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STRATIGRAPHY OF THE MARMATON GROUP,
PENNSYLVANIAN, IN KANSAS

By JouN MARK JEWETT

ABSTRACT

The Marmaton group comprises four limestones and four shale formations
which lie in the upper part of rocks of Desmoinesian age in Kansas. Rocks of
this group are underlain by the Cherokee shale; they lie below a regional
unconformity that is regarded as separating rocks of Desmoinesian age from
those of Missourian age. The outcrop belt of these rocks in Kansas ranges
in width from about 10 to 25 miles, and extends from Linn and Bourbon
counties on the Kansas-Missouri boundary to Montgomery and Labette
counties on the Kansas-Oklahoma boundary.

The rock units are described in detail and 179 stratigraphic sections meas-
ured in Kansas are given. A few sections measured in neighboring parts of
Missouri and Oklahoma are alsg included. The rock descriptions are based
on studies of these and many other less complete exposures.

Exposures of Marmaton rocks in Kansas offer excellent opportunities for
studying cyclic deposits. Both cyclothems and megacyclothems are more or
less readily identified in these sediments.

INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

For many years I have felt the need of having in separate
covers detailed descriptions of one or more groups of Pennsyl-
vanian rocks in Kansas. In an unpublished manuscript prepared
in 1937, Abernathy described the Cherockee rocks occurring in
their outcrop area in southeastern Kansas. This paper treats
rocks in Kansas belonging to the next younger group, the Mar-
maton. Inasmuch as the Cherokee is the lowermost of the Penn-
sylvanian rocks in the state, Abernathy’s report and this one may
be regarded as the first of unit descriptions of Kansas Pennsyl-
vanian rocks. Field data already at hand will be used in preparing
reports on the two next higher groups, Bourbon and Bronson. In
the files of the State Geological Survey of Kansas are many data
relative to other stratigraphic units; field notes that are sufficient
with little additional work for use in preparing detailed descrip-
tions of all the outcropping Paleozoic rocks of the state. Moore
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6 Geological Survey of Kansas

(1936) classified the Pennsylvanian rocks of Kansas, but his de-
scriptions of Marmaton rocks are somewhat less detailed than
aré those of other groups. Several papers give descriptions of
Kansas Paleozoic rocks in smaller specific areas. A recent Geo-
logical Survey bulletin (Moore, Frye, and Jewett, 1944) contains
a brief tabular description of the outcropping rocks in Kansas.

The chief purpose of this paper is to present descriptions, as
detailed as is now possible, of rock strata in Kansas that have been
classified as belonging to the Marmaton group, Pennsylvanian
system. Based on these detailed descriptions, certain conclusions
pertaining to earth history can be drawn, and several questions,
as yet unanswered, are raised.

An attempt has been made to present all new available data
that are pertinent to the outcropping rocks of the Marmaton group
in Kansas. The nomenclature, general and specific character,
thickness, distribution, and correlation are described for each unit,
and correlated graphic sections of numerous outcrops are shown.
It is believed that this report contains comments about these rocks
of late Desmoinesian age in Kansas that are of geologic and eco-
nomic interest. Important fossils of the various units are men-
tioned, although no attempt has been made to prepare complete
faunal or floral lists or to give descriptions of specific fossils. Pale-
ontologic studies, as well as several other types, could logically be

guided by the contents of this paper.

It should be noted here that although paleontology is an ex-
tremely useful tool in the stratigraphy of Pennsylvanian rocks in
the northern Mid-Continent region, guide fossils of the smaller
stratigraphic units are nearly lacking or absent. The larger units,
notably the series, are somewhat characterized by distinctive ani-
mal and plant remains, but, with the exception of fusulines, fos-
sils are not unique to individual formations. Except in the zones
of disconformities that mark the various series boundaries as they
have been established, the upper and lower limits of the occur-
rence of species vary from place to place. It is true, however, that
the relative abundance of particular species or assemblages as well
as the biologic make-up are usable characteristics of individual
units. It is believed, also, that the relative abundance and pau-
city of characteristic faunas and floras are significant criteria use-
ful in interpreting the record of conditions under which the rock
units were formed.
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Stratigraphy of the Marmaton Group in Kansas 7

Stratigraphy is that branch of geologic science that embraces
descriptions and definitions of natural divisions of sedimentary
rocks and the interpretation of their significance in geologic his-
tory. As stated by Moore (1941, p. 179), it involves determination
of the sequence of rocks both locally and in the general time scale,
tracing their areal distribution, observation of lateral and vertical
changes in their character, correlation of equivalent but possibly
widely dissimilar units, and, finally, study of geologic events in-
volved in their genesis. It is obvious that geologic history is a
fundamental part of all divisions of earth science. Therefore, all
branches of geology are intimately related to stratigraphy which
both serves and depends upon them.

All stratigraphic information is of economic importance. The
rocks described in this paper are exposed in an area of shallow oil
and gas production, and oil and gas are produced from them in
several eastern Kansas fields. Coal included in these rocks is
mined in eastern Kansas and in western Missouri. Cement is
made from some of them. Several of the sandstones are important
because of their water-bearing properties. Rock wool has been
made from some of the limestones and shales. Asphalt rock is
mined from rocks of this group in Missouri. Included limestones
have various other uses and the shales are important sources of
ceramic materials. All operations that involve penetration below
the soils are facilitated by stratigraphic information, and in most
of them knowledge of details of stratigraphy is essential for suc-
cessful operation. - Specific engineering projects—dam construc-
tion for example—are continuously requiring the services of geol-
ogists well acquainted with details of local stratigraphy. The im-
portance of stratigraphy to soil studies is widely gaining recogni-
tion.

Surface structure mapping, so extensively practiced in the
earlier stages of petroleum geology, requires exact stratigraphic
data. Much surface mapping was done 20 or more years ago, at a
time when few details of the stratigraphy of many parts of Kansas
were known. It is altogether possible that detailed surface map-
ping may again be an extremely efficient tool in oil discovery.
Levorsen (1943) has recently written that “the basis of this work
(the ‘art of discovery’) is a restudy first of all of surface outcrops,
most of which will have to be reexamined . R
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8 Geological Survey of Kansas

Stratigraphy is necessarily largely compilation of a great
amount of data on thicknesses, rock materials, fossil contents, and
structural relationships, but this information, which is useful per
se, is also requisite in making soundly based conclusions pertain-
ing to geologic history. The economic and academic value of such
conclusions cannot be overemphasized. Stratigraphy may be
looked upon as the foundation of several other types of geologic
investigations.

It has been stated (Bucher, 1936) that the essence of all geol-
ogic work is:

to search for the general properties, the “specific laws” in the reality in
which we deal, and ultimately for such “general laws” as can be safely
formulated. . . to seek understanding of the empirical laws thus found
by studying the findings of workers in the nearest level of complexity.

The field work on which this report primarily is based was in
progress during parts of several field seasons covering a period
from 1928 to the present. I have drawn also upon my studies of
Pennsylvanian rocks in several other states. Field studies of this
kind should not stop at state or other political boundaries. I have
therefore spent much time tracing and studying the rock layers
described in this paper beyond the boundaries of Kansas into
Oklahoma and into Missouri. In order that these rocks in Kansas
may be better understood and that the studies may be extended
geographically, descriptions and graphic sections of some outcrops
in Oklahoma and Missouri are included in this paper.

In order to appreciate as fully as possible the significance of
what one sees in the strata, one should not lose sight of the theories
and conclusions of the world’s prominent students of earth history.
Here it may be mentioned that Grabau (1931, p. 3) wrote that the
present is not the key to the past and that the earth in Paleozoic
time was so distinct that we cannot visualize its history in the light
gained from study of later eras. This does not mean, however, that
observations of present phenomena are not vital to the under-
standing of the processes that operated in forming Paleozoic rocks.
It does mean, however, that the probabilities of Pangea and
Panthalassa, of great geosynclines, of an exchange of poles and
tropics, and of other unknown features must not be disregarded.
It is held as true that in Paleozoic time the earth was unique in
its physical conformation and organic history.

Marmaton rocks are included in one of the several groups of
the Pennsylvanian system of the North American Mid-Continent
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Stratigraphy of the Marmaton Group in Kansas 9

region. Jongmans (1936) has made this significant statement
concerning Carboniferous (Pennsylvanian and Mississippian)
rocks:

There is no geologic formation of which the detailed subdivision and cor-
relation have been the subject of longer scrutinizing than the Carbon-
iferous, but at the same time agreement on the formation has been found
more difficult to attain than on almost any other.

PrEViOUs WORK

Many geologists have contributed to knowledge of the rocks of
southeastern Kansas. Specific reference to several of these is omit-
ted here because detailed citations are given subsequently.

The first annual report on the geology of Kansas was published
by Mudge in 1866. In 1878 Mudge published the first geologic map
of the state. G. C. Swallow, appointed State Geologist in 1865,
gave his attention to the stratigraphy of eastern and central Kan-
sas and in 1866 issued a preliminary report on the geology of Kan-
sas (Swallow, 1866). Swallow and his assistant, Major Frederick
Hawn, may be regarded as the first important stratigraphic
workers in southeastern Kansas.

G. C. Broadhead should perhaps rank first among those of the
pioneer students of Pennsylvanian rocks in eastern Kansas and
western Missouri. His interests were largely centered in the coal-
bearing rocks and his field studies were carried out in great detail.
He numbered various zones from 1 to 224 and, although subse-
quent workers have recognized more rock units in the same sec-
tion, most of his numbered beds can be identified.

During a period of 50 years Charles R. Keyes contributed many
papers to Pennsylvanian stratigraphy; several of his papers con-
tain reports on Marmaton rocks. The paleontologic works of
Keyes are important among the early faunal studies of Pennsyl-
vanian rocks. ’

Erasmus Haworth and his co-workers, especially John Bennett
and M. Z. Kirk, made important contributions to eastern Kansas
stratigraphy. In the same period J. W. Beede and Austin F. Rogers
made important paleontologic studies that included Marmaton and
other faunas. In 1915 Henry Hinds and Frank C. Greene pub-
lished an important work on the Pennsylvanian stratigraphy of
Missouri. Their report contains a chapter on invertebrate paleon-
tology by G. H. Girty. Greene has continued his interest and ac-
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10 Geological Survey of Kansas

tivity in studies of Pennsylvanian sediments and is an authority
on Marmaton and other rocks in Missouri.

A great deal of credit is due to Raymond C. Moore for the ad-
vancement of Mid-Continent stratigraphy and paleontology. His
publications on Pennsylvanian rocks and fossils are numerous.

Numerous geologists who have studied oil and gas fields of
eastern Kansas, eastern Oklahoma, and western Missouri have
added to the knowledge of Marmaton stratigraphy. In Oklahoma
the studies of Malcolm C. Oakes and Robert H. Dott have been
important contributions to the stratigraphy of Marmaton and
other rocks in that state. Previously D. W. Ohern (1910) studied
and mapped Marmaton and other formations in northeastern Ok-
lahoma.

Marmaton rocks in Missouri and Iowa were described by L.
M. Cline (1941), and interbasinal correlations of Marmaton and
other Pennsylvanian formations were indicated in a recent paper
by J. M. Weller, H. R. Wanless, L. M. Cline, and D. G. Stookey
(1942).

In addition to the studies made by Keyes, Beede, Rogers, and
Girty, descriptions of fossils from Marmaton rocks are included
in the works of several specialists in specific biologic fields. Carl
O. Dunbar and George E. Condra pioneered fusuline studies.
Several other paleontologists later contributed to the studies of
these fossils. Dunbar and Condra’s work on Pennsylvanian
brachiopods includes descriptions of Marmaton forms. J. Brookes
Knight’s work on gastropods, A. K. Miller, Carl O. Dunbar, and
George E. Condra’s work on cephalopods, and Norman D. Newell’s
studies of Late Paleozoic pelecypods include descriptions of Mar-

' maton fossils. _

This paper is the first to describe in detail Marmaton rocks in
Kansas. In a previous paper (Jewett, 1941) I offered a classifica-
tion of the Marmaton group in Kansas.
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Stratigraphy of the Marmaton Group in Kansas 11

GENERAL CONSIDERATIONS OF THE MARMATON
ROCKS IN KANSAS

Marmaton rocks are partly marine and partly nonmarine in
origin. Like probably all known sedimentary rocks, they are of
continental origin. That is, although some of them were formed in
submarine environments, they were formed on the floors of shal-
low epicontinental seas and not in deep ocean basins. The present
northern Mid-Continent outcrop area of these rocks was a part of
a relatively stable platform at the time of their genesis. There
were deeper basins of accumulation to the south, as shown by the
vastly thicker sections of rocks of equivalent age in the Pennsyl-
vanian basins in Oklahoma and Arkansas. Still farther south was
a land that was undergoing erosion and that perhaps furnished the
greater part of the rock material. The sediments that are now
incorporated in these rocks, however, very probably came in part
from other directions. To the north of the Kansas outcrop area
were also regions that were undergoing erosion. To the east was
the Ozark uplift, and, although the Ozark area was now and then
the site of deposition, there is evidence that some of these sedi-
ments came from there.

Marmaton rocks crop out in Kansas in a belt ranging in width
from about 10 miles to about 25 miles. The outcrop belt extends
from Linn and Bourbon counties on the Kansas-Missouri boundary
to Montgomery and Labette counties on the Kansas-Oklahoma
boundary. The general strike is about 30° east of north and the
dip is westerly. The average dip is about 20 feet to the mile. The
prevalent dip locally is interrupted by minor flexures. Because
of variations in thickness of individual layers, the dip measured
on any one horizon is different from that measured on another.
The total thickness of the rocks of the group is about 250 feet.

The Marmaton group comprises the upper and more calcareous
part of the stratigraphic section assigned to the Desmoinesian
series. In Kansas the Marmaton rocks are dominantly shale.
Limestone is second in quantitive importance and sandstone is
third. There is a minor amount of coal. The Cherokee shale, com-
prising the lower part of the Desmoinesian series, is chiefly shale
and sandstone. Desmoinesian limestones especially differ in lith-
ologic characteristics from those of the younger Pennsylvanian
section. The most noticeable difference is the absence of certain
lithologies that are common in the higher section. Flinty limestone
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12 Geological Survey of Kansas

is plentiful in higher groups, especially the Bronson and Kansas
City. Marmaton limestones are only locally and very sparsely
flint bearing. Massive cross-bedded ‘“ob6litic” limestone which is
mostly a mass of algal pellets is characteristic of the Bronson and
Kansas City groups, but is absent from Marmaton rocks. Fusu-
lines, although present in several Desmoinesian limestones, were
not important rock makers in Desmoinesian time. In the Shawnee
and Wabaunsee groups there are limestones that are little more
than cemented masses of fusulines. Dark, bluish-gray, impure
limestone that shows little or no bedding within individual units
and that also is common higher in the section is sparsely present
in the Marmaton group. .

Most of the limestone in these rocks is light gray and weathers
into a rock of even lighter color. This more or less contrasts with
most of the limestone of younger groups which develops a rusty
brown coating when exposed for a few years. Brown-weathering
limestone beds are not absent from the Marmaton group, however.
One type of finely crystalline brownish-gray limestone character-
istically weathers into a deep-brown-coated rock. The most com-
mon limestone type in the Marmaton group is light gray, rather
coarsely crystalline, and has the appearance of being a breccia.
Small limestone fragments of irregular outline seem to be im-
bedded in a matrix of slightly different color and texture. This
type of limestone is also common in younger groups.

Coralline limestone, which is dominantly composed of Chae-
tetes but contains plentiful “Aulopora” and some algal remains, is
the most distinctive rock type in the Marmaton group. The coral
Chaetetes was important as a rock builder in Late Desmoinesian
time as were fusulines later. Chaetetes was a colonial tabulate
coral that formed large coralla resembling heads of cauliflower.

The thicker shale units that are called formations include
sandstones which are classified in two general types on the basis
of their relationships to the shale. One type of sandstone can be
sharply differentiated from the nonarenaceous clay shale below
and in lateral directions. The other type is gradational from shale
through sandy shale. This difference is based more upon the kind
of contact than upon the rock itself, although the first type is
generally less clayey than the type with gradational contacts.
Clay and sand were being deposited at about the same time and
some cutting and filling took place. One sees the first type of
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Stratigraphy of the Marmaton Group in Kansas 13

contact in those outcrops where a sand-filled channel cuts clay
shale. In general, channel filling seems to be not more than 25
feet in depth. . .

Shales that separate the limestone members in the limestone
formations are partly if not wholly marine. They contain fossil
brachiopods, bryozoans, crinoid remains, and locally mollusks
and corals. Black carbonaceous shale and small amounts of coal
are characteristic of some of the thinner shale units. Where fos-
siliferous, the black shales contain a sparse fauna in which brach-
iopods are the most conspicuous and conodonts are locally present.
Small dark phosphatic concretions are common in the black shales.
The thin fossiliferous shales are thinner bedded than the thicker
nonmarine shales. Thin coal beds in these thinner shales may have
been deposited locally below sea level.

All of eastern Kansas shows evidence of the presence of a Late
Tertiary (?) peneplain truncating the gently westward-dipping
rocks. The peneplain dips gently to the east and is now being de-
stroyed by erosion. The truncated edges of more resistant strata
form steep east-facing escarpments ranging in height from a few
feet to approximately 150 feet. The physiographic history of east-
ern Kansas is probably complex and certainly has not been suf-
ficiently studied. Evidence of peneplanation is found chiefly in
the nearly accordant escarpment crests, in enclosed river me-

"anders, and in the presence on the high divides of bedded gravel
deposits which in the northern part underlie glacial drift.

The outcrop area of Marmaton rocks in Kansas is drained by
the Marais des Cygnes and Verdigris rivers. Most of the region
is under cultivation, but the economic use of the land is largely
determined by the nature of the underlying rock. The dip slopes
held by some limestones and sandstones are mainly unplowed
grasslands and woodlands. The presence of generally deep residual
soil and other surficial deposits and the tendency of limestone
blocks to slump over less resistant beds cause the study of natural
outcrops to be somewhat difficult. There are, however, many arti-
ficial and some natural cuts in which the rocks are well exposed.
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14 Geological Survey of Kansas

SEQUENCE OF STRATA AND DISCONFORMITIES IN THE
OLDER PENNSYLVANIAN SECTION IN OKLAHOMA
AND KANSAS .

Following is a brief discussion of the rock sequence that em-
braces the beds of the Marmaton group. Table 1 shows the classi-
fication of the Pennsylvanian rocks in the northern Mid-Conti-
nent region. Table 2 gives the classification of the Marmaton

group.
DiscoNFORMITY AT THE BASE OF PENNSYLVANIAN Rocks

In the northern Mid-Continent area, where these studies are
chiefly centered, Pennsylvanian rocks lie upon an eroded surface
of other rocks ranging in age from pre-Paleozoic to Late Missis-
sippian. In most of the area Pennsylvanian sediments rest upon
various formations of the Mississippian system. Locally, as in the
Central Kansas uplift and in the Nemaha uplift, Pennsylvanian
beds overlap and overstep older rocks, including those of pre-
Paleozoic age. Structural conditions in Mississippian and older
rocks indicate an important time break between the Pennsylvanian
and Mississippian systems.

The oldest Pennsylvanian rocks, those of Morrowan age, are
separated from the overlying Pennsylvanian beds by a structural
disconformity in southeastern Oklahoma. Rocks of Lampasan
age lie above this disconformity and the Lampasan rocks are over-
lain by those of Desmoinesian age.

PenNsyYLVANIAN Rocks OLDER THAN THE DESMOINESIAN

In the deeper basins, nearer to and in the Appalachian trough
(Pennsylvania to Texas), there are Pennsylvanian rocks older
than those assigned to the Desmoinesian series. These are the
rocks of Morrowan and Lampasan (or Derryan) age. In general,
sediments that are assigned to the Lampasan series extend farther
west and north from the Appalachian geosyncline than do those
of Morrowan age. Rocks of Morrowan age, wherever known, are
separated from younger sediments by a structural disconformity,
and paleontologic evidence indicates a hiatus between sediments
assigned to the Lampasan series and the Desmoinesian series.

DESMOINESIAN SERIES

In the Mid-Continent region, rocks assigned to the Desmoin-
esian series include beds above the McAlester formation in cen-
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Stratigraphy of the Marmaton Group in Kansas 15

tral Oklahoma and in the Arkansas river valley; above the Pump-
kin Creek beds in the Ardmore basin, Oklahoma; above the
Smithwick group in north-central Texas; and below a widespread
disconformity that occurs at the base of the Bourbon rocks in
Kansas and at the base of the Seminole formation in Oklahoma
(Moore and others, 1944, pl. 1, chart 6). In some previous publi-
cations the base of the Atoka formation has been designated as the
base of the series (Moore, 1936, p. 53). Now, however, the Atoka
beds and overlying sediments, including the Hartshorne sandstone
and the McAlester shale, are assigned to the Lampasan series
(Moore and others, 1944, pl. 1).

In Kansas the Marmaton group and the underlying Cherokee
shale commonly are assigned to the Desmoinesian series (Moore,
1932; 1936, p. 51), but from studies in eastern Oklahoma Newell
(1937, p. 39) has shown evidence that the Warner sandstone in the
McAlester formation is the equivalent of the basal part of the
Cherokee shale in southeastern Kansas. If this is true, the base of
Desmoinesian rocks, as now defined, occurs a few feet above the
base of the Cherokee shale in its type area.

TABLE 1.—Classification of Pennsylvanian rocks in the northern
Mid-Continent region

Permian system
(unconformity indicated by local channeling)
Pennsylvanian system
Virgilian series
Wabaunsee group
Shawnee group
Douglas group
(regional unconformity)
Missourian series
Pedee group
Lansing group
Kansas City group
Bronson group
Bourbon shale
(regional unconformity)
Desmoinesian series
Marmaton group
Cherokee shale*
(regional unconformity)
Mississippian system

* The lowermost few feet of the Cherokee shale in Kansas probably should be as-
signed to the Lampasan series.
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TaBLE 2.—Classification of rocks of the Marmaton group
Missourian series
: (unconformity)
Desmoinesian series
Marmaton group
Memorial shale
Lenapah limestone
Idenbro limestone member
Perry Farm shale member
Norfleet limestone member
Nowata shale
Includes Walter Johnson sandstone
Altamont limestone
Worland limestone member
. Lake Neosho shale member
Tina limestone member
Bandera shale
Includes Bandefa Quarry sandstone and Mulberry coal
Pawnee limestone
Laberdie limestone member
Mine Creek shale member
Myrick Station limestone member
Anna shale member*
Labette shale
Includes Warrensburg? sandstone (Englevale sandstone)
Fort Scott limestone
Higginsville limestone member
Little Osage shale member
Includes Houx limestone and Summit coal
Blackjack Creek limestone member
Cherokee shale
* In Kansas a very thin limestone is included in the Anna shale at its base. In

neighboring parts of Missouri and Oklahoma, thicker limestone in the same position
clearly belongs to the Pawnee formation.

The disconformity at the top of Desmoinesian rocks has been
traced for great distances (Jewett, 1941, p. 298). In Oklahoma the
disconformity at the top of the series is at the base of the Seminole
formation (Moore, 1936, p. 53; Oakes and Jewett, 1943). In Kan-
sas the disconformity occurs at the base of the Hepler sandstone
which is the basal part of the Bourbon deposits and is correlated
with the upper part of the Seminole formation. That is, Missourian
rocks overlap Desmoinesian strata from the south or rocks lying
on the disconformable surface in Kansas are slightly younger than
those that lie on the same surface farther south. The Chariton

Google




Stratigraphy of the Marmaton Group in Kansas 17

conglomerate in Iowa is believed to be the northward extension
of the Hepler sandstone and to be of about the same age.

The type section of Desmoinesian rocks is along Des Moines
river in central Iowa, but it seems that the lower part of the Des
Moines river section, the “lower Cherokee,” should be assigned
to the Lampasan series.

It should be noted that the term Desmoinesian is now restricted
to include only the upper part of the rock-time unit that commonly
.has been called the Desmoinesian series. Moore (Moore and
others, 1944, pp. 671, 673, 675-677) has presented criteria for the
separation of another series, the Lampasan, to which older post-
Morrowan rocks are assigned. Hence, the Desmoinesian rocks
comprise a unit that is third from the base of the Pennsylvanian
system. The older series are the Morrowan and the Lampasan.

Sediments of Lampasan and Desmoinesian age were deposited
in the Appalachian trough from Pennsylvania to New Mexico.
This area was seemingly a part of a great depression west and
north of a positive segment that is designated as Appalachia-
Llanoria. The border of this old land area probably traced a line
that crossed eastern Pennsylvania, western Virginia, eastern Ten-
nessee, northwestern Georgia, central Alabama, central Missis-
sippi, southern Arkansas, and Texas to about the middle point
of the Texas-Mexico boundary. Deposition of Pennsylvanian
sediments is believed to have taken place in the form of transgres-
sive overlap away from the eastern and southern positive area,
Appalachia-Llanoria. By the close of Desmoinesian time and
probably earlier, transgression was met by similar transgression
from other directions and from other positive areas that were
being eroded. Diastrophic movements within the basins were
of differential nature. The presence of many local hiatuses and the
occurrences of overlap are probal?le.

CHEROKEE SHALE

The Cherokee shale is defined to include strata from the base
of the Pennsylvanian north of the Kansas-Oklahoma line upward
to the base of the Fort Scott limestone (Moore, 1936, p. 55). This
definition is the same as the original definition of Haworth and
Kirk (1894, p. 105).

In writing of Pennsylvanian rocks in eastern Oklahoma, nu-
merous geologists have used the term Cherokee to include strata
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above the disconformity at the top of rocks of Morrowan age and
below the Fort Scott limestone. As explained elsewhere in this
paper, it is evident that some of the post-Morrowan beds in eastern
Oklahoma are older than the oldest strata included in the type
Cherokee section in southeastern Kansas. It is well established
that the Lampasan rocks overlap older rocks northward from the
deeper basins of southeastern Oklahoma and that the basal sedi-
ments in southeastern Kansas are equivalent in age to rocks well
above the base of the post-Morrowan Pennsylvanian section in
eastern Oklahoma.

Cherokee rocks are chiefly clastic. Shale is strongly predom-
inant. Gray clayey and silty micaceous shale is most common but
there is also much sandy shale and sandstone. Very dark or black
carbonaceous shale occurs at several horizons. Fifteen coal beds
have been identified in the Kansas Cherokee section. The amount
of limestone is very minor. Sandstones in the Cherokee rocks
commonly occur in lenticular bodies but the lenses are arranged in
definite stratigraphic zones. “Shoestring sands,”®long narrow
channel fillings or bar deposits, are numerous and many of them
are important oil and gas reservoirs.

The maximum known thickness of Cherokee rocks north of
Oklahoma is in the Forest City basin in northeastern Kansas and
in northwestern Missouri. The thickness there slightly exceeds
700 feet. The average thickness in southeastern Kansas is about
400 feet. The thickest section in southeastern Kansas is in La-
bette county where about 500 feet has been measured. On the low
structural arch between the Forest City basin and the Cherokee
basin the thickness is about 350 feet. Rocks of the Cherokee
group overlap older beds on the Ozark uplift giving rise to a much
smaller thickness of Cherokee rocks in several Missouri counties.

Cherokee rocks are generally absent or are very thin in Kansas
west of the Nemaha ridge. However, basal Pennsylvanian rocks
in the Sedgwick basin in south-central Kansas and a part of the
“Sooy” conglomerate in much of western Kansas are believed to
be equivalent to the upper part of the Cherokee shale of eastern
Kansas.

Whether or not the Cherokee rocks in eastern Kansas and
neighboring places are dominantly marine is a debatable question.
Limestones and other rocks containing marine fossils are rare.
Fossil land plants are plentiful. All detailed descriptions of Chero-
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kee deposits in southern Iowa, western and northern Missouri,

. eastern Kansas, and eastern Oklahoma indicate that they were
laid down under cyclical conditions. Abernathy (1937a, p. 19)
identified 15 successive cyclic deposits in the type locality. A
characteristic cyclothem includes in ascending order: (1) sand-
stone, (2) sandy shale, (3) underclay, (4) coal, (5) black shale,
(6) gray shale, (7) limestone, and (8) calcareous shale.

The Ardmore limestone, about 100 feet below the top of the
Cherokee shale, is the most prominent limestone in the Kansas and
Missouri Cherokee section. It has been correlated by several ge-
ologists with the Verdigris limestone of eastern Oklahoma. Aber-
nathy (1937a) stated that the Ardmore limestone lies in the second
cyclothem below the Fort Scott cyclothem, but observations
in the type locality of the Verdigris limestone indicate that it is
separated from the Fort Scott limestone by several cyclical units.

Certain notations concerning the nature of the probable north-
ward overlap of Pennsylvanian rocks should be made here. (1)
Although geologists are not in accord with the theory that such
overlap occurs, northward overlap of these basal rocks is fairly
evident. (2) Studies sufficient to show evidence of continuously
progressive overlap have not been made. (3) Observations indi-
cate, on the other hand, that now and then regressive overlap or
offlap took place. That is, each successively younger deposit
does not extend farther to the north than do all the preceding
ones. If one assumes that generally the strata overlap northward
but that now and then, in the course of their deposition, some

"sedimentary units were not as far-reaching as others, one can
then account for the discrepancy in the number of cyclical units
between the Verdigris limestone (Ardmore) and the Fort Scott
limestone in the two places.

MARMATON GROUP

The Marmaton is the upper of two rock units in Kansas recog-
nized as being of Desmoinesian age. The lower unit is the Chero-
kee shale. In 1932 and 1936 Moore (1936, p. 57) defined the Mar-
maton group as including beds between the base of the Fort Scott
limestone and the upper limit of the Desmoinesian series. The
disconformity at the base of the Hepler sandstone seems to be
the upper limit of the Desmoinesian series in Kansas. This pre-
Missourian disconformity and overlying sandstone and conglom-
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erate are rather definitely identified from southern Oklahoma to
Iowa, Illinois, and Indiana (Oakes and Jewett, 1943; Jewett, 1940a, .
pp. 8, 9; Jewett, 1941, pp. 299, 300; Weller, Wanless, Cline, and
Stookey, 1942, p. 1592). The Marmaton group is set aparti from
the underlying Cherokee shale because the former is more dom-
inantly calcareous. It includes four limestone formations and four
shale formations. These formations are identified along their
line of outcrop from Arkansas river valley in Oklahoma to Iowa
and Illinois.

The Marmaton group comprises, in ascending order (1) Fort
Scott limestone, (2) Labette shale, (3) Pawnee limestone, (4)
Bandera shale, (5) Altamont limestone, (6) Nowata shale, (7)
Lenapah limestone, and (8) Memorial shale. The combined thick-
ness in Kansas is about 250 feet. The type locality of the Marmaton
group is along Marmaton river, from Uniontown to Fort Scott,
Bourbon county, Kansas. All beds can be seen along the river
bluff between the two places and most of them are exposed along
U.S. highway 54 between Uniontown and Fort Scott.

DisconForMITY BETWEEN DESMOINESIAN AND MissouriaN Rocks

A widespread and important disconformity occurs between
rocks assigned to the Desmoinesian series and those assigned to
the Missourian series. This is indicated by biologic evidence as
well as by evidence of a physical break. For a number of years it
has been known that an important faunal and floral break occurs
somewhere within the section that had commonly been assigned
to the Pleasanton formation (Memorial shale and Bourbon shale).
More recently it has been shown that in Kansas and eastern Mis-
souri there is an erosional disconformity at the base of the Bour-
bon shale and that a thin sandstone in that zone rests upon an
eroded surface that ranges from a position almost as low as the
top of the Altamont limestone (and, in the shallow subsurface,
locally lower) to 30 or more feet above the Lenapah limestone
(Jewett, 1941, p. 299). Recent studies indicate, also, that rocks
of Missourian age were deposited with structural overlap from
the south on Desmoinesian beds (Jewett, 1941, p. 300; Oakes and
Jewett, 1943). Evidence indicating that the pre-Missourian dis-
conformity can be traced across Missouri into Iowa and is present
in Illinois is accumulating. The Chariton conglomerate in Iowa
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seems to be equivalent to the basal Missourian sandstone of east-
ern Kansas and western Missouri (Weller, Wanless, Cline, and
Stoqkey, 1942, p. 1592).

STRATIGRAPHY OF THE MARMATON GROUP IN KANSAS

Fort Scorr LiMesTONE (Swallow, 1866) Bennett, 1896

Three members, two limestones and a separating shale, have
for a long time been recognized as comprising the Fort Scott lime-
stone formation. For many years the lower limestone has been
known as the “Cement rock” and the upper limestone has some-
times been called the “Lexington bottom rock.” Recently the three
members have been given formal geographic names. Named in
ascending order the members are (1) Blackjack Creek limestone,
(2) Little Osage shale, and (3) Higginsville limestone. The Houx
limestone and Summit coal are names of beds in the Little Osage
shale. The members in Kansas are described separately below.

