unsettled and 
disturbed waters in which 'sandstones and shales were deposited. 
From time to time the more unsettled conditions changed dur
ing short intervals in which lenticular coal or limestone beds 
were formed. While quiet waters prevailed and calcareous 
materials were conspicuous among the sediments, conditions 
were unfavorable for extensive plant growth. Even at other 
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times coal-forming plants succeeded in establishing themselves 
only for relatively short intervals and, with one or two exceptions, 
in comparatively small swamps. The intervals of limestone 
deposition, on the whole, grew shorter as time progressed. 

One of the notable features of deposition during the Mis
souri epoch was the repetition of an alternating succession of 
limestones and thin shales with thicker shales and sandstones. 
Almost exactly similar conditions of sedimentation appear 
to have recurred intermi lLcntly over wide areas. There is 
a, striking similariLY in the Plattsburg and Stanton, Oread, and 
Deer Creek limestones and to a less degree in the Lecompton, 
Topeka and Howard, and the Tarkio and cap rock limestone of 
Nyman coal. In eaeh case the sections show only minor varia
tions from the following succession: 

L LirlloHtono, flup;p;y; <t thin bed (at top), 
2, Shalo, (1mb; a row foot, 
a. !,imosl,oXlO, gn'S, thin-budded; a thick bod. 
4. Shalo, lIhwlc, slaty. 
5. LhneHtono, dark gray, oven-bedded; 1 or 2 foot. 
6. Rbalo. drnl). 
7. J,imostono, blue (at buso). 

In the Plattsburg and SLanton, Oread, and Deer Creek 
members this suceession is typieally shown. In the other 
cases mentioned the plaee of the dark-gray, even-bedded lime
slone (5) seems to be taken in some areas by coal, and the 
limes lone (3) is much thinner. 

'The clastic members have certain resemblances, which, 
however, are no t nearly so striking as those just mentioned. 
Mo~;L of them contain sandstones that vary in apparent strati
graphic position within s110rt distances, and inelude limestones 
that do not maintain uniform thicknesses. 

DEFORMATIONS. 

From the beginning to the end of Pennsylvanian time in 
Missouri earth movements in the region now occupied by the 
series were relatively slow, simple, and uniform. In general 
there was a long-continued subsidence of the region, broken 
by periods of stability and with, perhaps, relative uplift of 
adjacent land areas during several intervals. The uniformity 
of the subsidence is shown by the persistence in thickness, areal 
extent, and character of most of the members of most of the 
formations. The periods of stability culminated in the forma
tion of the wide-spread coal beds, after sedimentation had filled 
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the sea and caused its withdrawal, and ended when a renewal of 
subsidence again let in the saline waters, killing the coal plants. 

The relative uplift of neighboring land areas is indicated 
by the periodic recurrence of irreg~lar deposition and a com
paratively large proportion of arenaceous sediments. In most 
Pennsylvanian formations the strata are remarkably persistent 
and regular, but in the Pleasanton, Douglas, and part of the 
Cherokee formations, and in the Lane, Severy, Scranton and a 
few other members, the strata are variable. An influx of sands 
was usually caused, probably, by changes in the currents of the 
shallow sea, in the direction of drainage lines on neighboring land 
masses, or in the derivation of sediments. During the Pleasanton 
and Douglas epochs, however, the phenomena were somewhat 
more complex. As stated more fully on previous pages, there is 
evidence that the sea may have withdrawn from all or part of 
Missouri in both Pleasanton and Lawrence time while long 
and rather deep channels were formed by sub-aerial erosion. 
These changes appear to have been effected by slight tilling 
and folding in northern and western Missouri as well as by dif
ferential uplift of the Ozark region. 

After the close of the Pennsylvanian there were two periods 
of folding. The first of these resulted in the blocking out of the 
main broad features of the present structure, namely the mono
clinal dip to the west in north Missouri and to the northwest in 
the west-central part of the State. The second period of folding 
caused the formation of narrow and comparatively sharp an
ticlines and associated synclines trending northwest-southeast 
and markedly parallel throughout the Stale. The structural 
features are more fully described in the preceding chapter. 

The following records are representative of the deeper drill
ing that has been done in the region underlain by the Pennsyl
vanian. They indicate the general nature, succession, and 
variation of the formations in different parts of the field. The 
description of the Forest City well is made from a study of the' 
core which is preserved at the headquarters of the Bureau of 
Geology and Mines. 
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LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS' FARM NEAR 
FOREST CITY, MISSOURI. DRILLED IN 1901. 

Stratum. Thickness. Depth. 

Ft. in. 
Pleistocene series: 

Sandy olay, no oore (loess) . . . . . . . . . . . . . . . . 65 
Clay and bowlders, no oore (drift:) . . . . . . . . 10 

Pennsylvanian series: 
Shawnee formation: 

Teoumseh shale: 
Clay shale (no oore) •.....•.............. 

Leoompton limestone: 
Limestone, dark-gray, argillaoeous, very 
fossiliferous, espeoially Fusulina; passes 
into shale ............................ . 

Shale, greenish, very caloareous, fossiliferous. 
Limestone, gray, fine-grained, muoh oaloite, 

partings shaly, very fossiliferous, espeoially 
Fusulina; beoomes shaly at base, not 
sharply separated from underlying shale .. 

Sha1e, gray, calcareous at top, black and 
slaty at base; also some dark layers near 
middle .............................. . 

Shale, clayey ........................... . 
Limestone, dark-gray, oomposed ohiefiy of 

FusuJina, giving core a mottled appearanoe 
Limestone, gray, tinged with green in plaoes; 

fine-grained, argillaceous; has a few oaloite 
orystals; at top grades into a dark olayey 

15 

2 
4 

4 

3 

4 
4 

7 

3 
2 

9 

shale a few inohes thick. . . . . . . . . . . . . . . . 10 4 
Shale, grayish-green; oonsiderably darker at 

the base; slightly oaloareous in plaoes. . . . 3 10 
Limestone, soft, argillaceous. . . . . . . • . . . .... . 10 
Shale, green, very fossiliferous. . . . . . . . . . . . . 2 
Limestone, light-colored, oompaot, fine-

grained, earthy to sugary, fossiliferous; 
grades to shale at the base. . . . . . . . . . . . . . 4 10 

Kanwaka shale: 
Shale, greenish-gray, dark-gray at top; 

pyritiferous. some fossils ............... . 
Shale, gray, considerable mioa and some pyrite 

in upper four feet; few fossils,upper part oal
oareous in streaks and banded with sand; 
middle not caloareous; bottom oaloareous; 

4 7 

lower foot has a nodular texture. . . . . . . . . 12 3 
Limestone, dark, very shaly at top where 

it grades into above; lower part gray; 
alternate light and dark patohes bounded 
by fossils; pyritiferous. . ... . . . . . .. . .. .. . 3 2 

Shale, gray; oaloareous at top and bottom. 
Ten inohes from top is a hard bituminous 
bowlder of blaokish-brown 00101', with a 
thin one-half inoh seam of coal on eaoh 
side.................................. 1 11 

Shale, greenish-colored; upper portion cal
careous; slightly caloareous near the 
bottom ...... ........... , ......... ~ .... , .... , . , .. 11. :? 

Ft. in. 

65 
75 

90 

92 
96 

101 

104 
104 

105 

115 

118 
119 
119 

124 

129 

141 

145 

147 

l58 

4 
8 

3 

6 
8 

5 

9 

7 
5 
7 

5 

3 

5 

4 
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LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS' FARM NEAR 
FOREST CITY, MISSOURI. DRILLED IN 1901-Continued. 

Stratum. Thickness. 

Ft. in. 
Pennsylvanian series-Continued. 

Douglas fcrmation: 
Oread limestone: 

Linlestone, dark-gray, 
grained, argillaceous, 
fossil fragments being 

granular, medium
sub-oolitic, tho 
surrounded by 

concentric bands, fossiliferous .......... . 
Shale, gray, calcareous and fossiliferous .... . 
Limestone, dark-gray, very fossiliferous; 

medium-grained, very irregular bedding 
planes and diagonal jOinting; has several 
dark bituminous shaly partings ........ ', 

2 

6 
Limestone, dark-gray upper eight feet; re

mainder light-gray, irregular shaly part
ings, fossiliferous, pyritiferous, calcite 
lining and filling fossil cavities, stylolites. 21 

Shale, first foot is light-greenish colored and 
calcareous grading to black with thin 
lighter-colored calcareous bands; small 
crystals of pyrite, ............... , .... . 

Limestone, gray, with shaly bands, numerous 
fossils ............................... . 

Shale, gray and greenish, becoming clayey 
toward b'ase ......................... . 

Clay shale, light-green, calcareous ........ . 
Limestone, greenish, soft, shaly, nodular .. " 
Limestone, gray, with much green shale 

grading to green shale; very fossiliferous, 
especially.where shaly ... , . , ......... , . , 

Lawrence shale: 
Shale, green, calcareous ........... , , , , , . , 
Clay shale, dark gray ............ , .. , ... . 

Cl:~T bS!:~~;l ~~~e.n.' . ~~l~~~~~~~,. ~~~~l: .. p.~r.~I~1 
Clay shale, dark purplish, mottled with 

green, calcareous, .................... . 
Shale, green, with purplish bands; sandy, 

slightly calcareous .................... , 
Limestone, mottled gray and brown; com

pact, with occasional irregular parting 
planes of shale, giving a brecciated appear
ance; contains much disseminated calcite 
(Amazonia limestone) ............... ,' I 

Shale, dark-gray, arenaceous, thinly lam
inated, having a greenish cast in places; 
some mica; pyrit~ in rat,her large PieceS"'1 

Shale, dark-gray, mlCaceous .............. . 
Sandstone and sandy shale interbedded; 

light and dark banded, thin bedded, mi-
caceous, pyritifer.ous, fossiliferous ....... . 

Shale, gray, pyritiferous, Slightly calcareous 
in places, especially toward bottom ..... . 

Limestone, soft, very fossiliferous, argil-
l~ceot!s .•...•.•.• , •.•••.•..•.......... 

3 

2 

2 
8 
2 

4 

1 

5 

1 

11 

4 

10 
2 

77 

9 

1 

8 
5 

8 

10 

6 

7 
8 
2 

6 

5 
2 

3 

3 

11 

4 
4 

8 

Depth. 

Ft. in, 

161 
161 

168 

189 

193 

195 

198 
206 
209 

213 

214 
215 

220 

221 

232 

237 

247 
250 

327 

336 

337 

2 
7 

3 

3 

7 

2 
10 

6 

11 
1 

1 

4 

7 

6 

10 
2 

10 

10 

10 
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LOG OF" DIAMOND DRILL HOLE ON W. F. DAVIS' FARM NEAR 
FOREST oIJITY. MISSOURI. DRILLED IN 1901.-Continued. 

Stratum. IThickness. Depth. 

. Ii Ft. in. Ft. in. 
Pennsylvanian series-Continued. 

Lawrenoe shale-Continued. 
Shale, flne-grained. very calcareous. . . . . . . 5 5 343 3 
Shale. green. mottled near the base; veryl 

calcareous. due to large irregular patches I 
of limestone .................. :. . . . . . . . 4 7 347 10 

Iatan limestone: 
Limestone. gray. nodular. imbedded in 

green. caloareous shale ................ . 
Weston shale: 

Clay, gray and shaly at top; greenish. withl 
purple layer at base .................... i 2 4 

Shale, in part clayey, greenish-gray. mi-I 
oaceous, especially towards the bottom .. 1 8 2 

Shale. blue, green, brown and nearly black;1 
calcareous, slightly mioaceous in places; 
middle part of bed somewhat banded by, 
hard brown ferruginous layers one-halfl 
inch thick; well laminated except at top,1 
where it is olayey. . . . . . . . . . . . . . . . . . . . . . 39 10 

Shale, dark-blue, sandy and pyritiferous 
new top; contains occasional hard brown 
ferruginous bands ..................... . 

Lansing formation: 
Stanton limestone: 

Limestone, medium-grained, argillaceous"l 
g{!ay with light-colored areas around a 
dark nucleus; very shaly at top; small~ 

amount of calcite .................•.... j 
Limestone, dark-gray, very argillaceous, 

arenaceous, fossiliferous, brachiopods mostl 
common ..................•........... ' 

Clay shale, greenish ...................... [ 
Limestone, light-colored, mainly fine-grained;1 

very argillaceous, especially at the top, 
I 

and bottom. About four feet from thei 
top are stylolltes and drusy cavites linedi 
with calcite crystals. Fossiliferous, es
peCially at the bottom. This bed consists 
of alternating dark and light bands, due 
to the presence of numerous fossils, mainly, 
Fusulina ............................. 1 

Shale, black .....................•....... 
Shale, dark-gray, calcareous, black near thel 

base; black streak occurs about two feet: 
ten inches from the top; lower part fossil-I 
iferous ........................•...... i 

Limestone, buff and compact at top, withi 
calcite crystals at partings; after two feet' 
grades to a more argillaceous type which I 
has a dark color. The light-colored por-I 
tion is thoroughly crystalline and fossil-i 
iferous ..•......•.•................... l 

10 

5 

3 
2 

7 

7 

3 

11 

4 

1 

2 
3 

2 

2 

356 10 

359 2 

367 4 

407 2 

418 1 

423 . 5 

426 6 
428 7 

445 
447 

454 

457 

9 

2 

4 
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LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS' FARM NEAR 
FOREST OITY, MISSOURI. DRILLED IN 1901-«lontinued. 

-_._--_ .. _------------_._---

Stratum. Thickness. 

Ft. in. 
Pennsylvanian series-Continued. 

Vilas shale: 
Shale, dark-blue; very calcareous, contains 

one or two bands of limestone. . . . . . . • . . . 10 
Shale, dark-green ....................... . 8 
Shale, greenish, mottled with gray, very 

calcareous. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 
Plattsburg limestone: '" 

Limestone, light and dark-gray, fine-grained, 
argillaceous, having a granular texture. 
Portions of this bed resemble white 
"cotton rock," which alternates with thin 
bands of dark, shaly limestone. . . . . . . . . . 4 9 

11 Shale, black, calcareous ................. . 
Limestone, gray, fine-grained, argillaceous 

at top and bottom. Includes irregular 
bands of dark argillaceous limestone at 
different places; the shaly bands are es
pecially fossiliferous; contains much dis-
seminated calcite in middle portion ..... . 

Shale, gray to dark-gray, calcareous, lower 
13 inches practically argillaceous lime-
stone .................. " ............ . 

Limestone, dark-gray, argillaceous; increas
ingly argillaceous at top and bottom; 
lower half very fossiliferous ............ . 

Limestone, light-gray, fossiliferous, medium
grained, sub-oolitic, contains some dissem-
inated calcite ..... " .................. . 

Shale, greenish ......................... . 
Limestone, light-gray. fine-grained, having 

much the appearance of cotton rock ..... 
Lane shale: 

Shale, dark-blue, fossiliferous ............. . 
Limestone, very fossiliferous, argillaceous; 

rather coarse granular texture .......... . 
Limestone, dark-gray argillaceous. fossil

iferous; contains 3-inch band of very dark 
calcareous shale ...................... . 

Shale, dark, calcareous, containing two 
3-inch bands of gray argillaceous lime-
stone ................................ . 

Shale, light greenish-gray ................ . 
Shale, gray, calcareous; upper 14 inches is 

practically an argillaceous limestone .... 
Shale, dark grayish-green, calcareous and 

arenaceous; about 16 inches from base is 
10 inches of argillaceous, gray, fossil-
iferous limestone ..................... . 

Shale, light and dark-gray, in places banded, 
arenaceous at toP. the lower 3 feet 6 inches 
calca-fooUS a-nd very fossiliferous ....... . 

9 

5 

2 

6 

10 

9 

6 
7 

8 

2 3 

11 

3 5 

3 4 
1 6 

3 4 

14 6 

16 1 

Depth. 

Ft. in. 

467 
468 

469 

474 
475 

484 

486 

492 

494 
495 

4 

5 

2 

7 

5 

2 

8 
3 

496 11 

499 2 

500 1 

503 6 

506 10 
508 4 

511 8 

526 2 

542 1 
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LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS' FARM NEAR 
FOREST CITY, MISSOURI. DRILLED IN 1901-Continued. 

Stratum. Thiokness. Depth. 

Pennsylvanian series-Continued. 
Kansas City formation: 

lola limestone: 
Limestone, light-gray, somewhat ooarsely 

orystalline, shaly at top and at intervals 
throughout. Upper part oontains few small 
drusy oavities lined with o~loite. In some 
places a fresh fraoture exhibits a brownish 
and grayish mottled appearance; fossils 

Ft. in. 

prominent. . . . • . • • . . . . . . . . . . . . • • . . . • . . 11 
Chanute shale: 

Limestone. very argillaceous, alternating 
with shale, very oalcareous; fossiliferous, 
especially the shale. The limestone bands 
are light-gray and the shale bands are 
dark-gray to almost blaok (Raytown 
limestone) ................•........... 

Shale, upper part dark, almost black; 14 
inohes of this is very bituminous; the 
remainder is chiefly a greenish color and 
oaloareous throughout. There are two 
3-inoh bands of argillaoeous limestone in 
this bed; fossiliferous ..•................ 

Shale, gray and greenish-gray, caloareous, 
clayey; near base is 16-inoh bed con
taining irregular-shaped limestone nodules 

Limestone, gray, argillaceous nodules em
bedded in greenish shale; fossiliferous; 
has a coarse granular texture partly crys
talline and becomes more solid toward 
base (probably Cement City limestone) .. 

Shale, green, calcareous, espeoially near top 
and bottom; near base are irregularly-
shaped limestone nodules .............. . 

Drum limestone: 
Limestone, gray, slightly argillaoeous; semi

crystalline sugary texture; irregular wavy 
shaly bedding planes .................. . 

Limestone, very argillaceous; has a mottled 
appearance due to the extremely irregular 
manner in which the shale and limestone 
are intermingled; limestone, light-gray; 
shale, greenish-gray; near the top is a 
6-inoh band of oaloareous shale ......... . 

Cherryvale shale: 
Shale, gray, oalcareous; limestone oocurs in 

'irregular masses ...................... . 
Limestone, shaly· .•••.....••.•..•........ 
Shale, dark. bituminous, oaloareous ..•..... 
Limestone, mottled light and dark-gray by 

irregular distribution of shale partings ... 
Shale, dark-gray, caloareous, bituminous, 

alternating with very argillaoeous lime-
stolLe . ......... f ••• , ••••• , ••••• , , , ~ • , • 

5 8 

7 1 

8 2 

4 1 

4 2 

2 11 

5 7 

1 11 
1 11 

10 

1 3 

6 8 

Ft. in. 

553 3 

558 1'1 

566 

574 ~ . 

578 3 

582 5 

585 4 

590 11 

592 10 
594 9 
595 7 

596 10 

603 6 



220 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

LOG OF DIAMOND DRILL HOLE ON W. 1". DAVIS' FARM NEAR 
FOREST CITY, MISSOURI. DRILLED IN 1901-Continued. 

Stratum. i'l'hlcknoss. Depth. 

1<'t. in. 
Pennsylvanian series--:Continued. 

Cherryvale shale-Continued. 
Shale, dar],-colored, bituminous, oalcareous.. 3 
Shale, alternating with bands of dark-gray, 

argillaeeous limestone; fossiliferous; be
comes more calcareous at base grading 
to nodular limestone; sharply separated 
from underlying limestone. . . . . . . . . . . . . . 14 

Winterset limestone: 
Limestone, light-gray, compact, crYl:!tallino,' 

having a medium-grained ground-mass 
through which are distributed small calcite 
crystals, evidently a replacement of fossilt! 7 

Shale, dark, calcareous .................. . 4 11 
Shale, greenish-gray, calcareous toward the 

toP •.........•........••••.•.....•... 2 3 
Limestone, light-gray, medium-grained, 

06litic, fossiliferous; finely porous; con
tains pink barite and pyrites on what 
appears to be a vertioal joint; texture 
similar in many respects to that at 627-7 

Limestone, fine-grained; similar to above; 
in 3 beds; less porous and shows less 
06litic texture; lower 18 inches argilIaceouB 

4 7 

and fossiliferous ...•................... 4 4 
Limestone, fine-grained; oillitio and fossil-

iferous; Fusulina common .............. . 
Limestone, light-gray, argillaceous, altornat

ing with dark-gray calcareous shale, 
fossiliferous; limestone flne-grained; from 
644-6 to 646-2 and from 652-6 to 656-6 
limestone predominates; these limestones 
contain small nodules of black fossil-
iferous chert. . . . . . . . . . . . . . . • . . . . . . . . . . 14 

Limestone, gray, with thin partings of dark 
shale; in places the limestone is colored 
brownish with what appears to be bitum
inous material; cherty, calcite, very fossil
iferous; darker and more shaly toward 
base. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Galesburg shale: 
Shale, black, very bituminous; calcareous, 

especially at top. . . . . • . . . . . . . . • . • • . . • . . 3 
Shale, gray, clayey; calcareous at top and 

bottom. . ...••..........•...••. ....... 2 
Bethany Falls limestone: 

Shale, green, calcareous, passes into lime
stone nodules embedded in shale; upper 
part of bed and lower part chiefly lime-
stone; grades into next bed below. . . . • . • . 3 

10 

6 

6 

1 

7 

3 

ITt. in. 

606 

020 

6il7 
6ail 

634 

639 

643 

044 

~59 

669 

672 

675 

678 

6 

7 

7 
tl 

9 

4 

6 

6 

7 

2 

5 
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.. -.----.--------~------.. -.----~---.. --.-------------
Stratum. Thickness. Depth. 

------------------------------------~---I---------I----------

Pennsylvo.nio.n serlcs-Continued. 
Bethany Falls limestone-Continued. 

I,imestone, gray, showing light and dark 
mottled appearance; parting planes arc 
extremoly irnlgular, giving the surfaoe a 
broooiated appearanco; Jowor portion con
tains cOIlslderable 8111110 mixed through 
the limos tone, which shows stylolitos; 

Ft. in. 

lowor portion fOflHlliforolls.............. 7 4 
l.imestono, olllitio, very hard, oontainlng 

many small cavities; stylolites numerous 
and prominent ................ '.' . . . . • . 2 10 

J.imestone, gray, rathor fino-grained, with 
dissominated calcite crystals; upper part 
aomewho.t pYl'ltifcrous; shaly layors, fossil-
I fcrouB. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 7 

I.adore shale: 
Shalo, dark, bituminous, calcareous. . . . . . . . 3 5 
I,imeatone, very argillaceous; grading to 

flhale above and below. . . . . . . . . . . . . . . . . 7 
Shale, greenish, calcareous. Sliokensides... 5 4 
J,lmestone, o.rg!1laoeous. • . . . . . . . . . . . . . . . . . 10 
Shale, oontalning irregular nodules of lime-

stone. . .. . . .. . . . . . . . . .. . . . . . . . . .. .. .. . 2 
J.irnestono, arglllaooous ... , . . . . . . . . .. .. . . . 6 
Shale, oaloareouB ...... .-. • . . . . . . . . . . . . . . . 6 
l,\mostono, argillaceolls ....... , . . . . . . . . . . . 4 
Shale, eontainlng irregular nodules of limo-

stone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Shale, dark-green, oaloareous. . . . . . . . . . . . . . 6 

Hortha limestone: 
Limestone, gray, with shaly partings, oc-

casional cavities lined with oalclte orystals; 
fossiliferous styoUtes. . . . . . . . . . . . . . . . . . . 12 11 

Pleasanton and Henrietta formations: 
Shale, blue-gray, oaleareous, sandy, fossil-

iferous, pyritiferous. . . . . . . . . . . . . . . . . . . . 1 6 
Sandstone, dark and light bands, shaly, 

pyrltiferous, very oaloareous. . . . . . . . . . . . 4 11 
Coal, oontalns fossil plants (Ovid). . . . . . . . 6 
Clay, blue-gray, arenaolous; darker and 

oarbonaoeous at top; shall' at base... 2 4 
Sandstone, grayish, fine-grained, oaloareous; 

thin-bedded at top; more massive in lower 
portion; pyritiferous and oontains numer
ous small pebbles near top; mioaceous be-
tween 737-10 and 742-10............. 8 6 

Sandstone, blue, argillaoeous, fine-grained, 
pyrltiferous, mioaoeous. . . . . . . . . . . . . . . . . 4 11 

Sandstone, greenish-gray, rather ooarse
grained, having a spotted appearance; 
caloareous, fossiliferous, pyritiferous, mi-
oaoeous in p~oes. . • . . . . . . . . . . . . . . . . . . . 4 5 

Ft. in. 

685 9 

688 7 

098 2 

701 7 

702 2 
707 6 
708 4 

709 6 
710 
710 6 
710 10 

711 8 
712 2 

725 1 

726 7 

731 6 
732 

734 4 

742 10 

747 9 

752 2 
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-------------------------

Stratum, 

Pennsylvanian series-Continued. 
Pleasanton and Honrietta formations-Continued. 

Shale, grayish-blue; between 766-9 and 
771-9 calcareous and increasingly so 

Thickness. Depth. 

Ft. in. Flo in. 

toward the base _ ..... , ......... , , ... '. . 19 7 771 
Limestone, darl{-gray, argillaceous, fOSSil-I 

iferous, hard ...... , , ... , ............ , . 3 5 775 2 
Shale,. ~ark-colored,. calcarc'ous, arenaceous'l 

PYrItlferous, fossillferous .. , ..... , ...... '1 
Shale, green, sandy, clayey; oalcareous in 

7 

places, especially at base ......... _ . . . . 3 9 779 4 
Limestone, light-colored; argillaceous chiefly 

at top and bottom; flne-grained, compact, 
with small disseminated oalcite grains .. 1 

Shale, green, upper half calcareous .... , ... 'j 
Clay and shale, blue, green, black and 

brown calcareous, arenaceous, bituminous 
at top and a bituminous bed lower in the 
seotion ............................... . 

Limestone and shale, nodular; limestone 
gray; shale brownish-gray; shows fine 
cross fractures which have been re-
cemented with calcite ....... , ... , ..... . 

Shale, greenish, calcareous, with several 
thin irregular bands of limestone. , ..... . 

Limestone, somewhat crystalline; several 
thin partings of shale ..... , , , .. , ...... . 

Sandstone, light-green, flne-grained, argil
laceous; from 802 to 810 dark-green and 
more shaly; micaceaus and very fine-
grained ...... , .. : ....... , .. , .... , .... . 

Shale, gray, banded with red and green .... . 
Clay, dark-gray ..... , , . , ... _ .. , ........ . 
Limestone, greenish, mottled, argillaceous, 

passing into a very calcareous shale in 
lower two' feet; fossiliferous., ...... " .. . 

Shale, light to dark-gray, and nearly blaclc; 
in part clayey ... _ ........... , ........ . 

Clay shale, greenish ... , ................. . 
Shale, greenish, fossiliferous, passing intol 

greenish-gray, argillaceous limestone. , ... _ 
Shale, light to darlc-gray; in part clayey. , .. . 
Shale, greenish, very calcareous, fOSSil-II 

ifer~us, pass~s in places to fossiliferous, 
arglllaceous hmestone, .... -, •...... , , ... 

Cherokee shale: 

Shale, blaok, with a thin layer of coal 
(Lexington) at bottom ...... , , ...... , .. 

Clay shale, dark-gray at top, light-gray 
toward base .•......•................ , 

Limestone, gray, argillaceous; grading to 
shale above and below; fOssiliferous ••.. 

Clay, light-gray, calcareous •......• , ..... , 

1 
1 

9 781 1 
4 3 782 

I 
\) 2 "I 791 6 

3 2 794 8 

4 5 799 

1 5 

9 6 
2 6 
2 8 

5 4 

3 8 
1 4 

3 5 
3 2 

2 11 

10 

6 7 

5 7 
2 

800 6 

810 
812 6 
815 2 

821 6 

825 2 
826 6 

829 11 
833 1 

836 

836 10 

843 5 

849 
851 
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Stratum. Thickness. Depth 

Ft. in. 
Pennsylvanian series-Continued. 

Cherokee shale-Continued. 
Shale, green, micaceous, arenaceous. . . . . . . . 1 4 
Shale, reddish· brown, arenaceous, micaceous, 

with two thin greenish beds, slicltensided. . 3 7 
Shale, slaty, dark-gray, arenaceous, mica

coous in places: ca.Icareous, especially in 
the last 5 feet. . . . . . . . . . . . . . . . . . . . . . . . . 10 

Limestone, medium dark-gray, fine-grained, 
argillaceous at the top, arenaceous at the 
bottom. Very fossiliferous, brachiopods 
and a species of Chonetes resembling 
granulifer especially common; calcite crys-
tals. . . ............................... 2 

Sandstone, dark bluish-gray, fine-grained, 
argillaceous, micaceous; calcareous at top 5 5 

8 13,l1ale, black, slat~·; rather arenaceous at top 7 
Sha.!e, liko above. From 883 to 887 more 

calcareous and fossiliferous and less slaty; 
two feet from the base occurs about 8 
(nches of very bituminous shale; calcite in 
fraoture planes .... .' .................. . 

Coal, bony; has white scale on vertical faces 
(Summit) ........................... . 

Sandstone, hard, gray, rather coarse-grained, 
with irregular very thin bands of carbo
naoeous matter; Slightly calcareous, pyri-
tlferous .... , ....... " ................ . 

Sandstone, fine-grained, very argillaoeous, 
pyritiferous .......................... . 

6hale, dark-gray, arenaoeous, upper few 
Inches fossiliferous ...................... I 

Clay, calcareous ...................... ',' . 
LlrnAstone, compact, fine-grained, fossil-

Iferous, argillaceous ................... . 
Limestone, dark-COlored, very argillaceous, 

fossiliferous, grades into shale, brachiopods 

common ..•.......... ················ . 
Shale, gray and black, alternating; calcareous, 

especially the gray bands. The middle 
" feet and a six-inch band near the top are 
very bituminous; in general becoming 
darker and more slaty toward base ...... . 

Clay, gray .. , .......... ················· 
Limestone, greenish, argillaceous ......... . 
Shale, green, calcareous; slightly arenaceous 
Limestone, light-gray, very. argillaceous; 

occasional calcite crystals .............•. 
Shale. green to black, slaty, calcareous ..... . 
Limestone, fine-grained, very carbonaceous, 

argillaceous ......•.................... 
Shale, dark; many very thin argillaceous 

limestone bands; about 6 inches at the 
top Is black, slaty, and carbonaceous ..... 

8 

4 

4 4 

1 3 

3 4 
1 

2 9 

6 

8 10 
3 
2 2 
4 2 

2 3 
1 6 

8 

3 

Ft. in. 

852 4 

855 11 

865 11 

867 11 

873 4 
881 

889 

889 4 

893 8 

894 11 

898 3 
899 3 

902 

908 . 

916 10 
919 10 
922 
.926 2 

928 5 
929 11 

93.0 7 

933 7 
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Stratum. .....!!. ___ Thickness. I Depth. 

Pennsylvanian series-Continued. 
Cherokee shale-Oontinued. 

Shale, greenish, clayey, almost black at the 
top, calcareous, arenaceous ............. . 

Sandstone, fine-graincd, argillaceous, cal-
careous in places, pyritiferous .......... . 

Shale, green, arenaceous, micaceous; the 
upper 7 feet 4 inches practically argillaceous 
sandstone. l\1any lamellibranchs and 
brachiopods .......................... . 

Shale, dark grayish-blue, almost black in 
places; very fine-grained; slightly arena
ceous, pyritiferous and contains many hard 
brown calcareous spots; fossiliferous ..... 

:!:.iimestone, brownish-black; very fossiliferous, 
carbonaceous, argillaceous, arenaceous 

Productus cora especially abundant ..... . 
Coal, rotten (Bedford) ................. . 
Shale, gray, pyritiferous; contains pieces of 

carbonized wood; at the base arenaceous 
and micaceous ....................... . 

Sandstone, micaceous; increasingly calcareous 
toward the base ...................... . 

Coal, pyritiferous (Bevier) .............. . 
Shale, bluish-gray, micaceous, carbonaceous 

in upper par:t ........................ '. 
Sandstone, gray, soft, argillaceous; carbo

naceous in plaoes; pyritiferous, contains 
numerous hard brown ferruginous beds 
throughout; micaceous and shows a finely 
laminated structure; grades into a shale 
near the bottom; fossils are numerous, 
among which are plants ................ 1 

Shale, dark-blue to blaok; has several veryl 
hard, brown, ferruginous bands usually 
less than one-half inch thick; the last six 
inches is very carbonaceous ............ . 

Shale, greenish to brown, fossiliferous, with 
calcareous bands and nodules .......... . 

Shale, black, slaty, carbonaceous ......... . 
Limestone, greenish-gray, compact, argil-

laceous, earthy texture ................ . 
Shale, slaty, calcareous and carbonaceous .. . 
Limestone, dark, bituminous, fossiliferous, 

argillaceous; has dark-gray fucoidal mark 
ings ................................. . 

Shale, black, slaty, carbonaceous .......... 1 

Limestone,. brownish-black, compact, argil-
laoeous, fossiliferous ................... . 

Shale, black, slaty, carbonaceous •......... 
Limestone, brownish-black, compact, argil

laceous, fossiliferous ...•................ 
Shale, black, slaty, carbonaceous ......... . 
Coal (Tebo?) .................. " ........ . 

PI. in. 

3 

7 

17 

1 

6 

1 
1 

1 

7 

5 

6 

8 
4 

9 

3 
2 

4 

7 6 

18 1 
1 

8 
1 10 

11 
1 1 

4 
1 9 

8 
2 2 
1 3 

]-i't. in. 

936 

944 

961 

!l84 

986 
986 

993 

994 
995 

997 

1004 

7 

6 

2 

6 

3 

6 
8 

1011 6 

1029 7 
1030 7 

1031 3 
1033 1 

1034 
1035 1 

1035 5 
1037 2 

1037 10 
1040 
1041 3. 
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Stratum. Thiokness. Depth. 

Pennsylvanian series-Continued. 
Cherokee shale-Continued. 

G-15 

Clay, dark-gray; beooming sandy below and 
oontaining numerous small pebbles and 
grains of quartz; pyritiferous and fossil-
iferous ...................••.......... 

Clay, \!ght-gray, sandy .......... _ •.......• 
Sandstone, fine-grained, greenish, very argil

laoeous, shaly in places; very pyritiferous 
and slightly calcareous at the top; becomes 
micaceous in lower part ......•........• 

Shale, rather dark-gray, arenaceous with 
numerous very irregular hard brown 
ferruginous concretions and alternate dark 
and light bands .............••....... 

Shale, blaok, oarbonaceous ............... . 
Coal. .........................•.••.•... 
Shale, dark-gray, clayey, carbonaceous, 

sliokensided .......................... . 
Sandstone, gray, flne-grained, mioaceous, 

fossiliferous .......................... . 
Shale, black, slaty toward bottom ..•...... 
Coal ................•.................. 
Shale, gray, arenaceous; clayey at top; con-

talns irregular calcareous patches and 
hard brown ferruginous nodules and 
bands; very pyritiferous, fossiliferous and 
slickenSided .......................... . 

Shale, grading from dark-green to black; 
caloareous; micaceous toward the bottom 

Clay, brownish, very sandy; grading to 
sandstone below ...................... . 

Sandstone, light-colored, greenish-tinted; mi
caoeous, with irregular brown caloareous 
nodules. The upper 12 or 15 inches are very 
argillaceous, being a gradation from the 
overlying bed ••....................•.. 

Sandstone, dark-grayish to greenish, shaly, 
somewhat mioaceous ........••••••..•.. 

Sandstone, very micaceous ••••...•••.... 
Sandstone, shaly. The shale in this bed 

occurs in thin wavy laminae separating 
the sand into thin bands. Very micaceous, 
with alternate gray and brown color .... 

Sandstone, like above, exoept an increase, in 
thickness of shale bands .•......•... , .. 

Shale, sandy in part; pyrltiferous and cal-
careous; micaceous ...••.••..•..•..•... 

Shale, dark bluish-gray .......••••.••.• ·· 
Shale, black; one foot from the top is a 14-

inch band of dark-gray shale, the remainder 
being chiefiy black with irregular hard 
brown areas at intervals. Somewhat cal
oareous in places and in others very car
bonaceous i fossiUfero1ls •..•..•.•...•••. 

Ft. in. Ft. in. 

2 
2 

6 

4 
3 

1043 
1045 

3 1051 

3 1055 
8 1059 

1060 

4 1060 

3 
3 

6 

9 
5 
5 

9 

4 1064 9 
5 8 1070 5 

9 1071 2 

8 9 1079 11 

2 7 1082 6 

2 4 1084 10 

10 1094 10 

2 4 1097 2 
10 1098 

7 2 1105 2 

5 6 1110 8 

9 4 1120 
7- 7 1127 7 

13 5 1141 
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Stratum. 

Pennsylvanian series-Contioued. 
Cherokee shale-Continued. 

Coal. pyritiferous ....................... . 
Clay. gray. pyritiferous .................. . 
Shale. brown, iron-stained. very hard ...... . 
Sandstone, dark, argillaceous; slickensided .. 
Shale, dark, pyritiferous; arenaceous at top 
Shale. black, very carbonaceous ......... . 
Shale, dark-colored, clayey. arenaceous, with 

numerous hard brown ferruginous bands 
and nodules ......................... . 

Clay. light-colored, sandy ................ . 
Sandstone, light-colored, medium-grained; 

discolored in irregular patches by brown 
ferruginous material .................. . 

Sandstone, bluish-gray, finely-banded, very 
argillaceous, micaceous; lower part speckled 
with brown grains .....•.•.....•....... 

Shale, dark-colored, arenaceous at toP ..... . 
Sandstone, light-colored, fine-grained, mi-

caceous ............................... . 
Shale, dark-gray, containing some mica; 

slickensided ...•....................... 
Shale, black, with many irregular hard, 

brown, ferruginous masses ............. . 
Shale, black, slaty, pyritiferous ........... . 
Sandstone, very argillaceous ............. . 
Shale, dark-blue to nearly black, arenaceous, 

numerous brown, ferruginous bands, mi-
caceous and pyritiferous .............. . 

Wasted core ........................... . 
Sandstone, brownish-black, hard, calcareous, 

fossiliferous .......................... . 
Shale, black, slaty, hard. calcareous, charac

terized by alternating thin gray and black 
bands; some hard, iron-stained bands, also 
pyritiferous; grades into shale below ..... . 

Shale, light grayish-green; contains sandstone 
in bands, the amount of sand increasing 
toward the base; pyritiferous ........... . 

Sandstone, light-gray, fine-grained. slightly 
micaceous ...•..........••.•..••••.•.. 

Shale, greenish-gray; contains small sand
like granules which appear as black specks 
on the surface. These are tho.ught to be 
iron carbonate, partly or completely altered 
to iron oxide. This shale has a rough 
granular texture as a result of the dissem
inated particles of siderite .•••.•....••.. 

Sandstone, greenish, argillaceous; contains 
granules similar to those in snale above 
also iron-stained in irregular' areas ..... .' 

Thickness. Depth. 

Ft. in. Fl. in. 

9 1141 9 
4 

1 
2 

3 
5 
2 
5 
3 

7 10 
1 11 

4 

3 
2 

8 

6 
6 

1 10 

1 3 

2 4 
6 5 

6 

3 4 
2 2 

2 3 

16 

1146 
1146 
1147 
1150 
1150 

1158 
1160 

1164 

1168 
1170 

1172 

1173 

1176 
1182 
1183 

1186 
1188 

1190 

1206 

5 
7 

3 

1 

8 

2 
8 

6 

9 

1 
6 

4 
6 

9 

9 

7 5 1214 2 

1 6 1215 8 

10 1216 6 

1 4 1217 10 
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Stratum. 

Pennsylvanian series-Continued. 
Cherokee shale-Continued. 

Shale, greenish-gray. arenaoeous at the top; 
grades into a dark-gray non-arenaoeous 
shale; sliokensided .................... . 

Sandstone, light bluish-gray. fine-grained; 
oaloareous and argillaoeous in plaoes; 
mioaoeous. Brown siderite partioles are 
prominent and in the last 18 inohes form 
rather large masses ................... . 

Shale, blaok. slaty, oarbonaoeous, with thin 
ooal seams ........................... . 

Sandstone, gray, fine-grained, mioaoeous; 
has bluish argillaceous bands near the 
bottom. Fossiliferous; numerous plan t 
remains. Small brown granules similar to 
those observed above ................. . 

Shale, dark-bluish; lower 5 inohes blaok, 
above whioh are seven inohes of pyritif-
erous shale .......................... . 

Shale, dark-blue to blaok, with hard, brown 

Thiokness. Depth. 

Ft. in. Ft. in. 

4 6 1222 4 

5 3 1227 7 

2 1229 7 

6 9 1236 4 

3 8 1240 

bands; pyritiferous ...... : . . . . . . . . . . . . 11 4 1251 
5 1251 
4 1252 

4 
9 
1 

Coal .................................. . 
Clay, dark-gray. sandy, with ooal partings .. 
Sandstone, fine-grained, mioaoeous; has thin 

ooal partings usually diagonal to the oore. 
fine brown granules. Near the top the 
oolor is a light-gray. but beoomes a dark
bluish gray, and finely laminated toward 
the base .......................•...... 

Shale, blaok. bituminous, slaty. with hard, 
brown layers ......................... . 

Coal, rotten ........................... . 
Sandstone, gray. fine-grained; several thin 

layers, olayey, showing brown 'granules, 
oarbonaoeous and pyritiferous in plaoes .. 

Shale. grayish, clayey, arenaoeous; slioken-
sided ...•.......•..................... 

Shale. olayey, carbonaoeous. arenaoeous .. 
Sandstone. argillaoeous, increasingly shaly 

at top and bottom; has a finely-banded 
struoture and contains brown ironstone 
oonoretions; oolor dark bluish-gray, due 
to oarbonaoeous material; plant remains 
ooour •.•.•..•......•................. 

Shale. blaok. hard. arenaoeous. micaoeous; 
oontains plant remains ........•........ 

Sandstone, banded. shaly ...•............ 
Shale, dark-oolored. arenaoeous, with few 

hard. brown ·bands, pyritiferous ........ . 
Shale. light-gray, very fine-grained. arena

oeous. in plaoes clayey; oontains iron oon
cretions. An inoh of ooal ocours in the 
lower part of the bed. Texture somewhat 
earthy in places .•.•........•....•..•... 

5 11 1258 

5 5 1263 
3 1263 

5 10 1269 

2 3 1271 
3 1272 

5 
8 

6 

9 

6 4 1278 4 

3 1281 4 
5 1281 9 

1 6 1283 3 

3 8 1286 11 
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FOREST CITY, MISSOURI. DRILT .. ED IN 1901-0ontinued. 

Stratum. 

Pennsylvanian series-Oontinued. 
Cherokee shate-Continued. 

Sandstone, gray, argillaceous; the lower half 
is banded by thin partings of shaly car
bonaceous material; contains iron con-
cretions ............................. . 

Shale, dark brownish-black, arenaceous; 
contains ferruginous bands; concretions 
prominent, pyritiferous, micaceous; grad os 
into argillaceous sandstone at buse ... " ... 

Sandstone, dark-gray, laminated, calcar~ous, 

Thiclmess. 

Ft. in. 

4 

10 

shaly, micaceous. . . . . . . . . . . . . . . . . . . . . . 40 
Sandstone, shaly, somewhat earthy, contain-

4 

ing, especially near the bottom, brown 
granules of siderite ................... . 

Shale, dark-gray. sandy; containing numcrOUR 
brown granules similar to those mentioned 
above; fossil ferns common ........... . 

Shale, black, slaty, fine-grained ........... . 
Sandstone, brownish-black, hard, coarse

grained, containing light bands which 
effervesce freely, due either to siderite or 
calcite ............................... . 

Shale, dark brownish-gray, very arenaceous, 
micaceous ........................... . 

Sandstone, light-gray, rather coarse-
grained, micaceous and porous; contains 
iron concretions ...................... . 

Sandstone. dark-gray, argillaceous, with iron 
concretions .......................... . 

Sandstone, light-gray, fine-grained, slightly 
micaceous. argillaceous; contains brownish 
granules and areas of iron oxide ......... . 

Sandstone. gray to brownish. banded with 
thin layers of carbonaceous material; 
argillaceous ...•....................... 

Shale. black. micaceous. with hard brown 
bands or concretions ................. . 

Coal. ................................. . 
Clay, gray. sandy at top ................. . 
Shale. black, carbonaceous. pyritiferous; 

contains hard. brown bands ............ . 
Coal ...........•....................... 
Clay, gray. soft ...•......•.............. 
Wasted core ....••.•..............•..... 
Clay, gray. grading to black below ..•...... 
Shale, black, carbonaceous. containing a few 

hard. brown, ferruginous bands ......... . 
Shale, black, arenaceous, with hard, ferru

ginouB bands; more arenaceous and less 
laminated at the base .••............... 

Sandstone, black to brownish-gray, argil
laceous, bituminous, calcareous; fossilif
erous, especially lower portion .•....••.•• 

1 

1 
11 

6 

2 

12 

9 

7 
3 

4 

8 

4 

9 

1 4 
5 

2 6 

2 9 
10 

1 1 
1 4 
1 4 

5 5 

12 6 

12 9 

Depth. 

Fl. in. 

l2!H 

1301 

1342 

134.5 
1356 

136t 

1367 

1368 

1370 

1383 

8 

8 

4 
7 

7 

4 

4 

1 

1384 5 
1384 10 
1387 . 4 

1390 1 
1390 11 
1392 
1393 4 
1394 8 

1400 1 

1412 7 

1425 4 
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Stratum. Thiokness. Depth. 

Pennsylvanian series-Continued. Ft. in. Ft. in. 
Cherokee shale-Continued. 

Sandstone, gray to light-gray, medium
grained; interbedded with thin carbo
naoeous layers and containing some bands 
whioh are very hard, dense and fine-
grained. . . . . .. . .. . . . . . . . . . . . . . . .. . . . . . 9 

Shale, black, carbonaoeous, pyritiferous, 
containing fOSSil plants; somewhat oal-
careous, especially near the top. . . . . . . . . . 5 

Clay shale, dark-gray .... : . . . . . . . . . . . . . . . 4 
Sandstone, dark-gray, ooarse, argillaceous, 

brown ferruginous granules abundant. . . . 1 
Shale, dark-gray, clayey, slightly arenaceous 8 
Sandstone, brown, coarse-grained, argil-

laceous .............................. . 
Clay, dark-gray, slightly arenaoeous. . . . . . . 3 
Sandstone, brown, coarse, argillaoeous ..... . 
Shale, dark-gray, clayey, slightly arenaoeous 5 
Shale, arenaceous; similar to that above, but 

darker ........ " . . . . .. . . . . . . . . . . . . . . . 1 
Sbale, blaok, oarbonaoeous, slaty; slicken-

sided; pyritiferous, especially one foot 
near middle. . . . . . . . . . . . . . . . . . . . . . . . . . 14 

Shale, biacl" carbonaceous; shows plant 
remains and contains nUmerous hard 
iron-stained bands; slickensided......... 4 

Shale likE) above; calcareous; becomes harder, 
more sandy and micaceous. . . . . . . . . . . . . . 4 

Sandstone, light-colored, coarse, hard; con-
tains many slivers of carbonaoeous ma-
terial and large masses of pyrite. . . . . . . . . 1 

Sandstone, light-green to light-buff; banded, 
finc to medium-grained, micaceous.. . . . . . 3 

Shale, dark to light-grayish-blue, clayey; 
arenaceous at bottom and contains some 

8 1435 

1440 
1444 

8 1445 
4 1454 

3 1454 
6 1457 
7 1458 
8 1464 

9 1465 

3 1480 

4 1484 

2 1488 

7 1490 

1 1493 

8 

3 
9 
4 

9 

4 

6 

1 

2 

carbonaceous matter .. '. . • . . . . . . . . . . . . . . 2 4 1495 6 
Sandstone, light-gray to buff; banded, 

medium-grained. In the upper 6 inches 
are cavities which were evidently filled 
with clay. Grades into bed below. . . . . . . 2 11 1498 5 

Sandstone, striped grayish-blue and buff, 
argillaceous; streaked and spetted appear-
ance... .............................. 2 6 1500 11 

Sandstone, banded; light-buff separated into 
thin beds by shale ·laminae which gives 
a striped appearance. The shale is more 
abundant in the middle; micaceous. . . . . . 5 9 1506 8 

Shale, black, in part containing slaty, hard, 
brown bands. The upper portion is banded 
with thin layers of sandstone but the lower 
foot is very free from sand. .. . . ... .•. . . . 11 6 1518 2 

Sandstone, alternating light and dark-
banded, dark-oolored bands being very 
micaceous .......................... ,. 11 10 1530 
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Stratum. Thickness. Depth. 
----------1----------1 

Pennsylvanian series-Continued. 
Cherokee shale-Continued. 

Coal ......•.............•.............. 
Shale, dark, carbonaceous ............... . 
Sandstone, light-gray, fine-grained, argil-

laceous, fOSSiliferous ....•......•....... 
Sandstone. consisting of alternating light 

and dark-colored bands, the dark bands 
being argillaceous and becoming more 
prominent toward base; contains ferru
ginous concretions; medium to fine-grained 

Shale, banded, very arenaceous ........... . 
Sandstone, bluish-gray, finely-laminated, mi

caceous; contains much carbonaceous 
material ............................. . 

Sandstone, buff to yellowish, coarse, pyritif
erous; contains numerous plant impres-
sions Which show as black streaks ....... . 

Shale, black, carbonaceous, somewhat sandy 
in places; contains a one-half inch bed of 
coal 5 inches from the base ............ . 

Sandstone, light-colored, very fine-grained, 
argillaceous, in places carbonaceous; con
tains Sigillaria and other fossil plants; 
slickensided .. _ ....................... . 

Shale, dark-gray to black, in thin laminae; 
carbonaceous, with occasional hard, brown, 
ferruginous bands; slickensided ..•....... 

Sandstone, fine-grained, argillaceous, cal
careous; contains fragments which give it 
a rough, knotted, conglomeratic appear-
ance ..•....•......................... 

Shale, black, bituminous, slightly micaceous 
Sandstone, black, slightly calcareous, argil-

laceous, fossiliferous, pyritiferous ....... . 
Shale, black, arenaceous, especially at top, 

pyritiferOu8 and micaceous ............ . 
Shale, like above except for thin beds of gray, 

micaceous sandstone in lower 2 feet ..... . 
Sandstone, light-gray to white, porous; lower 

2 feet calcareous. coarse-grained .•...... 
Limestone, argillaceous. crystalline; contains 

stylolites with black bituminous material 
Sandstone, like that between 1613-4 and 

1618-2, but finer-grained .•............. 
Sandstone, light-gray, calcareous, alternating 

with irregularly bedded fine-grained gray 
limestone; stylolites in limestone ..•...... 

lVHssissippian series: 
St. Louis limestone: 

Limestone, gray to brownish-gray, cherty, 
semi-crystalline, dense and hard; stylolites 
which contain black, bituminous material; 
pyritiferous .......................... . 

Ft. in. 

3 

11 
6 

3 

1 

2 
4 

8 

7 
2 

9 

7 

2 10 

6 2 

14 

1 11 
4 3 

1 3 

19 4 

6 4 

4 10 

7 

1 3 

1 11 

11 7 

Ft. in. 

1530 
1530 

1534 

2 
6 

2 

1545 9 
1551 11 

1555 8 

1557 3 

1560 1 

1566 3 

1580 3 

1582 2 
1586 5 

1587 8 

1607 

1613 4 

1618 2 

1618 9 

1620 

1621 11 

1633 6 
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FOREST CI'l.'Y, MISSOURI. DRILLED IN 1901-Continued. 

Stratum. 

Mississippian series-Continued. 

St. Louis limestone-Continued. 
Limestone, dark-gray, argilJaceous, fine-

grained, fossiliferous ................... 

Limestone, brownish-gray, dense, fine-
grained. Ground-mass with veins and 
vugs of calcite; stylolites. In lower 2 feet, 

thin, dark, wavy, shaly bands are abun-
dant and extremely irregular. The two 

phases grade into each other ............. 

Limestone, gray, conglcmeratic, separated 

from above by one-quarter inch shaly 

band; has some coarse sand grains in 

cementing material ....•............... 

Limestone, dark-gray, hard, very fine

grained, having a very dense, compact 

texture; stylolites are numerous; pyritifer

ous; contains many small calcite crystals. 

Eighteen inches from the base is a 2-inch 

soam of sand and dark shale ........... . 

Limestone, gray, irregularly bedded, argil

laceous and arenaceous, with greenish 

shaly layers diagonal to core ........... . 

I.imestcne, dark-gray. very fine-grained, 

compact; has many thin veins of calcite 

and pyrite; similar to the bed between 

1643-7 and 1654-9 .................... . 

Warsaw shale: 
Limestone, dark, pyritiferous, with irregular 

dark shaly layers ......•.......•...... 

Shale, yellowish-green ................... . 

Limestone, light-gray, fine-grained, slightly 

arenaceous, earthy near the bottom; grades 

into arenaceO'13 .hale having a greenish 

color. The latter contains reddish, iron-

stained quartz ....................... . 

Dolomite. gray, soft, argillaceous; contains 

small tubes filled with a white substance, 

and small white spots ................ . 

Shale. dark greenish-gray, arenaceous; 

slightly calcareous; geodes; pyritiferous .•. 

Sandstone. blue-green, calcareous, argil-

laceous; grading to shale at the bottom .. . 

Shale, blue-green, arenaceous, micaceous ... . 

Shale, gray and green-banded, arenaceous, 

very fine-grained; contains quartz geodes. 

Shale, blue, arenaceous .................. . 

Sandstone, light, argillaceous, calcareous, 

fine-grained, texture earthy; resembles a 

cottop. rock; contains a few fossils ....... . 

Limestone, light-gray, in places with darker 

bands, arenaceous, argillaceous, resem

bling a cotton rock, texture earthy; con-

Thickness. Depth. 

2 9 1636 

7 1 1643 

3 1643 

11 2 1654 

7 1655 

5 10 1661 

4 

1 

4 

3 

1 

3 1661 
2 1661 

7 1666 

6 1667 

5 1672 

1 1673 
8 1674 

6 1677 
11 1678 

7 1680 

3 

4 

7 

9 

4 

2 

5 
7 

2 

8 

1 

4 

6 
5 
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Stratum. Thickness. Depth. 

Ft. in. Ft. in. 
Mississippian series-Continued. 

Warsaw shale-Oontinued. 
tains quartz-lined geodes. Two thin seams 
of soft dark shale, 2 inches and 4 inches 
thick, respectively, occur 4 inches apart 
near middle of bed .................... . 10 11 1690 11 

Shale, dark greenish-gray; calcareous at top 
and bottom .......................... . 

Limestone, fine-grained, very arenaceous, 
cherty, pyritiferous .................... 1 

Wasted core ........................... . 
Sandstone, very fine-grained, argillaceous, 

calcareous; resembles cotton rock. " ..... 
Burlington and Keokuk limestones: 

Limestone, light to dark-gray, shading in 
places to bluish and brownish-gray; crys
talline, coarse to fine-grained; cherty, 
the chert usually of light color and fossilif
erous; stylolites common, and usually 
showing a thin film of bituminous material; 
contains five dark shale beds up to 19 
inches thick and many thin, dark, shaly 

1 

5 
2 

1 

- partings; fossiliferous. . . . . . . . . . . . . . . . . . 45 
Limestone, coarsely crystalline, showing a 

peculiar white silicious matrix in which 
are embedded large and small brownish 
calcite crystals ....................... . 

Limestone, similar to that between 1701-6 
and 1746-9·. . . . • . . . . . . . . . . . .. . . . . .. . . . 12 

Limestone, light-gray, medium. to very 
coarsely crystalline, fossiliferous, including 
large crinoid stems; stylolites prominent. 
A few dark, thin shale partings; 2 75 inches 
of finely laminated soft dark shale 1 foot 
from top. Chert occurs at intervals and 
in places is partly decomposed. . . . . . . . . . 33 

Limestone, light-gray, fine-grained, arena
ceous, argillaceous; porous, especially near 
middle and toward the bottom. Fossilif
erous. Contains chert, some of which is 
decomposed; stylOlites abundant in upper 
part. " .•. . . ....................... . . 6 

Limestone, light buff-gray to gray, dense to 
coarsely crystalline; contains thin shale 
laminae in places; toward bottom becomes 
porous. arenaceous dolomitic, cherty, fossi-
liferous .•................... '" ...... . 

L.imestone, light buff-gray. fin. e-grained,! 
arenaceous .......•............•....... 

Wasted core .....•..... , ....•...•....... 

10 

3 
7 

9 1693 

4 1698 
1700 

6 1701 

3 1746 

7 1747 

8 1760 

4 1793 

8 1800 

1 

7 
5 

1810 

1
1813 
1821 

8 

6 

9 

4 

4 

1 

8 
1 



FOREST CITY DIAMOND DHILL nOLE. 233 
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Stratum. 

Mississippian series-Continued. 
Kinderhook groupa; 

Dolomite or dolomitic IimoAtono; light-gray, 
porouA, earthy, argillaceous, fossiliferous. 
'J'hin bands ·of chert which are usua.lIy 
fOHHiIlfoI'OUA. Fow thin bands of dark
gray to nlmost bla.ok shalo. Conta.ins 
oooa810 n!ll Ittrgo orystals of calol to oue-
half to throo-quartor inch in dlumotor, and 
11 fow V()inH of pyritiO .................. . 

Dolomlto, gray, crystlllline, Dne-grainod .... . 
Ohort, light and darle-gray, contflining vugs, 

knife-blade scalllS and 180Ia\,od orystllis of 
calolto ........................ '" .... . 

I..lmost;ono, gray, cottI'soly crystallino; vory 
fossiliforouB, ospcwiaJly along tho bedding 
plallos; bod ding plllnos aro very irregular; 
stylolites ............................. . 

I,lmostone, hlll!sh-gruy. c(lal'Holy Cl'ysJiulllno; 
vory l'ossilii'ol'oUH; st.ylolitos whose Hlll'faco 
is ooatod wit.h bluok und greon shuly 
mut('rial ............................. . 

LlrnostOIltl, light-gray, mther earthy, having 
tho appoaranC(l of docomposed ohert; fossil
Ifo!'ous; IowaI' part ohiofly deoomposoel 
chart ................................ . 

r ... ill1(lstono, dark-gray, hard, donso, fossllif
orOUA, a.ltornating with a light-gray, almost 
whito, porous, fossillforOl.lB rock, resembling 
doeomposod chort. 'rhe white rock is 
8 foot 8 inch os thiek. Near top of beel 
(lOntalns black partings and some oalcite. 
Chert. Vory thin dark shalo bands oocur 

Thickness. Depth. 

15 8 1886 9 
4 1837 1 

9 1838 10 

2 1840 

5 9 1845 9 

2 11 1848 8 

in tho Jimostano.. .. .. .. ..... .. .. . .. .. .. . 29 8 1878 4 
I,\mostono. light to dar],-gray, flne-grained, 

oompact, in placos with shaly partings; 
fossiliferous. . . . . . . . . . . . . . . . . . . . . . . . . . . 6 2 1883 4 

I.imostone, light brownish-gray. hard, donso, 
fossilif~rous, mostly very fine-grained; 
contains a fow irregular carbonaceous 
sh!tle seams and large masses of secondary 
caloite crystals. . . . . . . . . . . . . . . . . . . . . . . . 3 10 1887 2 

Limostone; the upper 1 foot 5 inches is 
coarse-grained, containing streaks of dark
brown shale, giving the rock a banded 
appearanoe. The next 1 foot and 6 inches 
is much more shaly and has a darker color, 
also a stripod appearance. The next 9 
inches is fine-grained, resembling cotton 
rock. The remainder of the bed is chiefiy 
coarsely crystalline, light-gray, and has a 
slightly streaked appearance due to vary
ing a~ounts of dark shale and bituminous 

aMI1Y incluclo other becls below l8QO feet. 
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Stratum. Thickness. Depth. 

Ft. in. 
Mississippian series-Continued. 

Kinderhook group-Continued. 
matter. Fossiliferous. Shale becomes 
more prominent toward the base, the bod, 
passing to a shaly limestone, thon to a 
calcareous shale, and grados into thc 
shale below. Shaly portion of bed con
tains thin black markings of organic origin 2() 

Shale, dark-blue, calcareous at top; fossilif
erous and pyritiferous; eontuins bluo\{ 
markings !ilee above, also lurge brownisll 
markings ............................ . 

Shale, blue-gray, calo!1reous, flno-grained, 
sandy, pyritifcrous; the amount of s"nd 
increases toward tho base; fossiliferous .... 

Shale. dark-gray to sandy with a granular 
oolitic texture; slightly oalean30uB ...... . 