A few years ago it was found that a lenticular limestone occurs
a few feet below the Blackjack Creek limestone. This is the
Breezy Hill limestone (Pierce and Courtier, 1938, p. 33), which
seems to correspond cyclically to higher limestones that are in-
cluded in the base of other Marmaton limestone formations. Where
present it lies below black shale and coal which for many years
have been regarded as being in the Cherokee shale. Because the
“Cement rock” has for so long been regarded as the basal part of
the Fort Scott limestone formation, because the black shale be-
low it has for a long time been used to mark the top of the Cherokee
shale, and because the Breezy Hill limestone is lenticular, it seems
best not to amend the definition. However, observations in Craig
and Rogers counties, Oklahoma (pl. 1, secs. 186, 188, 191, and 198),
indicate that the Breezy Hill limestone may aciually occur in a
zone that is several cyclical deposits below the Fort Scott as-
semblage.

The top of the Fort Scott limestone is well defined and easily
identified at the top of the Higginsville limestone. The top of the
Fort Scott limestone is readily identified in the subsurface in
eastern Kansas, but because of the local occurrence of the Breezy
Hill limestone the base of the formation is not so easily detected
in well records. The Fort Scott limestone has been identified along
its outcrop line from Arkansas river valley in Oklahoma to south-
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ern Iowa. Equivalent beds are recognized in Illinois (Weller,
Wanless, Cline, and Stookey, 1942, p. 1586, fig. 1).

In 1941, I (Jewett, 1941, p. 304) suggested that quarry expo-
sures in the NEY4 sec. 19, T. 25 S., R. 25 E., Bourbon county, Kan-
sas, a short distance northeast of Fort Scott, be regarded as the
type exposure of the Fort Scott formation. The exposure there is
shown graphically in plate 1, section 72.

Graphic representations of outcrops of the Fort Scott limestone
and adjacent rocks in Kansas and neighboring parts of Missouri
and Oklahoma are shown in plate 1. Index numbers of sections in
plates 1, 2, 3 and 4 correspond to numbers of stratigraphic sections
at the end of this paper.

FORT SCOTT LIMESTONE
BLACKJACK CREEK LIMESTONE MEMBER Cline, 1941

The Blackjack Creek limestone is the lower member of the Fort
Scott limestone. It lies above black shale, which, accordmg to
present classification, is in the upper part of the Cherokee shale.
The name Blackjack Creek was introduced by Cline (1941, p. 36).
According to Cline, the type exposure of the Blackjack Creek lime-
stone is in Johnson county, Missouri, “four miles southeast of
Fayetteville and along Blackjack Creek.”

Distribution.—In Kansas the Blackjack Creek limestone crops
out from northeastern Bourbon county to south-central Labette
county (pl. 1).

Description.—Where studied at the outcrops in Kansas, the
Blackjack Creek limestone ranges in thickness from about 4 feet
to 17.5 feet. In general it consists of two distinct limestones. The
upper limestone has not been observed by me north of southern
Bourbon county (pl. 1, secs. 74 and 101). The lower part of the
Blackjack Creek limestone is the rock that has been called “Ce-
ment rock.” This part generally weathers brown but it displays
tan, brownish, and dark dove-gray colors when freshly exposed.
It is generally earthy but in some exposures the rock is finely
crystalline. Conchoidal fracture is rather common. The “Cement
rock” is massive and its bedding is more regular than that of the
upper part of the Blackjack Creek limestone. It contains few
fossils. In northeastern Bourbon county the lower part of the
Blackjack Creek limestone is divided by about one foot of cal-
careous shale (pl. 1, sec. 49). The measured thicknesses of the
“Cement rock” part range from 1.55 feet in the NW; sec. 11, T.
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28 S., R. 24 E., Crawford county, to about 10 feet in the SE%} sec.
9, T. 34 S,, R. 19 E,, Labette county (pl. 1, sec. 172).

In many exposures the upper part of the Blackjack Creek lime-
stone is easily distinguished from the lower part. The upper part,
where present, is lighter gray, more coarsely crystalline, and more
irregularly bedded. It is locally a mass of Chaetetes in the upper
part (pl. 1, secs. 111, 117, and 149). This upper wavy-bedded
Chaetetes-bearing part of the Blackjack Creek limestone is locally
separated from the “Cement rock” by a thin shale parting (pl. 1,
sec. 108). : '

The “Cement rock” is less puré limestone than the remainder
of the Blackjack Creek limestone. A small amount of flint has been
observed in the “Cement rock” in Labette county (pl. 1, sec. 172)
and there is some flint in the upper part of the Blackjack Creek
limestone in Rogers county, Oklahoma (pl. 1, sec. 186).

I have not seen the upper part of the Blackjack Creek limestone
north of exposures in southern Bourbon county, Kansas; in many
places in northern Bourbon county, in Linn county, and in eastern
Missouri the Little Osage shale is in contact with the upper surface
of the “Cement rock.” Similar conditions prevail locally in north-
eastern Oklahoma. In many exposures in Oklahoma, however, the
upper part is well developed. It is believed that the local absence
of the upper part is due to nondeposition rather than to intrafor-
mational erosion. Measured thicknesses of the upper portion of
the Blackjack Creek limestone range from about 7 to 13 feet.

With the exception of the rock-building corals, Chaetetes,
which are almost if not entirely confined to the upper part, fossils
are not especially abundant in the Blackjack Creek limestone. Fu-
sulines are more commonly present in the upper part, but have
been seen in the “Cement rock” in northeastern Oklahoma. Mol-
lusks are plentiful in the “Cement rock” portion of this member
in Oklahoma.

FORT SCOTT LIMESTONE
LITTLE OSAGE SHALE MEMBER Jewett, 1941

The Little Osage shale separates the upper and lower lime-

stones of the Fort Scott formation. The Houx limestone (Cline,

1941, p. 36) occurs in the Little Osage shale above the Summit coal.

The type exposure of the Little Osage shale is in the NE¥; SE!/,

sec. 2, T. 24 S, R. 25 E,, Bourbon county, Kansas. A graphic sec-
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tion of that exposure is shown in section 49, plate 1. The type
exposure of the Houx limestone is on the Houx ranch, Johnson
county, Missouri (Cline, 1941, p. 36). The name Summit was in-
troduced as the name for this coal in Macon county, Missouri
(McGee, 1892, p. 331).

Distribution.—In general, outcrops of the Little Osage shale
are near exposures of the limestone members of the Fort Scott
formation. Locally, however, the Blackjack Creek limestone
holds rather wide dip slopes, and the Little Osage shale and the
Higginsville limestone occur a few miles west of the outcrop line
of the lower member. )

Description.—In Kansas the thickness of the Little Osage shale
at its outcrops ranges from about 4 to 12 feet. The thickest sec-
tions that I have measured are in Bourbon county. This member
is generally thicker in northeastern Missouri than it is in Kansas.

In the northern part of the Kansas outcrop area and in eastern
Missouri the Little Osage shale consists of five distinct units: (1)
the lowermost part, light to dark-gray shale, locally calcareous,
and about 3 feet thick; (2) the Summit coal bed, having a maxi-
mum thickness of about 1 foot; (3) shale, black and fissile, or gray
in the lower part and black in the upper part, the black shale com-
monly containing coaly concretion-like masses; (4) the Houx
limestone bed, about 1 foot thick in eastern Missouri and thinner
in Kansas; (5) the uppermost part, gray calcareous shale, rang-
ing in thickness from about 1 foot to 4.5 feet, the greatest known
thickness being in Missouri. The Summit coal and Houx lime-
stone beds have been identified as far south as the vicinity of Fort

- Scott, in Bourbon county. In northern Crawford county there is
2 feet of gray shale overlain by about 3 feet of black fissile shale,
which in turn is overlain by about 1 foot of gray shale. Very
probably these rocks are equivalent respectively to the lower,
middle, and upper shale units (1, 3, and 5) as they are known
farther north (pl. 1, secs. 72 and 108). Locally in southeastern
Kansas and in northeastern Oklahoma the Little Osage shale is
all or nearly all black fissile shale. Generally a few inches of gray
shale occurs in the uppermost part. Black shale in this member
commonly contains small black more or less spherical phosphatic
concretions. In one place in Craig county, Oklahoma, cen. W. line
sec. 36, T. 28 N., R. 19 E. (pl. 1, sec. 202), black limestone concre-
tions are present in black shale. At the same place there is a thin
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limestone in the upper part of the Little Osage shale. This lime-
stone probably is equivalent to the Houx limestone.

Large hard black limestone concretions which are common in
black shale in the Cherokee rocks a short distance below the Black-
jack Creek limestone have not been observed in the Little Osage
shale. The Little Osage shale is not conspicuously fossiliferous.
Cup corals occur in the upper few inches in some exposures in
eastern Missouri, and conodonts are rather abundant in black
shale portions.

FORT SCOTT LIMESTONE
HIGGINSVILLE LIMESTONE MEMBER Cline, 1941

The upper member of the Fort Scott limestone is the Higgins-
ville limestone. The name was introduced by Cline (1941, p. 36).
According to Cline, the Higginsville limestone is well exposed
east of Higginsville in Lafayette county, Missouri. No exact loca-
tion of the type exposure has been published.

Distribution.—At most points on the line of outcrop of the Fort
Scott limestone the three members are exposed at the same place.
Locally, however, the lower member, the Blackjack Creek lime-
stone, holds dip slopes a few miles wide; hence the outcrops of the
Higginsville limestone are west of those of the lower limestone.
The line of outcrop of the base of the Fort Scott formation is shown
in plate 1.

Description.—The maximum measured thickness of an outcrop
of Higginsville limestone in Kansas is about 15 feet. Its thickness
across the state in the belt of its outcrop is seemingly rather con-
stant (pl. 1). In many exposures the upper part has been re-
moved by recent erosion or the lower part is covered by recent
deposits. In isolated partial exposures of the Fort Scott limestone,
the Higginsville member is distinguished with difficulty from the
Blackjack Creek limestone. In its outcrop area low structural
undulations cause topography to be of little value in correlation.

The Higginsville limestone is light to medium dark gray. It is
commonly granular and crystalline. Much of it displays a brec-
ciated appearance. Locally both the upper and lower parts are
earthy in texture. In many places the upper part is a mass of fossil
corals, Chaetetes. The beds in the lower part are generally mas-
sive, but as a rule the whole unit displays irregular wavy beds
which are usually thinner in the middle part.
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Giant fusulines are rather characteristic and are seen in many
exposures. In places where the upper part of the rock is composed
principally of Chaetetes, fusulines are entirely or almost entirely
restricted to rock below the coral biostrome. Elsewhere fusulines
are often seen in the upper part and project from the slightly
weathered upper surface of the Higginsville limestone. Large
crinoid stems and other fragments also are common. Brachiopods,
including the common Marmaton genera, are more abundant in
exposures in Oklahoma than in Kansas. Very minute fusulines
are extremely abundant in the upper part of the Higginsville lime-
stone in some exposures in Labette and Crawford counties.

LABETTE SHALE Haworth, 1898

The Labette shale includes beds between the Fort Scott and
Pawnee limestones. It was named by Haworth and defined as oc-
curring between the Oswego (Fort Scott) limestone and the Paw-
nee limestone (Haworth, 1898, p. 36).

The name “Peru sand” is commonly applied to sandstone
bodies that occur in the Labette shale in the subsurface. The name
Englevale was introduced by Pierce and Courtier (1935, pp. 1061-
1064) for a sandstone in the Labette shale. Observations at num-
erous exposures along the outcrop line of the Labette shale from
northeastern Oklahoma across Kansas and eastern Missouri in-
dicate that the thick sandstone deposits in the vicinity of Warrens-
burg occur in the Labette shale. The name Warrensburg sandstone
was introduced by Hinds and Greene (1915, p. 91) for the channel-
filling sand body.

For a distance of a few hundred miles there is much sand-
stone in the Labette shale. The sand bodies are lenticular and at
least in part are channel fillings. The disconformities at the bases
of the sandstone lenses are not indicative of long periods of erosion.
Mud, sand, and a very minor amount of coal and limestone were
deposited in the areas of present outcrops. The several thin coal
beds and limestone lenses indicate several cyclic deposits. Two
massive sandstones separated by a limestone bed and shale occur
in some exposures in eastern Oklahoma. Studies between eastern
Kansas and Warrensburg, Mo., indicate that the Englevale and
Warrensburg sandstones occur at about the same stratigraphic
horizon.

The village of Labette in Labette county, Kansas, was desig-
nated as the type locality for the Labette shale (Haworth, 1898,
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p. 36). I designated the somewhat poor exposure beginning near
the center of the north line and extending to a point near the north-
east corner of sec. 22, T. 32 S., R. 20 E., near the town of Labette,
as a pro tempore type exposure. There are at present no good ex-
posures of the Labette shale known near Labette.

Distribution.—The outcrop line of the Labette shale in Kansas
is between the sinuous outcrop of the bounding limestones. The belt
ranges in width from a small fraction of a mile to a few miles.
The lines of outcrop of the bases of the two limestones are shown
in plates 1 and 2. The line shown in plate 2 as the outcrop line of
the base of the Pawnee limestone is also the outcrop line of the top
of the Labette shale.

Description.—Changes in thickness of the Labette shale along
its line of outcrop in Kansas are rather abrupt. According to
measured sections, the thickness range is between about 30 and
100 feet. Sections measured at locations about 1 mile apart in
northeastern Bourbon county show a difference of 20 feet in
thickness. According to measurements I have made at outcrops
and to logs of wells drilled a short distance west of the outcrops,
the Labette shale is thickest in Labette county and thinnest in
Bourbon county. Thus, the thickness increases southward.

The Labette shale includes clay and silt shale, sandstone, and
minor amounts of limestone and coal. There is a persistent lime-
stone in the upper-middle part in southeastern Kansas. This is
very probably the same limestone that occurs in the same part
of the Labette shale over a wide area in northeastern Oklahoma.
It is especially well developed in Craig county. Although the for-
mation contains much sandstone in Kansas, sandstone is not as
important quantitively in the Kansas outcrop sections as in ex-
posures in Oklahoma and Missouri. There are several coal beds
in the Labette shale. All are of more or less local occurrence, but
itis believed that they represent coal phases of definite cyclothems.
One coal bed occurs near the base in a zone that is more commonly
occupied by black shale alone or by black shale and a very thin
coal bed. The black shale zone in the basal part of the Labette
shale is especially well developed in southeastern Rogers county,
Oklahoma, near the place where the underlying Fort Scott lime-
stone pinches out or grades laterally into clastic deposits (pl. 1,
sec. 187). This facies is rather persistent and has been observed
in several Kansas exposures. Another coal bed near the middle
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part is seemingly less persistent. A black shale and coal zone oc-
curs in the upper part of the Labette shale next below the persist-
ent thin limestone that marks the base of the Pawnee limestone.
This coal in the upper part has been seen at several places along
the line of outcrop from Labette to Linn county. Locally, however,
black shale in this zone does not contain a bed of coal, and in a
few places the black shale facies is absent.

Sandstone lenses, perhaps in part channel fillings, are common
in the Labette shale although less common in Kansas than in Mis-
souri and Oklahoma. Limestone conglomerates éccur in the basal
part of some of the sand bodies in Missouri but they have not been
observed in Kansas. In Missouri the Warrensburg channel sand-
stone is believed to occur in the Labette shale. It fills a channel
that locally is cut below the Fort Scott limestone. The top of the
channel fill in the vicinity of Warrensburg seems to be in the
lower middle part of the Labette shale at approximately the same
horizon that marks the top of sandstone bodies in Kansas. A few
inches of sandstone occurs about 25 or 30 feet above the base of
the formation in several exposures in Kansas. There are two
very important sandstone horizons in the Labette shale in Okla-
homa. It is believed that the lower of the two sandstones occupies
the same stratigraphic position as the Warrensburg sandstone.
The Englevale sandstone in Crawford county, Kansas, lies in the
same position.

A nearly complete Labette shale section is exposed near the
center of the north line of sec. 16, T. 25 S,, R. 24 E., Bourbon county,
Kansas. There the lower coal bed lies about 2 feet above the Hig-
ginsville limestone, the upper member of the Fort Scott formation.
A zone of thin sandy limestone and sandstone is present about 12
feet from the base of the Labette shale, which there is about 39
feet thick. The upper part of the section is chiefly gray and yellow
shale. At an exposure about 1 mile distant, in the SW cor. sec. 15,
T. 25 S, R. 24 E,, the formation is about 54 feet thick and no sand-
stone was seen. A thin and impure limestone occurs in the upper
middle part. '

The sections described above are rather characteristic of the
less sandy facies of the Labette shale. In northeastern Bourbon
county there are three thin limestones in the middle part of the
formation. The lower two are separated by about 7 feet of shale
and the upper one is about 18 feet higher than the middle lime-
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stone. The lower limestone is a brachiopod-bearing rock about
1 foot thick. It lies on a thin coal bed, below which is 6 feet of
carbonaceous shale resting on the Warrensburg sandstone. The
upper two limestones are very thin and are cross-bedded. They
seem to be detrital limestones, but are believed to have been
formed from wave or current-washed shell fragments and pre-
cipitated masses rather than from fragments of a pre-existing rock.

The top of the Warrensburg or Englevale sandstone lies in a
zone about 20 or 30 feet above the base of the Labette shale. The
thicknesses of these sand bodies in Kansas range from a feather-
edge to about 30 feet.

PawnNEE LIMESTONE (Swallow, 1866) Moore, 1936

The Pawnee limestone lies between the Labette and Bandera
shales; hence it is the first prominent limestone assemblage above
the Fort Scott limestone. It generally has been described as com-
prising a single ledge, and Swallow (1866) applied the name
Pawnee to “heavy bedded, porous and compact, coarse and fine,
drab, brown and bluish-gray, cherty, concretionary and mottled
(limestone), 20 to 25 feet thick.” It is now known that the Paw-
nee limestone is divisible into members (Jewett, 1941, p. 315). The
following members, named in ascending order, are recognized:
(1) Anna shale, (2) Myrick Station limestone, (3) Mine Creek
shale, and (4) Laberdie limestone.

The inclusion of a shale member at the base of a limestone
formation is rather unusual. There is a thin slabby and locally
lenticular limestone at the base of the Anna shale over a very
wide area. This limestone is so thin in Kansas, nowhere more
than 2 or 3 inches, that it does not seem deserving of a name and
designation as a member. In Missouri and Oklahoma, however,
limestone at the base of the persistent black shale that comprises
most of the Anna member is much thicker. In Oklahoma, this lime-
stone probably comprises the greater part of the thick Oologah
limestone (Jewett, 1941, p. 290). It is clear that this basal lime-
stone and the overlying shale belong in the Pawnee limestone
assemblage. In 1936 Moore (1936, p. 62) amended the definition
of the Pawnee limestone to include the thin limestone bed dis-
cussed above (Jewett, 1941, pp. 312-315).

The Pawnee limestone is easily identified in well logs in all
of eastern Kansas. It is identified in Oklahoma (pl. 2) and com-
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prises all, or at least the main part, of the Ooclogah limestone that
crops out a few miles east of Tulsa. It has been traced across Mis-
souri into Iowa (Cline, 1941, p. 37; Jewett, 1941, p. 312) and its
equivalent is recognized in Illinois (Weller, Wanless, Cline, and
Stookey, 1942, pp. 1591, 1592).

Because the type exposure of the Pawnee limestone had not
been definitely located, I (Jewett, 1941, p. 315) designated an
exposure along state highway 7, slightly north of the center of sec.
7, T. 27 S, R. 24 E., Bourbon county, Kansas, as the type. The
exposure there is shown graphically in plate 2, sec. 97.

Graphic sections of outcrops of the Pawnee limestone and
adjacent rocks in Kansas and in neighboring parts of Missouri and
Oklahoma are shown in plate 2.

PAWNEE LIMESTONE
ANNA SHALE MEMBER Jewett, 1941

The Anna shale is the lower member of the Pawnee limestone
formation. It lies below the Myrick Station limestone and in Kan-
" sas includes at its base a thin bed of dark limestone. The com-
mercially important Lexington coal of Missouri occurs in the
Anna shale. The type exposure of the Anna shale is the same as
that of the Pawnee limestone; that is, a little north of the center
of sec. 7, T. 27 S, R. 24 E,, Bourbon county, Kansas, on Kansas
highway 7.

Distribution.—The outcrop of the base of the Pawnee lime-
stone or the base of the Anna shale is shown in plate 2. The line
of outcrop is a sinuous line from eastern Linn county to Labette
county.

Description.—Along its line of outcrop in Kansas, the Anna
shale member of the Pawnee limestone ranges in thickness from
about 2 feet to approximately 12 or 13 feet. Changes in thickness
are rather abrupt. It must be remembered, however, that the
Anna shale comprises black shale and thin-bedded limestone facies
of strata below the more strictly defined Myrick Station limestone
and hence its lower boundary does not mark a definite strati-
graphic horizon.

In Kansas the Anna shale consists chiefly of black and gen-
erally fissile shale. It commonly contains small black nearly
spherical phosphatic concretions imbedded in black shale. In
nearly all exposures the upper few inches consists of gray shale.
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This upper gray shale zone ranges in thickness from a few inches
to approximately 2 feet. Locally the upper gray zone is absent
(pl. 2, secs. 116 and 119). With few exceptions, careful searching
in places where the basal part of the Pawnee limestone is well
exposed reveals a thin bed of slabby black crystalline or earthy
limestone below the thicker black shale part of the Anna member.
This limestone is in the closing part of the marine phase of a
lower Pawnee cyclothem which is rather fully developed in No-
wata county, Oklahoma (pl. 2, sec. 193). There the Pawnee lime-
stone assemblage includes limestone lower than this lower Anna
bed of Kansas and eastern Missouri.

The Lexington coal, economically important in Lafayette
county, Missouri, occurs in the Anna shale. The basal black lime-
stone described above is present over wide areas in Missouri and
has been identified in Missouri below the Lexington coal. Locally
in Crawford county, Kansas, the upper middle part of the Anna
shale is very coaly and may be described as nearly coal (pl. 2,
sec. 119). Elsewhere in Crawford county, concretionary-like
masses of coaly material occur in the upper part of the Anna shale
(pl. 2, sec. 67). A coal bed 0.1 feet thick in Craig county, Okla-
homa (pl. 2, sec. 203), is approximately at the horizon of the Lex-
ington coal bed. The Lexington coal has been seen in Missouri in
several Anna shale exposures between the type locality of the
coal, near Lexington, Mo., and eastern Kansas.

The Anna shale is not conspicuously fossiliferous. Fragments
of crinoids and other fossils occur in the basal limestone, and flat-
tened brachiopod shells occur locally in the black shale.

PAWNEE LIMESTONE
MYRICK STATION LIMESTONE MEMBER Cline, 1941

The Myrick Station limestone is the second member from the
base in the Pawnee limestone in Kansas. The name was applied
by Cline (1941, p. 37) to the “Lexington cap-rock” in its exposure
near Myrick Station on Missouri river in Lafayette county, Mis-
souri. The same limestone is easily identified in numerous ex-
posures in Lafayette, Johnson, Cass, and Bates counties, Missouri,
and Linn county, Kansas. Cline (1941, p. 37) designated the ex-
posures in ravines in the south bluff of Missouri river near Myrick
Station, Lafayette county, Missouri, as the type exposure of the
Myrick Station limestone.
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Distribution.—The distribution of the outcrops of Myrick Sta-
tion limestone in Kansas is almost exactly the same as that of the
underlying Anna shale (pl. 2).

Description.—At outcrops in Kansas, the Myrick Station lime-
stone ranges in thickness from less than 1 foot to approximately
8.5 feet. The greater thicknesses are due to the presence locally
of Chaetetes biostromes which occur more commonly in the upper
part.

The lower part of the Myrick Station limestone has a rather
uniform thickness ranging between approximately 3 and 4 feet.
This lower part is characteristically dark brownish-gray or dove-
gray limestone that weathers tan or brown. This part is massive
and is regularly bedded. Locally a large portion is composed of
Chaetetes colonies, but these corals are not characteristic.

Generally where in excess of approximately 4 feet in thickness,
the upper part of the Myrick Station limestone is a Chaetetes
biostrome. Algal limestone is also abundant. In sec. 11, T. 25 S.,
R. 24 E,, Bourbon county, a Chaetetes mass is separated from the
lower massive part of the Myrick Station limestone by a thin shale
bed. The coral mass there is overlain by 0.5 foot of slabby non-
coralline limestone. Crinoid fragments, brachiopods (notably
Squamularia), and sparse fusulines are other plentiful fossils in
the Myrick Station limestone.

PAWNEE LIMESTONE
MINE CREEK SHALE MEMBER Jewett, 1941

North of Marmaton river in Kansas, and in Missouri, the Paw-
nee limestone includes a definite shale unit between the Myrick
Station and Laberdie members. This is the Mine Creek shale
(Jewett, 1941, p. 318). South of Marmaton river the Mine Creek
shale is thin, but it can be identified in many exposures. The type
exposure of the Mine Creek shale is near the middle of the south
side of sec. 23, T. 21 S, R. 25 E,, on a tributary of Mine creek in
Linn county, Kansas. The type exposure is represented graphic-
ally in plate 2, section 10.

Distribution.—Because the overlying Laberdie limestone gen-
erally lies next below the soil in extensive dip slopes bordered on
the east by the Pawnee limestone escarpment, the line of outcrop
of the Mine Creek shale is almost exactly the same as that of the
basal members of the Pawnee formation (pl. 2).

Coogle



Original from
UNIVERSITY OF CALIFORNIA

Digitized by Google

916006-sn-pdgasn ssadde/buo 1sniiTyiey -mmm//:dizy / pazrithip-91h009 ‘sa3els paiTun Ayl UT uTewoq dT1qnd

0S0LT8€G ToN/LZOZ/1du"d1puey 1py//:sdily

/  1W9 TE:6T 0C-60-€£20Z U0 sesuey jo AITSUSATUN 1e paledausy



32

tion
und

stol
8.5

of (
par

uni

Th:
gre
ans

Ch

the
bic

lo
be
co
Sc
th

v~wng

-V o B O]

A e+ m

Google




Stratigraphy of the Marmaton Group in Kansas 33

Description.—Measured thicknesses of the Mine Creek shale
in Kansas range from a featheredge to about 17 feet. The thickest
Kansas outcrop sections are in the northern part of the outcrop
belt.. In eastern Missouri this member of the Pawnee limestone
has a thickness comparable to that in near-by Kansas counties.
In northeastern Oklahoma the thickness is commonly less than 1
foot (pl. 2).

The Mine Creek shale consists of gray, black, and greenish-
gray and yellow shale and a minor amount of limestone. In one
exposure in Johnson county, Missouri, a thin sandstone bed occurs
in the middle part (pl. 2, sec. 185). Locally in Bates county, Mis-
souri, the Myrick Station limestone, which normally underlies the
Mine Creek shale, seemingly is absent, but the upper part of the
Mine Creek shale is readily identifiable there because of its fauna
consisting chiefly of numerous brachiopods. In the shallow sub-
surface in central Bates county, this member has a thickness
ranging from 8 to 11 feet, of which locally 7 feet is fine-grained
sandstone. At several exposures in Linn and Bourbon counties,
Kansas, the Mine Creek shale is divisible into three parts—two
shale deposits separated by a thin bed of limestone. Where thickest
and where better exposed, the lower shale unit is yellowish and
greenish-gray and is limonitic. Limonite occurs in small concre-
tions and stringers. The upper shale is highly fossiliferous. It
contains an extensive fossil zone that allows identification of the
unit in areas where the underlying limestone is not seen. This
brachiopod zone in the upper part of the Mine Creek shale is ex-
posed in numerous places in Bates, Cass, and Johnson counties,
Missouri, as well as in Linn county, Kansas. The upper fossilifer-
ous part is calcareous and contains small limestone nodules. It is
probable that the limestone in the middle part of the Mine Creek
shale is not the same bed in various exposures. Locally in Linn
county, Kansas, this limestone is a coquina of brachiopods.

In the southern part of Bourbon county and in Crawford and
Labette counties the Mine Creek shale is merely a thin shale bed
between the Myrick Station and Laberdie limestones, which, how-
ever, are distinguishable one from the other because of lithologic
differences. Locally in Crawford county the Mine Creek shale is
about 1.5 feet thick; the upper part is gray and blocky and the
lower part is black and platy shale. As noted above, in the north-
ern part of the outcrop belt in Kansas the upper part of the Mine
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Creek shale is abundantly fossiliferous. Chonetids are the most
plentiful fossils.
PAWNEE LIMESTONE
LABERDIE LIMESTONE MEMBER Jewett, 1941

The uppermost member of the Pawnee limestone is the Lab-
erdie limestone (Jewett, 1941, p. 320). North of Marmaton river
in Kansas, it is distinctly separated from the Myrick Station lime-
stone by several feet of shale. The same condition exists in Mis-
souri. Farther south in Kansas and in Oklahoma, the separating
shale (Mine Creek) is thinner and may be locally absent, but in
many exposures the underlying darker more massive Myrick Sta-
tion limestone can be differentiated from the lighter colored more
crystalline and thinner bedded Laberdie limestone. The type ex-
posure of the Laberdie limestone is mostly artificial. It is in a
quarry in the southwestern part of sec. 6, T. 23 S,, R. 25 E,, 1 mile
west of Prescott, Linn county, Kansas. Laberdie creek is a short
distance west of the quarry.

Distribution.—The Laberdie limestone underlies dip slopes
ranging up to a few miles in width. Qutcrops of at least the basal
part of the limestone generally occur with the lower Pawnee
members along the line shown in plate 2,

Description.—It is difficult to make accurate measurements of
the thickness of the Laberdie limestone at many of the outcrops.
In the northern part of the outcrop area in Kansas the thickness
is approximately 10 feet. In the southern part it is much greater,
the average being perhaps 20 or more feet.

In general the Laberdie limestone is light gray, crystalline, and
brecciated. It occurs in rather thin wavy beds or beds of irregular
thickness. Commonly the lower part is somewhat more massive.
Locally it is in part a Chaetetes biostrome. Coralline limestone is
more plentiful in the upper part. Fossils, particularly the abun-
dant corals, are frequently partly or wholly silicified, but flint
nodules are rare or entirely absent. This statement is contrary to
a more or less prevalent belief that the Pawnee limestone is a
flinty rock. Commonly large fragments of weathered flint from
higher strata have accumulated on the escarpments of the Pawnee
limestone and other rocks, giving the erroneous impression that
the scarp-making rock is flint bearing.

In much of the Kansas outcrop area the Laberdie limestone
lies below extgnsive dip slopes. In such areas the soil mantle is
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thin, and bare outcrops are common in places of small relief as
well as along drainage channels. A large part of the area under-
lain by the Laberdie limestone is unplowed grassland. Terrain of
this kind is characteristic in Bourbon county.

The upper part of the Laberdie limestone weathers into a mass
having an irregular hummocky upper surface. The whole unit
consists of limestone that generally becomes lighter in color upon
weathering. This rock is often called the “cotton rock.” Weathered
surfaces are pitted and flecked with brown. Sparse fusulines,
crinoid and echinoid fragments, and brachiopods, in addition to
abundant Chaetetes, are somewhat characteristic of the Laberdie
limestone. With the exception of the coralline facies, however,
it is not a highly fossiliferous rock. Exposures of the Laberdie
limestone in Oklahoma are more fossiliferous than those in Kan-
sas. Silicified specimens of Cystauletes mammilosus King, a cy-
lindrical sponge, are locally abundant.

BANDERA SHALE Adams, 1903

The Bandera shale is a relatively thick clastic deposit that lies
above the Pawnee limestone and below the Altamont limestone.
It was named by Adams (1903, p. 32) from exposures near the
former railroad station of Bandera, in Bourbon county, Kansas.

The Bandera formation includes a definite zone of sandstone
to which the name Bandera Quarry sandstone has been applied
(Jewett, 1941, p. 292). Near the base of the formation is a bed of
coal which is persistent from the southern part of Bourbon county,
Kansas, northward into Missouri. Coal is found in the same posi-
tion in the subsurface in eastern Nebraska (Condra and Reed,
1943, p. 55). This is the Mulberry coal, named by Hinds (1912,
p. 75) from exposures along Mulberry creek in Bates county, Mis-
souri, not far east of Linn county, Kansas.

A continuous and complete section of the Bandera shale is not
exposed in the vicinity of old Bandera station, in sec. 29, T. 25 S,,
R. 23 E.,, Bourbon county, Kansas. The upper approximate 20
feet of the Bandera shale and the overlying Altamont limestone
are exposed in the NW%s SW!/ of the section, and nearly all the
local occurrence of the Bandera Quarry sandstone is exposed in
the flagstone quarries in the vicinity of the center of the north
line of the southwest quarter of the section (pl. 3, secs. 60 and 61).
The exact type exposure of the Mulberry coal has not been des-
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ignated, but it is assumed to be in the mining district along Mul-
berry creek southeast of Amoret, Bates county, Missouri.