Shale, blue-groen, slightly arenaceous; numor
ous narrow black impressions at partings 
which are probably fossil plants; grades 

() 

3 

1 

1 

into shale bolow. . . . . . . . . . . . . . . . . . . . . . 8 4 
Shale, purple, toxture uniform througb

out; in the lower prtrt ooour a fow thin, 
darl<-brown, bituminous, oolitio streaks 
less than an inch in thiokness. . . . . . . . . . • . 21 a 

Hematite, darl~-rod, flat oolites resombllng 
typical "flaxseed" iren ore. . . . . . . . . . . . . a 8 

Hematite, dark-red, ha.rder thrtn above; 
not oolitic, fossiliferous. . . . . . . . • . . . . . . . 5 

Shale, bright-green, slightly arenaoeous. . . . . 2 6 
Shale, bluish-gray; pyritiferous. A thin 

darker clay band at 1973, gradually btl
comes Inore oalcareous toward base, and 
contains a number of bands of hard, blue, 
fine-grained. argillaceous limestone, rang
ing from 1 inch to 1 foot in thiekness; 
lower 6 feet less caloareous. . . . . . . . . . . . . . 64 9 

Shale, gray, calcareous, with earthy texture; 
very fossiliferous. . . . . . . . . . . . . . . . . . . . . . () 

Shale, bluish-gray, calcareous; becomes a 
dark-gray and arenaceous at the base... 15 10 

Devonian (?) a: 

Ft. in. 

11)20 

1057 

1957 
lOGO 

2024 

2025 

2041 

o 

2 

() 

9 

3 

1 

Limestone, dark-gray and brown, conglom
eratic, hard, dense, mottled. At the top is 
1 inch of conglomerate composed of rounded 
to angular fragments of limestone, but 
slightly lighter than bed on which it rests. 
Fragments embedded in shale like above. 
The lower portion consists of dark-gray 
fragments embedded in a brown earthy 
limestone matrix. The fragments oontain 
quartz-lined cavities. probably corals .... 2 10 2043 11 

a Correlations below 2041-1 by E. O. Ulrioh. 
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Stra.tum. --._-----_._-----
Dovonian (?)-Continllcd. 

I,irncstono, dolomitio or dolomite, da.rk 
brownish-gray, containing small oavities, 
u nlformly di~tribu ted; pyritiforous ..... . 

Limostono, light brownish-gray, fine-grained, 
having an earthy texture resembling a 
(:ot,j;on rook .......................... . 

I,imostono, gray, medium-grained, semi-
(1I'Y8tll.llim~, porous, dolomitio? ........ . 

Limostono, llght and dark-gray, mainly hard 
und donso, with porous somi-orystallino 
layors altorrlating with boda of a light 
brownish oolored limestone having a 
(H,i.tOll rook-liko l;oxturo ................ . 

],illlOHt01l0, Jilwing a oonglornoratio aspeot; 
I'I'Horn blc,s olosoly bod between 2041-1 and 
20'1:l·11 ............................. . 

Rhnio, df1t'lc bluish-gray, calm1J'oouB, having 
FL APott.od (j(jnglornoratic [,PllOaro.nCe o.t the 
top n.nd t,ho bot.tom; textur~ earthy; very 
fOHSilifol'OUH at tho top and bottom; pyritif-
el'OllB ••...•••••..••••.•••.•••••••...•• 

U ppor Dovonian: 
1,imoBt;ono, dark-gray. very fossiliferous, 

Thiokness. Depth. 

Ft. in. Ft. in. 

8 2045 7 

6 2047 

4 2047 5 

4 11 2052 4 

'1 5 2056 

5 11 2062 

text.uto ocl,rthy as a rulo; Shale partings... 17 4 2080 
1,\rtI()stone, brownish-gray. tIne-grained, fos

filillforo\ls; bituminous along the wavy 
shaly IH11'tingS. Very hard and dense in 
!llaMS. 'r<~xtur() in some parts rosombles 
t;lmt of cotton rook. A two and ono-half 
Indl bCLnd of shale occurs at 2083-8 ....... . 

IJirnostone, light-gray, in part crystalline; 
medium-grained ...................... . 

IJimostono, dark-grn.y, chiefly compact, hard, 
donso, po.rtly orystalline; somewhat of a 
lithographio texture; bedding irregular. 
Stylolites abundant In some places. Clay 
po.rtings give the stone a striped appear-
o.l1()O, eSP00ialIy near the top ........... . 

Limostone, white, earthy, seml-orystalline; 
muoh softer and more porous than the last 

IArnostone, hard, dense, semi-crystalline, 
with wavy shale partings; has somewhat 
tho texture and appearanoe of lithographic 
stone ................................ . 

Limestone, light-gray to bluish-gray, showing 
wavy shale partings in places. Lower and 
upper portions are hardest and most com-
paet and have a bluish-gray eolor. A small 
portion of the bed has a dull gray 00101' 
and an earthy texture .....•............ 

Limestone, light browniSh-gray, hard, dense, 
containing thin, wavy, blaelr, bituminous, 

5 11 2085 J I 

2 6 2088 I. 

7 9 2096 

1 10 2098 

2 210(} 

8 3 210X 
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LOG OF DIAMOND DRIl,I4 HOLE ON W. 1-'. DAVIS' l"AHM NgArt l,'oln:Wl' 
CITY, MISSOUnI. DH,JI,IJED IN lO()l.--Cont,irl1wll. 

Stratum. Th!olm(\~~. Dopth. 

Ft. tn. 
Devonian-Continued. 

Upper Devonlan-Cont,inuod. 
shall" partings, giving tho rook a bltlHlod 
appearance. . . • . . . • . . . . . • . . . . . . . . . . . . . 1 7 2101l HI 

Limestone, light to bluish-gro.y and lJrown-
ish, hard, dense, seml-crYf:ltttlllne. with 
several thin darlt-groonlsh shttlo hands. . . . 1 () 2 2120 

Llmestono, !igh t to darlt-gray; sOllli-orYHt,{tl· 
line to hard and dCllSO. So mo s(,yloll t,o~ 
with green and dark Ilhaiy nmtorlal; wavy. 
shall" partings. . . • . . . • • . . . • . . . . . . . • . . . 1·1 

Middle Devonian: 
Dolomite, porous and Ol'ytltuJlhw. botw(l(I/1 

2134-(J and Z131l-6 and Z143 und 2141i-1; 
separating dolomite '''' 111l10StollO Hilllilur t,o 
abovo ...........•..•....•.... ,..... . . 11 tl 

Dolomite. gray. llnoly orystalllne and dons!) 
to earthy. with becls near top and middlo 
vory porous. . . . . . . . • . . . . . • . . . . . . . • . . . . 13 IO 

Dolomite. very clark gray, flnolY orystttlllllo, 
porouB in plncos; contains lttl'go 'lugs (If' 
oaloite................................ IS 4 

Dolomite, dark-gray. culoo.rooul!. d01lso; ha~ 
shall" bituminous partings. . . . • . . • . • . . . . 2 10 

Dolomito. somowhat caklaroous; ouvornOIlM 
near tho baso but donso untl cOlnpuld, 
at the top; . . . . . . . . . . . . . . . . . . . . • . . . . . . 1 4. 

Limestono, light to clarlc-gray, browniHh 
in placos; slightly magnesian, oompaot, 
dElnSO; oont!lins throo bands ot groon 
oalcareous shale....................... 10 S 

Dolomite, dark-gray to greenish-gray, flmlly 
orystalline; porous and oavornous at. 
several different hori~ons. At the top of 
the seotion the color is almost brown. 
Contains several shale bands, . . • • . . . . • . . 27 

Dolomite, light-brown, ohooolate and bluish· 
gray, hard. Porous and oavernous in 
plaoes. Some oavlties are one and one-half 
inch'es in diameter and lined with dolomito 
and oaloite orystals, the former pre
dominating. Has a. finely-oryatall1ne tex
ture. In many places around the oavlties 
the rook has a. yellowish or buff-oolored 
appearanoe indioative at weathering. . . . . 20 4 

Dolomite, light bluish-gray, very porous, 
finely orystalline; contains oaloite and 
dolomite orystals. . • . . . . . . . . . . . . . . . . . . . 2 4 

Dolomite. light bluish-gray. with a finely 
orystalline texture, somewhat porous at 
top. . . •. .............................. 1 8 

Dolomite, gray, oherty. . . . . • . • • • • . . . • . . . . 11 
Chert, partly deoomposed and ohalky in 

appearanoe. . . • • • • • • . . • • • . . . • . . • • • . • . . 1 8 

2140 

:tlOIl 

21M 

21(11:1 

ZUlU 

2180 

2207 

2227 

2230 

2231 
2232 

2234 

6 

4 

4 

8 

8 
7 

3 
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LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS' FARM NEAR FOREST 
CITY, MISSOURI. DRILLED IN 1901.-Continued. 

Stratum. 

Devonian-Continued. 
Middle Devonian-Continued. 

Dclomite, brownish, medium-grained, 
thorcughly crystalline, very pcrous, cavities 
up tc .one and .one-half inohes in diameter, 
which are lined with crystals of dark
cclored dclcmite. One fcot is almost all 
secondary dolcmite, there being one 
4-inch streak of solid. dolomite. The 
bedding planes are very irregular and 
rough and frequently coated with a thin 
fllm of bituminous or carbonaceous matter. 
The lower part of the bed contains finer 

Thickness. Depth. 

Ft. in. Ft. in. 

pores and has a light-buff color. . •. . . . .. . 22 6 2256 9 
Dolomite, gray. finely crystalline, compaet 

and hard, slightly porous at the base. . . . . 1 7 2258 4 
Dolomite, light-brown, 'very fine-grained, 

argillacecus; contains an occasional shaly 
parting plane. Has a typical cctton rock 
appearance throughout. Has a large 
cavity ccntaining dolomite crystals at 
2269. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 5 2292 9 

Dolomite, brownish-gray, dark, resembling 
In texture the cctton roclt described above 1 9 2294 6 

Dclcmite, dark, finely crystalline, i:ncreasing 
In porosity toward bottom.; cavities be-
come more numerous, fossiliferous.... . . . 4 4 2298 10 

Dolomite, In part having th.e appearance 
of cotton rock and in part crystalline; 
more or less porous throughout. Wavy, 
sh.aly parting planes. Stylolites. Six 
feet seven inches from th.e top is layer .one 
and ene-half feet th.ick of white, dense, 
hard dolcmite" resembling quartzite; dis
selves slcwly in aoid. The oavities in this 
bed are frequently lined with. delomite 
crystals. This white, dense, crystalline 
dolomite also ocours in less quantity at 
ether levels In this bed; cherty in plaoes. . . 21 2 2320 

Dolomite, light-gray to whitish; resembles 
cotton rook, cherty at middle ... " . . •. .. . 12 3 2332 3 

DolemJte, gray. hard, dense, alternating 
with thin plates of shale; beocmes harder 
toward the base and at bottom is some-
what porous. . . . . . . . . • . . . . • • • . . . . . . . . . 3 2 2335 5 

Dolomite, very dark, grayish-brown, medium
grained, orystalline, cavernous, the cavities 
being lined with dolcmite crystals. The 
upper one and one-half feet have a con-
glomeratiC appearanoe................. 7 6 2342 11 

Dolemite, light' brownish-gray, fine-grained, 
crystalline; ccntains cavities at top and 
bottom, compaot and hard ....••......• , 5 2 2348 1 
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LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS' FARM NEAR FOREST 
CITY, MISSOURI. DRILLED IN 1901.-Continued. 

Stratum. 

Devonian-Continued. 
Middle Devonian-Continued. 

Dolomite, light brownfsh-gray. very oavern
ous, crystalline; oa vities lined with dolomi te 
orystals ........•.......... ; ......... . 

Dolomite, light browni>lh-gray, fine-grained, 
compact; thinly laminated and shaly at 
base where it breaks into thin ·plates. 
Partings dark and bituminous. Chert at top 

Dolomite, light-brown, fine-grained, crystal
line; very finely porous throughout and 
contains ocoasionallarger cavities irregular-
ly distributed ................. ' ....... . 

Dolomite, light grayish-brown; very hackly 
and porous, especially at baRS. Siliceous 
at base. The cavities are lined with small 
quartz crystals ....................... . 

Dolomite, light graYish-brown, dense, com-
pact, flnely-orystalline ................ . 

Dolomite, very porous, siliceous .......... . 
Dolomite, light brownish-gray, flne-grained; 

contains quartz druses ...•............. 
Dolomite, bluish-gray; contains quartz lined 

cavities and irregular masses of chert ..... 
Silurian ·(Lockport group of Niagaran series) : 

Dolomite, bluish-gray. crystalline, contains 
numerous oavities uniformly distributed 
throughout. The crystals lining the 
oavities are chiefiy dolomite, although 
some are calcite. Very fossiliferous; casts 
of crinoid stems abundant ............. . 

Waste¢l core ........................... . 
Dolomite, bluish-gray to brownish; very 

porous and cavernous. Thoroughly crys
talline. Fossiliferous, casts of crinOid 
stems being very prominent. Large 
masses of calcite crystals at several levels. 
One bed contains thin bands of green shale. 
There are also thin bands of hard. dense 
dolomite, but very slightly porous, in-
creasing "toward bottom ............... . 

Dolomite, dark-gray, more dense and com
pact than above, orystalline, less fossilif-
erous .......... " ........•............. 

Dolomite. bluish-gray. hard, finely-crystal
line. Porous throughout, becoming less 
so, however. near the base. Cavities an 

Thiokness. Depth. 

Ft. in. Ft. in. 

1 2349 

4 2353 

4 2 2357 

1 4 2358 

2 10 2361 
9 2362 

2 2 2364 

8 2365 

34 11 
6 

35 8 

2400 
2400 

2436 

3 10 2440 

1 

2 

4 

8 

6 
3 

5 

6 

2 

inch to an inch and one-half in diameter 
oocur at intervals. • . • . . . . . . . . . . . . . . . . . 11 6 2451 6 

Dolomite, bluish-gray, finely crystalline; 
similar to the above but denser and 
harder; contains stylOlites and a little 
shale along the parting planes. Fossilif-
erous ...•..........•..........•..•..•. 3 6 2455 
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LOG OF DIAMOND DRILL HOLE ON W. 1<'. DAVIS' FARM NEAR FOREST 
CITY, MISSOURI. DRILLED IN 1DOl.-Continued. 

stratum. 

Silurian (Lockport group of Niagarian series)-Continued. 
Dolomite, shaly, having a conglomeratic 

appearance ..•.•.............•........ 
Dolomite, bluish-gray, hard, dense; stylolites; 

very few cavities ....................•. 
Dolomite, bluish-gray, finely crystalline, con

taining numerous small scattered cavities; 
stylolites occur throughout, fossiliferous: 
two feet four inches from the top there Is 
a four-inch layer of hard, donse compact 
dolomite .............•................ 

Dolomite, similar to the above but loss 
porolts, except toward the base, where tho 
cavities are practically as numerous .•.... 

Dolomite, argUlaoeous. Very irregularly 
bedded; has a conglomeratic appearance, 
due to angular chert fragments. Contains 
several thin irregular layers of black 
pyritiferous, carbonaceous shale ........ . 

Dolomite, light bluish-gray, hard, dense .•.. 
Dolomite, light-gray, compact; somewhat 

argillaceous, banded with a few horizontal 
shaly partings from the eighth to tho 
twelfth foot. Slightly speckled at about 

Thickness. Depth. 

Ft. in. Ft. in. 

1 2456 

2 2458 

7 7 2465 7 

7 4 2472 11 

5 9 2478 8 
2 2480 8 

the thirteenth foot. Contains but few 
cavities. Fossiliferous. Resembles cotton 
rook. The bedding planes are frequently 
discolored with bituminous shaly matter. . 18 4 2499 

Dolomite, brown. hard, somewhat porous; 
some fossils. . . . . • . . . . . . . . . . . . . . . . . . . . . 1 2500 

RECORD OF STRATA IN CORE DRILLING AT MARYVILLE.' 

(Altitude of surface at curb, 1051 feet.) 

Pleistocene series: 
Clay, sand, and a little gravel ............ . 
Soft shale (probably glaoial olay) ......... . 

Pennsylvanian series: 
Shawnee formation: 

Tecumseh shale: 
Shale, dark, argillaoeous, growing oaloareoUs 

Ft. in. 
50 

120 

Ft. in. 
50 

170 

at bottom............................ 1 171 
Shale, drab, highly calcareous, compaot like 

limestone............................. 5 176 
Leoompton limestone: 

Limestone, argillaceouB, somewhat granular 10 186 
Limestone, dark, coarse, hard, with shell 

fragments, argillaoeouB. . . . . . . . . . . . . . . . . 4 190 

'Drilled in the year 1888, 1 ~ blocks north of Burlington depot (NE. ~ 
SE. U sec. 17, T. 64 N., R. 35 W.) Core examined and tested with acid by 
Arthur Winslow and record made by him. 
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RECORD OF STRATA IN CORE DRILLING AT MARYVILLE-Continued. 
--------------------~-----------

Stratum. Thiokness. Depth. 

Pennsylvanian series-Continued. Ft. in. Ft. in. 

.. 

Shawnee formation-Continued. 
Kanwaka shale: 

Shale, blaok, slightly oaloareous, grading 
into limestone at bottom. . . . . . . . . . . . . . . 3 193 

Shale, caloareous, fine-grained, grading into 
dark shale toward bottom. . . . . . . . . . . . . . 4 197 

Limestone, dark, drab, ooarse, somewhat 
granular, with fragments. . . . . . . . . . . . . . . 2 Hl9 

Limestone, white, oompaot, hard, olinking. 4 203 
Shale, dark, somewhat sandy, micaceous, not 

calcareous, grading into next above. . . . . . 6 209 
Shale, dark, very fine and smooth-grained, 

argillaceous, growing calcareous towards 
bottom............................... 7 216 

Douglas formation: 
Oread limestone: 

Limestone, dark, earthy, and coarse, with 
shell fragments ....................... . 

Shale, dark, smooth, non-calcareous ....... . 
Limestone, white, coarse, hard, with dark 

streaks and shell fragments ....... : .... . 
Shale, dark, argillaceous ................. . 
Limestone, white, coarse, with frequent 

dark streaks like second above, semi-
crystalline and fossiliferous ............ . 

Shale, dark, argillaceous, non-calcareous .. . 
Shale, drab, somewhat arenaceous, slightly 

caloareous ........................... . 
Shale, dark, argillaceous, slightly calcareous 
Limestone, drab, shaly, grading into caloareous 

shale .... " .......................... . 
Lawrence shale: 

Shale, drab, soft, clayey, calcareous ....•... 
Shale, red, concretionary, caloareous and 

argillaceous, with drab bands .......... . 
Shale, drab, argillaceous, and calcareous .. . 
Limestone, drab and dark, with flint, very 

hard, with calcite crystals .............. . 
Clay, dark red, argillaceous and calcareous, 

solid red upper 4 feet, lower 2-3 streaked 
with drab clay shale, the latter prepon-
derating near bottom ................. . 

Shale, arenaceous, Slightly calcareous, with 
flne mica scales, pyritiferous ........... . 

Sandstone, coarse, rough, micaceous, and 
calcareous .....• , •.....•.............. 

Shale, dark drab, argillaceous, non-calcareous, 
bituminous near the bottom •....•...... 

CoaL ...............•...•.............. 
Shale, drab, argillaceous ................. . 
Shale, red, clayey, too soft for core (no 

specimen) ... " .•........•............ 
Shale, drab,' argillaceous (no specimen) .... 
Shale, drab, somewhat arenaceous, argil

laceous, non-calcareous. slightly micaceous 

2 218 
5 6 223 

10 6 234 
3 234 

10 9 245 
4 249 

1 2.')0 
2 252 

3 255 

9 264 

12 276 
1 277 

1 278 

12 290 

5 295 

2 297 

9 306 
3 306 

4 9 311 

4 315 
8 323 

27 850 

6 

3 

3 
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RECORD OF STRATA IN CORE DRILLING AT MARYVILLE-Continued. 

Stratum. Thickness. Depth. 

Pennsylvanian series-Continued. Ft. in. Ft. in. 
Douglas formation-Continued. 

Lawrenoe shale-Continued. 
Sandstone, or sandy shale, drab, mica

ceous and non-calcareous with argillaceous 
portions. . . . . . . • . . . . . . . . • • . • . • . . . . . . . . 11 36 I 

Shale, drab, arenaceous and argillaceous, 
with mica, non-calcareous, arenaceous like 
above in places. . . . . . . . .• . . . . . . . . . . . . . . 22 833 

Shale, drab, argillaceous, non-calcareous. . . . 7 390 
Shale, drab, calcareous, rough and concre-

tionary in places, gritty and greenish near 
bottom, with pyrites. . • . . . . • . . . . . . . . • . . 13 403 

Shale, red, argillaceous, non-calcareous. • . • • 2 405 
Shale, drab, argillaceous, non-calcareous, fine 

mica. . . . . . .• • ... .•..•.•.•... ...•.... . 7 412 
Iatan(?) limestone: 

Limestone, gray, hard,. fossiliferous, semi-
crystalline. . . . . . • . . . . • . . . . . . . . • . . . • • . . 4 416 

Weston (?) shale: 
Shale, drab, argi!1aceous, non-calcareous, 

black shale at bottom, with some indIca-
tions of coal. • • . • . . . • • • . . . . . . . . . • • • . . . 38 454 

Lansing formation: 
Stanton-Plattsburg limestone: 

Limestone, dark drab, compact and rough, 
earthy. . • . . . . . . . . . .. . . . . . . • • . . . . . . . . . 4 458 

Shale, drab, calcareous, argillaceous. . . • • .• . 3 461 
Limestone, white, very hard, compact. clink-

ing... . . . .........••............•.... 3 464 
Limestone, drab, compact, more earthy.. . • . 9 473 
Limestone, drab, very hard. fossiliferous, 

semi-crystalline.. ..•..... ..........•... 2 475 
Shale, drab, argillaceous, and calcareous (no 

specimen) . . . . . • . .. .. . . . • • • • • • ... ..... 4 479 
Shale, black, bituminous, calcareous....... 2 481 
Shale, gray,_ calcareous, rough. . . • . . . . . . . . . 1 482 
Limestone, dark, fiinty, hard. . . . . . . . • • • . . . 5 487 
Shale, dark gray, sandy, calcareous .....•. , 1 488 
Limestone, gray, coarse, shaly. . . . . . . . . . . . . 2 490 
Shale, dark gray, argillaceous, non-calcareous, 

passing into calcareous shale at bottom. . 1 491 
Limestone, white and jp-ay with a little 

white chert, hard, compact. . • . . . . • • • . . . 12 503 
Lane shale: 

-Shale, light and dark drab, argillaceous, and 
calcareous, fossiliferous ...•• , .. .•...... . 10 513 

Limestone, gray. compact, hard, shaly, pass-
ing into shale... ... .. .......... . .. .... . 2 515 

Shale, dark drab, argillaceous and cal-
careous .....•.........•••..•• , . . . . • . . . 10 525 

Limestone, nodular, with shale. • . . • . . • . . . . 10 535 
Limestone, white, compact, earthy (with 

next above probably Farley limestone 
bed)... .............................. 7 542 

G-16 
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RECORD OF STRA'l'A IN CORE DRILLING AT MARYVILLE-Continued 

Stratum. 

Pennsylvanian series-Continued. 
Lanting formation-Continued. 

Lane shale-Continued. 
Shale, light drab and dark gray, argillaceous, 

calcareous, passing into shaly limestone in 

Thickness. 

Fl. in. 

the last two feet. . . . . . . . . . . . . . . . . . . . . . . 25 
Kansas City formation: 

lola limestone and Chanute shale: 
Limestone, drab, hard, coarse-grained, semi-

crystalline ........................... . 
Shale, drab, argillaceous, and calcareous ... . 
Shale, black, bituminous and calcareous .... . 
Shale, drab. argillaceous. calcareous. rough 

in places ............................. . 
Shale, light gray, calcareous, more of a lime-

stone, seamy •......................... 
Limestone, light gray or white, compact ... . 
Shale. light drab. argillaceous, calcareous ... . 
Limestone. light drab, hard, compact ...... . 
Limestone and drab shale. more shale at 

bottom .............................. . 
Shale, dark. bituminous. calcareous ....... . 

Drum limestone: 
Limestone, dark. hard. semi-crystalline .... 

Cherryvale shale: 
Shale, dark, argillaceous, calcareous ....... . 
Shale, dark, argillaceous, calcareous, streaked 

with seams o~ ~,mestone. . ............. . 
Limestone, dark. granular ............... . 
Shale. dark. hard. calcareous, argillaceous 

near bottom ......................... . 
Winterset limestone: 

Limestone, white, compact, and crystalline 
Limestone. drab, more compact than last 

and very hard ........................ . 
Galesburg shale: 

Shale, black, bituminous, calcareous ...... . 
Shale, dark drab, non-calcareous .......... . 
Shale, light gray, slightly calcareous ....... . 

Bethany Falls limestone: 
Limestone, gray, compact, very hard ...... . 

Ladore shale: 
Shale, black, bituminous, slightly calcareous 
Limestone, drab. compact. shaly. argil

laceous in lower part ..•................ 
Shale. clayey. slacks readily, slightly cal-

careous .............................. . 
Hertha limestone: 

Limestone, white. gray, very hard, compact 
Pleasanton formation: 

Limestone. reddish. sandy, friable spots ..... 
Shale, dark, argillaceous, barely calcareous .. 
Limestone, reddish, sandy and ferruginous 

like second above ..................... . 

10 
5 
2 

9 

5 
4 

6 
3 

3 
2 

4 

10 

10 
3 

8 

8 

20 

4 
2 

8 

19 

4 

5 

6 

2 
1 

6 

Depth. 

Pt. in. 

567 

577 
582 
584 

593 

598 
002 
608 
611 

614 
616 

620 

630 

640 
043 

051 

059 

679 

683 
685 
693 

712 

713 

717 

722 

728 

730 
731 

737 
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RECORD OF STRATA IN CORE DRILLING AT MARYVILLE-Continued. 

Stratum. !Thickness. Depth. 

Pennsylvanian seriee-Continued. 
Pleasanton formation-Continued. 

Limestone, drab, compact, granular ...... . 
Shale, black, bituminous ................. . 
Limestone, nodular, ~Ollle shale. slightly 

pyritiferous. . . .. . . . .. . . .. .., 
Shale, arenaceou~, a littlp- mIca. non-cal-

careou8 .......... . 
Limestone, drab, compact, smooth. ~ome-

what earthy ....... __ ........... _ .... . 
Shale, drab, slightly argllIaceous, arenaceous, 

fine mica, non-calcareous .............. . 
Limestone, white, hard, semi-crystalline .. . 
Shale, dark, argillaceous, slightly calcareous .. 
Shale, drab and greenish, argillaceous, cal-

careous in places and occasional limestone 
streaks ........................... _ ... . 

Limestone, white, and ferruginous from 
pyrites, hard ..................... _ .... . 

Limestone, shaly and brecciated .......... . 
Shale, greenish, argillaceous, non-calcareous. 
Limestone, drab, hard, compact, granular ... 
Shale, greenish drab, argillaceous, non-cal-

careous ................................ . 
Shale, reddish, mottled, argillaceous ....... . 
Shale, drab, argillaceous, slightly calcareous 

and micaceous near bottom ............ . 
Shale, drab, argillaceous, somewhat 

arenaceous near top, non-calcareous, mi
caceous; lower portion drab, calcareous, 
strongly effervescent .................. . 

Henrietta formation:' 
Limestone, granular, somewhat argillaCeous., 
Shale, drab, somewhat arenaceous, mica-

ceous ............................... . 
Shale, argillaceous, growing dark towards 

bottom .............................. . 
Limestone, coarse, granular toward bottom 
Shale, dark, argillaceous, and very effer

vescent, granular calcareous streaks in 
places ............ _ ............ _ ..... . 

Limestone, drab, argillaceous, fine-grained, 
compact .... _ ........................ . 

Limestone, drab, coarse-grained, not crys-
talline ............ _ ....... _ ... _ ...... . 

Limestone, light gray. finer-grained than 
next above ............ _ .............. . 

Cherokee shale: 
Shale, drab, argillaceous, calcareous ....... . 
Shale, drab. arenaceous, micaceous cal

careous approaching sandstone in places 

'Determination of contact tentative. 

Ft. in. Ft. in. 

3 740 
2 742 

11 753 

14 767 

7 774 

6 780 
4 784 
2 786 

13 799 

1 800 
3 803 
6 809 
1 810 

10 820 
7 (?) 827 (?) 

9 (?) 836 

10 846 

5 851 

11 862 

13 875 
4 879 

15 894 

6 900 

3 903 

2 905 

26 931 

12 943 



~44 STRATIGRAPHY OF TUE PF:NNSYl.vANIAN smm.ts. 

RECORD OF S'l'RATA IN OOltli] Dltll..r.INO AT 1\1AltYVII,r,N ~·ColltIrHII'.1. 
, 
I . 

Stro.tum. I 'l'hloltnOMH·i DOI)th. 

p-e-n-n-fj-Y-l-V-a-n-Ia-n-s-c-rl-C-S-C-)-O-U-l'i-n-u-o-d-.--·-------------····-·--I-[·-:;---;;:-·-~~t~-~-;;.-· 

Cherokee shalo-Cont.inuod. I 
Shale. drab, aronaCOOUfl, mim;WO(}UH, iii III·· 

co.lcaroouB ..........••.••...•......... I 1 r. 
Shalo, drill>, at'glllaceolll", non-calonrn<lull .... i j Ii 
Shale, dml>, slightly arOno.OCOllR, Imll ('lil-I 

oaroous .........•.•...•........•...... : 12 
Shalo, drab, arglllacooull and Hilghtly nrllllll-I 

OOOUS, mostly non-Cltloaroo1JH .......... "1 1 R I (lOa 

RJi:CORD OJ!' S'l'ltA'l'A IN COIUl VHtl.t.INO Nl'lAlt It,AY'\'OWN.' 

Stratum. 

PennsylvanIan series: 
Kanso.s City formation: 

Chanute and Cherryvale shale: 
Shale, light, oaloareous •.•••.... , ........ . 
Limestone ..•.•..•....•.....•........... 
Shale, blue .•.••••........•.............. 

Winterset limestone: 
Limestone .••.••••••........... " .•..... 

Ga.lesburg shale: 
Shale, sla.ty •..•.•.•.......•.•..•........ 

Bethany Falls Ilmostono: 
Limestone ........•..................... 

Ladore shale: 
Shale, slaty ..•.......................... 

Hertha llmostone: 
Limestone ...••.................. '" ..•. 

Pleasanton formation: 
Shale, Borne parts gritty ....•............. 
Coal ..••............................... 
Shale, some parts gritty ............•..... 

Henrietta formation: 
Limestone ...........•.....•........•... 
Shale, slaty .............•........•....•. 
Limestone •...•...•..................... 
Slate ...•......••......•............•.•. 
Coal •....•......•...............•...••. 
Fire olay. hard ...••.................•... 
Limestone ....•...•..•.................. 
Shale, slaty .....••............•.••...... 
Limestone ....•.•................•...... 

Cherokee shale: 
Slate •••••.....•••.....•............••.. 
CoaL ••.. { } ............... . 
Slate. • • • . (Lexington) ...•.•..••....•. 
Coal. •• • . . ....•..••...... 

'1'11((1111)(1/111.' Vopth. 

:J2 
2 

17 fl 

HI 3 

a 2 

22 {) 

4 7 

us 

tJ4 tJ 
2 

61 3 

8 7 
11 

4 
10 

1 6 
5' S 
5 

14 2 
4 3 

1 1 
1 2 

8 
\) 

06 U 

OU 11 

tJ2 8 

1)7 3 

112 3 

207 
207 2 
268 5 

277 
288 
292 
292 10 

294 " 
300 
305 
319 2 
323 5 

324 6 
325 8 
326 4 
327 1 

'Ten miles southeast of Kansas City (seo. 7, T .. 48 ;N'" R. 32 W.). Drilled 
in 1886. Reoord furnished by S. J. Hatch. 



RA YTo\YN DIAMOND DRILL HOLE. 245 

REOORD OF STRATA IN OORE DRILLIKG NEAR RAYTOWN-Continued. 

Stratum. Depth. I Thickness. I 
----------------------------------------------'--------11---------

I Ft. in. t Ft. 
Pennsylvanian series-Oontinued. I I 

Oherokee shale-Oontinued. I 

Limestone .............................. 1
1 

12 9 I 339 
352 Shale. . .. ... ........... ..... ........ ... 12 2 

Limestone, hard (" Rhom boidal") .......... 1 3 6 1 355 
Slate, black ............................. i 3 
Ooal (Summit) .......................... 1 1 
Fire clay ............................... 1 2 

~~2::·::::: :: : : : : : : : : : : : : : : : : : : : : : : : : : ::I : 
Slate ................................... 1 3 
Ooal (Mulky) ........................... I 1 
Fire clay .............................. . 
Sandstone ............................. . 
Sandstone, strealrs of slate or shale ....... . 
Shale, slaty ............................ . 
Slate and shale ......................... . 
Ooal (Bevier) .......................... . 
Shale and slate ......................... . 
Slate .................................. . 
Ooal .................................. . 
Limestone ............................. . 
Slate and shale ......................... . 
Ooal .................................. . 
Limestone ............................. . 
Sandstone, showing of gas ............... . 
Shale, sandy .......................... . 
Shale, sandy, micaceous ................. . 
Shale, sandy, streaks of slate ............ . 
Sandstone •............................. 
Shale, sandy ........................... . 

·Shale ................................. . 
Sandstone, coarse, salt water ............. . 

J\1ississippian series: . 
Burlington-Keokuk: 

Limestone, shelly in places, with shale 
ings .............. '" ................ . 

Limestone, light-colored, flinty layers ...... . 
Kinderhook group (?): 

Limestone, dark, with shelly layers ........ ' 
Sand, dark-reddish ...................... . 

Ordovician: 
Joachim (?) ': 

Limestone, bluish, fine-grained, shelly in' 
places ................................ i 

St. Peter: I 

Sandstone, white at top, reddish at bottoml 
Cambro-Ordovician: 

Limestone, gray and brown .............. " 
Limestone, shelly and clayey .............. i 

5 
11 
32 
15 

5 
1 

49 
6 
1 

8 
6 

18 
16 
23 
37 
33 
15 
24 
15 
43 

73 
260 

100 
15 

57 

64 

129 
10 

358 
3 359 
7 362 
1 369 

373 
3 377 

380 
381 

8 387 
10 399 
3 431 
4 446 
6 452 
8 453 

502 
508 

4 510 
518 
524 

10 525 
6 543 
2 559 
2 582 
7 620 
2 653 
7 669 

693 
708 

9 752 

825 

i1085 
1 
IU85 
'1200 

1
1257 

,1321 

1
1450 
1460 

in. 

10 

6 
6 
9 
4 

5 
5 
8 
8 
8 
4 
2 
5 
9 
3 

11 
11 
11 

3 
3 
3 

7 
9 

11 
6 
8 
3 
3 
3 

'Correlation below 1,200 feet by E. O. Ulrich, U. S. Geol. Survey Water
SUpply Paper 195, p. 86, 1907. 



246 STRATIGRAPHY OF THE PENNSYLVANIAN SEHIES. 

RECORD OF STRA'l'A IN CORE DRILTJING NI;jAR. T'tAY'I'OWN-Oont,inllo(l. 

Stratum. ThicklHlHK. Depth. 

Peel. 1"IJ61. 

Cambro-Ordovician-Continued. 
Limestono, light, coarse, and p()r()u~ ... . j{j() 1(\20 
Limestone, shelly .. , ................ , ... . 20 I n'IO 
Sandstone, white .................... , .. . If, lfi5!> 

Limestone, light, flinty, porous, water 
appeared or was lost .................. . 7·1 17:)0 

Limestone, gray, ehlyey, and san(ly ....... . 20 1750 
I,imestone, gray. hard, fino-gralnod ....... . 70 IH20 
Sandstone, gray, hard, fino-grainod ....... . 15 IH31l 
I,imestone, gritty, porous, orysLalliTw, 

places white and. flinty ................ . 21E) 20E)O 
Sandstono, hard, coarBe ................. . r,O :lIOO 

Cambrian: 
Limostone, with soams of gray and brow 

shale ................................ . 10 2140 
Limestone, darl, and lIght, fino-gru,!l\m! ... . llO 2:1liO 
Sandstone, hard, coars(J ................. . UH 2M8 

Proterozoic: 
Granite ............................... . lIa :HO! 

RECORD OF S'l'RA'l'A IN COJ11'J Dl'tII,LINO :mAHT ell<' M.mn.WIN. 

(W. Y2 Nl<J. U soo. 27, '1'. 42 N., n. :.12 W.) 

Stratum. 'l'hl(ll,no~H. Dopth. 

Ft. 'In. PI. in. 
Rocent sorios: 

Soil and gravel .. 17 17 
Pennsylvanian series: 

Ploasanton formation: 
Sandstono, gnty ........................ . <to 7 r,K 
Limostone .......................... , .. . :.l 10 (\() 10 
Shale, dark ............................ . :1 O:~ lO 
Limostone ............................. . :3 lO 67 8 
Shale, gray ............................ . :.l H 70 4 
Coal (Mulborry) ....................... . 1 4 71 8 
Clay., ................................ . 10 72 6 
Shale, gray ............................ . 4 () 77 

Henrietta formation: 
Pawnee limestone: 

Limestone, hard. 11 I> 88 8 
Labette shale: 

Shale, oalcareous . 2 6 III 2 
Shale, sandy. 5 no :.l 
Shale, gray. :3 90 2 
Shale, dark. 6 5 105 7 
Limestone. 4 4 109 11 
Shale, dark, slaty. 5 6 115 5 
Sandstone. \} IU) :I 
Shale, sandy. 8 124 2 
Shale, dark. 1 2 125 4 
Coal, with partings. 2 125 () 

Shale, soft. 10 5 135 11 



MERWIN DIAMOND DRILL HOLE. 247 

REOORD 9F STRATA IN OORE DRILLING EAST OF MERWIN-Continued. 

Stratum. Thickness. Depth. 

Pennsylvanian series-Continued. 
Henrietta formation-Continued. 

Fort Scott limestone: 
Limestone, gray ................ ' ........ . 
Shale, black, slaty ...................... . 
Shale, light ............................ . 

Cherokee shale: 
Shale, dark, slaty ....................... . 
Ooal .................................. . 
Clay ............... , ................ , .. 
Sandstone ............................. . 
Shale, sandy ........................... . 
Sandstone ............. '" ............. . 
Shale, black, slaty ...................... . 
Limestone ........ , ..... , , . , , . , , . , .. , , .. 
Shale, gray ............ , . , . , , , , , , , , , , . , . 
Shale, black, slaty, , . , .... , , . , .. , , , , , , , .. 
Shale, dark ... , , . , , ..... , .. , , . , .. ' , , .... 

. Ooal (Mulky?). , .. , . , , , . , ... , .. , , , . , ' , .. 
Clay ......... ' ... , .. , .. "., ... ,.,.,.,., 
Shale, dark .......... , . , . , ............. , 
Sandstone ............................. , 
Shale, gray ............................ . 
Shale, light to dark ..................... . 
Ooal (upper Rich Hill) .................. . 
Olay .................................. . 
Shale ................................. . 
Shale, darl't: to black, slaty ............... . 
Ooal (lower Rich Hill) ........ ,' ......... . 
Olay ....................... , .......... . 
Shale, dark ............................ . 
Limestone ............................. . 

Ft. in. 

15 7 
4 8 

10 

4 2 
2 

1 6 
1 2 

14 
69 10 

4 
10 1 

9 
10 

13 11 
9 

6 6 
2 4 
3 4 
6 4 
7 4 
2 2 
2 6 
1 

27 
2 5 
1 3 
5 
1 4 

Shale, "slaty" . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Limestone and shale. . . . . . . . . . . . . . . . . . . . . 10 
Sandstone, dark to light .. , . . . . . . . . . . . . . . . 9 
Shale, gray, sandy ...................... . 
Ooal, with partings ..................... . 
Shale, dark ............................ . 
Shale, sandy .......... , .............. , .. 
Limestone ............................. . 
ShaJe, dark, slaty ........ , .............•. 
Shale, calcareous ....................... . 
Shale, sandy ........................... . 
Shale, light ............................ . 
Shale, sandy ........................... . 
Shale, dark ............................ . 
Shale, black, slaty ... , .............. , ... . 
Coal .................................. . 
Clay, dark .......................... , .. . 

2 10 
6 

9 8 
1 8 
1 4 

17 
2 2 
2 3 
8 7 

33 
2 6 

8 
5 

1 5 
Shale, dark. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Shale, light, sandy .. , .......... , ... , . . . . . 2 
Shale, gray .....•....... , . . . . . . . . . . . . . . . 7 
Shale, dark. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Shale, hard. . . . . . . . . . . . . . . . . . . . .. .. . .. . . 9 
Shale. calcareous .......•......... , . . . . . 3 

Mississippian series: 
Limestone ..... , . . . . . . . . . . . . . . . . . . . . . . . . 6 

Ft. in. 

151 6 
156 2 
166 2 

170 4 
170 6 
172 
173 2 
187 2 
257 
257 4 
267 5 
268 2 
269 
282 11 
283 8 
290 2 
292 6 
295 10 
302 2 
309 6 
311 8 
314 2 
315 2 
342 2 
344 7 
345 10 
350 10 
352 2 
354 2 
364. 2 
373 2 
376 
376 6 
386 2 
387 10 
389 2 
406 2 
408 4 
410 7 
419 2 
452 2 
454 8 
455 4 
455 9 
457 2 
467 2 
469 2 
476 2 
485 2 
494 2 
497 2 

503 2 



248 STRATIGHAPIIY OF 'fIlE PENNSYLVANIAN SElUES. 

REOORD OW S'I'H,A'l'A IN nH.I1,LINO NI'.:.,\.H. Ill<:In.:rN.' 

(AIUt;uclo of surfa!'" ut (Jurh about 870 fn01 .. ) 

Strut,urn. 

Recent serios: 
Soil and gra vol ......................... . 

Pennsylvanian serioR: 
Lansing forma ti n n: 

Plattsburg limostono: 
LimostonE>. hard ........................ . 
Sho,le. light bltw ........................ . 
LimestonE>, soft ......................... . 

Lane shalo: 
Shule ..................... " ......... . 
I,imestono ............................. . 
Shu[o .............................. , .. . 
Limos to no ............................. . 
Shuio ................................. . 
Limestono ............................. . 
Shalo, blue ............................. . 

Kansas Oity formation: 
lola limestone: 

IAmestono und sand ..................... . 
Ohanute shalo: 

Shalo ................................. . 
Limestone, sholly ....................... . 
Shale ................................. . 
Sand .................................. . 
Slate, blacl!: ............................ . 
Shale, blu() ............................. . 
Shale, light .......................... : .. 

Drum limestone (probubly iuoludoH CC!lII(\1I1. Cil.y 
limestono boc! rwur btLH() oj' Olmnut.o 
shale) : 

Limestono, whito ................ , .... , , . 
I,imestone, gray ................. , ...... . 

Ohorryvale shale: 
Shale, lighb ............................ . 
Shale, bluo ............................. . 
Limestono ..................... , , , ..... . 
Shale ........................... " .. , .. 

Winterset limestono: 
Limestone ........................... " . 

Galesburg s!,;ale: 
Shale ................. " .............. . 

Bethany Falls limestone: 
Limestone .•..•........ " .............. . 

Ladore shale: 
Shale, dark ........................ ' .... . 
Shale, and shelly lime ................... . 

Hertha limestone: 
Limestone ....................... " .. '" 

ThioklH.lHB. 

F'N!l. 

q 
a 
2 

a 
:l 
2 
!.! 

4 
2 

31 

27!i 

Il J~ 
1 

a 
4 

10 
lJ. 

6 
12 

15 
4, 

3 
4 

40 

6 

20 

4 
6 

10 

I; )op1.l1. 

i /<'1'(:1. 

2('; 

~~ 0 
a 1 

a·l 
;l'l 

an 
41 
Hi 
47 
71l 

so ;1.1 

00 
III 
Il:.l 
1If> 
Illl 

lOll 
lllO 

126 
131l 

15:i 
157 
1110 

1M 

204 

210 

230 

234 
240 

250 

'Prospect well for ooal, oil, and gas, made with a ohurn drill in 1913 for the 
Berlin Ooal, Oil, and Gas Prospeoting 00., in the NE. U SW. U seo. 22, ,£' .• *.,,/>1 N .. 
R. 31 W. ';.:,1 



BERLIN DRILL HOLE. 249 

RECORD OF STRATA 1:-1" DRILLING NEAR BERLIN-Continued, 

1 , 

Stratum. Thickness. 'Depth. 

Pennsylvanian series-Continued. i Fee/. Feel. 

Pleasanton formation: I' 

Shale, blue ............................. . 4 254 
Shale, light ............................. i 
Shale, dark ............................. : 

75 329 
4 333 

Shale, light ............................. i 8 341 
Shale, light, sandy ....................... ' 13 354 
Shale, white ........................... . 41 395 

Henrietta formation: 
Limestone ............................. . 2 :>97 
Shale, white ............................ . 8 405 
Shale, blue ................... " ........ . 12 417 
Shale, blue, and slate .................... i 15 432 

Cherokee shale: 
Shale, black, and coal (Lexington) ......... ' 6 438 
Shale, sandy ............................ : 
Limestone .............................. : 

5 ! 443 
6 449 

Shale, light ............................ . 2 451 
Shale, dark ............................ " 14 465 
Shale, blue .............................. ' 20 485 
Shale, sandy ........................... . 25 510 
Shale, blue, sandy ...................... . 60 570 
Sandstone, red ..... ' ..................... i 
Shale, blue, sandy ....................... 1 

6 576 
45 tl21 

Shale, blue .............................. ; 25 646 
Sandstone, white ........................ '] 24 670 
Shale, sandy ............................ : 10 1380 
Sandstone ............................. . 16 696 
Sandstone ............................. . 7 703 
Slate, black ...................... , .... . 2 705 
Shale, white ........................... . 30 735 
Shale, dark ............................. ' 8 743 
Limestone ............................. . 6 749 
Shale, sandy ........................... . HI ' 765 
Limestone ............................. . 2 767 
Shale, sandy ........................... . 3 770 
Limestone .............................. : 1 771 
Shale, sandy ........................... . 9 780 
Shale, light ............................ . 13 793 
Shale, dark ............................ . 25 , 818 
Shale, white ........................... . 10 828 
Slate .....•............................. 829 
Coal. ................................. . 2 831 
Slate .................................. . 832 
Coal ......•............................ , 2 834 
Sandstone ............................. . 6 840 
Shale ................... " ............ . 25 865 
Limestone ............................. . 2 867 
Shale ..•............................... 16 883 
Sandstone, white ....................... . 56 939 
Shale, dark ............................ . 12 951 
Sandstone ............................. . 2 953 
Shale, black. sandy ....... : ............. . 4 957 
Shale, black ............. ' ............... . M 1021 



250 STRATIGHAPHY OF TIlE PENNSYLVANIAN Sl·;nIES. 

REOORD OF STRATA IN DIUI,LINO NI~]An. IlKn.r,rl\r~, ,Collt.!nllO(1. 

Stratum. 

Pennsylvanian series-Oontinued. 
Oherokee shalo-Oontinuod. 

Shale, sandy ........... , , ...... , ..... , , . 
Shale, sanely .. , , ........ , , , , ... , .... , . , . 
Shale. dark ... , , ................. ' ..... . 
Shale ................................. . 
Sandstono ...... , ...................... . 
Sandst.one ............................. . 

Mississippian sories: 
l..dmostono ............................. . 

ThicknOHH. Dopth. 

Ft. in. 

.j 

Hi 
:10 

Ft. ·in. 

10~r, 

1040 
1070 
lOI):.ln 
1 I I fi 

11 a:.l 

1140 

aMen in "harge of' tho woll olaim dri110rH nmcic, n. IniHi.aiw botwootl \11)7 and 
1,01)2, and that total dopth should bo 1,CHl2 foot. 

,REOORD 01·' S'rItA'J'A IN C01U~ DHIT,r.rNCl ON I{T'JATINO 1"AB.M A BOU'I.' 
'l'HHKEl MII,}DS SOU'l'H OF PHINGWl'ON. 

(Soc. 8, T. 64 N., H. 24 W.) Drmocl ill 1I114. 

Stratum. 

1<'t. in. Ft. in. 
Pleistocene sorios: 

Surface .. ' ............................. . 8 
Pennsylvanian serios: 

Kansas Oity formo.tion: 
Ladoro shale: 

Limostono, "bastard ..................... . I) 
Shale, light, soft, ....................... . 2 0 11 n 

Hertha limostone: 
Limostono, wllito ....................... . 4 (i 16 

Pleasanton formation: 
Shale, grcon ..... , ...... , .. , ...... , , .... . a II) 
Shale, dark. , .... , ..................... . 11 (! ao (j 

Coal (Ovid) ........................... . 4 ao 10 
S halo, light ............................ . 4 2 35 
Shalo, dark ............. ,', .. , .......... . 4 au 
Limestone ............................. . 3 42 
Shale, light .. , ......................... . 6 48 
Shale, darl, , slaty ....................... . n 54 
Sandstone, 'gray, soft .................... . 82 186 
Shale, groen ............... ' ............ . 17 153 

Henrietta formation: 
Limestone, white ....................... . 1 154 
Shale, red ..... , ..... " .' '" ........... . 8 11)2 
Shale, caleareous ........... , ........... . 6 168 
Shale, variegated ..... , ................. . 10 178 

Cherokee shale: 
Shale, blaok ........................... , . 6 184 
Coal. .... { } 
Sh~lt . . .. (Lexington) ............... . 
Coa ..... . ... , ...•....... 

6 184 6 
6 185 

1 8 186 8 



PRINCETON DIAMOND DRILL HOLE. 251 

RECORD OF STRATA IN CORE DRILLING ON KEATING FARM ABOUT 
THREE MILES SOUTH OF PRINOETON-Continued. 

Stratum. Thickness·1 

Ft. in. 
Pennsylvanian series-Continued. 

Oherokee shale-Continued. 
Fire clay .............................. . 3 
Limestone ...•.......................... 6 4 
Sandstone ............................. . 16 
Shale. sandy. slaty ...................... . 7 
Coal (Summit) ......................... . 9 
Limestone. hard ........................ . 6 3 
Shale. calcareous ....................... . 5 
Ooal (Mulky) .......................... . 4 
Fire clay .............................. . 3 6 
Shale. light ............................ . 5 
Sandstone, soft, gray .................... . 55 2 
Coal (upper bench of Bevier) ............ . 5 
Fire clay .............................. . 4 7 
Shale, sandy ........................... . 10 
Shale. dark, slaty ....................... . 9 
Ooal (lower bench of Bevier) ............. . 1 4 
Fire clay .............................. . 3 8 
Shale, light ............................ . 9 
Olay. black ........................ " " . 2 
Ooal (Lower Ardmore) .................. . 10 
Fire clay .............................. . 2 2 
Sandstone ............................. . 10 6 
Shale, light ............................ . 3 6 
Shale, sandy ........................... . 2 
Shale. with fire clay ..................... . 
Shale, caloareous ....................... . 4 
Shale. black. slaty ...................... . 3 
Ooal .................................. . 10 
Fire clay .............. " .............. . 1 2 
Shale, dark, slaty ....................... . 6 
Coal ....................... ' ........... . 6 
Shale, light ............................ . 2 6 
Shale, darkr hard. slaty .................. . 76 
Shale, slaty. sandy ...................... . 6 
Shale, black, slaty ...................... . 4 6 
Sandstone, fossiliferous: ................. . 7 6 
Shale. slaty. sandy ........ ; ............. . 
Shale, dark, slaty ....................... . 3 
Sandstone. gray ........................ . 6 
Fire clay, sandy ........................ . 4 
Shale, black, slat)T ...................... . 4 
Sandstone, gray ........................ . 3 6 
Shale, black, slaty ...................... . 4 8 
Coal .................................. . 9 
Fire clay .............................. . 3 5 
Shale, slaty. sandy ...................... . 3 4 
Clay. black ............................ . 2 2 
Coal .................................. . 1 2 
Fire clay, sandy ........................ . 1 2 

Sandstone. gray ........................ . ,3 6 
Shale, black. slaty .................... , .. 6 6 

Depth. 

Ft. in. 

189 
196 
212 
219 
219 
226 
231 
231 
234 
239 
295 
295 
300 
310 
319 
320 
324 
333 
335 
335 
338 
348 
352 
354 
355 
359 
362 
362 
364 
370 
371 
374 
450 
456 
460 
468 
469 
472 
478 
482 
482 
485 
490 
491 
494 
498 
500 
501 
502 
506 
512 

8 

9 

4 
10 
10 

5 

4 

10 

6 

10 

6 

6 

4 
10 

6 
3 
8 

2 
4 
6 

6 



252 STRATIGRAPHY OF THE PENNSYLVANIAN srmms. 

RECORD OF STnA'l'A IN conE DRII,T,TNO ON 1(.mA'1'1NO FAHM ABOtT'!' 
THnKE: MlI,]j)S SOUTH OF PH.INCI<:'l'ON-··--(\onl,inIlPCI. 

St;t'atum. 

PcnnAylvanian sorlos-Oont.inued, 
Oherokee shalc-Oontinuo(\, 

Fire clay, ... , , ........................ . 
SandHtonO ............................. . 
Shalo, blnelt, slaty ............... ' .... , .. . 
Coal. ... { }" .............. .. 
"Bindel''' (CalnoRville) ................ . 
Coal.... .., .............. . 
lrlre clay .............................. . 
Shale, Iigh t, •••••.••••••••••••••••..••••• 

2 
a n 

II 
2 (I 

2 2 
2: 7 
1 lO 
2 

514 (\ 

IHR 
51H 11 
fi21 5 
J)2a 7 
52f1 2 
52R 
nan 

HECORD Ol~ HTltA'rA IN OOltl·] Drtlh[d NO Nll:A 1t Hi\. X'I.'ON.' 

Stratum. 
. _-----_._--.---_ ... 

Pleistocene serlcs: 
Clay .................................. . 
Sand .................................. . 
Gravol ................................ . 

Pennsylvanian sorlos: 
Douglas formation: 

Weston shalo: 
Shale, bluo ............. , ............... . 

Lansing formation: 
Stanton l1mestono: 

Limestone .. , .......................... . 
Shale. blue ............................. . 
Linleetono ............................. . 

Vilas shale: 
Shale, blue ............................. . 

Plattsburg limestone: 
Limestone ............................. . 

Lane shale: 
Shale, blue ............................. . 
Llmestono ................. : ........... . 
Sandstone .............................. . 
Shale, blue ............................. . 
Limestone. '" ........................•. 
Shale, blue ............................. . 
Limestone .......•.•................... 
Shale, blue .........•............•....•.. 
Limestone ...........•.................. 
Shale, blue ...•.•........................ 

Kansas City formation: 
lola limestone and Chanute shale: 

Limestone ..........•................... 
Limestone, fossiliferous.. . ..........•.... 

'l'hloiuHlflfll. Dopt,h . 
_" __ ~ __ ,".""~ .• _. _'.'0 __ 

Ft. in. 1·'t. tn. 

2:~ 2:-J 
2 2n 
4 21) 

1 30 

1 31 
1 82 

20 52 

4 (I 56 6 

16 6 73 

6 79 
1 80 

17 97 
1 98 
2 100 
9 109 
4 113 
4 117 
1 118 

38 156 

7 6, 163 6 
4- 167 () 

'Drilled between May 3 and ,June 26, 1900. Reported to be near junotion 
of Pla.tte a.nd 102 rivers, 
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RECORD OF STRA TA IN CORE DRILLING NEAR SAXTON-Continued. 

Stratum. I ThiCkness·1 Depth. 

Ft. in. j--F-t.-;-n-.-

Pennsylvanian series-Continued. 
Kansas City formation-Continued. 

lola limestone and Chanute shale-Continued. 
Shale, blue ............................. . 3 171 

Shale, black ............................ . 
Limestone ............................. . l I 172 6 

173 
Shale, blue ............................. . 
Shale, gray ............................ . 
Limestone ............... ' ............. . 
Shale, blue ............................. . 

Drum limestone': 
Limestone ................... " ........ . 

Cherryvale shale: 

5 
4 
4 

8 

6 

I 
I 

178 
182 
186 
194 

Shale, blue ............................. . 
Limestone ........... '" ............... . 
Shale, blue ............................. . 

1 

3 

6 I 

6 I 

201 6 
202 6 
206 

Limestone ............................. . 5 
Shale, blue ............................. . 7 
Shale, fossiliferous ............... : ...... . 4 

Shale, blue ............................. . 2 
Limestone ................... " ........ . 2 
Shale, blue ............................ . 7 

Limestone ............................. . 5 
Shale, blue ............................. . 6 

Winterset limestone: 
Limestone •............................ 8 
Shale, blue .. " ...... " " ............. " ... . 1 
Limestone ... " ........................ . 20 

Galesburg shale: 
Shale, blue ........ " .................... . 2 
Shale, black .. " ........ " .... " .......... . 2 
Shale, blue ........... " .......... " ..... . 2 

Bethany Falls limestone: 
Limestone ............................. . 21 6 

Ladore shale: 
Shale, blue ............................. . 2 

Hertha limestone: 
Limestone ............................. . 18 6 

Pleasanton formation: 
Shale, black ............................ . 
Coal (Ovid) ....................... , .. . 
Shale, blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Shale, sandy .................... : . . . . . . . 40 

211 
218 
222 
224 
226 
233 
238 
244 

252 
253 
273 

275 
277 
279 

300 

302 

321 

322 
322 
3.23 

363 
Shale, blue.. . . . . . . . . . . . . . . . . . . . . . .. . . . . . 45 408 
Shale, clayey. . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 411 
Sh;"le, blue. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 5 416 
Shale, sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 429 
Shale, blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 440 
Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 441 
Shale, blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 449 

Henrietta formation: 
Limestone ............................. . 
Shale, sarrdy ........................... . 

'l'"fay include some of the thin beds below. 

3 
6 

452 
458 

6 

6 

1 



254 STRATH;IL\PIlY OF TilE PENNSYl,YANl:\N SEHlES. 

RECOI'tD OF STHA'J'A IN COIl,li.l DHIl,LINO N i·.lAlt SA X'l'ON---Continuccl. 

Stratum. 

Pennsylvanian series-Continuod. 
Henrietta formaLion-Continuod. 

Limestone ........................ . 
Shale, sandy ........................... . 
Shale, blue ............................. . 
Sbalo, calcareous ..... , ................. . 
Limestono, eonglomeratin ................ . 
Shalo, blaok ..... , ...... , . , .. , , , .. , . , .. , , 
IJimestone. , ..... , , .. , . , ...... , ..... , .. . 
Sandstone ............... , ... , ....... , . , 
Shalo. blael" ..... ' . , .......... , ..... , .. . 
I,imest.ono, blno ... , ............ , ..... , . , 
Shale, bluo, . , ... , .. , . , . , .. , . , .. , , .. , , , , . 
Shale, black ......... , , . , ... , .... , ..... . 
Shale, blue ............................. . 
(Joa .. l ............ ...................... . 
Shale, blue ....................... , , .... . 
Limestone .............. , ...... , ....... . 
Shale, blue ............................. . 
Limestone ..... " ...................... . 
Shale, mixed wi1.h lin10stono .............. . 
JJimostone .....•........................ 

Cherokee shale: 
Shale, with layers of sand ................ . 
Shale, blue ............................. . 
Sandstone ............................. . 
Shale, clayoy ........................... . 
Sandstone ............................. . 
Shale, sandy ........................... . 
Shale, blue ............................. . 
Sandstone ............................. . 
Shale, blue ............................. . 
Sandstone ............................. . 
Shale, blue ............................. . 
"Cap rock" .......................... , .. 
Coal (Bedford) ......................... . 
Sandstone ............................. . 
Shale, blue ............................. . 
Coal (Bevier) .......................... . 
Shale, blue ............................. . 
Limestone ............................. . 
Shale, blue ............................. . 
Shale, sandy ........................... . 
Shale, blue ............................. . 
Sandstone .............. '" ............ . 
Shale, sandy ........................... . 
Shale, black ............................ . 
Shale, sandy ........................... . 
Shale, black ........................... . 
Coal .................................. . 
Shale, blue ............................. . 
Shale, sandy ........................... . 
Shale. black ............................ . 
Coal ...•............................... 

Thiol<ness. Depth. 

Ft. in. 

2 
a 

12 
X 

2 
:l 

(\ 

11 (j 
(; 

5 
7 

8 
7 
n 
a 
5 
4 H 

:! 
2 (; 

I) 

4 
:1 

l:~ 

I) 

a 
0 
2 

Hi 
1 

1 8 
11 4 

17 
1 \) 

a 3 
a 
4 
8 
2 
8 
5 
3 
3 
2 4 
1 5 
2 3 

18 
8 6 
1 6 

Pl. in. 

1flO 
·ln3 
475 
4H3 
tlt-:r, 
,18K 

4Kn 
4\J5 
50U 
fdlS 

50\) 
510 
510 
511 
f).ln 
52U 
.Gar> 
r.;;{X 

54:! 
5·17 

550 
55a 
55!'! 
5H2 
uo!) 
578 
587 
5no 
5\)() 
5ns 
(l14 
ti15 
G16 
62S 
615 
046 
(l50 
653 
057 
6(j5 
667 
(;75 
080 
683 
686 
688 
689 
(1)2 
710 
718 
720 

(\ 

6 

8 

9 

4 
9 

6 
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RECORD OF STRATA IN CORE DRILLING NEAR SAXTON-Cont!nued. 

Stratum. Thickness. Depth. 