Distribution.—The Bandera shale and sandstone underlie a
belt of varying width between the outcrops of the Pawnee and
Altamont limestones extending in Kansas from Labette county
to Linn county. A prominent anticlinal dome in the vicinity of
Mound City, Linn county, has given rise to an inlier of Bandera
shale and the bounding limestones there.

Description.—The Bandera shale is variable in thickness. It
is similar in this respect to the Labette and Nowata shales. Along
the outcrop line in Kansas the thickness ranges from about 35 to
about 75 feet. Available records of some rather closely spaced bore
holes a short distance down dip from the outcrops show variations
in thickness that are of interest because of their probable relation-
ship to the present drainage pattern of the area. In northeastern
Linn county and in Bates county, Missouri, there seems to be an
abrupt change in thickness of the Bandera shale at about the
present position of Marais des Cygnes river. North of the river
the average thickness is about 22 feet and is as little as 8 feet in
central Bates county. For a few miles south of the river the com-
mon thickness is about 45 feet and the known maximum is 52 feet.
South of Little Osage river in northern Bourbon county, measured
subsurface thicknesses range from about 47 to 96 feet.

The Bandera shale includes clayey and sandy shale, sandstone,
and a minor amount of coal and limestone. The shale is mostly-
light in color, There is a very persistent zone of rather bright pur-
plish or maroon shale in the upper part. Concretions and small
lenses of limonite are characteristic of this facies. Septarian lime-
stone concretions occur locally in the same facies. '

The Mulberry coal bed is in the lower part of the Bandera shale
at a position that ranges from a few inches to about 6 feet above the
base of the formation. This coal bed has not been identified south
of a point in southern Bourbon county, Kansas, but it extends far
to the north. Locally in Linn county, Kansas, and in Bates county,
Missouri, the Mulberry coal is more than 2 feet thick. It is exten-
sively mined in these places. Recently Condra and Reed (1943, p.
55, fig. 19) have noted the presence of a coal bed in the lower part
of the Bandera shale in the subsurface in eastern Nebraska. A
very local coal bed occurs near the top of the Bandera shale in
Labette county, Kansas.
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Shale that separates the Mulberry coal from the underlying
Laberdie limestone is distinct lithologically from the remainder of
the Labette shale. This shale is not sandy, is less limonitic, and is
slightly carbonaceous. It has some of the characteristics of an
underclay and is often called “fire clay.” Chemical analyses made
in the Survey laboratories show that this shale has an alumina
(Al,O,) content of 20.02 percent.

Sandstone and sandy shale are plentiful in the Labette forma-
tion. A part of the sandstone occurs as channel fillings. In some
places clean cut lateral contacts between clay shale and sandstone
have been studied. Elsewhere the sandstone grades laterally
through sandy shale into clay shale without sand. The tops of sand
bodies, at least a part of which are channel fillings, are in the
upper and middle part of the formation. Locally in Kansas and in
eastern Missouri, sand bodies occur next below the Altamont
limestone, and locally the entire Bandera section is sandstone.
In Kansas channel fillings are not known to extend into strata
below the top of the Pawnee limestone. Locally in Missouri, filled
channels reach downward into the Pawnee rocks. At one place,
in the NW1} sec. 2, T. 15 N., R. 28 W., Johnson county, Missouri, a
channel filled with sandstone and limestone conglomerate is cut to
a level about 5 feet above the top of the Myrick Station limestone.
The Laberdie limestone and the upper part of the Mine Creek
shale can be seen at a place a few feet away from the wall of the
filled channel. The top of this coarse clastic channel filling was
not observed there, but the channel filling is believed to be a part
of the Bandera formation. In the same vicinity the base of the
Hepler sandstone (basal Missourian) rests on shale in the upper
part of the Bandera formation and a few feet above the top of a
Bandera sandstone body.

Sandstone bodies that collectively are called Bandera Quarry
sandstone occur in the Bandera shale in Kansas. This sandstone is
commonly well bedded and is fine and micaceous. Locally it is
cemented with siliceous material. Locally the Bandera Quarry
sandstone occupies the entire Bandera section. Where present,
_ it is generally separated by shale ranging in thickness from a few
to 20 or more feet. The Bandera Quarry sandstone has been
quarried for a long time in Bourbon county. Beautiful flagstones
and building stone are produced. In the exposures in a quarry in
the SW14 sec. 29, T. 25 S., R. 23 E,, this sandstone is about 30 feet
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thick. For the most part, it is well bedded and contains an abun-
dance of fossil worms.

A thin bed of nearly black limestone occurs locally in the
lower part of the Bandera shale just above the Mulberry coal.
This limestone and the underlying coal are exposed in sec. 1, T.
26 S, R. 23 E,, Bourbon county, Kansas. Limestone has been noted
in well records at the same stratigraphic horizon in northern Linn
county and in eastern Missouri. ’

The Bandera shale contains few invertebrate fossils. Annelid
worms in the Bandera Quarry sandstone have been noted above.
Fragments of land plants are abundant in sandy shale and sand-
stone, especially in the lower part of the formation, but above the
Mulberry coal. Carbonaceous masses in the shale below the Mul-
berry coal probably are the partly coalified fragments of plants.

Graphic representations of several Bandera shale outcrops in
Kansas are shown in plate 3.

ArLTAMONT LiMEsTONE Adams, 1896

The Altamont limestone lies next above the Bandera shale; it
comprises limestone and shale beds. These are best developed in
Kansas in southeastern Neosho and Labette counties, and they
are equally well developed locally in Bates county, Missouri.

For a long time the Altamont limestone, like the Pawnee and
Lenapah limestones, was described and represented in diagrams
as a single limestone ledge. Seemingly one limestone member and
then another had been seen at outcrops, but two had not been
noticed at one outcrop or the very persistent midde shale member
had perhaps been assumed to be of local occurrence. Observations
have shown, however, that the separating shale is very widespread
and that the three members can be identified from northeastern
Oklahoma to southern Iowa and into Illinois (Cline, 1941, pp. 26,
27; Jewett, 1941, p. 326; Weller, Wanless, Cline, and Stookey,
1942, p. 1586). They can be recognized in the subsurface in much
of eastern Kansas. I have used the persistent and easily recog-
nized Lake Neosho shale as the basis of division into members
(Jewett, 1941, p. 326). All limestone within the formation and
above the Lake Neosho shale is called Worland, and the limestone
below, locally composed of as many as four distinct beds, is as-
signed to the Tina member. )

No exposures in the vicinity of Altamont that show the whole
Altamont formation are known. The Lake Neosho shale, a part
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of the overlying Worland limestone, and a part of the underlying
Tina limestone are exposed near the center of the west line of sec.
5, T. 33 S., R. 19 E., about 3.5 miles west of Altamont, Labette
county, Kansas. This exposure has been designated as the type
exposure (Jewett, 1941, p. 326). The exposure there is shown
graphically in plate 3, section 160.

Graphic sections of outcrops of the Altamont limestone and
adjacent rocks in Kansas and in neighboring parts of Missouri
and Oklahoma are shown in plate 3.

ALTAMONT LIMESTONE
TINA LIMESTONE MEMBER Cline, 1941

Tina limestone is the name of the lowest member of the Alta-
mont limestone. The name was introduced by Cline (1941, p. 43),
and I (Jewett, 1941, p. 329) proposed that it be used for all lime-
stone in the Altamont formation below the Lake Neosho shale.
Cline designated exposures in the west-central part of sec. 7, T.
54 N, R. 22 W., Carroll county, Missouri, as the type of the Tina
limestone.

Distribution.—The Tina limestone is locally absent in some ex-
posures of the Altamont formation in Linn and Bourbon counties.
The upper part, however, is present almost continuously along the
line shown in the map of southeastern Kansas in plate 3. All phases
of the member are well developed in Labette and southeastern
Neosho counties. :

Description.—According to measurements made at a great
many outcrops, the Tina limestone in Kansas ranges in thickness
from a featheredge to slightly more than 10 feet. Like several
other Marmaton limestones, it is locally largely a Chaetetes
biostrome, and its thicker developments locally are due to the
presence of the remains of these Desmoinesian rock-building
corals. In general, the lower member of the Altamont limestone
is more fully developed in the southern part of its outcrop belt
than in the northern part, but changes in thickness are somewhat
abrupt (pl. 3). Locally the Tina limestone is absent (pl. 3, secs. 25,
36, 43, 82, and 95). In some exposures it is seen to pinch out or to
grade laterally into sandstone (pl. 3, secs. 10 and 35).

In places where it is more fully developed, the Tina limestone
is composed of two or three limestones separated by thin shale
beds (pl. 3, secs. 127, 128, 129, 132). The exposure in the SW
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sec. 23, T. 30 S, R. 20 E., Neosho county, shows clearly its full
development. There the basal part consists of 0.75 foot of gray
mottled wavy-bedded limestone containing Mesolobus. This is
overlain by a thin shale bed. The second limestone from the base
is really two rocks. The lower one is gray, nodular, and brecciated.
In its upper part are pelecypods and “Fistulipora.” Fusulines are
rather abundant in its lower part and crinoid fragments are plenti-
ful throughout. This lower part is a little more than 2 feet thick.
The upper rock of this second limestone unit is massive and con-
tains crinoid remains and brachiopods. Next above is a thin shale
overldin by 1.5 feet of bluish-gray to purplish-brown limestone
which ocecurs in thin irregular beds and contains many crinoid
fragments.

The upper unit described above is the most persistent part of
the Tina limestone, and it extends far northward across Missouri
into Iowa. Along most of this distance the other parts are absent
but are developed locally. Where this persistent part alone is
present in Kansas it is generally less than 1.5 feet thick, is gran-
ular, and contains a molluscan fauna and plentiful algal remains.
Locally it is almost entirely an algal limestone. Cross-bedding is
common. At some places it is a mass of fossil fragments that have
seemingly suffered much abrasion by waves or currents. Locally
it grades laterally and vertically into sandstone. Ostracodes are
abundant in this rock in Bates county, Missouri.

Although one or more of the units of the Tina limestone that
are described above can be recognized in many exposures, nearly
the entire member is a Chaetetes biostrome in Labette county.
The coral mass, however, wherever seen, lies on at least a few

‘inches of noncoralline limestone. Evidently Chaetetes did not

thrive on mud bottoms.

ALTAMONT LIMESTONE
LAKE NEOSHO SHALE MEMBER Jewett, 1941
The Lake Neosho shale is the middle member of the Altamont
limestone. It is very persistent and is identified in exposures
where the underlying Tina limestone is absent. Because of its
easily recognized characteristics, particularly the presence of
rough irregular phosphatic concretions, it is conveniently used
as the basis of subdivision of the Altamont limestone into members.
The type exposure of the Lake Neosho shale is southeast of Neosho
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County State Park, in the SE14 sec. 23, T. 30 S., R. 20 E., Neosho
county, Kansas (pl. 3, sec. 132).

Distribution.—The Lake Neosho shale is present with the over-
lying Worland limestone and, except in a very few places, with the
underlying Tina limestone along the line shown in the map of
southeastern Kansas in plate 3.

Description.—The thickness of the Lake Neosho shale is rather
uniform over wide areas. The characteristic thickness is about 2
feet. Locally, however, it is nearly 6 feet thick. The Lake Neosho
shale is the most easily recognized member of the Altamont lime-
stone. It can be differentiated from the underlying Bandera shale
in outcrops where the Tina limestone, which normally separates
the two shales, is absent. The Lake Neosho shale chiefly includes
yellowish-gray and black shale. Where the unit is rather thin,
it is dominantly light in color but black shale is found almost
without exception in the lower or middle part. Irregularly shaped
slightly elongated rough dark phosphatic concretion-like nodules
are invariably present in the dark-gray or black shale beds. These
nodules are the most characteristic feature of the unit. They
commonly contain teeth and bone fragments, and probably are
coprolites.

ALTAMONT LIMESTONE
WORLAND LIMESTONE MEMBER (Greene, 1933) Cline, 1941

The Worland limestone is the upper member of the Altamont
limestone. It is known from Oklahoma toTowa, and an equivalent
limestone seems to be present in Illinois. The name Worland has
been used for several years but only recently has a definition been
offered (Cline, 1941, p. 29; Jewett, 1941, p. 334). I have designated
as the type exposure of the Worland limestone the exposure along
the Kansas City Southern railway just north of a grade crossing
northeast of Worland, Bates county, Missouri (Jewett, 1941, p.
334).

Distribution.—In Kansas the Worland limestone makes a some-
what prominent outcrop and escarpment from eastern Linn county
to southwestern Labette county. .

Description—The Worland limestone in Kansas has a rather
uniform thickness of about 8 feet, although it is generally some-
what thinner in the northern part of its outcrop area. This upper
member of the Altamont limestone is somewhat less easily divided

Google



42 Geological Survey of Kansas

into parts based on lithologic differences than are several of the
other Marmaton limestones. In general it is rather light bluish-
gray in color and is massive; it is finer grained than are other lime-
stones of the Marmaton group. Specimens from many exposures
have the characteristics of lithographic limestone. In some places
the lower part is brecciated. Chemically, the Worland limestone
is usually purer calcium carbonate than other rocks of this group.
Samples are frequently found to be approximately 97 percent
pure. In one exposure, in the SW14 sec. 23, T. 30 S,, R. 20 E,, Ne-
osho county, Kansas (pl. 3, sec. 132), the rock consists of light
bluish-gray limestone and thin lenses of nearly white flint.

One of the most comprehensive exposures of the Worland lime-
stone in Kansas is in a small quarry in the SEY} sec. 24, T. 25 S,,
R. 22 E,, a short distance east of Uniontown, Bourbon county.
There the lower 7 feet includes slightly nodular dense and slightly
crystalline gray limestone containing fossil brachiopods. This is
the part of the Worland limestone that is persistent over wide
areas. Next above is about 2 feet of bluish-gray, nodular, rather
thin-bedded limestone, in which are enclosed domelike masses of
well-bedded shale. Some of the shale-filled “cavities” are 6 feet
long and 1.8 feet high. The shale filling rests on the underlying
limestone unit described above. The included shale masses are
calcareous and contain many small limestone nodules and fusu-
lines. The rock containing the shale-filled cavities is overlain by
about 2 feet of interbedded nodular limestone and calcareous
shale. The exposure described here is represented in plate 3, sec-
tion 52.

The Worland limestone holds a prominent escarpment and ex-
tensive dip slope in southeastern Kansas. Because it is the only
relatively thick limestone in a belt several miles wide, it is exten-
sively quarried for road material and other uses.

Chonetids, Squamularia, Composita, and other brachiopods,
and fusulines are characteristic of the Worland limestone. In many
exposures fusulines are rather uniformly distributed throughout
the persistent part of the rock, and they are abundant in the locally
occurring upper part.

NowaTta SHALE Ohern, 1910

Shale and sandstone that lie between the Altamont and the
Lenapah limestones were called Nowata shale by Ohern (1910,
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p. 23). I have suggested the name Walter Johnson sandstone for
included sand bodies (Jewett, 1941, p. 335). The Nowata derives
its name from the city of Nowata, Nowata county, Oklahoma. The
type exposure of the Walter Johnson sandstone is in sec. 10, T. 35
S.,, R. 17 E,, Montgomery county, Kansas.

. Distribution.—In general the band of outcrop of the Nowata
shale is narrow, but because of the rather wide dip slope held by
the Worland limestone.the line of outcrop is commonly a few miles
west of the outcrop of the basal part of the Altamont formation.

Description.—Along its line of outerop in Kansas, the Nowata
shale ranges from almost nothing to approximately 50 feet in
thickness. Measured sections indicate rather abrupt thickness
‘changes.

The Nowata shale includes light and dark clay shale, sandy
shale, and sandstone. Unlike the Labette and Bandera shales, no
coal beds are known in the Nowata in Kansas. It seems that gen-
etically the dark and black shale (pl. 4, secs. 180, 92, and 143) be-
tween the Worland limestone and the Norfleet limestone belong
with the Lenapah rock assemblage rather than with the lighter
colored and locally sandy Nowata strata, but because of the con-
tinuity of the bounding limestones it seems hardly expedient to
exclude these darker beds from the Nowata formation.

In general the Nowata shale is light gray, yellow, and limonitic.
Locally it is almost or entirely free from sand. At places it is sandy
shale or contains massive sandstone bodies. The sandstone and
sandy shale are abundantly micaceous. Dark and black shale in
the formation commonly contains small smooth dark phosphatic
concretions which are quite unlike the phosphatic nodules that
occur so abundantly in the Lake Neosho shale but similar to those
in black shales in the Fort Scott and Pawnee formations. Gen-
erally the Nowata shale is almost free from fossils, but brachiopods
are common in places where the dark shale facies is developed.
In Bates county, Missouri, Mesolobus sp., other chonetids, and
large productids are abundant.

LeEnarau LIMESTONE Ohern, 1910

The Lenapah limestone overlies the Nowata shale. It was named
by Ohern (1910, p. 23) from the town of Lenapah in Nowata
county, Oklahoma. Like other Marmaton limestone formations,
the Lenapabh is divisible into members. The upper member is the
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Idenbro limestone; the middle member is the Perry Farm shale;
and the lower member is the Norfleet limestone. The type ex-
posure of the Lenapah limestone is in an old quarry in the NW1j
NEY; sec. 30, T. 28 N, R. 16 E,, Nowata county, Oklahoma. This is
at Bell Spur, a short distance north of Lenapah. Newer quarries
a short distance southeast of Bell Spur now offer better exposures
(pl. 4, sec. 200).

Weller, Wanless, Cline, and Stookey (1942, fig. 1) recognized
the equivalent of the Lenapah limestone in southern Iowa and
western Illinois. According to their correlation in Illinois, the
Lonsdale limestone and overlying beds, including strata that are
correlated with Exline limestone of northern Missouri, are equiv-
alent to the Lenapah limestone. In Iowa, the Cooper Creek
limestone, the Exline limestone, and separating shale beds are
correlated with the Lenapah beds. The Exline limestone has
commonly been called the “Trepospira zone.” Thus it seems that
the correlation of the Exline limestone or “Trepospira zone” and
the upper part of the Lenapah limestone (Idenbro limestone) is
well founded (Weller, Wanless, Cline, and Stookey, 1942, p. 1592).
In Bates county, Missouri, Trepospira sp. occurs rather abundantly
in the upper part of the Perry Farm shale.

Graphic sections of 46 outcrops of the Lenapah limestone and
adjacent rocks are shown in plate 4.

LENAPAH LIMESTONE
NORFLEET LIMESTONE MEMBER Jewett, 1941

The lower part of the Lenapah limestone, below the nodular
and locally fossiliferous shale in the middle part, is the Norfleet
limestone. Its definition (Jewett, 1941, p. 338) is such as to in-
clude all limestone and shale beds of the Lenapah formation below
the easily defined Perry Farm shale. From the definition it fol-
lows that the Norfleet limestone is absent or is very poorly
developed in much of the outcrop area in southeastern Kansas, but
wherever limestone underlies the nodular Perry Farm shale’it is
assigned to the Norfleet member. The type exposure of the Nor-
fleet limestone is in the SE¥; sec. 35. T. 32 S., R. 18 E., Labette
county, Kansas. The section there is shown graphically in plate
4, section 143.

Distribution.—The Norfleet limestone is a less persistent part
of the Lenapah formation and hence it is not everywhere present
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Stratigraphy of the Marmaton Group in Kansas 45

along the line of outcrop of the formation shown on plate 4. It is
best developed in the southern part of the area of outcrop and is
rather poorly developed locally in the northern part (pl. 4).

Description.—The Norfleet limestone, although not persistent,
is a zone that can be readily identified along a line that extends
from northeastern Oklahoma at least as far northeast as Bates
county, Missouri; it is seemingly represented in Iowa by the
Cooper Creek limestone and in Illinois by the Lonsdale limestone.
Throughout the northern part of the Kansas outcrop area, except
where it is locally absent, it is a thin bed of limestone about 0.5
foot thick. In Labette county it varies from slabby to massive lime-
stone and has a maximum known thickness of 3 feet (pl. 4, sec.
143). In northeastern Oklahoma the Norfleet limestone comprises
the lower part of the thick Lenapah limestone section. Near Len-
apah it is 14 feet thick (pl. 4, sec. 199). -

The Norfleet limestone is extremely variable in lithology. It
is for the most part identified as limestone immediately below the
Perry Farm shale, which has more definite characteristics. In
northeastern Oklahoma the Norfleet limestone is light gray, sandy,
hard, and massive, and contains few fossils. In Labette county,
Kansas, it varies from massive limestone bearing an abundance
of Dictyoclostus to slabby crinoidal limestone and slabby limestone
containing abundant plant remains (pl. 4, secs. 143 and 159). In
Neosho county (pl. 4, sec. 126) it consists locally of interbedded
dark-gray sandy limestone and calcareous shale. The Norfleet
limestone is seemingly absent from nearly all the outcrop belt in
Bourbon county, but it occurs locally there and in Linn county
(pl. 4). In its northern known exposures it is characteristically
marked by small tubular and irregular limonitic inclusions in
dark and purplish-gray limestone.

LENAPAH LIMESTONE
PERRY FARM SHALE MEMBER Jewett, 1941

The Perry Farm shale is the middle member of the Lenapah
formation. It includes calcareous fossiliferous shale above the
Norfleet limestone and below the Idenbro limestone (Jewett, 1941,
p. 339). In general it is characterized by irregular limestone
nodules in gray shale, and locally in northeastern Oklahoma it
becomes mottled massive limestone. At its upper boundary
the Perry Farm shale is somewhat gradational into the overlying
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Idenbro limestone. The type exposure of the Perry Farm shale is
in the NW14 NE1 sec. 7, T. 34 S., R. 18 E,, Labette county, Kansas.
The section there is shown graphically in plate 4, section 169.

Distribution.—The Norfleet limestone is only locally present
in the northern part of the Lenapah outcrop area in Kansas. How-
ever, because of the presence of the bounding limestones and be-
cause of its characteristics, the Perry Farm shale generally can
be identified along the line of outcrop of the Lenapah formation.

Description.—In its Kansas outcrop belt, the Perry Farm shale
ranges in thickness from a featheredge to perhaps as much as 20
feet. Locally in Linn and Bourbon counties this member of the
Lenapah limestone has not been identified, and at some exposures
it seems proper to classify beds next below the Idenbro limestone
as belonging to the Nowata shale (pl. 4, secs. 1, 3, 16, 33, 47, 53,
and 85). In other places, however, even though the Norfleet lime-
stone is absent, the Perry Farm shale can be identified (pl. 4,
secs. 9, 122, and 123).

The Perry Farm shale includes chiefly gray and yellow shale
and nodular or concretionary limestone. The limestone is gen-
erally light to medium gray and is dense in texture. It occurs in
discontinuous nodular lenses. The greatest dimensions of in-
dividual limestone masses range from a small fraction of an inch
to a few inches. Locally in Neosho county thin beds of limestone
continue laterally for at least 50 feet and are probably much more
extensive. A short distance south of the Kansas-Oklahoma bound-
ary, concretionary shale of the Perry Farm member grades lat-
erally into limestone which is nodular in appearance and is mot-
tled. The limestone occurring in thin beds in Neosho county is
very similar in lithology to the solid limestone in this part of the
section in Nowata county, Oklahoma (pl. 4, secs. 199 and 200).
Locally in Bourbon county, Kansas, and in eastern Missouri, the
Perry Farm shale displays a nearly black shale facies (pl. 4, secs.
92 and 180). In Bates county, Missouri, limestone nodules occur
in black shale near the base of the member.

Locally the Perry farm shale is abundantly fossiliferous. In
Labette county it carries a mixed coral, molluscan, and brachiopod
fauna, a facies fauna similar to that of the Wewoka shale in Okla-
homa (Girty, 1915). In Nowata county, Oklahoma, and in neigh-
boring parts of Kansas, Marginifera are extremely abundant in
the upper part of the Perry Farm shale.
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LENAPAH LIMESTONE
IDENBRO LIMESTONE MEMBER Jewett, 1941

The Idenbro limestone is the upper and most prominent mem-
ber of the Lenapah limestone. It is the part of the formation that
forms a low escarpment and lies below a somewhat extensive dip
slope in Labette and Montgomery counties, Kansas; it is believed
to extend far to the north and east where it is correlative with
the Exline limestone in Missouri and Iowa. The type exposure of
the Idenbro limestone is in the SW4 sec. 2, T. 32 S.,, R. 18 E,, La-
bette county, Kansas. The section there is shown graphically in
plate 4, section 144. .

" Distribution.—The Idenbro limestone is present across Kansas
from Linn to Montgomery counties and has been identified as far
south in Oklahoma as the vicinity of Tulsa. It has also been iden-
tified in several places in Missouri. The line of outcrop of the Len-
apah formation in Kansas is shown in plate 4. The outcrop of the
Idenbro member is practically the same.

Description.—Measured sections of the Idenbro limestone in
Kansas range from about 1 to 7 feet in thickness. It is probable that
along the outcrop line in Labette and Montgomery counties the
Idenbro is everywhere about 7 feet thick, but the full thickness
is seldom seen at outcrops. It is thin and inconspicuous north of
Labette county. It forms a low escarpment in places where it is
a few feet thick.

The Idenbro limestone is generally light gray. It is commonly
nodular, but, as shown on weathered and freshly exposed surfaces,
it is not uniform in color and texture. The nodular structure of
the Idenbro limestone is less pronounced than that of the lime-
stone facies of the Perry Farm shale, however. The rock is impure
limestone. Chemical analyses of some samples show a silica con-
tent of 35 percent. The mottled nodular appearance is probably
due to its being largely of algal origin.

The Idenbro limestone varies from massive to thin-bedded
limestone. Exposure to weathering, however, generally brings
out rather thin and irregular bedding. The basal part is more
massive than the upper. In the northern part of the Kansas out-
crop belt, the Idenbro limestone is more sandy, darker in color,
and generally more limonitic than in the southern part. Although
it is a thin ledge in Linn and Bourbon counties, the rock is massive,
showing no tendency to weather into thin slabs as it does else-
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where. In this facies it is granular, purplish-brown, and contains
tubular masses of limonite. The limonite masses are roughly
about one-half inch by 2 or 3 inches; the greatest dimension is
more or less parallel with the bedding of the rock.

Fossils are somewhat plentiful in the Idenbro limestone. Algal
remains, corals, and bryozoans are common. Fossil corals include
“Aulopora” and individual cup corals. Chaetetes has not been
observed. Brachiopods, including Mesolobus, are rather generally
distributed vertically and laterally. Fragments of crinoids, Prism-
opora, “Fistulipora,” and brachiopods, interspersed with algal re-
mains, stand out in relief on weathered slabs of rock in the upper
part.

MEMORIAL SHALE Dott, 1936

The Memorial shale formation includes all the Desmoinesian beds
in the northern Mid-Continent region above the Lenapah lime-
stone. In Kansas and western Missouri, it embraces shale between
the Idenbro limestone and the Hepler sandstone (Jewett, 1941,
p- 340). The Hepler sandstone is the basal Missourian deposit of
the area. The name Memorial shale is from Memorial Park cem-
etery near Tulsa, Okla. It was originally described (Dott, 1936)
from exposures along the west line of the SW14 sec. 36, T. 19 N.,
R. 13 E,, Tulsa county, Oklahoma.

Distribution.—The Memorial shale is present above the Len-
apah limestone in Kansas except locally where it has been removed
by pre-Missourian erosion. In a few exposures in Linn county the
basal Missourian deposits lie upon the eroded surface of the Len-
apah limestone or lower beds. Elsewhere along the line of out-
crop of these rocks, a few feet of Memorial shale separates the
Lenapah limestone from the Hepler sandstone, which lies next
above the post-Desmoinesian disconformity.

Description.—In Kansas, the Memorial shale ranges from a
featheredge to about 30 feet in thickness. The thickness, however,
is generally less. In northeastern Linn county it is locally absent
owing to post-Desmoinesian and pre-Missourian erosion. The same
conditions have been noted in the subsurface in Miami county
where the pre-Missourian disconformity locally is as low strati-
graphically as a horizon in the Bandera shale.

In most of its outcrops the Memorial shale consists of well-
bedded slightly blocky clay shale. The color is commonly various
shades of gray. Greenish and yellowish-grays predominate.
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Some red shale is present in the lower part in Linn county. Small
lenses and stringers of limonite are often seen. In a few places the
Memorial shale is slightly sandy but almost nowhere is it so sandy
as to be distinguished with difficulty from the ovgrlying Hepler
sandstone. Small lenses of brown fine-grained sandstone similar to
the Hepler sandstone occur in the upper part of the Memorial
shale in southwestern Bourbon county (pl. 4, sec. 76).

A coal bed occupies a position near the base of the Memorial
shale in Labette county (pl. 4, secs. 135 and 156). The coal is un-
derlain by about an equal thickness of black shale. In the same
vicinity another coal, seemingly very local in lateral extent, lies
at the top of the Memorial shale or at the base of the Hepler sand-
stone. It is impossible to determine whether the disconformity
there lies above or below the coal bed (pl. 4, sec. 156).

The Memorial shale is -barren of fossils in most of its outcrop
area in Kansas. However, corals and brachiopods are abundant
in the vicinity of Mound Valley in Labette county. In sections 2
and 11, T. 32 S., R. 18 E,, the coral “Trachypora” austini Worthen
occurs very abundantly. These corals were actually rock build-
ers there, comprising practically all the rock in a thin zone. The
fossils weather freely from the shale. In the same place the coral
“Aulopora” is abundant, and the brachiopod Mesolobus ranges
upward nearly to the base of the Hepler sandstone.

According to Oakes (Oakes and Jewett, 1943, p. 633), the Me-
morial shale is absent from most of the outcrop area of Marmaton
rocks in northeastern ‘Oklahoma. The pre-Missourian discon-
formity there is in contact with the Lenapah limestone, a condi-
tion that is known only very locally in Kansas. Because the Len-
apah limestone and the basal Missourian sandstone, the Hepler
sandstone, can be readily traced into Missouri and very probably
across the state into Iowa, it follows that the Memorial shale is
present in Missouri (pl. 4, sec. 180). Thick surficial deposits in
Missouri cause poor outcrops of these weak rocks that occur a few
feet above the more resistant scarp-making Marmaton limestones.
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CYCLIC DEPOSITS

GENERAL REVIEW OF PRESENT CONCEPTS
ofF Cycric DEpPoSITION

For a little more than a decade nearly all students of Pennsyl-
vanian and Permian rocks have been cognizant of cyclic sedi-
mentation that' occurred on scales intermediate between that of
very short time repetitions, such as are represented by varves,
and those represented by the great transgressive and regressive
phases that characterize time-rock units, the series or larger divi-
sions. These cyclic deposits are commonly called cyclothems,
but after the introduction of the term megacyclothem (Moore,
1936, pp. 21-38) it has been plain that depositional cycles of two
or more magnitudes can be recognized in some rock sections.
Megacyclothems as recognized in Mid-Continent Pennsylvanian
strata consist of several smaller cyclic units. Attention has been
called to the probability that megacyclothems may be recognized
in areas where cyclothems already are known and that some
“cyclothems” may be identified as megacyclothems (Jewett, 1941,
p. 343). Partly because of looseness of definitions and partly be-
cause of progress in detailed knowledge of the rocks, clarification
of terms seems to be essential. It is very probable, however, that
systematic classification of these intermediate cyclic deposits must
await still more detailed stratigraphic and sedimentary studies.

Wanless and Weller (1932, p. 1003) defined cyclothem as a
series of beds deposited during a single sedimentary cycle. Wel-
ler (1930, p. 99) previously defined cycle as a recurrence, repeti-
tion, or return to the starting point. This definition of cyclothem
could, perhaps, be applied to varves, annual deposits recording
the march of the seasons, or to large transgressive and regressive
units having the magnitude of geologic series or even systems.
Obviously, however, the intention was not to include such ex-
tremes of sedimentary cyclic units. Elias (1937, p. 408) in discuss-
ing cyclic deposits in the Big Blue (Wolfcampian) series in Kan-
sas, stated that the cyclic units are intermediate between the min-
ute seasonal rhythms of varved clays and the great cycles of
geologic periods. Such statements are not especially helpful be-
cause it is evident that rock units called series are in many cases
cyclic units and it is commonly agreed that these units are larger
—that is to say, are thicker—and represent a greater amount of
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time than the units commonly called cyélothems. Weller regards
cyclothems as roughly having the magnitude of formations, and
Moore has identified megacyclothems that roughly correspond to
formations in Kansas. Of course the classification of rock units
into formations has come about because of the more or less obvious
differences in lithology in successive beds; in places like Illinois
and Kansas, where Pennsylvanian rocks have been studied in
great detail, the formations are the easily differentiated, mappable
units, and are of about the same time span.

As an example of the use of terms in an important recent strati-
graphic paper, it is noted that McKee (1938, p. 130) stated that
both the Toroweap and Kaibab (Permian) formations in northern
Arizona and southern Utah are thought to be true cyclothems,
and that the members they include are equivalent to “phases” as
the term is used by Moore. Moore (1936, pp. 28, 30) used the term"
phase to indicate one of the units making a cyclothem. McKee
(1936, p. 132) recognized numerous “minor cycles” in the Kaibab

" formation.