Ft. in. Ft. in. 
Pennsylvanian series-Continued. 

Cherokee shale-Continued. 
Shale, clayey. • . . . . . . . . . . . . . . . . . . . . . . . . . . 14 734 
Shale, black. • . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 9 
Coal................................... 1 6 
Shale, blue. . . . . . . . . . . . . . . . . . . . . . . . . . •. . . 3 9 
Shale, sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Coal, slaty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Shale, sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 9 
Shale, blue. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Shale, blue.. . . . ... . .. .. .. . . .. .. . . .. . . . . . 4 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Shale, blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Shale, blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Conglomerate. . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

742 9 
744 3 
748 
757 
757 3 
767 
769 
780 
784 
786 
866 
867 
870 
882 
887 

Shale, sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 904 
Shale, blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 909 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Shale, sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Coal... ................................ 6 
Shale, blue. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 20 6 
Coal................................... 7 
Shale, sandy ........................... '. 6 5 
Shale. blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 
Coal................................... 1 4 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 
Shale, blue ........................... '" 
Limestone ............................. . 
Shale, blue ............................ . 
Sandstone .•............................ 
Shale, blue ............................. . 
Shale, sandy ........................... . 
Coal .•................................. 
Sandstone ............................. . 

7 
3 
7 
2 
6 
3 

3 
10 

2 

918 
919 
928 
928 6 
949 
949 7 
956 
960 4 
961 8 
965 
972 
975 
982 
984 
990 
993 
993 10 
997 

Shale, sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 998 
Sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .;; 1003 
Shale. sandy. . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 1022 
Shale. blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 24 1046 
Sandstone .•.... '. . . . . • . . . . . . . . . . . . . . . . . . 4 1050 
Shale, blue. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1051 
Sandstone ... '. . . . . . . . . . . . . . . . . . . . . . . . . . . 26 1077 

Mississippian series: 
Limestone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 1116 



CHAl)TER VII. 

NOTES OF THE FOSSIL FLORAS OF THE PENNSYLVANIAN 
IN MISSOURI. 

Conditions of deposition of J\lisSOllri ('oals. In !il(' coal 
regions of Missouri fossil plants nrc reiaLiv('ly raro as ComIWI'f'(l 

with most oLher coal nelds. This fad, whieh at first npp('ul'S 
incompatible with the presenee of SO many heds of ('onl, ('Heh 
composed of the carhoI1.ized debris of plants, is dlW to the c1osf' 
proximity of the swarnps, in wldeh the cnuI-formilll..t IH'al was 
laid down, to sea level. Tho ('.onl swamps, which al llIost points 
are underlain by old. soilf:! still showing the n}ot:-; of l.r('(~:-; nnd 
smaller vegetal types in their places of growth, WP(,(\ in this 
part of the North American (:onUlwnt undergoil1{J V('I'Y I·;low 

depression while the mother peal was in l.lHl process of formation. 
In most areas the swamps sank below tide h'v(~l lwfol'e p(~nt in 
sufficient thickness to form very thkk bedH of eoal had heen 
deposited. This appears fully to explain why the coall-> of Mis
souri are not thicker. 

A clos'e examination of the coal beds in most exposul'(\S showl-> 
that the process of peat building wus inlerrupted by illvu"ions 
of salt or brackish water from the sea, which killed the fresh 
water or terreslial plant types fl!om whieh Lhe pea L was being 
formed. In many places the top of the peat wns more or lesH 
deco'mposed in the sea waler or mixed with inwashed silts, so 
as to form dirty cap-layers, or portions were re-deposited in Lhe 
dark, thinly stratified carbonaceous muds generally termed 
"black slate" by the miners. In many places these bluek car
bonaceous muds contain the shells of I..ingula and Orbieuloidea, 
types that were able to live in very shallowly inundated mud 
flats rich in organic matter. Furtller subsidence, generally 
favoring the access of clearer sea water over the submerged 
peat swamps, permitted the invasion of a varied fauna of "shell
fish," including pelecypods, brachiopods, bryozoans and corals, 
as well as fish. Remains, often in great abundance, of these 
animals are found in the shales immediately overlying the 
principal coal beds in the State, With greater clearness of the 
water, tho still with very shallow depth of the sea, there were 

(256) 
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laid down limestones or other lime-containing beds throughout 
the greater portion of the coal fields. These limestones, often 
spoken of as "cap-rocks", that overlie the coal beds, are largely 
composed of the remains of a great variety of invertebrate ani
mals, as well as of sea weeds that inhabited the transgressing 
seas. In each case where sea deposits such as those just de
scribed were laid down over the peat swamps, the resumption 
of peat-building of the quality necessary for the formation of 
good coal could not take place until changes in the elevation 
of the land (which are always in progress) again brought the 
coal-forming areas· above tide level, and so permitted the re
occupation of these areas by the peat-forming plant life. 

It appears that when the peat deposits were submerged 
beneath the advancing sea, the rate of sedimentary deposition 
was so slow and the plants growing in the swamps were, in most 
areas, exposed so long to wave action and the agencies of de
composition, that only the more indestructible material, gen
erally comminuted and waterworn, became buried so as to pro
tect it from decay; hence in most places the roof shales covering 
the Missouri coal beds reveal little except spores, seed-coats, 
scales, and indeterminable parts of the stems and petioles of the 
plants that populated the swamps before the sea crept in. Here 
and there only was the subsidence of the swamp attended by 
such inwash of sediment from the land as to bury the fallen 
vegetation so as to preserve many of the ferns and other delicate 
plant forms from complete decay and destruction. Such dep
osition took place near Clinton, in Henry county, where at 
several of the mines large fragments of the fronds of ferns, 
some of which are .very delicate and fragile, lie bedded in the 
shales like the dried plants between the sheets in an herbarium. 
The undestroyed plant substances are now converted to coal so 
that the actual fossil remains of the plants generally appear as 
black residues on the bedding surfaces of the shale. 

Not rarely the butts of the trees growing on the surface 
of the peat swamp at the time of the killing by the salt water 
invasion decayed downward, forming hollow stumps which were 
filled with mud or sand while stlU standing upright in their 
places of growth. These filled stump cavities, which are gen
erally surrounded by the thin coaly layer produced from the 
surviving resistant bark of the trees, form the "kettle bottoms" 
which are so frequent a SOUf(~e of danger in many of our coal 
mines. 

0-17 



2C)8 S'fRATWHAl'llV OF TilE I'ENNSYLVANl.\N SI':I\lES, 

In some inslanees the eondiliollS of dO(,~IY have lW,(,ll such 
as to favor the silicifiealiou of a parl of the huried plant debris. 
Most notable examples of such silicification may be observed ill 
the vicinity of Madison, :Monroc CounLy. I lerewe lind many 
of the stumps of the trees standing in the roof of lhe ancient peal 
bog, now a coal bcd, to have been eomplelely silicitied, Ac
cordingly, as the erosion of the surrounding shaleR pro(~eeds, 
the petrified slumps are revealed in all the aSJ)(·.d of slightly 
decayed, recently killed slumps, in their original positioll of 
growth. These remarkable petrified stmnps an1 exactly similar 
in general appearance, in their relalion lo the underlying t rnn~
formed fresh waLer peal, and in their ol1ve!opnwnL by !'itllH'r

posed braekish or salt waLeI' earhonaeeou!-l sedinH'nts to t1w 
stumps to be found on the surfaces of Ow snbnH'.rged fn'!-lh wuler 
peats at l'nany points along Lhe New England ('0(151" ~l!('h, for 
example, as Vineyard HaV(Hl, on the iflla:nd of lVlnrL.ha'g Vine
yard; the valley of the Myslic HiveI' neal' Boslon, and the 
partially submerged peat swamps along the heach neal' Nahant, 
Mass. The conditions of growth, of killing, of decay, and of 
subsequent burial, are praelically idenlieaL Uowever, the 
stumps standing in the fresh waleI' peats along the New Eng
land coast are not petrified, the original wood being b u L sligh Uy 
altered. In some areas, at least, they have not yet heen com
pletely buried. 

In connection with the discussion of the marine Rubmergenee 
which generally attended the formation of the Missouri eoals, 
it may, in passing, be noted that the high percentages of sulphides 
found in most localities in the coals of Missouri, Kansas, and 
Illinois, are believed by the writer to be largely due to the con~ 
ditions of submergence of the organic matter, as described, 
and the attendant activities of sulphur fixing bacteria. It 
would appear that the elements necessary for the formation of 
the sulphides were, in the Eastern and Western Interior basins, 
contributed in relatively large amounts by the erosion of the 
rocks environing these basins. 

The general physical conditions, including the physiography 
and climate, attending the formation of coal beds have been 
discussed somewhat fully by the writer in Bulletin 38 published 
by the Bureau of Mines. Therefore, he will here go no further 
in the discussion of this subject than to note that the fossil 
plants found associated with the coals· of Henry County, which 
has furnished most of the paleobotanic material on which our 
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knowledge of the coal flora of Missouri is based, indicate the 
existence of swamps in which tall trees of Lepidodendron, 
Sigillaria, and Calamites grew in areas partly covered by very 
shallow fresh water. Many of the associated herbaceous types, 
belonging mainly to Sphenopteris, Neuropteris, and Pecopteris, 
were large, some of them probably 30 feet or more in height. 
Others were slender, delicate-fronded types that climbed or 
clambered over the more robust species. The habit of these 
plants clearly indicates a tropical or sub-tropical climate, to 
which the large thin-walled cells of the wood, the absence of 
distinct annual rings, and the presence of structures adapted 
to the protection of the plants during dry seasons also point. 
The flora of the coals of Henry County contains some membra
naceous types, but many of the fern-like plants, including forms 
of delicate tropical habit, are villous or even coriaceous. Ac
cordingly, since the plants undoubtedly belonged to a swamp 
flora, it becomes probable that the xerophytic features were 
developed to enable the plants to withstand brief periods of 
lowering of the water level, i. e., short, dry seasons. That these. 
dry seasons were not long, and that the general climate was 
amply humid, is shown by the structural adaptations of many 
of the types and by the formation of the peat itself. 

Paleobotanical correlations.-While referring to the flora 
from the Henry County coals, the ,vriter takes advantage of the 
opportunity to review and revise certain conclusiom published 
in U. S. G. S. l\:lonograph 37 as to the age of the plant bearing 
beds,-i. e., the shales over the coals at the Owen and Jordan 
coal banks and at Gilkerson's ford of Grand River: 

At the time of writing the report mentioned above, when the 
floras of the different epochs in the type sections of the Penn
sylvanian in the Appalachian trough were but little known, 
it was con'cluded that the flora from the coals of Henry County 
was probably to be correlated with that of the middle or Kittan
ning group of coals in the Allegheny formation, the suggestion 
being made that the Owen coal flora might perhaps be as young. 
as the Upper Kittanning coal flora in Pennsylvania. Since 1898, 
the date of publication of that report, the writer has examined 
more fully the floras of the Allegheny formation, as well as 
those from many formations in the underlying Pottsville group, 
and it is in the light of these later studies that the following 
notes concerning the relations and the distribution of some of 
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the species from thonellry County cOlds Hl'(, bJ'ou~:ht (~SPC
dally to the aHention of geologists and paleontologists. 

Among the species dcsel'iilNl in l\lonograph :)7 HtI'!JI(I[!li'ris 

bilo/;ata D. W., really a rcpn~scnlalivp of til(' gP!l\lS C1H'il;llllhit('s 
of G()ppcrt, is a survivor of the Cheillllll.!Ji('s of thl' UPIH'1' Potts
ville. Its latesl near relative in AnH'TicH seelllS to be.' Ih(' Chf'il
anlizites (Sphcllopteris) solida Lx., whiehis prol>:ll>ly IH'arly (:011-
temporaneotls. The short, blunt, CI'OS(\ 01' d('nti(,ttinl(' iniH's of 
El'emoplais miss()ul'icllSis Lx. are in evid(\Il('e of tlw d(,S('Plll 

of this species froln the group reprc·s(·nL(·(l in the Pol!.svilk by 
the Ecemopleris Clwalfwmi Lx. It is ('0 III jHIrnl>k nlso \0 ,\',)/11'11111'
tais Boyi Lx., from IhemiddlePoUsville, nnd it iillds ('los(~ kin
ship in Lhe plant fro III C(inl "No.2" of Illinois, )'('{~ord('d .in 
the reports as Sphenoptcris spillosa C;o('.pp. 

The approximation of lhe age or ll\(\ ('oals wor1wd Il('ar 

Clinton lo the uppermost part. of lhePollsville epo('}l is possildy 
shown in no group more e10sely than in the l'otillcl-IoIH~d Cheil~ 
anthitcs. The plant deseribed by [.esqllereux as PS(,lldo~ 
pecopteris obLusiloba. (Brongn.) [,x., plainly a Ch(~i1anl hilt's, is 
almost unknown in even the basal portioll of lIw Allegheny 
formation in the Appalachian trough. H finds its closest 
relative in the Kanawha formation (upper P()ll.svill(~), ,,,here 
the species is developed in eharaeteristie asped. M('nl.ion 
should be here made also of Lhe frond fragment with eotnpuel. 
thick, round-lobed pinnulcs, shown in plate 7, figure t1 of Uw 
cited Monograph, which represents a plant possibly indisUn~ 
guishable from an undescribed but widely dist.ribuled spoeies 
of Cheilanthites that is charaeteristie of t.he upper Pollwville. 

Of the species from the Henry County eoals that have been 
referred to the genus Mariopteris, Jl,f. spJwnoplCl'oides (Lx.) 
Zeill. is best known in the flora of coal No.2 ill Illinois, while 
the fragment described as the "Jl,Ial'ioplcris sp.';, in plate 9 
of the Monograph is very distinctly uppermost Pottsville in 
facies. Another species pointing toward a very late .Pottsville 
d.ate for the Henry County coals is Cl'Ossotheca ophio(llosoidcs 
(Lx.) D. W., a plant almost unknown above the lowest horizon 
of the Allegheny formation. It belongs to a type characLeristic 
of the highest coal of the Kanawha formation, namely, the 
Upper Mercer. Further, Pecopteris veslila Lx. represents a 
form that is now recognized as essentially charaeteristic of the 
Mercer coals, though it seems to be present also in the lowest 
portion of the Allegheny formation. 
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The plant described by Lesquereux as Pecopteris Clinloni 
has a close parallel in the Mercer coals, \vhere is found also a 
species, possibly indistinguishable from Pecopteris J enneyi, 
which at the time of its description was regarded by the writer 
as tending to show a rather late Kittanning age for the Henry 
County coal beds. 

The Neuropteris described by Lesquereux as lV. missouriensis 
belongs unquestionably to the N. flexuosa group, being but little 
removed from the latter species. It has no known representa
tion above the ::Vlercer coals in the Appalachian or other American 
coal fields. In this connection it may be remarked that Linop
iuis Gilkersonensis D. \V. perhaps equals Neuropieris missou
riensis in weight of evidence for the lower stratigraphic reference 
of the flora of the Henry County coals, since it, too, is highest 
Pottsville in facies. The genus Linopteris is unkn.own below 
the Mercer coals. 

Passing from the Cycadofilices and ferns to the other plant 
groups described from Henry County we note that types possibly 
indistinguishable from Sphcnophyllum fasciculatum (Lx.), seem 
to be rare if actually present in post-Pottsville beds. 

On the other hand there are in the flora of the Henry County 
coals many plants such as Callipferidium Sulliuanti (Lx), Weiss, 
which are, in general, to be regarded as indicative of Allegheny 
age. Other species, such as Sphenopteris mixia Schimp, Oli
gocarpia missollriensis Lx., a very large and rather delicate type, 
and Alethopteris amhigua Lx., suggest an horizon very low in 
the Allegheny. It may be noted also that Callipteridium Sulli
vanti, though apparently confined to the Allegheny formation, 
seems most at home near coal "No.2" in the Eastern Interior 
Basin. 

From the foregoing it will be seen that the evidence of the 
fossil plants, as interpreted according to our present kno\vledge 
of the Pennsylvanian flora, indicates for the Henry County coals 
an horizon at the base of the Allegheny formation, if not, as 
seems slightly more probable, in the uppermost portion of the 
Pottsville. 

The flora of the Bevier coal in the region north of the 
Missouri River is not well known, but a small collection of fossil 
plants has fortunately been gathered from this horizon at Bevier. 
Since this later-collected paleobotanical material has not yet 
been systematically studied and compared, the correlative 
conclusions based upon its preliminary inspection are but 
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tentative. It appears, however, from a superficial examination 
, of the plant material from this horizon, that the Bevier coal 

is probably very closely contemporaneous with, if not actually 
identical, with the Murphysboro coal ("No 2") of western 
Illinois, which undonbtedly is of very nearly the same age as 
the Brookville coal, at the base of the Allegheny formation in 
the Appalachian trough, and which in Illinois is, with its under
clay, made the base of the Carbondale formation. This tenta
tive correlation, based upon the fossil plants, has, in the judg
ment of both Mr. Hemy Hinds and the writer, found a measure 
of corroboration in the stratigra\phic features of the beds en
closing the coal. 

The somewhat meagre material secured from the roof of 
the Bevier coal does not seem to include sneh a representation 
of the more ancient elements in the £lora of the Henry County 
coals as would naturally be expected were the laUer toals equal 
to or later in age than the Bevier coal. It is therefore reasonable 
to conclude that the Henry County coals, (Owens and Jordans 
Banks) are not younger than the Bevier coal. On the other 
hand, it appears slightly probable that they are, in fact, a little 
older. A direct comparison of the flora of the Jordan coal in 
Henry County with that of the Murphysboro coal in Illinois 
likewise leads to the provisional conclusion that the former is 
slightly earlier in age, thus tending to favor its reference to the 
uppermost Pottsville, to which epoch, in the light of the infor
mation obtained since 1898, it is accordingly tentatively assigned 
by the writer. 

The paleobotanical evidence now available, though not 
fully investigated, points toward the correlation of the Bevier 
coal in northern Missouri with coal "No.2", the Murphysboro 
bed, which with its underclay forms the base of the Carbondale 
formation in Illinois. 



CHAPTER VIn. 

INVERTEBRATE PALEONTOLOGY. 

BY GEORGE H. GIRTY. 

DISCUSSION OF FAUNAS. 

The collections on which this discussion of the invertebrate 
paleontology is based are the work of many hands. By far the 
largest number were procured by Mr. F. C. Greene, though 
others shared in the work. Much of the Cherokee material 
was collected for the United States Survey by Mr. Gilbert Van 
Ingen. In all, the collections upon which this report is based 
amount to 253, and they include representatives of nearly 350 
species. The largest number from one formation is 53, from 
the Cherokee shale, and the most varied fauna is that of the 
Douglas formation, which contains 148 species; the Kansas City 
formation with seven more collections lacks only 4 or 5 species 
of containing an equal number. The following list shows these 
data by formations: 

Colleotions. Species. 
Wabaunsee formation ... : . . . . . . . . . . . . . 4 9 
Shawnee formation. . . . . .. . . . . . . . . . . .. 20 100 
Douglas formation. . . . . . . . . . . . . . . . . . .. 40 148 
Lansing formation. . . .. . .. . .. . . . . . . . .. 35 114 
Kansas City formation. . . . . . . . . . . . . . .. 47 143 
Pleasanton formation.. . . ............. 19 74 
Henrietta formation. . . . . . . . . . . . . . . . .. 35 83 
Oherokee shale. . . . . . . . . . . . . . . . . . . . . . . 53 120 

Total ......................... 253 

The mere handling of so much material, aggregating many 
thousands of specimens, has been a task of large proportions 
and I have received some help both from Mr. Greene and from 
Mr. P. V. Roundy, by whom some of the collections were sepa
rated and identifiE)d. All identifications were carefully reviewed 
by me, however, except a few species of fenestelloids determined 
by Mr. Greene. 

It may be worth while to consider what object is sought 
in such work as this, whether the object has been attained in 
the present instance, and whether the results justify labors so 

(~63) 
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considerable. Although a certain number of new species 
were discovered in the course of this investigation they by no 
means furnished the motive for the work, nor would they be 
any adequate return for that which has been performed. Indeed,. 
it would have been practicable to pick out the new species and 
describe them without doing much of the work which was 
done. 

The desirability of supplementing such careful stratigraphic 
work carried on over so wide an area by a report on the fossils 
obtained, and the opportunity of making a comprehensive study 
of faunas of so extensive a section under such favorable con
ditions, were the actuating considerations for an undertaking 
of which the results make but a small showing for the time 
and pains demanded. Although considerable attention has 
been given to this same line of research in the neighboring 
state of Kansas, the present investigation, which concerns a 
different though contiguous area, promised both to add to the 
other and to furnish a check upon it. 

In all nearly 350 species have been recognized in our col
lections from the Pennsylvanian rocks in Missouri. Besides 
ascertaining the range of these species in the section and their 
varying assemblages into the formational faunas, an interesting 
field of research would be to trace the changes which some of the 
long-lived species underwent, changes which might not warrant, 
or at least have not warranted, recognizing them as more than a 
single species, but which might prove to have a fixed place in 
the sedimentary record and thus to be capable of serving as an 
index, when checked by other evidence, of the age of any fauna 
brought into question. A typical species for an investigation 
of this sort would be Compos ita subtilita, under which are umted 
quite a variety of kindred and connected forms, which no one 
has as yet had the 'hardihood to distmguish and to name. Prob
ably they are not separate species, but probably some of them 
would be found to have a place in the development of the type 
in geologic time. From the enticements of this field of research 
I have had to turn away, the lack of time and the pressure of 
other duties preventing me from entering it. My work has 
thus perforce been prosecuted along broader or at least other 
I,ines and is conditioned on the acceptance of most of the specific 
units as with their time-honored boundari~s. 

The best method of conducting an investigation such as 
this, is to break up each collection into its constituent species, 
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and to assemble for study at one time the specimens of each 
species from all the localities at which it has been found. Besides 
opening the way to a complete and comprehensive study of every 
species, t~is method enables one to identify many specimens 
otherwise indeterminable by establishing a reasonable specific 
identity with better specimens which are determinable. It 
crystallizes the specific concept while confusing the faunal con
cept. This method for several reasons I have not adopted 
here. The species have been identified collection by collec
tion, but although this has been a slight disadvantage, sufficient 
care has been exercised and sufficient checks have been applied 
to make the identifications accurate and consistent. In certain 
groups greater refinement is both desirable and possible. 
My treatment of the Fusulinas is very inadequate and my 
determinations of many of the Bryozoa unsatisfactory. Both 
groups require special study by means of thin sections and con
stitute little problems by themselves, but their investigation 
was not vital to my purpose and I could not command the time 
to undertake it. It must not be understood, however, that 
many of the Bryozoa have not been thin-sectioned and much 
study given to their identification. 

In choosing the form of presentation of the evidence in 
such a study as this for the judgment and use of other paleontol
ogists, much depends on the nature of the case. If the faunas 
have been little studied and have a more or less peculiar facies 
with many of the forms doubtfully identical \vith described spe
cies, it is almost necessary to furnish illustrations and de
tailed descriptions whIch may serve as vouchers for the identi
fications and for the conclusions in correlation that are based 
upon the identifications. This method is less essential in the 
present case, for Missouri is part of the paleontologically best
known Carboniferous area of America and most of the species 
found in the collection are common and have been described and 
figured over and over again. Consequently it has been thought 
necessary to figure or describe in the present paper only 
the new species or those about which some question had arisen. 

Most of the features that invite comment in these faunas 
are mentioned under the formations in which they are exhibited. 
As in Kansas so here the rocks forming the geologic column of· 
the Pennsylvanian consist of alternate limestones and shales. 
Many of them were originally regarded as formations and named 
as such, but here they are considered as members of larger 



266 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

groups which are designated formations and to which they 
are severally assigned. It has been noted in the Kansas section, 
and is equally true of this, that but few of the shale members are 
fossiliferous and that most of the invertebrate fossils occur in the 
limestone members. It has sometimes been held, and reasonably 
so in so far as faunal facies are governed by habitat, that one 
type of fauna, broadly speaking a molluscan fauna, occurs in shale 
formations and another type of fauna, a molluscoidean fauna, oc
curs in lImestone formations. To some extent this generaliza
tion is borne out by the collections from the Missouri coal field. 
That it is not more amply supported by this 'evidence may be 
due to several causes. The conditions that determined the 
deposition of beds of shale or of limestone are probably only 
one of the factors that determined the character of the marine 

.. animals found in them. Again it is fairly certain that all Mol
lusca, or all Molluscoidea, were not adapted to one environment. 
Certain types of the one doubtless throve best in the environ
ment generally most suited to the other. It is also not improb
able that many of our fossils have been swept by currents from 
the place where they lived and died, into an alien and unfavor
able environment. Furthermore, although the sedimentary 
re'cord, as I have already mentioned, is expressed lithologically 
in terms of alternating shales and limestones, there is of neces
sity some limestone in the shale members and some shale in the 
limestone members, so that if we had the complete facts at our 
disposal the theory might receive even more support than 
now appears. However that may; be, as represented in my 
collections, some of the shale faunas abound in brachipods 
and some of the limestone faunas are relatively speaking rich 
in pelecypods. Indeed, to a certain extent the formations here 
considered expressed themselves biologically in faunas in which 
the molluscan and molluscoidean elements predominate alter
nately, ~lthough in the formations as a whole one kind of 
rock does not seem to prevail and the fossils themselves 
were derived chiefly from the limestone members. Too little 
attention has been paid to the relationship between fossil faunas 
and their environment expressed in terms of lithology, although 
the subject forms an attractive, if difficult, field of investiga
tion. 

The occurrence at different horizons of dwarf faunas, or 
faunas in which most of the species are of conspicuously diminu
tive size, has long been the subject of comment. In so far as 
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my personal experience goes, these faunas are relatively rich in 
peleeypod and gastropod types, and although brachiopods 
may be numerous as individuals, they are apt to be below 
normal in variety, at least in comparison with the molluscan 
representation. Such a fauna is one that was collected at 
Kansas City in the Kansas City formation, and that intro
duces into t he fauna of the Kansas City formation, otherwise 
composed largely of braehipods, a noteworthy assemblage of 
pelecypods and gaslropods. Faunas of this type occur usually 
in an oolitic rock and this holds lrue of the collection imme
diately under discussion. It IS not, however, true that all faunas 
that ex.isled llnder C',ondilions conducive to the formation of 
o(ilites \vere subnormal in size. It is interesting to remember 
that the Kansas City occurrence is supposed to be at the horizon 
of t.he Drum limestone of Kansas. At the typical locality of 
the Drum, however, the Drum limes lone is conspicuously 
o;ililie, yet the fauna whieh it contains is not onley abundant 
but pec.uliarly robust 1Il the size of its individuals. 

ClfEHOI<EE SHALE. 

This, the hasal formation of the Pennsylvanian in this 
region, is al once the thickest of the seelion and also that from 
whieh the largest number of eolleetions has been made. These 
arc 5:~ in number, while the number of species entered in the 
table is 120. 

Taken as a whole the fanna is more well-balanced than 
many which occur in the Pennsylvanian, the three great groups 
of braehiopods, peJeeypods, and gastropods being well represent
ed, the former somewhat less, the two lattC'r more abundantly 
than usual. The almost eomplete absence of Bryozoa, even 
of the fenestelloids, is noteworthy. 

If I were to give a zonal name to this formation because of 
some ever-present and ever-abundant species, I would call it the 
M ar{linijera muricata zone both because that species is so per
sistent in this fauna and beeause it is found sparingly at 
higher horizons. As is not unusual where small Producti are 
abundant, the larger types are less well represented. This is 
true to some extent of the fauna as a whole but is still more true 
of individual faunules in which the Marginiferas are abundant 
and the larger Producti scarce or absent (e.g. Pustula semipunc
tata). Some of the other common Pennsylvanian types 0 1 

brachiopods also are scarce or absent altogether. Among tb 
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rare forms, Meekella, and among the absent ones, En [deles, 
are perhaps most conspicuous. Even the ubiquilous Com
posila sublilita is not as a rule abundant. On the olher hand, 
Chonetes mesolobus or the variety decipiens is persistently present. 
The appearance of conodonts also at this horizon is a new and 
striking feature. 

When considering the significant Brachiopoda, I must not 
fail to mention Spirifer rockymontanlls whieh is undoubledly 
present in the lowest fauna of both the northern and southern 
areas, though it is rare. Spiriler rockymonlanus is abundant 
in the Rocky Mountain region and westward; it is abundant 
elsewhere in the Mississippi Valley at a lower and possibly at the 
same horizon as the Cherokee shale, and It is also abundant in 
the Appalachian region. Its almost complete absence then 
from the Pennsylvanian roeks of Kansas and Missouri is a 
very striking thing. That it does occur in the basal rocks 
of this section is a fact which tends to give it stratigraphic 
rather than regional significance. In Pennsylvania Spirifer 
rockymontanus is abundant in the Allegheny formation hut 
Professor Raymond does not record it from the Conemaugh. 
The present occurrence then would suggest that the Cherokee 
shale was as young as the Allegheny formation, an inference 
with which the rest of the invertebrate evidence is at least 
not at variance. 

Conspicuous among the local collections is a gastropod 
fauna which was obtained from the lower part of the formation 
and in the southern area. This is exemplified by lot 1268A2, 
of which the gastropods comprise no less than 18 out of the 27 
species recognized, or two-thirds of the whole fauna. These 
chiefly belong to the groups of Naticopsis, Bulimorpha, and 
Loxonema, and for the most part their appearance in the fauna 
is confined to this one occurrence. 
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Localities. Northern Missouri. Southern 
Missouri. 

Species. 

Fvsulina sp. cf. cylindrica. . . . . . . . . . . . . X 
Glrtyina ventricosa. . . . . . . . . . . . . . . . . . . :: '?' : : ·x ·x : : X . . X . . " X . . . ....... " ,. , . . . i' 1 

t~Jt~~~~l~Rin 'p'rofundu~i: : .' .' .. .'. : : : : : : : ·x .. ·X 'x "'f ·x :: :: :: :: :: :: ::: : .. 2' .. i ' 
8iimpOPhyllum torquium?....... . . . . . . ' , . . X .. x.. . ... x .. ? .•. , 1 
Eu~~~~;~r~~le¥obaceoys t . .. .. .. .. .. . . X : : ·x :: ·x : : : : :: ·x :: :: :: :: : : 2 1 
Serpulopsis in~iti: ercu a us. . . . . . . . . . . . . ., . . .. . . .. X . . . . . ....•.... , . . . . . . ... 
Enchostoma s . ...................... X . . X . . X . . X .. ., X.. . . .. . 3 1 
Conoqonts ... ~. ::::: ::::: ::::: ::::::: .. .. X :. :: :: :: :::: .. 2' 
Flstul~pora carbonaria. . . . . . . . . . . . . . . . '?' '?' 'x :: .. X . . X . . ., . . .. ::::::::::::: : : : l' . 2' 
Fistuhpora sp.. . . . . . . . . . . . . . . . . . . . . . . X 1 
Batostomella polys:pinosa. . . . . . . . . . . . . . . ·X . . . . .. .. .. .. . .......... . 
Batostomella greemana. . . . . . . . . . . . . . . . . . 'f ..·x 'f ., .. :: :: .. 2' :::: : ': :: ... . 
Batos~omella sp. A .. .............. , . . . X Xl .. l' . 
f~~~n~~~~ ~i~·t~h~oensis. . . . . . . . . . . . . . . . . . .. X . . :: :: :: :: :::: : : : : 
Fe e t 11 " n ....... . . . . . . . . . . . . . X ., .. .. .. .. .. .... . . . . 1 

n s"e asp......................... X 1 
~~~m~oEorat IjePidOldetndroides. . . . . . . . . X . . ? :: : : .. . . X . . .. ·x : : :: :::: :::: 1 
P r. m p ra l' angu a a... . . . . . . . . . . . . . X X .. . . 2 

"i' 

"i' 

1 
1 
1 
1 

"i' 
.. i' 

1 

"i' : : : : 

Lf:g~Pf~i~~oPn' a' r' ia" .......... , .. .. . .. X " :: :: :: :: .. i' :: :: .. 2" ...... I' . 
Li I •. • • • . • . . . . . . . . . . . . . X . . .. X X . . . . i . 
Li~~~df~~~n~~~souriens{s· . . . . . . . . . . . ·X· .. ·X· •. ·X· .. ·X· .. .. .. .. ·X· ...... ·X· .. 'Xx' :: :: :: X:: :: :: :: :::: :::: "1' .. "1" ., 2" . '1' . 4 • '1" . '1' . 
Db .. ······ .. ····.... ................ .. ...... .. .................. X ...... X .. X ........ X .... 1 
D:\ya cr~ss1' .? .•••••••••..... 0 0 •••• X X . . X 00 X .. X X X .. X X X X o. •• o. X X .... X o. •• X .. X .. o ••••• o •••• 0 •• X ? .... o ••••• X. 0 XII 1 3 1 3 o. i' 2 3 4 
M:elletliOsti:l~.ttcostata.::::::: : : : : : : : : : .. .. .. .. .. .. .. .. .. .. ·X .. ·X .. .. .... .. .................................. X ........ 0" • .. .. 0" • 1 
8~g~~t~~ ~:~o~~b~rs': : : : : : . : : ........ 0 X ·x : : .. .. :X: :X: :?: :: 'x' .. .. .. .. .. . ... .. "'" 0" ""................................ ........ " ...... 4i . 2 
Chonetes me 1 b d '. . ..... 0 •• 0 0 0 •• •• • • " •• •• • 0 • 0 • 0 •• •• •• " ·x :: :: ·x :: :: :: : : :: :: :: :: : : ·x : : :: ·x :: :: :: :: Ox Ox :: : : :: :: :: :: :: :: ::: : :: : : • 0

4
' 0 0 O

2
'' .. 5i' :: 1:: .. 2' .. 2' .. 2 0 

Chonetes verso o'I}lS val'. eclplens ...... X X X X X " X o. X .. x .. X X o. X X 00 o. X X " x .. X X X X X X X X ... 0 ••••••••• 0 o •• 0 X .0 00 •• o ••• o ••• X X o. X 1 7 1 2 4 
Productusco neullanus ..... , ... 0 •••• " X ......... 0 ., •• X X .. X .. X 00 •••• 00 o. X .... X .. X o. X .. X .. X .. X.; ...... o. 00 X ...•. 0 •••• o •••• 0 0.00. X.. .. 1.... 3 2 1 3 ..... 0. 31 ~ 
Prod ct sera: .. i/ Ui . i .. , . , ........ ,. .. .. . 0 •• •• " • 0 •• X X X .. X X .. X X .. " X .. .. . . .. X. 0 X.. X . . .. . 0 X.. X.. . 0 o. •• o. X.. .. X .. X X X . 0 •• X X X 1 0 •• • 2 2 1 3 . 1 4 2 4 
ProdUct u s ~lre I.C a us. . . . . . . . . . . .. .. .. ,.. o. X.. .. .. " X X o. X .. .. X .. X.. X X X X .. X .. X X ., .. .. .. X.. X.. .. .. .. .. . .. 0 •• X ...... "1 X.. X X.. 1 0'" 5 2 2 1 1 1 

~~~t~la ~:p:[h~~~~\S?·. : : : : : : : : : : : : : : :: :: :: :: :: :: :: :: :: :: :: :: :: :: : : :: :: : : ·x :: :: :: :: : : :: : : :: : : :: :: :: :: :: :: ~:: :: :: :: :: :: :: :: : : :: :: :: :: :: :: :: :: :: :: .. i' :::: :::: t, . 2' .. '1" .. i' 
Pust I a n ):r:as e~s:., ... ,............ . 0 •• •• •• •• 0 • •• • • • 0 •• • • •• ., • • •• •• •• ? .. .. X.. X.. X .. ? o. X .. .. •. ., X X .. .. . . .. .. .. " . . o. o. X X .. o. •• X.. XlI .. 2' .. 2 . 2 
Mar~.::J.lemlPunl? at a. • . . . . . . . . . . . . . .. .. .. " . . .. o. • 0 • • •• •• •• •• • • • • o. •• • 0 X.. .. .. o. •• •• •• X.. .. .. .. o. •• •• • • 0 0 •• •• • • •• •• 0 • o. •• •• •• •• •• ., ••• , •• 1 .. l' ... 5" 1 ......... ". 
Marglnif:r~ murtca t a ....•. : .... : . . .... X X X X . . X X X X X X X .. X.. X.. X.. X.. .. .. .. .. X ? X .. X.. . . .. .. X .• .. .. .. .. X X .. XII 3 4 .. , . 1 3 4 
Marginife~a ~f:n~~:a var. IDlssourlenSlS. .. .. " .. .. . . .. " .. .. .. .. . . .. .. .. ? .. X X X X ' . .. '. '. '... '. " ',.. . .. ,.... . ... '. '. o. 2" .. 3" . '1" .. 1" '. '. .... 0' 5.. . .... , .. 
M "f P b 1 ·i·'············· X .. " X X .. . ......................... X ... , X X X ... , .0 •• •• .• •• • ••.•••. ,. 
P arglnl era wa . as lens s ...•......... oP' • • •• •• •• •• •• ., •• •• •• o. ,. .. " . . .• . . .. . . .. .. . . .. X,. ,. .. .. . . .. ., .. .. . 0 •• • 0 •• •• •• ., • • •• •• ". • • • • • ••• • 1 ,.... .. ".,... i . 
P ugnax osagensl.s . . . . . . . . . . . . . . . • . . . . . X . 0 •• ,. •• •• X.. " .. .. .. .. " .. .. . . .. ., .. .. . . ,. o. .. •. .. .• •• .. o. .• .. .. . • .. .. •• .. .• .. .• .. .,., 1 ... , . . .. . .. , .... . ... 
pugnax,osagenSlS var. percostata ........ , X ..• , .. .. .• .. •..•.....• • ••...• 0 •• 0 .2".... 1 
S u·g~tx rOckytontana................ .. .. .. . ......................... ,. .. .. .. .. .. .. .. . ........... :: :: :: ·x :: :: ·x :: :: :: :: :: :: :: :: :::: :::: : :5:: :::: :::: .... .. .... .. 
Sp~r!/r ca~era us. . . . . . . . . . . . . . . . . . .. .. X.. X . . X X .. X X X .. .. X.. X X .. X X .. X X X .. . . ? •. " . . .. •• •• .. •• .. .. X X .. .. .. X .. X.. .. 1 .... 4 2 1 2 1 4 
~lr~ er r{~c )m~ntanus.. . . . . . . . . . . . .. .. . . o ••••••••• X ••.... " .. ? .. " ., .••••.•.•.•... X " ., .. .. .• .. .. .. .. 1 ............. '2' . .... .... 1.... 1 
S m oc~ la: p amcfnvexa. . . . . . . . . . . . .. .. X . . X X .. X.. .• •. X X .. X.. .• .. .. •. .• . . .. .. .. .. .. .• .. .. .. .. .. .. X.. .. .• .• X X .. X.... 1 4. . . . . . .. .... 1 1 2 
Q q}l:;t,f1 . arI.J;. perp exa. . . . . . . . . . . . . . . . . .. .. .. .. .. ., .. " ., X X ., •. X.. X .. ? .• X " .. .• .• .. X.. .. .. .. X X X .. X.. X o ••••• ,. ••• • •••• 2 3 2. . . . 3 2 
IRlr!.:ertna entuckyensis.............. X .. " .. .. . . .. .. .. .. .. .. .. X.. .. .. . . .. .. .. . . .. .• .. X .... " .. .. .. X.. X.... .. .. 1 1.. . . 1 1 1 

usted a mormoni. . . . . . . . . . . . . . . . . . . . . . .. .. .. .. .. " .. .. X.. .. .. .. ., .. . . .. .. .. .. .. .. ., .. .. .. . . .. X.. .. .. .. .. .. ., X . • .. •• •• .••• •... 1 1 1 ... , 
Cliothyridina orbicularis..... . . . . . . . . . . . ... X.. .. .. X ...... X X ..... , .. " .... o ••••• X.. .. .. . . .. .• . ... " ••.••.............. 0 •• •• •• •• •• •• •• •• 1 .... 2 1. . .. .... .... .. . . .... 1 
Composita subtilita ..................... X X .. X.. .. X X .... X X X X X X .. X ., X X .. X X X .. X.. •. X X X ••.•.... " ..•... X " ...•.. X X X .0 •. 2 1 4 4 2 4 1 1 1 5 
Solenomya soleniformis. . . . . . . . . . . . . . .. .. .. ? •. •• .. . •••••.•.•.......•.... " ..... , .. .. . . .. .• .... .... .... .... 1 ................... . 
Solenomya trapezoides. . . . . . . . . . • . . . .. . .. .. . . .. X • . 1 .......... . 
Cardiomorpha missouriensis. . . . . . • . . .. :. . . ......::::: : .:: :: :. :: .: :: '?' ·x :: :: :: :: :: :: :: :: :::: :: :: :::: :::: ... . :::: :::: . 2 ..... .. . 
Eddmondia gibbosa? . • . . . . . . . . . . . . . . . . . .. .. .. .. .. . .......... , ............................ X.... .. .. .... .... .... .... . . . . 1 ... . 
~ mondia sp......................... .. . ... X.. . ............. " ..•........ , ...... " ...... ? •. .• •. .. ..•. •••. 1................ 1 

ucula p~rva? . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. .. . . .. .. ., . . X .. .. .. .. o. " ., .• ••.• .• •• .••. •••• •••• •••• • • • • 1 
NuCul0fcslS ventricosa?. . . . .. . . . . . . . .. .. X ., " .. .. . . .. .. .. . . .. .. .. .. X . . . ...... , . . . ... o. •• •• .• •• .• .••• •• • • 2 ........................... . 
Para:lle odon tenuistriatus? . . . . • . . . . . .. .. . .. , .. .. .. .. .. . . .. .. .. .. .. .. .. . . .. .. .. .. .. X.... . . .. .... .... . . . . .... . . .. .... 1 ... . 
Pterla sulcata? . . . . . . . . . . . . . . . . . . . . .. . . X . . . ... " .. .. . . . . . . . . .. .. .. . . ., .. ,.0 •• •• •••• •••• •• • •••• 1 ... . 
M~alifia perniformis.? . . . . . . . . . . . . . . . .. .. ., X.. . . .. o. .. .. . . .. .. . . . . .. . . :: :: . 1 ........ 0... ..:. . .. . 
A VICU pecten pe11ucldus. . . . . . . . . . . . . .. .. . . . . " " .. . . . . .. .... X.. .. .. .. .. .. . . .. .. .. .. .... .... .... .... 1 ......... .. . 
Av!cul!pecten rectilaterarius. . . . . . . . . . . .. ? .: ·x X .•. : .... X X . . . .. , ... , . ... . . . . 3. . . . 2. , ......... . 
AVlcullpecten afr. rectilaterarius.. . . . . . . .. .. X.. . ... " .. .. .. .. .. . .... , .. .... .... .... .... 1 ........... . 
A viculipecten whitei. . . . . . . . . . . . . . . . . . X . . .. .. .. .. . . . . .. .. ., ....... ,. . ..•. 1. . .. ... . . .......... . 
~ viculipecten sp. . . . . . . . . . . . . . . . . . . . .. :: .. X •• .• • . .. • • •• •• •••• •.•• ••.• • .• , •••••••• •••• •••• •••••••• •••.•••• 11 .......... 2' 0 

ernipecten aviculatus. . . . . . . . . . . . . . . . .. X.. .. .. X X ., ... ...... . 
Acanthopecten carboniferus. . . . . . . . . . . . X . . • . . 1 •... 
Euchondria neglecta. • . . . . . . . . . . . . . . . . :: '?' :: : : . . .. . .. , ...... :: :: :: :: :::: :: :: :::: :::: . i' :::: : : :: .. 
Lima gregaria? . . . . . . . . . . . . . . . . . . . . . . . .. X.. . . .. .. .. .. .. .. ., o. . . . . . . . . •. .... •.. . 1. . .. .... .... .... . .. . 
Lima retifera. . . . . . . . . . . . . . . . . . . . . . . . ,. .. " . . .. X.. .. .. .. .. .. .. .. .. . 0 ., •• ., •••• •••• •••• •••• 1. . .. . . .. .... .... . .. . 
llrCl!nOpsis re~ticardinalis. . . . . . . . . . . .. .. . . .. " . . .. . . .. .. . . .. .. .. . . .. .. " X.. .. .. .. ., .. .. . . .. .... .... .... .... .... .... 1 ..... .. . 

As:~;~~l~ ~eJ~~lr~ca: : : : : : : :.: : : : : : : :: .. 'f '1' :: :: ·x :: :: :: '1' :: " :: :: .~ .. .. .. .......... "" .......... i' .. ~. :::: :::: "2' .. i' 
Astartella compacta. . . . . . . . . . . . . . . . . . .. X .. .. .. . . .. .. .. .. .. .. . . .. :: :: Ox :: : : :: :: :::: :: :: :::: ::: : 1 ................ 1 
Astartella sp. . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. .. ... . .. . . .. .. .. . . .. ? .. .. .... .... ...• ........ ..•••... .• 1" .... .... 0 '1' . .... .... '. '. '.: .. ~. .. i' .. i . 
Euphemus carbonarius. . . . . . . . . . . . . . . . X . . .. X X .. :: X.. .. . . .. .. . .. 0 ••• , • • •• •• ,. • • •• 

Pharkidonotus perc.arinatus .... 0 • • • • • • • • ••• X.. . ....... X X . . .. .. .. . . .. .. .. .. ...• ... . 1 ..... '" .... .... 2 ....... . 
Patellostium montfortianum. . . . . . . . . . . .. X .. .. . .. , . . .. . .. , ..... 0 •••• •••• •••• 1 ..... ............. i' 
rJ~~~~~~!ia :persi:o:ple~ ... 0 • • • • • • • • • • •• , •• •• • • •• • • •• •• •• X o •••• , ••• >.. .••. ..•. .... .... .... •... . • .. .... 1 

1111~]li I[['II'!::! X :~I:: ·X:: : :.: :.;';1:: :: : :!:: :,: : til] flu,:: .. : :.: :,: :.ii:: ::1:1 I! :xlilli(l: Ii: I :ix:ii,: ii.l. i.i.l:.i.i.!. ! .. ![i,il)'~!L;:2i.jjl; i;!; .. ;;l; :i;; : :i: 
Zygopleura plicata .. " ........ 0 ••••••• 

iilit}~i~~~L~<::::::HT .. x. :x. :.:. :.:. Jx' T.: :'" :.'. :':':':0 :.:i:::::.::': -.': ::::::-::<:-':'1 
Bulimorpha inornata. 0 • • • • • • • • • • • • • • • • •• • 0 ," •• 1 
Bulimorpha minuta. . . . . . . . . . . . . . . . . . . .... , .. ? .. . . '. ' ..... :::: : : :: :::: :: : : ...... i . 
Blllimorpha? sp .......... 0 • • • • • • • • • • • • X . . .• . . .. .• . '1' • 
Sphaerodoma? fusiformis. . . . . . . . . . . . . . X 
ssp~aerodoma gracilis? . .. .. . .. .. .. . .. .. .. .. " .. : : c. .. : : :: :: : : :: : : :: : : :: : : :: :: :: :: :: :: 'x :: :: :: :: :::: :::: :::: :::: :::: 
M

p aerodoma sp ....•....... 0 • • • • • • • • • " •• • • • • • : y X .. .. .. . ...... 0 ••••••••• , ••••••••• , •• •• • • •• •• •• •••• •••• 1 1 ....... . 

M
eekekosp!ra?peracuta ........ " .... , . " ? .. .. .. .. .. .. . . 1 ........ , .. . AJ. ~sPlra sp .....•......... 0 •• 0 • • • • X . . .. .. .. . . .. .. .. .. . . .. . ................ , .............. , ............ . 
!s. a stevensona? .... 0 • •• • • • • • • • •• X . . ....... . .. " .................•.................... 0 •••••••••••• , •• i' . o •• 

" i' 

.. .... i·:::: 

.. ...... "2' !~~~K~~a Wheelerl·::. : : : : : : : : : : : : :: .. " " '?' :: ·x .~ : : :: :: :: :: :: :: :: :: : : :: :: :: :: :: :: ·x :: :: :: :: .......... i' :::: 
rrrdorthoc~ras kD.·o;;ense: : : : : : :: : : : :: : : :: :: X . . :: 'f ·x '?' .•.. :: :: ·x ·x : : " :: :: :: :: :: ................ 4,' :::: i .... : : : : :::: :::: 
Ne ~oceras afr. cornutum............. .. .. . ....... X .......... " .. .. .. .. .... .... .... .... 1 ................... . 
G~~a~Ps .. ·· . . . . • •. . • . . . . . . . . . . . .. .. .. .. .. .. .. X ..... 0 ... 0 " Ox . 0 . . .. .. .. .. .. . . .... .... . . . . .. . . i' ......... i' :::: :::: 

I:IJ1;;HHTHH·.)!::.,.:::::::f:; \:.x:':' :;::':.: '.J l· :~:l:::: ii:i ii i::,;:::: li)i i. li:~:::::::::: '::y :xii:i i: II:! Ii Ii Ii :1:: ill: ::;::':::t ::,, ":: .:[: :.!: Y 
*The numbers at the head of the columns indicate localities which are described in the locality register on page 364. The final columns show the faunas found at the different horizons in the Oherokee, 
and are composed as follows: Near local base-comprising lots 260, 266. Lower Ardmore coal-comprising lot 261. Bevier coal horizon-comprising lots 230. 238, 257. 258, 268. 271, 2~}7 .. 309, 049. 
Mulky coal horizon (doubtful)-comprising lots 192, 307, 307a, 307b, 1256At. Mulky coal horizon-comprising lots 244,267,269,270, 435, 1256B, 1256B l • Summit coal horizon-compl'lsmg lots 187, 
209, 263, 688, 670. 1260Al, 1260A., 1260A.. Lexington coal hOrizon-col)lprising lot 262. Lower 100 to 200 feet-comprising lots 1263AI, 1263A., 1263B.. 126301, 126301, 12630. +, 12630.. One .. 
hundred feet from the top-comprising lots 255, 255a, 1269A.. Seventy to eighty feet from top-comprising lots 241, 242, 254, 708, 1268At, 1268B., 126801, 1268Dt. 

66094-268 
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HENRIETTA FORMATION 

To the Henrietta formation have been referred 35 collec
tions distributed thus: Pawnee limestone member 8 lots, 
Labette shale member 2 lots, and the Fort Scott limestone 
member 25 lots. 

The accompanying table shows the species identified in 
each collection and the final columns give the faunas of the three 
members as obtained by grouping the individual lots in the 
manner indicated. The whole formation as represented in our 
collections has a fauna of 83 species, of which no less than 78 
have been found in the Fort Scott limestone, 11 in the Labette 
shale, and 32 in the Pawnee limestone. All but 5 of the Pawnee 
species have been found in the Fort Scott limestone. Neither the 
species newly introduced into the Labette shale nor those first ap
pearing in the Pawnee limestone are of much significance, being 
unidentified or doubtfully identified (as Aviculipecten sp.), or 
represented by single specimens (as Sanguinolites costa/us and 
Dielasma bOllidens). 

Compared with the fauna of the Cherokee shale that of the 
Henrietta formation is much less varied and in especial it contains 
a much smaller representation of the true Mollusca. Of the 
Cherokee the rich pelecypod and gastropod faunas are striking 
features. In neithe.r formation do the cephalopods show either 
number or variety, at least in so far as my collections correctly 
represent the fact. 

It is perhaps noteworthy that the Fusulinas are found in 
both formations, modestly perhaps, yet persistently. The 
corals show little that is noteworthy except the presence in both 
formations of Chaetetes milleporaceus, a fossil which seems to be 
rather characteristic of this general horizon and which is abund
ant in the Fort Scott and Pawnee limestones at their typical 
localities. Crinoids are rare in both formations and are repre
sented only by separate plates and stems. From such sporadic 
representation no safe inference can be drawn. Much the 
same must be said of the Bryozoa which are rather scanty, 
fragmentary, and poorly preserved. The presence in both 
faunas of the interesting species Prismopora triangulata seems 
deserving of comment. 
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In the Henrietta formation and to a less degree in the 
Cherokee the brachiopods form the dominating faunal element. 
The species are much the same in both but several features are 
worthy of mention. The ~bsence of Pustula semipunctata 
in the Henrietta formation is singular though probably not 
significant since it comes in again at higher horizons. The 
abundance of M arginijera muricata in the Cherokee has already 
been noted. It is found also in the Henrietta formation but in 
much fewer collections and in much less abundance. Still 
among the Productoids, the presence of Tegulifera (probably 
T. kansasensis) in the Henrietta fauna is of interest. The 
absence of Spirijer rockymontanus in that fauna is not only 
interesting but significant for it is abundant at lower horizons, 
occurs also in the Cherokee but, so far as my experience extends, 
it does not appear again in this region. The rest of the spire
bearers demand no comment. They represent th,e same species 
and are abundant in both formations. Pugnax rockymontana 
in the Cherokee and Cryptacanthia compacta in the Henrietta 
are rare types in this region and interesting on that account, 
but because of their rarity their significance must not be ac
counted great until their range is better known. 

The Cherokee fauna shows 25 species of pelecypods as 
against 7 in the Henrietta, and 31 species of gastropods as 
against 7 in the Henrietta, a number of species in both faunas, 
be it noted, being unidentified. In the main the pelecypods 
and gastropods of the two faunas are different. The representa
tion is so unequal, however, as to discourage inference. Clino
pistha radiata var. levis and Cardiomorpha missouriensis (which 
occurs also in the Cherokee fauna) are noteworthy occurrences 
in the Henrietta. 

Considered by themselves the collections of the Henrietta 
formation have little of note, being much alike in their specific 
content and presenting a facies monotono'usly familiar in the 
Pennsylvanian. An interesting exception is the collection from 
1254Bl which is supposed to represent an horizon close to the 
Fort Scott limestone. The fossils occur in a dense and very fine 
limestone which, if not weathered, is intensely' black in color. 
Small coiled shells a millimeter or so in diameter fairly crowd 
this rock and 'seemingly represent the larval stages of 2 or 3 
species of Goniatites, of which some of the larger shells have 
been identified as Gastrioceras welleri and" Milleroceras parrishi? 
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Cardiomorpha missouriensis also is abundant. Lima gregaria 
is rather rare and two gastropod types are represented by a 
poorly preserved specimen each. Altogether the like of this 
little fauna is not found elsewhere in the collections. 



TABLE SHOWING RANGE AND DISTRIBUTION OF SPEOIES IN THE HENRIETTA FORMATJON.* 

Locali ties. 

Species. =--1"" I"" j,,,, j"" I"" j'" j'~ I'" I'''' I'" I"" I'''' I'''' I'" I'''' i'''' "" 1';I~c" ~ ~I~I~ ~ ~ ~ ~ ~ ~ ~ ~ G ~ ~ ~ ~ ~ ~ ~16 
c" i cr, I'" 1-';;-';-1 '" i~ I'" 1':;-:- :-T

1
;':: '1-':::-~Im m ~ m oflO ~ 0 ~ ~ ~ ~ 010 ~ ~ m ~ ~I~ ~ ~ ~ ~:o 

. ' ........ o· .. 

I: 

~.' I' . . I' . I' I' ......... ~.,,,, 
: i: I: : : : I': : I: ,,::Oli~!:' . I ........ ell • •• 

_" _. I. '. I. L . . . !'--J:J~ __ . I.__~. "' I' : f: : : I: !: I: : ,: ? I' : : 

, • 1 I 1 II II i 'I 1 Fusulmasecalica .................... " '1" .. .. .. I ...... X .. ......... .... ·1"'" 
~Y:fit:i:~~n'trlcosa::::::::::::::::::::: :: :: X.. ·X:: :: ·X: :':: .. :: :: :: :: .XI: '1: :,'X,:. 
Axophyllum cylilldricum. . . . . . . . . . . . . . .. .. .. . . . . . ... [ .. i . ·1' .... '1" .. .. .. , .. , .. I.. x .. 
Lophophyllum profundum ............... X .. X.. X X.. .. .. x'. '1"" x .. X,. X .. X. '1'" Xi 
Monilipora prosseri. . . . . . . . . . . . . . . . . . . . . 1 ........ !.. . . .. X.. . , .. "1 . I 
Oha!lto1:cs milloporaceus. . . . . . . . . . . . . . . . . . . ,. . : : i : : .... ,. i ..... " X . . ... . .! 
Echmocrlnu~ sp.. . . . . . . . . . . . . . . . . . . . . . . . . . i X .. .. . . . . I •••• 1· 
Hydrelonocr~nus acanthoI)horus. . . . . . . . . . . .1 .... 1. . x . . . '1' .. '1' ... 
Hydrel'.J11ocrmus mucrospma. . . . . . . . . . . . . . . xl. . . . . . X . . . ...... ',' . 
Oerlocrmu~? sp ......................... X.. ' .. 1 .• ',"1 ... X .. 
Eupachycrmus tuberculatus. . . . . . . . . . . . . . ..... "," X .. 
Serpulopsis insita. : . . . . . . . . . . . . . . . . . . . . . X . '. ..I .... "I" X'I x . ·1 . 
S~lror,bIS carbonarJa: . . . . . . . . . . . . . . . . . . . . . . . X . . . .! . '1' . '1" .... , .. I .. 
F.stul!pora carbonar!a..... . . . . . . . . . . . . . . . '1" X .. X ",' .. .. . X .... ' 
Fistulipora carbonarJa val'.. .. .. . .. .. .. .. .. .. .. .. I· T .. X: .. 
Fistulipora nodulifcl'a. . . . . . . . . . . . . . . . . . . . . .. .. . . '1' .. '1' . 
Fistulipora sp .......................... ,. . . '1' . . .. , . ·1 X .. 
Batostomella polyspinosa.. .. .. .. .. . .. .. ... X? .... ,.. .. .. 
Batostomella greeniana ................. j.. ..I... X .. X XI"I" .. ..I X 
B~tostomella 8p. A.... . . . . . . . . . . . . . . . . . . .. . . i' . . . . . ~ .. I • '1' . 

lOclema? sp........................... .. .. X.. .... . 'j' 'j"I" 
TabUI!por.a distans .................... '1' .' Xl.... ..I.. .. "," i .. 
t~~~~~o:~b~ociosii.·.·.::::::::::::::::::::: :::::: ::1:: ::,.X,::'" 
Fenestella tenax ........................ ,.. ...... ' .. i Xi.. ..I 
Polypora 8p ........................... '1' . . 'j' . . '1 ? I.. "I 
Pinnatopora sp. . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . '." .... I.. .. 
R1!ombopora l.epidodendroides ......... '. . . . . 'j" .. ' .. X .. I.. .. 
Prlsmopora trmngulata .................. '. . ... . . . i. . . . ,. . . . 
Orania modesta. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. X:. . . '1" . . . 
Derbya bennett!. . . . . . . . . . . . . . . . . . . . . . ..? .. 1 . . .. .. . . I 
Derbya broadheadi? . . . . . . . . . . . . . . . . . . . . . ... ·1·.... "I" .. ! .. , 
Derbya crassa ........................... X ? Xi" . . .. .. X X Xi.. . . 
Orthotetes? 8p ................................ j X ..... 'j' .. .. 
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*The numbers at the head of the columns indicate localities which are described in the locality register on page 364. The ilnal columns show 
the faunas found in the different members of the formation and are composed as follows: Fort Scott limestone member--comprising lots 203. 
232. 234. 239. 240. 243. 245. 247. 249. 251. 252. 256. 259. 264. 660. 661. 662. 666. 667. 669. 674. 707. 1254 loose(?). 1254B.(?1. 1266A,. Labette 
shale member--comprislng lots 248. 310. Pawnee limestone member--comprising lots 175(1). 204. 235. 253.308. 3IOa. 1255B .. 1266A.(?). Lot 
175 has been Included in the Pawnee collections because its stratigraphic position appears to be in the upper part of the Henrietta formation. 
Faunally this lot agrees better with the Fort Scott. Lot 177 which does not certainly belong in the Henrietta formation. and several lots whose 
position in the Henrietta is not certain, have been tabulated with the fauna of the Fort Scott lImelltone member as their most probable position. 
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PLEASANTON FORMATION. 

The collections from the Pleasanton formalion are 19 in 
number and contain representatives of 71 species. Of the 19 
collections 5 are from southern Missouri and 14 from northern 
Missouri, and of the 74 species 33 are from the southern and 
55 from the northern part of the State. The fauna of this forma
tion shows considerable geographic differentiation, only 14 
species being held in common by the northern and southern 
collections. This means that over 51 per cent of the southern 
fauna and over 74 per cent of the northern is peculiar to one 
and excluded from the other. The southern fauna is strong 
in crinoids, bryozoans, and brachiopods but weak in the trw' 
molluscs. The northern fauna, on the other hand, is strong in 
the true molluscs but weak in the other types. This is well 
shown by the table. 

If we consider the southern fauna more particularly, 4 of 
the 5 collections are from the lower shale, regarded as prob
ably representing the Bandera shale of Kansas, and one is from 
a limestone regarded as probably representing the Altamont 
limestone of Kansas, and of the 33 species comprised in the 
collections only six were found in the limestone and everyone 
of these occurs also in the shale. These two members are not, 
however, distinguishable in the norlhern part of the State, but 
the formation is there parted by a conspicuous unconformity 
above which 4, and beneath which 10 of our 19 collections were 
obtained. This break in sedimentation does not seem to find 
any noteworthy expression faunally. The beds above the 
unconformity have yielded us only 13 species of which 8 were 
collected also below the unconformity. The five forms which as 
yet have not been found below it are not diagnostic in any way, 
are in fact mostly undetermined species. 