The classificatory system including (1) varve,' (2) phase, (3)
cyclothem, and (4) megacyclothem is well established. It is, of
course, understood that cyclothems are not commonly divisible
into varves, but it is recognized that varves are cyclic deposits and
it is probable that varves will be recognized in Paleozoic rocks.
According to usage, megacyclothems consist of two or more cyclo-
thems of different character that occur in regular sequence; phases
are units within cyclothems. Hence, the term cyclothem seems
properly used to designate in any area the smallest recognizable
cyclic units except varves. It is held that if the term cyclothem is
used it should be in this sense and that the term megacyclothem
should be used to indicate a unit, cyclic in itself, but composed
of two or more cyclothems.

Moore (1936, p. 23) has proposed that cyclic deposits of the
northern Mid-Continent region be designated by the names of the
limestones that each contains. This practice can be followed when
working in most parts of the Pennsylvanian section, but it is neces-
sary to use the names of some other kinds of rock in the Cherokee
shale. Abernathy (1937), who identified and named 15 cyclo-
thems in the Cherokee shale, used principally the names of coal
beds to designate cyclothems.
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Fifteen cyclothems are known in Cherokee rocks in Kansas.
It is believed that there are four well-developed megacyclothems
of four or more cyclothems each in the Marmaton group in Kansas.
Moore (1936, p. 23, fig. 10) has identified four megacyclothems in
the Shawnee group. Cyclic deposits in rocks between the Marma-
ton group and the Shawnee group seemingly are not so distinctly
developed in the outcrop belt, and exact numbers can not be given
so definitely. It is to be noted, however, that cyclic deposits are
clearly discernible and are very obvious in several parts of the
section. The Wabaunsee group, overlying the Shawnee rocks, is
divisible into several cyclothems, but there the grouping of cyclo-
thems into megacyclothems is not evident.

Wanless and Shepard (1936) reviewed the literature on Penn-
sylvanian and Permian cyclic deposits. They found that cyclic
sediments of Pennsylvanian age had been described from Illinois,
Kansas, Iowa, West Virginia, Michigan, Texas, Colorado, British
Isles, and the Silesian basin. They pointed out that described
sections of Pennsylvanian rocks in many parts of the world indi-
cate the presence of cyclic deposits.

There are several recent stratigraphic papers, in which cyclic
deposition is not discussed, that nevertheless clearly indicate
cyclic sedimentation in their descriptions and graphic sections.
Here may be noted the Pennsylvanian sections described in (1)
the Appalachian valley in Virginia (Butts, 1940); (2) the Mus-
kogee-Porum district of Oklahoma (Newell, 1937); (3) Washing-
ton county, Oklahoma (Oakes, 1940); and (4) New Mexico
(Thompson, 1942). .

It was noted by Wanless and Shepard (1936) that the period of
earth history marked by cyclic sediments in the central part of
the United States of America seems to extend from about the end
of Meramecian, through Chesterian (Late Mississippian) and
throughout all of Pennsylvanian and early Permian time. The
presence of cyclic deposits in rocks of Chesterian age was noted
by Wanless and Shepard (1936, p. 1180) and Permian cyclic de-
posits have been noted by McKee (1938), by Elias (1937), and
by me (Jewett, 1933). The compilation of the number of cyclo-
thems in Pennsylvanian rocks by Wanless and Shepard seems too
small, however, in the light of present knowledge. They assigned
38 to the Pennsylvanian. We now know of more than 30 in the
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Desmoinesian rocks alone (Abernathy, 1937a, p. 19; Jewett, 1941,
p. 288). . '

It is commonly believed that these types of cyclic deposits have
resulted from fluctuations in relative height of sea level and that
cyclothems are widespread. The theories as to the causes of
sea-level fluctuations will not be discussed fully here, but attention
is called to the hypothesis of Wanless and Shepard (1936) postu-
lating that waxing and waning of glaciers caused the sea-level
variations. It has been pointed out that four cyclothems in Illi-
nois are recorded in a certain section of rock and that the same
number of megacyclothems are known in Kansas rocks which
are believed to be of approximately equivalent time span. It must
follow, then, that these Kansas megacyclothems are equivalent
(if they resulted from the same casual factors) to the Illinois
cyclothems. In spite of this seeming misuse of terms in one place
or the other, it is held that the usage is good. In both places the
term cyclothem is used for the smallest cyclic unit that has been
recognized.

It is evident that more minute changes in the elevation of sea
level could not have been equally well recorded by changes in
rock material in all places where sediments were accumulating.
Marmaton rocks in their outcrop area in southeastern Kansas are
more dominantly calcareous and a greater part is of marine origin
than rocks of the same age in Illinois. The relatively short time
and seemingly shallower sea invasions of eastern Kansas did not
reach as far eastward as Illinois. Rocks of Missourian age are
divisible into cyclothems and megacyclothems in eastern Kansas
but equivalent rocks form a nearly solid limestone section farther
west in the state. Minor changes in sea-level elevation were not
so effective there.

Knowledge of cyclic sedimentation is not new. More than 120
years ago Conybeare and W. Phillips remarked on the rhythmic
manner in which clay is followed by sand and sand by limestone
in the Oé¢litic sequence of Britain. This principle of cyclic sedi-
mentation, which was established at about the same time that
William Smith was laying the foundations of stratigraphy, has
been used by several subsequent European students of Mesozoic
rocks. A rather casual survey of European stratigraphic literature
shows that the principle of cyclic deposits was a commonly ac-
cepted tool in stratigraphy during the first two decades of the
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present century and that much earlier cyclic deposits, as least
in the Jurassic, were known to be widespread. The first modern
stratigraphers to recognize the really important bearing of cyclic
deposits on problems of stratigraphy are Andrée (1908), Kliipfel
(1916), and Frebold (1924). Arkell (1933) was fully cognizant
of their bearing on studies of the Jurassic of Great Britain.

Although cyclic sediments in American Paleozoic rocks were
recognized earlier, it was only a few years ago that their signifi-
cance and usefulness in Pennsylvanian stratigraphy were empha-
sized. The recent advancement of studies of cyclothems and stratig-
raphy based on cyclic units is due chiefly to the researches of J.
M. Weller, H. R. Wanless, and their associates in Illinois, and of
R. C. Moore and his co-workers in Kansas. It is now evident that
numerous stratigraphic problems can best be solved through the
study of cyclic units. An example that may be cited here is the
question of the true relationships of beds in the Cherokee shale in
eastern Oklahoma and eastern Kansas. It does not seem to be out
of place to remark that the principle of cyclic deposition ranks with
paleontology in usefulness in studies of many parts of the Pennsyl-
vanian rock section.

Modern students of British Carboniferous rocks seem to be
fully aware of the significance of cyclic sedimentation. Richey
(1937, pp. 96-99) described rhythmic cycles in the Carboniferous
limestone and oil shales of Scotland. Tonks and Jones (1931, pp.
10-13) described sedimentation cycles in the Carboniferous of
Manchester; Robertson (1932, pp. 87-89) described cyclic sedi-
ments in the South Wales coal-field; and Trotter and Hollings-
worth (1932, pp. 17-19) discussed the same features in the Bramp-

" ton district.

Three principal types of hypotheses to explain cyclic deposits
have been advanced. They are (1) that cyclic sedimentation re-
corded intermittent subsidence, contemporaneous with and fol-
lowed by sedimentation, and then renewed subsidence; (2) that
it recorded diastrophic movements alternating between subsi-
dence and uplift; and (3) that it recorded sea-level fluctuations
caused by storing of ocean water on land in the form of conti-
nental glaciers or as interior seas or lakes.

An hypothesis of the first type was advanced as early as 1871
by J. Phillips. Much later Stout (1931) and Cady (1934) sought
to explain Pennsylvanian cyclic deposits in the same way. Weller
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(1930) formulated an hypothesis of alternating subsidence and
uplift, and Wanless and Shepard (1936) are the authors of the
theory of fluctuating sea level brought about by storing of ocean
waters on the land. They placed special emphasis on the proba-
bility that Late Paleozoic glaciation caused cyclothems. Richey
(1937, p. 96), in writing of cyclic sedimentation in the Lower Car-
boniferous of Scotland, stated that the strata were lain down over
a gradually sinking area, that the strata repeatedly raised the
surface within reach of the growth of vegetation, and that the
rhythmic sequence may all be explained by supposing that sub-
sidence took place spasmodically.

EviDENCE oF CycLIC SEDIMENTATION IN MARMATON Rocks

The presence of four large cyclic units in the Marmaton group
is obvious. There are four limestone formations, each underlain
and overlain by clastic formations which consist principally of
clay and sandy shale but contain a relatively large amount of
sandstone, a part of which fills definite channels whose walls are
of clay shale and limestone. A more or less persistent deposit of
“underclay” and coal lies above each limestone formation. Thus
it seems that the Fort Scott limestone, a part of the underlying
Cherokee shale, and the lower part of the overlying Labette shale
are a cyclic unit. The Pawnee limestone and a part of the overlying
Bandera shale constitute another megacyclothem next above the
upper part of the Labette shale. Still higher the Altamont lime-
stone is underlain and overlain by clastic deposits, and especially
the Bandera Quarry sandstone below the Altamont formation
records the beginning of sedimentation after channeling took
place. The fourth large cyclic deposit, near the top of the Marma-
ton group, consists of the upper part of the Nowata shale, the
Lenapah limestone, and the overlying Memorial shale or at least
the lower part of it. Thus it is convenient to speak of four mega-
cyclothems: (1) the Fort Scott, (2) the Pawnee, (3) the Alta-
mont, and (4) the Lenapah.

These four well-defined and relatively large cyclic units in
the Marmaton rocks are called megacyclothems chiefly because
the thinner shale units included within the limestone formations
may be only partly marine and they certainly record an approach
of the shore line. Each of the thinner shales contains in the middle
part either black shale or black shale, coal, and underclay. Thus
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each of the thinner shale units contains a phase that marks the end
or beginning of a cycle.

Typical cyclothems in the Wabaunsee group (Moore, 1936, p.
23, fig. 2) are similar to those in the Marmaton group, and it is
reasonable to suppose that the Wabaunsee rocks when they were
exposed farther east, before erosional beveling had placed their
outcrops in the present geographic position, may have contained
more phases of nonmarine shale, for example in “phases .4 and .6.”
At their present outcrops these phases of Wabaunsee cycles bear
a molluscoid fauna and are regarded as phases of cyclothems, as
are their homologies in outcropping Marmaton rocks.

The four limestone formations of the Marmaton group gen-
erally contain four or more distinct cyclothems that represent ma-
rine invasions. The shale formations include several cyclothems
which seem to be dominantly nonmarine, but minor and somewhat
local marine invasions are recorded in some of the cyclothems in-
cluded in the shale formations. Each of the larger cyclic units
(roughly the four limestone formations) presents evidence of
three, four, or more distinct marine invasions of a large area.
Thus the Marmaton rocks in their Kansas outcrop belt contain
at least 15 well-developed cyclothems and several poorly de-
veloped ones. The latter are included in the shale formations.

In spite of the voluminous literature dealing with sedimenta-
tion and interpretation of fossil sediments, little can be said with
exactness concerning the conditions under which sedimentary
rocks were formed. In some cases, perhaps in many, marine and
nonmarine sediments cannot certainly be distinguished. Never-
theless in studies of this kind it is well to call attention to the
significance of various rock types. There are some deductions
that seem to be sound. Because of their repeated occurrence as
cyclic phases, the probable origin of several rock types is briefly
discussed here.

In discussing the sequence of major events during a typical
megacycle of Pennsylvanian rocks, Wanless and Shepard (1936,
p. 1202) denied that the sandstone that fills channels is material
derived locally because the sandstones are composed largely of
micaceous sands and the walls of the channels are of clay shale
and limestone. However, in eastern Kansas and in western Mis-.
souri only locally have the channels been cut into limestone and
in eastern Missouri, where the channels more commonly are cut
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into limestone beds, the basal parts of the channels are frequently
filled with locally derived limestone fragments. It is likewise
true that in these rocks the occurrence of sandstone as channel
fillings is the exception rather than the rule and that great quan-
tities of micaceous sandstone grade laterally into clayey shale.
Locally channels were cut into sandy shale and sandstone. Be-
cause of the absence of sufficiently large areas of near-by quartz-
ose rock that were exposed in Late Desmoinesian time and because
of the fineness and the degree of sorting of the quartz grains, it is
evident that the primary source of the micaceous quartz sandstone
was not near by. Igneous rock mineral species other than mica
and quartz are practically absent from these Marmaton sand-
stones. At least some of the mica may be of secondary origin, al-
though there may be little basis for that assumption. The primary
source of the quartz sand, like the clay in the shale beds, must have
been a distant terrain. ‘

Sandstone is abundant in the Pennsylvanian section farther
south and east, and sandy sediments including sandstone form a
part of the conformable sequence of these rocks throughout the
Mid-Continent region. It is reasonable to believe that the sand-
stone that now fills the channels is reworked material from near-by
sources.

The channels themselves require explanation. The large and
deep ‘channel that contains the Warrensburg channel sandstone
in Missouri seems to extend northward off the Ozark dome. At
the present time little can be definitely said about the direction
or.pattern of other channels, although it is probable that several
radiate from the Ozark region. This is suggested by the facts that
several channels are deeper in places near the Ozarks and that
the basal part of the fillings there are limestone conglomerates.
It is suggested here that the channels were probably cut by water
draining from or across slightly uplifted or tilted areas. It is
postulated that large areas were essentially flat and were near sea
level immediately before channeling. Sand and silt ranked high
in quantitive importance in sediments that were accumulating.
Either because of differential subsidence or subsidence and uplift,
comparatively small areas were placed in such a position that
surface water drained across them with sufficient velocity to cut
channels a few feet deep in the soft sediments. Abrupt lateral
changes in thickness of shales suggest local intraformational move-

)
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ments. While cutting the channels the flowing water carried sand,
silt, and clay beyond the channels into more depressed areas
where it was deposited in conformable beds. Later the channels
were filled with sand and silt while clay was probably being car-
ried farther from the source. After the channels were filled, sandy
deposits were spread with apparent conformity on the slightly
older clays and sands in which the channels had been cut.

Bass (1936) has presented convincing evidence that Cherokee
shoestring sand bodies in Greenwood and Butler counties, Kansas,
were formed as offshore bars in a shallow sea. It is entirely prob-
able that some of the Marmaton sandstone lenses had a similar
origin. However observations show that at least some of them fill
definite channels cut in beds of shale and limestone.

‘Cross-bedding in Marmaton sandstones in eastern Kansas is
comparatively rare. Both the sandstones that occur in more or
less lens-like masses, which are seemingly conformable with clay
shale, and those that fill definite channels are thin bedded. Ripple
marks are plentiful. Fossils are almost nonexistent except for re-
mains of land plants which occur locally. One exception is the local
occurrence of myriads of fossil annelids in the Bandera Quarry
sandstone at a place where it seems to fill a channel. The presence
of land-plant remains indicates that now and then deposition built
up near-by terrains to within the reach of the growth of vegeta-
tion, but the plant remains, consisting mostly of stem fragments,
are not now in the places in which they grew. Fossil fern leaves,
found abundantly in some other Pennsylvanian sandstones, are
rare in Marmaton rocks.

In summary it is pointed out that Marmaton sandstones occur
in large lenses but that the lower part of the masses locally occupy
channels and that the lower parts of the channels locally are filled
with limestone breccia or conglomerate. The sand is fine, indicat-
ing that it was carried a great distance from its primary source or
that it has been shifted by waves for a long time. In the channels,
and locally elsewhere, the sand is remarkably free from clay,
which indicates that here and there are deposits of reworked
quartz grains and mica flakes. In general, the primary structure
of the sand deposits indicates deposition under quiet conditions.

Thick beds of gray shale in the Marmaton group generally are
more or less sandy, but locally they are almost entirely without

[
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sand grains. These shales are seemingly nonfossiliferous. They
grade vertically and laterally into sandy shales and, like the sandy
shales, they are evenly and well bedded. However, the gray shale
that occurs in thick beds as a part of the shale formations occurs
in “blocky” beds which contrast with thinner bedded, fissile, or
platy shale. Stringers and small lenses of limonite are common in
these gray shales, and at the outcrops the rocks are locally yellow
or yellowish-gray in color.

It is believed that the thicker gray shale beds were deposited
at a position near sea level—probably generally slightly below sea
level. They record events that took place near the beginning and
end of the large cycles of deposition and are in part contempera-
neous with sandy shales and sandstones. Locally this type of gray
shale embraces other kinds of rock, such as thin-bedded fossilif-
erous gray shale, black platy or fissile shale, coal, and limestone,
which seems to record local and short-time incursions of the sea or
deepening of sea water between periods of greater elevation. These
sequences within thick shale formations are local and incomplete
cyclothems. In the Kansas outcrop belt of Marmaton rocks they
are best developed in the Labette shale.

Thinner deposits, consisting of gray and commonly greenish-
gray shale, thin-bedded or even fissile, and commonly bearing
marine fossils, brachiopods, crinoid fragments, and locally corals,
are distinguished from the more blocky gray shale that is predomi-
nant in the shale formations. These thinner shales commonly lie
next below and above limestones. Shales of this kind, where sep-
arating limestones within the limestone formations, at least locally
are themselves divided in their approximate middle parts by black
shale or by black shale and coal. These calcareous fossiliferous
thin-bedded shales seem to.record transgressions and regressions

" of sea water, whose maximum stages of invasion were marked by
limestone deposition. Although any of the cyclothem phases
may be absent locally, they occur normally above black shale or
black shale and coal and below limestone.

Much of the black shale in Kansas Marmaton rocks is platy _
rather than fissile. The bedding, which is always well pronounced
at the outcrop, ranges from paper-thin to one-fourth inch or more.
In underground workings or as seen in cores taken from
wells, black shale of this kind displays little or no bedding and
has the appearance of black massive rock. Bedding in these shales
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probably is partly slaty cleavage which becomes apparent after
weathering. The layman’s term “slate” for this rock is probably
not altogether inappropriate. Where coal is associated with black
shale, the coal commonly underlies the carbonaceous shale. A
few exceptions to this have been noted, but thin coal beds, coaly
concretions, and shale that is nearly coal occurring in black shale
evidently are detrital. Small phosphatic concretions which are
roughly spherical and generally smooth commonly occur in black
shale deposits. Linguloid and orbiculoid brachiopod shells, gen-
erally believed to have lived in brackish muddy waters, are more
or less commonly present. It is believed that this type of black
shale was formed through deposition of muds which were black
partly because of underlying peat beds in their source area and
partly because of shallowness of the water which produced stag-
nant conditions. In the cyclothem record, black shale indicates
the former presence of shallow near-shore water, free from sand.
The source areas were low and covered by vegetation.

Coals in Marmaton rocks commonly underlie black shales. In
some places they are underlain by “underclays.” One of the most
persistent coal beds is the Mulberry coal which occupies a posi-
tion near the base of the Bandera shale. The Mulberry coal is one
of the thicker beds and whenever present it seems to be under-
lain by “underclay.” This coal deposit is believed to be typical of
Marmaton coal beds that were formed through accumulation of
plant material at the place in which it grew. Evidence of such
deposition includes the facts that the coal lies above an “under-
clay,” is relatively free from ash, and is of widespread occurrence.

The presence of the Summit coal, which occupies a position in
the Little Osage shale, indicates that the sea withdrew completely
from a part of eastern Kansas during the closing stages of the
Blackjack Creek cycle (lower cyclothem of the Fort Scott mega-
cyclothem). This coal is underlain by gray shale which has some
of the characteristics of an underclay. The coal is laterally per-
sistent for many miles, and it is relatively free from ash. The Sum-
mit coal is believed not to have been of detrital origin. There are
several similar coals in the Marmaton rocks, particularly a short
distance above each limestone formation.

It is evident that limestone records the former presence of
marine water relatively free from land-derived detrital material.
No limestone beds in the Marmaton group in the northern Mid-

Google



Stratigraphy of the Marmaton Group in Kansas 61

Continent region are recognized as fresh-water limestones. The
several different types of limestone, however, present special
problems of origin. In Marmaton time in eastern Kansas, cal-
careous sediments deposited in places relatively near the shore
commonly developed thin slabby-bedded structures or developed
into a massive layer of impure limestone with little or no bedding.
Calcareous nodules not sufficiently plentiful to form continuous
beds but enclosed in clay were formed in places where the accumu-
lation of clay greatly exceeded the precipitation of lime.

Thin-bedded wavy-bedded limestone, common in the Pennsyl-
vanian section in this part of the world, was developed in places
which at the time were covered by clear sea water and probably
were relatively far from shore. In late Desmoinesian time
Chaetetes colonies flourished under similar conditions, seemingly
crowding out most of the other bottom-dwelling invertebrates.
Pseudobrecciated limestone commonly occurs in thin beds and is
relatively free from land-derived detritus. The brecciated appear-
ance is probably of secondary origin; its significance is not certainly
known. Algal remains are plentiful in both impure and®purer
limestone in the Marmaton group. Fusulines occur in the thicker
- limestones and do not seem to be restricted within the thicker beds.
Brachiopods range through black shales, gray shales, and lime-
stones of varying degrees of purity, but mollusks are confined to
what seems to be shallow water limestones and marine shales
which commonly are nearly black.

THE ForT ScOTT MEGACYCLOTHEM

The Fort Scott limestone, including the underlying coal and
clastic deposits and the overlying coal and clastic deposits, records
a relatively large cycle of deposition, a megacyclothem. Smaller
cycles within the larger one are detectable.

Several Kansas outcrops, for example the ones represented by
sections 108 and 111 of plate 1, give the impression that the lime-
stone bed in the upper part of the Cherokee shale lies in the lower-
most cyclothem of the larger Fort Scott cycle. Observations in
Craig and Rogers counties, Oklahoma, however, indicate that this
limestone in Kansas, the Breezy Hill, may lie in the third or fourth
cyclothem below the Fort Scott limestone. It is believed that cyclic
deposits between that of the Breezy Hill limestone and the Black-
jack Creek limestone are confined to a narrow zone in northeast-
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ern Oklahoma and that in southeastern Kansas and at some places
in eastern Oklahoma there is a hiatus in the upper part of the
Cherokee shale. This is not conclusive, however; the problem is
one of several similar ones that may be solved through detailed
study of Cherokee cyclothems.

The Mulky coal, the “underclay” below it, and the overlying
black shale, which locally contains giant black concretions, are
believed to belong in a cyclothem with the overlying Blackjack
Creek limestone rather than with the Breezy Hill limestone. The
‘“underclay” and coal record nonmarine deposition. Advancement
of the sea over peat beds seems to be recorded by the black shale;
calcareous shale, next below the Blackjack Creek limstone, re-
corded slightly deeper and clearer waters. The Blackjack Creek
limestone records the maximum sea invasion of the lowermost Fort
Scott cycle. The basal part, massive impure limestone called the
“Cement rock,” is characteristic of the basal part of several thicker
Marmaton limestones. It represents the beginning phase of lime-
stone deposition in cyclothems containing relatively thick lime-
stones® It is the kind of limestone that locally was succeeded by
purer thin-bedded and commonly coralline limestone deposition.
Chaetetes biostromes were deposited locally on the “Cement rock”
substratum, while the clearing of the water promoted the deposi-
tion of purer calcium carbonate, commonly in thin and wavy beds.
Locally a few inches of slabby impure limestone occurs as the
uppermost part of the Blackjack Creek limestone. Faunal phases
in the Blackjack Creek limestone are not very well defined, but
the following succession with some vertical overlap can be detec-
ted: (1) mollusks and crinoids, (2) Chaetetes and brachiopods,
and (3) brachiopods and fusulines.

Local calcareous shale breaks in the “Cement rock” part of the
Blackjack Creek limestone are found in places that are believed
to have been relatively near the shore line at the time of deposi-
tion. Higher in the section an homologous limestone, the basal
part of the Tina limestone, grades laterally into sandstone and
shale. Calcareous fossiliferous gray shale overlain by the Summit
coal is the closing phase of the Blackjack Creek cyclothem.

Shale, commonly black and slaty but paradoxically calcareous
and containing marine fossils locally in the lower part, followed by
the Houx limestone records the second sea invasion of the Fort
Scott megacyclothem. In parts of eastern Oklahoma and southeast-
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ern Kansas the Houx limestone seems to be included in the Hig-
ginsville limestone as its lower part. In that area, which is believed
to be a slightly deeper part of the depositional basin, the Houx and
Higginsville cyclothems are not readily divisible.

The Higginsville cyclothem contains black shale, gray fossil-
iferous shale, and the overlying Higginsville limestone, which in
turn is overlain by extensive black shale deposits and a relatively
persistent coal bed. The Higginsville limestone displays faunal
zones, more or less distinct and somewhat similar to those of the
Blackjack Creek limestone. Chaetetes, however, was an import-
ant rock builder during the closing stages of this limestone phase,
and algal remains are also plentiful in the upper part of the phase.
It seems reasonable to believe that Chaetetes and algal deposits
accumulated in shallow but clear waters. Molluscoid faunas,
found in the earlier and later marine phases of several Pennsyl-
vanian cyclothems, are associated with less pure limestone and
with calcareous shale. These faunas indicate muddy waters.

THE PAWNEE MEGACYCLOTHEM

Cyclothems in the Labette shale, the clastic formation that sep-
arates the Fort Scott and Pawnee limestones, are locally and
poorly developed in Kansas. The scarcity of good exposures has
prevented detailed study of these beds. Seemingly there are
several poorly developed cyclothems above the Higginsville lime-
stone in the Fort Scott megacycle. It is believed that a rather per-
sistent unnamed coal bed in the lower-middle part of the Labette
shale was deposited during the closing stages of the Fort Scott
megacycle, and it is probable that a large part of the sandstone
that collectively is called Englevale sandstone belongs in the upper
part of the Fort Scott megacyclothem. Detailed study of cyclic
deposits in such thick clastic deposits as the Labette shale will un-
doubtedly shed much light on Pennsylvanian paleogeography.

The Pawnee megacyclothem in Kansas contains four well-de-
veloped cyclothems. They are, in ascending order, (1) the Anna
(lower ? Oologah) cyclothem, (2) the Myrick Station cyclothem,
(3) the Mine Creek cyclothem, and (4) the Laberdie cyclothem.
All contain at least black shale, gray shale, and limestone phases.
Actually there are more cyclothems, but only these four are suf-
ficiently developed in Kansas to warrant names. There are several
partly developed cyclothems in the upper part of the Labette
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shale; locally these are divisible into coal, black shale, and lime-
stone phases (pl. 2, sec. 181).

A rather persistent coal bed a few inches below the thin
limestone that in Kansas is classified as the basal part of the Anna
shale is believed to belong with this limestone in the Anna cyclo-
them. This relationship is not conclusively established because it
is possible that lower Pawnee cyclothems, represented at least
in part in eastern Missouri and northeastern Oklahoma (pl. 2,
secs. 181 and 193), are absent in eastern Kansas. It is clear, how-
ever, that the Anna cyclothem is well developed in northern Okla-
homa and that there is one and perhaps two cyclothems between
it and the overlying Myrick Station cyclic unit. Black shale and
the Lexington coal bed in the Anna shale mark the beginning of
the Myrick Station cyclothem. Coal in the Anna shale in Kansas
is probably detrital; hence, it is not correlated exactly with the
Lexington coal of Missouri. The Lexington coal is believed to
occur in Oklahoma (pl. 2, sec 203) where it is underlain by shale
having some of the characteristics of an underclay.

The Myrick Station cyclothem starts with black shale or coal
and black shale, which is overlain by a bed of gray marine shale.
The black shale phase is also at least in part marine. Locally it
contains sparse orbiculoid and linguloid brachiopods. A prolonged
and widespread invasion of clearer sea water is recorded by the
Myrick Station limestone. Brown massive impure limestone, sim-
ilar to the Fort Scott “Cement rock,” was formed over a great
area in the beginning. It is believed that this is the part of the
Myrick Station limestone that extends into Iowa and Illinois.
This basal limestone was succeeded by purer thinner bedded lime-
stone deposits. Chaetetes colonies became established early dur-
ing Myrick Station deposition, but were more plentiful during the
later stages. Abrupt clearing of the water seemingly permitted
Chaetetes to start colonies on mud bottoms. This condition is more
or less uncommon. Noncoralline limestone commonly underlies
Chaetetes biostromes.

In general the Myrick Station limestone is divisible into faunal
and lithologic zones or phases. In ascending order they are: (1)
massive earthy brownish-gray limestone with mixed molluscan,
crinoid, and brachiopod faunas, (2) thinner bedded limestone with
fusulines, brachiopods, and crinoid remains, or locally Chaetetes
colonies, and (3) slabby impure limestone. In northern Oklahoma
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and southern Kansas the Myrick Station limestone is overlain by
gray marine shale or locally by black shale, or again locally there
is no shale between it and the overlying Laberdie limestone.
Obviously the sea did not withdraw from this area at the end of
the cyclothem (pl. 2). In western Missouri and neighboring parts
of Kansas the lower part of the Mine Creek shale may be in part
nonmarine and certainly records near-shore conditions. Locally
in western Missouri the lower part of the Pawnee limestone is well
developed (pl. 2, secs. 181, 182, and 185). Elsewhere, for example
in several exposures in Bates county, the Myrick Station limestone
and the black shale and the thin limestone of the Anna shale seem
to be completely absent. The lowermost Pawnee beds in those
exposures are those in the upper part of the Mine Creek shale,
which consist of calcareous fossiliferous shale and limestone
nodules and are widespread over western Missouri and eastern
Kansas. A

The Mine Creek cyclothem is aberrant and somewhat local. In
eastern Kansas it consists of the lower part of black or gray marine
shale, then thin limestone and brachiopod coquinas that are over-
lain by black or gray shale beds (pl. 2).

The Laberdie cyclothem begins with black shale or with fos-
siliferous gray shale which is classified as the upper part of the
Mine Creek shale. Phases in the Laberdie limestone are not
readily differentiated. Chaetetes colonies were established locally
almost at the beginning of limestone deposition. They became
more numerous and larger as limestone deposition proceeded.
Fusulines, brachiopods, and cringid remains are, it seems, not con-
fined to definite zones. '

The sea withdrew from a large area including much of eastern
Kansas and western Missouri soon after the end of Laberdie
deposition. The persistence of the Mulberry coal bed and its “un-
derclay” offers the strongest evidence for this statement. It is
significant that the Mulberry coal has been identified in the sub-
surface in eastern Nebraska. Locally, however, the absence of
the sea was of short duration, for in some places in eastern Kansas
and neighboring parts of Missouri a thin limestone bed was de-
posited a few inches above the Mulberry coal. Thus it seems that
the Mulberry cyclothem should be grouped with other cyclothems
in the Pawnee megacyclothem. The end of the megacyclothem is
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marked by erosion that preceded deposition of the channel sand-
stone of the Bandera Quarry sandstone. -

THE ALTAMONT MEGACYCLOTHEM

The Altamont megacyclothem is somewhat unique. Its chief
characteristic is the great lateral persistency of carbonaceous shale
containing phosphatic nodules that are unlike the small smooth
nearly spherical nodules found in other dark shales in Marmaton
rocks. These nodules are in the Lake Neosho shale. They are
rough, irregular in form, and gray in color. They contain teeth
and other remains of vertebrate animals. They may be coprolites.

The Altamont megacyclothem (pl. 3) begins with the Bandera
Quarry sandstone, a part of which fills channels cut in clay shale
of the lower part of the Bandera shale. Throughout a large area
there is a maroon band in the upper part of the Bandera shales
above the sandstone phase. Locally in Labette county, a thin coal
bed that has characteristics of coal formed at the place in which
the plant material grew occurs in the upper part of the Bandera
shale. This coal is above the maroon zone and a few inches below
the Altamont limestone. There is a coal bed in the same strati-
graphic position in northern Missouri and southern Iowa (Cline,
1941, pp. 26, 27, fig. 2). Itis believed that in Kansas a large amount
of the clay and sandy shale in the upper part of the Bandera for-
mation is nonmarine. The Altamont limestone comprises the
dominantly calcareous part of the megacyclothem, which closes
with coarse clastic deposits or with shale beds next below sand-
stone in the Nowata shale. Cyclothems that are locally detectable
and compose the larger cycle, named in upward order, are: (1)
the Lower Tina cyclothem, (2) the Middle Tina cyclothem, (3)
the Upper Tina cyclothem, and (4) the Worland cyclothem. In
most parts of the Altamont limestone outcrop area, the Tina lime-
stone comprises the limestone phase of a single cyclothem. Cline
(1941, p. 60) recognized the “Tina cyclothem” as far north as
Adair county, Missouri. However, in accordance with the use
of the term cyclothem adopted in this paper, locally three cyclo-
thems can be detected in the lower part of the Altamont rocks.

The Lower Tina cyclothem begins with coal and other non-
marine rocks in the upper part of the Bandera shale. Locally the
upper part of the Bandera shale is undoubtedly marine, showing
that the sea was present in certain places before limestone deposi-
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tion started (pl. 3, sec. 171). Limestone was deposited only locally
during the Lower Tina cycle. This limestone is darkish-gray,
mottled, and contains chonetid brachiopods including plentiful
Mesolobus. It is easily distinguished from other parts of the Tina
limestone. The closing stages of the cycle are represented by very
thin beds of marine shale. The Lower Tina cyclothem has been
seen in Bates county, Missouri, and in Neosho county, Kansas.

The Middle Tina cycle, like the Lower, is local in occurrence.
The two can be seen ih the same places. The Middle cyclothem,
however, contains the thickest bed of limestone in the Tina de-
posits. The opening phase of this cycle is not divided from the -
closing phase of the underlying cycle, but marine shale is followed
by fusuline-bearing limestone. This limestone is overlain by lime-
stone containing a mixed molluscan and bryozoan fauna. This is
followed by less pure limestone bearing brachiopods and crinoids.
"The cycle ends and the next higher one begins with thin beds of
marine shale.

The limestone phase of the Upper Tina cyclothem is extremely
widespread. This is believed to be the part of the Tina limestone
that persists, with only a few local areas of nondeposition, from
northeastern Oklahoma to northern Missouri. Throughout most
of the outcrop area it shows evidence of having been deposited in
very shallow water. It is sandy and locally grades into siltstone
and sandstone. In many Kansas outcrops it is brecciated and
cross-bedded as though loose limy pellets and animal remains
were shifted by waves or currents before being cemented into a
compact bed. This facies commonly bears a gastropod fauna mixed
with algal remains, or in some places it is a mass of ostracodes,
brachiopods, and algae. Attention is called to the analogy of this
persistent limestone to “super” limestone of the Shawnee (Vir-
gilian) cyeclic deposits (Moore, 1936, p. 27) and to the “battlefield-
beds” of Mesozoic cycles (Arkell, 1933, p. 57). Frebold (1927,
p- 240) believed that each bed of this kind represents a shallowing
of the sea and a prolonged pause.

Chaetetes were important rock builders throughout most of
the time of Tina deposition. In southern Kansas, immediately
south of the area in which Tina cycles can best be differentiated,
most of the Tina section is composed of Chaetetes masses. The
colonies seem to have gained a footing soon after the beginning of
deposition of the limestone phase of the Lower Tina cyclothem,
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and the corals continued to flourish in areas that were protected
from incoming clays during the waning and waxing of Tina cycles.
Thus aided by accumulations of calcareous algae they continued
to build up limestone masses until covered by muds that now
form the Lake Neosho shale.

Black shale containing coprolites (?), underlain and overlain
by gray shale, marks the transition from the Upper Tina cyclothem
into the Worland cycle. The zone of phosphatic nodules extends
far to the north and, as can be detected from Cline’s sections (1941
pp. 33, 40, and 52), it actually belongs to the Worland cycle rather

than to the Tina cycle. In northern Missouri Cline found a wide-
spread coal smut between the Tina limestone and the zone of
phosphatic nodules.

The Worland limestone in Kansas is not readily divisible into
phases. Fusulines and brachiopods are dispersed throughout its
thickness. Chaetetes colonies to my knowledge do not occur in
the Worland limestone in Kansas, but they are plentiful in this
rock in Missouri (Cline, 1941, p. 43), where Cline found cyclic
phases to be more easily differentiated.

The Altamont megacyclothem closes with clastic deposits in
the lower part of the Nowata shale. As already explained, it is
probable that in eastern Kansas there is a hiatus above the Alta-
mont limestone and that dark shale, for convenience classed in
the Nowata formation, actually represents early phases of .the
Lenapah cycle. Coal is not known to occur in the lower part of the
Nowata shale in Kansas but Cline found coal underlain by under-
clay in this part of the stratigraphic section rather generally in
Missouri (Cline, 1941, pp. 26-27, fig. 2).

THE LENAPAH MEGACYCLOTHEM

Although the Lenapah limestone is inconspicuous throughout
its line of outcrop north of Labette county, Kansas, and it was only
recently known to extend across the state into Missouri, its cyclic
elements can be identified along a line extending many miles. The
Lenapah formation, like the older Marmaton limestone formations,
contains the more calcareous part of a megacyclothem. In the
southern part of the Kansas outcrop area it is separated here and
there from the Altamont limestone by a thick clastic deposit, much
of which is sandstone (pl. 4, sec. 178); part of the sandstone prob-
ably occurs as channel fillings. Abrupt changes in thickness of the
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clastic deposits between the two limestones suggest that there was
erosion of Nowata shale beds before the advent of the Lenapah
cycle, that there was considerable differential subsidence prior
to Lenapah déposition, or both (pl. 4). The megacycle began with
deposition of clastic material, much of which is sandstone. It
passes into a more calcareous phase, then into one of clastic deposi-
tion, and the cycle closes with erosion that marked the end of
Desmoinesian time. Like other Marmaton limestones, the Len-
apah is overlain closely by “underclay” and coal (pl. 4, secs. 135
and 156).

The Lenapah formation, when studied in detail, shows evi-
dence of cyclic deposition within the formation and hence, with
underlying and overlying beds, it is regarded as composing a
megacyclothem. The included cyclothems, named in ascending
order, are: (1) the Norfleet cyclothem, (2) the Perry Farm cyclo-
them, and (3) the Idenbro cyclothem. All of the cyclothems are
more or less aberrant and the phases are of rather local occurrence.
The cyclothems are not readily detectable in northern Oklahoma.
The Norfleet cyclothem begins with sandstone and shale, overlain
by black shale. Locally gray shale overlies black shale and under-
lies the Norfleet limestone. The Norfleet limestone, which has
several facies varying from massive brachiopod-bearing dark-
brown limestone through slabby limestone containing land-plant
fossils into alternating beds of impure limestone and shale, records
a variety of conditions, differing probably in part because of con-
figuration of the shore line which must have been near the loca-
tions of some of the present outcrops. Gray and black shale over-
lying the Norfleet limestone records the closing stages of the cycle.

The Perry Farm cyclothem is similar to the Mine Creek cyclo-
them in the Pawnee megacycle. Its middle phase is poorly de-
veloped, being represented by thin limestone beds, by limestone
nodules, ahd by shale with many marine fossils. Its opening and
closing stages are locally represented by black and gray shale, but
commonly one or more phases are absent from any one outcrop.

The Idenbro cyclothem records the most prolonged period of
deepened water in the megacycle, and the Idenbro limestone is
the member of the Lenapah formation that extends far to the north-
east. The cycle began with the deposition of black shale which is
overlain by calcareous fossiliferous shale. This in turn is overlain
by the Idenbro limestone, whose base is generally transitional
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from the shale below. Throughout large areas in southeastern
Kansas and in neighboring parts of Oklahoma, the Idenbro lime-
stone shows evidence of having been formed in clear water, al-
though locally the basal part is argillaceous and the whole lime-
stone is more siliceous than are the other Marmaton limestones.
The argillaceous limestone phase is overlain by thin wavy-bedded
purer limestone. Cup corals and brachiopods are dispersed
throughout the thickness of the rock, but algal remains are con-
fined largely to the upper and lower parts.

In northern Oklahoma limestone deposition continued from the
Norfleet cycle to about the close of the Perry Farm cycle (pl. 4,
secs. 199 and 200). In eastern Missouri all Lenapah cyclothems
are detectable but the limestone phases are very thin (pl. 4, secs.
180 and 181a).

The closing phases of the Idenbro cyclothem are not well re-
corded. A succession of “underclay,” coal, and black shale occur-
ring next above the Idenbro limestone (pl. 4, sec. 156) probably
belongs in the Idenbro cyclothem. Cyeclic deposits higher in the
Memorial shale have not been detected. It is probable that in
eastern Kansas the Idenbro cycle was the last in Desmoinesian
time.

DETAILED STRATIGRAPHIC SECTIONS

The following stratigraphic sections of Marmaton rocks are ar-
ranged in consecutive land sections and ranges in each township
in Linn county (stratigraphic sections 1-31), Bourbon county
(stratigraphic sections 32-101), Crawford county (stratigraphic
sections 102-121), Neosho county (stratigraphic sections 122-132),
Labette county (stratigraphic sections 133-177), Montgomery
county (stratigraphic sections 178 and 179), Missouri (strati-
graphic sections 180-185), and Oklahoma (stratigraphic sections
186-203). Measured thicknesses are given in feet.

STRATIGRAPHIC SECTIONS IN LINN CounTy, KaAnsas (1-31)

(1) SW cor.sec. 3, T.20 S, R. 25 E.

Bourbon shale
Hepler sandstone
Sandstone, brown, fine-grained ... 2.0-3.0
Unconformity
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Marmaton group
Memorial shale (25.6 feet)

Shale, yellow, and clay, blocky ..o oo 40
Shale, gray and yellow, more or less blocky; limestone
nodules in lower part ... 21.6

Lenapah limestone
Idenbro limestone member
Limestone and sandstone, sandy limestone, locally sandstone;

large productids ... e 11+
Nowata shale
Shale, gray and yellow, and elay ... exposed 10.8

(2) NWY; SEY; sec. 8, T.20 S, R. 25 E.

Bandera shale (10+ feet exposed)
Sandstone or sandy shale, gray and brown, hard
Shale, contains large limy nodules
Coal (Mulberry) ... SRR

(3) Near cen. E line sec. 9, T.20 S, R. 25 E.

Bourbon shale
Hepler sandstone
Sandstone, brown ... exposed 2.0
Unconformity
Marmaton group
Memorial shale
Shale, gray and yellow, blocky; contains sparse limonite con-
cretions and vein fillings in lower part ... 324
Lenapah limestone
Idenbro limestone member
Limestone, gray, sandy; contains large productids, Mesolobus

sp., and other brachiopods ...............cccocoeoioiiieie e 06
Nowata shale (7+ feet exposed)
Shale, gray, sandy, fossiliferous ... 3.0+
Shale, gray, blocky ..o exposed 4.0

(4) SW1; sec. 19, T. 21 S, R. 24 E.

Bourbon shale
Hepler sandstone
Sandstone, mostly covered; about 16 feet exposed in quarry
a short distance southwest ..o 10.0
Unconformity
Marmaton group
Lenapah limestone (4.5+ feet)
Idenbro limestone member?
Limestone, brown, sandy; contains large productids, orbiculoids,
and SChizoPora SP. ....ccocooi oot seaeee 15
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Perry Farm shale member?

Shale and thin limestone beds ... ... 3.0+
Nowata shale . .
COVETOU ...t st emees e e s ennen 10.0+

Altamont limestone
Worland limestone member
Limestone, light to medium gray, massive, uneven top,
a slight thickness exposed in drainage

(5) NW cor. sec. 33, T. 21 S, R. 24 E.

1
Altamont limestone (8.5 feet)
Worland limestone member
@ Limestone, gray with splotches of brown iron oxide, lower
part slightly darker dove gray; in two beds of equal thick-
ness, locally a thin shale bed between limestones; upper
surface uneven; abundant fragments of brachiopods and
other fossils ... 40
Lake Neosho shale member
" Shale, gray, with thin limestone layers in upper part; contains
phosphatic concretions ... ... 13
Tina limestone member (3.2 feet)
Limestone, gray, hard, nodular; contains crinoid stems; grades
into Unit below ... e
Shale and shaly limestone

Limestone, nodular, and sandstone, ﬁne and micaceous ... 20
Bandera shale
Shale ......ococoooiei e veseneenenee. €XPOSE 4.0

(6) Near cen. sec. 5, T. 21 S, R. 25 E. Section in bank of Marais des
Cygnes river and above

Bronson group
Hertha limestone
Critzer limestone member
Limestone, brown, massive; contains “Osagia” and many

cephalopods ... e e e e 100 +
Bourbon shale
Covered, wooded, grass slope ... ... et 85.0 =
Shale, yellow and gray, carbonaceous, weathered ........ ... exposed 0.66
C08L ettt et eea s eean e 025+
Shale, yellow and gray, weathered; contains abundant small
limestone nodules ... s 5.0

Hepler sandstone (11+ feet)
Sandstone, gray and yellow, very calcareous; contains

sticklike and plumose casts of “seaweeds” .........cccooviiiiiiccenicees 1.0
Sandstone and sandy shale, gray and yellow ... 20 =
Sandstone, gray and yellow, fine-grained, ripple marked .......... 10 =
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Sandstone or siltstone, massive to thin-bedded, shaly in places,
cuts down into post-hole like depressions 2 to 3 feet deep;
definite lower contact ... 7.0
Unconfermaty
Marmaton group
Memorial shale (10.25 feet exposed)
Shale, dark to medium gray; contains limonitic stringers and
NOAUIES ... e e 6.75
Shale, medium gray with maroon bands, irregular .. ... . 35
Lenapah limestone (5.67 feet)
Idenbro limestone member
Limestone, chiefly as nodules in shale (previous to present
position of bank a hard nodular bed 0.5 to 1 foot thick was
exposed), dark gray to bluish-gray, impure, very earthy,
nodules are oxidized into hematite to depth of one-eighth
inch; found only after digging ... 0.55
Perry Farm shale member (4.9 feet)
Shale, very dark gray to black, not hard and platy as unit be-
low, weathers into flakes, blocky when fresh, very smooth
£0 tOUCK o et 4.15
Shale, black, thin-bedded, platy; contains small phosphatic
concretions; vertical joints filled with impure limonite
strands in vertical cliff in river bank ...l 0.75
Norfleet limestone member
Limestone, local occurrence, pinches out into shale, dark gray
to very black, weathers brownish gray; contains scattered
minute calcite crystals, sparse vugs of calcite, few fossil
fragments; sharp lower contact .........ccoeoomeiieroiciiieeicee 0.22
Nowata shale
Shale, dark bluish-gray, upper part weathers into flakes,
flecked with iron oxide, seems to be iron-stained when
comparatively freshly exposed ..., exposed 4.33
Covered to water of Marais des Cygnes river ... 0.75

Note: Worland limestone is exposed in river bed at low water stage a short
distance south of this exposure, and is only a few feet below lowest
beds exposed in this section.

() Near cen. sec. 16, T. 21 S., R. 25 E.

Lenapah limestone
Idenbro limestone member

Limestone, blue, dense ..., 3.0+
Nowata shale
Covered .. - et e 10=15.0

Altamont llmestone (15 2 feet)
Worland limestone member (11 feet)
LimMeStone ... 3.0+
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Limestone, bluish-gray, dense, hard, irregular bedding ................ 3.0
Lake Neosho shale member
Shale, gray, not well exposed; contains phosphatic concretions 2.2
- Tina limestone member .

Limestone, brown and gray, brown nodules stand out on
weathered faces, granular, cross-bedded; contains algal
remains, gastropods, many invertebrate fragments, and
shark teeth ... 20

Bandera shale

Clay shale and sandstone, fine, beds dip about 30°, lenticu-

lar mass of sandstone in lower part ... 200+

(8) Near cen. sec. 19, T. 21 S, R. 25 E.

Bourbon shale
Hepler sandstone
Sandstone, gray and brown, fine-grained ... 20.0+
Unconformity
Marmaton group
Nowata shale (21.5 feet)
Shale, gray, and clay, limonitic ... 115
Covered interval; seems to contain some sandstone or sandy
shale ... e, 100

Altamont limestone (12 feet exposed)
Worland limestone member
Limestone, bluish-gray, dense, flaggy, locally becomes sandy;

contains Derbyi@ SP. ..o S 20
Covered interval ... 8.0
Limestone, light bluish-gray, massive ... exposed 2.0+

(9) SW cor. sec. 19, T.21 S, R. 25 E.

Bourbon shale

Sandstone, poorly exposed, well-exposed in asphalt rock

mine a short distance southwest ... ...
Unconformity

Covered interval ... RS, e 8.0+

Marmaton group
Lenapah limestone (4.5 feet exposed)
Idenbro limestone member
Limestone, very sandy; contains large productids, Orbiculoidea

SP., and Schizopora SP. ... 15
Perry Farm shale member
Limestone, shaly, thin-bedded ... ... e 3.0+

Covered interval
Altamont limestone
Worland limestone member
Limestone, gray, uneven top of ledge exposed
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(10) Near cen. S line sec. 26 and near cen. N line sec. 35, T. 21 S, R. 25 E.

Altamont limestone (5 feet exposed)
Worland limestone member

Limestone, light gray, dense, nodular in upper part ... 20+
Lake Neosho shale member
Shale, mostly covered; contains phosphatic concretions ............ 2.0+

Tina limestone member
‘Sandstone, gray, limy, micaceous, massive, shaly in lower part ... 1.0
Bandera shale (424 feet)

Sandstone or sandy shale, gray, micaceous ... 5.0
Shale, gray, calcareous, imonitic ... 30
Sandstone, gray, mMiCACOUS .............ccoouorviueirurieeeeieneeenresenconnneeeserenne 2.0

Shale, gray and yellow, limonitic, especially in upper part;
one thin sandstone bed 3 feet from top; contains large
septarian concretions in lower part, which is more blocky
than upper part. Mulberry coal about 2 feet from base .......... 324
Pawnee limestone (32.8-34.3 feet)
Laberdie limestone member (11 feet)
Limestone, light gray, crystalline, thin-bedded; formerly ex-
posed in quarry south. of road, later covered by mifie
WOTKINES oottt ettt s st 8.0+
Limestone, blue-gray to light gray; contains sparse fossils ............ 2.5
Limestone and calcareous shale, gray; contains abundant fossils 0.5
Mine Creek shale member (14.5-16 feet)

>

Shale, Sray ..ottt et 2.0-3.0
Limestone, gray; contains abundant brachiopods ...................... 05-1.0
Shale, greenish-gray, slightly carbonaceous in lower part;
contains limonitic zones and concretions ... 120+
Mpyrick Station limestone member
Limestone, brown, massive ... 38
Anna shale member (3.5 feet exposed)
Shale, EraY ...ttt neen 0.5
Shale, black, platy ... . 10
Limestone, dark, crystalline, slabby .. . 02
Shale, gray ... .. 05
€08l ..ot et neene 03+
Shale, Bray ... exposed 1.0+
(11) Near SW cor. sec. 29, T. 21 S, R. 25 E.
Covered interval, with Bourbon beds exposed above
Altamont limestone (4.5 feet)
Worland limestone member
Limestone, light gray, hard, massive ......... et 3.0
Lake Neosho shale member
Shale, ray . .ot 08
Tina limestone member
Limestone, dark gray, cross-bedded ..o 0.7
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Bandera shale
Shale, gray, limonitic especially in lower part, somewhat
sandy about 8 feet from toOp ....cccoooocciinieeeee exposed 21.6

(12) Cen. S line sec. 34, T. 21 S,, R. 25 E.

Bourbon shale
Hepler sandstone
Sandstone and sandy shale ... 6.0
Unconformity
Marmaton group
Lenapah limestone (11.3 feet)
Idenbro limestone member
Limestone, gray, crystalline; contains limonitic inclusions

ANd COMPOSILA ....ooovooeoeeeeee e 1.0+
Perry Farm shale member
Shale, mostly covered ... 938

Norfleet limestone member
Limestone, dark gray, crystalline, nodular; contains few

limonitic inclusions ... 0.5
Nowata shale
Shale, partly covered, dark gray ... 5.0

Altamont limestone
Worland limestone member

(13) Near cen. W line sec. 5, T. 22 S, R. 24 E.

Bandera shale (4 feet)
Coal (MUIberTy) ... et 1.0+
Shale, weathered . ... ... .. 3.0+
Pawnee limestone
Laberdie limestone member
Limestone, brownish-gray, earthy; contains sparse flint
NOdUIES ..ot exposed 0.5+

(14) Near cen. sec. 7, T. 22 S., R. 24 E.

Altamont limestone (12.1 feet)
Worland limestone member (8.9 feet)

Limestone, bluish-gray, soft, sandy appearing ... ... 15
Shale and limestone, thin-bedded; limy shale alternates with
limestone; fossiliferous ... 23
Shale, limy, and small lenses of powdery limestone ... . 21
Limestone, gray, hard, dense to slightly crystalline ... 3.0
Lake Neosho shale member
Shale, gray ...t 12

Tina limestone member
Limestone. dark gray ... . 2.0
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[ 4

Bandera shale
Shale, gray ... e i 03
Sandstone

Note: Worland limestone and lower beds were exposed when excavations

were made for a dam; higher beds are exposed a short distance
northeast of the dam.

.

(15) NE'4 sec. 8, T. 22 S, R. 24 E. Coal mine

Altamont limestone
Bandera shale (44.5 feet)
Shale, clayey, somewhat sandy, limonitic; contains plant
OSSILS oo e 43,07
Coal (Mulberry)

(16) Near cen. S line NEY sec. 8, T. 22 S, R. 24 E.

Bourbon shale
Hepler sandstone
Sandstone, brown, ferruginous ... s 3.0+
Unconformity
Marmaton group
Memorial shale
Coveredinterval ... .. .. .. ... ... ... 40%
Lenapah limestone
Idenbro limestone member
Limestone, brown, sandy appearing, abundantly fossiliferous;
contains pelecypods and Mesolobus and other brachiopods ...... 3.7
Nowata shale
Shale, yellow and gray . . ... .. ... ... 100
Covered ............coooeiiiiii e e e e 143
Altamont limestone (6.5 feet exposed)
Worland limestone member
Limestone, light gray, dense
Lake Neosho shale member
Shale, mostly covered ... ... —— 20+
Tina limestone member

Limestone, brownish-gray, granular . ... ... ... .. ... 2.5+
Bandera shale
Shale, gray and yellow ... PR exposed 9.0
(17) NE cor. sec. 8, T. 22 S., R. 24 E.
Altamont limestone (5.2 feet)
Worland limestone member
Limestone, dove-gray, hard, brittie, sparsely fossiliferous .......... 1.7
Lake Neosho shale member
Shale, gray; contains many phosphatic concretions ...................... 2.0+
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Tina limestone member

Limestone, brownish-gray, granular ... e 15
Bandera shale
Shale, gray and yellow ..., exposed 3.0+

(18) NW cor. sec. 8, T. 22 S, R. 24 E.

Bourbon shale
Hepler sandstone
Sandstone, brown and gray, fine-grained, micaceous .................... 5.0
Unconformity
Marmaton group
Lenapah limestone
Idenbro limestone member

Limestone, brownish-gray, crystalline, hard, fossiliferous ......... 1.5+
Nowata shale
Covered interval, may include part of Worland limestone .......... 220

Altamont limestone
Worland limestone member
Limestone, light gray, shaly and sandy ........................ exposed 1.0+

(19) Near cen. N line, sec. 3, T. 22 S, R. 25 E.

Bourbon shale
Sandstone, brown and gray, massive ... 3.0
Shale, sandy, and sandstone, mostly covered ... . ... 220

Hepler sandstone (?) (21.6 feet)
Sandstone, deeply weathered, not well exposed
Covered interval ...
Shale and sandstone, more sandy in upper part
Unconformity

Marmaton group
Nowata shale (?)
Shale, gray and yellow, blocky, limonitic in lower part ... 108
Altamont limestone (10.9 feet)
Worland limestone member (7 feet)

Limestone, dark gray, carbonaceous, crystalline ... 0.5

Shale, gray, limy

Limestone, medium gray, dense, hard ... 31
Lake Neosho shale member

Shale, covered ... e 1.7

Tina limestone member
Limestone, dove-gray, hard, crystalline, nodular in lower part ... 2.2
Bandera shale (33.4 feet exposed)

Shale, yellow and gray ... oo 2.0
Sandstone, ray ... .. 10
Shale, dark gray in upper part hghter gray in lower part ... 25
Shale, yellow; contains limestone concretions ...................... 5.4
Shale, partly sandy, not well exposed .............ccccccocoiiiciiiveeec e 22.5
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(20) From near the SW cor. to cen. N side sec. 3, T. 22 S, R. 25 E.

Bourbon shale
Hepler sandstone
SandStONe ..o e 3.0+

Marmaton group
Memorial shale
Shale, mostly covered ... 100+
Lenapah limestone
Idenbro limestone member

Limestone, bluish-gray, slabby, slightly asphaltic ....................... 0.7
Nowata shale
Shale, yellow; contains sparse limestone nodules ....................... 70+

Altamont limestone (8 feet)
Worland limestone member
Limestone, light bluish-gray, dense to slightly crystalline ............ 3.0+
Lake Neosho shale
Shale, covered . et p e e e 3.0+
Tina limestone member
Limestone, brownish-gray, brecciated appearing ................... 2.0
Bandera shale (54.4 feet)
Shale, SaNAY .....c.cooooeceeee e
Shale, gray and yellow, blocky, limonitic .
Covered interval ... .
Pawnee limestone
Laberdie limestone member .
Limestone, bluish-gray, earthy to crystalline .................. exposed 2.6

(21) SWY; sec. 12, T. 23 S, R. 23 E.

Altamont limestone (10.6 feet)
Worland limestone member
Limestone, dove-gray with splotches of darker gray, rather
dense, rather massive, brecciated appearing in middle and
upper middle parts, crystal faces scarcely visible without
magnification; contains sparse brachiopods; maximum
thickness at the location is in quarry; natural exposures
near by are thinner ... 51
Lake Neosho shale member
Shale; contains masses of Chaetetes in upper part and phos-
phatic coneretions ..ot 40+
Tina limestone member
Limestone, dark gray, weathers brown, noaular, weathering
produces a pitted mass; contains sparse Chaetetes ...................... 15
Bandera shale
Shale, bluish-gray, limonitic, sandy and micaceous in lower
PaFt e et expose& 10.0
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(22) SW3 sec. 4, T.23 S, R. 24 E.

Bourbon shale
Hepler sandstone
Sandstone, gray and brown, fine-grained, micaceous ...... exposed 4.0
Unconformity
Marmaton group
Lenapah limestone
Idenbro limestone member
Limestone, brown; contains abundant white crinoid frag-
ments in brown matrix ... 1.0+

(23) NEYs sec. 7, T. 23 S.,, R. 24 E.

Lenapah limestone (4.9 feet)
Idenbro limestone member
Limestone, brown; fossil fragments weather white in brown

matrix; contains crinoid remains and brachiopods .................... 14
Perry Farm shale member .
Shale, gray; contains limestone nodules ... ... ... 3.0+
Norfleet limestone member
Limestone, brown, sandy appearing ... ... 0.5%
Nowata shale
Shale, gray, blocky ... .@XPoOsSed. 12.0

(24) NE14 NEV; sec. 12, T. 23 S, R. 24 E.

Altamont limestone (9 feet exposed)
Worland limestone member
Limestone, gray, dense, somewhat irregular bedding ...... exposed 3.0
Lake Neosho shale member

Shale, dark gray; contains phosphatic nodules ... ... .. . . 40
Tina limestone member
Limestone, brownish-gray; contains Chaetetes ... .. ... 2.0

Bandera shale (28.5 feet exposed)
Shale, SANAY ...t
Sandstone, thin-bedded ...
Shale, gray and yellow, thin-bedded ..
Shale, gray, blocky ... oo

(25) Near the SW cor. SEY5 SW1] sec. 12, T. 23 S.,, R. 24 E.

Altamont limestone (4 feet exposed)
Worland limestone member

Limestone, light gray, hard, massive ... .. . . .. .. ... exposed 2.0+
Lake Neosho shale member

Covered by slumping of the overlying limestone ..................... 1.0+
Tina limestone member

Limestone nodules in shale, gray and yellow ... 20
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Bandera shale
Shale, yellow and gray; contains flat limestone concretions
in upper part ... exposed 37.8

Note: Base of section is about 15 feet above the Pawnee limestone.

(26) Near cen. E. line sec. 13, T. 23 S,, R. 24 E.

Pawnee limestone (5 feet) "
Myrick Station limestone member
Limestone, brown, massive; overlain by deposits of loose

flint and clay ... e s 2.0+
Anna shale member (3 feet)
Shale, Bray ... 1O
Shale, black, fissile to platy . ... B 20+
Bandera shale (23.5 feet exposed)

Shale, gray ..o et e 130
Limestone, brown, sandy ... 05+
Shale, Zray ...t exposed 10.0

(27) SW; sec. 15, T. 23 S.,, R. 24 E.

Altamont limestone (5 feet exposed)
Worland limestone member
Limestone, light gray, dense, massive ... exposed 2.0+
Lake Neosho shale member
Shale, not well exposed; contains abundant phosphatic nodules 2.0%
Tina limestone member

Limestone, gray and brown, brecciated, nodular ... ... .. . 1.0+
Bandera shale (21 feet exposed)

Shale, gray and yellow, limy; contains septarian concretions ...... 8.0+

Sandstone, gray and brown, massive .......... e 1.0

Shale, gray and yellow, somewhat sandy ..................... exposed 12.0

(28) SW cor. sec. 6, T. 23 S, R. 25 E.

Pawnee limestone
Laberdie limestone member
Limestone, light gray, weathers somewhat lighter in color,
thin wavy beds, somewhat more massive in lower part .......... 6.0
Mine Creek shale member
Shale and thin beds of limestone, not well exposed, but crop-
ping out with myriads of fossils below quarry in road ditch
and east of Laberdie creek ... exposed 6.0
Note: The Myrick Station member is partly exposed when water in
Laberdie creek is low.

(29) SE cor.sec. 8, T.23 S, R. 25 E.

Pawnee limestone (4 feet)
Myrick Station limestone member
Limestone, brown, massive ..., 3.0+
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Anna shale membe;'

Shale, black, platy ... e 1.0
Labette shale (31 feet exposed)
Shale, gray and yellow, lower 5 feet not well exposed ................ 9.8

Shale, gray, blocky

Limestone, sandy, micaceous ..., 04
Shale, gray and yellow, blocky ... exposed 10.0
(30) Slightly south of NE cor. SEVj sec. 8, T. 23 S,, R. 25 E.
Pawnee limestone (3.2 feet exposed)
Mpyrick Station limestone member
Limestone, brown, massive, slightly flinty ... exposed 2.0
Anna shale.member
Shale, black, platy ... s 12
Labette shale
Shale, Gray ... e exposed 3.0+
(31) SW1j sec. 11, T. 23 S, R, 25 E.
Pawnee limestone (15.1-16.1 feet exposed)
Laberdie limestone member
Limestone, gray, weathers lighter in color; thin irregular beds
in upper part; lower part more massive ... 84
Mine Creek shale member (5.7 feet exposed)
Covered interval ... 1020
Shale, very black, thin-bedded, flaky ... 05+

Shale, light gray; contains abundant fossils, chiefly brachiopods 3.0+
Limestone, gray, weathers rusty brown, upper part slightly
bluish, nodular and concretionary; contains algal remains

and other fossils ..o 07
Shale, dark gray, extremely flaky; contains abundant
chonetids ... exposed 1.5

STRATIGRAPHIC SECTIONS IN BourBoN CounTy, Kansas (32-101)

(32) NEY4 SEY; sec. 29, T. 23 S, R. 23 E.

Lenapah limestone (5.15 feet exposed)
Idenbro limestone member

Limestone, light gray, cross-bedded in upper part ......... exposed 1.5
Perry Farm shale member
Shale, gray, calcareous; contains limestone nodules ................ 3.0
Norfleet limestone member
Limestone, medium to dark gray, massive ... 0.65
Nowata shale
Shale, Bray ..o e exposed 12.0
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(33) Near SE cor. sec. 35, T. 23 S, R. 23 E.

Bronson group
Hertha limestone
Critzer limestone member
Limestone (upper part may include part of Sniabar member),

GraNUIAL ... ettt 10.0+
Bourbon shale

Covered ..o .. 43.0
Shale, gray, flaky, not well exposed . .. 16.0
Shale, mostly covered ... 10.8
Shale, mostly covered, may include a thin limestone bed in

middle part ..., 16.0

Hepler sandstone .

Sandstone, gray and brown, fine-grained, grades into sandy

shale above ..., e enaenen 54

Unconformity
Marmaton group
Memorial shale
Shale, gray, flaky, partly covered ... 45-55
Lenapah limestone
Idenbro limestone member

Limestone, gray and yellow, impure, nodular ........................ 1.0+
Nowata shale (14.8 feet)

Shale, yellow and gray, thin-bedded ... 108

COVEIEA ...ttt 4.0+

Altamont limestone
Worland limestone member
Limestone, light gray, dense, earthy, not well exposed ................. 30

(34) Near NW cor. sec. 7, T. 23 S., R. 24 E.

Altamont limestone (8 feet exposed)
Worland limestone member

Limestone, light gray, dense ... exposed 3.0+
Lake Neosho shale member

Shale, mostly gray; contains phosphatic concretions ... 4.0+
Tina limestone member

Limestone, brown, nodular ... 1.0+

Bandera shale (43 feet exposed)
Shale and sandstone ..., 16.0+
Shale, gray and yellow ..............ccocooiiiioriieeeceeeee e 270

(35) Near SW cor. sec. 19, T. 23 S, R. 24 E.