As compared with the fauna of the underlying Henrietta 
formation, this shows the differences to be found between two 
faunas in which the Mollusca and Molluscoidea, respectively, 
predominate. In this respect the Pleasanton fauna of the 
south is much more like the Henrietta fauna than is the Pleasan
ton of the north. The lower organisms show little of contrast 
in the two formations. The Bryozoa and brachiopods are much 
more richly developed in the Henrietta than in the Pleasanton. 
Most of the Pleasanton species, however, occur in the Henrietta 
also, and most of the Henrietta species which are not recorded 
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in the Pleasanton come in again at higher horizons. On the 
other hand the pelecypods and gastropods are abundant and 
varied in the Pleasanton, but rare in the Henrietta and what is 
more the Henrietta gastropods and pelecypods are not those of 
the Pleasanton but show in fact much that is peculiar whether 
comparison is made with the Pleasanton or with later faunas. 
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*The numbers at the head of the columns indicate localities which are described in the locality register on page 364. The final columns show 
the faunas found in the different members of the formation and are composed as follows: Northern :Missouri, below the unconformity-colU
prising lots 202, 246, 648, 653, 654, 655, 671, 672, 673, 675. Northern ::\1issouri, above the unconformity-comprising lots 430, 647, 664, 665. 
Southern l\Tissouri, lower shale (Bandera?)-comprising lots 231, 236, 236a, 265. Southern :Missouri, _"'-ltamont limestone(?)-comprising lot 237. 
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KANSAS CITY FORMATION. 

The Kansas City formation includes in ascending order the 
following members: Ladore shale, Hertha limestone, Bethany 
Falls limestone, Galesburg shale, Winterset limestone, Cherry
vale shale, Drum limestone, Chanute shale, and lola limestone. 
As usual the shale members have proved scantily fossiliferous, 
most of the 47 collections having come from the limestones. To 
this an exception must be made of the Chanute shale with its 
two limestone lentils and the Cherryvale shale. The different 
collections are distributed in the nine members. of the Kansas 
City formation as follows: To the Hertha limestone belong lots 
233 and 423; the Ladore shale has furnished no fossils; the 
Bethany Falls limestone has given lots 201, 250, and 4·19; the 
Galesburg shale seems to be unfossiliferous; the Winterset lime
stone had yielded lots 426, 645, and 646; the Cherryvale shale 
lots 162, 164, 167, 193, 194, 210, 216, 217, and 644; the Drum 
limestone lots 415 and 429; the Chanute shale lots 172, 173, 
174, 176, 190, 195, 413, 414, 416, 417, 418, 422, 424, 425, 
429a, 656, 681', 683; and the lola limestone lots 166, 168, 
182, 196, 215, 421, 676, 678, 679, 684. 

The Kansas City is represented by more numerous collec
tions than any formation except the Cherokee, and by a more 
varied fauna than any except the Pleasanton. The collections 
number 47 and they include representatives of nearly 143 
species. The fauna is broadly varied as is shown by the' presence 
of protozoans, sponges, corals, crinoids, bryozoans, pelecypods, 
gastropods, cephalopods, trilobites, and ostracods. The bryozoans 
are represented by 24 species, the brachiopods by 24, the pelecy
pods by 27, and the gastropods by 27, the other groups by a 
few species each. It is noteworthy, however, that the pelecy
pods and gastropods are found mostly in two collections, de
prived of which the fauna would be confined largely to the 
bryozoans and brachiopods, and would thus present the usual 
contrast to the Pleasanton fauna in which the molluscan phase 
predominates. 

The two peculiar collections are 426 and 429 which add to 
the fauna of this formation no less than 47 species, mostly pelecy
pods and gastropods, not contained in the other collections. 
One of these lots, 429, is practically all that we have from the 
Drum limestone in this area, the other Drum collection (415) 
containing only two species. This fauna is interesting in more 
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ways than one. The fact that it is largely a molluscan fauna 
has already been pointed out. In this respect it retains its origi
nal character, for such is the Drum limesto!,le at Drum, in Kansas. 
The fauna at Drum is characterized by a robust growth of the 
varied forms there found. The fauna of lot 429, on the other 
hand, is a typical dwarf fauna, most of the specimens being dimin
utive in the extreme. For this reason their identification pre
sents some difficulties, theoretical as well as practical. It 
has, for instance, seemed best to refer to established species 
gastropods whose much smaller size, combined with the develop
ment of an equal or even greater number of whorls, would 
ordinarily afford grounds for believing them distinct. The 
rock at this locality is an oolite, thus answering one of the re
quirements of the typical dwarf fauna, but the rock at Drum also 
is oolitic and the fossils robust, which shows that though the 
conditions under which some oolites were formed were un
favorable to invertebrate species and tended to dwarf their 
growth, the conditions under which other oolites were formed 
rather stimulated than retarded such development. I may 
note also that in general, so far. as I recall my personal experi
ence, organic remains abound in oolitic limestones, though they 
may be worn or fragmentary, and that the faunas are as a rule 
poor in brachiopods and rich in pelecypods, gastropods, and 
sometimes in bryozoans. 

In connection with Ivt 429, I should also mention lot 429a 
which was obtained at a higher horizon in the same section at 
Kansas. City, Missouri. It is not definitely known in what 
formation this collection was made, whether in the Drum lime
stone, in the Chanute shale above, or even in the lola limestone. 
Lithologically this collection is not a shale but a shaly limestone 
and it differs from lot 429 in not being oolitic. Corresponding 
to this lithologic, there is also a faunal difference, the fauna of 
lot 429a consisting mostly of brachiopods and bryozoans and 
containing no molluscan types at all. Lot 429a is at present 
tabulated with the Chanute shale. Its removal from that 
member to the Drum would make little or no difference in the 
fauna known from the Chanute, but it would add to the Drum 
a number of species which our collections (very incomplete be it 
remembered) do not show from that horizon. 

Considered as a whole the fauna of the Kansas City forma
tion appears from the collections at my disposal to be a fauna 
of corals, crinoids, bryozoans, and brachiopods except for two 
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abnormal collections which introduce a varied pelecypod and 
gastropod element. The Bryozoa compared with those of 
lower horizons are numerous and varied. The brachiopods 
include all the familiar types. Among them Chonetes verneuil
ianus is so persistently present and so abundant that this might 
appropriately be called the Chonetes uerneuilianlls zone. The 
fusulinas are likewise abundant for the first lime and I find a 
shifting from the Girt yin a 1 type to the Fusulina ss. type. It 
is true that the fusulinas do occur at lower horizons and that 
they do not occur in many collections from the Kansas City 
formation, but in others they are abundant, some hand speci
mens being thickly covered ,vith them. 

Some features in the development of the Pennsylvanian 
faunas within the Kansas City formation are deserving of 
mention, such as the coming in of interesting spongoid types 
related to Heliospongia ramosa and Coelocladia spinosa and 
others. They appear in the Chanute shale and lola limestone 
and we shall find them recurring at higher horizons. The chief 
representation of the Bryozoa appears to be in the upper part 
of the formation, in the Chanute shale and lola limestone. 
Peculiarities in range of some of the brachiopod species are 
sho,vn by the table but their significance, if any, is noL under
stood. As already noted, the molluscan representation is con
fined largely to two collections and consequently we find these 
types chiefly in two formations, the Winterset limestone and 
the Drum limestone. It is interesting to note how little these 
two faunas have in common. Aside from this, I see little in 
these molluscan types which calls for further comment. They 
consist of well-known and for the most part long-ranging species. 

The Kansas City fauna contains nearly twice as many species 
as that of the Pleasanton formation preceding. The number of 
brachiopods remains about the same, the expansion taking place 
in the other groups. Among the corals it appears that Chaetetes 
milleporaceus makes its final appearance in the Pleasanton. The 
crinoids and Bryozoa show a much greater representation in 
the Kansas City formation but most of the Pleasanton forms 
occur also in the higher fauna. I note neither final appearances 
nor first appearances in these groups that may be counted 
significant. The brachiopods are much the same in both. The 
predominance of Chonetes verneuilianlls in the Kansas City 
formation has already been remarked and with it should also 

'This type appears to come in again, however, at higher levels. 
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be noted the disappearance of the mesolobus type of Chonetes, 
\vhich is so abundant as to characterize the earlier faunas. 
The occurrence of MarginZfera wabashensis and Tegulifera 
kansasensis in the Kansas City formation deserves comment; 
otherwise the Productus group retains its accustomed aspect. 

Among the pelecypods the introduction of Leda araia 
(instead of Leda bellistriata and Leda meekana) and the varied 
representation of Myalina are inleresting features of the Kansas 
City formation. Other peculiarities may be passed over, 
attention only being called to the fact that while the pelecypod 
faunas of these two formations consist of more or less common 
species they are conspicuously different, though with our still 
imperfect knowledge of the range of these forms the import-
ance of this difference is hard to estimate. . 

The Pleasanton fauna is to a considerable extent charac
terized by its gastropod representation, and that group is much 
more numerous though represented by much fewer species than 
it is in the Kansas City formation. This is conspicuously shown 
in the Bellerorhon group, in the Pleurotomarias, and in the 
Sphaerodomas and Meekospiras (both of which are almost 
absent from the Kansas City formation). The Kansas City 
formation, however, shows a better representation along other 
lines as in Murchisonia, Naticopsis, Zygopleura, and a few 
other genera. 

The Kansas City is the lowest formation of the Missouri 
group, so that the differences between its fauna and that of the 
Pleasanton formation, to some extent mark the transition from 
the Des Moines group to the :Missouri group. Some of these 
have already been noticed. The most striking differences 
between the faunas of these two groups as exhibited in our 
collections are the much greater abundance of Fusulina in the 
Missouri group, and the restriction of Girtyina to the Des Moines 
group; the restriction of Chaetetes milleporaceus to the Des 
Moines group; the much greater abundance of the Fenestel
lidae in the Missouri group, and the restriction of Prismopora 
to the Des Moines group; the restriction of Rhipidomella pecosi 
and Enteletes hemiplicatus to the Missouri group and of Chonetes 
mesolobus and its varieties, of jV! arginifera muricata, Pugnax 
rockymontana, and SpirZfer rockymontanus, to the Des Moines 
group; the restriction of the Pterias, Monopterias, Pseudo
monatids, Pleurophori and Myalinas, not to mention less con
spicuous types, to the Missouri group; the restriction of the 
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scaphopods to the Missouri group, and of numerous species of 
gastropods to one group or the other. Many other differences 
are shown by the table and can be readily seen by anyone. 
They are particularly numerous among the gastropods, but 
many can also be found among the pelecypods. These dif
ferences will probably be found much less sweeping in fact, 
however, than they appear to be in the table, for it is obvious 
that a species known from but a few specimens at one locality 
is less characteristic than a species known from hundreds of 
specimens at a score of localities. The ubiquitous brachiopod, 
therefore, furnishes more trustworthy evidence than the rarer 
pelecypod or gastropod. Partly because of their rarity, how
ever, these types appear to be more characteristic, because more 
restricted in range, than the other, though that appearance 
no doubt is to an unknown degree deceptive. 



TABLE SHOWING RANGE AND DISTRIBUTION OF SPEOIES IN THE KANSAS OITY FORMATION.* 

Species. 

Fusul1na socalica? ..................... . 
Girtyin~L? sp .......................... . 
HeliospongitL ramosa ................... . 

X ..I .. 
Cmlocladia spinosa .................... . 
Somphospongia multifol'mis? ............ . 

: :1:: .. .. x .. 
Axophyllum cylindl'icum ............... . 
AxophyIlllm infundibulum? ............ . 
Axophyllum sp. A .. ; .................. . 
AxophylluIll sp. B ............ ',' ........ . 
Axophyllulll sp. g ...................... . 
Axophyllllm sp. . .................... . 
Axophyllum sp. K .................... . 
Axophyllulll sp. T~ •...............•...... 

X:: 
Lophophyllum distol'tUIll ............... . 
Lopbophyllum profunclum ............... X 
Campophyllum torquium ........... , ... . 

X .. x .. 
X .. Monilipora prosseri .................... . 

llichinocrinus sp ........................ . 
Hydre!olJocr!nus acanthophol'llS'{ ........ . 
Hycll'Cloitoerllllls mllcl'ospina, ........... . 
Hycll'eionoerinus sp .................... . 
Delocrinlls? sp ......................... . 
Oorioerinus craigi ...................... . 
Coriocl'inus hemisphcricus .............. . 
Corlocrinus sp ......................... . 
Ellpachyerinus I1mgister ................ . 
Spil'ol'his eCLt'bonal'ia, ................... . 
S(wpulopsis insita ...................... . 

• COllularlcL el'ustula ..................... . 
Fistulipora cal'bonaria ................. . 
Fist,ulipora sp ...................... " . 
Cvelotrypa, barbori ................... : . 

, BiLtost;onHllla grceniana. '" ............. . 
Batost,omella gl'ocniana val'. rcgularis .... . 
Ratosl,omeIIa polyspinosa ............... . 
rrabulipol'lL dist;ans ..................... . 
rrabuIipol'l1 vel'!t ....................... . 
Liopol'a subnodosa ..................... . 
Clminoclictyon Iaxum .................. . 
FonostoUa parvipol'l1 ................... . 
FOllost,olla tOll ax ....................... . 
Fonost.ella sp .......................... . 
PolYPo1'1L ollipt,iea ...................... . 
Polypol'[L SpillUlifol'l1 ................... . 
PoIYPol'!L ulrichi ....................... . 
PolYPol'!1 ILlY. whitoi. ................... . 
PolYPol'a sp ........................... . 
SeptopOl'a bisol'ialis .................... . 
Septopora l'obusta ..................... . 
Septopora pinnata ..................... . 
Pinllatopora sp ........................ . 
Rhombopol'a lopidodendroides .......... . 
Cysliodietya'{ inrequimarglnat~ .......... . 
Lingula earbonari~ ..................... . 
Cr~l1i~ moclesta? ...... , .............. . 
Derbya el'~ssa .......... , .............. . 
Derby~ crassa val' ................. , ... . 
Derbya l'obust~ ....................... . 
Chonetes verneuiIi~nus ................. . 
Pl'oduetus cora ........................ . 
Pl'oductus pert,enuis, ................... . 

X .. 

X .. 

X 

X .. 

X 

X 

X .. 

.... x .. 
x .. X xx .. 
X 

X .. 
'f 

X 

X .. 
X .. 

X .. 

X .. 
x .. x .. x .. x .. x .. 

X .. 
X .. '{ 

? 

X .. 
x .. 

'x ·X ·X ·X ·x : : ·x : : .. 
X.. X .... 

Productus semiretieulatus .............. . 
Produetus semiretieulatus var ............ X 
Pustula nebraskensis ........ , .......... . 

.. x .. xx .. 
Pustula somipullct~ta .................. . 
Pustula symmetrica ................... . 
M~rginifera splendens .................. . 
Marginifera wabashensis ............... . 
Tegulifera kansas€'nsis. , ................ . 
Dielaf'lma bovidens ............. , ....... . 
Spirifer cameratus ....... , ............. . 
AmbocreUa planiconvexa ............... . 
Squamularia perplexa ............ , ..... . 
~piriferina kentuckyensis ............... . 
Hustedia mormoni ..................... . 
Oliothyridina orbicularis ... , .. , ......... . 
Oomposita subtilita ... , ... , . , .......... . 
Solenomya anodontoides? ............... . 
Solenomya parallela ................... . 
Clinopistha radiata val'. levis .. , ........ . 
Edmondia ovata .................. , ... . 
Edmondia sp ............ " ... , ........ . 
Nucula parva ...... , .................. . 
Nucula parva var: ....... , ............. . 
Leda arata ............. , ............. . 
Leda sp, ............... , ......... , ... . 
Parallelodon obsoletus? ................ . 
Pinna peraeuta, . 0 • 0 0 •••••••••• 0 •• 0 ••••• 

Oonocardium missouriense .............. . 
Pteria lon~a 0 ••••• 0 ••••••••••••• , •••••• 

Pteria ohioensis .. 0 ••••••• , •• 0 , ••••••••• 

Bakewellia? sp .................. 0 •• , ••• 

Pseudomonotis kansasensis ....... 0 •••••• 

Myalina aviculoides. 0 ••• , •••••••••••••• 

Myalina kansasensis? .................. . 
Myalina subquadrata .................. . 
Schizodus sp .................. , ....... . 
A viculipecten fasciculatus .. 0 •••••••••••• 

Deltopecten occidentalis? ............... . 
Deltopecten afT. oceidentalis ............ . 
Deltopecten sp ................. , ...... . 
Pleurophorus sp .................... , .. . 
Oypricardinia earbonaria ............... . 
Astartella concentrica ................. , . 
Levidentalium? sp ..•............... , .. . 
Bellerophon crassus ........... , ........ . 
Bellerophon sp ........................ . 
Patellostium montfortianum; ........... . 
Euphemus nodicarinatus? ... 0 ••• , •••• , •• 

Bucanopsis bella .... 0 •••••••••••••••••• 

Bucanopsis meekana .. , ..... 0 ••••••••••• 

Pleurotomaria pratteni? ............... . 
Pleurotomaria spo ...................... . 
Murchisonia sp. a .... 0 •••• 0 • 0 ••• 0 •••••• 

~urCh!son!a sp. b .. 0 ••• 0 •• 0 •••••••••••• 

Iurchisoma spo ...... 0 ••••• ~ ••••••••• 0 •• 

Phanerotrema grayvillense .. 0 •••••••••••• 

Schizostoma catilloides ... 0 •••••••••••••• 

PNhY?lati~e~ pern9li<;!osus? .... 0 •••••••••••• 

atlCopslS. mom fera .... 0 ••••••••• 

Naticopsis scintilla. . . . . . . . . . . . .. .. . ... 
Naticopsis subovata ............... : :: : : 

r;;~~o:~~? sE: sp.: : '. '.: : : : : : : : : : : : : : : : : : : 
Maccocheilina? sp. . . . ................. . 
Zygopleura nana ..•........... 0 •••••• , • 

~YftPleura 'teres. , ..... , .............. . 
u 'morpha afr. chrysalis ... , . , ......... . 

BuIimorpha minuta" .... " ...... 0 •••••• 

Soleniscus? sp .. , 0 ••••• 0 •••••••••••••••• 

Aclisina afr. quadricarinata ............. . 
Platyceras parvum ............ 0 •••••••• 

Orthoceras sp ..... 0 , ••••••••••••• , ••••• 

Pseudorthoceras knoxense .......... " " 
Metacoceras scuIBrile? .............. : .. 
j?ow.atqceras,lasa ense? ........ , ...... . 

hi IpSla maJor ....................... . 

~~:A~d:.~~::::::::::::::::::::: ::::: 
Hollina emaciata val'. occidentalis? , .. . 
Bairdia beedei ...•. , •.. , ............. : : 
Bairdia sp ............. , ..... , ........ . 
Oytherella afr. benniei. ................. . 
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X x .. x .. 
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*The numbers. at the head of the columns indicate localit~es which are described in the locality register on page 364. The final columns show the faunas found i:q. the different mem
bers Of :the formatIOn, and are composed as follows: Hertha limestone men;ber-compl'ising lots 233, 423. Ladore shale member-no collections. Bethany Falls limest9:q.e member
comprlslllg lots 201. 250, 419. Galesburg shale member-no collections. Wmterset limestone member-comprising lots 426, 645, 646. Oherryvale shale member-comprlsmg lots 162, 
164, 167, 193, 194, 210, 216, 217, 644. Drum limestone member-comprising lots 415, 429. Chanute shale member (general)-comprising lots 172,176.190.413.418, 429a(?), 681. .Ohanute 
shale member (Oement Oity bed)-comprising lots 174(?), 195,416,424. Ohanute shale member (Raytown limestone bed)-including lots 173, 414,417.422.425, 656, 683. lola lImestone 
member-cQmprising lots 166, 168, 182, 196, 215, 421, 676. 678, 679. 684. The position of lot 429a is uncertain, though it clearly belongs in the Kansas Oity formation. It is included amoD;g 
the Chanute shale (general) collections because its position is above the oolitic limestone of lot 429 (Drum limestone). but it may belong with the Drum or even with the lola. Upon thls point the faunal evidence is not clear. 
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LANSING FORMATION. 

The Lansing formation includes the Lane shale, the Platts
burg limestone, the Vilas shale, and the Stanton limestone mem
bers, from all of which I have collections of fossils. Those from 
the Lane shale, including the Farley limestone bed, number 
14 (163, 171, 189,275,285,285a,286,420,65~658, 663, 677,68~ 
and 688); those from the Plattsburg limestone number 9 (185, 
280, 295, 296, 659, 680, 682, 685, and 687); the Vilas shale has 
furnished but one collection (689), and the Stanton limestone 11 
(186, 277, 279, 279a, 290, 290a, 305, 306, 690, 691, and 692). 
In all, my collections from the Lansing formation number 
35 and they contain representatives of 114 species. The number 
of collections, the nU,mber of species, and also the number of 
members in the formation are fewer than in the preceding 
Kansas City formation. 

The interesting group of sponges which were noted in the 
Kansas City are continued into the Lansing formation and 
above it. The corals and crinoids are greatly reduced in 
number in the Lansing, but they are much the same as far as 
they go. The Bryozoa are likewise fewer in species, the Fenes
telloids especially, but here again there are no noteworthy 
changes. The striking form Cyclotrypa barberi is common to both. 
The Kansas City fauna, as we have seen, was largely a brachiopod 
fauna except for two collections from different horizons which 
introduced a varied molluscan element. The Lansing forma
tion also, though not for a similar reason, shows a good develop
ment of t~e molluscan and molluscoidean groups. Both faunas 
contain the standard brachiopod types but there are some in
teresting differences. Rhipidomella pecosi is abundant in several 
collections in this formation and above, but I have not found 
it in the Kansas City formation. Enteletes hemiplicatus, Derbya 
bennetti, and Meekella striaticostata are also not found in the 
Kansas City formation but appear to be introduced in the --Lansing. The deeply sinused Chonetes verneuilianus begins 
to be replaced by a form with slightly indented ventral valve 
which I am calling C. granulifer. The Producti show little change 
from those of the Kansas City formation except that P. insinuatus 
appears among them. Tegulifera, on the other hand. has 
dropped out. Some of the Marginiferas take on a more strongly 
costate habit, an-d such have been distinguished in the table as 
M. wabashensis. 

The Lansing formation has 43 species of pelecypods as 
against 27 in the Kansas City, so that there must of necessity 
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be 16 species in the one fauna nol found in the other. In fael 
the species common to the two faunas are very few. These 
differences can be seen from the tablc but thc more impressive 
ones may be mentioned specially. A large Nuculoid w hie h 
I have identified as N. anadontoides? is abundant in several 
of the collections from the Lansing formation as well us in the 
following Douglas formation, but it does not apparently oeeur 
in the Kansas City formation. Leda arata, doubtfully iden Li f1eel 
in the Kansas City, is here fairly abundant, as it is also in Lhe 
Douglas formation. The two species of Monopteria are added in 
the Lansing. The Myalinas, which were a feature of the Kan
sas City, are further developed in number and variety. The 
Pectens also add a few species to their number and Lhe Pleuro
phorus group expands greatly. On Lhe olher hand, Asiarlclla 
concentrica, which has been with us for so long, drops out, only 
to reappear however. 

The Lansing formation has fewer gastropods, 18 against 27, 
and on the whole the complexion of the gastropod element is 
considerably different. Indeed, it seems to he generally true 
of these formations that the gastropod representation is less 
constant than that of any other group. 

This may be due to the fact that gastropods are rather 
rare and that the fauna of the Pennsylvanian comprises in the 
aggregate a very large number of species, so that most co11ec
tic)ns, containing but a few of them, are likely to show lilLIe com
munity in this type; or it may be that these fossils are in fact 
highly local in their distribution. There are, nevertheless, a 
number of species which have a wide distribution and a long 
range, and can be looked for in almost any carefully made 
collection east of the Rocky Mountains. Some of these are, how
ever, rare or lacking in the two formational faunas compared. 
Thus, Patellostium montfortianum is not found in the Lansing. 
Euphernus carbonarius has not been found in the Kansas City 
for'mation, and is doubtfully present in the Lansing formation. 
Phanerotrema grayvillense also is but rarely and doubtfully 
present in the Lansing. In this formation, on the other hand, 
begins the association of "Aclisina quadricarinata and Goniospira 
lasallensis which occurs frequently in the formation above. 

Although the gastropods, cephalopods, and Crustacea do 
not perhaps show as much difference as, all the circumstances 
considered, one might expect, the faunal change between the 
Kansas City and the Lansing formations is one of the most 
marked in this series of collections and it is well shown in a group 
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in which experience has taught us to look for but little change, 
the brachiopods. 

Considered in their relation to one another the faunas of 
the Lansing formation require scant comment. Since the 
Lane shale is well represented in our fossil collections, and also 
the two limestone members of the formation, we might expect 
that the fauna of the one would contain most of the Mollusca 
and would differ from the two others, which would presumably 
have a predominant brachiopod facies. This proves to be on"ly 
partly true sin.ce the fauna of the Lane shale contains a variety 
of brachiopods, etc., and the faunas of the Plattsburg and 
Stanton limestones are not poor in pelecypods and gastropods. 

Owing partly, no doubt, to the fact that our knowledge of 
the fauna of the Vilas shale is almost nil, so that a gap occurs in 
the paleontologic evidence below the Stanton limestone, a 
rather strong faunal change is not~ced between the Stanton fauna 
on the one hand and the Lane and Plattsburg faunas on the 
other hand. This is evidenced by the range of many species 
shown by the table. A few of these may be mentioned. The 
Fusulinas are largely confined to the upper fauna. The Fistuli
poras occur chiefly in the upper fauna, but the other Bryozoa 
chiefly in the lower. Meekella stl'iaticostata is almQst restricted 
to the upper horizon. Chonetes granulifer also is confined to the 
upper fauna, but C. verneuilianus is common to both. Pro
ductus insinuatus is found only in the lower; so is Marginifera 
splendens, while M. wabashensis is restricted to the upper. 
Dielasma bovidens, Hustedia mormoni, and Cliothyridina orbi
cularis are confined to the upper fauna. On the other hand, 
the Pseudomonotis types are wholly, and the Myalinas largely 
confined to the lower fauna. Indeed, the chief representation 
of the pelecypods, and still more of the gastropods is in the 
lower fauna, but not only do many species of the lower fauna not 
range into the upper but a considerable percentage of the few. 
gastropods of the upper fauna are not known in the lower. 

In the Lane shale itself 9 out of the 14 collections belong to 
the Farley limestone bed. Lot 275 was obtained below the 
Farley; the other lots above it. Lot 275 does not possess any 
special features though its fauna is almost too limited to show 
any peculiarities that existed. On the other hand a rather 
marked difference seems to exist between the faunas of the upper 
and lower parts of the Stanton limestone member. The lower 
fauna is at least more varied though represented by fewer 
collections. 
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Fusu1ina sp. . . . . . . . . . . . . .. . .1 .. 
Heliospongla ramosa ......... , .. 
Lophoph;vllum profundum •. 
Echinocrmus sp.. . . . . . . . . .. . . 
Hydrelonocrinus mucrospina .. 
Hydreionocrinus sl? .....•.. 
Spirorbis carbonarla ...... . 
Fistulipora carbonaria ..•... 
Fistulipora zonata .. " .... . 
Cyclotrypa barberi ....... . 
Batostomella polyspinosa ... 1 X, .. 
Batostomella greeniana .... . 
Batostomella greeniana var. 

regularis. . . . . . . . . . . .. I X,. . 
Tabullpora distans ........ . 
Tabulipora sp ........... , , 
Polypora sp" , , , , ........ . 
Septopora biserialis ....... . 
Septopora pinnata. , . , .... , ,.". 
Rhombopora lepidoden- I 

droides ................. ,. 
Lingula sp,., ........... , .... , 
Roomerella patula? .... , ... . 
Rhipidomella pecosi ..... ,. ,. . , 
Enteletes hemiplicatus. , . , , ' 
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DOUGLAS FORMATION. 

Our collections from the Douglas formation number 40 and 
contain representatives of 148 species. The formation consists 
of four members, between which the collections are distributed as 
follows: Weston shale 3 (lots 297, 301, 652), Iatan limestone 
9 (lots 274, 276, 281, 289, 294, 302, 304, 650, 651), Lawrence 
shale with the Amazonia limestone bed 12 (lots 205, 207, 208, 
213, 276a, 276b, 278, 282, 283, 298, 299, 300), and the Oread 
limestone 16 (lots 169, 170, 177, 178, 18~, 184, 214, 219, 225, 
272, 273, 284, 291, 292, 293, 303). 

Of the entire series this is perhaps the richest horizon 
for fossil invertebrates, for, although the number of collections 
is somewhat fe\ver than those from the Cherokee shale and 
Kansas City formation, the total fauna is somewhat larger, 
while the collections contain more species and more individuals. 

Like the Lansing formation \vhich precedes it, the Douglas 
formation is made up of four members, two shales and two 
limestones in alternation. The fauna is similarly varied and the 
number of collections and the number of species are about the 
same as in the Lansing, five more collections and thirty-four 
more species being found in the Douglas. 

Fusulinas are abundant in this formation as in the other 
and there are several species. One of them is the form on which 
my abandoned genus Triticites was based and which I conceive 
to be typical F. secalica, at least as nearly as can now be deter
mined. Besides this there is at least one other species, which 
may belong to the genus Girtyina. The corals are somewhat 
better represented in this formation and they are of more unusual 
types. Of the echinoderms, too, this formation has a somewhat 
better showing. Bryozoa are more varied but the representa
tion shows no notevi'Orthy departures from those preceding. 
The brachiopods are sufficiently more numerous to be con
spicuous in a group whose differentiation in the Pennsylvanian 
is small and whose representation is usually large. Practically 
all the Lansing forms run up into the Douglas formation, the 
noteworthy exception being Produclus insinuatus. The chief 
differences, of course, consist in the introduction of new species 
in the Douglas fauna. Of these the most interesting are 
Chonetes geinitzianus which is abundant, ]1.[ arginifera lasallensis, 
and Tegulifera armata. The continuation into this fauna from 
the one below of Rhipidomella pecosi, Enteletes hemiplicatus, 

G-19 
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Aleekella strialicoslata, and C1WllClcs vcrneuiliallus is deserving 
of mention. 

In its pelecypods, on the other hand, the Lansing formation 
excels the Douglas, having 43 species as against 30. In general 
the pelecypod faunas of the two formations are closely related. 
The features which they possess in common are in faet more 
significant than those in which they differ. Among the laUer 
the reintroduction of the Aslarlellas is perhaps the most peculiar. 
On the other hand, we note the continuance of Nuwla anar/on
taides? and of Leda arata in abundance, of Myalina, and of Monop
teria. 

In the gastropods again the Douglas formation is richer 
than the Lansing, having 32 species in more or less abundance, 
while the Lansing has 18 species more or less rare. The slil
bearing forms, the Bellerophons and Plcurotomarias, are par
ticularly strong in this fauna, but they are mostly of the slandard 
Pennsylvanian species. Many of these appear to be missing 
in the Lansing formation, but it is doubtful if the absence of 
some of them has any special significance. Belleroplwn stelJens
ianus appears for the first time and it is abundant. Orestes 
intertextus also is introduced in this fauna and Trepospira sphxl'll
lata reappears here. Aclisina qlladricarinala and Goniospira 
lasallensis are abundant as in the preceding formation. 

In the Douglas fauna also we find some of the rarer scapho
pods. The cephalopods are rather better represented and so 
far as they go' different. 

In their relation to one another the faunas of the Douglas 
formation present features worthy of notice. The most im
portant fact in this connection is that a new fauna comes in wilh 
the Orea,d limestone, or perhaps it WQuid be better to say that 
a facies different from that of the three other members appears 
there. This is shown by the fact that the representation of some 
species is largely, and that of others entirely centered above or 
below the line that marks the division between the Lawrence 
shale and the Oread limestone. This is so well shown by the 
table that only a few species need be mentioned specially. 
Many whose range appears to be limited by the line dividing 
the Oread limestone from the Lawrence shale are of minor im
portance for they merely mark the non-appearance, for some 
reason, in one formation or the other of species which are found 
both above and below it. Of these, Fusulinas are an excellent 
example since they are almost confined to the Oread limestone 
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(13 out of 14 occurrences being found there), yet the same forms 
are found both below the Weston shale and above the Oread 
limestone. Chonetes geinitzianus, however, is an instance of 
another sort since it does not appear earlier, nor indeed later, 
in the section. Though it is abundant in the lower part of the 
Douglas formation I have only one occurrence of Chonetes 
verneuilianus in the Oread, nor have I recognized it above. 

The peculiarities of the Oread fauna must not be attributed 
to the contrast frequently observed between shale and limestone 
faunas, for of the three other members of the Douglas formation 
one is a limestone and one has a limestone bed, although the 
mutual agreement is in fact rather greater between the faunas 
of the two shale members and those of the two limestone mem
bers. As already remarked the Fusulinas of this formation 
occur mostly in the Oread limestone. On the other hand, the 
most varied i'epresentation of the echinoderms is in the Lawrence 
shale. With a few striking exception~ the chief bryozoan 
representation again is in the Oread. This is true also of the 
brachiopo.ds, which are abundant in all four of the members, in 
the Lawrence shale no less than in the others. The Lawrence 
shale, however, furnishes almost all the pelecypods, only a 
scattering representation occurring in the three other horizons. 
To the Lawrence shale also must we look for the major part 
of the gastropods, cephalopods, and ostracods, although the 
Weston shale makes a fair showing. The Iatan and Oread lime
stones, however, are very poor in those forms. 
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SHAWNEE FORMATION. 

The Shawnee formation comprises nine mem bel's, from only 
six of which have collections of fossils been obtnined, Lhe first., 
third, eighth, and ninth members being unrepresenled paleon
tologically. The 20 lots' from this formation conlained jn our 
collections are distributed as follows: Lecompton limestone 
5 (lots 183, 222, 224, 227, 288), Deer Creek limeslone ;~ (Iols 
165, 191, 229), Calhoun shale :~ (lots 188, 197, 20()), Topeka lime
stone 7 (lots 179, 180, 198, IHH, 200, 211, 223), Severy shale ~) 
(lots 212, 228). 

Although the number of members is twice as geea t as in the 
Douglas formation the number of colleclionsis only lwlf as many 
and the number of species is considerably less, only abouL 100 
here as against 148 in the other. 

In the Douglas formation the Mollusca were abundan L1y 
represented, both in species and in individuals. In thi:-; they 
are relatively rare and the lower organisms predorninnle. The 
Fusulinas are still abundant, and as fHr as determined Lhey 
belong to the same species as those of the DOllglas. The edrino
"derms show about the same number of speeies bul in that 
fauna the crinoids, in this the echinoids, arc belter represented. 
The echinoid development in these higher horizo11s of the 
Carboniferous seems in a measure to he c:haraetcrisLie of l hem. 
The Bryozoa of the, Shawnee formation arc very numerolls in 
species and the fenestelloid types especially show much difTcr
entiation. The brachiopods manifest some noteworthy changes. 
Enteletes hemiplicatus appears no more, neither does CllOmlcs 
geinitzianus nor C. verneuilianus. The splendens type of Mar
ginifera seems to come in again, while Tegulifera drops out, 
but otherwise the brachiopod representation remains abou L the 
same, in variety at least. The pelecypods are, of course, much 
fewer, only 15 species having been recognized here, whereas 
the Douglas fauna contains 30. Of the absentees perhaps the 
most important are Nucula anodontoides, Leda arata, Monop
teria and Pseudomonotis. On the other hand, the Shawnee 
fauna contains no introductions of importance. 

If the pelecypod representation was small in comparison 
with that of the Douglas formation, the gastropod representa
tion is still more meager. Only 7 species are recorded while 
the Douglas contains 32. This shows, of course, a great dying 
out of species ang ~s the Bellerophons and Pleurotom~rias were 
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especially abundant in the Douglas formation, their all but 
complete absence from the Shawnee is one of the most striking 
faunal differences between the two formations. Aclisina quadri
carinata and Goniospira lasallensis which have been associated 
in so many collections do not appear among these of the Shawnee 
formation. The remaining groups, the cephalopods, trilobites, 
and ostracods, are poorly represented in both faunas and invite 
no comment. 

Of intrinsic peculiarities the fauna of the Shawnee formation 
possesses few. The most noteworthy is doubtless connected 
with lot 206, of whose 9 species only one was found.in the other 
collections. It is this lot, which belongs in the Calhoun shale, 
that furnished all but one of the gastropods of the Shawnee 
formation, just as it is the Topeka limestone from which nearly 
all the pelecypods were obtained. The brachiopods are more 
generally distributed but the Topeka again furnished most of 
the Bryozoa and Echinodermata. It should not be forgotten, 
however, that our collections from this horizon are more numerous 
than from any other in the formation, and it is this factor and 
others equally adventitious, as well as the actual abundance of 
fossils in the beds, that give a color to the apparent facies and 
relations of faunas. 

Of the nine members comprised in this formation three of 
the shales and one of the limestones are not represented paleon
tologically. It does not appear that the two shale faunas differ 
from those of the limestones except that most of the gastropods 
occur in the Calhoun shale, and we have already seen that their 
appearance there is due to a single peculiar collection. On 
the other hand, it was a limestone, the Topeka, that furnished 
most of the pelecypod forms and although they are conspicu
ously less abundant than the brachiopods, it may be said of 
the pelecypods generally that they rarely play more than a sub
ordinate part in our Carboniferous faunas even where best 
represented. 
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TABLE SHOWING RANGE AND DISTRIBUTION OF SPECIES IN THE SHAWNEE FORMATION*-Oontinued. 
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comprising lots 183, 222, 224, 227, 288. Tecumseh shale member--no collections. Deer Creek limestonB member-comprisiug lots 165, 191, 229. 
OalllOun shale member-comprising lots 188, 197.206. Topeka limestone member-comprisiug lots 179, 180. 198, 199,200,211,223. Severy shale 
member--comprising lots 212, 228. Howard limestone member-no collections. Burlingame shale member--no collections. 
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WABAUNSEE FORMATION. 

The youngest formations of the Carboniferous do not 
occur in Missouri. The strata above the Shawnee formation 
all belong to the WabauD:see formation, only the basal member 
of which, the Tarkio limestone (probably the same as the Bur
lingame limestone of Kansas) has been differentiated. The 
strata above the Tarkio limestone are regarded as probably 
representing the Willard shale, the Emporia limestone, and 
the Admire shale of the Kansas Survey. 

The collections obtained from the Wabaunsee formation 
in Missouri are few, and the faunas very small. Thus I have 
but one collection from the Tarkio limestone (lot 218), none 
from the Willard (?) shale, two from the Emporia J?) lime
stone (lots 220 and 226), and one from the Admire (?) shale 
(lot 221). In all, these collections contain representatives 
of only 9 species. The scantiness of this fauna i" perhaps 
its most conspicuous feature, but it may also deserve notice 
that Fusulina continues to be abundant, that the mollusks 
are entirely absent, and that of the brachiopods, the Producti 
have not a single representative, a rather unusual thing even 
in a fauna as meager as this. 

TABLE SHOWING RANGE AND DISTRIBUTION OF SPECIES IN THE 
WABAUNSEE FORiYIATION.* 
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, • I , I I 
*The numbers at the head of the column indicate localities which are described in the 

locality register On page 364. The final columns show the faunas fouud at different horizons 
in the Wabaunsee and are composed as follows: Lower limestone (Tarkio limestone mem
ber)-comprising lot 218. Lower shale (Willard shale?)-no collection. Upper limestone 
(Emporia limestone)--comprising lots 220, 226. Upper shale {Admire shale?)--comprising 
lot 221. 
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TABLE snOWING THE RANGE Oil' SPgOTgS IN '1'111<) PI!;NNSYLVANIAN 
lWHMA'I'IONS IN MISSOUIU. 

Species. 

Protozoa-
Fusulina sp. cf. cylindrica. .. ...... .. . ... . Fusulina secaliea ......... 0 • 0 0 • • • 0 O. 0 0 • 0 Fusulina sp .......... 0 ••• 0 • 0 0 0 • 0 ••••• Girtyina ventricosa ... 0 0 0 0 0 • 0 0 •• 0 • 0 0 Girtyina'/ sp ........... 0 • • 0 0 o. . 0 Endothyra? 8p .... 0 •••••• 0 00 
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Heliospongia ramosa ....... 0 0 •• 0 •••••• 0 0 0 ••••• Ccelocladia spinosa? .... 0 ••• 0 0 0 0 • 0 •••• 0 0 0 • 0 0 • 0 Mmandrostia? sp ........... 0 00 • • • • .0 Somphospongia. muitiformis? . 0 •• 0 •• 0 0 0 •• 0 
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Axophyllum cylindricum .... 0 0 0 ••••• 0 • 0 • 0 •• 0 0 • Axophyllum infundibulum 0 •• 0 • 0 0 • 0 •••• 0 •• 0 0 0 •• Axophyllum sp. A ........ 0 • 0 ••••• 0 • 0 •••• 0 •••• Axophyllun't sp. B ......... 0 ••••• 0 •• 0 ••••••• 0 •• Axophyllum sp. Coo ..... 0 0 • 0 ••• 0 ••••••••• 0 • 0 • Axophyllum sp. D ....... 0 •••••• 0 • 0 •• 0 •••••••• AxophyIlum sp. E ........ 0 0 •• 0 • 0 0 • 0 •••••• 0 0 ••• Axophyllum? sp. F ........ 0 • 0 • 0 0 •••••• 0 0 •• , • 0 0 Lophophyllum alIeni ..... 0 • 0 ••• 0 •• 0 0 0 0 0 •••••• Lophophyllum distortuIn. 0 ••• 0 ••••• 000 0 0 •••••• LophophylluID profundum. 0 0 0 •••••• 0 • 0 0 ••••••• Campophyllum torquium ... 0 ••• 0 0 ., ., 0 0 , , • , •• , Amplexus sp. , ........ , 0 • 0 • 0 0 , 0 0 • 0 ••• , 0 , ••• , • Monilipora prosser!. ...... 0 0 0 , •• , • 0 •• 0 0 0 0 • , • 0 • Chretetes milleporaceus , .... 0 , , 0 0 , 0 •• , 0 •• 0 ••• 0 
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Spirorbis carponaria ..... 0 •••••• 0 • 0 , • 0 •••••••• Serpulopsis insita ......... 0 ••••••• 0 ••••• , ••••• Enchostoma sp ...... 0 •••••• 0 •••••••••• , ••••• , Conularia crustula ........ 0 •••• 0 •••• 0 •• , 0 , ••••• Conodonts .................. 0 0 •••••••••• • ••• • 
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Echinocrinus agassiz! .... 0 •• 0 ••••••••••• , ••••• Echinocrinus dinnin! ... " ................ , ... . Echinocrinus hallanus .... 0 •••••••••••••••• 0 ••• Echinocrinus longispina? ........... , , ...... , . , Echinocrinus trudifer? ............... , ...... 0 • Echinocrinus sp ........ 0 •• , • 0 ••• 0 ••••• , 0 ••• 0 • Hydreionocrinus acanthophorus. ,. 0 • , •• 0 •••••• 0 • Hydreionocrinus mucrospina .. 0 • , ••••••••• 0 •• , • Hydreionocrinus sp .......... , ..... , ... 0 •••••• 
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Bryozoa-
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Group. Missouri Group. 
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TABLE SHOWING THE RANGE OF SPECmS IN THE PENNSYLVANIAN 
FORMATIONS IN MISSOURI-Continued. 

Des Moines 
Group. 
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Marginifera wabashensis. . . . . . . . . . . . . . . . . . . . .. X 
Strophalosia spondyliformis ................... . 
Strophalosia? sp .....••...•.....•...........• 
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TABLE SHOWING THE RANGE OF SPEOIES IN 'i'HE PKNNHYLVANIAN 
FORMATIONS IN MISSOUHI-Oontlnuod. 

Bracbiolloda--Oontinued. 
Teguhfera armata ........................... . 
Tegulifera kansasensls ............... , , . , , , , , . 
Pugnax osagensis .................. , . , , . , , , , .. 
Pugnax osa.gensis var. percostata .... , . , , , , , , , , , 
Pugnax rockymontana ........ , .. , . , , , , , . , , , , . 
Oryptacantbia compacta .••........ , , , , . , , , , , , 
Dielasma bovidens ...••........ , .. " , , , , " . , , 
Spiriter eameratus .. , , ....... , .... , . , , , , , , , , . , 
Spirifer rockymontanus ...•........ , , , , , , . , , , , 
Ambocmlia lobata ............. , , .. , , , , , , , ... , 
Ambocmlia planieonvexa .•.•... , ..... , , , . , , , , , 
Squamularia perplexa ......... , . , .. , , , . , , , , , , , 
Spiriferina. kentuckyensis ........ , . , , . , , , . , . , . , 
Hustedia mormoni. , ..•..... , . , , . , .. , , , . , .. , , 
Oliotbyridlna orbicularis .•.•. , , , .. , .. , . , . , . , , . 
Oomposita subtilita ....•...•. , . , ..... , , . , , ... , 

Pelecypoda-
Solenomya anodontoides? ..................... . 

Dos Moines I 
Group. 
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Missouri Group. 
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Solenomya parallela ...•...................... 
Solenomya radiata? .....•..................... 
Solenomya soleniformis .••.................... 
Solenomya trapezoldes ...•.................... 

X .... 

X 

Sanguinolites costatus. '" .................... . 
Ollnoplstba radiata var. levis ................. . 

X ··X. 
X 

Obrenomya minnebaba ......... '" ........... . 
Oardlomorpba missouriensis .................. . 
Edmondia asPinwallensis? . . . . . . . . ............ . 
Edmondia glbbosa.? .•.•...................... 
Edmondia glabra? •........................... 

X ··X' 
X 

Edmondia. nebra.skensis? ..................... . 
Edmondia ovata. . . . . • . . . . . . . . . . . . . . . . . . . . . .. . ... 
Edmond.!a retlexa.? ...•........................... 
Edmondia. sp .... 0 • 0 •• 0 •• 0 • • • • • • • • • • • • • • • • • • •• X 
Nucula anodontoides. 00' • 0 •••••••••••••••••••••••• 

Nucula beyrichlo 0 ••••• 0 • 0 • • • • • • • • • • • • • • • • • • •• • ••• 

Nueula parva ..•... 0 0 • 0 • 0 ••• 0 •••• 0 • • • • • • • • • •• ? 
Nueula parva var ... 0 0 •• 0 0 0 •••••• 0 0 • • • • • • • • • • • • ••• 

Nueula SJ? ...................................... . 
NueulopSlS ventricosa. . . . . . . . . . . . . . . . . . . . . . . .. ? 

tit.~~~::::::::::::::::::::::::::::::: :::: 
~Ol:tr fo~oPlnqua ............................... .. p:a.u e ° on delieatus? ..... 0 • 0 0 • • • • • • • • • • • • • • • • ••• 

P __ "el1ododoll obsoletus .•• : ... '" . 0 •••••••••••••• ; • 

..... ...".e on sangamonensls ...... 0 • • • • • • • • • • • • • • ••• 

~arallelodon tenUlstriatus? •. 0 • 0 •••••••••• 0 0 • •• X 
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o nna P~?CU~ o ••••••••••••••••• 0 •••••••••••••••••••••• 

P on~r um ssouriense . . . . . . . . . . . . . . . . . . . . .... .... . .. . 
~l~ga .•.•.• o ...................................... . 
Pteri a 0ul oenSls •••..•.• 0 • • • • • • • • • • • • • • • • • • • • • • ••• 
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Myalina pernlformis? •.•......................... . . . . ..•. X .• o. .•.• • .•• 
Malina reeurv:irostrlS ........... 0 ......... '" X...... .. 
M~alina sub uad t •.•• 0 0 0 •• 0 0 •• 0 0 0 • • • • • • •• •••• •••• •••• • .X" "X' 
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TABLE SHOWING THE RANGE OF SPECIES IN THE PENNSYLVANIAN 
FORMATIONS IN MISSOURI-Continued. 

Des Moines 
Group. Missouri Group . 

Spedes. 

Pelecypoda-Continued. 
Schlzodus sp ..... 0 ••••••••••••••••••••••••••• 

A viculipecten fasciculatus .................... . 
Aviculipecten peIIucidus ...................... . 
A viculipecten aft'. peIIucidus .................. . 
A viculipecten rectilaterarius ............. 0 ••••• 

Aviculipecten alT. rectilaterarius ............... . 
AvicuIipecten whitei ......................... . 
A viculipecten sp ............................. . 
Pernipecten aviculatus ....................... . 
Deltopecten coxanus? ........................ . 
Deltopecten mccoyi. ......................... . 
Deltopecten occidentalis .... " ..... 0 ••••••••••• 

:Qeltopecten aft'. occidentalis .................. . 
Deltopecten sp .............................. . 
Acanthop~cten carboniferus ............... 0 •••• 

Euchondr!a neglecta ......................... . 
S~reblopteri~ herzeri? ........................ . 
LIma gregarla ............................... . 
Lima retifera ............................... . 
Placunopsis recticardinaIis .................... . 
Modiola subellipt,ica ......................... . 
Allerisma granosum .......................... . 
Allerisma terminale .......................... . 
Allerisma sp ................................. . 
Pleurophorus occldentaIis? .................... . 
Pleurophorus suhcostatus ..................... . 
Pleurophorus tam? ........................... . 
Pleurophorus tropidophorus? .................. . 
Pleurophorus sp ............................. . 
Cypricardina carbonaria .... " ................ . 
AstarteUa compacta ......................... . 
Astartella concentrica ........................ . 
Astartella varica ............................ . 
Astartella gp ........................... " ..... . 

Scaphopoda-
Dentalium? sp ............................... . 
Levidentalium? Rp ........................... . 
Plagioglypta annulistriata ..................... . 
Clavulites howardensis ....................... . 

Gastropoda-
Bellerophon crassus .......................... . 
Bellerophon crassus var. wewokanus? .......... . 
Bellerophon stevensianus ...................... . 
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Patellostium montfortianum. . . . . . . . . . . . . . . . . . . X 
Patellostlum sp .............. 0 •••••••••••••••• 

Euphemus carbonarius. . . . . . . . . . . . . . . . . . . . . . .. X 
Euphemus nodicarinatus ..................... . 
Bucanopsis bella ............................ . 
Bucanopsis meekana. . . . . . . . . . . . . . . . . . . . . . . . .. . ... 
Pharkidonotus percarinatus. . . . . . . . . . . . . . . . . . . . X 
Pharkidonotus percarinatus var. tricarinatus .. '" 
Pleurotomaria brazoensis? .................... . 
Pleurotomaria perhumerosa ................... . 
Pleurotomaria persimp!ex......... ... .. .. .. . . .. X 
Pleurotomaria pratteni? ...................... . 
P!eurotomaria scitula? ...................... . 
Pleurotomaria subconstricta? ................. . 
Pleurotomaria subturbinata? ................. . 
Pleurotomaria sp ............................ . 
Murchisonia missouriensis. . . . . . . . . . . . . . . . . . . .. X 
Murchisonia spo a ............................ . 
Murchisonia sp. b ............................ . 
Murchisonia sp .............................. . 
Goniospira lasallensis. . . . . . . . . . . . . . . . . . . . . . . .. . 'X' • 
Phanerotrema grayviIlense .................... . 
Euconospira bicarinata? ..................... . 
Orestes intertextus ........................... , ... . 
Orestes nodosus .............................•.... 
Trepospira depressa. • • . . . . . . . . . . . . . . . . . . . . . .. X 
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TABLE SHOWING THE RANGE OF SPEOIEI'! IN ~I'HID PENNSYLVANIAN 
FORMA'rIONS IN MISSOlTIU-OonLinued. 

----------_ .. - ... -_._._ .. 
Dos Moines 

Group. MiARouri Group. 

SpeCies. 

Gastropoda-Oontinued. ? 
Trepospira sphrerulata. . . . . . . . . . . . .. ... . .. " 
Schizostoma catilloides. . . . . . . . . . . . . . . . . . . . . . .. X 
Phymatifer pernodosus? ....................... ·X· . 
Naticopsis altonensis ......................... . 
Naticopsis? monilifera ....................... . 
Natlcopsis nana.... . .. . . . . . . . ... . . . . . . . . . .. . .. X 
Naticopsis scintilla ...... _ ................... . 
Naticopsis subovata ......................... . 
Naticopsis sp ............................... . 
Naticella americana..... . . . . . . . . . . . . . . . . . . . . .. X 
Loxonema? n. sp ............................. . 
MacrocheiIina? sp ............................ . 
Zygopleura- afflnis. . . . . . . . . . . . . . . . . . . . . . . . . . .. X 
Zygopleura multicostata.. . . . . . . . . . . . . . . . . . . . .. X 
Zygopleura nana ............................ . 
Zygopleura nodosa .......................... . 
Zygopleura parva'! . . . . . . . . . . . . . . . . . . . . . . . . . . .. X 
Zygopleura plicata.... .. . . . .. . ... . .. . . . . . . . . .. X 
Zygopleura rugosa ........................... . 
Zygopleura teres ............................ . 
Zygopleura n. sp .. ........................... . 
Zygopleura sp... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. X 
Hemlzyga dubm .... '" . . . . . . . . . . . . . . . . . . . . . .. X 
Hemizyga elegans. . . . . . . . . . . . . . . . . . . . . . . . . . .. X 
Hemizyga grandicostata... . . . . . . . . . . . . . . . . . . .. X 
Bulimorpha chrysalis. . . . . . . . . . . . . . . . . . . . . . . .. X 
Bulimorpha inornata ..................... _ . . .. X 
Bullmorpha minuta. . . . . . . . . . . . . . . . . . . . . . . . . .. X 
Bullmorpha? sp.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. X 
Sphrerodoma brevis .......................... . 
Sphrerodoma? fusiformis.. . . . . . . . . . . . . . . . . . . . .. X 
Sphrerodoma ~raciIls? . : . . . . . . . . . . . . . . . . . . . . . .. X 
Sphrerodoma mtercalarls ..................... . 
Sphrerodoma primogenia ..................... . 
Sphrerodoma ventricosa? .................... . 
Sphrerodoma sp:.... . . . . . . . . . . . . . . . . . . . . . . . . .. X 
Meekospira peracuta.... . . . . . . . . . . . . . . . . . . . . .. X 
Meekospira? sp.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. X 
Soleniscus? sp ...... : ........................ . 
Aclisina quadricarlnata ....................... . 
Aclisina n. sp. afr. Quadricarinata ............. . 
Aclisina stevensana? ........................ . 
Aclisina? sp ................................ " X 
Trachydomia wheeler!..... . . . . . . . . . . . . . . . . . . .. X 
Platyceras parvum ... '" ................... . 

oe8~~gg~~P. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X 
Pseudorthoceras knoxense. . . . . . . . . . . . . . . . . . . .. X 
Nautilus sp ................................ " X 
Metacoceras cavatiforme ..................... . 
Metacoceras afr. cornutum. . . . . . . . . . . . . . . . . . . X 
Metacoceras hayi? .......................... : 
Metacoceras inconspicuum .................... . 
Metacoceras sculptlle? ....................... . 
Metacoceras sp .. ............................ . 
Tainoceras occidentale .... _ .................. . 
Domatoceras lasaIIense? .......... _ .......... . 
Milleroceras parrishi? ... _ . _ .................. . 
Gastrioceras welleri ........................... "f 
Goniatites sp .... ........................... " X 