Altamont limestone (5-5.5 feet exposed)
Worland limestone member
Limestone, light gray, not well seen ... exposed 3.0+
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Lake Neosho shale member
Shale, mostly gray, not well exposed; contains phosphatic
CONCTELIONS .. ..ottt 20+
Tina limestone member
Limestone, gray and brown, nodular, pinches out laterally ...... 0-0.5
Bandera shale (70.8 feet)
Shale, SANAY .. ..ottt
Sandstone, yellow and gray .. . -
Shale and sandstone, more sand in upper part .......................

Shale; contains limonitic lenses and concretlons .......................... 16.2
Shale, gray; contains limonitic concretions .. 162
Sandstone, cross-bedded, definite contact w:th shale below;
contains plant fossils .. S . 23
Shale, yellow, limonitic and calcareous in upper part - ¥ |
Shale, yellow, limonitic, weathered ... ... . ... .. 108

Covered interval
Coal (Mulberry) ...
Covered interval
Pawnee limestone
Laberdie limestone member
Limestone, in creek bed

(36) Near cen. W line sec. 30, T. 23 S.,, R. 24 E.

Altamont limestone (4 feet)
Worland limestone member
Limestone, light gray; contains crinoid remains and
COMPOSILR SP. ..o e e e 20+
Lake Neosho shale member
Shale, gray, flaky; contains phosphatic nodules in upper part ... 2.0x
Bandera shale (16.2 exposed)

Shale, gray and yellow, sandy ........... e e e, 5.4
Shale, gray and yellow, more sandy than unit above; contains
layers of limonite ... exposed 10.8

(37) Near cen. W line SWY sec. 29, T. 23 S, R. 24 E.

Pawnee limestone (11.2 feet exposed)
Laberdie limestone member
Limestone, light gray, thin-bedded, poorly exposed
Mine Creek shale member
Covered (may include parts of Laberdie and Myrick Station
1imeStones) ..o e e 3.0+
Myrick Station limestone member
Limestone, brown and gray; contains flint in upper part;

contains few fossils ... 4.0
Anna shale member (7.2 feet)
Shale, black to dark gray ... 0.6
Shale, BIACK ..o 28
&»
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Limestone, dark in upper part, remainder gray, granular,

sandy aPPeATING ...........ocovoiieieiiieeeeeee e 15
Shale, Bray ..ottt st 1.7
Limestone, bluish-gray, thm bedded ... 06
Labette shale
Shale, mostly covered ... exposed 2.0+

Note: Compare with sections 190 and 193, Nowata county, Oklahoma

(38) Near cen. W line sec. 31, T.23 S,, R. 24 E.

Pawnee limestone (5.9 feet exposed)
Laberdie limestone member
Limestone, dove gray, thin-bedded, brecciated appearing exposed 3.5
Mine Creek shale (2.4 feet)
Shale, upper part black, lower part gray, fissile; contains
abundant fossil fragments ... ... 1.1+

Limestone, bluish-gray, shaly, fossiliferous ....... ... 086
Limestone, bluish-gray, earthy; contains Mesolobus sp. and
NeOSPITIfer SP. ..ot ettt 0.7

(39) Near SE cor.sec. 8, T. 23 S, R. 25 E.

Pawnee limestone (4 feet exposed)
Mpyrick Station limestone member :
Limestone, brown and gray, weathers brown ... exposed 3.0+
Anna shale member
Shale, black, may be slight thickness of gray in upper part, platy 1.0
Labette shale (31 feet exposed)

Shale, gray, not well exposed in lower part ... ... 98
Shale, gray, blocky ... e 10.8
Limestone, sandy, micaceous ... ... 04
Shale, gray, blocky ...........ccoco oo exposed 10.0

(40) NE cor. sec. 21, T. 23 S., R. 25 E.

Pawnee limestone (12.5 feet)
Myrick Station limestone member

Limestone, gray, weathers brown, massive .......................... 6.7
Anna shale member (5.8 feet)

Shale, gray ..

Shale, black, ﬁsste contams orblculo:ds

Shale, gray .........cccccecvcnueee .

Limestone, dark gray, earthy, thin-bedded, slabby ... 09

Labette shale (32.8 feet)

Shale, Bray ...ttt ceriean 6.5

Sandstone, massive in upper part, shaly in lower part ... 13

Shale, gray, sandy, upper part less sandy and blocky ... 6.6

Shale and sandstone; sandstone micaceous, thin-bedded, and
confined to middle part ... 54
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Covered INterval ... 13.0+
Fort Scott limestone
Higginsville limestone member
Limestone, in drainage

(41) Near SE cor. sec. 26, T. 23 S,, R. 25 E.
Labette shale (37.6 feet exposed)

Sandstone, fine-grained, massive ... 273
Shale, Gray ..o e 6.0
Limestone, sandy ... 13
Shale, gray ... e exposed 3.0+

(42) Near cen. W line sec. 32, T. 23 S, R. 25 E.
Labette shale

Covered interval to near base of Pawnee limestone ... ... 54.0
Limestone, gray, weathers in part brown, shaly, sandy appearing 1.5
Shale, gray, thin-bedded ... 7.0
Shale, gray, not well exposed especially in lower part .. 108
Shale, blue, dense, concretionary ... 04+
Shale, gray, beds thin to blocky ..........ccoooiieeoiooee
Limestone, shaly; contains Mesolobus sp. .....................
Limestone; contains Derbyia sp. and Composita sp. .........ccc..euueen. 04
OB ...t ettt ettt ettt et 03
Shale, gray, carbonaceous especially in upper part .. 60
Sandstone, fine-grained, micaceous .............cccocoeoiirionrcns o 40+
Shale, gray, sandy in upper Part .......o..coeooreeroeenrienuens exposed 10.0=+

(43) Near cen. E line sec. 1, T.24 S, R. 23 E.

Altamont limestone
Worland limestone member
Limestone, weathered, not well exposed
Lake Neosho shale member
Shale, yellow and gray, flaky; contains phosphatic concretions .... 2.0+
Bandera shale (59.6 feet)
Shale, yellow and gray, limonitic, grades into Lake Neosho shale 4.0+

Covered interval ... 270
Sandstone, yellow, fine-grained, micaceous ... . 20x
Shale, not well exposed ..........cc.ocoooioeioe e ... 266

Note: Base of section is not far above the Pawnee limestone.

(44) SWY; NE%; sec. 8, T. 24 S, R. 23 E,

Lenapah limestone
Idenbro limestone member
Limestone, gray, earthy ... s exposed 1.0+
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(45) Slightly north of SW cor. sec. 34, T.24 S, R. 23 E.

Altamont limestone (4 feet exposed)
Worland limestone member
Limestone, light gray, thin-bedded, weathered into flaky

TTMASS. ..o ceceteteaeuestsen et besecece et cetaanesaesasames s em et ee et eae e e nenee s exposed 3.0+
Lake Neosho shale member (1 foot)
Shale, Sray ......cooooieeeeeeeeee e 0.7
Shale, dark gray; contains phosphatic concretions ... ... 03

Bandera shale
Shale, yellow, blocky; contains limonitic concretions .... exposed 11.0

(46) SEY; SE%; sec. 4, T. 24 S, R. 24 E.

Labette shale
Sandstone, weathered ... ... ... exposed 6.0
Covered interval ... ..., 8.0

Fort Scott limestone
Higginsville limestone member
Limestone, gray, crystalline, not well exposed; contains
large fusulines ... exposed 6.0

* (47) Near cen. sec. 30, T. 24 S,, R. 24 E.

Bourbon shale
Hepler sandstone
Sandstone, shaly ... s exposed 6.0+
Unconformity
Marmaton group
Lenapah limestone ,
Idenbro limestone member

Limestone, gray, crystalline, slabby ... 0.5
Nowata shale
Shale, gray, limonitic in upper and upper middle parts ................ 30.0+

Altamont limestone
Worland limestone member
Limestone, light gray, dense ... exposed 6.0+

(48) Slightly east of cen. S. line sec. 33, T.24 S, R. 24 E.

Altamont limestone (5 feet exposed)
Worland limestone, member

Limestone, light gray, somewhat slabby ...................... exposed 2.0+
Lake Neosho shale member

Shale, mostly dark gray; contains phosphatic concretions ............ 20+
Tina limestone member

Limestone, brownish-gray, granular, nodular ......................... . 1.0+

Bandera shale (29 feet exposed)
Shale, gray in upper part, purple to maroon in middle and
JOWETr Parts ..o 16.0%
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Covered interval ... e 5.0
Covered interval with the upper surface of a sandstone at top ... 200+
Sandstone, gray and brown; contains pockets of coarser sand

in finer MatriX ... 7.0+
Sandstone and sandy shale, very fine-grained, well
bedded ... exposed 6.0

(49) Slightly south of cen. E. line sec. 2, T. 24 S, R. 25 E.

Marmaton group
Labette shale (47.6 feet)
Covered to near base of Pawnee limestone .. ... .. .. .. ... .. 12.0

Shale, mostly covered 55
Shale, gray and yellow . 85
Sandstone and sandy shale, yellow and gray ................ 5.5
' SANASEONE oo 03
Shale, sandy ............. 23
Shale, sandy in part . .. 55
Covered interval ... . . 55
Sandstone and shale, partly covered ... . .. ... ... 55

Fort Scott limestone (27.5 feet)
Higginsville limestone member (10.8 feet)

Limestone, brown, dense to earthy, brlttle ................ e 23
Limestone, mostly covered ..., 5.5
Limestone, bluish-gray, irregular thin beds; contains
brachiopods ...t e 3.0+
Little Osage shale member (12 feet)
Shale, gray, calcareous, not all well seen ................cccoooeeiiiieiiiennnn, 3.0+
Limestone (Houx?), tan, dense to earthy ... 0.4

Shale, black
Shale, gray, calcareous, fossiliferous

Coal (Summit) ... ... e e 0.7
Shale, mostly covered ... IR 26
Blackjack Creek limestone member (4.7 feet)

Limestone, brown, weathers buff, massive ... ... ... 24
Shale, yellow and gray, calcareous

Limestone, tan, earthy ... .. .. ... ... e e

Cherokee shale

Shale, dark gray. nearly black .. ... ... 38
Coal (MUlKY) oo e 18
Underclay 09
Shale, not well seen ... . e e exposed 16.0

(50) Near cen. W line sec, 11, T. 24 S,, R. 25 E.

Pawnee limestone
Laberdie limestone member (16 feet)
Limestone, gray, brecciated appearing, not well exposed ............ 100+
Limestone, thinner beds than in unit above ... ... ... ... 60%*
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Myrick Station limestone member

Limestone, brown and gray, crystalline, massive .................... 40
Anna shale member
Shale, black, platy ... ... ... exposed 2.0+

(51) Near cen. N line sec. 23, T. 25 S, R. 22 E,
Bourbon shale

Sandstone and sandy shale ... ..o exposed 2.0+
Shale, gray and yellow; contains limonitic concretions .. .............. 6.5
Limestone, very nodular or concretionary; contains rhombop-

orids and Composita SP. ........cooooeereereceiciiieeeereeeenenees. 2076
Shale, yellow and gray, slightly sandy ... ... ... .. .. 2.0

Hepler sandstone
Sandstone, weathered brown, massive . ... ... ... ... ... 40+
. Unconformity

Marmaton group
"Memorial shale
Shale, gray ... BSOSO, e 3.0+
Lenapah limestone member
Limestone, light bluish-gray, uneven upper surface; contains
crinoids and mollusks ................. ... ............. exposed 1.0

(52) SEY4 SEY sec. 24 and NEY; NEY sec. 25, T. 25 S, R. 22 E.

Altamont limestone (17.7 feet)
Worland limestone member (11 feet)
Limestone, light gray, thin-bedded, nodular ... 20
Limestone and shale; shale cavities domelike, 6 feet in di-
ameter and 1.75 feet high, filled with fusuline-bearing gray
shale; limestone gray and thin-bedded ... 20
Limestone, gray and brown, dense, crystalline, nodular ........ .. 10
Lake Neosho shale member
Shale, chiefly gray, black in middle part; contains phosphatic

nodules ... e 1.0+
Tina limestone member (5.7 feet)

Limestone, algal ... ... ... e, 25
Shale, Yellow ... oo 0.2
Limestone, brown and gray, nodular, rough-weathering;

top irregular ... .. . . 3.0

Bandera shale

Sandstone and shale, micaceous .............. ... exposed 5.0

(53) NW1} sec. 26, T. 25 S, R. 22 E.

Lenapah limestone (6.35 feet exposed)
Idenbro limestone member (2.35 feet exposed)
Limestone, brownish-gray, crinoidal ... ... .. .. . . exposed 0.25
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Limestone, brownish-blue, granular, well bedded, crinoidal;

contains echinoid remains ... 21
Perry Farm shale member (?)
Shale, gray; contains Chonetes Sp. ...........c...cc..ccoooooioennrin. exposed 4.0

(54) S'2 SE!} sec. 26, T. 25 S, R. 22 E.

Bourbon shale
Hepler sandstone
Sandstone, brown, massive ... .. exposed 2.0
Unconformity
Marmaton group
Memorial shale (7 feet)
Shale, gray, sandy ... ... e e 4.0+
Shale, gray
Lenapah limestone
Idenbro limestone member
. Limestone, light gray, finely crystalline, crinoidal ........... exposed 2.0
Covered Interval ... e 6.0+
Altamont limestone (8.5 feet exposed)
Worland limestone member
Limestone, gray, dense, semilithographic in upper part; con-
tains brachiopods and crinoid fragments in lower part ............ 75
Lake Neosho shale member
Shale, chiefly gray; contains phosphatic nodules .............. exposed 1.5

(55) Near cen, S line sec. 36, T. 25 S, R. 22 E.

Lenapah limestone
Idenbro limestone member
Limestone, brownish-blue, crinoidal ... exposed 1.0+
Nowata shale
Covered interval ... e 3.0+
Altamont limestone (10.75 feet exposed)
Worland limestone member (10.25 feet)
Limestone, gray, dense ...........
Limestone, not well exposed
Limestone, gray, dense; contains crinoid remains and
brachiopods ... 45
Lake Neosho shale member
Shale, drab in upper part, mostly greenish-gray: contains
phosphatic nodules ... exposed 0.5

(56) Near cen. S line SEY; SWV sec. 2, T. 25 S, R. 23 E.

Altamont limestone (8.8 feet exposed)
Worland limestone member

Limestone, light gray, crystalline ... ... 5.0+
Lake Neosho shale member
Shale, gray, flaky: contains phosphatic concretions ... ... 20
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Tina limestone member
Limestone, gray, earthy, weathers as ‘breccia ......................... 18
Bandera shale
Shale, gray and yellow; contains small limestone nodules in
upper part; contains limonitic concretions ............... exposed 17.0+

(57) SWY; NWY; NW!4 sec. 13, T. 25 S, R. 23 E.

Altamont limestone (6-8 feet exposed)
Worland limestone member
Limestone, deeply weathered

Limestone, light gray ..., exposed 2.0-3.0
Lake Neosho shale member
Shale, gray, flaky; contains phosphatic concretions .................. 2.0-3.0

Tina limestone member
Limestone, dove gray, earthy; appears somewhat brecciated
in upper part when weathered ... ... 20
Bandera shale (23 feet exposed)
Shale, yellow, limonitic ... oo
Shale, yellow ... N
Shale, yellow; contams calcareous nodules
Sandstone, brown and gray, massive ..o

(58) Near the SE cor. sec. 19, T. 25 S,, R. 23 E.

Altamont limestone (6.3 feet)
Worland limestone member :
Limestone, light gray, crystalline, thm-bedded .................................. 3.0

" Lake Neosho shale member
Shale, yellow and gray, flaky; contains phosphatic nodules .......... 09

Tina limestone member (2.4 feet)
Limestone, thin-bedded; contains abundant brachiopods,

Squamularia sp., and Composita SP. ........coecvcecrecniniccrciinccccs 1.0
Limestone, gray, crystalline, earthy, weathers as single
brecciated ledge ..o 14

Bandera shale
Shale, gray and yellow, limonitic, slightly sandy,
DLOCKY ...eeceeeeee et exposed 21.0 .

(59) NE cor. sec. 20, T. 25 S, R. 23 E.

Altamont limestone (4.2 feet exposed)
Worland limestone member
Limestone, dove gray, massive, upper surface irregular .. exposed 2.0
Lake Neosho shale member

Shale, gray; contains phosphatic nodules ... 0.7
Tina limestone member
Limestone, brownish-gray, brecciated appearing ... ... 15

Bandera shale
Long shale slope
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" (60) N1% SW14 sec. 29, T. 25 S., R. 23 E.

Bandera shale (21.6 feet)

Sandstone, light gray and buff, fine-grained, massive, slightly
irregular bedding, thinner bedded in basal part, ripple
marked ... ettt n et eneeas 5.4

Sandstone, gray and buff, beds paper-thin to 0.5 feet, small
ripple marks, films of “mud” on bedding planes, carbon-
aceous coating between beds ... 6.2

Sandstone, gray and buff, beds 0.2 to 0.3 feet thick, small
ripple marks, film of “mud” on bedding planes; contains
fosSil “WOTMS” . ..ot e 10.0

(61) NW14 SWY; sec. 23, T. 25 S,, R. 23 E.

Altamont limestone member (6.3-6.4 feet)
Worland limestone member

Limestone, light gray ... ... ... 3.0+
Lake Neosho shale member

Shale, not well exposed; contains phosphatic concretions ... . L 3.0+
Tina limestone member

Limestone, grades locally into sandstone ... ... . 03-04

Bandera shale (25.3 feet exposed)

Shale, gray and yellow, limonitic ... ... 45

Shale, gray, yellow, and maroon, blocky . . ... ... 54

Shale, gray, yellow, and maroon ...... e .. 0.4

Shale, gray and yellow ...............ccccccccooe oo @Xposed 10.0+

(62) SEY4 sec. 31, T. 25 S, R. 23 E.

Lenapah limestone
Idenbro limestone member
Limestone, gray, finely crystalline, slight thickness exposed
Nowata shale
Shale, gray and yellow ... e e 3.0
Altamont limestone
Worland limestone member
Limestone, light gray, crystalline ... ... .. ... 3.0-40
Lake Neosho shale member
Shale, deeply weathered: contains dark phosphatic nodules;
slight thickness exposed in road ditch

(63) SW14 sec. 31, T.25 S, R. 23 E.
Bourbon shale
Hepler sandstone

Sandstone, brown, massive ... ... . .. exposed 3.0+
Unconformity
Marmaton group
Memorial shale
Shale, yellow, slightly micaceous ... ... ... [, 6.0+
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Lenapah limestone (5 feet)
Idenbro limestone member

Limestone, red to brown ... ... .. 0.5
Perry Farm shale member

Shale, mostly covered ... ... 3.0%
Norfleet limestone member

Limestone, gray to brown, nodular ... ... 15

Nowata shale
Shale, gray; contains limestone lenses and Chonetes sp. in
UPPET PATt ..ot e exposed 8.0

(64) Near cen. W line sec. 3, T. 25 S,, R. 24 E.

Altamont limestone
Worland limestone member
Limestone, mostly weathered float blocks
Lake Neosho shale member

Covered .. O OO OUO U SSPRURUUURSRURUORUOPRT - ¥ | o
Tina hmestone member
Limestone, brownish-gray, nodular ... ... ... ... 20+
Bandera shale
Shale, gray ... 5.0
Shale, purple and small amount of green ... exposed 6.0

Long shale slope to exposure of Pawnee limestone

(65) NEY; sec. 4, T.25 S, R. 24 E.

Altamont limestone (5 feet exposed)
Worland limestone member
Limestone, light gray, dense; contains crinoid fragments and

brachiopods ... exposed 2.0+
Lake Neosho shale member
Shale, gray; contains phosphatic concretions ... .. ... ... 20
Tina limestone member
Limestone; contains “breccia” and Mesolobus sp. ... 10+

Bandera shale
Shale, blue-gray, flaky in upper part, blocky in lower
PATt o e . exposed 100+

(66) Near cen. N line sec. 11, T. 25 S, R. 24 E.

Altamont limestone (5.6 feet exposed)
Worland limestone member

Limestone, poorly exposed ... .. ... ... . ... exposed 2.0
Lake Neosho shale member
Shale, gray, poorly exposed; contains phosphatic nodules .. ... 3.0+
Tina limestone member
Limestone, gray to brown, cross-bedded, nodular ... 0.6
Bandera shale (42.3 feet)
Shale, yellow and maroon ..., 1135
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Sandstone, brown, thin-bedded
Covered interval ... e
Pawnee limestone (25.1 feet)
Laberdie limestone member (9.4 feet)

Limestone, Covered ... 54
Limestone, dove gray, thin-bedded ... ... ... ... B 40+
Mine Creek shale member (2.5 feet)
Shale, black, fissile to blocky ... 15
Limestone, dark gray ............ .. 0.2-03
Shale, gray, fissile ... e 0.7
Myrick Station limestone member (8.7 feet)
Limestone, brown, nodular ..o 0.8
Limestone, gray, weathers brown, massive; contains Chaetetes .... 3.8
Shale, dark and light gray, fissile ... 0.4
Limestone, brown, massive; contains carbonaceous streaks
AN UPPEE PATL .o 3.7
Anna shale member (4.5 feet)
Shale, Bray ..o 0.5
Shale, black, mostly fissile, more blocky in upper part; con-
tains coal nodules in upper part ................... .

Limestone, dark gray; contains Squamularia sp.
Labette shale

(67) Near cen. N line NWY; NEY; sec. 11, T. 25 S, R. 24 E.

Pawnee limestone (11.1 feet exposed)
Mpyrick Station limestone member (6.6 feet exposed)
Limestone, medium gray, crystalline, irregular bedding; con-
tains Chaetetes in upper part ... exposed 2.5
Shale, yellow and gray, thin-bedded ...
Limestone, brown, massive, thinner bedded in upper part
Anna shale member (4.5 feet) )

Shale, ZIAY ..ottt et e e 0.5
Shale, black, fissile in lower part, blocky in upper part; con-
tains coaly concretions in upper part ... 37
Limestone, dark gray, carbonaceous; contains small
Squamularia SP. ... eeeen 0.3
Labette shale
Shale, Bray ... s exposed 4.0

(68) NW cor. sec. 15, T. 25 S,, R. 24 E.

Pawnee limestone (17 feet exposed)
Laberdie limestone member
Limestone, bluish-gray, weathers light gray,

fossiliferous . ... ..o I exposed 5.0+
Mine Creek shale member
Shale, gray, black in middle part, fissile ... 35

Myrick Station limestone member (6.5 feet)
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Limestone, gray, weathers brown; contains large fusulines
and echinoid SPINes ...
Shale, gray . .
Limestone, gray, weathers brown contams fusulmes
Anna shale member

Shale, black with some gray in upper part ... 20+
Labette shale
Shale, GTAY ..o et 6.0+

(69) SE cor. sec. 15, T. 25 S, R. 24 E.

Pawnee limestone (16.4 feet exposed)
Laberdie limestone membher
Limestone, blue-gray, weathers to lighter color, thin wavy

bedding, fossiliferous ... exposed 2.0
Mine Creek shale member )
Shale, black and gray ... 35

Myrick Station limestone member (6.5 feet)
Limestone, brown and gray; contains fusulines and echinoid
spines
Shale oo e e
Limestone, brown and gray: contains fusulines ... 3.0
Anna shale member (7.4 feet)
Shale, gray ...t 1.0+
Shale, black; contains small black concretions .......................... 2.0+
Shale, dark gray and yellow, blocky ... 41
Limestone, dark gray, slabby ... 03
Labette shale (512 feet)
Shale, gray and yellow ... ...
Limestone, brown, dense, earthy
Shale, yellow and gray ... ...
Covered interval ...
Fort Scott limestone
Higginsville limestone member
Limestone, light gray

(70) Near cen. N line sec. 16, T. 25 S,, R. 24 E.

Pawnee limestone (4.3 feet exposed)
Myrick Station limestone member
Limestone, brown, massive; contains corals and

brachiopods ... ... TSROSO exposed 2.5
Anna shale member (1.8 feet)

Shale, Bray ... 08

Shale, black; contains small b]a(‘k concretlons ..... (B 1.0

Labette shale (37.7 feet)
Shale, gray and yellow, somewhat carbonaceous . ... ... ... 152
Covered interval ...
Sandstone or sandy limestone .
Shale, Yellow ...
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€08 . et nan 0.5
Covered interval ... e 2.0
Fort Scott limestone
Higginsville limestone member
Limestone, gray and brown, crystalline; contains crinoid
fragments and brachiopods

(71) NWY; NW14 sec. 24, T. 25 S,, R. 24 E.

Pawnee limestone (5 feet exposed)
Myrick Station limestone member
Limestone, brown, massive ... . ..
Anna shale member
Shale, black, blocky ... e 2.0-3.0
Labette shale (40.25 feet exposed)
Shale, not well exposed; may include basal limestone of
Anna shale ... .. 108=x
Shale, gray and yellow; contains lenses of dark blue and
brown limestone in upper 4 feet ... ...
Limestone, dark gray, thin-bedded, carbonaceous .
Shale, gray
Coal ..o
Shale, gray, well bedded
Sandstone, gray and brown, calcareous, 1esembles limestone
in weathered oUtCrop ................. .
Shale, light gray, sandy, micaceous ................
Shale, partly covered ...

(72) W1z NE!; sec. 19, T. 25 S, R. 25 E.

Marmaton group
Labette shale
Shale, dark gray and black; contains a thin coal; deeply
weathered . JOU VU T exposed 3.0+
Fort Scott llmestone (27 9 feet)
Higginsville limestone member (14 feet)
Limestone, light gray, more massive in upper part, weathered
surface does not show distinct bedding; contains Chaetetes
in upper part; giant crinoid fragments and an abundance
of various fossil fragments on upper surface ... 13.0

Limestone, yellow-gray . e e 1.0
Little Osage shale member (8 7 feet)
Shale, yellow and gray ... ... ... .. . .. . 09

Limestone (Houx), blue-gray in lowex part, brnwn in upper part 0.6
Shale, black, mostly fissile; contains small phosphatic con-

cretions, coaly concretions in lower part ... 4.0
Coal (SUmMmMmIt) .. e e 0.2
Shale, dark gray, fissile in upper 0.5 foot, slakes into small

BlOCKS oo e 3.0
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Blackjack Creek limestone member
Limestone, bluish-gray, massive, conchoidal fracture ................ 5.2
Cherokee shale
Shale, black, blocky, not fissile; contains small black concre-
tions, giant black limestone concretions in lower part ............. 5.2
Coal (MULKY) oot ee e rese e ee e nsesemsenanasmneeas 14

(73) NE%; NW!4 sec. 21, T. 25 S, R. 25 E.

Fort Scott limestone (21.0 feet)
Higginsville limestone member
Limestone, medium light gray, weathers mottled brown and
gray, slightly crystalline, irregular bedding, little flint in
upper few inches; contains cup corals, crinoid fragments,

and brachiopods ... 9.0
Mine Creek shale member
Shale, mostly covered by stone wall, gray in upper part ....... R 8.0+
Blackjack Creek limestone member
Limestone, brown, massive ... 40

(74) NW4 NW!} sec. 26, T. 25 S, R. 25 E. (Measured by R. C. Moore)

Fort Scott limestone (13.5 feet exposed)
Higginsville limestone member

Limestone, light gray, irregular thin bedding ... ... exposed 2.0+
Mine Creek shale member (6 feet)

Shale, black, fissile, lower 0.6 foot very soft ... 3.0

Shale, gray, weathers into fine fragments ... . 3.0

Blackjack Creek limestone member
Limestone, light drab gray, hard, impure, a single massive
bed; contains scattered productids .. ... ... . 5.5
Cherokee shale
Shale, gray, calcareous, grades into shaly limestone, fossiliferous 1.5
Shale, black, blocky; contains irregular small concretions .......... 2.5
Shale, black, fissile, hard, joints prominent; contains large
concretions, pyritized fossils, and abundant Marginifera

and Mesolobus ... ... 2.0
Coal ..o . 12
Shale, gray ... e exposed 1.0
(35) NW cor. scc. 1, T. 26 S., R. 22 E.
Bourbon shale
Hepler sandstone
Sandstone, brown, micaceous ... ..._........ ... .. . . exposed 4.0+
Unconformity
Marmaton group
Memorial shale
Shale, yellow and gray; contains few calcareous nodules .. ... 6.0%
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Lenapah limestone
Idenbro limestone member
Limestone, bluish-gray, nodular, top uneven ... ... exposed 2.0+

(76) NW' sec. 11, T. 26 S., R. 22 E.

Bourbon shale
Hepler sandstone
Sandstone, brown and gray, fme-grained ... o 50+
Unconformity
Marmaton group
Memorial shale (16 feet)

Shale with few pockets of sand ... ... ... .. e e 45+
Limestone, nodular ... ... ... ... . ... (ST 0.0-0.5
Shale, ray ... e e 11.0

Lenapah limestone
Idenbro limestone member

Limestone, gray, somewhat nodular ... . e 10
Nowata shale (9 feet exposed)

Shale,  ray ..o 3.0

Sandstone, MiCaCeOUS ..o e exposed 6.0

(77) Near NW cor. sec. 12, T. 26 S, R. 22 E.

Bourbon shale
Shale, not well seen ... ... exposed 6.0+
Hepler sandstone
Sandstone, mostly gray, some brown, massive in upper part;
contains large mica flakes ... e 7.8
Unconformity
Marmaton group
Memorial shale
Shale, greenish-gray, micaceous, platy ... exposed 6.0

(78) Near cen. W1, sec. 13, T. 26 S, R. 22 E.

Bourbon shale
Hepler sandstone
Sandstone, brown and gray, fine-grained ... ... ... exposed 2.0+
Unconjormity
Marmaton group
Memorial shale
Shale, Gray ..o o e e 0.5+
Lenapah limestone
Idenbro limestone member

Limestone, bluish-gray, crinoidal ... ... ... (SR 1.0+
Perry Farm shale member
Shale, gray; contains limestone nodules ... ... .. exposed 2.0*
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(79) Near SE cor. sec. 14, T. 26S, R. 22 E.

Altamont limestone (13.7 feet exposed)
Worland limestone member (6 feet exposed)
Limestone, dove gray, dense; contains algal pellets in upper

part and crinoid Stems ..........ccoerierecee e exposed 4.0+
Limestone, dove gray, odlitic appearing; contains algal pellets,
crinoid stems, and sparse Composita sp. .........ccc.cccooeeeueiieeercuennnan. 2.0

Lake Neosho shale member
Shale, calcareous, nodular; contains few phosphatic concretions 1.7
Tina limestone member
Limestone, dove gray, dense, earthy; contains algal (?)
Pellets ...t exposed 6.0+

(80) Cen. W line sec. 1, T. 26 S, R. 23 E.

Bandera shale (25.3 feet exposed)
Sandstone (Bandera Quarry) ..........coooooooiiiiieien
Shale, gray, limonitic and carbonaceous, blocky
Limestone, nearly ‘black, crystalline, slabby .......
Limestone, nearly black, crystalline, massive ...
Limestone, nearly black, massive ...
Limestone, slabby, in shale ..........
Coal (MUIBerTY) .o
Shale and underelay ...
Pawnee limestone
Laberdie limestone member (16 feet exposed)

Limestone, mostly a mass of Chaetetes, not well exposed ............ 40+
Limestone, light gray mottled, crystalline, thin irregular
bedding ..o exposed 12.0+

(81) Near cen. N line sec. 2, T. 26 S.,, R. 23 E.

Bandera shale (26 feet exposed)
Shale, gray and yellow, limonitic¢, blocky exposed 20.0+
Limestone, black, slabby ..................... 20+
Covered Interval ... e 4.0+
Pawnee limestone
Laberdie limestone member
Limestone, mostly Chaetetes masses ...............c..ccccoooceeien. exposed 1.0+

(82) Near cen. NEV; sec. 3, T. 26 S, R. 23 E.

Altamont limestone (5 feet exposed)
Worland limestone member
Limestone, light gray, dense ... exposed 3.0+
Lake Neosho shale member
Shale, mostly gray, not well seen: contains phosphatic
CONCTEtIONS ..o oo exposed 2.0+
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(83) Near the NW cor. sec. 12, T. 26 S,, R. 23 E.

Bandera shale (8-36 feet exposed)
Sandstone (Bandera Quarry), brown, mostly gray when fresh,
micaceous, fine-grained, ferruginous, in channel . .. exposed 3.0-20.0
Shale, gray and yellow, cut by channel filled with
SANASEONE ..ot exposed 5.0-16.0

(84) SW14 sec. 12, T. 26 S, R. 23 E.

Pawnee limestone (34.3 feet exposed)
Laberdie limestone member (24.5 feet exposed)
Limestone, light gray, dense to crystalline, weathers as rough

breccia, holds dip-slope in wide area ...................... exposed 1.5
Limestone, light gray, thin irregular bedding; contams
brachiopods ..o et s 210
Limestone, dove gray, crystalline, in thin limy shale (may be
part of Mine Creek member) ..., 2.0+
Mine Creek shale member
Shale, not well seen ... S 10x
Myrick Station limestone member (7.3 feet)
Limestone, brown and gray, shale break in upper part ............ 3.0
Limestone, brown and gray ... 43
Anna shale member

Shale, black with little gray shale at top, blocky ............... exposed 1.5

(85) Near cen. S1% sec. 19, T. 26 S, R. 23 E.