Trilobita-

~~~~: ~~~~:::::::::: : :::::: : ::::::: :: ::: 
Grifflthides scltulus ..... 0 •••• 0 •• 0 • 0 •• 0 • 0 ••• 0 •• 

Grifflthides spo ...... 0 0 0 •••••••••••••••••••••••• 

OstI"!-co.d!lr-
Prlmltla sp ... 0 •••••••••••••• 0 ••••••• 0 •••••••• 

Holl!na emaciata var. occidentalis ........... 0 •• 
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TABLE SHOWING THE RANGE OF SPECIES IN THE PENNSYLVANIAN 
FORMATIONS IN MISSOURI-Oontinued. 

Des Moines I 
Group. Missouri Group. 

Species. 

x 
O-st-r-a-c-o-d-a--o-o-n-t-in-u-ed-.------------+--·, I I I 

Jonesina gregaria.. . . . . . . . . . . . . . . . . . . .. .. . . . . . . ... 1. .. .... I 

Kirkbya centronata. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... I X I···· .... i ... 
~~i~~i~ ~~~~~edei: : : : : : : : : : : : : : : : : : : : : : : : : : : : . ·X· .. X .1 .. X. ..~ .1 .. ~ . 
Bairdia sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. X X x 'I X X! X .... 
Cytherella bennlei. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . ... 1 Xl? 

__ C_y_th_e_r_e_ll_a_a_IT_._b_e_llll_i_ffi_·._._._ .. _._._._._·_·_·_·_·_··_·_·_·_·_·_·_·_·~·_~_:~_·_·x·_·~~._X._ ... _"~'_'I'_"~'_'l"_"_"~"~_ Cytherella sp.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. X 
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DESCRIPTION OF SPECIES. 

Genus Axophyllum Milne-Edwards and Haime. 

The original diagnosis of this genus was very brief, stating merely that the coraIIum 
was simple, trochoid, and similar to Lithostrotion in its structure, the latter name being 
reserved for composite, fasciculate, or astraeiform colonies. It must also be borne 
in mind that at the time this diagnosis was published the name Lithostrotion was 
associated with the structure now known as the genus Lonsdaleia. A year latcr a more 
elaborate description was given in French, of which the foHowing is a translation. Cor
allum simple, turbinate, surrounded by a complete epitheca. The zone adjaccnt to the 
epitheca sub-vesicular; internal waIl wel1 marked; septa wel1 developcd; Colu111clIa 
very large, cylindrical and formed of twisted plates. This genus differs from Lons
daleia in being always simple. For the rest it presents the same structure except that 
the septa are better developed and almost lameIIar. 

The type ofAxophyl1um is stated in the original description to be A. expans1tm, 
which was figured by the authors, Milne-Edwards and Haime, in 1851. Their figures, 
however, show only the exterior of the coral and for any representation of thc intcrnal 
structures ofAxophyl1um we must look to another species, A. radicatum. We notice 
that in A. expansum there is a large central axis which in the calice is not connected 
with any of the septa. The septa themselves are alternately long and short and extend 
from the pse1,1do-columella to the epitheca. 

The structure of A. radicatum as seen in the figure which represents a longitudinal 
section, consists of a thick pseudo-columel1a constructed of arched plates inclined to 
each other oy;{ opposite sides of an imaginary axis at an acute angle. There is a peri
pheral zone composed of similar arched plates in cystose structure, only herc the plates 
are larger, thicker and opposite in direction, being directed obliquely inward from 
above, whereas those of the pseudo-columel1a are directed obliquely outward from above. 
The overlapping edges of these plates are in adjustment so as to form fairly regular walls 
around the peripheral zone and around the pseudo-columella between which is an 
intermediate zone that is distinguished by having the tabulae or plates much fewer, 
more nearly fiat, and more nearly horizontal. In this and in a third species refered to 
Axophyl1um the septa are represented as beginning at the epitheca and reaching to or 
nearly to the pseudo-columel1a. 

I have made special mention of the length of the septa in Milne-Edwards and Haime's 
figures because there seems to be a discrepancy between their description and their 
specimens. In Lonsdaleia, as is well known, the epitheca is surrounded by a zone of 
vesicles which is not penetrated by the septa. The septa consequently are restricted 
to an intermediate zone reaching neither to the center nor to the periphery. Of course, 
if 'Axophyllum has the structure of Lonsdaleia and is distinguished only by comprising 
simple instead of composite corals, the same structure should be found in Axophyllum. 
Just how this structure would be expressed externally in the caIice no one can predict 
but it is safe to say that the appearance would not be that represented by Milne-Ed
wards and Haime's figures, which can only represent corals in which the septa begin at 
the epitheca. 

This distinction appears to pe an important one and the question arises to which 
type of structure does. the generic term especially apply, or were, perhaps, both types 
included. in Axophyllum by the authors of the genus. A suggestion that both types 
were included is found in a statement made in the later publication that Axophyllum 
presents the same structures as Lonsdaleia,' except perhaps that the septa are better 
developed and almost lamellar. 

The statement found in some works that Axophyllum has an outer vesicular zone 
is probably intended to describe the structure of Lonsdaleia but it is ambiguous becaus~ 
in longitudinal section ,both types of structure show an outer vesicular zone and it is 

, . 
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only in transverse sections that the expression quoted has real sigHificance, for in such 
sections the one type of structure shows a peripheral zone that is vesicular only, while 
the other type shows a peripheral zone which is vesicular but is also traversed by septa. 

My specimens from Missouri show in fact both types of structure, but the type which 
has the septa continued to the epitheca is much more abundant. It is represented by 
Axopyllum cylindricum; the other by Axophyllum? sp. D. The occurrence of these 
two distinct though related types of structure in the same beds has raised the questions 
whether they should be regarded as exemplifying two genera or merely two different 
modifications of one genus, and if they exemplify two genera for which should the 
name Axophyllum be retained. For the present, both types of structure are included 
in one genus and, of course, the name Axophyllum is used for it. 

My specimens also show a certain structure not mentioned by :Milne-Edwards 
and Haime, nor by other authors, and it is somewhat doubtfully present in typical 
Axophyllum. That is, the pseudo-columella is normally connected by its ends with 
two opposite septa and is traversed by a median plate continuous with those septa, thus 
showing bilateral symmetry in the most conspicuous manner. A similar arrangement 
may be observed in typical Lonsdaleia and thus it is in a way implied in Milne-Edwards 
and Haime's description of the genus Axophyllum. On the other hand, it is not shown 
by their figures, though it would hardly be as apparent in the calice as in sections and 
might easily have been overlooked in drawing the specimen even if actually present. 
In addition to the transverse plate there are in my specimens other radial plates but 
these would hardly appear in the calice since they are not connected with the septa. 

Certain other modifications of structure found in my corals have been difficult to 
interpret in their generic bearing. The most important of these modifications is char
acterized by the presence of a solid instead of a vesicular axis which furthermore appears 
to be connected with only one septum instead of with two opposite septa. The axis, 
even though solid, show similar radial structure. Aside from the axis the structure 
of this type is like Axoplyllum, e.g., A. cyZindricum. That is, there is an outer zone 
made up of oblique cysts whose closely adjusted edges form a sharply defined wall, 
and an intermediate zone partitioned by more nearly complete flat and horizontal 
tabulae. It is a singular fact that, in the presence of a peripheral cystose zone which is 
not traversed by the septa the same structural modification is found among the speci
mens having a solid axis as in the forms having an a.xis composed of twisted plates. Some 
specimens have such a vesicular zone and others do not. 

Still another modification of the same structure is presented by one specimen in 
which most of the characters are the same as those of Axoph;!llut1J cylindricllm. The 
central area, however, instead of being occupied by very oblique plates that form 
a complex pseudo-columella; is crossed only by gently arching plates or tabulae that 
form only a low boss instead of a pillar rising from the center of the calice. 

The type with solid columella at once suggests the genus Lophophyllum but all the 
>other structures are different from those of Lophophyllum, which possesses very little 
dissepimental tissue. Still less is this tissue so disposed as to form three zones of which 
the outer is bounded by an inner wall. Rather than refer such forms to Lophophyllum 
I would introduce a new genus, for no described genus with which I am acquainted 
can properly include them. On the other hand, it is at least plausible that these two 
types which might be called distinct genera are really only modifications of the Axo
phylluJTI structure. It is easy to conceive of the pseudo-columella of typical Axophyl
lum as narrowed down so that the plates instead of leaving spaces between them were 
in contact and formed a solid axis in which, however, the radial structure was still re
tained. On the other hand, the plates composing the pseudo-columella can be thought 
of as being directed at less and less acute angles to one another until the pseudo-columella 
instead of projecting like a central pillar was flattened to a low boss and the plates 
themselves became almost tabulae. The occurrence of these extreme structures in 
the same beds and almost at the same locality leads the observer to think that they 
may be modifications of the same structure. On the other hand, the fact that complete 
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intermediate stages have not been found even though the size and distinctnells of the 
pseudo-columella does vary greatly in A. cylindricum tends to foster the belief that 
although these different types may theoretically be modifications of the same assem
blage of structures, they are too different and too distinct to be held within a single 
genus. 

My own observations and my own material are hardly complete enough to decide 
the questions raised by them or to warrant the introduction of new generic na!11es and 
consequently I am citing all these forms under the genus Axophyllum, but with a large 
element of uncertainty. 

There are, then, two if not three types of structure included here, of which only that 
having a large vesicular pseudo-columella belongs with any certainty to Axophyllum. 
This group comprises A. rude, A. infundibulum, A. cylindricum and Axophyllum sp. D, 
and of these A. infundibulum and Axophyllum sp. D, are possibly also distinct :"J 
reason of the more or less obsolete pseudo-columella. The second group has the pseudo
columella apparently solid and includes Axophyllum sp. A, Axophyllum sp. B, Axophyl
lum sp. C, Axophyllum sp. E, and Axophyllum sp. F. This group may be an entirely 
distinct genus, but it is not Lophophyllum which it resembles in the solid pseudo
columella. Both groups contain forms in wliich the septa are not complete, but are 
prevented by an external layer of vesicular tissue from connecting with the epitheca. 

Axoph:yllum cylindricum n. sp. 

Corallum simple, gradually tapering or subcylindrical; nearly straight, or irregular 
marked by the usual annular constrictions and growth lines, neither of them very 
pronounced. Diameter 15 mm. or less. There are more or less distinct longitudinal 
striae produced by the septa. The primary septa are 25 to 27 with an equal number of 
secondary septa. A small fossula is present in some specimens, but in others is not 
distinct. 

In transverse section the primary septa are seen to extend rather more than one· 
half the distance to the center. They are not all of equal length but no order of arrange
ment is observable. They are more or less thickened in the median portion but thin 
toward the center and less conspicuously toward the epitheca. Much variation is 
shown in this respect. The secondary septa where present are about half the length 
of the prim;l.ry septa but the interseptal loculi are not always provided with them. In 
one specimen they seem to be wanting on one side of the corallum. 

The median portion is occupied by the rather large pseudo-columella which, as 
seen in the transverse sections. that are now under consideration, has a sp,ider-web 
pattern, being composed of radial and concentric lines. The radial elements may be 
considered continuations of the septa but they are much fewer ·than the septa and 
their number is not constant (from 6 to 10). The most striking feature of the pseudo
columella is that one of these plates, more conspicuous than the rest, passes from side 
to side'of the pseudo-columella, while the others, though directed obliquely to it, are 
not strictly radial in direction and do not meet at a point. This structure indicates 
strong bilateral symmetry. 

Between the axial zone formed by the pseudo-columella, and the peripheral zone, 
both of which are fairly well defined, is an intermediate zone combining to some extent 
the characters of the two. Some of the septa traverse this zone in a very attenuated 
condition. There are also the edges of transverse plates, appearing as concentric lines, 
but these ~e thinner and more widely spaced than those of which the pseudo-columella 
is formed. 

The peripheral zone is about one-half a radius in thickness and is distinguished by 
a great amount of interseptal tissue. 

In longitudinal section the peripheral zone is seen to be composed of innumerable 
oblique curved plates giving this region a finely cystose structure. The plates have 
their convex side uppermost and are:strongly oblique from the epitheca downward. 
The central or pseudo-columellar .region, on the other hand, has the plates much longer 
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and straighter, and very oblique upwards to the axis. The intermediate zone has the 
plates less numerous, more regular, nearly flat and horizontal. The three zones are more 
or less clearly defined by what appear to be walls but the walls are composite and are 
formed by the terminal portions of the oblique plates in approximate adjustment. 
This is at least true of the outer zone; the boundary between the intermediate and 
axial zones is apt to be indistinct, the series of horizontal plates of the one merging 
with the series of oblique plates of the other without a definite boundary. 

In the present unsettled condition of coral genera it is necessary in determining spe
cific relationships to considel', more than usual, forms which at present appear under 
different generic assignments. The species whose description is given above is clearly 
not one of the more common Pennsylvanian types. A species related to this would 
more probably find place under the genus Axophyllum than under Lophophyllum. 

},11deed, I can not entirely satisfy myself that this is not our well-known (?) Axophyllum 
rude which was so poorly described that we do not even now know how many septa 
it possessed, nor other characters equally fundamental. Axophyllum rude is always 
represented as having a more spreading growth and I think it must be distinct from 
thi" species. 

More similar to A. cylindricum in its cylindrical shape is Worthen's Axophyllum 
infundibulum. Here again the diagnosis is extremely inadequate; most of the characters 
given might be applied to almost any Zaphrentoid coral. The size of A. infundibulum 
is considerably larger than that of this species and the peculiar growth, if it be regarded 
as more than an individual or possibly a pathologic character, would bE! another 
difference between them. Worthen does state that the septa number about 40 but fails 
to record whether they are all primary. In D. cylindricum the total number is very near 
50 and the number of primary septa is only 27. Again, Worthen states that the col
umella (pseudo-columella) is not strongly developed which is far from true of my species. 
On the whole, I am forced to conclude that this is not A. infundibulum. Indeed, Wor
then's figure rather su~;gests to me the genus Craterophyllum. 

The specimens referred to A. cylindricum show much variation. The description 
given above is based largely upon the type specimens and it will be desirable to note 
some of the departures from it. Few specimens exceed a length of 30 mm. and a diameter 
of 15 mm.; some long and nearly cylindrical specimens, however, have a diameter of 
only 7 mm. Several rather large specimens from locality 423 have 32 or 33 septa. 
Secondary septa are usually present but in a few specimens they are absent in part 
or wholly. A fossula appears to be present in some specimens but absent in others. 
Possibly the structure is really absent but appears to be present in some specimens 
owing to the unequal length of the septa as already mentioned. The pseudo-columella 
varies from small to large and, as seen in cross sections, from a closely arranged aggre
gation of plates with definite boundaries to a group of dispersed and less numerous 
plates which scarcely appear to form a pseudo-columella at all. Usually the pseudo
columella is conspicuously connected with two opposite septa and divided by a median 
plate which appears to be a continuation of those septa. This structure may be indis
tinct, however, and when the pseudo-columella itself almost loses identity, the accom
panying structures are scarcely appreciable. In longitudinat section the intermediate 
zone is sometimes distinct and made up of nearly fiat, fairly remote, transverse plates, 
but it is sometinles more or less fused with the axial zone, the plates being more numer
ous, more oblique, and intercalated with those of the central portion. The septa are 
usually appreciably thickened in the median portion, thinning toward the center and 
toward the epitheca. In some specimens the thickening begins at the epitheca, and 
in one specimen particularly the septa are thin throughout the peripheral zone, but are 
abruptly thickened where they enter the intermediate zone, thinning regularly to
ward the pseudo-columella. 

Horizon and locality: Henrietta formation-Pawnee limestone member, station 
1255 B3. Pleasanton formation, stations 430, 647, 672. Kansas City formation
Hertha limestone member, station 233. Douglas formation-Qrt;:ad limestone member! 
stations 21( 272. 
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Axophyllu.m. ill!unllibull: 1/1. Worthen? 

1875. Axophyllum infundibulum. Worthen, Geoi. Surv. Illinois, Rept., vol. 5, p. 
525, pI. 32, fig. 7. 
Coal Measures: Clark County, Ill. 

This type also is represented by a single specimen, a nearly straight, rapidly en
larging Zaphrentoid coral having a diameter of about 2:J millimeters and a lengl h of 
about 30 millimeters. The calice is shallow, the edges of the septa arching anel de
scending obliquely toward the center, where it small circular pit. is formed, 0 milli
meters in diameter, with a slightly up-arched bottom, onto which the se'pl it exl ('nd as 
narrow ridges. The septa number 31 and arc all primary. TwC'lve milliJlle[ers from 
the top the structure of this coral in cross section is as follows: The se'pta, 2S in !lumlier 
reach from the epitheca to a central arca which has a diameter of (i lllillinlC'Lers or less. 
This large, ill-defined columellar area is crossed by the irregular continual ions of SOIlIC 

of the septa and by a number of concentric lines representing I he c'<iges of tr:lIlHV('rSe 
plates. It is surrounded by a narrow intermec\iute zonc in which, ill (his R'('I ion, llO 

tabular structures appear. Outside of this intermediate ZO)1e COllIes I he lmJad peripheral 
zone characterized by fine, interseptal tissue. These interseptal plal.l'H have I he appear
ance of springing from the sides of the septa and being carried part way, or wholly, across 
the interseptal loculi and meeting obliquely and interrupl.ing similar pIa (es springing [!"Om 
the adjacent septa. This gives the interseptal tissue an irregular arrangement and the 
septa tllemselves seem to be more or less disturbed in direction, and in size. 

In longitudinal section the peripheral zone is composed of small, oblique cysts and 
has well defined boundaries. A series of thinner, larger, Icss COllvex plates occupies 
the area between. Though each is much shorter than the entire width of this area 
and though they overlap one upon the other, they make broadly convex lines which 
dome upward in the center and descend at the sieles. The area of the pseudo-collllllella 
is distinguished less by changes in the number and direction of the plates than by 
thickened lines (ends of septa?). 

In general structure this specimen agrees with those called A.~'ophyllu1J1 cylindriculIl, 
the chief difference being in the distinctness of the pseudo-colUlllclla in which even that 
species varies considerably. In typical examples of A. cylindricum the pRcudo-coluIllclla 
is smaller and more sharply defined by reason of its more numerous and more closely 
arranged plates, and the greater width of the intermediate zone. It is also conspicuously 
connected with two of the septa but is not traversed by others of them. It has a trans
verse plate and also radial plates which in the present form arc either absent or only 
suggested. Other characters distinguish the two forms specifically but for t.he present 
no marked objection is seen to including both in one genus. The identification with 
Axophyllum infundibulum is made on the strength of a statement in the original descrip
tion that the columella is nearly obsolete in some examples and much less strongly 
defi.ned than in A. rude. On the other hand, the septa in A. infundibulum are said to 
number 40, distinctly more than in the present form, and the peculiar growth of the 
typical specimen, if regarded as a specific character, distinguishes it. 

Horizon and locality: Kansas City formation-Hertha limestone member, station 
423. 

AxophyZlum rude White and St. John. 

1868. Axophyllum rudis. White and St. John, Chicago Acad. Sci., Trans., vol. 1, 
p. 115. 

Upper Coal Measures: Madison, Ringgold, and Pottawattamie counties, Iowa. 
1875. Axophyllum rudis. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 6, 

p. 525, pI. 32, figs. 6a-c. 
Coal Measures: Near Collinsville, St. Clair County, Ill. 

1884. Axophyllum rudis. White, Dept. Geo!. Nat. Hist. Indiana, 13th Ann. Rept .. 
pt. 2, p. 118, pI. 23, figs. 8, 9. 

Coal Measures: Newport, Ind. 
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1894. Axophyllum rude. Keyes, Missouri Geo!. Surv., Rept., vo!' 4, p. 107, pI. 12, 
figs. 5a, b. 

Upper· Coal Measures: Kansas City, Mo. 
1900. Axophyllum rudis. Beede, Univ. Geo!. Surv. Kansas, Rept., vo!' 6, p. 20, pI. 2, 

figs. 9-9c. 
Upper Coal Measures: Kansas City and Lawrence, and Osage, Cowley, and Elk 

counties, Kans. 
The status of this species is unsatisfactory in the extreme. \Vhen the name was 

introduced in 1868 White and St. John gave no figures and the description, dealing only 
with external characters, would apply to almost any simple Paleozoic coral. Not a 
single really diagnostic specific character was set down. 

Meek and Worthen cited the species in 1875 and figured two specimens from Illinois. 
They merely quoted the original description, remarking that their specimens (natural
ly) agreed with the characters given. Their figures add but little to the nearly blank 
page of our knowledge of the species; they do not show for instance, whether the septa 
are of one or of two orders nor what the number of them is. Knowing already that the 
species probably has both primary and seconda·ry septa, I interpret their figures as 
showing 28 or 30 of the one order and a few of the otheL 

White returned to A. rude in 1889 and we may assume that since he was one of the 
original authors his identification is correct. He seems to be content with the original 
diagnosis which he paraphrases. He does give two figures which represent a coral 
20 mm. in length and 12 mm. in diameter. This is only about half the size of the specimen 
figured by Meek and Worthen. One figure shows about 40 septa but it is not clear 
whether they are of one or two orders. I suspect that a few are secondary, but that 
all the rest are primary. 

The next author to treat of A. rude was Keyes, who figures the species but does not 
describe it. His figures depict a form very similar to White's Indiana specimen. 
One of his illustrations shows 31 septa, several of which are distinctly shorter than the 
others (secondary?). Very short, undeveloped intermediate septa are also shown. 

The latest discussion of the species is by J. vv. Beede to whom we owe about every
thing essential that is known of it. The only question, of course, is whether his speci
mens are actually A. rude or some other species. His description is less enlightening 
than his figures. He describes thE' external characters much as preceding writers 
had described them. He states that the septa are of two orders, but does not give their 
number. His figures, of which there are three, include one thin section showing the 
structure. The two other figures represent a small coral generally similar to the figures 
of White and of Keyes. 

The cross section represents the septa as of two orders, the primary septa reaching 
to or nearly to the pseudo-columella, the secondary septa about half as long, some more, 
some less. Each set comprises 26; 52 in all. The i11ustration shows an outer vesicular 
zone and an inner vesicular zone (the pseudo-columella) separated by an intermediate 
zone which is traversed only by the septa. Probably the intermediate zone, instead 
of being represented as entirely destitute of interseptal or tabular structures, would 
more correctly be shown as possessing them, though to a less degree than the two other 
regions. The outer zone comprises about half a radius at each side; the inter
mediate zone, about one-eighth the radius at each side; and the pseudo-columella, 
about one~fourth of a diameter. The pseudo-columella appears to be constructed of 
concentricany arranged vesicles. It is noteworthy that it is divided into two equal. 
parts by a transverse plate which is connected at its ends with two of the septa. There 
are a few other plates directed radiaJly, but they are not correlated on the opposite sides 
of the main plate. It would have been most welcome had a longitudinal section 
been given. 

Meek and Worthen's form is under suspicion because it is so much larger than 
the typical variety. It may belong to AxophyUum infundibulum of ~ the same 
authQrs so far as the figures show"and it especially resembles the short.~partlYoodeveloped 
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specimen· which they include under A. infundibulum but which, thcy suggest, may not 
be of the same species as the type. The three other citations probably belong together 
and represent typical A. rude, though it must be borne in mind that the thrce dis
cussions contain very inadequate evidence for reaching a conclusion. 

Axophyllwn f1.de seems not to appear among the corals in this collection, but a 
determination of its characters was a necessary antecedcnt to the determination of 
the other related forms. 

Axophyllum? sp. A. 

- This type is represented by a single specimen, a conical, rather rapidly cxpanding, 
slightly curved Zaphrentoid coral, 2G mm. in diameter and approximatcly 40 mm. in 
length. In transverse section there is seen a small, apparently solid pseudo-columella, 
slightly elongated and connected at one end with one of the septa. The other septa 
extend almost to the pseudo-columella but do not connect with it. That structure, 
though solid, shows radial lines but not concentric ones. One main axis divides it 
longitudinally and is continuous with the connecting septum. Other plates radiate 
from the center, three or four on each side, and project as ridgcs but do not conncct with 
the septa. The scpta are 22 in number and can be traced only about half way to the 
epitheca. Th~y appear to divide so as to inclose elongated cysts aild then bccome lost 
in the more coarsely cystose structure that forms the peripheral zonc. There is anothcr 
narrow ring of fine cysts adjacent to the epithcca, but these have a conccntric instead 
of a radial arrangement. In transverse section, thcIl, the structures shown arc first, 
fine cysts, then coarse cysts, then fine cysts of which those made by the division of the 
septa are radially elongated, then a clear zon(' traversed only by the scpta, ancllastly, 
the central pseudo-columella. In longitudinal section only three zones can be recog
nized; the pseudo-columella which appears like a central rod or pillar, a clear zone not 
crossed by tabulae or dissepimental tissue, and a very brOfld cystose periphcral zonc 
made up of small oblique, convex plates piled one above the other. Though these ovcr
lap without any regularity they make sigmoidal lines from the epithcca obliquely 
downward toward the axis, the lines b.eing concave and strongly oblique ncar the 
epitheca, about horizontal midway, and convex and more oblique ncar thc pseudo
columella. The edges of the cysts make a sharply defined and continuolls inner wall, 
marking off the pcripheral zone from the intermediate onc. 

Unless this be an abnormal specimen of some of the other types I am at a loss as 
to the gen~ric relations of this coral, but having only one specimen I hcsitate to in
troduce a new name for what appears to be a novel generic type. It is referrcd to 
Axophyllum only as an expedient. In point of thc solid axis it agrces more nearly with 
Lophophyllum though differing in other respects more than it differs from Axophyllum. 

Horizon and locality: Kansas City formation-Hertha limestone member, station 
423. 

Axophyllum? sp. B. 

This type can be most briefly described by comparing it with species A which it 
closely resembles in many ways. It is a nearly straight, rapidly expanding Zaphrentoid 
coral, having a length of 28 millimeters and a diameter of 20 millimcters. The columella 
is thin and knife-like and apparently not connected with any of the septa. Both of 
these peculiarities, in which it differs from species A, may result from the section being 
in this case located closer to the calice. The septa are solid for only a short distance 
and then appear, even more.conspicuously than in species A., to break up into elongated 
cysts and they soon lose ali identity in the coarsely cystose dissepimental tissue that 
fills in the peripheral portion. The septa number 22. 

The structure as seen in longitudinal section much resembles that of species A 
save that the intermediate zone which in species A is traversed only by septa. is here 
divi<;l~d by sc~tt~red plates, some ·nearly fia,t and horizontal, others curved and opIiqlle, 
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This is probably generically and specifically the same as species A, but if the differences 
noted prove to be constant they will constitute a specific difference at least. 

Horizon and locality: Kansas City formation-Hertha limestone member, statio~ 
423. 

AxophylZum? sp. C. 

This type also is represented by a single specimen. The shape is more or less 
cylindrical with a diameter of 15 mm. and a length, in fragmentary condition, of about 
25 miIIimeters. Here again the structure is a variant of that found in species A. The 
pseudo-columeIla is smaIl and solid and it is connected with one of the septa, but its 
radial structure is less distinct and does not result in the formation of projecting angles 
in the outline. The septa number about 25 and many of the interseptal loculi have 
secondary septa. The septa divide toward the exterior so as to include a few small 
cysts, but most of them can be traced nearly or quite to the epitheca. The dissepimental 
tisstle is fine and irregular. 

In longitudinal section the outer zone consists of numerous oblique cysts and has 
a sharply defined inner boundary. The intermediate zone is occupied by much scantier 
tabulae which are straight or curved, transverse or oblique. 

In shape the specimen is like AxophyUum cylindricum, but it has a solid pseudo
columella. In having the intermediate zone crossed by tabulae it is like Axophyllum? 
sp. B. In having the septa persistent to, or almost to, the epitheca it differs from 
AxophylZum? sp. A, and Axophyllum? sp. B. 

Horizon and locality: Kansas City formation-Hertha limestone member, station 
423. 

AxophyUum? sp. D. 

The few specimens included here bea.r much the relationship to A. cyZindricum 
that the form referred to A.infundib:dum bears to A. rude, that is they differ in the 
imperfect development of the pseudo-columella. They have a cylindrical, more or less 
contorted shape with a diameter of 10 miIlimeters and an undetermined length of not 
less than 35 millimeters. In transverse section three zones are seen. The outer zone 
is marked by dissepimental tissue; the intermediate zone is fairly clear of sllch structures; 
while the pseudo-columella shows the cut edges of closely arranged tabulae intersected 
by the contorted and confluent ends of many of the septa which reach nearly to the 
center. The septa number 21 and are all primary septa. But few of them can be 
traced to the epitheca, being interrupted by some of the cystos~ dissepimental plates. 
In longitudinal section the three zones are well differentiated. The peripheral zone is 
marked by small, thick, oblique cysts, and the central area by thin, shallow and broad, 
closely-arranged horizontal cysts or tabulae. The intermediate zone has the tabulae 
much more remote than the central area and more or less complete. 

The generic position of this form is much in doubt. It has many points of re
semblance to AxophyUum cylindricum but can only provisionally be placed in t}:le same 
genus. The almost complete non-deve1opment of the pseudo-columella is one of its 
most important differences. This is especially shown in the nearly horizontal direc
tion of the tabulae in the axial region, whereas in A. cylindricum these plates are arched 
into a high, acutely angular cone. Nevertheless the central region, even though it 
could not have projected as a boss, has a differentiated structure similar in many respects 
to that of the other species. 

On the other hand, the structure strikingly resembles that of Craterophyllum 
verticiZlat:£m. A conspicuous similarity exists in longitudinal sections between my 
specimen and Barbour's figure 12 of Plate IV. In his transverse sections less resem
blance can be traced as his figures all show a clear central area which the short septa do 
not penetrate and which exhibits scanty evidence of the tabulae. The greater length 
.of the septa in my specimen would be more of a specific tha..n l\. generic character and 
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would hardly of itself debar the species from CraterophyIIum. I t is only as we interpret 
this and certain other indications as evidence of an aborted pseudo-columella that the 
species can be placed in the neighborhood ofAxophylIulll rather than CraterophyIIum. 
That it is a legitimate type ofAxophyllum is, however, doubted. 

Horizon and locality: Kansas City formation-Hertha limestone member, station 

423. 
Axophyllum? sp. E. 

This group is made principally for three specimens from locality 17"1 which are 
known more by their external characters than by their internal. All three show a 
slightly curved, very rapidly expanding Zaphrentoid coral, the largest specimen being 
25 miIIimeters in diameter and about 25 millimeters long. The calice of this specimen 
is shallow and an abruptly descending circular depression is formed in the center from 
which arises a small pseudo-columella marked by longitudinal ridges. The septa 
number about 56 and are alternating. The calice is campanulate and the septa in it 
appear as slender ridges on the sides of the centml depression and Just above, where the 
calice begins to expand rapidly. At this place the septa die down as ridges and simul
talleously narrow grooves are developed in the interseptal loculi and persist to the rim 
of the calice. Thus all the marginal portion of the calice is nearly smooth, marked only 
by these narrow radial grooves. The relatively broad, flat spaces between them repre
sent the septa which as ridges appear only well down toward the center. We may 
look to see this external structure represented internaJly by a peripheral ring of vesicular 
tissue not penetrated by the septa. 

A section across this coral rather far below the caIice, 6 or 7 millimeters from the 
point of origin, shows a somewhat large, apparently solid pseudo-columella having 
an elongated shape and connected by one end with one of the septa. Surrounding 
the pseudo-columella is a clear zone showing the edges of a few tabulae obliquely cut 
and then comes the wide peripheral zone abundantly supplied with dissepimental 
plates. The septa number about 21 and there are secondary septa between. They 
are confined to the peripheral zone, none of them crossing the intermediate zone (save 
that which connects the pseudo-c"olumeIIa) nor, on the other hand, do they reach to the 
epitheca, being intercepted by a ring of cystose plates. 

The' second specimen essentially resembles the first but the expansion is abrupt 
. from a stem-like lower portion. The calice is very broad and shallow as a result of this 
configuration and it shows several renewals of growth one within the other. 

The third specimen is smaJIer, about 13 millimeters in diameter and 11 millimeters 
in height. The calice is rather shallow and is crossed by about 58 thin septal plates 
more or less distinctly alternating. This specimen is of course included with the others 
only on the supposition that it represents the immature stage, or the central portion, of 
such a larger form as that first described, and that it would later have developed 
the flaring outer pal ts that lack septal ridges but are marked by interseptal grooves, 
though not having them now. 

This form, if all three specimens are conspecific, may well belong with A xophyllum? 
sp.A ,although a definite conclusion can not be reached, since the one form is distinguished 
chiefly on external peculiarities, the internal characters being imperfectly known, while 
the other form is distinguished chiefly on internal peculiarities, the external characters 
being imperfectly known. 

Horizon and locality: Kansas City formation-Chanute shale member, station 174. 

Axophyllum? sp. F. 

This form is typified in the coJIection by a single specimen distinguished by its 
rapid expansion and by the inverted shape of the calice, of which the rim is much lower 
than the center. This feature in its present degree may be due to weathering but I 
do not doubt that the original shape was in the main as it is now. The height is 2q 
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millimeters, of which the height to the rim of the cal ice is about 18 millimeters. The 
maximum diameter, for the specimen is not circular, is 33 millimeters. The upper surface 
of this coral is irregular and the structures unsymmetrical, but in a broad way the 
upper part of the inverted calice is truncated for a diameter of about 12 millimeters and 
forme a shallow cup from whose edges the surface descends slightly to the center which is 
occupied by a large and apparently solid pseudo-columella. The pseudo-columella is 
oval and has a long diameter of 5 millimeters. It is now more or less worn, and ~ay 
have projected considerably more than at present. From this central elevation the 
surface descends to the rim of the epitheca on all sides and it is in different places steep or 
gradual, and concave, convex, sigmoidal or straight. The septa are thin and numerous. 
Thirty-four reach to the center and there are an equal number of secondary septa, 
almost as long. One of the primary septa appears to connect with the pseudo-columella 
and all th" others reach almost to it, but appear to be distinct from it. A rather narrow 
zone characterized by a scanty development of dissepimental tissue surrounds the 
pseudo-columella and this is succeeded by a broad, peripheral zo'ne in which interseptal 
structures abound. In their at present weathered condition these structures have 
a singular appearance as if the septa were secondary to and produced by the interseptal 
plates. In other words, except near the center each septum appears to be formed on 
either side of a thin median line by the infolded and mutually continuous edges of 
innumerable overlapping interseptal plates. Thus formed, the septa can be traced quite 
to the epitheca but I would not be surprised, if the structures were presented in their 
original instead of a worn and abraded condition, to find that the appearance was like that 
described in Axophylhtm? sp. E. 

In the configuration of the cal ice this form resembles the one identified as Loplzophyl
lum alieni but the size, the shape, and other characters are so different that I would not 
hesitate to name this as an undescribed species if I were more certain to what extent its 
present characters are due to wear and to a possible abnormal condition. 

Horizon and locality: Kansas City formation-Chanute shale member, station 
429a. Shawnee formation-Deer Creek limestone member, stations 165, 191. 

Genus Lophophyllum Milne-Edwards and Halme. 

Lophophyllum alleni Rowley. 

1901. Axophyllum? alleni. Rowley, Am. Geol., vol., 27, p. 349, pI. 28, figs. 32-35 
Upper Coal Measures: North"western Missouri. 

This identification has been given to only a few specimens, one or two from each 
of four localities. They are characterized by their small size, rapid irregular expan
sion. low altitude, and shallow cal ice in which the septa round upward so that they pro
ject above the rim of the epitheca. The septa are long, reaching nearly to the center, 
but they die down abruptly and simultaneously, and from the little circular pit thus 
formed arises the pseudo-columella which is elongated and sharp at both ends and 
crested along the top. The septa are of two orders but the secondary septa are nearly 
as long as the primary. 

These specimens strikingly resemble Rowley's figures of Axophyllum? alleni and 
agree in most respects with his description. The only notable difference is that he 
states the number of septa to be about 60 while the septa in many specimens are less 
than 50. He describes the columella as formed of the upturned inner edges of the 
lamellae or septa. I scarcely know how to understand this expression which, if taken. 
literally, one might say, is fairly impossible. The most plausible interpretation would 
be not that the septa make up the columella but that they are continued as ridges up 

·onto it, but even this is not true of my specimens. The pseudo-columelIa is elongated 
it is true, but is not, in the calice, connected with any of the septa though, as will im
mediately be described, it is connected with one of them in the lower part of the corallum. 
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Rowley was in doubt about the g-cneric position of hi~ coral and apparently had 
not ascertained some of the diagnostic generic characters. That my speeimC'ns appear 
to belong to a different genus from that to which hc referred his species need not be ht'1d 
as evidence against the present identification. My material is too limited to permit an 
extensive study of structural characters but apparently they indicate a position with 
Lophopyllum and not with Axophyllum. Two specimens have been ground down 
so as to show their internal structure and in both of them the pseudo-columella is solid 
and attached to one of the septa, of which it: appears to be an enlargcment, but it is 
free from all the other septa. Furthermore, in oue of the Rpecilllens especially, the 
section is sufficiently near to the calice to make it: unlikely that: the s!mcture observer! 
is that of an immature stage. 

If, as seems likely, this form belongs to the genus Lopholyl1utn, it is readily di;;tin
guished from the common species, L. projun/Zum, bot h by its size, its shallow calice and 
projecting septa, and by the much greater abundance of rlissepinwl1!aJ tissue. 

Horizon and lowltty: Douglas [ormation---"W(!Htoll shale Illember, stat inn am; 
Iatanlimestone member, station 281; Lawrence shale I1wmber, statioIl 21;). Shawnee 
formation-Deer Creek IimestoIle member, statioll UH. 

Lophophyllum distortum Worttllm. 

1875. Cyathaxonia distorla. Worthen, Ceo!. Survey Illinois, [{('pl., vo\. H, p. 52(1, 
pl. 32, fig. 4. 

Coal Measures: Cumherland County, Ill. 
-1898. Amplexus wr:stii. Beede, Kansas Univ. Quart., vol. 7, No.1, Ser. A., p. 17. 

Upper Coal Measures: Kansas City, Mo. 
1900. Lophophyllll1n west·i. Beede, Univ. Geol. Survey Kansas, Rept., vol. H, p. IS, 

pl. 2, figs. 8, 8b; pl. 3, fig. 12; pI. 5, fig. 7. 
Upper Coal Measures: Kansas City, Lecompton, Neosho County, Kans. 

1910. Cyathaxonia distorta. Raymond, Carnegie Mus., Annals, vol. 7, No.1, p. 150, 
pl. 24, figs. 8, 9. 

Vanport limestone: New Castle, Pa. 
1911. Cyathaxonia distorla_ Raymond, Pennsylvania Top. & Ceo!. Sm'yey, Rept. for 

1908-1910, p. 97, pI. 3, fig. 8. 
Vanport limestone: New Castle, Pa. 

Two species of Lophophyllum are known from the Pennsylvanian of the east
Lophophyllum profundum and Lophaphyllum distortum. LoPhophylZum distortum was 
originally described as a Cyathaxonia and stands under that genus at the time of writing. 
This circumstance does not materially affect the statement just made, because 1.0-
phophyllum profundum itself was for many years registered as a Cyathaxonia, because 
Worthen's description, from what it fails to contain, indicates that the internal char-

_ acters of the species were imperfectly known to him, because from our knowledge of the 
range of those genera in North America, incomplete as that knowledge is, Lophophyllull1 
rather than Cyathaxonia is to be expected at Pennsylvanian horizons, and because 
the species is probably identical with another form which if not a Lophophyllum is 
more closely related to that genus than it is to Cyathaxonia. 

Lophophyllum Westi was described by Beede as an Amplexus. He subsequently 
changed the generic designation to LophophylluIU, at the same tiIUe noting that his 
species might be identical with Cyathaxonia distorta Worthen, a relationship which 
did not suggest itself when LophophyUum Westi was included in a genus that lacks a 
pseudo-columella. This suggestion seems so probable to me that I am employing Wor
then's name for what is undoubtedly the species described by Beede as Lophophyllum 
Westi. 

That Beede referred his coral to two genera as widely different as Lophophyllum 
and Amplexus is not extraordinary when the anomalous structure of Lophop'kyllum Westi 
is well understood. To omit reference to other characters of less eminent importance, 
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LoPhophyllum Westi sometimes appears to have the characteristic structure of Lopho' 
phyllum and sometimes appears to lack the distinctive pseudo-columella of Lophophyl
lum and to have essentially the structure of Amplexus. Furthermore these two types of 
structure in some instances occur in the same coral at different stages of growth. 'When 
the Lophophyllum structure is shown, one of the septa is distinguished from the others 
by reaching to the centcr or beyond and by having the terminal portion thickened into 
a slender pseudo-columella. The other septa do not reach the center which is vacant 
save for this pseudo-columella and for rather abundant irregular tabulae. Neither 
structure is quite typical for the genus which it seems to resemble, the septa being 
rather long and the tabulae rather infrequent and irregular for typical Amplexus and 
the tabulae rather too abundant for typical Lophophyllum.· A few longitudinal sections 
seem to show how these changes from one structure to another take place. Namely, 
the long pseudo-columellar septum is shortened to the length of its fellows so that the 
tabulae pass uninterruptedly over the median portion. 

The characters possessed by LoPhophyllmn profundum and by Lophophyllum dis
torturn are in many respects so widely different as to suggest that both species can 
not belong to the same genus, and it will be worth while briefly to consider these differ
ences ancl also to consider which type of structure is most like typical Lophophyllum. 

The growth of Lophophyllzt1n profundm1t is short, conical, and curved, the direction 
of curvature being rather closely oriented with regard to the position of the fossula. 
The growth of Lophophyllurn Westi is elongated, cylindrical, and straight. At 
least if not straight, it is irregularly contorted. It is true on the other hand that the 
early stages are conical and curved, though it is not known whether the curvature bears 
any constant relation to the internal structure. The epitheca of Lophophyllum pro
fzmd2t1ll is thick; that of Lophoplzyllum distorturn is thin. Interseptal tissue is scanty 
in LophophyZlu1lt profundum; it is much more abundant in Lophophyllum distortum 
in which, as seen in cross sections, it usually makes one or two or three concentric rings 
complete or incomplete as it chances, according as the tabulae are irregular or regular. 
Schematically the tabulae are large transverse plates flattened over the median portion 
ancl curved clown ward for a greater or less distance about the edges. Accordingly as the 
tabulae stand at greater or smaller intervals, are straight or oblique and confluent 
with others differently directed, there would be one or several rings shown in cross 
section and the rings would be complete or incomplete. In some sections one of these 
rings connects the inner ends of the septa, having the appearance of an inner wall. 

It is in the pseudo-columella that the most important differences between the 
two forms are found. In LophophyZlum profundum the pseudo-columella is large and 
rod-like, and connected by one end with that one of the septa which lies opposite to 
the fossula. One or more or sometimes all of the other septa also connect with the 
pseudo-columella, but possibly this is by secondary deposits. Furthermore the pseudo
columella shows indications of a median plate continuous of course with the septum 
with which the pseudo-columella itself is connected. Other rays are also sometimes 
indicated. 

In Lophophyllurn distortum, on the other hand, the pseudo-columella is but the 
end of the specialized septum scarcely enlarged. It is therefore very thin, instead of 
cylindrical, and essentially structureless. It rarely if ever unites with the other septa. 
In a few sections such a union is indicated, but the appearance is better explained, I 
think, by regarding the connective tissue as' of tabular nature. I was for some time 
doubtful whether a fossula existed in this species; where it can be recognized its position 
is normal, opposite the pseudo-columella. 

In so far as I know the facts, Lophophyllurn profundum is not in essential agreement 
with the genus Lophophyllum as based on LophophyZlum Konincki which Milne
Edwards and Haime named as the genotype. It has opposite the septum the fossula 
(the counter septum) connected with the pseudo-columella, not the septum in the 
fossula (the cardinal septum) as in typical Lophophyllum, and the somewhat obscure 
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radiating structure of the pseudo-columella may not be found in Lophophyllum K onincki. 
Furthermore, the fossula is situated on the convex side of the corallum in L. Konincki 
and on the concave side in L. profundum. 

Lophophyllum. distortum is not typical in its cylindrical shape and possibly in other 
c,haracters, such as the lack of connection between the pseudo-columella and any of 
the septa save that which it originates. But above all else is it abnormal in the 
obsolescence of the pseudo-columella. In some other characters it is more nearly in 
agreement with Lophophyllum eruca upon which Nicholson's observations were based, 
than is Lophophyltum profundum-for instance in the abundance of tabula!. Nichol
son also describes and represents the fossular septum as short and not con.nected 
with the pseudo-columella, which is at variance with the statements of Milne
Edwards and Haime. This is more distinctly the condition of Lophophyllum profundum 
than of Lophophyllum distortum, but Nicholson also states that the gE'nus does not 
possess distinct secondary septa, a statement which is not true of neither species. 

It may prove desirable to place L. profundum and L. distortum in different 
genera or subgenera. If so, the generic name will adhere rather to L. profundum than 
to L. distortum, but it may be that neither type will rest under Lophophyllum. 

Horizon and locality: Kansas City formation-lola limestone member, station 215. 
Douglas formation-Iatan limestone member, station 281; Lawrence shale member, 
station 213; Oread limestone member, station 273. 

Genus Campopbyllwn Edwards and Haim.e. 

Campophyllum torquium Owen. 

1852. Cyathaphyllum (l'ermiculare?). Owen, Geo!. Surv. Wisconsin, Iowa, and Min
nesota, tab. 4, fig. 2. 

Carboniferous limestone: Near mouth of Keg Creek. 
1852. Cyathophyllum torquium. Owen, idem. tab. 4, fig. 2. 

Carboniferous limestone: Near mouth of Keg Creek. 
1852. Cyathophyllum /lexuosum (?). Owen, idem, tab. 4, figs. 3a, b. 

Carboniferous limestone: Near mouth of Keg Creek. 
1872. Campophyllum. torquium. Meek, U. S. Geo!. Survey Nebraska, Final Rept., 

p. 145, pI. I, figs. la-d. 
Upper Coal Measures: Rock Bluff and Cedar Bluff, Nebraska; Iowa. 
Coal Measures: Illinois. 

1884. Campophyllum torquium. White, Dept. Geo!. Nat. Hist. Indiana, 13th Ann. 
Rept., pt. 2, p. 119, pI. 23, figs. 10-13. 
Upper Coal Measures: Iowa; Missouri; Nebraska; Illinois; Indiana. 

1894. Campophyllum torquittm. Keyes, Missouri Geol. Survey, Rept., vol. 4, p. 107, 
p!. 12, figs. 7a-c; pI. 13, fig. 7. 

Coal Measures: Kansas City, Mo. 
1898. Campophyllum torquium. Beede, Kansas Univ. Quart., vo!' 7, no. 4, ser. A., 

p. 187, figs. 1-4, on p. 190. 
Lecompton limestone horizon: Jefferson, Douglas, and Chautauqua counties, 

Kans.; also near Kansas City. Kans. : 
1900. Campophyllum torquium. Beede, Univ. Geo!. Survey Kansas, Rept., vo!' 6, 

p. 19, pI. 4, fig. 1; p!. 5, figs. 1-4. 
Coal Measures: Kansas City, Jefferson, Douglas, and Chautauqua counties, 

Kans. 
1904. Camphophyllum torquum. Reagan,. Indiana Acad. Sci., Proc. for 1903, p. 238, . 

Plate figs. 2a-Cc. 
Red Wall Group: Fort Apache, White River, Salt River, Carrixo Creek and 

Cibicu Creek, Ariz. ' 
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Campophyllum torq!tium is rather scantily represented in the collections but this 
material supplemented by that from other areas enables me to note a few facts not 
perhaps heretofore recorded and to lay emphasis on others. Meek has already called 
attention to the very thin epitheca possessed by this species, which apparently is not 
formed as in certain other genera by expansion of the two plates composing the septa. 
This character might be used more than it appears to have been used for generic and 
family classification. The structures exhibited comprise three fairly distinct zones, a 
peripheral zone in which are developed septa and fine dissepimental tissue, an inter
mediate zone, in which are developed septa and coarse interseptal tissue of a different 
character from the first, and a central area not penetrated by the septa and crossed only 
by broad, fiat, horizontal tabulae. The existence of a distinct intermediate zone has 
not, I believe, been clearly pointed out, but the peripheral zone and the central tabulate 
area have been described and illustrated by several authors. 

The narrow peripheral zone is the most sharply defined of the three. In transverse 
section it appears as a narrow band of fine, uissepimental tissue having a fairly distinct 
boundary on the inner side. In some specimens the dissepimental network is dis
tinctly finer near the epitheca. The true character of the peripheral zone is best shown 
in longitudinal section where it is seen to consist of rather fine cysts which overlap so that 
their plates form a nearly even continuous wall, separating this zone from the inter
mediate zone adjacent. The intermediate zone extends from the peripheral zone to 
the extremity of the septa. The edges of a few tabulae or cysts are sometimes seen in 
it in transverse section, and the septa, which as a rule are thinner and more or less 
irregular within the boundary of the peripheral zone, thicken distinctly and abruptly 
as they pass into it. In longitudinal section the closely arranged, fiat, horizontal tabulae 
which are a striking feature of these corals in the central area, become more irregular 
toward the peripheral zone. ,They bend abruptly downward, and additional plates, 
curved or fiat, horizontal or oblique, are introduced in greater or less abundance. On 
comparison with the cross section it appears that the regularly tab.ulate area seen in 
the one is co-extensive with the central space left by the inner ends of the septa, seen 
in the other, while the region of loose irregular dissepimental tissue, of which a part 
appears to be a continuation, though with changed direction, of the tabulae corre
sponds with the zone included between the peripheral zone and the inner ends of the 
septa. 

The only really sharp boundary in these struct~res is the wall, marking the inner 
limit of the peripheral zone. The cysts of the peripheral zone are small and almost 
vertical in direction and against the wall formed by the innermost of them the thinner 
plates of the intermediate zone abut at different angles. The inner bounaary of the 
intermediate zone is of course less sharp but it is fairly distinct as are its structures dis
tinct from those of the axial.region. 

It is not entirely certain that Campophyllum torquium is a true representative of 
Campophyllum. Milne-Edwards and Haime described Campophyllum as having 
the interseptal loculi filled with small vesicles and they give a figure of C. flexuosum, the 
type of the genus, in which the vesicles apparently extend to the inner extremity of the 
septa. As we have already seen the peripheral zone in C. torquium is narrow, the sep
ta projecting beyond it for more than half their length. Consequently there are in the 
American species three distinct zones having different structures, while typical cam
pophyllum apparently has only two such zones. This difference, even if it is constant, 
may not be considered a.s of generic importance. 

The specimens from Missouri referred to this species are few in number and mostly 
of small size. Superficially they suggest Craterophyllum 'lJel,ticillatum more than the large 
cylindrical corals familiar under the name Campophyllum torquium. They not only 
do not show the characteristic gemmation of C. 'lJerticillatum but the internal structure 
also is different. At one time Professor Barbour kindly sent me some sketches of 
C. 'lJerticillatum for examination and he correctly states my opinion expressed at that 

G-21 
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time that the form which they represented would better be regarded as a species of C~mpophyllum than as a new genus. My position was that the structure was essentially similar to that of C. torquium and that the budding was not a very practical character for generic use. If the non-verticillate corals associated with C. verticillat1mz, which Professor Barbour says are nearly identical and considerably more numerous, prove to belong to the same species as the other, the character in question would lose greatly in force in validating Craterophy\Ium as a distinct genus. The internal structure, as Professor Barbour recognizes, is very similar in Craterophyllum vert-icillatum and CampophylZum torquium. Both corals show three distinct zones, each zone distinguished by a certain arrangement of the structural elements. There are only two differences of importance which I am able to point out. I have never seen the line of demarcation between the central tabulate area and the intermediate zone as sharply defined in C. torquium as it is in some of Professor Barbour's figures of C. verticillittum, but that degree of definition seems rather the exception than the rule in C. verticiitlttum. As a second difference, the large cystose plates that are developed in the intermediate zone of Craterophyllum verticillatum are directed downward toward the interior while in Campophyllum torquium they are directed downward toward the exterior. In some specimens of both species, however, the plates of this zone arc so irregular or so approximately horizontal that there is no striking general obliquity in their direction. These are real differences between the two corals but I wish to emphasize the fact that there are in C. torquium three distinct zones of structure ancl that the structures in each zone are essentially the same as in Craterophylhmz, verticillatum. 
Horizon and locality: Cherokee shale-Mulky coal horizon, station 307a (?). Kansas City formation-Chanute shale member, stations 174, 416, 42·1, 429a (?). Douglas formation-Oread limestone member, station 273 (?). 

Genus Fistulipora McCoy. 

Fistulipora zonata n. sp. 
Plate XXIX, figures 1, 2. 

Zoarium laminar to sub-hemispheric, attaining a diameter of about 40 miIlimeters and having an irregular base covered by an epitheca. At irregular periods two or more unusually flat cysts were simultaneously developed, thus producing zones of close texture, separating usually wider zones of loose texture. These zones, manifested primarily in the cysts, appear to have been connected, though less strongly and sharply, with the development of diaphragms in the zooecia. The periodic structure just described has been observed in several specimens and probably is present in all of them in a greater or less degree. The zooecia have an exceedingly brief prostrate stage and appear to spring almost directly from the epitheca in fuil size. They occur at more or less regular intervals and distinct maculae appear to be absent. Certainly welIdefined areas without zooecia are not present. Four zooecia and three interspaces (varying to 3 zooecia and 3 interspaces) occur in 2 millimeters. The interspaces range in size from rather less to rather more than the diameter of the zooecia. The latter vary in absolute measurement from .31 to .36 millimeter in diameter including the walls which have a thickness of about .028 millimeter. The walls of the zooecia have essentially the same thickness as those of the cyst; both are stout. Most of the zooecia are nearly circular in section though nearly always with a slightly petaloid shape. Only here and there is a distinct lunarium seen. Diaphragms cross the zooecial tubes at frequent but irregular intervals which range from less than to more than twice a tube diameter. The cysts are distinctly smaller than the zooecia and occur in one or two rows between them. 
It has been customary to refer our Pennsylvanian Fistuliporas to one of the two species, F. nodulifera and F. carbonaria, though recently Condra has proposed a variety of the latter; F. carbonaria var. nebraskensis. The present form can scarcely be placed 
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under either specip.s though it is nearer to F. carbonaria. It differs, however, in a 
number of points. F. carbonaria is described as having the zooecia about 1-50 inch· 
(or .5 millimeter) in diameter. In F. zonata they are much smaller (.36 mm. or less). 
In F. carbonaria they are represented as closely arranged and are never separated 
by more than one row of cysts. In this form they stand at about their own diameter 
apart and are separated by one, two, or even three rows of cysts. Possibly my thin 
sections of F. sonata are not oriented so as to show this feature but so far as observed the 
waIl is straight and regular on all sides of the zooecia, quite different from the flexuous 
or corrugated line of the anterior side in F. carbonaria. FinaJly, F. carbonaria has well
marked maculae, a feature of which the present form shows no indication. We have 
here also the zonate structure of cysts and diaphragms which may not, however, be a 
specific character. 

F. sonata is distinctly more like the variety nebraskensis than typical F. carbonaria 
since the variety has smaJler zooecia standing at wi~er intervals than in the principal. 
The zooecia are in fact even smaller than in F. sonata (.28 mm. as against .31 to .36 
millimeter). The chief difference would seem to lie in the presence of maculae and 
monticules in F. carbonaria var. nebraskensis. 

Though apparently distinct from typical F. carbonaria, F. sonata is perhaps the 
same form which Condra has identified as that species. His figures and certain parts 
of his description show differences from typical F. carbonaria which are at the same 
time agreements with F. zonata, and it appears not improbable that he may have had 
not true F. carbonaria but the present species. On the other hand his description con
tains other statements which certainly are at variance with F. zonata, such as the cita
tion of maculae and monticules. Some of the verbiage is evidently adopted from the 
original description of F. carbonaria, as the statement that the zooecia are "thin-waJled, 
often contigllolls at limited points" a circumstance which suggests that the author 
combined observations made on specimens actually belonging to F. zonata with quota
tions from the original description of F. carbonaria which he supposed to be the same 
species. 

Horizon and locality: Lansing formation-Stanton limestone member, station 690. 
Douglas formation-Oread limestone member, stations 169, 214, 272, 273, 293. Shaw
nee formation-Lecompton limestone member, station 288; Deer Creek limestone 
member, station 165; Calhoun shale member, station 206. 

Genus Batostomella Ulrich. 

The species here included under the genus Batostomella are not altogether typical 
and they would, by some writers I suspect, be placed under Rhombopora, at least 
if certain specimens were withheld from the investigation. I feel fairly confident, 
however, that these forms are allied to the BatostomelIidae and that fact debars serious 
consideration of the genus Rhombopora, so long as Rhombopora is assigned not only 
to another family but to another order of Bryozoa. Their relationship to the Batos
tomellidae is indicated by the presence of maculae (some composed of groups of cells 
larger than common, others composed of groups of cells having thicker walls than. com
mon), by tne presence of monticules, by the fact that the walls, though mostly thickened, 
are over some areas thin as a very knife-edge and that such areas usually abound in young 
cells (mesopores?) and have the zooecia strongly indented by the large acanthopores. 
All these characters may not be found in every one of the species here considered but 
the species are so related that they must, I think, be placed in the same genus. On 
the other hand, a vestibulum seems to be developed here and there in some specimens, 
though certainly not now present over most of the surface, while parts of some specimens 
and especially of slender and apparently immature stems have the regular arrangement 
and rhombic apertures formed by obliquely intersecting ridges and descending into 
elliptical tubes, which we are accustomed to consider as characterising the genus Rhom
bopora. 
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It seems strange that in practice difficulty should be experienced in dist~nguishin.g 
between genera which are not even assigned to the same order, but the difficulty IS 

not now experienced for the first time and its existence leads me to doubt whether after 
all Rhombopora really belongs with the other species with which it has b~en associated 
and should not more properly find place near, if not in, the Batostomelhdae. I shall 
not try to decide the question, but merely present a few considerations bearing upon it 
and upon the classification of the l\Iissouri forms. . 

The structure known as the vestibulum, which is shown in the most typical speci
mens of Rhombopora, is regarded as one of the characteristics of the genus by which 
it is distinguished from Batostomella or such genera. Theoretically, perhaps, the 
importance attached to the structure is not over-estimated. The crucial point is 
whether a similar appearance is not at times assumed by other types, the structure then 
being not a true vestibulum, though resembling it. Such a suggestion is demanded by 
the sporadic occurrence among myospeciments of a structure resembling a vestibulum, 
though my specimens can hardly be placed in Rhombopora without radically modifying 
the definition of the genus, and I believe changing its taxonomic position. 

Another characteristic structure of Rhombopora is its hemisepta. These are 
not to be observed in all thin sections and certainly not in any of the thin sections of 
the Missouri specimens. To find this structure is, in my experience, the exception, 
and here again it may be asked whether hemisepta, or at least structures that may be 
and have been mistaken for hemisepta do not occur in the Batostomellidae. It is pos
sible that the central perforated diaphragms typical of "Stenopora" (now Tabulipora) 
might in rare instances have such a misleading appearance. Lee has found moreover 
that the perforation in an entire group of English species of Tabulipora is not central 
but marginal and diaphragms constructed in this way are hardly distinguishable from 
hemisepta. This fact might have an important bearing on the generic assignment of 
certain species and also on the determination of the relationship of. the genus Rhom
bopora itself. 

Rhombopora is also characterized by the absence of mesopores, a character that may 
be connected with its regular grov,'th. The l\Iissouri species all possess "mesopores" 
in some degree and in some of them the "mesopores," are very abundant over certain 
areas, thin walls, abundance of "mesopores," and irregularity of arrangement being in 
the main correlated characters. 

It seems to me a yery important matter to distinguish between mesopores and young 
cells and as a rule this distinction should not be difficult. Scattered apertures' of sub
normal size would probably best be regarded as merely small or immature zooecia unless 
their nature as mesopores was fairly well demonstrated by differences such as being 5ub
angular while the zooecia are rounded; as being not only uniformly smaller than the 
zooecia, but not increasing in size; as originating in the cortical zone; possibly as being 
e.: .. tremely abundant, and regularly distributed, or as less abundant and arranged in 
definite groups; or as being tabulate where the zooecia are nontabulate, or vice versa. 
Employing such criteria in the species from Missouri I would conclude that the small 
cells were young zooecia and not mesopores. They occur very sporadically and irregu
larly; they seem not to be distinguished from the zooecia in any way except by size, and 
the size of the zooecia is so variable that one would be at a loss to say whether certain 
cells were small zooecia or large "mesopores." In one critical character their nature 
is doubtful. They appear to be a development of the cortical zone, and if they are so, 
their nature as mesopores would be pretty well established. The determination of this 
point, however, is attended v;-ith difficulties, and all the deceptive appearances would 
favor the conclusion that these cells did not extend back into the axial region. 

It is obvious that from a merely geometrical standpoint the introduction of new 
cells through the body of the zoarium is in a measure essential in colonies that have 
the c~'lindrical mode of growth. In an explanate growth it would be possible for the 
~la to be para.Hel an~ for n:w ones to be introduced only around the margins of the 
zoanum, so that mcreasmg height would not bring with it any necessity for filling-in 
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structures. In point of fact many explanate colonies of "Stenopora" (which we must 
now call Tabulipora) exemplify this plan and show in fact very few small cells. In 
dome-shaped or hemispherical colonies where the zooecia have more or Jess of a radial 
direction some interstitial structures are necessary, but it may be questioned whether 
the hemispherical shape is due to the introduction of new zooecia, or the introduction 
of new zooecia is required by the hemispherical shape. 

In ramose forms, on the other hand, the zooecia have to meet an entirely new set 
of geometric conditions which are dual in nature. The stems of course increase in 
length by the prolongation of cells that are initiated in the axial portion, but bend more 
or less abruptly Ollt ward in the peripheral portion. There they have a radial direction, 
and it is evident that as they increase in length and as the branch increases in diameter, 
theil- apertures become farther and farther apart. There are three ways in which this 
divergence could be taken care of; by a corresponding increase in the size of the zooecia, 
which practically never happens, by a corresponding increase in the thickness of the 
walls, which happens in a minor degree; and by the introduction of new structures such 
as mesopores and young cells. It appears to be generally true among the "Stenoporas" 
(Tabuliporas) that the cyli"ndrical and ramose forms have small cells in far greater num
ber than the explanate forms. I think that here the small cells should be regarded 
as young zooecia and not as mesoporcs, at least in such types as I have myself seen. 

In the cylindrical mode of growth the divergence of the zooecia is greatest in planes 
perpendicular to the axis of the branch, and is reduced to zero in planes passing through 
the axis, in which they are parallel to one another. Some types adjust themselves to 
these diverse conditions by an irregular arrangement accompanied by the introduction 
of young cells wherever space allows. Thus act many, perhaps all, of the Tabuliporas, 
so that the ramose forms show the same promiscuous arrangement as the explanate 
forms. In other types, among them some of the species that I have here, the arrange
ment is more regular, and it is perhaps a constant feature of suth forms that the zooecia 
arc elongat.ed and, rnirabile dicttl, not elongated in a direction transverse to the branch, 
so as to neutralize their divergence but invariably in a longitudinal direction. It usu
ally happens too that the distance between any two zooecia longitudinally is greater 
than the distance laterally. I have no explanation to offer for what is undoubtedly a 
fact and a fact that is apparently a paradox. 

It may be that this longitudinally elongated shape of the zooecia marks an in
mature stage of the zoarium, in which the zooecia, blindly prescient that further en
largement in a longitudinal direction would be impossible, prepare, when the zoarium 
is forming, for growth in only one direction by assuming full development in the closed 
direction at the start. By such a hypothesis the lateral divergence between zooecia 
would be taken up by increase in width and in the thickness of the walls so that a stage 
would be reached in which the zooecia were circular and the walls of uniform thickness 
all around them. Some facts seem to support such- a theory but nothing at all con-
clusive. . 

At all events the arrangement of the zooecia into rows, their elongated shape, their 
differential spacing, and the development, as often happens, of large acanthopores 
at the ends of the zooecia and of small granular acanthopores through the rest of the 
wall, constitute a specialized and more highly developed form of zoarium than the 
other and might be used if combined with other characters for generic characterization . 

. I have said that it might be of first importance to know whether the small aper
tures scattered among the full-sized ones are really mesopores or only immature zooecia, 
for the reason that the mesopores, the normal zooecia, and the acanthopores are sup
posed to represent specialized and differently functioning zooids, and it would appear 
that the kind and degree of such specialization might be used rather more, or rather more 
uniformly than it has been, in the assembling of genera into families and larger groups. 
For instance, it might be justified to divide into several genera the numerous and varied 
forms that now are assembled under Lioclema which are characterized by having true 
mesopore~ in great abundance, and to place them in a family distinct from Tabulipora 
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(Stenopora) in which true mesopores, as I would be inclined to interpret them, are ab
sent. On the other hand, for similar reasons Streblotrypa, which has numerous mesopores, 
or what might be called mesopores, and no acanthopores except very small ones reported 
in some species, might be separated from Rhombopora, in which acanthopores are nu
merous and mesopores absent. These two genera were in fact originally placed in 
different families but have since been united in one. 

As I have already stated the forms from Missouri have been referred to Batos
tomella though not with entire certainty. The claims of Rhombopora have just been 
considered. It may be that Stenopora s. s. would be a better genus. It should be 
borne in mind that Lee has recently shown that typical Stenopora has non-perforated 
diaphragms and he proposes to restrict the generic name to species so constructed and to 
revive the abandoned term Tabulipora for species that have perforated diaphragms. 
All our American Stenoporas must by this proposal be referred to Tabulipora and it 
deserves consideration whether Stenopora in its new sense is not the same as Batosto
mella. 

The British Tabuliporas show a noteworthy difference from those of North America. 
One entire group of English species is, so far as known, unrepresented here, that with 
laterally perforated diaphragms. They are unrepresented, that is, unless by certain of 
our Rhomboporas. This, however, is unlikely, for the species having laterally perforated 
diaphragms as a rule show either moniliform walls, or an abundance of diaphragms, or 
both. In the main, however, the British species are characterized by their ramose 
growth and by the small size of the stems. Hemispherical and explanate, generally thin
walled species such as are so common in this country, are almost entirely absent in the 
English fauna whose delicate branched forms are superficially suggestive of our Batos
tomellas though they have annular walls and perforated diaphragms. 

Still more like our Batostomellas, however, are the British Stenoporas. for they not 
only have the slender ramose shape but also the non-perforated diaphragms of Batos
tomella. The British Stenoporas, howe\'er, haye either annular walls or numerous 
diaphragms, or both, and in these respects differ from Batostomella. Lee recognizes 
one species of the latter genus in the British fauna, but B. bundorensis has rather 
numerous diaphragms, a considerable proportion of which are centrally perforated, and 
altogether the reference to Batostomella appears rather doubtful. Although in tangen
tial section the Missouri forms are very like some of the British Stenoporas in having 
thick walls, rounded zooecia, more or less numerous young cells, and numerous acantho
pores of two orders, as is shown in transverse or longitudinal sections, the British forms for 
the most part have annular walls and numerous diaphragms. Still, the difference of 
most importance as a generic character, the structure of the walls, varies so much in 
the British forms that some of them do not differ materially from the species found in 
l\1issouri. 

Batostomella greeniana n. sp. 

Plate XX,II, figures I-Ie. 

Zoarium in the form of slender cylindrical stems which branch very irregularly, 
sometimes at long intervals, sometimes at short intervals, sometimes by bifurcation, 
sometimes by lateral offshoots. Diameter about 3 millimeters, of which the axial 
portion comprises ~. more or less and the cortical zone about t on each s~de. 

Viewed in the large, these stems show much variation. Some seem to have small 
circular apertures and thick walls, while others seem to have thinner walls and rather 
larger and more angular apertures. Provisionally I am regarding the one type as 
representing the older, the other type as representing the younger condition of the 
branches. It happens that in the two specimens which most conspicuously show the 
large-celled, thin-walled condition, large acanthopores are especially numerous. Anoth
er explanation of these differences is that the one form represents a worn and the other 
an unworn condition of the stems. However that may be, I am provisionally including 
all in the same species. 
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Without being conspicuously disordered the cells are not arranged according to any 
fixed plan, and without being conspicuously varied in size small apertures, whether 
meso pores or young cells, are scattered here and there amongst the mature ones, some
times almost absent, sometimes much more numerous, but never abundant. In some 
parts, the zooecia appear to have more or less of a longitudinal arrangement, in some parts 
an oblique arrangement is conspicuous, but quite as often no arrangement appears. 
The walls between the zooecia if not worn smooth are covered with fine granules, among 
which are a few of larger size and much greater projection. There are certain areas 
where the walls are much thicker than elsewhere. I am doubtful as to the presence of 
areas distinguished by cells larger than common. Well-marked monticules are cer
tainly not present though the surface of the stems is more or less undulating so that mon
ticular prominences are suggested. 

The two young (?) branches selected for sectioning are distinguished as already 
mentioned by having thinner walls, larger and more angular zooecia and more numerous 
acanthopores which project far beyond the granules amongst which they occur. One of 
these specimens also has distinctly more numerous small cells than the other or than the 
thick-walledspecimens. It is not always possible to distinguish small cells from other 
structures. Weathering may produce a similar appearance possibly at points where 
large acanthopores have been. Also where the walls are thick and granules occur on 
them, a pitted appearance is sometimes observed which suggests the presence of meso
pores or young cells, but which may be due to open spaces left among the granules. 

In tangential· sections the zooecia appear as perfectly rounded, nearly circular 
or distinctly elliptical openings of which about 4 or 5 occur in 2 millimeters. They are 
regularly arranged, or irregularly, as happens. Small cells or "mesopores" occur here 
and there but are nowhere abundant. The zooecia have a diameter of .14 to .155 milli
meter. In one section in which the zooecia are conspicuously elongated they have the 
width given above and a length of .21 to .225 millimeter They stand at about their own 
diameter apart (.14 millimeter) but the distance may be somewhat less, or, on the other 
hand, vastly more, as much as .35 millimeter. The zooecia are surrounded by a peris
tomous ring which is not encroached on by the acanthopores and is rather denser (darker) 
than the rest of the wall. This ring is about .04 millimeter thick. The intermediate 
portion of the wall. on the average rather less than half the entire thickness, is filled in 
with large granules or acanthopores arranged in single rows but increasing to three 
or more where the width of the wall renders it possible. They vary greatly in size, some 
very small ones being introduced to fill the angles where several of the zooecia come to
gether. These acanthopores are large and closely arranged, always less than their own 
diameter apart, and often so crowded as to be flattened and polygonal. Among the 
smaller ones are scattered rather sparingly others of larger size, .085 millimeter in diame
ter, which are probably normal acanthopores, while the others are granules. The dis
tinction is not, however, well marked as the acanthopores are not much larger than many 
of the granules. The acanthopores appear to be more regularly rounded than the 
granules (i.e., less subject to distortion by crowding) and to have a larger axis. Most 
of the granules show a central point or lumen which is usually small and transparent. 
In the acanthopores the central point is larger and in one slide it appears to be dark or 
solid. I t is doubtful whether in these specimens there is any distinction in structure 
between the acanthopores and the granules in the one being concentric and the other 
granular. Many of the zooecia are surrounded by a circle of minute pores or ostia, 
sometimes by portions of a second row. The pores have this appearance in tangential sec
tions where the C(;lls are cut transversely and they have the same circular shape when the 
cells are cut longitudinally (as in longitudinal or transverse sections). It is evident 
from this that they must be merely points, not tubules. In sections tangent to the 
tubes, these pores are abundantly and rather regularly distributed. On the other 
hand, some of the tubes that are cut centrally show a line of these pores down each side 
close to the surface and it is evident that it is only the wall immediately around the 
:woecial tube that is thus punctate. The reason why so few of the tubes show these 
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structures when the section is axial or transverse, while so many show them in such abundance when the section is tangent, is difficult to determine. Were the punctae less numerous or more regularly arranged a plausible explanation of their apparent absence in so many of the tubes would be that the sections pass between the rows. From their abundance in sections tangent to the tubes, however, I should certainly expect them to be more numerous in the other sections. 
Not much additional is shown in transverse and longitudinal sections, at least that requires comment. There is the usual thin-walled central portion·and the thick-walled cortical portion which in this species is relatively thick, apparently ! of the entire diameter on each side. The zooecia appear to be open throughout, no unquestionable occurrence of diaphragms having been found. The walls make masses of various widths between the zooecia, and are traversed longitudinally by one or more dark bands corresponding to the spines or acanthopores. There are conspicuous structure lines which lead up to them, especially in the peristomous portion of the walls where the fibers are directed obliquely away from the tubes outward toward the surface of the branch. The corresponding descending fibers are less conspicuous on the other side of the spine, but they can usually be seen. Now this is the structure of the normal acanthopore. The large spines supposed from their appearance in tangential section to be normal acanthopores are far less numerous than are these structures as seen in transverse and longitudinal sections, a fact which somewhat suggests that all the spines in this form are normal acanthopores. 
Another specimen (no. 130), which is included here but may belong in the variety regularis, has a diameter of 3 mm., of which the axial portion constitutes one-third. Superficially the zooecia are elliptical, rather regularly arranged, and separated by walls as thick as the zooecia are wide. I have three tangential sections of this specimen. One has the zooecia somewhat more than 0.14 mm. in width; one somewhat less than 0.14; and the other partly more and partly less. In the first the length of the zooecia is from 0.21 mm. to 0.28 mm.; in the second it is 0.21 mm. or less; and in the third it is about the same as in the second. In this section especially some of the zooecia are nearly circular, while in the first they are conspicuously elongate. The interspaces do not differ materially in the different sections; most of them are from 0.21 mm. to 0.28 mm. in v;,-idth, but some are 0.14 mm. On the whole more wide interspaces are found between the cells longitudinally than laterally, but this difference is not striking. In a longitudinal direction four zooecia-sometimes four zooecia arid one interspace, and in one place perhaps only three zooecia-occur in 2 mm.; in oblique rows five. The acanthopores are much as in the type specimen of the variety regularis, except that the large acanthopores are rather smaller and the small ones are rather more numerous. lI.fore of the walls have two rows instead of only one (the walls themselves being rather thicker) and more additional acanthopores are introduced where the walls broaden at the junction of several cells. The remaining structures call for little comment. A ring of denser material surrounds the. zooecia and the walls adjacent to them possess a punctate structure. Diaphragms appear to be almost absent. 

A few specimens included here are very slender but at the same time very irregular in the arrangement of the zooecia. The one character makes their reference to Rlwmbopora lepidodendroides, which they otherwise much resemble, a matter of doubt, and the other makes doubtful· their inclusion in the present species, for they are much smaller than normal specimens. Examples of this type were found at station 250 and at station 166. 
With some slender stems from station 657, apparently belonging to B. greeniana, was found a specimen which appears to be a basal expansion of the same species. It has essentially an incrusting growth but numerous slender stems spring up from it. Mesopores are few. There are many maculae having thick walls, but in the intermediate spaces the walls are moderately thin. 
Bastostomella greeniana is distinguished by the small size of the branches, the thick cortical zonet the lar~e and crowded acanthopores and by other characters. In most of 
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these characters it differs from B.leia especially in the thick walls, the f~wness of its large 
acanthopores, and the fewness of its "mesopores." In much the same way it differs 
also from Batostomella polyspinosa, which has besides, more numerous "mesopores," 
and much stronger acanthopores of the large size. One specimen referred to B. greeniana, 
however, has more numerous large acanthopores and more numerous "mesopores" 
than· normal and thus approaches nearer to B. polyspinosa. Of all these species, the 
most similar in some respects is BatostomeUa (Stenopora) spinulosa. The walls of 
B. greeniana are thicker, and the acanthopores more nearly of a size and more crowded. 
They are rather smaller than the large ones, and much larger than the smaller ones 
of spinulosa. 

IIorizon and locality: Cherokee shale, stations 260, 263, 266. Henrietta forma
tion-Ft. Scott limestone member, stations 239, 245, 256; Pawnee limestone member, 
station 1266a 2 (?). Pleasanton formation, stations 231, 236a (?) 647 (?) 672 (?). 
Kansas City formation-Bethany Falls limestone member, station 250 (?); Chanute 
shale member, station 166. Lansing formation-Lane shale member, stations 285, 
28.5a, 657; Plattsburg limestone member, station 295 (?); Stanton limestone member, 
station 290a. Douglas formation-Iatan limestone member, station 289; Lawrence 
shale member, stations 205,208,283; Oread limestone member, stations 170, 225, 303. 
Shawnee formation-Lecompton limestone member, station 224; Calhoun shale 
member, station 197; Topeka limestone member, stations 179, 180,211; Severy shale 
member, stations 212, 228 (?). 

Batostomella greeniana var. regularis n. var. 

This variety is rather abundant at station 180 where it is associated with typical 
B. greeniana. It is a slender branching form, ranging in diameter from 1}4 millimeters 
to almost 3 millimeters. The branching is irregular and commonly by bifurcation 
(much less often by lateral offshoots); it may also occur at either long or short intervals. 
The longest unbranched fragment is 14 mm. 

Superficially the branches show elliptical apertures rather regularly arranged in 
quincunx and consequently forming longitudinal and oblique rows. The intervals 
separating the apertures are rather wide. In certain areas, however, the arrangement 
is irregular and among the zooecia of normal size are distributed more or less numerous 
small ones. Furthermore, there are small areas which have walls of more than usual 
thickness and some of these project as low monticules. There are also much larger 
areas in which the wans are abnormally thin, and some of these also project as monti
cules. As a rule, thinness of wall, irregularity of zooecial arrangement, and abund
ance of small cells go together, and areas possessing such characters occur on stems on 
which regular arrangement, absence of small cells, and thick walls prevail. 

The spaces between the zooecia, that is the tops of the walls, are flat, but they may 
be very thin and reduced to mere edges. Only rarely, and then only locally, do the 
apertures appear vestibulate; as a rule the walls at the aperture descend abruptly 
without inwardly sloping sides. The tops of the walls, when not worn, are covered with 
granules, among which occur much larger and more projecting spines, located at the 
angles where three or more cells corner. Often the tops of the walls present the ap
pearance of being pitted instead of granular, and sometimes the pits are so deep that 
the zooecia appear to be surrounded by numerous mesopores. Probably the other 
interpretation is preferable, for these pits are after all superficial as compared with the 
small apertures which have sometime been called mesopores. 

One of the specimens sectioned (no .. 16) is about 2J§ millimeters in diameter, of 
which the axial portion constitutes rather less than a third. I ts length is 18 millimeters 
and it developed several branches. The surface is exceptionally well preserved. Over 
part of it the crests of the walls make rather straight oblique lines which are furnished 
with acanthopores at their intersections, and with granules along the intervening portions. 
This part' may be vestibulated. Over another part the arrangement of the zooecia 
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is irregular, the walls are thicker, their flat tops furnished with acanthopores and several 
rows of granules. Small cells are relatively numerous. There are several small 
prominences, some with walls uncommonly thick, and some with walls uncommonly 
thin. Still a third aspect is presented by part of the surface which shows irregular 
angular cells interspersed with numerous small cells and separated by thin walls. Acan
thopores here are very large. 

Tangential sections of this specimen show rather regularly arranged elliptical aper
tures about 0.14 millimeter in width, some more, some less, and about 0.21 mm. more 
or less in length. The intervals between them are also about 0.14 millimeter wide 
but some are much wider, as wide as 0.28 millimeter, or even 0.35 millimeter. The 
walls are not conspicuously thicker at the ends of the zooecia than at their 
sides. The acanthopores are very large - some of them as much as 0.11 
millimeter in diameter. They alternate with the zooecia in longitudinal rows and some 
of them flatten the end of the cell above or below, giving it an ovate shape. ,Much small
er, though still rather large granular acanthopores, make single rows down the inter
vening wall spaces. About 5 zooecia longitudinally and 6 obliquely occur in 2 milli
meters. The zooecia have a denser peristomous ring and some of them show a row of 
minute foramina surrounding the aperture. 

Another specimen (number 122) has a diameter of about 2 mm. and a very thin 
cortical zone, about .21 mm. thick. The zooecia have a width in cross section of .11 
mm., some a little more or a little less, and the length is .17 mm., varying somewhat in 
different cells. The walls laterally average about .14 mm. but some are as thick as 
.21 mm., and some as thin as .1 mm. LongitudinaJly the average is close to .28 mm., 
but some are .35 mm. and some .21 mm. This does not include instances of irregular 
arrangement where one zooecium does not follow another in a straight line but stands 
a little to one side or the other. In that case the distance between them is narrower. 
Six or seven of the zooecia occur in 2 mm. in oblique rows. In the same distance lon
gitudina�ly 4 zooecia and 4 interspaces occur, but the zooecia are not so regular that an 
end to end arrangement can be found for any considerable distance, and if they are a 
little oblique, the number occurring in 2 mm. is appreciably greater. Almost invariably 
each zooecium has a large acanthopore at one end, between it and the next zooecium 
above or beJm'i, but the acanthopore is rarely midway in position and may be so close 
to one of the zooecia as to flatten the end. :Moreover, the same arrangement 
obtains generally, the zooecia regularly having the acanthcpores near the 
distal or the proximal end, whichever it may be. Exceptions o:cur, as when the 
acanthopore is almost intermediate or when, rarely 2 acanthopores are developed, one 
near one zooecium and the other near the other. Secondary acanthopores of various size 
are present, the largest much smaller than the large acanthopores. They occur in 
one, two, or three rows, according to the width of the walls, but the narrowest parts 
of the walls do not have any at all. Diaphragms appear to be absent, but the sections 
are not favorable for showing their presence. In one place the usual punctate wall 
structure is shown close to the tube, but no other evidence of this was observed. 

This differs from the other specimen described in detail (number 16), which is 
the type specimen, in several minor particulars, but especially in having a much 
thinner cortical zone. Lee found that in the English species the thickness of the cor
tical zone bore a constant ratio to the diameter of the stem. If the same principle 
were employed in distinguishing species in the material from Missouri these two speci
mens would certainly represent different species. As such they may come to be re
garded, but my observations lead me to doubt the value of this character as applied 
to American forms. 

This variety differs from typical B. greeniana in the more regular arrangement of the 
zooecia, in their more elongated shape, in the fewer and smaller granular acanthopores, 
and in the relatively larger normal acanthopores. 

Among the unusual or abnormal types included under this variety are a few speci
mens from station 170 which have conspicuous monticules and seem, from a superficiq,1 
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('xamination, to be witho.ut large, spine-like acanthopores. Monticules are a rather 
rare and minor feature of this type, and the subordination of the large acan
thopores is more normal to true B. greeniana than to the variety regularis. 

Horizon and locality: Kansas City formation-Cherryvale shale member, stations 
167, 210; Drum limestone member, station 429; Chanute shale member, station 
429a (?). Lansing formation-Lane shale member, stations 163, 663. Dougla~ for
mation-Dread limestone member, stations 170, 273. Shawnee formation-Topeka 
limestone member, station 180. 

BatostomeUa (?) polyspinosa Condra. 

1902. Stenopora (?) polyspinosa. Condra, Am. Geol., vol. 30, p. 341, pI. 20, figs. 
6-10. 

Coal Measures: South Bend, Nebr. 
1903. Stenopora (?) polyspinosa. Condra, Nebraska Geo1. Survey, Rept., vol. 2, pt. 

1, p. 46; pI. 5, figs. 1-5; pI. 6, fig. 1. 
Coal Measures: South Bend, La Platte, Bennett, and Tablerock, Nebr. 

1906. Stenopora (?) polyspinosa.. Woodruff, Nebraska Geol. Survey, Rept., vol. 
2, pt. 2, pI. 9, fig. 1. 

Carboniferous: Cass Co., Nebr. 

The specimens chiefly considered here were obtained at Station 180 where they 
are fairly abundant. They comprise subcylindrical stems, circular to elliptical in 
section, and mostly from 3 to 5 millimeters in diameter. Some specimens are crushed 
fiat, apparently having become hollowed out and then easily yielding to pressure. The 
stems are not straight, neither are they strongly bent. Branching appears to have been 
fairly frequent but irregular. Some specimens 25 or even 35 millimeters long show no 
indication of branching, while others have branched twice in 25 millimeters; for instance 
one with the points of branching 10 millimeters and another 15 millimeters apart. 
The branching may be lateral or bifurcatory and at various angles. 

The details of structure vary as widely as the form of the branches. In general the 
ceIl walls are rather thick, and furnished with one or two rows of smaIl granules. Where 
the stems are worn the granules are inconspicuous, at least as projections, though 
under certain conditions they can still be seen owing to their different density from 
the rest of the wall. The .thickness of the walls varies considerably in different speci
mens and different parts of the same specimen. Small areas having distinctly thicker 
walls than the average form obscure maculae which sometimes project as low monticules. 
A few specimens, as in some from station 208, have very prominent monticules. Here 
and there groups of unusually large cells appear to form maculae of another sort. In 
some specimens, for no apparent reason, considerable areas show walls thinner than 
elsewhere. The zooecia are subcircular, usually more or less elongated, more or less 
irregular in shape, and of various sizes. They have no regularity of arrangement. 
Some of the very small openings might be regarded as mesopores though nothing but 
size distinguishes them from the mature zooecia. These small cells (or mesopores?) 
are usually sparingly developed. In some areas, however, they are abundant and as 
numerous as, or even more numerous than, the cells of normal size. The condition 
of abundant "mesopores" is apt to be correlated with that of thin zooecial walls, and 
where the walls are thin or the "mesopores" absent, the zooecia are apt to be corre
spondingly large, as if the number of zooecia normal to a certain area were constant 
and a thinning of the walls below normal were compensated either by an increase in the 
size of the zooecia or by the development of an unusual number of "mesopores." 

In describing the more minute structure of this form I shall distinguish several 
different types disclosed by thin sections. It is not thought that these differences charac
terize whole colonies' so t,hat they might perhaps be used for purpose of classification. 
Instead, they appear to occur on different parts of the same stem. In general it 
may be said that the cortical or mature and thick-walled region is rather sharply marked 
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off from the thin-walled axial region. In some of the larger specimens which have a diameter of about 6 millimeters, the cortical zone has a thickness of 1 ~ millimeters or a little more, so that the axial portion comprises about ~ of the whole diameter. A smaller specimen 4 millimeters in diameter has a mature zone somewhat less than 1 . millimeter in thickness, so that here also the axial portion makes up about ~ the diameter 
or a little less. 

As seen in tangential section the zooecia are surrounded by a ring of material darker than that which composes the rest of the wall, indicating the presence of a sort of peristome. This structure has no distinct boundary from the rest of the wall and is more noticeable in some sections than in others. Spines of two sorts are present, regular acanthopores showing concentric structure and sma){er spines apparently made up of aggregated granules or dots of microscopic size. In species related to this, one of which Ulrich has described as Rhombopora. crassa, the inner margin of the peristome shows a row of minute foramina suggesting tubules, and these are shown (again as apparently minute orifices or punctae) when the walls are cut parallel to the tubes and tangent to them. I am not sure that I have observed in the present species the phenomenon first described (the ring of foramina surrounding the zooecial tubes) but the second phenomenon is shown many times ~o that the presence of these structures may be inferred. Of the several types of structure which I shall describe particularly, one is characterized by having the walls thin and the zooecial tubes large. In this type the zooecia are irregular in size; in shape, and in arrangement; but the shape is always subcircular. It is rare that 7 zooecia occur in 2 millimeters, and the size, though variable and ranging up to .28 millimeter in diameter, is on an average about .25 millimeter in diameter. The inters paces range in thickness from almost linear to almost a cell diameter. The average is ! to i of a cell diameter or about .07 millimeter. Small cells are fairly numerous and there is almost every gradation in size up to the dimension for the mature condition already given. The walls are furnished with a sirigle row of large granules. '\There they are very thin the granules are absent. The triangular areas where three cells come together may be occupied by three of the granules, by an a<;allthopore, or by a young cell. The acanthopores are rather numerous and rather large; 1 to 4 may be found near each zooecium. Some of them indent the cells. This form strikingly resembles Batostomella polyspinosa and the identification is offered with confidence. 
A type with somewhat thicker walls and smaller cells is also shown by my sections. The zooecia here range in diameter from .18 millimeter to .28 millimeter with an average of about .21 millimeter. The walls vary in thickness from 7.l: to 1 cell diameter, with an average of about! diameter (.07 millimeter). Small cells are rather scarce in one specimen, abundant in another. The granular acanthopores occur in single rows between the zooecia but where the walls are unusually thick they increase to two or three rows. In these sections normal acanthopores appear to be rather less numerous, are, in fact, almost absent over some areas though fairly abundant in others. 
In a third type of structure the zooecia are distinctly elliptical in shape and more regular in arrangement, manifesting a marked tendency to form longitudinal and oblique rows. The size here ranges from .18 to .24 millimeter in length with an average of .21, and the average width is .14 millimeter. The interspaces range from about i· to 1~ the width of the tubes, the average being about .113 to .141 millimeter. The intervals laterally seem not to show any regular difference from the intervals longitudinally. Five or six zooecia occur in 2 millimeters longitudinally and 6 or 7 in the same distance transversely. The granular acanthopores occur normally in a single row but as usual, where the walls are especially thick a second or even a third row is found. Furthermore, some of the granular acanthopores are much smaller than others (a phenomenon more conspicuous in this than in the other sections) and these smaller acanthopores make incomplete rows where the interspaces widen at the cell angles.- True acanthopores are present but they occur at irregular intervals, close together in one place with almost every cell angle occupied by them, and far apart in another place with three or four cells between. Some of them $trongly indent the tubes. 
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The foregoing .description is considerably generalized and it may be of service 
to describe a few individual specimens of this variable form. 

Specimen 12. This specimen is regularly cylindrical, slightly curved, and has 
a length of 35 mm.; it is without branches. The diameter is 5 ~2 mm., of which the 
cortical zone comprises about 1% mm. on each side, and the axial region about 2 mm. 
Monticules composed of cells having a larger size and thicker walls than normal are 
unmistakably present, but they are small and low. Superficially the zooecia are ir
regularly arranged and subcircular, though varying much in size. Distinctly small 
cells (mesopores?) are not numerous. The walls also vary considerably, but no areas 
of extreme thickness have been noted. Longitudinal and transverse sections show 
little requiring comment. Punctate structure has not been definitely ascertained in the 
walls surrounding the zooecial t.ubes in these sections. The presence of diaphragms also 
is not shown. In tangential sections the cells are rounded or somewhat polygonal. 
Though the zooecia and the walls especially, vary a great deal, the thickness of the 
walls appears to be about one-half the diameter of the zooecia. The very largest 
zooecia are perhaps .28 mm. in diameter, but the average is about .21 mm. Similarly, 
while the interspaces sometimes are as thick as .28 mm. they are more often as thin 
as .07 mm. The average is .17 mm., or even less. In these sections large acanthopores 
are almost wanting, and but few "mesopores" appear. The smaller acanthopores, on the 
other hand, are numerous. They are closely arranged, mostly in single rows down the 
median line of the walls. Each has a light-colored center (axial tube) and appears to 
be made up of granules. Some of these acanthopores indent the cells. 

Specimen 13. This specimen is 26 mm. long and has a partially developed lateral 
branch at the lower end. The diameter is 6 mm., of which the cortical zone occupies 
nearly 2 mm. at each side. This stem is nearly straight and regularly cylindrical, with 
scarcely any evidence of monticules. There are, nevertheless, areas characterized by 
large cells and other areas charaCterized by thick walls. On the whole, this specimen 
is much more thin walled than no. 12, many of the walls being almost linear. Great 
disparity also is manifested in the size and shape of the zooecia and in the thickness 
of the walls. SmaIl cells are relatively numerous, and large acanthopores if not worn 
off make spine-like projections from the cell angles. In longitudinal 'and transverse 
sections one or rarely two complete diaphragms are shown in some of the tubes, and 
the coarsely punctate structure of the walls lining them is very conspicuous. Tangen
tial sections exhibit most of the characters observed on the surface:-the thin walls, the 
circular to more or less polygonal zooecia, the numerous "mesopores," and the abund
ant large acanthopores. The thickness of the walls in this specimen varies from one
third to one-fourth the diameter of the zooecia. The zooecia themselves average rather 
larger than those of specimen 12. The largest has a diameter of .35 mm. and the average 
may be about .23 mm. Seven occur in a linear distance of 2 mm. The walls vary in 
thickness from .03 mm. to .14 mm. with an average of about .07. Large acanthopores 
are numerous, yet many cell angles are without them. The small acanthopores are 
smaller than in specimen 12 or, where the walls are thin, are absent altogether, but 
they occur in single rows (rarely in double rows) where the waIls are thick. Some of 
the large acanthopores and some of the small ones indent the cells. 

Specimen 126. This specimen is a fragment which consists of a stem and its two 
branches, 'all three of about the same size. Superficially, it resembles the foregoing 
specimen (number 13) in its rather thin walls and rather numerous "mesopores," but 
the walls are not quite so thin and the acanthopores appear to be less numerous. The 
diameter of the specimen is about 5 mm., of which the cortical zone comprises about 1! 
mm. on each side. A longitudinal section demonstrates the presence of diaphragms 
(rare) and indicates a punctate structure for the lining of the zooecial tubes. My 
tangential sections show a greater irregularity of arrangement and a greater develop
ment of "mesopores" than would appear to characterize the zooarium as a whole. 
About 6 zooecia occur in a distance of 2 mm., but it is difficult to find 6 or 7 zooecia 
which form even an approximately straight line. The zooecia vary so much in size that 
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it is hardly practicable to give an average. Many of them measure nearly or quite 
.28 mm. in diameter, the walls ranging in thickness from .07 mm. to .28 mm., with an 
average of about .14 mm. In a general survey of a tangential section, it would appear 
that the walls averaged half, or rather less than half the diameter of the zooecia. Large 
acanthopores appear to be rather more numerous than in specimen 12, but less numerous 
than in specimen 13. The small acanthopores are somewhat more numerous than in 
either, and more of the walls have two rows or parts of two rows. A number of the 
cells are indented by one kind of acanthopore or the other, hut otherwise the cells are 
nearly circular in section. A peristomous ring is clearly shown. 

Specimen 128. Of the superficial character of this specimen, little can be said, 
as it is in large part covered by a growth of Fistulipora. It shows part of a stem which 
at the c;Iistance of 20 mm. divides into two branches. The walls appear to be rather 
thick a~d the zooecia rounded, nearly circular in one part of the zooarium, and elon
gated or elliptical in another. The diameter of the stem is 6 mm., and the cortical zone 
slightly less than 2 mm. in thickness. Diaphragms are not shown by my sections, but 
the walls adjacent to the zooecia are abundantly and coarsely punctate. In both my 
tangential sections the zooecia, though more or less irregular in arrangement, and though 
more or less interspersed with small cells, show a distinct tendency to occur in longi
tudinal rows and to be elongated in the direction of the rows. About 6 zooecia longitu
dinally and 6 or 7 transversely, occur in 2 mm. The thickness of the walls appears 
to be about equal to the short diameter of the zooecia, and not much difference is mani
fested whether the thickness is measured at the ends of the zooecia or at their sides. If 
anything, the lateral distance between the zooecia (about .18 mm.) is greater than 
the longitudinal (about .14 mm.). The zooecia range from about .21 mm. to .28 mm. 
in length, 'with an average of about .24 mm. Most of them have a width of about 
.14 mm. Large acanthopores are rather numerous in one section and rather rare in 
the other, and some of them indent the cells. Rarely do they occur at the ends of the 
zooecia, the usual position being near the end but off to one side. The small acanthopores 
are .of several sizes, and occur in single or double rows or partial rows, or form sm3.Jl 
groups where three or four cells come together. 

Mbst of my identifications of this and other species of Batostomella have of course 
been made without the aid of thin sections. Charactel:istic specimens of B. polyspinosa 
can readily be distinguished by external characters from characteristic specimens 
of B. greenz.ana, for they have larger branches, thinner walls, larger zooecia, and more 
numerous young cells. The larger branches and thinner walls are the most salient 
differences. On the other hand B. greeniana var. regularis is still further distinguished 
by the elongated shape of the zooecia and their regular arrangement. Nevertheless 
there are specimens which are typical of neither species, and these need further study. 
These stems agree with B. greeniana in being slender, but they agree with B. polyspinosa 
in having the walls thin, the zooecia very irregularly arranged, and the young cells dis
persed among them more or less numerous. The opposite condition, agreement with 
B. Polyspi1Zosa in the size of the stems and with B. greeniana in the thickness of the 
walls and other characters, occurs rarely if at all. Conspicuous examples of such slender 
stems having the general structure of B. polyspinosa have been found at station 278, 
station 284, station 200 where the specimens have thin walls, numerous mesopores (?) 
and very irregularly arranged zooecia, station 168, station 644, station 210, and station 
677 where again the arrangement is very irregular, the walls very thin, and the small 
cells numerous. 

Several specimens from which thin sections were made appear to belong to this 
group. One (no. 131) has the zooecia irregularly arranged, and the walls uniformly and 
moderately thickened. The diameter of this specimen is 2.5 mm. and the cortical zone. 
is notably thin, being only about 0.25 mm. on each side, while the axial region is 2 mm. 

The two tangential sections show elliptical zooecia rather regularly and closely 
arranged. In one place a number of "mesopores" occur. The width of the zooecia is 
rather uniformly about 0.14 mm. and the length, though varying considerably, averages 
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0.21 mm. In one section the interspaces range from 0.07 mm. to 0.14 mm. in width. 
In the other they are distinctly thinner for though the range is not greatly different, 
very few are as thick as 0.14 mm. and many are as thin as 0.07 mm., while some are even 
thinner. However, as chis specimen has such a thin cortical zone the section may owe 
this peculiarity to being cut closer to the axial region. The walls develop granular 
acanthopores in proportion to their width, the thinnest walls showing them only in 
the thickest portions. The normal acanthopores are rather small. 

Another specimen (no. 18) has a diameter of less than 3 mm. and a thin cortical zone. 
The zooecia are slightly elongated. The walls are in places linear with large to medium 
normal acanthopores, but range to moderate thickness (31 the small diameter of the 
zooecia) with rather numerous granular acanthopores, and medium sized normal acan
thopores. These two specimens are from station 180. 

Two specimens from station 210 also probably belong in this group. They have 
a diameter of about 3 mm. The cylindrical branches are irregular, but they are without 
distinct monticules. The zooecia are irregular in arrangement and more or less circular 
in section. 

The interspaces are in some places unusually thin, in others unusually thick. 
Large acanthopores are located at all or nearly an of the points where three or more 
cells come together. 

Thin sections have been made from one of the specimens (no. 116), one transverse, 
one longitudinal, and two tangential. The· diameter of the specimen is rather less than 
331 mm., of which the axial portion occupies about 231 mm., the cortical zone being 
only .42 mm. or less in thickness. The wans show very unsatisfactory evidence of 
being punctate at the surface of the zooecial tubes. Diaphragms are scantily developed 
and occur far down in the zooecia, below the mature zone. The transverse section 
exhibits the unusual character of acanthopores in the thin-walled axial region well back 
from the cortical zone. 

One of the tangential sections shows nearly circular zooecia separated by wans 
of about their own diameter which are mounted with numerous large and small acan
thopores. Six zooecia, less often five or seven occur in 2 mm. The zooecia have a 
diameter of .17 mm. Fewer attain this diameter than exceed it. The walls range in 
thickness from .07 mm. to .28 mm., but most of them have a thickness of about .14 
mm. Large acanthopores occur at most of the intersections of the walls; some of them 
have a diameter of .1 mm. Granular acanthopores of various sizes, but less than half 
as large as the others, occur mostly in single rows down the central line of the walls. 
Where the walls are unusually thick, several rows are developed and small ones fill in 
the unoccupied portions, but always a peristomous ring is left about each zooecium. A 
few "mesopores" are present. 

The second tangential section is slightly oblique as is shown by distortion of the 
large acanthopores. Owing doubtless to this fact the zooecia here are elliptical instead 
of circular and the thin-walled condition exhibited by one end of the section is probably 
best attributed to the same ~ause (the obliquity of the section carrying it below the 
thin cortical zone) though it may be normal. In this part of the .section the walls 
are linear and the cells polygonal: small acanthopores are absent and large ones are 
much reduced in size. They indent the cells at the angles where they occur. Small 
cells or "mesopores" are present, and they are also scattered among the zooecia in the 
rest of the section. 

The zooecia in this section, as already noted, are elongate but their shape may 
be due to a slight obliquity of the section. If so, the irregularity is rectified immediately, 
since the orientation' of the thin-walled portion of it appears to be true. Six, rarely 
seven, occur in 2 mm. Many are as wide as .14 mm., but not a few are less. The 
average length is rather less than .21 111m., but many are as long as that, and a few are 
longer. The walls have an average width of about .14 mm. The variation in thickness 
of the walls is much greater than the variation in diameter of the zooecia. The zooecia 
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increase in size and the walls diminish in thickness as the thin-walled part of the 
section is approached, where, as indicated by the more symmetrical shape, the orien
tation of the section is corrected. The remaining characters are as in the other 
section except that the large acanthopores appear to be rather smaller. 

Lastly there must also probably be included here Specimen 127. This is a small 
fragment, only 10 mm. long and about 4 mm. in diameter. Insofar as its characters 
are shown, this specimen appears to be without maculae or monticules and to have 
the walls uniformly rather thick and the zooecia of nearly uniform size, round or ellip
tical. The cortical zone is unusually thin, rather less than 1 mm., so that the axial por
tion is rather more than 2 mm. in diameter. Tangential and longitudinal sections show 
punctate structure in the walls contiguous to the zooecia, but fail to indicate the presence 
of diaphragms. Both my tangential sections show the zooecia to be elliptical in cross 
section, but they are irregularly arranged in one section and tend to be arranged in 
longitudinal rows in the other. Six occur longitudinally in 2 mm. The two sections 
differ somewhat in the size of the zooecia. In one many of the zooecia have a length 
of .21 mm., though many are smaller and few larger. In the other section not a few 
of the zooecia have a length of .28 mm., and in both a few are as small as .14 mm. or 
even smaller, if certain small apertures are regarded as zooecia instead of "mesopores." 
The average width of the zooecia can probably be stated as .14 mm. though some are 
as wide as .21 mm. and others smaller than .14 mm. The walls vary considerably, but 
appear to average about one-half the diameter of the zooecia. The maximum variation 
is from .04 to .18 mm., but most of the walls are between .07 mm. and .11 mm. thick. 
The average is probably about .1 mm. Large acanthopores (in this specimen not very 
large, few being over .07 mm. in diameter) are fairly numerous and many of them 
occur close to the ends of the zooecia, which they flatten or indent. Others occur 
between the zooecia laterally, but as the zooecia are not regularly arranged, those 
which are at the ends of certain zooecia may be more or less lateral to others. 

It will be observed that these specimens have a thick axial portion and a thin 
cortical zone. I am unable to state that the same relation exists in all the slender stems 
superficially resembling B. polyspinosa, but such is probably the case. Like typical 
B. polyspinosa these specimens have the axial or immature portion approximately 2 mm. 
in diameter, their smaller total diameter being due to their narrower cortical zone. The 
axial region in B. greeniana on the other hand is only about 1 mm. in diameter, but the 
cortical zone is developed to an equal thickness all around producing a stem in total 
thickness about equal to those under consideration. 

These slender, thin-walled, thin-cortexed specimens are referred to B. polyspinosa 
on the assumption that they are stems that have not attained their full size and in which 
further growth would have increased the thickness of the cortical zone, without increasing 
the thickness of the walls or otherwise greatly modifying the structures of that portion. , 
Now among ramose types of the Batostomellidae the size of the stem is, within certain 
limits considered a character of specific importance. It also seems to be generally and 
rightly held, that between a stage which may justly be called immature (the axial, 
thin walled, or immature region) and certain rare conditions which may justly be called 
senile, these stems exhibit a mature stage (the cortical or mature zone) in which the 
structures are essentiaJly constant throughout. In both B. polyspinosa and B.l!,reeniana 
the'cortical zone is thick, normaJly about equal to the diameter of the inner axial portion. 
In both species then, specimens might range in size down to 1 the maximum diameter 
and yet display normal mature characters in every stage. Such characters then, ill 
the case of B. polyspinosa, might be expected in stems ranging from 6 mm. to about 
2 mm. in diameter. 

It has been said that after the mature stage has once been initiated its structural 
characters remain essentially constant. In one respect a ce~tain amount of change 
seems almost a geometric necessity. It is obvious that in the ramose mode of growth 
the zooecial tubes must be parallel lengthwise of the stem, else the stem would come 
to an end. It must be equaJly obvious that transversely to the stem the zooecial tubes 
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• have a radial direction, and that the thicker grows the cortical zone, the farther are the 
zooecial tubcs apart at the surface. Various ways of taking up this divergence at once 
suggest themselves, such as an increase in the size of the zooecial tubes, or an increase 
in the thickness of the walls, or the introduction of new zooecia, or a readjustment of 
the old zooecia, or in forms possessing mesopores, the introduction of these structures 
especially at the sides of the zooecia. In point of fact, one could almost say that none 
of these compensating developments do, and that some of them cannot take place. 
Increase in the size of the zooecial tubes could only take place in the direction of planes 
transverse to the axis of the branch. Strange to say, the zooecial apertures are often 
elongated, but always in a direction longitudinal to the stem, while thin sections show 
that the zooccial tubes arc essentially cylindrical. It may be, however, that the zooecia 
havc an elliptical cross section in the earlier and a circular cross section in the latter 
portions of the cortical zone, and that the divergence is too slight to be conspicuous in 
thin sect ions cut transversely to the branch. Similiarly, a differential thickening of 
the walls is a commDn feature of these forms, but the thicker walls regularly occur 
at the enrls of the zooccia, not at their sides, in line with the long axis of the apertures, 
not with LhC!ir short axis. Theoretically new zooecia must originate in the axial region 
and have a long, thin-walled, axial portion. The more or less numerous small cells 
which o:ctlr amQng those of normal size and which appear to originate in the cortical 
;wne cannot be true zooccia, if they so originate, and they must be regarded as meso
pores even though they have no special structures to distinguish them. As for the 
more typical and obvious sort of meso pores, their distribution tends to be symmetrical 
wherever any definite Ul-rangemcnt can be detected. 

It remains only to discuss a possible readjustment Df the zooecia themselves. I 
know not whether such a process could take place; it could only come about through a 
settling of the ZOllids outside of the skeleton already deposited. It at least seems to be 
true that such a process would result in a distortion of the zooecial tubes such as, I 
believe, is never observed. 

That such stems as we are considering do increase in girth as well as in length is 
obvious, but the usc of size as a specific character implies that in each species there 
is a certain limit in their enlargement beyond which increase is slow or at which it possibly 
ceases altogether, so that in each species completely developed branches maintain a 
reasonable uniformity in size. This also raises the question of a minimum as welt as a 
maximum limit of . size, and the other related question whether the structure of the 
branches is not mDdified as the size increases from small to large. Barring subsequent 
changes, it would appear that the minimum size of such stems as these, in which the 
zooecial tubes change more or less abruptly from a longitudinal direction and a thin
walled condition in the. central part of the stem, to a radial direction and a thick-walled 
condition in the cortical part, was fixed and predetermined by the size of the immature 
or axial thin-walled' portion. The diameter of this axial portion might conceivably vary 
in different parts of the same stem, but since its diameter depends upon the number and 
size of the zODecia and upon the length of the immature condition (which partly determ
ines the number of zooecia in the axial region at a given stage) and since these factors are 
probably essentially constant, we may conclude that such fluctuations are not common 
and that irregularities in size are due to irregularities in thickness of the mature zone. 
If I understand him aright, Lee believes that while secretions are being added to the 
outer side of the thick-walled cortical zone, resorption is taking place on its inner side 
so that the axial region grows in size as well as the cortical zone, and a constant ratio 
is maintained between them. This ratio, then, becomes a feature of specific importance 
and Lee uses it as such in his classification of the British species. The opposite process 
might also take place, and secondary deposits might be added on the inner side of the 
cortex thus diminishing, as the other process increased, the size ofthe thin-'I'{alled axial 
region. Small changes by resorption or accretion might be very difficult to detect espe
cially in types in which the change from the immature to the mature condition was 
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gradual and not accompanied by an abrupt change in t he thickness of the wall anel 
especially in the direction of the tube. 

I am inclined to doubt the activity of either process to an appreciable degree in the 
forms which I have myself examined, and in the group of forms which I am considering 
it appears to me that the diameter of the immature zone after being once established 
remained essentially constant. I am also inclined to believe that in these forms t he axial 
portion, instead of maintaining a constant ratio to the cortical zone. is itself constani 
within the limits of a species, and that the ratio is an ever-varying one until the full 
growth of the stem is attained-that the ratio is constant for all full-grown stcms of a 
species, but not constant for the growth of any single stern. 

It is, however, debatable whether the last off-shoots of a large ramose colony, 
even when fully developed, might not have a srna!lel' total girth and a smaller axial 
portion than the main trunk and branches. Still, if a stem starls out with <1 c('r!ain nUlll

ber of cells in the axial region, having a certain size, and continued to a cerlain k'ng!h 
before bending outward and assuming mnture characters, it seems probahle that (he 
same number, and size, and length would be maintained in subseCJtlent branchings, and 
also that if another colony showed marked differences ill those characters, the differ
ences should be considered as specific differences. 

The character of the ramification also seems to he considered more or less of a 
specific character, and perhaps in some types greater regularilY is maiuiainc'd. Tlw 
forms from Missouri, however, seem to branch at the mosi: irreglllar intervals, at almost 
any angle, and by lateral off-shoots or by bifurcation indiscriminately. I do not seC' 
that there is any real difference between these two modc:s of branching. In IlOih nH)(les 
the parent stem divides into two branches, but in the one case both bmnchcs diverge 
from the line of the original stem, while in the othCl' case one of the branches keeps OIl in 
the same direction as the parent stem and the other branch divt~rges from it. There is, 
however, another quite different kind of lateral branch which involves the c1istinci ion 
between terminal and lateral branching. At the growing end of a stem there are ap
parently a fixed number of immature thin-walled cells, of which the out.er ones are in 
process of bending outward and taking on a thick-walled conditio)], and the inner ones 
are destined to grow forward, pass to the outer ring, and in tlH!ir turn take! on a mature 
condition and a radial direction. At certain periods, determined by conditions which 
no one has fathomed, the central group of cells is doubled, it divides into two diverging 
fascicles and a branch thus comes into being. In view of the fact that the axial portion 
of every stem is always thin-walled and the cortical portion always thick-walled, 
it is difficult to understand how branches can be given off in any other way, 
than at the ends of stems, yet specimens are found which have a young 
branch well down from any possible growing end. This condition might result 
from terminal branching in which one of the two off-shoots was much more 
vigorous than the other, but this explanation does not seem applicable (0 

most of these cases. They can hardly be explained otherwise than by supposing either 
that in certain small areas of the mature stem the thick-walls of the cortical zone are 
resorbed and a young branch was proliferated, or else that similar areas remain thin
walled and immature for a certain period, prepared for such a contingency, being in 
fact latent branches. This hypothesis would account for the areas observed, for in
stance, on many specimens of B. poZyspinosa characterized by having thin walls and 
numerous "mesopores" or young. cells. An objection to both these explanations, 
however, is that it is not only a thickening of the walls by which the mature condition 
is characterized, but a development of acanthopores, granules, and sometimes mesopores, 
all of which are supposed to represent distinct and special kinds of zooids, the dis
appearance of which would be most difficult to account for. 

Horizon and locality: Cherokee shale, station 255a. Henrietta formation
Ft. Scott limestone member, station 232 (?); Pawnee limestone member, station 204. 
Kansas City formation-Cherryvale shale member, stations 162, 210 (?), 644 (?); 
lola limestone member, station 168 (?). Lansing formation-Lane shale member, sta-
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tions 163, 285, 297 (?); Plattsburg limestone member, station 296. Douglas formation 
-Lawrence shale member, stations 208, 278 (?). 299 (?); Oread limestone member, 
stations 170, 284 (?). Shawnee formation-Calhoun shale member, station 197; Topeka 
limestone member, stations 179, 180, 200. 

Batostomella sp. A. 

Under this title I am including several distinct, though apparently connected, 
types. The first group comprises a few small, incrusting zooaria distinguished by the 
thinness of their walls and the large number of their mesopores (?). The incrustations 
are very thin, a mere film upon Composita or other forms. It is difficult to state the 
number of mesopores (?) even relatively as their distribution is irregular, but they are 
probably as numerous as the zooecia, if not more numerous. The walls are exceedingly 
thin, their tops smooth (when worn?) or armed with small granules. Normal acantho
pores occur at some of the cell angles, but where present they are small. 

A modification of this form is found at station 299. It appears to have the charac
ters of the normal variety from which it differs in its appreciably finer structure. 

In this group of specimens no branches are developed. The mode of growth is 
like Tabulipora distans, but the cells are shorter, the walls thinner, and the mesopores (?) 
more numerous; besides these there are other differences. 

Another group of specimens shows what is provisionally considered to be a different 
stage of the same form. These also are incrusting. In a typical specimen of this 
group the walls are very thin in the outer parts of the zoarium, but toward the center 
they become thick and round the angles of the zooecia, and a slender stem, 1 mm. in 
diameter, which has similar thick walls and round zooecia, is given off. This specimen 
is in lot 300, and another like it is in lot 278. 

A third group of specimens, chiefly from station 165, consist only of slender stems, 
2 mm. in diameter or less. They resemble the stumps of stems that project from the 
basal expansion forming the group last described. These are slenderer than the stems 