Bourbon shale
Hepler sandstone
Sandstone and sandy shale, not well seen; may include
Memorial shale ... .. ... exposed 10.8
Unconformity (may occur a tew feet higher)
Marmaton group
Lenapah limestone (1.2 feet)
Idenbro limestone member (1.2 feet)
Limestone, gray, nodular ... ... .. 1.0x= -
Limestone, brown, earthy . ... . ... 0.2
Nowata shale (21.6 feet)
Shale, yellow and gray. blocky ... ..
Covered interval . .. .. ... ... .
Altamont limestone (15.83 feet exposed)
Worland limestone member
Limestone, bluish-gray, dense to partly granular, algal (?),

not well seen ... 6.0+
Lake Neosho shale member (2.33 feet)
Shale, mostly gray; contains abundance of phosphatic nodules ... 1.0+
Limestone ... o e 033
Shale and limestone nodules U e . 10

Tina limestone member (7.5 feet exposed)
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Limestone, dove gray, granular, earthy ... 1.0+
Limestone, brownish-gray, earthy; contams concretlonary- :
like masses of hard finely crystalline rock .................. exposed 6.5

(86) NE1j sec. 27, T. 26 S, R. 23 E.

Bandera shale (43.0 feet exposed)
Sandstone (Bandera Quarry), massive
Shale, yellow and gray ...

- Covered interval ... ... e

Pawnee limestone

Laberdie limestone
Limestone, upper part exposed in drainage

(87) SWV; sec. 34, T. 26 S, R. 23 E.

Altamont limestone (5.15 feet exposed)
Worland limestone member

Limestone, light gray, crystalline, thin-bedded ............... exposed 4.0
Lake Neosho shale member

Shale, gray, fissile; contains phosphatic concretions ... 10
Tina limestone member

Limestone, gray, earthy, nodular ... 0.15

Bandera shale (56 feet exposed)

Shale, yellow and gray, blocky ... oo 270+

Sandstone, platy, thin-bedded ... 6.0

Shale, yellow and gray, limonitic, carbonaceous,

BLOCKY ... oottt cees exposed 23.0+

(88) Near cen. S line sec. 8, T. 26 S., R 24 E.

Pawnee limestone (19.36 feet exposed)
Laberdie limestone member
Limestone, light gray, wavy-bedded; contains fusulines and

sponges and Chaetetes in lower part ........................ exposed 10.0+

Mine Creek shale member

Shale, YElOW ....oo.ovieiiice et oot e 0.33
Myrick Station limestone member

Limestone, gray to brown, somewhat earthy ... 355
Anna shale member (5.48 feet)

Shale, gray and yellow ... .. 0.33

Shale, black, platy, nearly coal in lower part ...................... 1.65

Shale, black and gray ... s 3.0
Limestone, black, slabby ... I 0.5
Labette shale (8.73 feet exposed)

Shale, yellow and gray, pockets of black ...............ccococo o, 15
Shale, dark blue, platy, grades into unit below ... 233
Sandstone or sandy limestone

Shale, yellow, silty, micaceous ... 22
Limestone, blue, dense, hard ... e 0.5
Shale, yellow and gray, blocky ... ... ... exposed 2.0+
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(89) Near cen. S line SE; sec. 10, T. 26 S, R. 24 E.

Pawnee limestone (32.6 feet)
Laberdie limestone member (15.4 feet exposed)
Limestone, light gray, highly crystalline, wavy-bedded,

brecciated appearing ... 46
Limestone, light gray, wavy-bedded, not all well exposed ... 54
Limestone, light gray, mostly dense; contains abundant

“marklets”; not all well seen ..o 54
Covered interval, seemingly all limestone; may include Mine

Creek shale and part of the Myrick Station limestone ........... 3.0+

Myrick Station limestone member (3.2 feet)
Limestone, gray, very slightly crystalline to earthy, massive

in upper part, thinner bedded in lower part ... 19
Limestone, gray and partly brown, weathers brown, massive;
contains crinoid fragments ... 13
Anna shale member (11 feet)
Shale, gray . e 002
Shale, black ﬁssﬂe I 1.0+
Shale, gray; contains lenses of calcareous sandstone ............... 9.0
Limestone, dark bluish-gray, massive ... 08
Labette shale
Shale, not well seen ..o oo exposed 4.0
(90) SW14 SE1 sec. 12, T. 26 S., R. 24 E.
Pawnee limestone (13 feet exposed)
Laberdie and Myrick Station limestone members
Limestone, light gray in upper part, brown in lower part,
more massive in lower part, not well exposed; may in-
clude a slight thickness of Mine Creek shale ........... exposed 10.0+
Anna shale member (3.0 feet)
Shale, yellow and gray ... et 1.0
Shale; contains small black concretions ... 20+
Labette shale (22.8 feet exposed)
Shale, yellow and BTay ........cooocoreereemiree et st 142
Limestone, blue, hard, sandy in upper part ... 0.6
Shale, gray and yellow ... exposed 8.0+
(91) Near cen. sec. 6, T. 26 S, R. 25 E.
Pawnee limestone (15.93 feet exposed)
Laberdie limestone member (14.53 feet)
Limestone, light and darker gray mottled, lighter parts are
more crystalline than darker, irregular massive to medium
thin beds, fossils stand out on weathered surfaces; contains
large crinoid stems, few cup corals, and brachiopods .............. 8.2
Limestone and shale, carbonaceous and silty, irregular beds,
shale breaks more plentiful in lower part ... ... 3.0
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Limestone, gray, carbonaceous; contains bands of Chaetetes
and wavy bands of carbonaceous limestone with plentiful

fusulines; irregular upper and lower surfaces .................... 3.0-3.33
Mine Creek shale member .
Shale, nearly black, fissile ... 03
Myrick Station limestone member
Limestone, dark gray, earthy ... ... exposed 1.1

(92) Near cen. sec. 14, T. 27 S, R. 22 E.

Bourbon shale
Hepler sandstone

Sandstone
Unconformity
Marmaton group
Memorial shale (29 feet)
Shale, covered ... e 21.0
Shale, light gray, limonitic ... 8.0

Lenapah limestone (14 feet exposed)
Idenbro limestone member )
Limestone, gray, weathers lighter color, somewhat sandy ap-
pearing; contains brachiopods and crinoid fragments ............. 3.0+
Perry Farm shale member (5 feet)
Limestone and shale, light gray, dense; limestone nodules

IN Shale .o et 2.0
Shale, gray and yellow, slightly micaceous; contains sparse

limestone nodules ... .. 20
Limestone and shale; light gray nodular limestone in shale .......... 10+

Norfleet limestone member
Limestone, dark gray, granular, alternating with limy
shale ... exposed 6.0

(93) Near NE cor. sec. 13, T. 27 S, R. 23 E.

Pawnee limestone (6 feet exposed) )
Myrick Station limestone member (3.4 feet exposed)
Limestone, gray, weathers brown, granular, irregular

beds erereenet e es et er s e exposed 2.5

Limestone, brownish-gray, earthy, massive .............................. 09
Anna shale member (2.6 feet) .

Shale, gray, flaKy ..o 0.6
Shale, black, paper-thin beds; contains small black concre-

tions, orbiculoids, and plant impressions ... 14
Shale, dark gray, silty 0.2
Limestone, dark gray, slightly crystalline, impregnated with

carbonaceous material ... 0.4

Labette shale

Shale, not well seen ... exposed 15.0
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(94) Near cen. S line sec. 14, T. 27 S,, R. 23 E.

Altamont limestone
Bandera shale (30 feet exposed)

Covered interval ...l 20.0
Sandstone, brown, ferruginous, micaceous, well cemented .......... 3.0
Sandstone, gray and yellow, limonitic, shaly in upper part .......... 108
Sandstone, gray and yellow, thin-bedded, limonitic ...... ... 54
Shale, gray and yellow, carbonaceous, limonitic ............. ... 54
Shale, gray, weathers red, limonitic, slightly

CarbONACEOUS .....o.ooiiiiiiiiiiic et exposed 5.4

(95) NW cor. sec. 24, T. 27 S,, R. 23 E.

Altamont limestone (5 feet exposed)
Worland limestone member

Limestone, light gray, poorly seen ... ... .. LI exposed 2.0+
Lake Neosho shale member
Shale, gray; contains phosphatic concretions ... 30*

Bandera shale (43 feet exposed)
Sandstone, weathered, not well exposed
Shale, micaceous, sandy in lower part ... ...

(96) Cen. E line sec. 2, T. 27 S, R. 24 E.

Pawnee limestone (24.6 feet exposed)
Laberdie limestone member (12.5 feet exposed)
Limestone, light gray, brecciated appearance, not all well

SBOI .oceeeeeeeieeeeteceaeesens e sosse st ennenssnessnsersenenanasansenanse s st exposed 8.0+
Limestone, light gray, brecciated appearance, thinner beds
than unit above, not all well exposed ...........ccococoooomiiiieccece 45
Myrick Station limestone member (8.4 feet)
Limestone, gray, massive ..o, 940
Covered interval 20
Limestone, brown, massive ... e 14
Anna shale member (3.7 feet exposed)
Shale, Sray ..o e 0.8
Shale, black, platy ... et et 11
Shale, Bray ..ot nceraas exposed 2.0

(97) Near cen. E line NE'4 SW!{ sec. 7, T. 27 S,, R. 24 E.

Pawnee limestone (34.95 feet)
Laberdie limestone member (30.4 feet)
Limestone, mostly covered ... 20.0-25.0
Limestone, light gray, slightly crystalline, irregular wavy
beds, slightly more massive in lower part; contains

Chaetetes in lower Part ...................cco——— 54
Mine Creek shale member
Shale, gray, slightly carbonaceous ... ... ..., 0.25
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Myrick Station limestone member
Limestone, brown and gray, very slightly crystalline, more
massive in lower part; contains “worm borings” and large

FUSULINEGS ..ot 1.5+
Anna shale member (1.8 feet)
Shale, LAY ..ot et 03
Shale, black, fissile; contains small black concretions ................. 1.1
Shale, gray; contains oblong phosphatic concretions ... 0.1
Limestone, dark, slabby, weathers light gray and rough with
fossil fragments ... 0.0-0.3

(98) Near the NE cor. sec. 13, T. 27 S, R. 24 E.

Pawnee limestone (8.83 feet)
Myrick Station limestone member

Limestone, brown and gray, massive ... 5.0+
Anna shale member (3.83 feet)
Shale, Bray .. oottt 20+
Shale, black, fissile; contains few small black concretions ............ 1.25
Shale, gray, silty . ..o 0.25
Limestone, dark gray, nearly black, weathers rusty brown,
@ANEIY oo e et rae et 0.33

Labette shale (47.65 feet exposed)
Underclay, gray, locally darker shade, shaly in upper part
Shale, dark gray, scattered lighter bands ..................ccc.cooceie.
Shale, light gray, blocky, grades into unit above ..................... X
Shale, light to dark gray, not well seen .........ccccoconnee. exposed 27.0

(99) SE cor. sec. 18, T. 27 S,, R. 24 E.

Pawnee limestone (11.5 feet exposed)
Laberdie and Myrick Station limestone members
Limestone, mostly massive; contains “worm burrows” in lower

part (Myrick Station) and large fusulines ... ... .. exposed 10.0+
Anna shale member (1.5 feet)
Shale, Bray . ..ot 0.2-05
Shale, black ..., 1.0+

Labette shale (8 feet exposed)
Shale, gray and yellow; contains zone of hard limonitic con-
cretions in basal part ..., 5.0
Shale, gray and yellow ..o exposed 3.0

(100) Near NW cor, sec. 19, T. 27 S,, R. 24 E.

Bandera shale (46.1 feet)
Shale, gray and yellow, sandy; interval reaches nearly to base

of Altamont limestone ...t 6.0+
Sandstone, gray and brown, shaly in lower part; contains

“worm borings” ... 104
Shale, gray and yellow, calcareous, blocky ..o, 5.4
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Shale, gray, blocKy ..o 20
Shale, gray and yellow; contains limonitic concretions ............... 54
Shale, partly covered ... 54
Shale, carbonaceous material in lower part, not all well seen ...... 54
Coal (Mulberry) .. OO VOO OO UPUUURUUORURR | X .4
Shale, weathered, base not well exposed .............................................. 6.0+
Pawnee limestone
Laberdie limestone member
Limestone ... exposed 0.5+
(101) Near cen. E line sec. 16, T. 27 S, R. 25 E.
Marmaton group
Fort Scott limestone
Blackjack Creek limestone member (6.5 feet exposed)
Limestone, gray, massive to thin-bedded; contains fusulines,
echinoid and crinoid fragments, and “Aulopora” sp.;
Chaetetes masses scattered throughout ... exposed 5.5
Limestone, gray, weathers brown, dense to earthy ... 09-10
Cherokee shale
Shale, black, platy; contains small black oblong concretions
and in lower part black impure hard limestone concre-
tions up to 1 foot in diameter ............cccoooooieiiiinccnnenee exposed 3.6

STRATIGRAPHIC SECTIONS IN CRAWFORD CoUNTY, KANsAas (102-121)

(102) Near SW cor. sec. 25, T. 28 S, R. 21 E.

Altamont limestone (6 feet)
Tina limestone member (6 feet)
Limestone, dark bluish-gray, dense to slightly granular,
massive but wavy-bedded ... 15
Shale, gray; contains RROmMbOPOTa SP. ......cooeevvveeeieeeeeeeceeeeecesereeeanas 0.25
Limestone, dark bluish-gray, “Osagite” (granular algal) in
upper part; contains abundant crinoid fragments, horn
corals, and large rhomboporids; small brachiopods espec-

ially prominent on upper weathered surface ..........cccocoocoeuies 1.0
Limestone, dark dove-gray; contains dense “cryptozoans” in

upper part .. SRR PO JE U UDSTRUURONY 0.75
Shale and nodular hmestone .................................................................... 0.2
Shale and limestone nodules, shale yellow, limy; limestone

nodules up to 1 foot long ... ... 22
Limestone, iMpPure ..................ooooooeoooeeeseeemssenersmneeerereeeeesereieeene Qb

(103y Near cen. sec. 26, T. 28 S., R, 21 E.
Altamont limestone
Tina limestone member
Limestone, dark blue, cross-bedded, top hummocky, crin-
oidal; contains brachiopods and large echinoid spines ........... 20
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Bandera shale (12.5 feet exposed)
Shale, gray to slightly yellowish ......... e ettt 6.5
Shale, black, fissile ... e 30
Shale, black, blocky ... exposed 3.0

(104) Near cen. E line sec, 36, T. 28 S, R. 21 E.

Altamont limestone (5.8 feet exposed)
Worland limestone member
Limestone, dove-gray, brecciated appearing, nodular in

JOWET PArt oo 4.0
Lake Neosho shale member
Shale, yellow ... et e exposed 1.8

(105) Slightly (0.2 mile) south of cen. N. line sec. 14, T. 28 S,, R. 22 E.

Altamont limestone (4 feet exposed)
Worland limestone member
Limestone, dove-gray, crystalline, massive ..., 20
Lake Neosho shale member
Shale, yellow, limonitie, slightly sandy, poorly exposed;
contains phosphatic concretions ... exposed 2.0+

(106) Slightly south of cen. sec. 14, T. 28 S, R. 22 E.
Bandera shale
Sandstone, brown, fine-grained, slightly coarser in upper part,

ripple-marked, definite contact at base ...........c...cccoc...... exposed 3.0
Shale, gray; contains scattered thin layers of sandy shale and

lenses of fine yellow sand ... 7.7
Covered to water in creek ... 3.0

(107) Near cen. Sz SEY sec. 23, T. 28 S, R. 22 E.

Altamont limestone
Tina limestone member

Limestone, gray to brown, cross-bedded, crinoidal ................... 0.5
Bandera shale
Shale, clayey, gray and partly black ... exposed 7.0

(108) Near SW cor. sec. 11, T. 28 S,, R. 24 E.

Marmaton group
Fort Scott limestone (35.21 feet)
Higginsville limestone member
Limestone, medium dark gray, dense to slightly crystalline,
well bedded; contains wavy bands of crystalline calcite,
Chaetetes in upper part, large crinoid stems, and fusulines .... 100+
Little Osage shale member (6.25.feet)
Shale, ELAY ..ot ce et aeeeees 1.25
Shale, black, fissile ... 3.0
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Shale, GIay ..o oo e et e et 2.0
Blackjack Creek limestone member (18.96 feet)

Limestone, medium gray, wavy thin beds ................ccooviiine 140
Limestone, light gray, crystalline; contains Chaetetes and

many crinoid SteMS ... ... 2.75
Al e e enann 0-0.66
Limestone, dove-gray, weathers tan, massive ... 1.55

Cherokee shale

Shale, BIacK .......co.oooirein et et 3.0
€08l (MUIKY) ..ottt cee 1.0
Shale, light gray, mostly covered .. . IR X ||
Limestone (Breezy Hill), light gray, nodu1a1 impure ... 1.25
Shale, gray, calCar€ous ..........c..o..ocooes coee oo e 3.0

Sandstone, forms pavement in creek

(109) NWV; sec. 15, T. 28 S, R. 24 E.
Fort Scott limestone (8 feet exposed)
Higginsville limestone member
Limestone, light gray, wavy-bedded, more massive in lower

PBIE e et e exposed 5.0
Little Osage shale member (3.0 feet exposed)

Shale, Zray ... e 05

Shale, black, platy ... exposed 2.5

(110) Near cen. S line sec. 33, T. 28 S, R. 24 E.

Pawnee limestone (17 feet)
Laberdie limestone member

Limestone, light gray, medium thin wavy beds ..o, 15.0
Myrick Station limestone member
Limestone, dark gray, weathers tan, massive .............cccccocoeee. 2.0

(111) Near cen. W line sec. 5, T. 28 S.,, R. 25 E.
Marmaton group
Fort Scott limestone (104 feet)
Blackjack Creek limestone member
Limestone, light gray, slightly crystalline, mostly massive
appearing, weathers into comparatively thin-bedded rock;
contains Chaetetes occurring as lumpy masses up to 1 foot

IN dIamMeter ...t 65
Shale, light gray to dark, irregular upper and lower con-
tacts with limestone; contains large crinoid stems ............ 0.2-03

Limestone, medium gray, granular, massive, wavy carbon-
aceous zones at bedding contacts, locally nearly all car-

bonaceous; contains Chaetetes . ...........ccooeoeneceeieienan, 15
Shale, yellow, clay ... 0.2
Limestone, dark bluish-gray, dense, upper part thinner

bedded, lower part massive ... 19

Google



Stratigraphy of the Marmaton Group in Kansas 109

Cherokee shale
Shale, gray ... s 0.1

Shale, black, platy ... . . 30
Coal (Mulky) ... .. 08
UNAETrClay ..ot 1.0

Shale, ray ..o 19
Limestone (Breezy Hill), light gray, earthy, impure, nodular ... 15
Sandstone and shale, gray; sandstone, fine-grained, mica-

ceous, part massive and part lenticular ... exposed 8.0+

(112) SWY% sec. 2, T.29 S, R. 21 E.

Altamont limestone
Tina limestone member
Limestone, poorly exposed
Bandera shale

COVEred ... s s
Sandstone, massive
Shale, distorted and cut out by limonitic concretions ............ 0.5-15
Sandstone, mMassive ... exposed 1.0

(113) Near cen. E line NE!j sec. 27, T. 29 S, R. 21 E.

Altamont limestone (2 feet exposed)
Tina limestone member (2 feet exposed)
Limestone, poorly exposed

Limestone, dove-gray, dense, irregular rusty splotches ............. 1.0+
Limestone, gray, granular; contains abundant crinoid

fragments ... e 0.35-1.0
Bandera shale '
Shale, gray and yellow, flaky; contains thin lenses of
siltstone ... e exposed 10.0+

(114) Near SW cor. SE!] sec. 35, T. 29 S, R. 22 E.

Pawnee limestone (6.2 feet exposed)
Laberdie limestone member (3.5 feet exposed)
Limestone, gray, slightly crystalline, wavy beds; contains

“cryptozoans” and “Osagia” in upper part ... exposed 1.2
Limestone, dove-gray, weathers lighter color, crystalline,
massive; contains large crinoid stems ............ ..o 23

Myrick Station limestone member
Limestone, gray, weathers brown, earthy, massive; contains
abundant crinoid fragments, brachiopods, and small

derbyoids .......... e e .. 15
Anna shale member (1.2 feet exposed)
Shale, gray .. ... . ST 0.2
Shale, black, fissile .. ... ... ... exposed 1.0+
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(115) NWY; sec. 9, T. 29 S, R. 23 E.

Pawnee limestone (10.6 feet exposed)
Laberdie limestone member
Limestone, light dove-gray, crystalline, fairly massive, wavy-

bedded; contains large cup corals ..o exposed 6.0

Mine Creek shale member

Shale ..o e s e 0.1+
Myrick Station limestone member

Limestone, brown and dark gray, massive ... ... ... ... 20
Anna shale member (2.5 feet exposed)

Shale, Bray ..o 05+

Shale, black ..o exposed 2.0%

(116) Near SE cor. sec. 11, T. 29 S, R. 23 E.

Pawnee limestone (5.4 feet exposed)
Laberdie limestone member

Limestone, light gray, thin wavy-bedded ... ... .. exposed 3.0+
Mpyrick Station limestone member

Limestone, dark gray and brown, weathers brown . ... 14
Anna shale member

Shale, black, platy ................... s U ... exposed 1.0+

(117) SWY4 SE!4 sec. 16, T. 29 S, R. 24 E.

Fort Scott limestone (8.75 feet exposed)
Higginsville limestone member
Limestone, light gray, carbonaceous coatings on wavy
bedding planes ... IR exposed 2.0
Little Osage shale member

Shale, black, platy ... ... [T 4.75
Blackjack Creek limestone member
Limestone; contains masses of Chaetetes ... ... exposed 2.0+

(118) Near cen. N line sec. 19, T. 29 S, R. 24 E.

Fort Scott limestone (11.8 feet exposed)
Higginsville limestone member
Limestone, light gray mottled, brecciated appearing; con-
tains Chaetetes ...............i——— exposed 5.0
Limestone, medium to light gray, darker than unit above,
carbonaceous material on wavy bedding planes; contains
fusulines ... e
Shale, highly carbonaceous ...
Limestone, dark gray, earthy . ...
Mine Creek shale member
Shale, black, platy, small thickness exposed in quarry floor.
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(119) Near cen. N line sec. 23, T. 30 S,, R. 21 E.

Pawnee limestone (31.46 feet exposed)
Laberdie limestone member (19.75 feet)
Limestone, partly exposed along road west and north of

exposure in lower beds ... 15.0
Limestone, light gray, wavy-bedded, massive in lower part,

Crinoid StemMS ... 40
Limestone, dark gray, earthy, slabby in lower part; contains

many small brachiopods ...t 0.75

Mine Creek shale member
Shale, gray and blocky in upper part, black and platy in lower
part, hard concretionary-like zone in middle part; con-
tains few brachiopods ... e . 156
Myrick Station limestone member '
Limestone, medium light gray, upper surface hummocky,
base even; contains calcite crystals in ashy matrix; con-
tains large “cryptozoans” in upper part, few crinoid frag-
ments, and Squamularia sp. ..o 42-44
Anna shale member (5.75 feet exposed) ‘
Shale, black, thin-bedded; contains flattened thin-shelled

brachiopods ... e 135
Shale, very black, nearly coal, paper thin in upper part; con-

tains hard small pyritic concretions ... ... 14
Shale, very black, thin-bedded, flaky ............c.....c.o e exposed 3.0

(120) NW' sec. 30, T. 30 S, R. 23 E.

Marmaton group )
Fort Scott limestone (9.5 feet exposed)
Blackjack Creek limestone (9.5 feet exposed)

Limestone, light gray, wavy-bedded; contains Chaetetes .............. 6.0+

Limestone, gray, dense; contains algal remains ... [P 25+

Limestone, dark gray .. ... 1.0
Cherokee shale

Shale, black, platy ... ... e, 4.0+

Limestone (Breezy Hill) ..., 20+

(121) SWY sec. 19, T. 30 S, R. 24 E.

Fort Scott limestone (17.5 feet exposed)
Higginsville limestone member
Limestone, light gray, brecciated, thin-bedded in upper 10

feet and in lower 2 feet ... exposed 15.0
Little Osage shale member (2.5 feet exposed)
Shale, Bray ... 0.5

Shale, black, platy ... .. . exposed 2.0

Google



112 Geological Survey of Kansas
STRATIGRAPHIC SECTIONS IN NEOsHO CounTy, Kansas (122-132)

(122) Near SW cor. sec. 29, T. 28 S, R. 21 E.
Lenapah limestone (20.9 feet exposed)
Idenbro limestone member
Limestone, light dove-gray, finely crystalline, nodular, top

surface irregular ... 20+
Perry Farm shale member (18.9 feet)
Shale, yellow, and small limestone nodules ......................... 35+
Shale, yellow, micaceous, slightly silty ... . 5.4
Shale, yellow, micaceous; contains small limestone nodules,
more numerous in lower part ... 10.0
Covered interval ... 15.0%=

Altamont limestone
Worland limestone member
Limestone, small thickness exposed in creek. .

(123) SEY; sec. 30, T. 28 S., R. 21 E.

Lenapah limestone (5.38 feet exposed)
Idenbro limestone member and upper part of Perry Farm shale
member .
Nearly all covered ... 6.0+
Perry Farm shale member (5.38 feet)
Limestone and shale, great mass of small limestone nodules
in shale; thin lenticular limestone beds in lower part ............. 40+
Limestone, dark, crystalline
Shale, YElOW ... e rnas

Limestone, dark gray, dense to slightly crystalline ... 0-033
Nowata shale :
Shale, gray and yellow, slightly silty ... exposed 2.0

(124) Slightly east of cen. N line sec. 31, T. 28 S,, R. 21 E.
Bourbon shale
Hepler sandstone
Sandstone, gray, weathers brown, fine-grained, well
bedded ... exposed 3.0
Unconformity
Marmaton group
Memorial shale
Shale, gray, claycy; contains small lenses of sandstone .. exposed 5.0

(125) Near cen. W. line sec. 33, T. 28 S, R. 21 E.

Altamont limestone (6.5 feet exposed)
Worland limestone member

Limestone, gray, weathers brown, crystalline ... 10
Lake Neosho shale member
Shale, not well exposed; contains phosphatic concretions ............ 3.0+
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Tina limestone member
Limestone, dove-gray, earthy, top irregular; contains few

fossil fragments ... 2.5
Bandera shale (5 feet)
Covered ... ., PR 1.0
SaNdStONE .. .o s 4.0+

(126) Near cen. S'> SW1j sec. 28, T. 29 S., R. 20 E.
Bourbon shale
Hepler sandstone
Sandstone, poorly exposed et (?)
Unconformity

Marmaton group
Memorial shale (18 feet)
COVEred ..........ooiociece e 10.0
Shale, gray, limonitic, base irregular ..................oooieniiii. 8.0
Lenapah limestone (18 feet)
Idenbro limestone member
Limestone, gray, weathers lighter shade, ashy to earthy, ir-
regular bedding; contains pelecypods in upper part and
large productids ... 30
Perry Farm shale member (9 feet)
Shale, gray; contains light-gray dense limestone nodules .............
Shale, slightly micaceous; contains few limestone nodules ... .
Shale and nodular limestone ...
COVEI@A ... ettt ene e
Norfleet limestone member
Shale, limy, and limestone, dark gray, nodular .............. exposed 6.0

(127) Slightly south of NW cor. SW14 sec. 36, T. 29 S, R. 20 E.
Altamont limestone (12.8 feet exposed)
Worland limestone member
Limestone, light gray, crystalline; contains brachiopods .. exposed 1.5
Lake Neosho shale member (5 feet)

Shale, gray to yellow, somewhat flaky ... 3.0
Shale, black, fissile; contains phosphatic nodules with shark
teeth and DBONES ..o e 1.0
Shale, light gray ....... 1.0
Tina limestone member (63 feet)
Limestone, medium gray, weathers slightly brown, nodular,
algal in upper part, upper surface irregular; contains few
brachiopods, mostly as fragments ... 1.3
Shale, black ... e 2.0
Limestone, medium gray, shghtly darker than first limestone
above, slightly crystalline, few crystal faces, mostly dense,
nodular; upper surface irregular, base slightly irregular ....... 3.0
Bandera shale
Shale, gray, slightly limonitic ... exposed 3.0

Google



114 Geological Survey of Kansas

(128) Near cen. W line sec. 30, T. 29 S, R. 21 E.

Altamont limestone (18.51 feet)
Worland limestone member (8 feet)
Limestone, gray, weathers nearly white, semilithographic,
thin beds ... e 1.15
Limestone, gray, slightly crystalline to dense, massive, weath-
ers into corrugated surfaces; contains large horn corals,
crinoid stems, and few brachiopods; also many Ambocoelia

SP. in Jower part ... s 6.85
Lake Neosho shale member (4.71 feet)
Shale, gray, flaky to blocky ... 1.6-1.75

Shale, very black, blocky, slightly thinner bedded in upper
part; contains phosphatic concretions in lower and middle

PATES oo ettt et sen s s sms e s 23
Shale, gray, slightly carbonaceous silty, ﬂaky, contains many

flattened brachiopods in lower part ... 0.66

Tina limestone member (5.8 feet)

Limestone, dark gray, earthy, nodular ... 0.2
Shale; contains nodular limestone ... 05
Limestone, gray, weathers light tan, earthy, no bedding:

contains many fossil fragments ... 15
Shale, gray, darker in upper part; contains small hard lime-

stone nodules in lower part ... 18

Limestone, dark dove-gray, dense to very slightly crystalline,
weathers as one bed with faint indication of bedding in

lower part; contains Composita sp., mostly as fragments ........ 1.8
Bandera shale (6.3 feet exposed)

Shale and finely crystalline limestone nodules ... ... 13

Shale, gray; contains small limestone lenses ... 5.0

(129) Near NE cor. SE's NE!j sec. 11, T. 30 S, R. 20 E.

Altamont limestone (74 feet exposed)
Worland limestone member

Limestone, poorly exposed, weathered ... e ?
Lake Neosho shale member
Shale, poorly exposed; contains phosphatic nodules ................. ?

Tina limestone member (7 feet)
Limestone, gray, granular, top irregular; contains fossil
fragments ... ..., 1.0
Shale, gray, flaky ... e e 09
Limestone, light gray, slichtly crystalline, massive, weathers
into a rock of brecciated and nodular appearance; con-

tains many crinoid fragments in upper part ... .............. 4.0
Shale, Eray oo e e 0.1
Limestone, light gray, crystallme shaly, thin beds; irregular

contact at base ... ... e 1.0

Bandera shale (10 feet exposed)
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Shale, gray and yellow, limonitic ............ ... 4.0
Sandstone, buff, fine-grained, micaceous, laminated, part
massive, part shaly and thin-bedded ....................... exposed 6.0

(130) Near SW cor. SEV; SEY; sec. 12, T. 30 S., R. 20 E.

Altamont limestone
Topographic bench
Bandera shale (57 feet)

COVETEA et 16.0
Sandstone, gray and tan, somewhat massive, ripple-marked ........ 6.0
Sandstone, in thin beds, and shale, gray and yellow, contain-

ing rounded sandstone pellets ......... 120
Shale, dark gray; contains concretionary-like slightly limo-

nitic clay masses up to 1 foot in diameter ................ exposed 7.0
Covered interval to flood plain of Neosho river ... 16.0

(131) SEY; SEYj sec. 22, T. 30 S, R. 20 E.

Lenapah limestone
Idenbro limestone member

Limestone, light gray, nodular, somewhat brecciated ...... exposed 2.5+
Perry Farm shale member .
Shale and limestone nodules ... exposed 10.0+

(Continuous downward through covered interval into section no. 132)

(132) NWY4 sec. 23, T. 30 S, R. 20 E.