of B. greeniana and have thinner walls. Similar stems occur in lot 221. 

All of this material is rather scanty and ill adapted for sectioning; microscopic 
study or the examination of more and better material may show that these specimens 
do not belong together as they now seem to belong. 

In some respects this form resembles B. spinulosa, but it has many mesopores (?) 
while spinulosa has few. Some specimens from station 170, though provisionally in
cluded under Batosto111eUa sp. A. are more likely than the rest to belong to B. spinulosa. 
They occur as slender stems, 2 mm. in diameter arising from basal expansions, and are 
distinguished from the rest of the material by having fewer mesopores (?), and by 
other differences. • 

Horizon and locality: Cherokee shale-Bevier coal horizon, station 238. Henrietta 
formation-Ft. Scott limestone member, stations 262,661,667,669. Douglas formation 
-Lawrence shale member, stations 278, 298, 299 (?), 300; Oread limestone member, 
station 170. Shawnee formation-Deer Creek limestone member, station 165e?); 
Calhoun shale member, station 187; Topeka limestone member, station 211. \Vabaun
see formation-upper shale (Admire?), station 221. 

Genus TabuJipora Young. 

Tabulipora distans Condra. 

1902. Stenopora distans. Condra, Am. Geol., vol. 30, p. 241, p!. 20, figs. 3-5. 
Coal Measures: Louisville, Nebr. 

1903. Stenopora distans. Condra, Nebraska Geo!. Survey, Rept. vol. 2, pt. 1, p. 
44, pI. 5, figs. 6-9. 

Coal Measures: Louisville, South Bend, and LaPlatte, Kebr. 

Only one specimen has been studied by thin sections and it, consequently, is the 
one upon which the identification chiefly rests. It is attached to a Composita and is 
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only 20 millimeters across at the widest part. The thickness of the thin section is 1 
millimeter but the maximum thickness of the specimen may be 2 niillimeters. The 
walls are undoubtedly thicker in some places than in others but there are no distinct 
thick-walled areas. Similarly though the cells vary in size there are no distinct maculae 
nor though the surface is more or less uneven, are there distinct monticules. The zooecia 
are small near the margin of the zoarium, and over part of it they are conspicuously 
arranged in slightly decussating curved rows. They vary from strongly polygonal to 
sub-circular in section, according as the bounding walls vary from thick to thin. Here 
and there, one at a time, young cells occur among the large ones. Large acanthopores 
are a conspicuous feature of one end of the zoariu111,'but the other end, though appar
ently equally well preserved, scarcely shows them at all. 

The thin sections show many of the characters mentioned ahove. In addition, 
they show that the cells attain a diameter of .28 millimeter, though most of them arc 
.21 mm. or less. Six or seven occur in a linear distance of 2 111m. The walls are moder
ately thickened and in some the thickeniag is annular or periodic, but in most it is more 
or less uniform. Perforated diaphragms are abundant in most of the zooecia antI they 
are as a rule considerably less than a cell diameter apart, but they may occur at much 
longer intervals. Large acanthopores are developed in some of the cell angles but nrc 
absent in many of them. Small acanthopores or granules also occur, forming rows 
along the median line of the walls. 

In most particulars this form agrees closely with T. dis/ans, but there are some 
differences. T. distans is said to have one-third as many mesopores as there are zooecia, 
while in my specimen the "mesopores" are distinctly less than one-third. Condra states 
that the walls of distans are not plainly moniliform, while the walls of my specimen in 
places plainly are. In my single rather poor tangential section some of the walls are 
thinner than any shown by Condra's figure, and the acanthopores are rather smaller 
and less numerous. 

Horizon and locality: Cherokee shale-Mulky coal horizon, station 307. Henrietta 
formation-Ft. Scott limestone member, station 249; Pawnee limestone member, 
station 204. Kansas City formation-Chanute shale member, station 42()a (?). Lan
sing formation-Plattsburg limestone member, stations 2()5 (?), 290. Douglas for
mation-latan limestone member, station 289 (?); Lawrence shale member, station 
208 (?). Shawnee formation-Lecompton limestone member, st.ation 288; Severy 
shale member, station 228. 

Tabulipora vera n. sp. 

Plate XXX, figures 0, Oa. 

Zoarium in th~ form of irregular, more or less compressed stems, 7 mm. or less 
in diameter. Superficially the stems are seen to be made up of rather large zooecia 
with numerous small ones irregularly distributed among them. The small apertures, 
which are probably not of the nature of mesopores appear to be scarcely less numerous 
than the large zooecia, and are probably at least half as numerous. In some places the 
walls are thin, and the zooecia angular; in others the walls are much thicker ancl the 
zooecia rounded. Acanthopores are so few and small that the walls might at first 
be thought to be without them. Tangential sections show little more than this, save 
that the walls have distinct median Jines made up of small granules. 

The mature zone measures about 1 mm. or less. My observations on the thickening 
of the mature zone and on the diaphragms are somewhat at variance. It seems almost 
necessary to infer from the marked variation in thickness of the walls as shown not 
only on the surface of the branches but in thin sections, that the thickening was monili
form, but my observations on this point, not very numerous it is true, would indicate 
that it was nearly uniform. Similarly, in one thin section the diaphragms are rather' 
numerous-about a cell diameter apart-while in another specimen not sectioned, these 
structures appear to be absent. As many as six zooecia occur in 2 mm. or as few as 472. 
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T. vera is distinguished by its ramose mode of growth, its numerous diaphragms, 
and its acanthopores, which are unusually few and small. Of described forms having 
the ramose mode of growth some differ so widely in other respects that a detailed com
parison is not necessary. The most similar species is probably that described as Steno
pora polyspinosa. T. vera differs, however, in having more numerous diaphragms, 
in having the walls more distinctly annulated, in having more numerous mesopores, 
and in having smaller acanthopores, of which the smaller sort are little more than an 
interrupted median line. I am now referring the other species to the genus Batosto
mella, but T. vera appears to be a true Tabulipora. 

Horizon and locality: Kansas City formation-Bethany Falls limestone member, 
station 250. 

Genus Liopora n. gen. 

This genus grows in thin incrustations of small expanse and is composed of regularly 
arranged zooecia surrounded by abundant meso pores. Aggregations of numerous 
mesopores produce maculae which rise in low monticules. The cell structure is minute. 
Owing to the relatively thick walls, the zooecia and the much smaller mesopores are 
rounded. The walls are thickened in the mature region and irregularities in the deposit 
give them a distinctly moniliform appearance in sections which cut them longitudinally. 
The waIls show no median line. Diaphragms are entirely absent, as are acanthopores 
and acanthopore-Iike granules. In many of the cells a slight projection springs from 
the bounding waIl on one side (rarely more than one) as if showing the initial stage of 
fission, yet as none of the final stages are present, this interpretation seems inadmissible. 
A similar appearance is produced in some species by indenting acanthopores, but neither 
is this interpretation warranted by my observations in this case, for well-preserved 
surfaces show no projecting spines and thin sections show no differentiation in the 
walls such as usually indicates acanthopores or granules. 

The position of this form seems to be among the BatostomeIlidae. In the infrequent 
yet still occasional thickening of the walls it suggests Stenopora but differs in almost 
all other characters, the minute size of the cells, the abundance of mesopores, and the 
absence of diaphragms and of acanthopores. 

From typical Lioclema and from most of the variations of it at present included 
in the genus, it differs in the complete absence of diaphragms and of acanthopores, 
as well as, apparently, in the presence of the annular thickenings above mentioned. 
As figured by Ulrich, with numerous open mesopores and without acanthopores, his 
Kinderhook species Lioclema wachsmuthi is very much like the present type, but longi
tudinal sections of L. u:achsl1mthi show it to possess an abundant development of- dia
phragms, and Ulrich describes the apertures as surrounded by spinules (acanthopores), 
a feature not shown in his figures. The peculiar indentation of the zooecial tube pos
sessed by this form is a character not found in any of the Batostomellidre. 

~iopora subnodosa n. sp. 
Plate XXVII, figures 2. 2a; plate XXVIII, figures 1, la, 2, 2a. 

Zoarium in the form of thin expansions attached to other organisms (chiefly Com
posita subtilita). All the colonies observed are small, under 25 mm. in diameter and 
under 1 millimeter in thickness, usually under .5 millimeter. Macroscopically the 
zoarium is seen to be made up of small sub-circular zooecia and numerous sub-circular 
mesopores. The mesopores are assembled at intervals into groups or maculae which 
are somewhat elevated and the zooecia adjacent to the maculae are of slightly larger 
size- than the :rest. The maculae stand at intervals of about 3.5 millimeters and an 
arrangement in rows is rather conspicuous. A linear arrangement of the zooecia is 
also striking. 

In tangential section the zooecia are seen to be rounded but irregular, slightly 
lobate or petaloid. This results from two causes. One is that the walls, though thick-
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ened, are not sufficiently thickened completely to round the cells which are subangular 
in shape. The other cause is a peculiar structure, an angular projection of the wall 
indenting the cell on one side. This is not found in all the cells, but it occurs in too 
many of them to be accidental. The petaloid aperture produced in this way is so 
obvious that a hasty observer, without of course the aid of thin sections, might easpy 
mistake this for a peculiar fistuliporoid. I am at a loss to interpret this structure. 
It at first suggests reproduction by fission, but not only are some of the cells without 
this projection of the walls, but none of them shows it carried beyond an initial stage, 
so that this interpretation seems untenable. Similarly, though acanthopores some
times produce indentations of the cells resembling this, the walls in this form are con
spicuously lacking in acanthopore structures. In diameter the zooecia measure £I·om 
.14 to .17 millimeter in one section, from .17 to .21 in another, and arc usually about 
theil' own diameter apart (.07 to .21 millimeter). Six, rarely 7, occur in a distance of 
2 millimeters. In the vicinity of maculre they are more widely separated. The meso
pores are very much smaller though variable in size. They average about .07 millimeter 
ia diameter, but many are smaller and some are larger, and they are disposed in one, 01· 

often two, rows between the zooecia; seldom three or more rows except ncar maculae. 
Like the zooecia they are more or less rounded, but they are more irregular than the 
zooecia in size and shape. Some are elongated with one diameter much greater than 
the other. The walls are rather thick for the diminutive cells which they divide. 
Those which separate the mesopores are i,ndistinguishable from those which surround 
the zooecia, the whole making a network entirely uniform except for the size of the 
openings. In thickness they vary from .028 to .042 millimeter. They arc entirely 
without traces of acanthopores. 

Sections cutting the cells longitudinally show a series of tubes of large and small 
caliber, the former occurring singly, the latter mostly in groups of two or three (not 
infrequently singly, too). The mesopores originate close to the base of the zoarium 
showing a very narrow immature zone. Diaphragms are developed in neither zooecia 
nor mesopores. The walls are thickened soon after assuming an erect position, and 
the thickening is annular so that longitudinal sections show a moniliform structure. 

Horizon and locality: Henrietta formation-Ft. Scott limestone member, stations 
245, 251. Kansas City formation-Chanute shale member, station 429a. Douglas 
formation-Oread limestone member, station 273. 

Genus Rhombopora Meek. 

Rhombopora lepidodendroides Meek? 

1866. Stenopora columnaris (pars). Geinitz, Carbo und Dyas in Nebraska, p.66, 
(Not Schlotheim, 1813). 

Upper Coal measures: Nebraska City, Bennetts Mill, and Wyoming, Nebr. 
1872. Rhombopora lepidodendroides. Meek, U. S. Geo!. Survey Nebraska, Final 

Rept., p. 141, pl. 7, figs. 2a-f. 
Upper Coal Measures: Nebraska City, Bennetts Mill, Wyoming, Rock Bluff, 

and Plattsmouth, Nebr.; Kansas; Iowa; Missouri; Illinois. 
?1877. Rhombopora lepidodendroides. White, U. S. Geog. Surveys W. 100th Mer., 

Rept., vol. 4, pt. 1, p. 99, pI. 6, figs. 5a-d. . 
Carboniferous: West face of Oquirrh Range, near "E. T. City," Utah, and at 

confluence of White Mountain and Black rivers, Arizona . 
. 1884. Rhombopora lepidodendroides. Ulrich, Cincinnati Soc. Nat. Hist., Jour., vol. 

7, p. 27, pI. 1, figs. I-lb. 
Upper Coal Measures: Kansas City, Mo.; Nebraska City and Wyoming, 

Nebr. 
1887. Rhombopora lepidodendroides. Foerste, Sci. Lab. Denison Univ., Bull., ·vol. 2, 

p. 73, pI. 7, figs. 3a, b. . 
Coal Measures: Flint Ridge and Bald Hill, Ohio. 
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1887. Rhombopora . Foerste, idem, p. 74, pI. 7, figs. Sa-c. 
Coal Measures: Flint Ridge, Ohio. 

1888. Rhombopora lepidodendroides. Keyes, Acad. Nat. Sci. Philadelphia, Proc., 
p. 225. (Date of imprint 1889). 

Lower Coal Measures: Des Moines, Iowa. 
1895. Rhombopora lepidodendroides. Keyes, Missouri Geol. Survey, Rept., vol. 5, 

p. 35, pI. 33, figs. 4a, b. (Date of imprint, 1894.) 
Upper Coal Measures: Kansas City, Mo. 

1896. Rhombopora lepidodendroides. Smith, Am. Phil. Soc. Proc., vol. 35, p. 237. 
Upper Coal Measures: Poteau Mountain, Indian Territory. 

1897. Rhombopora lepidodendroides. Smith, Leland Stanford Junior Univ. Pub.; 
Contrib. Biology, Hopkins Seaside Lab., No.9, p. 27. 

Upper Coal Measures: Poteau Mountain, Indian Territory. 
1903. Rhombopora lepidodendroides. Girty, U. S. Geol. Survey Prof. Paper 16, p. 

341. 
Molas and Hermosa formations; San Juan region, Colo. 
Weber formation: Leadville district, Colo. 
Carboniferous: Grand River and Uinta Mountain regions, Colo. 

1903. Rhombopora lepidodendroides. Condra, Nebraska Geo!. Survey Rept., vo!' 2, 
pt. 1, p. 99, pI. 6, figs. 2-4, p!. 7, figs. 1-12. 

Coal Measures: Nebraska (20 localities). 
Permian: Blue Springs and Wymore, Nebr. 

1903. Rhombopora lepidodendroides. Condra, Am. Geologist, vol. 31, p. 22, p!. 2. 
Permian: Numerous localities in Nebraska. 
Permian: Kansas. 

1906. Rhombopora lepidodendroides. Woodruff, Nebraska Geo!. Survey, Rept., 
vol. 2, pt. 2, pI. 9, figs. 2-4. 

Carboniferous:' Nebraska. 
?1908. Rhombopora aff. R. lepidodendroides. Girty, U. S. Geol. Survey, Prof. Paper 

58, p. 153, pI. 31, fig. 17. 
Delaware Mountain formation: Mountains northwest of Martahon, Texas. 

Under this title are assembled many small specimens which may not belong to 
one species or even to one genus. All of them are small, mostly 1 millimeter or less 
in diameter, and regularly constructed, oblique ridges making rhombic openings which 
rapidly contract to an elliptical tube. The crests of the walls are furnished with a 
row of granules and their intersections with one or two large acanthopores. This is 
true of the most typical and the best preserved specimens but many are poor and fail 
to show all these characters. For this reason and because no thin sections have been 
made of any, the relations of these specimens are uncertain. Some of them may repre
sent an immature condition of BatostomeZla greeniana var. regularis or, on the other 
hand, to that species may have been referred branches that really belong here. 

One of these specimens found at station 658, preserves part of the basal expansion. 
The branch appears to be rather worn, as it shows thick walls which are flat on top, 
and elliptical zooecia without vestibula, and the same characters appear in the basal 
portion. Young cells are not present in either. 

Horizon and locaz.ity: Cherokee shale--stations 255, 307 (?) 708, 1268C1. Henrietta 
formation-Ft. Scott limestone member, stations 247, 256, 661, 674~ Pleasanton for
mation, station 231 (?). Kansas City formation-Hertha limestone member, station 
233; Chanute shale member, stations 168, 173 (?), 416 (?). Lansing formation
Lane shale member, stations 658, 677; Stanton limestone member, stations 305 (?), 
691 (?). Douglas formation-vVeston shale member stations 297 (?), 301 (?); Iatan 
limestone member, station 304 (?); La\vrence shale member, stations 208 (?) 300; 
Oread limestone member, stations, 178, 181 (?), 292. Shawnee formation-Calhoun 
shale, station 188; Topeka limestone member, stations 179, 211; Severy shale member, 
station 212. Wabaunsee formation-upper limestone (Emporia?) station 226. 
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Genus Productus Sowerby. 

The genus Productus is peculiarly characteristic of the Carboniferous. No other 
type has shown such great diversity of form and ornamentation combined with such 
close repetition of established structural characters. In the Carboniferous faunas of 
nearly every country the genus has accumulated sLlch a number of species that some 
sort of reclassification is desirable if only from the standpoint of utility. Certain 
types more or less conspicuously Productoicl have incleed been taken out and set up 
as distinct genera so that we have Marginifera, Tcgulifera, Strophalosia, AulostegeR, 
and a few others, some of which have been on the border line between acceptance as 
genera and rejection as of subordinate rank. Yet under Productus itself a very large 
number of species still remain, vastly more than those that have been taken away. 
Various authors have sought relief in assembling these species into groups, using some 
well marked species as the center of each group, but tht~ same groups were not rerognizecl 
by different authors, nor were the groups given names slIch as could be employed in our 
binominal nomenclature. Thus, when a species of Procluctus was mentioned, one still 
had to be familiar with that particular species in order to have more than a very general 
conception of the appearance and character of the shell referred to. 

In a recent monographic study of the British Carboniferous Producti1 Dr. Ivor 
Thomas has sought to establish a sub-division of the olel genus Productus on lines diiTer
ing somewhat from those of other attempts. He makes only a few groups and bases 
them chiefly on external characters and their development, and he gives the groups 
generic names. In so far as these new groups are based on superficial rather than on 
structural characters it seems to me that they are perhaps a little less satisfactory than 
other brachiopod genera, though it is true that some other genera such as Composita, 
Cliothyridina, and Athyris arc on much the same basis. The main point about: Dr. 
Thomas's classification is how it will work. If the correct position of most species is not 
fairly obviljus so that they are referred by different authors to different genera, the con
fusion arising will be worse than our present troubles. I propose in this place to try to 
distribute our American species of Productus among Dr. Thomas's ge!l(~ric units, hut a 
failure to do so satisfactorily does not indicate the failure of his classification as judged 
by the test of practicability, for many assignments must necessarily be made on insuffi
cient data, the data of description and figures alone, or even descriptions alone, and 
sometimes poor descriptions and poor figures. 

In his classification of the Producti Dr. Thomas recognizes seven genera as follows: 
Produetus Sowerby, 1814; Avonia gen. nov.; Pustula gen. nov.; BUl(tonia gen. nov., 
Overtonia gen. nov., Proboscidella Oehlert, 1887; Etheridgina Oehlert, 1887. His 
classification is immediately framed, be it remembered, for British species and appar
ently for only such species as have been included in the genus Productus. Some of these 
types either do not occur in the American faunas or have been recognized as representing 
distinct genera, so that only four of Dr. Thomas's groups are really concerned in a revision 
of our American Producti. These with their generic diagnoses summarized from Dr. 
Thomas's work are as follows: 

Productus: forms that are costate throughout a)l stages of growth; sporadic 
spines or even groups or rows of spines may appear on the costae2 

or intersections of costae and ribs (where the semireticulate feature 
is developed on the visceral part of the shell surface). Several phyletic 
series are probably present in this group representing distinct sub
sections. 

Avonia: forms which are spinose in the early stages but develop costae at a 
later period. 

'Thomas, Ivor, Geol. Survey Great Britain, Memoirs, Paleontology. vol. 1, 
pt. 4, pp. 197-366, 1914. 

'After considering several terms Dr. Thomas decides to use '''costae'' for 
~J:!e lon~itudinal rid~es, and "ribJ!?" fQr th~ transverse ridges, where such ooour. 
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Pustula: forms which are essentially spinose in ornamentation. 
Buxtonia: forms characterized in the young and adult stages by a costate and 

spinose ornamentation, but in old age developing the spinosity alone. 
Overtonia, which is based on internal peculiarities of the brachial valve, may exist 

in our faunas but as internal structures are seldom seen and still more seldom figured, 
its presence must be left for future determination. The following list of American 
Proclucti, including a few from South and Central America, does not comprise all of the 
species that have been found, merely those that have been described as new or have 
been cited in such manner as to be included in bibliographies. 

Prod uet us adairensis. 

" 

<eq uicosta tus 
alternatus=Pustula alternata 
altonensis 
american us 
arcuatus =Avonia acuata 
arkansanus=Avonia arkansana (possibly Pustula) 
arkansanus var. multiliratus = Avonia arkansana var. multilirata 
arseneaui = Productus ? arseneaui (diductor scars peculiar) 
auriculatus 
auriculispina 
batesianus 
biseriatus = Pustula biseriata 
blairi ,,;, A vonia blairi 
boliviensis 
boonensis 
boonensis var. elevata 
borealis 
buchianus = Pustula buchiana 
burlingtonensis 
calhounianus 
calhounianus var. kansasensis 
capacii-snggests the genus Marginifera 
carbonarius 
chandlessii 
cherokeensis = Productus inflatus 
clarkianus 
compressus 
confragosus 
cora 
cora val". mogoyoni 
coriformis = Productus pileiformis 
costatoides-suggests the genus Marginifer 
costatus 
curtirostris = Pustula (possibly Productella) curtirostris 
dawsoni 
dawsoni var. aeadicus 
delawarii 
depressus 
dolorosus = Pustula (possibly Productella) dolorosa 
doubleti 
duplicostatus 
eucharis 
fentonensis 
fernglenensis 
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Products fimbriatus = Pustula fimbriata 
" 
" 
" 
" 
" 

" 
" 

." 
" 

" 
" 
" 

" 
II 

" 
" 
II 

II 

" 

" 
" 

" 
" 

" 

" 
" 
" 
" 

II 

" 

flexistria 
gallatinensis 
geniculatus 
giganteus 
gracilis 
gradatus 
granulosus = Pustula granulosa 
guadalupensis 
guadalupensis var. comanchcanus 
hepar-probably invalid 
hildrethanus 
humboldti=Pustula humboldti 
inca 
incurvus 
indentatus 
indianensis = Pustula indianensis 
in flatus 
inflatus var. c1ydensis 
inflatus var. coloradoensis 
insinuatus 
ivesi 
levicosta 
latidorsatus = Pustula latidorsata 
latissimus 
leei 
leplayi 
leuchtenbergensis = Pustula leuchtenbergensis 
limbatus 
lineolatus 
longus 
magnicostatus 
magnus 
margaritaceus 
marginicinctus 
martini 
meekanus = Pustula meekana 
mesialis 
mesolobus = Pustula mesoloba 
mexicanus 
montpelierensis = Pustula montpelierensis 
moorefieldanus = Pustula moorefieldana 
moorefieldanus var. pusiIlus = Pustula moorefield ana var. pusilla 
morbillianus = Buxtonia (possibly Pustula) morbiIIiana 
multistriatus 
nebraskensis = Pustula nebraskensis 
nevadensis = Pustula nevadensis 
newberryi = A vonia newberryi 
newberryi var. annosus=Avonia newberryi var. annosa 
nodicostatus 
nodosus 
norwoodi = Pustula norwoodi 
occidentalis 
ovatus 
papiliQ 



DESCRIPTION OF SPECIES. 

Productus parvicostatus 

'" 

" 

" 
" 

" 

" 

" 
" 
" 

" 

" .. 

parviformis 
parvulus 
parvus 
pectinoides-probably invalid 
pertenuis 
peruvianus = Pustula peruviana 
phillipsi-suggests the genus Diaphragmus 
phosphaticus 
pileiformis 
pileolus = Pustula pileola 
pinniformis 
pocillum-probably invalid 
popei 
popei var. opimus 
portIockian us 
prouti 
punctatus = Pustula semipunctata 
pustulosus = Pustula pustulosa 
pyxidiformis = Pustula ? pyxidiformis 
raricostatus 
reticulatus 
rhomianus-suggests the genus Strophalosia 
rush vi11ensis 
sampsoni 
scabriculus = Buxtonia scabricula 
scitulus 
semireticulatus 
semireticulatus var. arcticus 
semireticulatus var. capitanensis 
semireticulatus var. hermosanus 
semireticulatus var. kansasensis 
semistriatus-possibly a new genus 
setiger 
setiger var. keokuk 
signatus = Pustula ? signata 
spinosus-probably invalid 
subhorridus = Pustula ? subhorrida 
subhorridus var. rugatulus = Pustula subhorrida var. rugatula 
subserratus-suggests the genus Marginifera 
subsulcatus = Pustula subslllcata 
subsulcatus var. janus = PlIstula subsulcata var. janus 
swallowi = Pustula ? swallowi 
symmetricus = Pustula symmetrica 
tenuicostiformis 
tenuicosta 
texanus 
undifer 
verneuilianus = Pustula verneuiliana 
villiersi 
viminalis-suggests the genus Productella 
vittatus = Pustula vittata 
waagenianus 
wallacianus = Pustula wallaciana 
walcottianus=i'l.vonia? walcottiana 
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Products 
" 
" 

weyprechti 
wilberanus = Pustula wilberana 
winchelli = Pust ula winchelli 
wortheni 

The foregoing list contains the astonishing number of more than 150 species and 
varieties, most of which occur in the United States, though a few names are introduced 
from the Arctic region, from Canada, and from South America. Some synonyms have 
already been eliminated; a few others are suggested here and still others will doubtless 
bc discovered as work progrcsses. It is to be doubted, howcver, whether ncw species 
will not be found much more rapidly than old ones arc discarded as synonyms. It 
should also be remembered in considering the differentiation of this gcnus in the western 
hemisphere that the list does not include foreign specics which have been merely cited 
without accompaniment of descriptions or figures. 

It will be seen from a scrutiny of the list that the great majority of species still 
remains under Productus 55. Pustula receives most of those removed in the present 
classification, .namel y: 

Pustula alternata 
biseriata 

" buchiana 
curtirostris 

" ? dolorosa 
fimbriata 
granulosa 
humboldti 
indiancnsis 
latidorsata 
lcuchtenburgensis .. ? meekana 
mesolobus 
montpelierensis 
moorefieldana 

var. pusilla 
nebraskensis 
ncvadensis 
norwoodi 
peruviana 
pileola 
semipunctata 
pustulosa 

" ? pyxidiformis 
" ? s;gnata 
,. ? subhorrida 
" ? subhorrida var. rugatula 

subsulcata 
" subsulcata-var. janus 
" ? swallowi 
" symmetrica 
" verneuiliana 

vittata 
wallaciana 
wilberana 
winchelli 



DESCRIPTION OF SPECIES. 

Avonia receives: 
Avonia arcuata 
Avonia? arkansana 
Avonia? arkansana var. multilirata 
Avonia? blairi 

" newberryi 
newberryi var. annosa 

" ? walcottiana 
and Buxtonia receives: 

Buxtonia ? morbilliana 
" scabricula 
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On the basis of the genera introduced by Dr. Thomas, a possibly new genus will be 
found in Productus semistriatus which like Buxtonia has the early portion costate but 
the later portion not spinose but smooth. 

I would say again that the grouping offered here is preliminary. Some of the 
assignments will doubtless have to be changed when more is known of the species 
or when our conception of the genera becomes more defined. Several species left under 
Productlls ss. will probably be transferred to Avonia. According to my observations 
a number of species, Mississippian species especially, though regularly costate over 
most of their surface have the visceral region for a greater or less distance marked by 
discontinuous costre terminating in small spines. This character would apparently 
bring such species under the genus Avonia, but if the spinose region were very small, 
they would probably best be held under Productus. It is doubtful whether a sharp 
boundary can be drawn between these two genera. 

In Pustula Dr. Thomas seems to include not only shells that have numerous spines 
but shells that have only a few spines provided that they are not marked by radial costre. 
In his classification, based so largely, as it is, on sculptural features, he does not provide 
for species possessing cardinal or hinge teeth, and it may be presumed that his specimens 
do not show these structures. Indeed, he suggests that Productus sinuatus, which 
possesses an area and a delthyrillm may form the nucleus of a new genus, and probably 
if Productella occurred in England he would have included it in his classification as a 
distinct genus. Many of our American Productellas would from their superficial 
characters belong in Dr. Thomas's Pustula and since the determining characters 
of Productella are rarely shown and the status of many species is consequently uncer
tain, it is likely that some of the Mississippian types here p4tced with Pustula may 
prove to belong with Productella, and that some of the species at present cited under 
Productella and not considered here for that reason will prove to belong under Pustula. 

As yet no American shells can be referred definitely to Overtonia but some of the 
dubious Productellas, especially when their internal characters are studied more care
fully, may find place in that genus. One American species, Productella pyxidata, in 
some of its phases strikingly resembles Ouertonia jimbriata, the type of Overtonia. So 
far as yet known the resemblance is only superfi'Cial. (Compare, however, Fig. 34 of 
PI. 17, Geot. Survey of New York, Paleontology, vol. 8, pt. 1, 1891 which shows oblique 
brachial ridges comparable to those of O. /imbriata.) 

Genus Pustu1a Thomas. 

Pustula semipunctata Say. 

Dr. Thomas has given an accurate description and figures of typical Productus 
(Pustuta) punctatus as it occurs in the British faunas. If these are used as a starting point 
and if the same care is employed in discriminating species that was employed by Dr • 

. Thomas, it becomes highly probable that the American form or forms so long known 
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as Productus puncl!~tus call no longer be referred La the British species. Dr. Thomas 
himself mentions several differences (p. 3D!), as that the European spc·des clearly difT('rs 
in the bilobate character of the inner [ace of the cardinal process, and that White's 
figure is quite distinct from Martin's form, both in general shape and ornamentation. 
"The concentric bands are more riblike and are each ornamented only by one row of 
spine bases, while the shell is more drawn out JongitudinaJ1y." While's figure is prob
ably inexact in showing but a single row of spines in each of the concentric bands, for 
all of the specimens that I have seen show several rows. The American forms, however, 
are characterized, many of them even more strongly t1wn ill \iVhil.c's figure, by the 
elongated shape by which they are strikingly distinguished froll1 typical Pus/uta jmnrla/a. 

If we conclude therefore, as secms neccssary, that the Anwrkan form or forms 
found in the Pennsylvanian ([or the MiHsissippian shells may possibly belong to a still 
different species), are not identical with Pus/ula /nlllctata as now limite' I, it new lIanw lllust 
besought for them. That first introduced is Prodllctus semi/m.nctatus Say, and although 
Say's description and figure arc extremely inadequate, there can he really lit! Ie douht 
of the form he intended to designate. If, however, more careful invI'st igal iOIl proves 
that the Pennsylvanian faunas of the Mbsissippi Valley contain sC'veral species of this 
type, then indeed it would be difficult to say to which the Ilame Pustula semijJllllctalrL 
should apply. 

Horizon and locality: Cherokee shale, statiolls 2G5, a07a. Henrietta formation-
Ft. Scott limestone member, station 707. Pleasanton formation, 5t at ion 2ilOa. ]{ansas 
City formation-Hertha lime~tone member, station 2:3:.3; Drum limcst.one member, 
station 415; lola limestone member, station 182. Lansing [ol'lnation,-I'IaI.tsl)(lrg 
limestone member, stations 181), 55!); Stanton limestone memlJ('r, stations 277, 2!10a. 
Douglas formation--Oread limestone member, stations 178, 27:3. Shawnee [ormation-
Deer Creek limestone member, station 16.5; Topeka limestone. membcr, station 200. 

Genus Marginifera Waagen. 

Marginifera muricata var. missollriensis n. var. 

Plate XXX. figuros 2-2b. :l-3b, 1, 4l', Il, Ill'. 

At certaiI). localities in the Cherokee shale a small Procluctoid apparently bel0l1ging 
to the genus Marginifera occurs in great abundance. In its specitic characters it re
sembles M. muricata but differs constantly in several ways so as to warrant recognizing 
it as a distinct variety. It is small and in shape subguadrate, marked by fine, regular 
costae which are crossed over the visceral region by fine, more or less strong and irregular 
transverse wrinkles. Numerous small spines spring from the costre and from the ears. 

From typical M. muricata this shell is distinguished by its small size and less trans
verse shape, The costa:! are finer and more regular and there is no trace of a sinus, 
a character sometimes faintly developed in the other species. On the contrary 
some ventral valves have the median part of the anterior prolongation raised into a 
sort of ill-defined fold, though I believe not as a constant feature. 

This variety resembles the Colorado shell described as M. ingrata in the fineness of 
its costre, but it has more numerous spines and a less transverse shape and it also lacks 
the sinus of M. ingrata. Although in my description of the latter species it is stated to 
be without a median sinus, both of the typical specimens show this feature in a slight 
degree though possibly as a result of compression. The present form suggests also 
Marginifem? nana but if the simultaneous bifurcation of the costa:! upon which Meek 
Jays stress is a constant feature in that species, that constitutes a signal difference. Fur
thermore, I judge from Meek's figure that M. ? nana has coarser cost,e. 

Horizon and locality: Cherokee shale, stations 1263 A3 (?), 1263 B4, 1263 Cl. 
1263 C3, 1263 C3 +. 
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Genus Ambocoelia Ball. 

A mbocoelia lobata n. sp. 

Plate XXX. figures I-ld. 
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Shell rather large for the genus, sub-pentagonal in outline, transverse, widest 
just below the cardinal angles, which are rounded. 

The ventral valve is strongly convex, inflated in the median portion, abruptly de
scending to the sides which are, however, more or less projecting and lobate. A flatten
ing along the median line or a very faint sinus appears to be present. The beak is not 
as prominent and high as in some species of the genus. The cardinal area is narrow and 
rather poorly defined from the inflected sides. . 

Dorsal valve very transverse, moderately convex, with a distinct median sinus 
toward the front and with two lateral sinuses which give this valve a four-lobed shape. 
The umbonal region is rather inflated for the genus with a small incurved beak. The 
two lateral sinuses cause the lateral outlines to be broadly reentrant and the median 
sinus joined with the faint sinus on the opposite valve produces a shallow, though 
abrupt, notch in the anterior outline, all adding to the peculiar lobate appearance of the 
shell. 

Surface smooth or covered by minute spines. 
If this is an Amboccelia the lobate configuration and the convexity of the dorsal 

valve distinguish it from our common Pennsylvanian species. Although I have but 
a single specimen, the differences are too marked for this to be merely an abnormal 
individ ual of A. planiconvexa. 

The generic position of this shell is in some doubt as it is not without suggestions of 
Squamularia. Its internal structures are unknown and I have referred it to Ambocoelia 
chiefly because of the surface which does not show the scars of relatively large spines 
regularly arranged in concentric rows, but instead, if not to all appearance entirely 
smooth, shows traces of very minute spines thickly set without any observable order. 

Horizon and locality: Shawnee formation-Lecompton limestone member, station 
183. 

Genus Leda Schumacher. 

Leda arata Hall. 

Plate XXXI, figures 1-8. 

1852. Nucula arata. Hall, Stansbury's Expl. Surv. Gt. Salt Lake, Utah1, p. 413 
pI. 2, figs. 5a, b. 

Carboniferous: Missouri River below Weston. 
1899. Nuculana arata. Girty, U. S. Geol. Survey, Nineteenth Ann. Rept., pt. 3, p. 

581. 
Upper Coal Measures: McAlester quadrangle, Atoka quadrangle, Okla. 

Though first described in 1852, this species has only once subsequently appeared 
in paleontologic literature. It is nevertheless e.."{tremely abundant at several localities 
in the Leavenworth quadrangle near the base of the Lav,Tence shale and I am inclined 
to think that it has sometimes been confused with the well-known Leda. bellistriata. 
It is, however, distinguished by conspicuous differences from that species, or at least 
from the common acceptance of that species for, if critically considered, Leda. beUistriata 

'Of this work there are several editions. The first appears to have been 
printed in Philadelphia in 1852 by order of the Senate; a second was printed in 
1853 by the Pu blio Printer in Washington, by order of the House of Representatives; 
a third was printed in Philadelphia in 1855 apparently as an independent venture. 
All three editions are essentially ident.ica1. 
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can scarcely bc said to be well and authentically ef;tublblH'c1; it n$ts 111111'(' 011 Ilall's 
work than on Stevens's. Of the correct identification of t.he pn.'HI'llt SP('('illl('IlR wit h 
L. arata there can hardly be a doubt. They come from esscnt ially thc~ HallK~ localit y 
and horizon as Hall's type and agree with his description. 

Hall's type specimen was fragmentary and alHo much smaller t han some of thos(' 
which have comc unclcr my observation. Ilis description runs ;u; follows: 

"Nucula arata. Shell oval-ovate, rounded before, aIHI gradually narrowing behind 
the beaks (posterior extremity broken off): beaks prominent, clo~ely ilH:urv(~cl; posterior 
lunule elongated and distinctly defined; surface marked by dit;t inc! (rat hpr sharp wh('1"c 
unworn) cqual concentric ridges, scarcdy so wide as thl' furrows hI'! w('ell t ht'lll. The 
ridges, whcn seen in a longitudinnl direction, hav(~ an imbrirat('(1 <lppI'arnnc('."1 

The abundant materinl which I have been fort tinnie l'noll!-\h t () obtain ('nahll'R 
me to make certain additions to thc characters HI'!. down by lIal1. TIl(~ RP(~I'i('1i attains 
a large size for the genus, some specimens having a width of :H tllillillwtPI'S. Tlw 
convexity is high but many f;pedmens contract rapidly ht'llind, hot h in height and in 
thickness, giving thc post('rior extremity an attenuated, nasntp aplwaral1('p. Tlw 
escutcheon is sharply definc'<\ and deeply dl'prpsI'pd. This st I'u!"t Ul'l' is it s('1f bl.'\'('il'd along 
the hinge by a rather large ligamental area whirh in I1IOSI' I'lJl('t'iIllPns is distin!'t and sharp
ly defined and in many is continued untler the »('al<s, \'{';\PP(,aJ'ing Oil t Iw ant ('riol' sid('. 
Altogether this receptacle for the external Iiganwnt S<'l~Il1H to ()(,\,IIPY alHltlt half tlw 
hinge lcngth. 

The sculpture is relatively coarsc nnd consists of UIlRymnwt deal ridgeH whic'h hav(~ 
the short abrupt slope 011 the upper and the long gradual Hlo!>(' Oil tht~ low('r sid(', In 
some specimcns thc ridges are more or l(!ss irregular toward Ih(~ POHI<!riOI' PIliI wlll.'r(' 
several may unite in one and they die down to mere growl h Iim'H 1l('lIl' t lw HllOlIld(~r 
that defines the escutcheon. 

My specimens show the intel'l1al characters very incompldpiy. I alii IIllallh~ 
to give the number of hinge teeth which they POARCHA, the most important char.wt('\' ob
served being a dcfinite ancl rather large dlOndropho!'(! Hhown by both of t}w li!lt'dmCllH 
which expose this portion of the hingc. 

Writing of L. bellistria/I£ Steyens in 1858 (the year that saw til(' pUblication of tlw 
paper by Stevens who may have c()111munieated spedmclIs ((J Hall), Ilall stat('s t hat. it 
differs from L. arata in having the beaks more nbrufltly elevated, (Iw (~H('lltell\'()n 11.';;H 

strongly marked and the concentric strim much finer. TheAe dilT(~rtnn's hold wlwn t l.'Ht ed 
by my abundant material. In my experience L. bellis/ria/It is uHually 11 much slllallt'" HIl(!
des than this but some authors, as for instance White, have figured HJll'dnWlls liS large as 
the largest of mine and have identified thcm with L. IwllistrilL/a, a circumstance which 
makes me somewhat mistrust the identification. Aside from size thc most: striking 
difference between the two species is the much coarser sCulptlll'e of L. aratlz. Hall haR 
also called attention to the less prominent umbones of the latter SP(~ciCH whkh has 
at the same time a more sharply and decply depressed as wen as a flutter Cs(:utcheon. 
The specimens of L. bellistriata which I hnve recently figul·cd frolll the Wewoka forma
tion of Oklahoma represent about the average in my experience and are only about 
half the size of large specimens of L. arata. Young specimens of the lntter, comparable 
in size to mature L. bellistriata, are more transverse, with the bcak slightly more p()sterior 
and the posterior extremity much more pr,oduccd and also with the sculpture conspic
uously. coarser. 

Horizon and locality: Henrietta formation-Pawnee limestone mcmber, station 
1266A2. Kansas City formation-Drum limestone member, station 429 (?). Lans'ing 
formation-Lane shale member, stations 189, 657; Plattsburg limestone member, 
stations 296 (?), 682: Stanton limestone member, station 290a. Douglas formation
Lawrence shale member, stations 207, 208, 276a, 276b, 283, 298, 299, 300. 

'Hall, James, Stansbury's expedition to the Great Salt Lake, 1852, p. 413. 
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Genus Conocardium Bronn. 

Conocardium missouriensis n. sp. (P. V. Roundy Mss.) 

Plate XXVIII, figures 3-3c. 
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Shell small; length but little greater than the I{eight. Beaks small, projecting 
slightly above the hinge line and apparently anchylosed. Hiatus very wide and long. 
The valves contract more rapidly on the posterior than on the anterior side of the 
umbonal ridge. The posterior margin forms practically a straight line from the end of 
the ridge to the hinge line, while anteriorly the line is slightly sinuous (convex below 
and concave above) to the (broken) alate portion. This naturally gives a much greater 
prominence to the anterior part of the shell than is usual in the Carboniferous members 
of this genus. The umbonal ridge itself is weII defined and has six small nodes. These 
may be varices of growth or an inherent character of the species. They are somewhat 
irregularly spaced, which would suggest the former view, yet the absence of similar nodes 
or ot.her prominent growth characters on the remainder of the shell would point to 

. their being a specific character. Anterior to the ridge there arc 8 strong, well-rounded 
ribs, with interspaces somewhat wieler than the ribs. No evidence of concentric 
sculpture is visible on this part of the shell. The alate anterior end has been broken 
off so t hat it is not possibk t.o dctermine the characters of this extremity. 

On the posterior side the sculpture consists of about 11 very fine, radiating costae, 
the intcrspaces increasing in width to the posterior end (there are two more costae on 
the left valve than on the right). The eosUe arc crossed by somewhat finer and more 
closcly arranged line which extend to the front edge of the uIllbonal ridge. Twenty
five of these line can be counted on each valve. They probably originally numbered 
about 30. Dimensions: height 1i.1i millimeters; greatest length 6 millimeters. 

This species more closely resembles the Mississippian species C. prattenianum than 
any of the c1escribedl'el1nsylvanian forms. It differs in having a larger part of the shell 
anterior to the umbonal ridge and in having a greater number of ribs on this part. The 
ribs on t.he posterior part of the shell are not as strong as in C. prattenianum, while 
the JinX) crossing them are but little weaker than the ribs themselves and show no traces 
of extending over onto the anterior part as in the latter species. This description is 
based upon a single specimen. 

Horizon and locality: Kansas City formation-Drum limestone member, station 
429. 

Genus Lima Bruguiere. 

Lima gregaria Meell and Worthen. 

1870. Monotis? gregaria. Meek and Worthen, Acad. Nat. Sci. Philadelphia Proc., 
p. 38. 
Coal Measures: Jacksonville, III. 

1873. Monotis? gregaria. Meek and Worthen, Ceo!. Survey Illinois, Rept. vol. 5, 
p. 573, pI. 26, fig. 5. 

Coal Measures: Jacksonville, III. 
1895. Monolis? gregaria. Keyes, Missouri Ceol. Survey, Rept. vol. .5, p. 114. (Date 

of imprint 1894.) 
Upper Coal Measures: Kansas City, Mo. 

Shell small, subovate. Valves with a rather strong obliquity, presumably back
ward. Hinge length rather more than half the greatest width. Outline straight above 
on the posterior side and directed obliquely backward, very full and rounding outward 
on the anterior side. Convexity high, the posterior side planate and strongly descend
ing, the anterior de~cent broader and more arching. 

G-23 
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Surface marked by elevated radial lines which are separated by relatively wide 
flattened interspaces and are more or less irregularly distributed, occurring sometimes 
singly, sometimes in groups of 2, 3, or 4. They cease abruptly toward the posterior 
side, the flattened posterior slope being entirely without them. Toward the anterior 
side they die down gradually and the anterior half of the shell may be nearly smooth 
or marked wholly or in part by radii which are very obscure, or at least less distinct 
thitn the median ones. On this account the present species, if correctly placed with the 
Limidae, may probably be included in the sub-genus Plagiostoma. 

Lima gregaria occurs at station 1254 B-1 where it is associated with Cardiomorpha 
missouriensis, with abundant Goniatites (chiefly, however, in larval stages), and with 
a few other forms, constituting a fauna not elsewhere found in the collection. I have 
also obtained what is almost certainly the same species from a horizon that is supposed 
to be approximately the same at Fort Scott, Kansas, in black shaly beds above the ce
ment rock. 

I feel little doubt that this is the species described by Meek and Worthen as Mono
tis? gregaria. Their specimens were flattened in shale and more or less distorted and 
they did not show the high convexity which is found in some of the present specimens 
preserved in a limestone matrix. Although referring this form provisionally to Monotis, 
Meek and Worthen suggested that it might possibly be a true Lima, in which genus, 
partly on account of the high convexity and other features in the configuration, I have 
thought best to place it. The chief objection to this reference seems to lie in the tenuity 
of the shell, a character which influenced Meek and Worthen in assigning it to Monotis. 

Horizon and locality: Cherokee shale-Mulky coal horizon, station 435 (?). Hen
rietta formation-Ft. Scott limestone member, stations 666, 1266 A 1. 

Genus Astartella Hall. 

Astartella compacta n. sp. 

Plate XXVIII, figures 4, 4a, 5, 5a. 

Shell small, transverse, subquadrate. Extreme width %: to 4/5 the height. Hinge 
line straight, about two-thirds of the entire width, parallel to the basal outline. The 
latter rounds upward about equally at either end. At the front an inflection of the shell 
produces an emargination below the beak and causes the anterior extremity to have 
a pointed shape. On the posterior side the outline above the well-rounded posterior
inferior angle is nearly straight and it meets the hinge in a distinct angle of somewhat 
more than 90°. The convexity is rather high, the beaks large and incurved. The 
surface is marked by numerous regular, closely arranged, concentric lamellre. 

The generic characters of this species have not been observed and the generic refer
ence is based upon a number of minor points of configuration, the pointed anterior ex
tremity with a more or less sharply defined lunule above, the distinct posterior cardinal 
angle, and the somewhat upturned cardinal line. Although the shape and closely arranged 
sculpture are not without suggestions of Edmondia the characters mentioned indicate 
rather clearly, without however proving the point, that the generic relations are 
with Astartella. 

A. compacta is distinguished from all the American species known to me by the close 
arrangement of the concentric lamellre and it is distinguished from most of them also 
by its compact form which is unusually high for the width and which does not contract 
posteriorly. 

Horizon and locality: Cherokee formation, stations 435, 1268A2. 
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Genus Pleurotomaria Sowerby. 

Pleurotomaria? persimplex n. sp. 

l'late XXXII, figures l-ld, 2, 2a. 
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Shell smail, subdiscoidal, composed of 4 or 5 volutions; height nearly twice the 
width; spire low; volutions somcwhat transverse in section, regularly rounded; sutures 
depressecl; umbilicus small and shallow. Band rather broad, pcripheral, on a level 
with the general curvaturc and conscqucntly somcwhat obscure, but defincd by delicate 
dcpresBcd lines and by the curvature.of the incremental strire. 

Thc surface is without revolving ornamcntation, ancl entirely smooth save for 
obscure growth lines, which pass somewhat obliquely across thc shcll with a strong and 
fairly abrupt recntrant angle at the banel. The gcneral direction of the growth lines and 
the profile of the aperture is obliquely backward from the suture down, or obliquely 
forward from the umbilicus up, with the exception that the lowcr part of the outer 
lip has for a short distance from its contact with the preceding volution a backward 
instead of a forward direction. It then turns rather sharply forward as above described, 
thus producing a slight sinus. 

These shells might carelessly be referred to several species from which they are 
really quite different:. One of these is .I1nomphalus l'otulus, but besides certain specific 
characters such as the higher spire, the more deeply incised sutures, etc., P.? persimplex 
is a 1: once distinguished by the presence of an unmistakable slit band. Rather similar 
al~o is l'lcurotomarilJ.? !ialvat-iformis as shown by Meek ancI Worthen's figures, but the 
resemblance diminishes with the recognition of the fact that the present form is four times 
as large and clearly lacks the revolving lirre which mark, though obscurely, the other 
species. 

I know of no other species in our Carboniferous rocks which is really closely allied 
to P.? persimplex. In fact, it 8eems not improbable that this will form a nucleus of 
a new genus when the Pleurotomarias are classified, the distinguishing characters being 
the smooth surface and the small though distinct sinus on the posterior side of the 
aperture. 

Horizon and locality: Cherokee shale, station 1268A2. 

Genus MUl:chisonia D'Archiac and De Verneuil. 

Murchisonia missouriensis n. sp. 
Plate XXX, figuros 6, Ga. 

Shell in the shape of a flat-based cone, elongate, tapering, consisting of about 
13 volutions. Length 14 mm., diameter 6 mm. The lateral and basal surfaces of the 
volutions are nearly plane, especially the lateral surface, and make an angle between 
them of somewhat more than 90°. The angle which they would thus form, however, 
is truncated by two strong carinre, the upper rather more prominent than the lower, 
and the intervening groove wider than either. The lateral surface of the volution 
is divided into three nearly equal zones by a pair of elevated revolving lines between 
which, rather than between the carinre, the slit band appears to lie. A faint revolving 
lira also is developed upon the basal surface some distance from the carina. The 
volutions overlap up to the lower carina and usually with such precision that this 
carina is not apparent except on the last volution. Lines of growth are almost in
visible. 

" This species resembles Goniospira lasallensis. I t is, however, a more rapidly expand
ing shell and is also smaller when composed of the same number of volutions. Further.
more, the slit band is situated on the lateral surface instead of between the two edges of 
the carina, as it is in G. lasallensis, which has no revolving lines on the lateral surface. 
Somewhat similar differences of sculpture distinguish M. missouriensis also from M. 
archimedea which is a larger and more rapidly expanding species. 

Horizon and locality: Cherokee shale, station 1268 A2. 
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Genus Goniospira n. gen. 

Of this genus Murchisonia lasallensis is taken as the type. The shape is long, slen
der, and many-whorled, 17 or 18 volutions being found in the type species. The volutions 
are mor.e or less rhombic in section with a submedian carina, both above and below 
which the shell is flattened. The sutures are strongly reentrant and the shell as whole 
has a screw-like appearance. The slit band is situated on the periphery just below 
the angular carina, which forms its upper boundary. The character of the slit is not 
certain but it appears to be deep, about .~ of a volution in length. As determined 
by the lines of growth the aperture slopes forward from the slit on both the upper and 
lower surfaces, gently forward above the slit and strongly forward below it. The 
surface is almost smooth aside from growth lines of varying strength. The 
shell above the carina is devoid of spiral markings in the type species, but a pair of 
revolving ridges is developed about midway on the lower surface which simulate a slit 
band. The axis is solid. An inner lip is apparently present, the deposit continuing 
out on to the columellar portion of the outer lip which appears thickened and as if re
flexed. 

This type is clearly distinct from Murchisonia as based on M. coronata, nor is it a 
typical Pleurotomaria. It resembles Whitfield's genus Lophospira more than any with 
which I am acquainted. From Lophospira, however, it differs in having a long slit(?) 
instead of a mere notch, in having a solid columella and in other characters. 

A small number of Pennsylvanian species resemble G. lasalZensis in a general way 
so closely as to suggest that they belong to the same genus, but they differ in important 
details, Murchisonia archimedea, a less slender species than M. lasallensis, may belong 
in Goniospira, but it is described as so to leave in doubt the position of the slit band 
and other significant characters. Murchisonia buttersi, a species much more nearly 
like G. lasallensis in shape, has revolving line, costre transverse to the volutions, and a 
slit band situated on the periphery instead of just below it. Furthermore, the band 
is marked by revolving lirre and by nodes. These differences appear to me to be generic 
and the name Helicospira is suggested for this species. Murchisonia collingsworthensis 
has a shape more like M. arr.himedea and the band is not peripheral but situated on the 
upper surface. M. gouldii is somewhat comparable to G. lasallensis in shape but the 
slit band lies well above the carina and the surface is marked by revolving liI-re. Very 
similar in a general way is M. tereora, but M. terebra is marked by revolving lines and 
has the carina nodulose. The position of the band is not given. M. terebra appears to 
be especially related to H. buttersi. 

Goniospira lasallensis Worthen. 

Plate XXX, figures 7. 8. 8a. 

1890. Murchisonia lasallensis. Worthen, Geol. Survey Illinois, Rept., vol. 8, p. 141, 
pI. 25, figs. 7, 7a. 

Upper Coal Measures: Lasalle, Ill. 
1903. Worthenia? lasallensis? Girty, U. S. Geol. Survey, Prof. Paper 16, p. 457. 

Hermosa formation: San Juan region, Colo. 

This species is rather abundant in several collections and though my fossils almost 
certainly belong to Worthen's species, they show his description to be at fault in several 
particulars. The size attained is greater than that indicated by his figures, some 
specimens having a diameter of 10 mm. in the largest volution. My large specimens are 
incomplete at the apical end and my small ones incomplete by growth or by breakage 
at the apertural end. Some of the small specimens look as if they might belong to a 
small slender variety of the large ones. Nevertheless, when one of the small fragments 
representing the apical half is placed above one of the large fragments representing the 
apertural half, no discrepancy is apparent between the rate of increase of either the 
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spire or of the volutions. The smaller specimen has a length of 11 mm. and a diameter 
at the base of 4Y2 mm. It consists of 12 volutions. The largerfragment has a diam
eter below of 10 mm. (where it is still incomplete), a length of 20 mm., and it contains 
5 volutions. If the measurements of these two specimens may be combined, a fairly 
large specimen would consist of 16 or 17 volutions, and it would have a length of 31 mm. 
with a diameter at the aperture of 10 mm. 

Worthen states that on the last volution there is a flattened band below the carina 
which is bounded below by a slight elevation and that this feature does not extend to 
the other volutions. These statements arc incorrect in several particulars, for the 
site of the slit-band is the carina itself and the structure which Worthen mistakenly 
identifies as the slit band does extend to the other volutions. The carina is in fact accom
panied by a somewhat smaller but still rather prominent ridge and between the two is the 
real locus of the slit band. The second ridge is situated below the carina than which 
it is not only smaller but also, springing from the inward-sloping surface, less prom
inent. Worthen apparently overlooked the duplicate character of the carina and mis
took for the slit band the similar pair of ridges that are situated half way, or rather more 
than half way down the lower side of the volution. Like the carina and its fellow the 
upper ridge of the second pair is larger and more prominent than the lower but the false 
slit band is rather narrower than the true one. As to the identification of the slit band 
and its position on the periphery there can be no doubt. My specimens show the growth 
lines (which are rather strong and fasciculate) traversing the upper side of the volution, 
straight, or very slightly sigmoidal, and with a gentle backward obliquity from the suture 
to the carina, near which they arc strongly inflexed. Below the carina the growth lines, 
strong here as above it, are distinctly curved, convex toward the aperture and strongly 
oblique from the carina forward. They cross the pair of ridges that lie midway on the 
lower surface without deflection and terminate at the ridge just below the carina with a 
backward swing. The deeply concave surface between this ridge and the carina is marked 
by lunate growth lines concave toward the aperture. Furthermore, one specimen 
which retains the aperture in fairly complete condition seems actually to show the slit 
at this position. It is deep and extends backward about f of a volution. This, 
however, is somewhat doubtful as the present condition may be due or partly due to 
breakage. 

By Worthen's statement that the false slit band does not extend to the higher volu
tion one must of course understand him to mean that it is concealed on them, but even 
this is not entirely true. Normally, I believe, the suture is aligned with precision so 
as to fall on the upper of the two revolving ridges that comprise this structure. In some 
specimens, however, the alignment is not so precise and the upper ridge, together with 
more or less of the sulcus below it, are exposed. It may be that on some specimens 
both ridges are visible but I have not observed this. 

There is some inconsistency in my observations on the character of the aperture. 
That the shell has a solid axis there can be no doubt. Some specimens indicate the 
presence of an inner lip, others do not. Those that show this structure at all show the 
lower part of the outer lip to be thickened as if by a doubling back of the shell on itself. 
I suspect that there was an inner lip of which this duplication of the shell is a continua
tion and that the deposit may sometimes be thin as upon those specimens upon which 
it now seems to be absent, or that it may be developed only within the aperture. or may 
in some way have been obscured. 

Horizon and locality: Lansing formation-Lane shale member, stations 189, 657; 
Plattsburg limestone member, station 682; Stanton limestone member, station 290a. 
Douglas formation-Lawrence shale member, stations 205, 208, 276b, 283, 298, 299, 
300. 
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Genus Natieopsis Me Ooy. 

Naticopsis nana Meel~ and Worthen. 

1860. Platyostoma nana. Meek and Worthen, Acad. Nat. Sci. Philadelphia, Proc., 
p. 463. (Whole volume dated 1861.) 

Upper Coal Measures; Springfield, Ill. 
1861. Naticopsis nana. Meek and Worthen, Acad. Nat. Sci. Philadelphia, Proc., 

p. 148. (Whole volume dated 1862.) 
1866. Naticopsis nana. Meek and Worthen, GeoI. Surv. Illinois, Rept., vol. 2, p. 

365, pI. 31, figs. 40., b. 
Upper Coal Measures: Springfield, Ill. 

1875. Naticopsis nana. White, U. S. Geog. Surv. W. 100th Mer., Rept., vol. 4, pt. 1, 
p. 159, pI. 12, figs. 4a, b. (Whole volume published in 1877.) 

Carboniferous: Camp Cottonwood, near Spring Mountain, Lincoln County, 
Nev. 

1884. Naticopsis nana. White, Dept. GeoI. Nat. Hist. Inc.liana, 13th Rept., pt. 2, 
p. 162, pI. 36, figs. 6, 7. 

Middle and Upper Coal Measures: Indiana. 
1888. Naticopsis nana. Herrick, Sci. Lab. Denison Univ., Bull. vol. 4, pI. 11, fig. 8. 

Coal Measures: Fultonham, Ohio. 
1891. Naticopsis nana. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 257 (Whole 

volume dated 1892). 
Lower Coal Measures: Des Moines, Iowa. 

1895. Strophostyizts nana. Keyes, Missouri Geo!. Survey, Rept., vol. 5, p. 196. 
(Date of imprint, 1894.) 

Upper Coal Measures: Clinton and Kansas City, Mo. 
1896. Naticopsis nana. Smith, Am. Phil. Soc., Proc., vol. 35, p. 250. 

Upper Coal Measures: Sebastian County, Ark. 
1897. Naticopsis nana. Smith, Leland Stanford Junior Univ. Pub., Cont. BioI. 

Hopkins Seaside Lab., No.9, p. 40. (Printed also with samc datc and pagina
tion, but with a different cover and title page as a reprint of the Pl'oc. Am. 
Phil. Soc. which in fact both are.) 

Upper Coal Measures: Sebastian County, Ark. 
1903. Strophostylus cf. nanus. Girty, Prof. Paper U. S. Geo!. Survey, No. 16, p. 462. 

Carboniferous: Glenwood Springs, Colo. 

There are certain small shells in the collections which, though so differently shaped 
and orIjameIited, appear to be only young specimens of Naticopsis altonensis, but 
they might readily be mistaken for N. nana or a kindred form. They have, however., 
a higher spire and somewhat differently shaped volutions. I have one specimen never
theless from the same collection which appears to be a true example of N. nana, for it 
has a lower spire and more flat-topped and compressed volutions. It is rather smaller 
than Meek and Worthen's type specimen but not greatly so. 

Horizon and locality: Cherokee shale, station 1268A2. Douglas formation
Weston shale member, station 301; Oread limestone member, station 219 (?). 

Naticopsis scintilla n. sp. 

Plate XXIX. figures 3-30. 

Shell very small, composed of 2 or 3 rapidly expanding volutions; greatest length 
somewhat in excess of the greatest width. Spire rising but little above the last volution 
which is much elongated and strongly oblique. This volution is somewhat depressed 
or broadly sulcate on the upper surface just below the suture, which gives the shell 
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to some extent the shape of N. altonensis and its allies. It probably belongs to the 
altonensis group, but those species when as small as this are very different. 

The surface is marked by fine strire of growth and by somewhat stronger strire 
at regular intervals. The umbilicus is closed and a distinct callosity is developed. 

In its small size this species suggests Naticopsis (or Strophostylus) nana. It is, how
ever, not only much smaller but the volutions are differently shaped being much more 
elongated in section and having the broad sulcus just below the suture. As regards its 
size two other specimens from the same locality are no larger than the type, so that 
this must be considered a mature form. 

Horizon and locality: Kansas City formation-Drum limestone member, station 
429. 

Genus Naticella Munster. 

Naticella americana n. sp. 

Plate XXXII. figures 3-3c. 

Shell small, subglobose, comprising 4 or 5 rapidly enlarging volutions. Greatest 
width slightly exceeding the greatest height. Volutions regularly and strongly rounded. 
Sutures deeply incised. Surface marked by thin prominent costre, regularly arranged 
at moderately wide intervals, in the deep grooves between which occur more or less 
irregular and unequal growth lines. 

The only American species inviting comparison with this is Naticella transversa 
from the Permian Red Beds. The present species is clearly distinct being larger, more 
high-spired, and somewhat more coarsely costate. My specimens indicate, though they 
do not show clearly, that the early stages of Trachydomia wheeleri bear a strong resem
blance to this species, the superficial nodes which are characteristic . of Trachydomia 
arising by interuptions in the transverse ridges that are developed in the immature 
stage. When of the same size, however, T. wheeleri appears to have had its peculiar, 
or at all events a different sculpture, so that I feel fairly confident that the present is a 
distinct species. The resemblance, nevertheless, raises a question of generic position, 
which I am at present unable to settle. 

Horizon and locality: Cherokee shale, station 1268 A2. 

Genus Zygopleura Koken. 

Zygopleura ajJinis n. sp. 

Plate XXXII. figures 6-6b. 

The best specimen of this form is 8 mm. long and 3 mm. in diameter and consists 
of about 11 volutions. The whorls are somewhat flat-sided with the lower portion more 
strongly rounded so that the sutures, though distinct, are not deep. The plications 
are strong, about 15 in number on the largest whorl and they extend from suture to su
ture ending rather abruptly at the peripheral line, the lower portion of the final whorl 
being smooth. 

This species is most nearly allied to Z. plicata but differs in several respects. The 
shape is not so slender nor the size so large, the specimen described having about 11 
volutions at a length of 8 mm. while the type of Z. pliwta has the same number of 
volutions at a length of 19 mm. The plications also appear to be more numerous for 
the size of the shell though actually my example has the same number which is given 
by Whitfield for his much larger specimen. Similar differences are shown when this 
form is compared ·with an associated specimen which has been identified as Z. plicata 
instead of with Whitfield's description and figures. 

Horizon and locality: Cherokee shale, station 1268 A2. 
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Zygopleura nan a 11. sp. 

Plate XXXII. figures 5-5a. 

Shell small, conical, one mm. in diameter and rather less than :3 millimeters long, 
composed of 6 or 7 volutions .. Volutions rather high, flattened at the ~ides and abruptly 
rounding below, embracing so far as to leave but a shallow suture and give the shell as 
a wh~le a smooth conical shape. The rate of increase in the size of the whorls is greater, 
however, in the younger than in the older stages which rendcrs the shape somcwhat fusi
form. The aperture is small, oval. The axis is solid. The sides are marked by rather 
large, rather strong, longitudinal plications, about 14 to a volution. 

This species is most closely allied to Z. rugosa and perhaps it might be considered 
only a dwarfed variety of it, especially as most of the associated species are small. 
Aside, however, from being only one-third aR large, though composed of the same number 
of volutions, the volutions are relatively higher with flatter sides and shallower sutures 
and the plications are less numerous. 

Horizon and locality: Kansas City formation-Drum limestone member, station 
429. 

Zygopleura nodosa n. sp. 

Plate XXXII, figures 10, 11, lla. 

Shell large, turreted, composed of about 7 volutions. A large fragmentary specimen 
has the final whorl 18 mm. in width and it must have had a length of 45 mm. or more. 
The volutions are rhombic in outline. Thesurface above the periphery is somewhat con
cave, that below the periphery gently convex, the two meeting in an angle somewhat 
greater than 90 degrees. The periphery is strongly rounded and mUTked by a row of 
oblique, elongated nodes or pilae, of which about 17 occur on one of the larger volutions. 
They end rather abruptly at the peripheral line and die down more graduaIly above, be
ing traceable about one-third the distance to the suture. Above and below the nodose 
zone the surface appears to be smooth, the growth lines which were probably present at 
one time having been lost. The nodes are somewhat elongated and somewhat oblique, 
the upper end being posterior to the lower. They are separated by grooves of about 
their own width. It is probably due to this band of prominences that the shell appears 
concave below the suture. The axial portion of the outer lip is apparently reflexed so as 
to form a slender columella but the reflexed lip is narrow and bounded by a sulcus. 

This shell is probably a Zygopleura but is quite distinct from other species in the 
American Carboniferous, not only by reason of its larger size but by reason of the deep 
suture and the limitation of the plications to the peripheral region so that they appear 
more .like nodes than elongated costae. No other species is comparable to this in size 
except Z. plena which, however, is larger, while the flattened side and deeper suture to
gether with the shorter, larger plications distinguish Z. nodosa not only from Z. cara but 
from all other American species yet described. 

Horizon and locality; Shawnee formation-Calhoun shale, station 206. 

Zygopleura teres n. sp. 

Plate XXXII. figures 4. 4a. 

Shell small, tapering, composed of 7 or 8 volutions. Length 372 millimeters, 
diameter 131 millimeters. The volutions are short with rather fiat sides, strongly 
rounded below. They embrace so far as to leave a distinct though not deep suture, 
and the outline is therefore nearly smooth. The immature volutions increase in size 
more rapidly than the mature ones, so that the apical portion tends to be conical and 
the lower portion cylindrical, and a somewhat fusiform shape is produced. The aperture 
is small, oval. The axis is solid. 

The surface is marked by fine incremental lines parallel to the axis, which ~r~ 
gathered at regular intervals into fascicles or obscure plications. 
..... ' ~ . . . . ,.,.... '''~' 



DESCRIPTION OF S!,ECIES. 361 

The foregoing description is based upon the typical specimen. A second specimen 
is at hand indicating a considerably larger size (2 millimeters in diameter), but it is frag
mentary and I am not sure that it belongs to the, same species. 

Z. teres is distinguished by its minute size, its fusiform shape, its slightly indented 
sutures, and its obscure corrugations. In one or all of these particulars it differs [rom 
other American species so that more detailed comparisons are not necessary. Indeed, 
the species is somewhat doubtfully referred to Zygopleunl at all and would perhaps 
better be placed under Pseudomelania. It resembles Z. nana, but is less distinctly cor
rugated. This is not well shown in the figures; the shading which in this species suggests 
corrugations, appears in fact to represent color markings. 

Horizon and locality: Kansas City formation-Drum limestone member, station 
429. 

Subgenus Hemizyga n. subgen. 

In a peculiar phase of the fauna of the Cherokee shale there occurs a group of 
species which can not be included under Zygopleura without unwarrantably enlarging 
the scope of that genus, yet whose relationship to the Zygopleuras associated with 
them is so obvious that it seems doubtful whether they consititute an entirely distinct 
and independent genus. 

They pass, ill brief, through a Zygopleura stage that comprises the major porti.on 
of the shell. At a certain stage which occurs earlier in some forms and later in others, 
the characteristic longitudinal ridges of Zygopleura subside into growth lines of which 
the ridges may be considered fascicles, and a series of revoll'ing stria: is introduced, a 
feature which is quite alien to true Zygopleura. In one species an intermediate con
dition exists, the coarse plications of typical Zyg'opleura giving place to much finer 
markings such as arc also founcl in forms referred to Zygopleura, but these in turn are 
sncceeded by the final stage in which the revolving stria: arc developed. In one particular 
the statements made above involve an inference rather than a direct observation, for 
since the revolving lira: arc confined to the lower moiety of the volution, which is fully 
exposed only in the final whorl, it can not be positively asserted that they are a late 
development rather than a continuous feature of the individual. That it is a Jate, pos
sibly a gerontic, character seems probable from the close resemblance of the early 
stages to Zygoplcura, in which such markings are not found, and from the modified 
condition of the Zygopleura characters in the final volution, on which alone these spiral 
strire have actuaIly been observed. 

There may be some question whether these shells should not be referred to the Trias
sic genera Heterocosmia or Acrocosmia. One well marked. and important difference 
from Heterocosmia is the fact that ill the latter the revolving strire cover the entire 
sheIl instea'd of being confined as here to the later voilltions and to the lower portion 
of those. Acrocosmia differs in having a very brief instead of a very long Zygoplcura 
stage and in having the volutions flat-sided and flat-bottomed instead of rounded. 

It seems probable that the forms which in a recent paper Miss Mark doubtfully 
referred to the genus Aclisina CA.? cancellata, A.? costata, and A.? ornata) may find place 
in this group. 

Hemizyga dubia n. sp. 
Plate XXXII. figures 9-9b. 

Shell small, conical, composed of 9 or 10 volutions. Length 10 mm., diameter of 
the final volution 4.5 mm. Volutions transverse in cross section with well rounded sides 
and somewhat flattened base. Sutures deep. 

Surface marked as in Zygopleura by strong, regular plications, transverse to the 
volutions but longitudinal to the shell as a whole. The plications in this species are of 
equal size throughout, though tending on the last J:!alf whorl to become indistinct 
or obsolete. There are about 42 of these on the last volution where they are distinct 
enough to be readily counted. On this volution there are also traces of obscure revolv" 
if!? costre, coarse and di~tinct on the sides, fi:qe and indistinct underneat4. 
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The spiral markings in this species, of which hut a single specimen has I>een oht.ained, 
are not perhaps distinct and regular enough to remove t.hem definitely from the! cate
gory of the accidental. If this form is a Zygopleura, the shallow, well-rounded volutions 
and the fine costre will serve to distinguish it from associated species, of which Z. multi
costata is perhaps the nearest. 

In some respects this species resembles AcZisina? cancelllltiz Mark, but it is a much 
larger shell and the plications are oblique in the opposite direction. 

Horizon and locality: Cherokee shale, station 12G8 A2. 

IIemizyga elegans n. sl). 
PllLto XXXII, figureR 7-7)). 

Shell small, conical, consisting of 8 volntionsj length 7.5 111m., diameter ·1 mill. 
Volutions rather rapidly expanding, elongated in cross section and somewhat flattened 
above so that the peripheral line is below the center. Suture fairly deep. 

The surface is marked in the young stages by strong plicatiolls longitudinal to the 
shell as a whole, which arc replaced on the last turn and a half by much fiuer, though 
sharp and regular, Iirre having a ~imilar direct.ion. These arc less distinct Oil the lower 
part of the last volution where, instead, the surface is crossed by a largt) number of more 
or less wavy, unequal, crowded, rcvolving lira: of which traces can be d(~tecLed on some 
of the foregoing volutions, though the Voilitions embrace up to about the line where the 
revolving lirre cease so that they would be for the most part concealed. 

Horizon and locality: Cherokee shale, station 1268A2. 

IIcmizyga grandicostata n. sp. 
Plate XXXII, figures 8-Sb. 

Shell small, conical, composed of 7 or 8 volutions. Height 9.5 111m., diameter of 
last whorl 4.5 mm. Volutions rather strongly and regularly rounded. Suture deep. 

Surface marked by strong plications which on the last whorl become somewhat 
finer and distinctly fainter, subsiding and disintegrating into rather strong growth 
lines on the lower half, where they are crossed by numerous fine distinct revolving 
lirre, which are stronger and more conspicuous than the transverse markings. 

This species is distinguished from II. eleg(zns most obviously by its much 
coarser plications. It is a more rapidly expanding shell than II. dubia and with more dis
tinct revolving lirre. 

Horizon altd locality: Cherokee shale, station 1268A2. 

Genus Bulimorpha Whitfield. 

Bulimorpha minuta Stevens. 
Plate XXIX, figures 4.-4b. 

1858. Loxonema minuta. Stevens, Am. Jour. ScL, sec. ser., vol. 25, p. 260. 
Coal Measures: Sangamon County, and Danville, III. 

?1913. Bulimorpha minuta. Mark, Geol. Surv., Ohio, Bull. 17, fourth ser., p. 317, 
pI. 16, fig. 15. (Date of imprint, 1912.) 

Portersville limestone: PortersviIIe, Ohio. 

Entirely apart from questions of nomenclature, a subject wbich is itself consider
ably involved, it will probably always be difficult to refer specimens to the genera 
Soleniscus, Sphrerodoma, Bulimorpha, etc., because the only characters upon which 
reliance can be placed are not very striking, nor are they shown in the usual conditions 
of preservation. 

Associated with naticoid and)oxonematoid forms in the interesting gastropod facies 
of the Cherokee fauna, there occur a number of small fusiform shells which probably 
are better referred to Bulimorpha than to Soleniscus or Sphrerodoma, since they show 
no indication of folds on the axis. As in most gastropod groups where specific distinc-



DESCRIPTION OF SPECIES. 363 

tions have to be made on differences in shape, often of no very great degree, and where 
the specimens arc apt t? be incomplete at the apex or at the aperture, I have found it 
far easier to select certain well marked types and identify them, than to assign the in
termediate or less perfect specimens. Thus in the collection to which these remarks 
chiefly apply one specimen closely resembles Bulimorpha chrysalis and is referred to 
that species with such confidence as is possible without the advantage of comparison 
with authentic or typical examples. Another specimen agrees nicely with B. inornata, 
if indeed Meek and Worthen's species may be placed in the genus Bulimorpha. Another 
type is represented by some small, elongate shel1s, tapering almost equally at both 
ends. They are more slender than B. chrysalis and are considerably smaller, though 
composed of an equal or even greater number of volutions. 

The specific identification of this type is not easy. It is not as far removed taxo
nomically as it is geologically from the Mississippian species B. bulimiformis. Though 
the largest specimens included here are distinctly larger, this form appears to be quite 
similar to Stevens' poorly described and unfigured Loxonema minuta in so far as it is 
possible to arrive at an idea of that species from the characters given. 

Possibly a fourth form is found in some specimens (when imperfect not always 
readily separated from the gl"Dup last mentioned) whose distinguishing characteristic 
is, however, the shorter finnl whorl and the correspondingly higher spire. ProvisionaIly, 
however, these have been included lInder B. inornata, although the most characteristic 
specimen of the latter is much largcr. 

Stevens' charactcrization of Loxonema 1ninuta, unaccompanied as it is by figures, 
has proved so inadcquatc that diffcrent authors have referred to it quite different types 
of shells. From his known care as a worker, from his opportunities as a contemporary 
of Stevells, anc! from the source of his material which was Danville, Ill., the same as 
that of typical L. minutn, Meek may l)(~ supposcd to have idcntified this species correctly 
in 1873, yct his figures show a form difIcrently proportioned in several respects. 

Stevens does not mention the shouldcr or angulation which produces a horizontal 
platform just below the suturc, a feature distinctly shown by Meek's figures, and he 
gives the length of B. minuta as cxactly four times the height whereas Meek's figure 
shows it to be 2.4 times. Meek's shell was apparently a different and less slender species. 
Kl!yes though diAcuasing B. minuta no less than three times, does not figure it nor fully 
dcscribe it; apparently he based his identification on Meek's and was dealing with 
the samc species. Meek referred Loxonema minuta to Actreonina, Keyes to Bulimorpha, 
but as Meek's form (and probably Keyes') possesses the angulation below the suture 
which characterizes the genus Macrochilina (if, indeed, that feature is an important 
character), I prefer to cite it undcr Macrochilina, and as it seems to be distinct from 
typical Loxonema minuta, I propose to call it Macrochilina? danvillensis. 

Miss Mark has recently used the name Bulimorpha minuta (Stevens) for a minute 
shell from Ohio. As shown by her figures, however, this is different alike from typical 
Loxonema minuta and from the form figured by Meek. It is even more gibbous than 
Meek's species, the height being only about 1.8 times the diameter (instead of 4 times 
as in the typical specimen); it lacks the angulation of Meek's species, and it is much 
smaller than either. 

My own attempfto recognize Stevens' species has more to commend it than either 
of those mentioned. My form is well nigh as slender as is demanded by Stevens' descrip
tion, and agrees with it in most other particulars. The specimen which I figure, however, 
is larger than that on which Stevens based his description and there are other still larger 
specimens referred to the same species. 

Horizon and Zocality: Cherokee shale, station 1268 A2. Kansas City formation
Drum limestone member, station 429. Douglas formation--:Iatan limestone member, 
station 289. 
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Genus Gonloloboceras Byatt. 

Gonioloboceras parriShi Miller and GurZ()y? 

1894. Goniatites sp.? Keyes, Missouri Geol. Survey, Rept., vol. 5, pI. 5fl, fig. 1. 
Upper Coal Measures: Missouri. 

1896. Goniatites parrishi. MilIer and Gurley, Illinois State Mus. Nat. I-list., null. No. 
11, p. 36, pI. 4, figs. 6-8. 

Upper Coal Measures: Kansas City, Mo. 
1900. Milleroceras parrishi. Hyatt, in Zittel's Textbook of Paleontology, Americall 

Ed., Cephalopoda, p. 550. 
1903. Milleroceras parrishi. Smith, U. S. Geo!. Survey, MOil. 42, p. 127, 1'1. 16, 

figs. 6-8. 
Upper Coal Measures: Kansas City, Mo. 

The fine black limestone at station 1254 B is crowded with Goniat.ites, most. (If them 
evidently very immature (since they have a diameter of only 1. or 2 millimeters or k~H~). 
A few, however, are larger and of more nearly mature growth. Two quite distinct 
types are represented by these specimens and there may be others. One type hus a 
strongly evolute growth and has been identified with considerable confidence as Gas
trioceras welleri: the other, which is highly involute, is less perfectly known and is re
ferred, though not with any certainty, to Milleroceras parrishi. This reference is entirely 
on the strength of a certain external resemblance, for the suture and consequently the 
generic position are unknown. 

Horizon and locality: Henrietta formation-Ft. Scott limestone member, station 
1254 B. 

Genus Gastrioceras Byatt. 

Gastrioceras wclleri Smith. 

1903. Gastrioceras welleri. Smith, U. S. Geol. Survey, Mon. 42, p. !l8, pl. 24, figs. 
13-20. 

Des Moines formation: Carroll County, Mo. 
It is probable that the specimens here under consideration belong to the species 

named above, but if so they must be regarded as only half-grown individuals, save for 
a fragment which indicates an original size about equal to that of the types. Aside 
from this, a few specimens have a diameter of 11 millimeters or less, while a great 
number of very small shells have a diameter of 1 millimeter more or less, and probably 
represent the earliest stages of the same species. The larger specimens (11 millimeters 
in diameter) consist of (3 or 7 gradually enlarging, very evolute whorls which are trans
versely elongated in cross section and rather flat on the venter which is, however, more 
highly arched in the last whorl. The umbilicus is broad' and deep. The surface on 
the internal mold is marked by rather fine, faint, regular, transverse stria;. A part of 
the shell is preserved on the large fragment mentioned above and shows regular, trans
verse imbrications. None of my specimens shows the suture. 

Horizon and localit~: Cherokee shale, station 1263Cl. Henrietta formation
Ft. Scott limestone member, station 1254B. 

Register of Localities. 

162. West center sec. 16, T. 61, R. 29. Up branch Y2 mile west of Little Sampson 
Creek, Cherryvale shale member of Kansas City formation. 

163. On road, southeast corner sec. 30, T. 52, R. 31. From shale below Broadhead's 
108. Upper part of Lane shale member of Lansing formation. 

164. Same as 217, at the point between Turkey Creek and the Kaw, at Kansas 'City, 
+Wo. Cherryvale shale member of Ka~s~s Citr fOl'lnatio~. 



165. 

166. 

167. 

168. 

169. 

170. 

171. 

172. 

173. 

174. 

17.'5. 

176. 

177. 

178. 

179. 

180. 

181. 

182. 
183. 

184. 

185. 

186. 

187. 

188. 
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Broadhead's 186. East central part of sec. 30, T. 59, R. 37, on high point 
between creek and Missouri River bottom. Deer Creek limestone member 
of Shawnee formation. 

On west.side of creek near east side of sec. 5, T.·58, R. 29. South of township 
line. Northern extension of lola limestone member of Kansas City formation. 

N.W. :xi N.W. :xi sec. 29, T.62, R. 26, where road crosses branch. Top of Cherry
vale shale member of Kansas City formation. 

Quarry on creek north of Burlington R. R., just east of Caldwel1-DeKalb line. 
Limestone in Chanute shale member of Kansas City formation. 

Broadhead's 150. In extreme northeast corner sec. 29, T. 59, R.36. Main 
ledge of Oread limestone member of Douglas formation. . 

Quarry in bluff, between two creeks, east side of sec. 27, T. 59, R. 36. Broad
head's 152. Stringer above main ledge of Oread limestone member of Douglas 
formation. 

On road west of creek, sec. 7, T. 51, R. 32. Below Broadhead's 100. Lane 
shale member of Lansing formation. 

Broadhead's 91. Second cut south of Elmira. Chanute shale member of 
Kansas City formation,. just above Cement City limestone bed. 

On the east side of Milwaukee R. R. South of trestle in N.E. portion of sec. 
3, T. 54, R. 29. Raytown limestone bed, in Chanute shale member of Kansas 
City formation. 

One mile north of Liberty in cut on Milwaukee R. R. Cement City limestone 
bed (?), in Chanute shale member of Kansas City formation. 

In ravine north of station 209. Henrietta formation (upper part). 
14113 

In creek northwest of cross roads 23124' T. 52, R. 32. Broadhead's 95. 
Chanute shale member of Kansas City formation, between Raytown and 
Cement Citv lim~stone beds. 

Broadhead's 150. In ravine on north side Burlington R. R. on line ~~, 
T. 59, R. 35. Main ledge of Oread limestone member of Douglas formation. 

Broadhead's 150. Near center of Atwood and Newell's quarry at Amazonia. 
Main ledge of Oread limestone member of Douglas formation. 

One hundred feet northwest of bridge over Kinsey Creek, in extreme southern 
part of sec. 18, T. 60, R. 38. In shale between Broadhead's 197 and 199? 
Topeka limestone member of Shawnee formation. 

Thirty-six to forty feet above Deer Creek limestone at the big quarry below 
Curzon. Topeka limestone member of Shawnee formation. 

Quarry in Broadhead's 150. East of center of sec. 19, T. 58, R. 35. On Mis
souri River bluffs. Main ledge of Oread limestone member of Douglas 
formation. 

Same as station 168. lola limestone member of Kansas City formation. 
In bed of creek, north central part of sec. 11, T. 59, R. 37. Upper layer of 

Lecompton limestone member of Shawnee formation. 
Extreme northwest comer of sec. 7, T. 55, R. 36. In Broadhead's 143? South 

bank of Rushville Creek. Lower part of Oread limestone mem~er of Douglas 
formation. 

In ravine on east side of sec. 2, T. 51, R. 35. Broadhead's 108 at foot of bluff. 
Plattsburg limestone member of Lansing formation. 

S.W. :xi S.E. :xi sec. 20, T. 59, R. 29, Broadhead's No. 111. Shale below main 
ledge of Stanton limestone memll4lr of Lansing formation. 

West of Stahl, south side of Job's Branch, just above mouth. Summit coal, 
25 feet below top of Cherokee shale. 

Just east of line 23124, T. 59, R. 38. On Missouri River bluffs. Limestone lens 
in Calhoun shale member of Shawnee formation. 
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189. Road east of creek. East part of sec. 6, T. 51, R. 32. Upper part of Lane shale 
member of Lansing formation. 

190. Broadhead's No. 92, on Milwaukee R. R. one mile south of Bement, Clay County. 
Chanute shale member of Kansas City formation, between Raytown and 
Cement City limestone beds. 

191. Big quarry below Curzon. Broadhead's limestone 186. Deer Creek limestone 
member of Shawnee formation. 

192. West side of sec. 6, T. 59, R. 15. Ncar old railroad grade of Iowa and St. L. R. R. 
Cherokee shale, 30-40 feet below top Mulky or Summit coal horizon. 

193. East side Rush Creek, 1:4 miles north of Liberty, west: of Milwaukee R. R. 
Shale above Broadhead's No. 85e!. Cherryvale member of .\{ansas City 
formation. 

i. Quarry on west side of Burlington R. R., 1:xt miles north of Liberty. Shale 
above 85a. Cherryvale shale member of Kansas City formation. 

i. Broadhead's 90. South of road, east of creek, ill sec. 4, T. 51, R. 32. Cement 
City limestone bed in Chanute shale member of Kansas City formation. 

3. Same as 166. lola Iimest"<lne member of Kansas City formation. 
7. Quarry at Forest City. Shale between layers of Broadhead's 102. Calhoun 

shale member of Shawnee formation. 
a8. On Burlington railroad, 3 miles south of Quitman. Topeka limestone member 

of Shawnee formation. 
i19. Same as 198. Broadhead's 209. Topeka limestone member of Shawnee 

formation. 
200. Broadhead's 197-199. Same as 197. Topeka limestone member of Shawnee 

formation. 
201. Quarry west of Trenton, Mo. Bethany Falls limestone member of Kansas 

City formation. 
Road side just west of house of J. M. Davis near southeast corner of sec. 2R, 

T. 58, R. 24. Limestone (probably equivalent to Altan'lont liulL's(one in Kan
sas). Pleasanton formation. 

Cap rock in Powersville coal mine. Henrietta formation, prohahly in [he Fort 
Scott limestone member. 

East side of Grand River, 200 yards north of south line of sec. 21, T. liS, R. 21. 
Pawnee limestone member of Henrietta formation. 

Shaly limestone near base of Lawrence shale member of Douglas [ormation, 
10-15 feet above Broadhead's No. 121. Missouri River bluff 1 mile nortlwast 
Ken moor, Buchanan County. 

S.W. 74 N.W. 74 sec. 9, T. 59, R. 37. Broadhead's 192, above bridge. Lime
stone lens in Calhoun shale member of Shawnee formation. 

Gul\y in N.W. 74 sec. 33, T. 36, R. 54, where road leads up to house. Near 
base of Lawrence shale member of Douglas formation. 

Shaly limestone near base of Lawrence shale member of Douglas formation, 
10-15 feet above Broadhead's No. 121. Missouri River bluffs at shale pit of 

. Phoenix Brick Co., St. Joseph, Mo. 
At 81.3 mile post on Q. O. & K. C. R. R., east of Stahl. Summit coal, 25 feet 

below top of Cherokee shale. 
On south side of Little Otter Creek, 100 paces cast of road on line between sees. 

19 and 20, T. 57, R.27. Cherryvale shale member of Kansas City formation. 
Broadhead's 209. South of railroad bridge over Nodaway River in N.W. 74 sec. 

16, T. 63, R. 37. Topeka limes~ne member of Shawnee formation. 
Between river and railroad track in N.W. 74 sec. 9, T. 64, R. 37. Top of Severy 

shale member of Shawnee formation, just under Howard IimeRtollc m(~mbcr. 
Broadhead's limestone 137. South side of gulJy in north-central part of S.W. 

U sec. 30, T. 56, R. 36. Amazonia limestone bed, in Lawrence shale member 
of Douglas formation. 
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214. Broadhead's No. 150. On point of hill, sec. 20, T.54, R. 36 •. Main ledge of 
Oread limestone member of Douglas formation. 

215. lola limestone member of Kansas City formation, along Cliff Drive at Kansas 
City, Mo. 

216. First cut west of Gee Creek on C. R. I. and P. R. R. between Hickory Creek and 
Jamesport. Cherryvale shale member of Kansas City formation. 

217. Quindaro, Kansas. Broadhead's 85-c. Cherryvale shale member of Kansas 
City formation, just above base. 

218. Tarkio limestone member of Wabaunsee formation. McKissick's Grove, 
Fremont County, Iowa. 

219. In quarry in Broadhead's 150. N.E. U sec. 36, T. 59, R. 36. Main ledge 
of Oread limestone member of Douglas formation. 

220. Same as 218. Cap rock of Nyman coal, 25 feet above Tarkio member of Wab
aunsee formation. 

221. Shale pit at Nebraska City, Neb. Limestone layer in shale in Wabaunsee 
formation. 

222. In gully in saddle between 2 outliers of Broadhead's 186 on bluff of Missouri 
valley near line between secs. 30 and 29, T. 59, R. 37. Upper layer of Lecomp
ton limestone member of Shawnee formation. 

223. Broadhead's 209 in ravine trending southeast in N.E. U N.W. U sec. 24, T. 
59, R. 38. Toepka limestone member of Shawnee formation. 

224. Broadhead's 160-166. South-central part of sec. 19, T. 59, R. 35, in excavation 
on divide. Lecompton limestone member of Shawnee formation. 

225. Same as 178. From Broadhead's 146 (upper part). Shale between lower and 
middle limestones of Oread limestone member of Douglas formation. 

226. Shale pit at Nebraska City, Neb. Limestone in Wabaunsee formation. 
227. Broadhead's 160-166. In center of N.W. U sec. 25, T. 59, R. 36. Lecompton 

limestone member of Shawnee formation. 
228. Near center of sec. 32, T. 60, R. 38. Severy shale member of Shawnee formation, 

just below Howard limestone member. 
229. Upper part of Broadhead's 186 in hollow near center N.E. U sec. 23, T. 59, R. 

38. Deer Creek limestone member of Shawnee formation. 
230. Shaft of John Keynon. N.W. %: N.W. U sec. 8, T. 53, R.21. Bevier coal, 

about 100 feet below top of Cherokee shale. 
231. In old strip pit, %: mile south of north line of sec. 5. East side of section where 

road turns east. T. 39, R. 33. Pleasanton formation, in shale that corre
sponds to Bandera shale of Kansas. 

232. Locust Creek, sec. 7, T. 61, R. 20, Sullivan County. Fort Scott limestone mem
ber of Henrietta formation. 

233: Broadhead's 74. Railroad cut southeast part Milan, Sullivan Co. Hertha 
limestone member of Kansas City formation. 

234. Railroad cut on Santa Fe just west of bridge over Mussel Fork. Fort Scott 
limestone member of Henrietta formation. 

235. Southwest corner of sec. 33, T. 40, R.33. West side of road, south side of creek. 
Pawnee limestone member of Henrietta formation. 

236. Strip pit north of road in sec. 33, T. 40, R. 33. Pleasanton formation, in shale 
that corresponds to Bandera shale of Kansas. 

236a. Same as 236. Pleasanton formation, in shale that corresponds to Bandera shale 
of Kansas. . 

237. In strip pit, southeast corner sec. 8, T. 40, R. 31. Pleasanton formation, in 
limestone that corresponds to Altamont limestone of Kansas. 

238. T. 60, R. 21 where line between secs. 23 and 26 crosses creek. Bevi~r sump rock 
in east bank of creek. Cherokee shale, 100 feet below top. 

239. Strip pit in northeast corner sec. 25, T. 40, R. 29. Lower limestone of Fort 
Scott limestone member of Henrietta formation. 



368 

240. 

241. 

242. 

243. 

244. 

245. 

246. 
247. 

248. 

249. 
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In mound northwest of Monteith Junction. U ppe!" 1i1l!etitOllC of Fort Scot t 
limestone member of Henrietta formation. 

Limestone in road ~-:l-~~, T. 46, R. 24, south of Knobnoster. Cherokee shale, 

upper part. 
S.E. 7.4 sec. 13, T. 38, R. 32, in bed of creek crossing road. Chcl'Okce shale, 

about 75 feet below Fort Scott limestone memher of Henrietta formation. 
Old cut, S.E. 7.4 N.E. ~<i' sec. 3·1, T. an, R. 32. Lower Iimestolle of Fort Scott 

limestone member of lIenrietta formation. 
In road, in middle of sec. 12, T. 57, R.:If)' Ncar west side of seelion. Con

cretions in shale over Mulky coal. Cherokee shale, 35-40 feet below lop, 
Mulky coal horizon. 

N.E. 31 S.W. ;\<i' sec. :31, T. 58, R. 22. Bank Medicine Creek, Collier's Mill. 
Fort Scott limcstone member of lIenrietta formation. 

Gully in south-centra! part sec. 7, T. GI, R. 20, I'lcasanton format ion. 
Railroad cut in N.W. ~<I- sec. 22, T. 44,R. 24. Shale just: ahove lower limestollc 

of Fort Scott limest one member of Henriet In. formalion. 
S.E. 7.4 sec. 5, T. 3D, R. ail, west of schoolhollse. Top of LabeUe shale member 

of Henrietta formation. 
Shale above "lO-in. cap" of Mystic coal, at bridge eas!: of YOllllgRtown. 

S.W. corner sec. 1H, T. G2, R. 1G. Fort Scott limestolle llwIlIher of Henrietta 
formation. 

250. Quarry southeast part of Milan. Bethany Falls limestone member of Kansas 
City formation. 

251. Strip pit north of road in S.E. t N.W. ~ sec. 3:3, T.42, R. 28. Upper RtlI'facc 
of lower limestone of Fort Scott lime~t()l1e member of IIcnrict.ta formation. 

252. South bank of north fork of Blackwater. West side sec. 12, T. 47, H. 2R. Fort 
Scott limestone mcmber of· Henrietta formation. 

253. East side small branch, cast side of main creek on road ~~, T. :W, R. il:l. 
Pawnee limestone memjJer of Henriella formation. 

254. "Diamond Rock," Ilear center of west line of sec. 2(;, T. :m, R. a2. In old cuI:. 
Cherokee shale, 70 feet more or less below top. 

255. South of Hich Hil1, :tYIo. Horizon just above Rich Hill thick conI. Clwrokee 
shale, 150 feet more or less below top. 

255a. South of Rich Hill, Mo. From hot'izon just above thick coal. Cherokee shale, 
150 feet more or !e"ss below top. 

256. Mendota, Mo. Cap rock of Mystic-Mendota coal. Mine No.9. Fort Scott 
limestone member of Henrietta formation. 

257. Near Carey strip pit, lY2 miles cast of Harrisburg, Mo. Cherokee shale, ncar 
Bevier coal horizon. 

258. On Chariton River, northest of Keytesville. From rocks associated with coal 
mined at Dooley and Cooley mines. Cherokee shale, near Bevier coal sump 
rock. 

259. Cap rock of Mystic bed. Dump of Big Jim mine, Seymour, Iowa. Fort Scott 
limestone member of IIenrietta formation. 

260. N.E. 7.4 N.E. 7.4 sec. 10, T, 52, R. 21. Two miles southeast of Miami, Mo. From 
rocks above thin coal formerly mined. Cherokee shale, ncar local base. 

261. Dump of Trenton Mining Co. Cherokee shale, about 100 feet below top. 
Lower Ardmore coal horizon. 

262. Weston Coal & Mining Company's south mine, 4 miles south of Lexinglon, 
Mo. From the "Sulphur" immediately underlying the Lexington coal be d, 
in the Cherokee shale. 

263. One mile west of Novinger, Mo. In railroad cut, 10 feet above track. In 
light drab shale that lies under 1 foot of slate that is 452: feet below the Myst i( . 
Stahl coal. Cherokee 'shale, Summit coal. 
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264. Swanwick mine, Swanwick, Ray Co., Mo. From dump. Fort Scott limestone 
member of Henrietta formation. 

265. N.E. 7i sec. 33, T. 40, R. 33. Near Amoret, Bates Co., Mo. Pleasanton forma
tion from shale, just above Mulberry coal, material corresponds to Bandera 
shale of Kansas. 

266. One mile southwest of Hams Prairie, Callaway Co., Mo. Cherokee shale, at 
local base. 

267. One half mile east of Pickel sandstone quarry, northeast of 'Warrensburg, Mo. 
Cherokee shale, Mulky coal?, 80 feet from top of Cherokee. 

268. Two miles north of Knobnoster, Mo. Cherokee shale, impure limestone above 
Bevier coal. 

269. Gooding strip pit, 1Yz miles north of Hinton, Boone Co., Mo. Cherokee shale, 
in slate and "cap rock" of Mulky coal bed. 

270. Silver Creek, due west of Hallsville, Mo. Cherokee shale, in cap rock of MuU .. -y 
coal bed. 

271. Leavenworth quadnlllgle, Leavenworth, Kansas. Cherokee shale, from above 
coal mined by Home-Riverside Coal Company, the Bevier coal. 

272. Leavenworth quadrangle, N.E. corner see. 19, T. 54, R. 36. Upper limestone 
of Oread limestone member of Douglas formation. 

273. Leavenworth quadrangle, upper limestone of Oread limestone member of 
Douglas formation, in quarry northwest corner sec. 27, T. 8 S., R. 22 E. 
One mile northwest of Leavenworth. 

274. Leavenworth quadrangle. West. side of Owl Creek in road in sec. 35, T. 54, R. 
35. Iatan limestone member of Douglas formation. 

275. Leavenworth quadrangle. Platte River bridge, sec. 34, T. ·52, R. 35. Lane 
shale member of Lansing formation, just below Farley limestone bed. 

276. Leavenworth quadrangle. Same as 276a. Iatan limestone member of Douglas 
formation. 

276a. Leavenworth quadrangle. Bluff Yz mile north of depot at Weston, Mo. Near 
base of Lawrence shale member of Douglas formation. 

276b. Same as 276a. Near base of Lawrence shale member of Douglas formation. 
277. Leavenworth quadrangle. Southwest corner sec. 15, T. 53, R. 35. Top of 

Stanton limestone member of Lansing formation. 
278. Leavenworth quadrangle. Wagon road south of Iatan. Near base of Law

rence shale member of Douglas formation. 
279. Leavenworth quadrangle. Cut in sec. 19, T. 53, R. 35. Upper limestone of 

Stanton limestone member of Lansing formation. 
279a. Same as 279. Leavenworth quadrangle. Lower limestone of Stanton lime

stone member of Lansing formation. 
280. Leavenworth quadrangle. N.E. % N.W. % sec. 11, T. 51, R. 35. Plattsburg 

limestone member of Lansing formation. 
281. Leavenworth quadrangle. Southwest corner sec. 2, T. 53, R. 36, in quarry 

in Iatan limestone member of Douglas formation. 
282. LeavenwQ.rth quadrangle. N.E. % N.W. % sec. 16, T. 52, R. 35. Near base 

of Lawrence shale member of Douglas formation. 
283. Leavenworth quadrangle .. Near base of Lawrence shale member of Douglas 

formation near Leavenworth. 
284. Leavenworth quadrangle. Northeast corner sec. 13, T. 54, R. 36, 1Yz miles 

north of latan. Upper limestone of Oread limest9ne member of Douglas 
formation. 

285. Leavenworth quadrangle. East bank of Platte River, near river bridge in sec. 
34, T. 52, R. 35. From Broadhead's No. 100. Middle of Lane shale member 
of Lansing formation, in the Farley limestone bed. 

G-24 
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285a. Lcavcnworth quadrangle. Emit bank (If l'latte! Riwr IlI'ar riwr Ilriclg(· in Sl·t'. 

2a, T. 52, R. H5. From Brondlll'ud'H 100. Middl(~ of Lall(, !-Ihah' Illl'mll('f of 
Lansing formation in tilt' Farley IiI1l('HtOlW 11(·d. 

286. Lcavcnwort.h quadmngl(!. Clay pit at. KansaH Statl' I'l'lIit('lItiary, Laul'IillK, 
KanSllfl. Lane Hhalt! nH'lllh(~r of LallHing format ion al)(l\'(! Farl(·y Ii 11 H.!l'It ollC 
bed. 

287. Lcavcnwort.h quadrangle. Coal min<~ at KnnH<lH State' I'(·ni((·ntiary, Lnn:-linK, 
Kansas. Ch(~roke(' Hhal(', I'll) f('ct ~ hdow top, m'ilr ll(!vi('r (·oal. 

288. Lcavenworth quadran!(i<!. SOlltheaHt. ('orneI' :-1('('. 12, T. IH, R. :W,I ,! ~ lllill'H 
north of lalan. LC(,()lllptoll 1iIllI'HtOlH' IlWl1IIIt'r of Shawl!('(' formation. 

280. LCaV(!IlWorth quadrang\(!. N.W. J.l HC'C. 2\), T. 54, R. an. MiHHO\ll·j RiVl'I' 
bluffs % mile sout It of Iatan. latan JiUH'1ItOIl(, !lIt'mil"r of l>ouJ.(\aH formation. 

290. LC1'Ivenworth quaclrnngk'. KanRaH Stat(~ l'enit('ntiary quarry, LUIiHinK, KamiaH. 
S.W. U N.E. J4 APt:. HI, T. II S., H.. 2:1 E. Main l(·<lge! of Ilppl'f !iflll'lItm\(' of 
Stanton lim()stoll(! mClIIhpl' of Lnllio!ing formation. 

290n. Leavenworth quadrangle. KanHlIa Stntl' Penitl'ntiary quarry, Lunfolinlot, Kiln
Ans. S.W. Y.t: N .E. U; !lee. 10, T. Il S., R. 2:3 g. Low('r Iil1lt'Ktom' of Stanton 
limestone mcmb(~r of LrlllHing formatioll. 

291. Leavcnworth quadrungle. Hillside!, northeast em'ncr set'. 27, T. 8 S., I{. 22 Eo 
Lower Iimcst(lIl(~ of Oread limestone member of Douglas {ormation. 

292. Leavenworth quadrangle. Roudside on Government Hill, N.W. U; lIet~. 22, 
T. 8 S., R. 22 E. Middle of Dread limestone member of Donglns fornmtioll. 

293. Leavenworth qua.drangle. Roadside on Government Hill in N.W. ~ IICC. 22, 
8 S., R. 22 E. Lower Dread limestone member of Douglas formation. 

294. Leavenworth quadrangle, at Fort Bridge at Fort Leavenworth. Iatan limestone 
member of Douglas formation. 

295. Leavenworth quadrangle. Seven-mile Creek, % mile ahove mouth, LanKing, 
Kansas. S.W. U S.W. U flce. 18, T. !) 5., R. 23 E. PlaUKlmrg IiuwHtOlw 
member of Lansing formation. 

296. Leavenworth quadrangle. Nine-mile C1'<~d<, nt'ar mouth. N.W. );( N.W. 34 
sec. 20, T. 9 S., R. 23 Eo, Lansing, Kansas. I'laUHllllrJ.( linwstolw nWlllber 
of Lansing formation. 

297. Leavenworth quadrangle, pit of Leavcnworth Vitrificd Bdek Co. N.W. J4 5.E. 
U sec. I, T. 9 S., R. 22 E. Weston shale illt!llIber of Douglas lormntion. 

298. Leavenworth quadrangle. Bluff of Missouri River, just Ilorth of Weston, Mo. 
Lower part of Lawrence shale member of Douglas formation. 

299. Leavenworth quadrangle. Northwest corner of sec. aa, T. 54, R. 36. Missouri 
River bluffs, 2 miles south of Iatan. Lawrence shale member of Douglas 
formation, near base. 

300. Leavenworth quadrangle. Along bluff road, U to ~ mile north of latan. 
Lower part of Lawrence shale member of Douglas formation. 

301. Leavenworth quadrangle. At Fort Bridge, Fort Lcavenworth, Kansas. Upper 
part of Weston shale member of Douglas formation, just below Iatan limestone 
member. 

302. Leavenworth quadrangle. Southwest corner sec, 24, T. 54, R. 35. latan lime
stone member of Douglas formation. 

303. Leavenworth quadrangle. Roadside on Government Hill, N. W. U sec. 22, 
T. 8 S., R. 22 E. Shale immediately below middle limestone of Dread lime
stone member of Douglas formation. 

304. Leavenworth quadrangle, N.E. U S.W. U sec. 24, T. 54, R. 35. Iatan limestone 
member of Douglas formation. 

305. Leavenworth quadrangle. Old brick shale pit, N.W. 'U N.E. 'U sec. 19, T. 
9 S., R. 23 E., Lansing, Kansas. Lower limestone of Stanton limestone 
member of Lansing formation. 
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306. Leavenworth quadrangle. Same as 279, Stanton limestone member of Lansing 
formation, in shale on lower side of lower ledge. 

307. Three miles southwest of Wellsville, Montgomery Co., Mo. Cherokee shale, 
Mulky cap rock. 

307a. Wellsville, Mo. lY2 miles south of town. Small quarry )4 mile southwest (?) 
of Whitehead mine. Mostly top of limestone and shaly beds next above, in 
Cherokee shale, above Mulky cap rock. 

307b. Wellsville, Mo., 1-1)4 miles south of town. Various small outcrops in vicinity 
of Whitehead mine. Shaly beds above main limestone, in Cherokee shale, 
above Mulky cap rock. 

308. Trenton, Mo. East of bridge at south side of town, on north bluff of river. 
Pawnee limestone member of Henrietta formation. 

309. Roadside, just south of Chariton River in S.E. )4 sec. 35, T. 53, R. 17. Chero
kee shale, Bevier sump rock. 

310. Woodland Mill, Linn Co., Mo. Sec. 14, T. 57, R. 21. Labette shale member 
of Henrietta formation. 

31Oa. Same as 310. Southernmost limestone. Pawnee limestone member of Henrietta 
formation. 

413. Kansas City, Mo. West bluff. S.E.)4 sec. 7, T. 49, R. 33. Chanute shale 
member of Kansas City formation. 

414. Kansas City, Mo. Quarry near Brook St. and Benton Place. "Calico ledge" 
(Raytown limestone bed), in Chanute shale member of Kansas City formation. 

415. Kansas City, Mo. S.E. )4 sec. 6, T. 49, R. 33. West Bluff. Drum limestone 
member of Kansas City formation. 

416. Kansas City, Mo. N.E. 7.4: sec. 9, T. 49, R. 33, "Building ledge" (Cement City 
limestone bed), in Chanute shale member of Kansas City formation. 

417. Kansas City, Mo., 12th St. and W. Bluff, sec. 6" T. 49, R. 33. "Calico ledge" 
(Raytown limestone bed), in Chanute shale member of Kansas City forma
tion. 

418. Kansas City, Mo. From a nodule in the shale at the top of the Chanute shale 
member of the Kansas City formation. Quarry on West Bluff just above 
the Turkey Creek pumping station. 

419. Kansas City, Mo. S.W. 7.4: sec. 7, T. 49, R. 33. Top of Bethany Falls limestone 
member of Kansas City formation. 

420. Kansas City, Mo. Penn Valley Park. Broadhead's limestone No. 100. 
Farley limestone bed, in Lane shale member of Lansing formation. 

421. Kansas City, Mo. N.W.)4 sec. 7, T. 49, R. 33. Bottom of lola limestone 
member of Kansas City formation. 

422. Kansas City, Mo.' Corner Belleview & Kansas Boulevards, sec. 18, T. 49, R. 
33. Raytown limestone bed, in Chanute shale member of Kansas City for
mation. 

423. Kansas City, Mo. Kansas City Southern Ry., east of Zoo, in Swope Park. 
Broadhead's limestone 74. Hertha limestone ~ember of Kansas City for
mation. 

424. Kansas City, Mo. Sec. 18, T. 49, R. 33, corner of Madison and 29th St. Cement 
City limestone bed, in Chanute shale member of Kansas City formation. 

425. Kansas City, Mo. N.W. 7.4: sec. 7, T. 49, R. 33. Chanute shale member of 
Kansas City formation, in Raytown limestone bed and overlying shale at 
top of Chanute member. 

426. Kansas City, Mo. S.E. )4 sec. 29, T. 49, R. 33. Broadhead's 85a. Winterset 
limestone member of Kansas City formation. 

429. Kansas City, Mo., 6th and Bluff streets, oOlite bed. Drum limestone member 
of Kansas City formation. 

429a. Same as 429. Kansas City formation, in heavy limestone above the oolite. 
Chanute shale member: may be lola limestone member. 
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430. Chillicothe, Mo. Livingston Co. Pleasanton formation !1(~ar basp, pl"obaIJly 
above the unconformity. 

435. Vandalia, Mo. Limestone about 8-12 feet above the lowC'st: coal. Cherokee 
shale, limestone over Mullcy coal. 

644. Kansas City quadrangle. Corner Prospect Ave., and Swope Parkway, KanS<lH 
City, Mo. Cherryvale shale member of Kansas City format iou, 12 feet above 
Winterset limestone member. 

645. Sperry Quarry at Bethany, Mo. Winterset limestone member of Kansas City 
formation. 

646. 2:Y:l miles east of Gilman City, Mo. Winterset IimC'stone lHC'Jll1Jel" of Kansas 
City formation. 

647. Green City quadrangle. Sec. 32, 1'. 65, R. 17. Pleasanton f()rmation (above 
unconformity?). 

648. Green City quadrangle. Sec. 19, 1'.6"1 N., R. 18 W. Plea>.auton formation Ileat' 

base. (Near unconformity) .. 
649. Queen City quadrangle. In black shale at "slate ford," S.W. H S.W. U S(~c. 

22, 1'. 65, R. 16. Cherokee shale, Bevier coal horizon. 
650. Leavenworth quadrangle. On first hill east of Platte City, Mo. Base of Iaian 

limestone member of Douglas formation. 
651. Smithville quadrangle. Northwest corner sec. 7, 1'. 52, R. :n, 4 miles southeast 

of Platte City, Mo. Base of Iatan limestone memuer of Douglas forma
tion. 

652. Leavenworth-Smithville quadrangle. Northwest corner of sec. 7, T. 52, R. :n. 
Four miles southeast Platte City, Mo. Nodule in Weston shale mcmu<>r of 
Douglas formation. 

653. Green City quadrangle. Sec. 19, 1'. 64, R. 18. Pleasanton formation ncar 
base. 

654. Green City quadrangle. Sec. 19, T. 6·1, R. 18, Pleasanton formation near' base. 
655. Green City quadrangle. Sec. 5, 1'. 6·!, R. 18. Pleasanton format ion ncar 

base. 
656. Smithville quadrangle. Sec. 22, T. 53, R. 33. Just west of Smithville. From 

lowest layer of Raytown limestone bed in Chanute shale member of Kansas 
City formation. 

657. Smithville quadrangle. Sec. 28, T. 53, R. 3a, about 1;!-2 miles southweM of 
Smithville. Farley limestone beel, in Lane shale member of Lansing forma
tion. 

658. Smithville quadrangle. Where road crosses creek in N.E. Yt sec. 32, T. 54, R. 
33. Farley limestone bed, in Lane shale member of Lansing formation. 

659. Smithville quadrangle. N.E. 74: sec. 33, 1'. 54, R. 33. Plath,burg limest.one 
member of Lansing formation. 

660. Cunningham stripping in Fort Scott coal cap rock, N.E. Yt N.W. Yt sec. 15, 
T. 46, R. 27. Lower Fort Scott limestone member of Henrietta formation. 

661. Green City quadrangle. Fort Scott limestone member of Henrietta formation 
and Cherokee shale above Lexington (Mystic) coal, N. E. 3i S. E. 3i sec. 11, 
1'.65, R.17. 

662. Green City quadrangle. N.E. 74: S. E. 3isec. 11,1'.65, R. 17. Fort Scott 
limestone member of Henrietta formation. 

663. Smithville quadrangle. Sec. 19, T. 54, R. 33. Farley limestone bed in Lane 
shale member of Lansing formation. 

664. Green City quadrangle. S.W. 7i N.W. 74: sec. 32, 1'. 65, R. 17. Pleasanton for
mation (above unconformity?), from black slaty shale under Chariton con
glomerate. 

665. Green City quadrangle. N.E. ~ S.W. 74: sec. 31, T. 65, R. 17. Pleasanton for
mation, near base (northern Missouri, above unconformity). 
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666. Green City quadrangle. N.W.:l4 N.W. :l4 sec. 5, T. 64, R. 17, at roadside. 
Fort Scott limestone member of Henrietta formation. 

667. Green City quadrangle. S.E.]4 N.W. ?4 sec:32, T. 65, R. 17. Fort Scott lime
stone member of Henrietta formation. 

668. Green City quadrangle. South bank of Spring Creek, S.E. :l4 N.W. ?4 sec. 31, 
T. 64, R. 17. Cherokee shale, Summit coal horizon. 

669. Green City quadrangle. East side of branch in S.E. ?4 S.W. ?4 sec. 27, T. 64, 
R. 18. Fort Scott limestone member of Henrietta formation. (Mystic coal 
cap rock). 

670. South part of Novinger, Mo. Cherokee shale, limestone below Summit coal 
horizon. 

671. Green City quadrangle. Branch on line S.W. ?41 S.E. !4 sec. 34, T. 64, R. 18, 
on side of hollow. Pleasanton formation (near base). 

672. Green City quadrangle. West side of hollow S.E. :l4 S. W.!4 scc. 19, T. 64, R. 
18. Pleasanton formation (near base). 

673. Green City quadrangle. Limestone in Pleasanton formation (near base), 
about 20 feet above Pawnee limestone member of Henrietta formation. 

674. Green City quadrangle. S.E.!4 N.E. !4 sec. 28, T. 64, R. 18. Fort Scott 
limestone member of Henrietta formation. 

675. Green City quadrangle. N.E.:l4 N.W. !4 sec. 22, T. 64, R. 18, west side North 
Spring C.eek. Pleasanton formation, near base. 

676. Smithville quadrangle. Road in N.E. !4 N.W. ?4 sec. 20, T. 53, R. 32. Bottom 
layer of lola limestone member of Kansas City formation. 

677. Smithville quadrangle. Road in N.E. !4 N.E. ?4 sec. 18, T. 53, R. 32. Farley 
limestone bed, in Lane shale mcmber of Lansing formation. 

678. Smithville quadrangle. In branch N.E. !4 N.E. !4 sec. 26, T. 53, R.33. Lower 
layer of lola limestone member of Kansas City formation. 

679. Smithville quadrangle. In branch N.E. :l4 N.E. !4 sec. 26, T. 53, R. 33. lola 
limestone member of Kansas City formation, in second layer from bottom. 

680. Smithville quadrangle. South part of Smithville, S.W. !4 S.W. ?4 sec. 23, T. 
53, R. 33. Plattsburg limestone member of Lansing formation. 

681. Smithville quadrangle. Bed of creek, S.E. !4 S.E.·?4 sec. 22, T. 53, R. 33. 
Chanute shale member of Kansas City formation. 

682. Smithville quadrangle. S.W. U N.W. !4 sec. 8, T. 51, R. 32, at roadside. From 
Broadhead's 107. Plattsburg limestone member of Lansing formation. 

683. Smithville quadrangle. S.E. U N.E. ?4 sec. 8, T. 51, R. 32, Broadhead's 96 
("Calico ledge"). Raytown limestone bed, in Chanute shale member of 
Kansas City formation. 

684. Smithville quadrangle. Bed of creek N.W. :l4 sec. 36, T. 53, R.33. lola lime
stone member of Kansas City formation. 

685. Smithville quadrangle. Roadside S.E. ?4 S.E. ;i sec. 12, T. 54, R. 33. Platts
burg limestone member of Lansing formation. 

686. Smithville quadrangle. Bank of Smith's Fork, Platte River, near line between 
sees. 19 and 30, T. 54, R. 32. Farley limestone bed in Lane shale member 
of Lansing formation. 

687. Smithville quadrangle. N.E.;i N.W. !4 sec. 4, T. 53, R. 32. Plattsburg 
limestone member of Lansing formation. 

688. SmithviIIe quadrangle. River bank S.E. U S.E. :l4 sec. 19, T. 54, R. 32. Farley 
limestone bed, in Lane shale member of Lansing formation . .,,, 

689. SmithviIIe quadrangle. Railroad cut on line ~~ T. 53, R. 34. Vilas shale 
member of Lansing formation. 

690. Smithville quadrangle. Bed of creek S.E. !4 S.E. !4 sec. 10, T. 52, R. 34. 
Broadhead's No. 115. Upper layer of Stanton limestone member of Lansing 
formation. 
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691. Smithville quadrangle. 
Broadhead's No. 115. 
formation. 

Ik(\ of creek, S.E. ~ft S.E. ~'I st'c. l(), T. r;~, R. :\1 
lipPl!r layer of Stanton lillwstoJ1(' llWlllbl.'!' of Lansing 

692. Smithville quadrangle. Bed of creek, S.l':. ~ S.E. ~!' HCC. 10, T. !i2, R. :~'f 
Broadhead's No. U5. Upper layer of Stanton limestone member' of Lansin.\,: 
formation. 

707. Woodland MiIls, N.E. ~ sec. 14, T. 57, R. 21, 4 miles southwest of Laclede, 
Mo. Probably Henrietta formation. 

708. Round Mound, sec. Hi, T. ;):J, R. :32, ~;l mile northwest or VenlelIa, Barton Co., 
Mo. Rock over coal bed. Cherokee shale, about so feet from top. 

1254. HigginsvilIe, Lafayette Co., Mo. Fort Scott lil1w~lone lllc'111her U) of H(~nrietta 
formation. 

125413. 3 miles southeast of Higginsville, Lafayette Co., Mo., on nmd in S.E. >~ N .W. 
~ sec. 15, T. 40, R. 25, Fort Scott limestone member (?) of J ienrietia for
mation. 

1255A2 lIigginsville, Lafayette Co., Mo., Rocky Branch, 2Yz miles Wt'f;( of town. 
Cherokee shale, near Summit coal (?). 

1255A4 Same as 1255A2 but just above it stratigraphicaIly. Black shale graduating 
above into thin limestone. Cherokee shale, near Summit coal (r). 

1255Ba Higginsville, Lafayette Co., Mo. Hard yeIIow concretionary limestone in hranch 
'at roadside in N. E. ~ S.W. ~ sec. 7, T. 4,9, R. 26. Pawnee limestone mem
ber of Henrietta formation. 

1256Al Higginsville, Lafayette Co., Mo. Soft limestone west side of road 4 miles south 
of Dover. Cherokee shale, probably near Macon City coal. 

1256B Higginsville, Lafayette Co., Mo. East side of road 4 miles south of Dover. 
Cherokee shale, in cap rock over Macon City coal. 

1256B1 HigginsviIle, Lafayette Co., Mo., east side of road 4 miles south of Dover. Coal 
slates, Cherokee shale, in cap rock over Macon City coal. 

1260A1 Odessa, Lafayette Co., Mo. Blackwater Creek, 731 miles south of Odessa. 
Black argiJIaceous shale, few fossils. Cherokee shale, ncar tOjl, probably 
Summit coal horizon. 

1260Aa Same locality as 12()OA!, but just above it stratigraphically. Light gray heavy 
limestone, 16 inches thick. Cherokee shale, ncar top, probably Summit 
coal horizon. 

1260Ao Same as foregoing, but 20 feet above it stmtigraphicnIly. Cherokee shale, 
near top, probably Summit coal horizon. " 

1263Aa Clinton, Henry Co., Mo., at jackson's mill on Grand River. Cherokee shale, 
not far above base. 

1263A, Same locality as 1263Aa and just above it stratigraphically, Cherokee shale, 
not far above base. 

1263B4 Clinton, Henry Co., Mo. Gilkerson "Ford Bridge on Grand River, south of 
Clinton. Four feet of irregularly bedded sandstone, and limestone nodules. 
Cherokee shale, not far above base. 

1263C1 Clinton, Henry Co., Mo. old Jordan coal bank, center sec. 25, T. 41, R. 26. 
YeIlow sandy shale 40 feet above top of Boone as seen in shaft. Cherokee 
shale, not far above base. 

1263C3 Same as 1263C1 , but 3 feet higher in the section. Cherokee shale, not far above 
base. 

1263C3+ Same locality. Cherokee shale, not far above base. 
1263C, Same locality as 1263C3, but 3 feet higher in the section. 3 feet blue gray 

shales. Cherokee shale, not far above base. 
1266A, Lexington, Lafayette Co., Mo. River bluff below water-works. 30 feet gray 

limestone, upper part shaly, Henrietta formation. 
1266A2 Same locality. Ten feet higher in section, in 6 feet heavy gray limestone, 

Henrietta formation. 
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1268A2 Garland, Henry Co., Mo. On Honey Creek in S.W. ~ S.W. ~ sec. 36, T. 43, 
R. 27. 2 feet limestone, many fossils. Cherokee shale, 100 feet ± below top. 
Here are also included some unlabeled or partially labeled fossils showing the 
same fauna. 

1268B4 Garland, Henry Co., Mo. On Honey Creek at mouth of Cottonwood Creek, in 
N.E. %: S.W. ~ sec. 36, T. 43, R. 27. 1 foot iron bed, full of fossils, Cherokee 
shale, 100 feed below top. 

1268C1 Garland, Henry Co., Mo. On Honey Creek above Buck Ford and above 
mouth of Cottonwood Creek in S.W. %: N.E. ~ sec. 36, T. 43, R. 27. Two 
feet shaly limestone with fossils, Cherokee shale, 100 feet± below top. 

1268D2 Garland, Henry Co., Mo. Gray farm in S.E. %: N.W. ~ sec. 29, T. 43, R. 
27. 1 foot shaly limestone with fossils, Cherokee shale near top. 

1269As Calhoun, Henry Co., Mo. Railroad cut at station in N.W. %: N.E. %: sec. 36, 
T. 43, R. 25. Six inches of iron ore with fossils, Cherokee shale 100 feet± 
below top. 
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PLATE XXVII. 

Batostomella greeniana (p. 326). 

Figs. I and la. Two tangential sections from the same specime<n, x 20. These show 
the circular zooecia and the numerous and crowded acanthopores. There 
are two kinds of acanthopores but they are not very conspicuous in the 
sections and somewhat less distinct in the illustrations. The acanthopores 
are in one section so crowded that they are flattened and deformed. 

lb and lc. A transverse and a longitudinal section from the same specimen as the 
foregoing, x 20. These show the punctate character of the waH contiguous 
to the zooecial tubes. These punctae are represented as smaller and more 
numerous than in the specimen itself. A row of them is sometimes seen down 
each side of a zooecium, as in fig. lb, top. One or two diaphragms, or what 
appear to be such are also shown. 
Topeka limestone, big quarry below Curzon (Station 180). 

Liopora subnodosa (p. 341). 

Fig. 2. A colony nearly covering the dorsal valve of a specimen of Composita subtilita, 
x 2. This figure shows the zooecial apertures and the low monticules on which 
no zooecia are found. The small mesopores that occur between the zooecia 
and occupy the monticules entirely are too small to appear in this magnifi
cation. 

2a. Part of the surface, x 8. This shows the zooecia and the rows of mesopores. 
surrounding them, and also two monticules composed entirely of mesopores. 
Both zooecia and mesopores are open at the surface. Many of the zooecia 
have a spine-like projection from one side which gives them a lunate shape. 
This is shown in a number of the apertures in this figure. 
Fort Scott limestone, at bridge east of Youngstown, Mo. (Station 249). 

I 
i 

\ 
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PLATE XXVIII. 

L-Z:opora subnodosa (p. :341). 

Fig. 1. A tangential section from the same specimen shown on plate I, figs. 2 and 
2a, x 20. The tangential section shows the subcircular z()o('cia separated 
by one, two, or more rows of more or less angular mcsopores. A few of the 
zooecia have the peculiar projecting angle of the wall that gives these colonies 
a superficial resemblance to a very -fine Fistulipora. 

la. A longitudinal section from the same specimen as the foregoing and the same 
shown on plate I, figs. 2 and 2a, x 20. This shows the zooccia ancl l11CSOP(JrCS, 

entirely without diaphmgms, and the slightly thickened or moniliform walls. 
Fort Scott limestonc, at bridge east of Youngstown, Mo. (Station 24n). 

2. Tangential section from another specimen, x 20. In this section the projecting 
angles that indent the zooecial tubes are more numerous and more distinct 
than in fig. 1. A slight difference in thickness of the walls is also shown. 

2a. Longitudinal section from the same specimen, x 20. This section shows very 
clearly the moniliform character of the walls and the zooecia and meso pores 
both devoid of diaphragms. 

Fig. 3. 
3a. 
3b. 
3c. 

Fig. 4. 
4a. 

5. 
5a. 

Upper Oreadlimestone, in quarry in northwest comer sec. 27, T. 8 S., R. 22 E. 
(Station 273). 

Conocardi~t1n missouriens'is (p. 35:3). 

Left valve, x 4. 
Same in outline, natural size. 
Right valve, x 4. 
Cardinal view, in outline. 
Drum limestone, Kansas City, Mo. (Station 429). 

Astartella compacta (p. 354). 

A right valve, x 2. 
Same in outline, natural size. 
Cherokee shale, Garland, Henry Co., Mo. (Station 1268 A). 
A somewhat more elongated left valve, x 2. 
Same in outline, natural size. 
Cherokee shale, Garland, Henry Co., Mo. (Station 1268 A x). 
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PLATE XXIX. 

Fistulipora zonata (p. 322). 

Fig. 1. A thin section cutting the zooecia lengthwise, x 5. This figure shuwR the 
zooecia and thin diaphragms together with the intervening cysts in one or more 
rows. The banded appearance is also shown, due to the occurrence of shallow 
cysts along certain well defined zones. 

2. Tangential section from another specimen, x 15. The figure shows thl~ 
zooecia with weakly developed lunarium, separated by one or more rows of 
subangular cysts. The structure in the lower left hand corner is hard to in
terpret. The central opening resembles the zooecia round about but the con
centrically arranged cystose plates surrounding it are something beyond the 
range of my experience. 

Fig. 3. 
3a. 
3b. 
3c. 

Fig. 4. 
4a. 
4b. 

Upper Dread limestone in quarry, northwest corner of sec. 27, T. 8 S, R. 22 E. 
(Station 273). 

Naticopsis scintilla (p. 358). 

Side view, opposite the aperture, x 4. 
Same in outline, natural size. 
Side view (apertural) x 4. 
Outline of same, seen from above, x 4. 
Drum limestone, Kansas City, Mo. (Station 429). 

Bulimorpha minuta (p. 362.) 

Side view of an average specimen, x 3. 
Same in outline, natural size. 
Opposite side, x 3. 
Cherokee shale, Garland, Henry Co., Mo. (Station 1268 A-2). 
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PLATE XXX. 



Fig. 1. 
lao 
lb. 
Ie. 
ld. 

Fig. 2. 
2a. 
2b. 
3. 

3a. 
3b. 
4. 
4a. 
5. 
5a. 

Fig. 6. 
6a. 

PLATE XXX. 

AmbocoeZia Zabala (p. 351). 

Dorsal view of the typica,l and only specimen, x 2. 
Same in outline, natural size. 
Side view, x 2. 
Ventral view, x 2. 
Same in outline, natural size. 
Lecompton limestone, north central part of sec. 11, T. 59, R. 37 (Station 183). 

Marginifera muriwta var. missouriensis (p. 350). 

A characteristic ventral valve. 
Same, x 2. 
Side view in outline. 
A ventral valve showing the not uncom!1lon character in this species, of a fold 

or projection at the anterior margin. 
Same, x 2. 
Side view in outline. 
Mold of a convex dorsal valve. 
Side view, in outline. 
Mold of a shallow dorsal valve. 
Side view in outline. 
Cherokee shale, Clinton, Henry Co., Mo. (Station 1263 C3+). 

J.lurcll'isonia missouriensis (p. 8.55). 

Side view showing the apert ure, which is, however, broken, x 2. 
Same in outline, natural size. 
Cherokee shale, Garland, Henry Co., Mo. (Stalion 1208 A-2.) 

Goniospira lasallcllsis (p. 856). 

Fig. 7. A specimen seen somewhat obliquely on the base showing the solid columella 
and apparent absence of an inner lip, x 2. 

8. Side view of the lower volutions of a specimen showing the growth lines which 
indicate the position of the slit band on the carina. 

8a. Oblique view of the basal portion showing the pair of revolving ridges which 
look like a slit band, but are not, and a deposit which seems to be an inner 
lip, x 2. 

Lawrence shale, near Iatan, Mo. (Sultion 300). 

Tabulipora z'era (p. :340). 

Figs. 9, 9a. Two tangential sections from the same specimen, x 20. They show the 
rather numerous young cells, the walls, for the most part much thickened, 
but in places thin, and the absence of acanthopores. The dark median 
line of the walls is in places continuous, and in places made up of a series 
of granules. This is not well shown in figures of this magnification. 

Bethany Falls limestone, quarry near Milan, Mo. (Station 250). 
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Leila ara/a (p. ;)51). 

Left valve of a characteristic spel'illlen. 
Right valve. 
Cardinal view, x 2, showing Iigamental groove. 
Right: valve of a specimen rcscmbling the original of fig. :l. 
Cardinal vicw, x 2. 
Right valve of a ~peciJllcn having an unusual shapc. 
Right valve of a young specimen. 
Right valve of a characteristic spccimen. 
Cardinal view in out1it~e. 
Right valve of another specimen. 
Cardinal view, x 2. 
Right valve of a small specimen. 
Left valve of same. 
Fragment of a right valve showing the chondrophore and, sOl1lewhat 1)l'Ok('n 

and worn, part of the dentition, x 4. 
Lawrence shale, two miles south of Ialan, Mo. (Station 2!J!J). 
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PII'Uro/Olllarill /Jt'rsim/J/ex (p, :l:if)). 

Fig. 1. The type specirnen, seeu r rom a hove, x a, 

Fig. 

Fig. 

Fig. 

1a. Same in outlinc, uatural size'. 
lb. Lowcl- side, x a. 
le. Side view opposite the aperture, x ;{. 
leI. Same in outline, natural size. 
2. Upper side of ilnot her specimen, x ;:L 
2a. Lower side. This specimen shows part of the natural outlilH' or the apert \11'(' 

which has an ilngt!1ar dcl1ection and thcll exlcnds oilliqtH'ly rmward <111(1 

upward. The umbilicus is vcry small. 

:3. 
aa. 
;3b. 
:k. 

4. 
4a. 

. 5. 
5a. 

Cherokee shale, Garland, IIenry Co., Mo. (Station 12<iS1\-2). 

Naticella all/aiowlL (p. af)H). 

Side view of a typical sIll'cimen, x :3. 
Opposite side, x :3. 
SeC'\1 from ahove, x :l. 
Same in outline, natural size. 
Cherokee shale, Garland, [lenry Co., Mo. (Station 12<iSA-2.) 

Z)lRopleura teres (p. ;l(j(). 

Side view of the typical specimen, x ii. 
Opposite side, x ,5. 
Drum limestone, Kansas City, Mo. (Station 42\)). 

Side view, x 5 . 
Opposite side, x 5. 

Zygopleura niUUL (p. :~GO). 

Drum limestone, Kansas City, Mo. (Station 420). 

Z ygo pleura aJ1inis (p. ali!). 

Fig. G. Side view of a rather slllall individual, x :3. 

Fig. 

Fig. 

Fig. 

Ga. Same, natural size. 
Gb. Opposite side, x 3. 

7. 
7a. 
7b. 

S. 
Sa. 
Sb. 

9. 
9a. 
9b. 

Cherokee shale, Garland, Henry Co., Mo. (Station 12nS/\·~.). 

IlI'I//£zyga clcgans (p. ;3(2). 

Apertural view of the type specimen, x :3. 
Same ill outline, natural size. 
Opposite side, x a. 
Cherokee shale, Garland, Henry Co., Mo. (Station 12GSA-2.). 

JIemizyga grandicostata (p. a(2). 
Side view, x 3. 
Same in outline, natural size. 
Another side, x 3. 
Cherokee shale, Garland, Henry Co., Mo. (Station 12G?-;l\-2.). 

JIcmizyga dubia (p. a<H). 
Apertural view, x 3. 
Same in outline, natural sizc.~. 

Opposite side, x 3. 
Cherokee shale, Garland, Henry Co., Mo. (Station 12USA-2.). 

Zygopleura Itodosa (p. 3(0). 

Fig. 10. An imperfect specimen showing the true outline of the aperture, in part. 
11. Apertural view of the type specimen. This specimen is imperfect below, and 

has been restored. 
!la. Opposite side. In this view also restoration has been made in the [ower part. 

Calhoun shale, S.W. 34 S.W. 34 sec. 9, T. 59, R. 37. (StaLion 20ti). 
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CHAPTER IX. 

BIBLIOGHAPIIY. 

The following hibliography e0l111H'ises by far the greater 
numher of publieutions dealing directly wiLh the Pennsylvanian 
urea of MiHSOUri Hnd ineluc1es all, so far as known, which have 
n bcuring on the eonl deposils of the SLate: Short bibliographies 
are given uncleI' elwh counly in the eompanion volume of this 
rc port I where mos t of the infornwtiol1 eoncerning eoal s Lalis Lies 
and eoal analyses has been tabulated. 
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Moldenke, Richard. 
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Nickles, J. M., and Bassler, R. S. 
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Geo!. Survey, Bull. 409, 148 pp., 1909. . 
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Geo!. Survey, Bull. 444, 174 pp., 1910. 

269. Bibliography of North American geology for 1910, with subject index.-U. S. 
. Geo!. Survey, Bull. 495, 179 pp., 1911. 

Nickles, J. M., see Weeks and Nickles. 
Norton, W. H., Hendrixon, W. S., Simpson, H. E., Meinzer, O. E., and others. 

270. Underground water resources of Iowa.-U. S. Geol. Survey, Water-Supply 
Paper 293, 994 pp., 19~2. Also published in Iowa Geo!. Survey, vo!' 21, 
1912. 
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Missouri. 

Norwood, C. J. 
271. List of fossils from coal measures of Missouri, collected in 1877.-Missouri Geo!. 

Survey, Report, 1872, pt. 2, pp. 416-421, 1873. 
272. Putnam and Schuyler counties.-GeoI. Survey Missouri, Rept., 1873-74, vol. 
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pis. 1-2, 1855. 

Describes species from Pennsylvanian of Missouri. 
277. Notice of the genus Chonetes as found in the western states and territories, 
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pt. 3, pp. 7 et seq., 139-144, 1895. 

285. Coal production in Missouri in 1895.~U. S. Geo!. Survey, 17th Ann. Rept., pt. 3, 
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Survey, pp. 353 et seq., 480-484, 1904. 

294. Coal production in Missouri in 1904.-Min. Res. U. S. for 1904, U. S. Geo!. 
Survey, pp. 385 et seq., 507-512, 1905. 

295. Coal production in Missouri in 1905.-Min. Res. U. S. for 1905, U. S. Geo!. 
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392 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

297. Coal production in Missouri in 1907.-Min. Res., U. S. for 1907, U. S. Ccol. 
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308. Missouri coal field.-The coal of the United States, U. S. Census Report for 
1880, vol. 15, pp. 603-607. 

One paragraph devoted to Missouri. 
Randall, D. T. 
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Rowley, R. R. 

315. The Keokuk limestone and the coal measures of Pike Co., Mo.-Kansas City Scientist, vol. 5, pp. 26-27, 189l. 
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1 yol. 7, 2d ser., 122 pp., 20 pIs., 13 figs. (1908). 
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This contains a notice of a hemipterous insect from Kansas City. 
321. A classified and annotated bibliography of fossil insects.-U. S. Geol. Survey 
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322. Index to the known fossil insects of the world, including myriopods and arach

nids.-U. S. Geol. Survey, Bull. 71, 744 pp., 1891. 
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U. S. Geo!. Survey, Bull. 124, 176 pp., 12 pIs., 1895. 
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, 
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334. Paleontology.-Geol. Survey Missouri, 1st and 2d Ann. Repts., pp. 185·208, 
pIs. 1-3, 1855. 
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Shu~ard, B. F., and Swallow, G. C. 
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St. Louis Acad. Sci., Trans., vo!' 1, pp. 198·229, 1858. 
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Siebenthal, C. E., see Smith and Siebentha!. 
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Describes species from Pennsylvanian of Missouri. 
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20, pp. 207-211, 1914. 
Ulrich, E. O. 

359. American Palaeozoic Bryozoa.-Cin. Soc. Nat. Hist. Jour., vol. 7, pp. 24·51, 
pIs. 1-3, 1884. 
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Geol. Survey, Bull. 153, 653 pp., 1898. 
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figs., 1806. 
Gives sections of Pennsylvanian. 
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379. Coal production in Missouri in 1882.-Min. Res. U. S. for 1882, U. S. Cco!. Survey, pp. 4 et seq., 60-61, 1883. 
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387. The Missouri coal measures and the conditions of their deposition.-Geo!. Soc. 
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