Altamont limestone (15.35 feet exposed)
Worland limestone member
Limestone, light gray, weathers lighter shade, brittle;
contains thin lenses of flint ... exposed 2.5
Lake Neosho shale member
Shale, upper part gray and yellow, flaky; lower part black,
fissile; contains phosphatic concretions ... ... 54
Tina limestone member (7.45 feet)
Limestone, bluish-gray and brown mottled, thin-bedded;
contains crinoid stems and other fossil fragments .............._.. 1.5
Shale, BIray .. .o et 0.5-0.6
Limestone, gray, somewhat crystalline, mostly granular to
earthy, massive; contains crinoid fragments and brachiopods 1.3
Limestone, gray, weathered surfaces splotched with iron rust,
nodular and brecciated, largely algal; contains abundant
fusulines in lower part, “Fistulipora” sp., crinoid remains,

and pelecypod fragments ... . e 20-2.3
Shale, gray, flaky; top surface irregular ... ... 0.25
Limestone, dove-gray, slightly mottled, dense, irregular

bedding; contains Mesolobus sp. ... 1.5

Bandera shale (394 feet exposed)
Shale, gray, flaky, sandy in lower part ... .. ... 7.0
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Sandstone ... e e
Shale, gray .
Shale, sandy .
SaNASLONE ...t

STRATIGRAPHIC SECTIONS IN LABETTE CouUNnTY, KaNnsas (133-177)

(133) Near NE cor. sec. 25, T. 31 S, R. 19 E.
Altamont limestone (4.7 feet exposed)
Worland limestone member
Limestone, light gray, somewhat crystalline, irregular

bedded; contains large fusulines ... ... ... exposed 2.0
Lake Neosho shale member (2.7 feet exposed) .
Shale, Bray ...ttt e s 1.7

Shale, black, weathered; contains phosphatic nodules ...... exposed 1.0

(134) Near cen. W line sec. 26, T. 31 S, R: 19 E.

Memorial shale (2.75 feet exposed)
Shale, black, fissile .
C0al e et
Shale, greenish-gray, limonitic, carbonaceous near top, well

bedded ... e 2.0

Lenapah limestone (3.2 feet)

Idenbro limestone member
Limestone, gray to slightly yellow, earthy, blocky ... 1.0
Perry Farm shale
Shale, olive-colored, thin to flaky-bedded, and limestone
nodules slightly more than 1 inch in diameter, hard,
dense, weather rusty brown ... 22

(135) Near cen. E line sec. 27, T. 31 S, R. 19 E.
Bourbon shale
Hepler sandstone
Sandstone, gray and brown, irregular contact at base ... 40
Unconformity
Marmaton group
Memorial shale (18.6 feet)*

Shale, gray, partly covered ... .. ... ... e 54
Shale, gray, clayey ... [ .

Shale, gray, clayey, slightly sandy ... ... ... 54
Coal; contains coalified logs ... U e 0.4
Shale. gray . - RS .. 20

Lenapah limestone (7.9 feet exposed)
Idenbro limestone member

Limestone, gray, dense. nodular especially in upper part ... 19
Perry Farm shale member
Shale, gray; contains limestone nodules ... exposed 6.0
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(136) NE cor. sec. 20, T. 31 S, R. 20 E.
Bourbon shale
Hepler sandstone
Sandstone, brown, fine-grained, micaceous, well bedded,
definite contact with shale below ................. e exposed 1.0
Unconformity
Marmaton group
Memorial shale
Shale, yellow and gray, blocky; contains thin lenses of
sand ... . reetereeieennren . €Xposed 3.0

(137) NW1j sec. 30, T. 31 S,, R. 20 E.
Nowata shale
Shale, gray, weathered ... 20
Altamont limestone (14.6 feet exposed)
Worland limestone member (14.6 feet exposed)
Limestone, gray, crystalline to earthy, thin nodular beds;
contains Mesolobus and rhomboporids .
Shale, gray, clayey, flaky ...
Limestone, dark gray to bluish-brown, nodular in upper part ... 3.0
Limestone, light gray, dense, semilithographic, especially in
the upper part, lower part weathers as nodular breccia;
contains large fusulines and few brachiopods .............. exposed 7.9
1 4

(138) Near cen. sec. 30, T. 31 S, R. 20 E,

Altamont limestone
Worland limestone member
Limestone, light gray, dense, massive; contains sparse flint
nodules, fusulines, and brachiopods ..........c.c.cccooeeunee. exposed 12.0
Lake Neosho shale member
Shale, black, small amount exposed in drainage ditch in

quarry floor ... reported by quarry foreman 4.0
Tina limestone member
Limestone ..o, reported by quarry foreman 8.0

(139) Near NW cor. sec. 31, T. 31 S,, R. 20 E.

Altamont limestone (8.3 feet exposed)
Worland limestone member
Limestone, gray splotched with brown in upper part and
brownish-gray, weathers yellow, dense; base uneven;

contains crinoid fragments ... exposed 1.5
Lake Neosho shale member (5.8 feet)
Shale, gray; contains Ambocoelia sp. and Marginifera sp. .............. 4.0

Shale, black; contains sparse phosphatic concretions
Shale, Bray ..ot erese s s sae e e eeenaeee
Tina limestone member
Limestone, gray, granular; upper surface uneven ..........
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(140) Slightly west of cen. N line sec. 19, T. 31 S., R. 21 E.

Pawnee limestone (10 feet exposed)
Laberdie limestone member
Limestone, debris

Limestone, light gray, crystalline ... 05
Mine Creek shale member (?)

COVETed ..o e, 1B
Myrick Station limestone member

Limestone, brown, earthy ... 5.0
Anna shale member (3 feet exposed)

Shale, gray, flaky ... e e 1.0

Shale, black ... ... €XPpOsed 2.0

(141) Near SW cor. sec. 26, T. 31 S, R. 21 E.

Marmaton group
Fort Scott limestone
Blackjack Creek limestone member
Limestone, brownish-gray, weathers brown, earthy,

MASSIV ..o s exposed 4.0+
Cherokee shale
Shale, black ... e 10.0+

Sandstone ... exposed 4.0
®
(142) Near cen. sec. 35, T. 32 S.. R. 18 E.

Bourbon shale
Shale, not well exposed

€08 et e emaraeen 0.6
Hepler sandstone
Limestone, bluish-brown, sandy, massive .................... ... 0-1.35
Unconformity

Marmaton group
Memorial shale (25-35 feet)
Shale, contains Mesolobus and “Trachypora” ... 10-15.0
Covered interval ... ... .. . . 15-20.0
Lenapah limestone

(143) SWY; sec. 35, T. 32 S. R. 18 E.

Lenapah limestone (18-23 feet)
Idenbro limestone member
Limestone, light dove-gray, slightly crystalline, nodular;

contains brachiopods ..., 5.0*
Perry Farm shale member
Shale, gray, partly covered ... 10.-15.0

Norfleet limestone member
Limestone, dove-gray, massive; contains abundant Dictyo-
clostus sp.; becomes hummocky mass of slabby granular
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impure limestone containing plant fossils within a short
distance ..o et et 30
Nowata shale
Shale, mostly black, platy; contains dark limestone nodules
IN 1OWeT Part ..o 50+
Altamont limestone
Worland limestone member
Limestone, light gray, dense ... ... .. exposed 1.0+

(144) SWY; SW1y sec.2, T.32S,R. 19 E,

Lenapah limestone (19 feet)
Idenbro limestone member
Limestone, gray, dense, nodular, weathers into flaky mass;

contains algal remains ... e 7.0+
Perry Farm shale member
Shale; calcareous; contains many limestone nodules ... 100+

Norfleet limestone member
Limestone, gray, nodular, shaly; contains Marginifera sp. and

Squamularia SP. ... 20+
Nowata shale
" Shale, gray, calcareous ..., exposed 2.0

(145) Near cen. S line sec. 17, T. 32 S, R. 19 E.
Bourbon shale
Shale, gray; contains fragments of coal and fossil wood .... exposed 2.0 _
Hepler sandstone
Sandstone or sandy limestone, more calcareous and less sandy
in lower part; contains “worm borings” in upper part ............ 20
Unconformity
Marmaton group
Memorial shale
Shale, bluish-gray, fossiliferous ... exposed 2.0

(146) Near cen. N line sec. 20, T. 32 S, R. 19 E.
Bourbon shale
Hepler sandstone
Sandstone, gray and brown, blocky ... exposed 2.0+
Unconformity
Marmaton group
Memorial shale
Shale, gray ........ oo e exposed 6.0+

(147) Near cen. W line sec. 20, T. 32 S, R. 19 E.
Bourbon shale
Hepler sandstone
Sandstone, brown, weathered ... . viieii .. exposed 2.0+
. Unconformity
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Marmaton group
Memorial shale
Shale, gray, flaky . ... e 70+
Lenapah limestone (6 feet exposed)
Idenbro limestone member
Limestone, gray, nodular, distinctly bedded in upper part,
lower part transitional into nodular limestone and shale

in unit below ... 20+

Perry Farm shale member
Shale, gray; contains many limestone nodules .................. N 4.0+
Covered interval, including Norfleet limestone (?) and Nowata shale 20.0+
Altamont limestone
Worland limestone member
Limestone, light gray ... exposed 1.0+

(147a) Near SE cor. NW14 NW1/ sec. 26, T. 32 S, R. 19 E.
Altamont limestone
Tina limestone member
Limestone, dove-gray to white; chiefly great masses of
Chaetetes colonies, black carbonaceous films along ir-
regular bedding surfaces; contains vugs of crystalline

calcite and spare Dictyoclostus sp. ........... oo 75
Bandera shale
Shale, dark gray ..., few inches exposed

(148) Near NE cor. sec. 3, T. 32 S, R. 21 E.

Fort Scott limestone
Blackjack Creek limestone member (10.5 feet exposed)
Limestone, gray, brecciated appearing; contains sparse flint,
abundant small fusulines, and abundant Chaetetes .... exposed 6.0
Limestone, gray, crystalline; contains cup corals .........ccccccooennne. 45

(149) Near NE cor. sec. 8, T. 32 S, R. 21 E.

Fort Scott limestone (17.5 feet exposed)
Higginsville limestone member
Limestone, light dove-gray, irregular beds 0.3-0.6 foot

thick; contains brachiopods ... exposed 2.5
Little Osage shale member
Shale, black except small amount of gray in upper part, fissile ... 5.0
Blackjack Creek limestone member
Limestone, gray, granular; contains Chaetetes ................ exposed 10.0

(150) Cen. E line sec. 24, T. 32 S, R. 21 E.

Marmaton group
Fort Scott limestone (4 feet exposed)
Blackjack Creek limestone member (4 feet exposed)
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Limestone, light gray, weathers lighter shade, granular to
slightly crystalline ............ veeririnennn. @Xposed 3.0
Limestone, brown, earthy (“Cement rock") ........................................ 1.0+
Cherokee shale
Shale, black, with small thickness of gray at top, fissile; con-

tains flattened phosphatic concretions ... 40
Limestone (Breezy Hill) sandy, earthy, nodular, more sand

AN JOWET PATt ..ot et 1.6
Shale, SANAY ..cocooooiiie e e e 0.5
Sandstone, massive, and sandy shale ... ... .. exposed 6.0

. (151) SEV4 NEV; sec. 29, T. 32 S, R. 21 E.
Marmaton group
Fort Scott limestone (4 feet exposed)
Blackjack Creek limestone member
Limestone, light gray, weathers somewhat lighter in color,
granular to slightly crystalline ... ... 3.0
Limestone, brown, earthy, massive (“Cem:nt rock™ ... ... 10+
Cherokee shale
Shale, small thickness of gray in upper part, mostly black,

fissile; contains flattened phosphatic concretions .................. 4.0
Limestone (Breezy Hill), sandy, earthy, nodular, more sand

in lower part ... e 1.6
Shale, sandy .............. e e, 5.0
Sandstone, massive, and sandy shale ................................................... 6.0

(152) Near cen. W line sec. 1, T. 33 S, R. 18 E., along Pumpkin creck,
north, below, and south of highway bridge

Lenapah limestone (10.2 feet exposed)
Idenbro limestone member
Limestone, light gray in upper part, slightly darker gray in
lower part, slightly crystalline to earthy; contains
Dictyoclostus sp. and other brachiopods .............cccc....... exposed 1.5
Perry Farm shale member
Shale and nodular limestone, gray, weathers yellow in upper
part and dark gray to nearly black in lower part; upper
part locally weathers as nodular limestone in shale ...~ .. ... 7.5
Norfleet limestone member
Limestone, nearly black, slabby, locally massive; locally a
mass of fossil fragments, Marginifera sp., Dictyoclostus sp,

and Neospirifer Sp. ... e 1.2
Nowata shale
Shale, not all well exposed, nearly black in part ... 6.0

Altamont limestone
Worland limestone member
Limestone, dove-gray, dense, small thickness exposed in creek .. 0.5
Note: Rocks here dip at relatively steep angles in several directions,
probably owing to intraformational slumping.
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(153) NEV4 sec. 2, T. 33 S, R. 18 E.

Lenapah limestone (5.5 feet exposed)
Idenbro limestone member
Limestone, light gray, thin uneven bedding; contains sparse
flint nodules in upper part, large horn corals, organ pipe

corals, crinoid fragments, and Dictyoclostus sp. .......... exposed 3.0
Perry Farm shale member
Shale; contains abundant limestone nodules ................. exposed 2.5

(154) Near cen. NW1j sec. 2, T. 33 S, R. 18 L.

Bourbon shale
Limestone (upper part of Checkerboard), bluish-gray, cross-
bedded, crinoidal ... 0.7
Shale, buff, silty ... QLT
Limestone (lower part of Checkerboard), ferruginous,
fOSSIlIfEroUS ..o 0.2
Shale, gray; contains crinoid fragments, Derbyia sp.,
Composita sp., and gastropods . 6.5
C0al .o ... 03
Shale or underclay; contains silicified wood ... 1.0
Hepler sandstone (2 feet)
Limestone, sandy, nodular ... 1.0
Sandstone, buff, calcareous; contains brachiopods ................ 10
Unconformity

Marmaton group
Memorial shale .
Shale, gray in upper part, dark gray in lower part; contains
Mesolobus sp. and large productids in upper part, a thin
zone packed with “Trachypora” austini about 3 feet from
base, and abundant “Aulopora” sp. and Lophophyllum sp.
in lower part ... exposed 13.7

(155) Near cen. S line sec. 2, T. 33 S, R. 18 E.

Lenapah limestone (11.5 feet exposed)
Idenbro limestone member (3 feet exposed)
Limestone, dove-gray, thin irregular-bedded; contains many
fossil fragments ... s 2.0
‘Limestone, dove-gray, massive; upper part largely a mass of
OTZan PiPe COTAIS ... ..ot e 1.0
Perry Farm shale (8.5 feet exposed)
Shale and nodular limestone; contains abundant Marginifera sp. 4.0
Shale, dark gray, somewhat flaky; contains local thin lime-
stone lenses, abundant gastropods, Ambocoelia sp., and
MeSOlODUS SP. ...covveeeeereeiesenereienc et eeseae s et e exposed 4.5

Note: Large numbers of specimens of “Trachypora” austini which
have been weathered from the overlying Memorial shale,
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carried downstream, and deposited at the natural dam formed
by the Idenbro limestone occur here.

(156) NEY; sec. 11, T. 33 S, R. 18 E.

Bourbon shale
Limestone (Checkerboard), cross-bedded; a coquina com-
posed chiefly of spired gastropods ... ... 0.5
Shale, gray and yellow limonitic
Coal . et n et
Underclay ......................................................................................................

ShAle ..o e e
Hepler sandstone
Limestone, sandy ... 1.0
Unconformity
Marmaton group
Memorial shale (184 feet)

€08l . e 0.2
Shale, gray, silty; contains crinoid fragments, Mesolobus sp.,
Chonetes sp., and productids ... ... ... 14.0

Shale, black .......cccoooooioioieee e e e 14
00T ) OO OO OOURTURUR | X.
UNATClay ..o e 2.0
Lenapah limestone
Idenbro limestone member
Limestone, light gray, upper surface hummocky, slight thick-
ness exposed in drainage
Note: The unconformity between the Marmaton and Bourbon groups
(Desmoinesian-Missourian series) may be below the next
coal below the Hepler sandstone.

(157) Near NW cor. sec. 21, T. 33 S, R. 18 E.
Bourbon shale )
Sandstone, brown and gray ... exposed 3.0+
Unconformity
Marmaton group
Memorial shale
Shale, gray and yellow, concretionary ... ... 100%*

Shale, gray and partly black ... .. 200+
Coal . R . 03x
Shale, black e 15,078

Lenapah hmestone
Idenbro limestone member
Limestone, gray, nodular, few inches exposed

(158) NW1s NWY; sec. 23, T. 33 S, R. 18 E.

Lenapah limestone (7.9 feet exposed)
Idenbro limestone member (3.8 feet exposed)
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Limestone, gray, slabby; contains large solitary corals ... exposed 2.0+

Limestone, light gray, irregular-bedded, massive ...........c.ccccooue.... 1.8+
Perry Farm shale member (4.1 feet exposed)
Shale and nodular limestone ..o 1.6
Limestone, dove-gray, nodular, irregular upper and lower
surfaces; contains Marginifera sp. and fucoids ......................... 05
Shale and nodular limestone; contains Marginifera sp. and
CROMELES SP. ....c.oomrieiiciiiiti e et asen s exposed 2.0+

(159) NWY; NW; and SW} sec. 35, T. 33 S, R. 18 E.

Lenapah limestone (12 feet exposed)
Idenbro limestone member
Limestone, light gray, weathered ........................... exposed 1.0+
Perry Farm shale member
Shale, gray, and limestone nodules ranging from a fraction
of an inch to several inches in diameter; brachiopods, gas-

tropods, and pelecypods abundant ... 10.0
Norfleet limestone member
Limestone, dark gray, weathers brown, slabby ... 1.0+
Nowata shale
Shale, gray and black in upper part, lower part covered .......... 5.5

Altamont limestone (14.7 feet exposed)
Worland limestone member (12.2 feet)
Limestone, medium dark dove-gray, thin-bedded ................... 0.33
Limestone, dove-gray, dense, semilithographic, somewhat
more granular in lower part, even-bedded, massive, ir-

regular contact with unit below ... 5.67
Shale, gray ... ettt e an et ettt 0.0-0.2
Limestone, dove-gray, dense; contains brachiopods ..................... 6.0+

Lake Neosho shale member (2.5 feet exposed)
Shale, bluish-gray, calcareous; contains brachiopods ................... 05
Shale, black, platy ... exposed 2.0+

(160) Near cen. W line sec. 5, T. 33 S,, R, 19 E.
Altamont limestone (11 feet exposed)

Worland limestone member

Limestone, light gray, crystalline, somewhat massive .... exposed 3.0
Lake Neosho shale member

Shale, mostly covered, partly black, fissile; contains phos-

phatic CONCretions ... s 20

Tina limestone member (6 feet exposed)

Limestone, mostly a mass of Chaetetes; contains few brachiopods 5.0

Limestone, brownish-gray, crystalline to earthy ............. exposed 1.0

(161) Near SE cor. sec. 18, T. 33 S,, R. 19 E.

Lenapah limestone (3.7 feet exposed)
Idenbro limestone member
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Limestone, light gray, crystalline, thin-bedded ................. exposed 1.5
Perry Farm shale member
Shale, gray and yellow, calcareous ... 20
Norfleet limestone member :
Limestone, nodular ... . 02
Nowata shale
Shale, gray ..., ettt saen exposed 4.0+

(162) Near NE cor. SE!4 SE1} sec. 19, T. 33 S, R. 19 E.

Altamont limestone
Tina limestone member
Limestone; large blocks of Chaetetes limestone, mostly covered
Limestone, brownish-gray, crystalline; contains abundant

fossil fragments ... 1.0
Bandera shale
Shale, yellow, limonitic, blocky ... exposed 6.0

(163) Near SW cor. sec. 3, T. 33 S,, R. 20 E,

Pawnee limestone (10.2 feet exposed)
Myrick Station limestone member (5.3 feet exposed)
Limestone, dark brownish-gray, grayer in lower part, weath-
ers brown, crystalline to slightly earthy ................ exposed 4.0
Limestone, dove-gray, crystalline, base irregular ............. 1.2-13
Anna shale member (4.9 feet)
Shale, gray, calcareous; contains Ambocoelia sp. and crinoid

fragments ... .. e e 14
Shale, black, fissile, basal part not well exposed ...............cccococoeocei. 3.0
Limestone, dark gray, nearly black, crystalline, slabby, shaly

in lower part; contains fossil fragments ... 0.5

Labette shale (2.7 feet exposed)

Shale, dark gray ... ... e e 20
€08l e e e e 0.2
Shale, dark gray, carbonaceous ... ... .. .. ... 05

Shale, in covered slope

(164) NW; NW/j sec. 22, T. 33 S, R. 20 E.

Pawnee limestone (9.25 feet exposed)
Laberdie limestone member (4 feet exposed)
Limestone, weathered blocks; contains Chaetetes and fusu-

JINeS o e exposed 2.0x
Limestone, light gray, earthy to crystalline, hard, somewhat
wavy-bedded .......... ettt et na sttt bt srraen 20+

Mine Creek shale member
Shale, gray, flaky; contains Hustedia sp. and Punctospirifer sp ... 0.55
Myrick Station limestone member
Limestone, weathered to light tan, earthy; contains wavy
laminations and crinoid fragments .. ... 0.25-0.5
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Anna shale member (4.2 feet)

Shale, gray with black splotches, flaky ..o, 2.2

Shale, black; contains small black concretions ...............cccc........ 20+
Labette shale :

Shale, Bray ... et ecm e saen exposed 1.0+

(165) SWYs NWY; sec. 16, T. 33 S, R. 21 E.

Marmaton group
Fort Scott limestone
Blackjack Creek limestone member
Limestone, covered

Limestone, gray, earthy to crystalline ... .. ... exposed 0.4
Cherokee shale

Shale, Bray ..o s 04
Shale, black; contains small black crystalline concretions ... 26
Shale, gray, silty .. e 0.4
Limestone (Breezy Hlll) brown and gray, nodular u'regular

upper and lower surfaces .. . 10x
Shale, SANAY ..o e 15.0
Sandstone ... s .. €XPOSed 5.0+

(166) Near NE cor. sec. 23, T. 34 S, R. 17 E.

Lenapah limestone (11.7 feet exposed)
Idenbro limestone member (4.4 feet exposed)

Limestone, gray, crystalline, thinner bedded in upper part,
nodular throughout but more nodular in upper part, fos-
siliferous .........

Shale, gray, fossﬂnferous .

Limestone, medium light gray, crystallme

Perry Farm shale member (6.3 feet)
Shale and limestone nodules; contains gastropods, Amboco-

elia sp., and Marginifer@ sp. ............ ..o 3.0-4.0
Limestone, dark gray, dense, hard, concretionary ... 03
Shale, calcareous ... ... e senennnn &30

Norfleet limestone member
Limestone, dark gray, impure, slabby, grades into shale above .. 1.0
Nowata shale
Covered ... ... e e 18.0
Altamont limestone
Worland limestone member
Limestone, a few inches exposed in drainage.

(167) Near cen. S line sec. 26, T. 34 S, R. 1T E.

Altamont limestone (17.6 feet exposed)
Worland limestone member
Limestone, light gray, earthy to crystalline, wavy-bedded;
contains sparse flint ... ... exposed 4.0
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Lake Neosho shale member

Shale, not well exposed, mostly black ... 20
Tina limestone member (11.6 feet)

Limestone, light gray, chiefly a mass of Chaetetes ... .. ... . 40
Limestone, light gray, massive, pitted from weathering ... ... .. 20
Limestone, light gray; contains Chaetetes in upper part, brec-

ciated in lower part ...... ettt 417
Limestone, light gray, massive; contains fusulines in upper

3-8 o OO OSSOSO SRS UU SOOI 09

Bandera shale (9.4 feet exposed)

Shale, covered ... e 54
Sandstone, fine-grained, micaceous, cross- bedded, ripple-

marked . et @XPOSEd 4.0

(168) Near cen. E line sec. 5, T. 34 S, R. 18 E.

Lenapah limestone (6.2 feet exposed)
Idenbro limestone member
Limestone, dove-gray, thin wavy beds: contains abundant
brachiopods ..o exposed 1.5
Perry Farm shale member (4.7 feet exposed)
Shale, gray and yellow, slightly limonitic, fossiliferous; con-

tains limestone lenses in upper part ... 1.5
Limestone, nodular ... ..., 0.2+
Shale, gray, fissile .. ... ... ... exposed 3.0

(169) Slightly east of cen. N line sec. 7, T.34 S., R. 18 E.

Lenapah limestone (22.9 feet exposed)
Idenbro limestone member
Limestone, light dove-gray, somewhat crystalline, fossilifer-

ous . e e exposed 1.0+
Perry Farm shale member (21 9 feet)
Shale, gray, fossiliferous; contains limestone nodules ... ... 160+
Limestone, impure, nodular ...... SO 0.5=+.
Shale, gray, mostly covered ... ... . e e 54

Norfleet limestone member
Limestone, a few inches exposcd
Note: Worland limestone member of Altamont limestone is exposed
in creek at low water stage.

(170) Near NE cor. sec. 20, T.34 S, R. 18 E.

Lenapah limestone (13.5 feet exposed)
Idenbro limestone member
Limestone, light to dove-gray, holds extensive dip slope .. exposed 3.0
Perry Farm shale member
Shale; contains limestone nodules. abundant mollusks, and
MeSolobuUS SP. ..o e 10.0
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Norfleet limestone member -
Limestone, dark gray, slabby ... exposed 0.5
Note: Worland limestone member of Altamont limestone is exposed
in drainage about 20 feet below this section.

(171) Near cen. W line sec. 23, T. 34 S, R. 18 E.

Altamont limestone (20 feet exposed)
Worland limestone member

Limestone, light dove-gray ............ ... exposed 2.0-3.0
Lake Neosho shale member
Shale, covered; contains abundant phosphatic concretions ...... 2.0-3.0

Tina limestone member (14.9 feet)

Limestone, light gray, crystalline ... ...

Limestone, somewhat earthy; contains Chaetetes

Limestone, largely masses of Chaetetes; contains
Dictyoclostus SP. ....ooocovoevieove e s 2.0

Limestone, chiefly masses of Chaetetes ......................cocooevvieveinennee. 25

Limestone, medium gray, crystalline; contains abundant
Chaetetes in upper and middle parts and abundant

small fusulines in lowest 2 feet ... 54
Limestone, dark gray, massive, somewhat indefinite contact
with shale below ...l 08
Bandera shale

Shale, gray and yellow; contains thin lenses of limestone in
upper few inches and a few large limonitic concretions in
lower half ... eeteeetrata s an st am s en s s et nnee s areaan exposed 10.0

(172) SEYj sec. 9, T. 34 S, R. 20 E.
Marmaton group
Fort Scott limestone (28.2 feet exposed)
Higginsville limestone member (6.2 feet exposed)
Limestone, dove-gray, somewhat wavy-bedded; contains
many “marklets” in upper part and echinoid frag-

IMENES .ottt ecesenene oo neeeeneens. €XPOSEA 3.7
Limestone, covered ..o 2.0
Limestone, light gray, slightly granular ... 0.5

Little Osage shale member
Shale, black, fissile ... . e, 45

Blackjack Creek limestone member (17.5 feet)

Limestone, light gray, weathers slightly buft, powdery, mas-
sive; contains fusulines ... 75

Limestone, gray, slightly darker than unit above, irregular
bedding; contains sparse flint and carbonaceous streaks;
irregular contact with unit above ... e 10.0

Cherokee shale
Shale, black, a slight thickness exposed in quarry floor

Google



Stratigraphy of the Marmaton Group in Kansas 129

(173) Near SW cor. sec. 1, T. 35 S, R. 17 E.

Lenapah limestone (6.4 feet exposed)
Idenbro limestone member

Limestone, light gray; contains brachiopods ....................... exposed 3.0
Perry Farm shale member (3.4 feet exposed)
Shale and limestone nodules ... 3.0+
Limestone, gray, concretionary ... 0-04+
Nowata shale
Shale, Zray ..o exposed 6.0+

(174) Near cen. W side sec. 12, T. 35 S, R. 17 E.

Lenapah limestone (12.8 feet exposed)
Idenbro limestone member
Limestone, light gray to medium dark gray, darker in lower
part, deeply weathered, holds low escarpments .......... exposed 2.0
Perry Farm shale member
Shale, gray, calcareous, fossiliferous, and limestone nodules;
contains abundant gastropods and less abundant brachiopods 5.0
Norfleet limestone member (5.8 feet exposed)
Shale and impure limestone, dark gray ..., 1.7
Limestone, impure ...

Shale and impure limestone, bluish-gray ... .19

- Limestone, tan, impure, massive ... ... 19
Nowata shale _

Shale, dark bluish-gray, blocky ..o exposed 3.0

(175) Near SE cor. sec. 11, T. 35 S, R. 18 E,

Altamont limestone
Tina limestone member

Limestone, gray, weathers brown ... .. ... ... 15
Bandera shale (8.55 feet exposed)

Shale, gray, calcareous in upper part . ... 35

C0al e 0.05+

Shale, gray and yellow ... 5.0 =

(176) SWi  SE!j sec. 12, T. 35 S, R. 18 E.

Altamont limestone (18 feet exposed)
Tina limestone member
Limestone, light gray; contains abundant Chaetetes ...... exposed 15.0+
Limestone, dark gray, weathers tan ..., 3.0+
Bandera shale (37 feet exposed)
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Shale, gray and yellow, somewhat sandy throughout, sandier
IN JOWEr PArt ..o et 34.0+
Sandstone, MAaSSIVe ..........ccoeeirimccimeiecmeceecaeeee s exposed 3.0+

(177) SWY; SW¥; sec. 5, T. 35 S, R. 20 E.

Fort Scott-limestone (11 feet exposed)
Higginsville limestone member
Limestone, gray, lighter than unit below, thin irregular beds;
contains veinlets of calcite ...........ccoceooiiiecieee exposed 5.0
Limestone, dove to dark gray, brecciated appearing, dense
to crystalline, slightly wavy-bedded, carbonaceous film at
bedding contacts, in four beds; contains brachiopods and
crinoid stems ........ 6.0
Note: Black shale in the Little Osage member is exposed in creek.

StrATIGRAPHIC SECTIONS IN MonTGOMERY CoUNTY, KANSAS
(178 and 179)

(178) NW1j sec. 12, T. 35 S, R. 16 E.

Lenapah limestone (13 feet exposed)
Idenbro limestone member
Limestone, light gray, blotched with brown, brecciated ap-
pearance, massive, top uneven; contains few fossils, large
fucoids at base, large cyathophylloid corals, “Aulopora”
sp., Zaphrentis sp., Prismopora sp., Chonetes sp., Mesolo-
bus sp., Squamularia sp., and Echinoconchus semipunc-

tatus ....... e emeaeieeemeuseseeatasteteesarsstasre s e e iaeeeteeenen exposed 7.0
Perry Farm shale member (6.0 feet)
Shale, abundant Marginifera sp. ..o veiieieiccrrercecceee. 20
Shale and limestone nodules ..o 40
Nowata shale :
Shale, dark gray, a few lenses and beds of tan sand-
SEOMI@ .ot eeennen exposed 24.0

(179) NW14 sec. 10, T. 35 S., R. 17 E.

Lenapah limestone
Idenbro limestone member
Limestone, poorly exposed
Perry Farm shale member
Shale and limestone nodules .............cooeocriiomeoceeenn. exposed 4.0%
Nowata shale
Covered interval; may conceal part of Perry Farm shale and

Norfleet limestone members of Lenapah limestone .................. 100+
Sandstone (Walter Johnson), tan, fine-grained, micaceous,

distinctly bedded ... e 50+
Shale, gray and yellow ..o exposed 4.0+
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STRATIGRAPHIC SECTIONS IN Missour: (180-185)

(180) SW14 sec. 33, T. 40 N, R. 33 W,, Bates county

Memorial shale
Shale, yellow =« exposed 6.0+
Lenapah limestone (5.1 feet)
Idenbro limestone member (0.75 feet)
Limestone, blue to dark gray, carbonaceous, granular to

earthy, slabby; contains horn corals ...l 0.25
Limestone, blue to dark gray, carbonaceous, granular and
earthy to dense; contains limonitic inclusions ................... 0.50

Perry Farm shale member (3.9 feet)
Shale, yellow and gray; contains Trepospira sp., horn corals,

and chonetids ... 0.66
Shale, nearly black; contains calcareous and limestone nod-
ules and brachiopods in upper part ... 1.79
Shale, nearly black, somewhat fissile; contains limestone nod-
les iN UPPET PATL ..ot 145
Norfleet limestone member
Limestone, dark bluish-gray, sandy, dense ... 045

Nowata shale (8.4 feet)

Shale, dark gray, nearly black, somewhat fissile; contains
scattered phosphatic zones, abundant large productids,
Mesolobus, other chonetids, and horn corals ....................... 69

Shale, light yellow and gray to green ..., 15

Altamont limestone (11.11 feet)
Worland limestone member
Limestone, bright bluish-gray, weathers rusty brown, two mas-
sive beds, irregular fracture, irregular upper surface;
contains fusulines, crinoid and brachiopod fragments ............ 3.66
Lake Neosho shale member

Shale, not well exposed, upper part light gray; contains many

phosphatic nodules ... 20+
Tina limestone member (5.45 feet)

Limestone, salt and pepper gray, “oatmeal” rock; contains

brachiopods and algae in upper part, few crinoid frag-

“

ments, and 0Stracodes ............ccooooioiiiiiiiie e 0.85
Shale, greenish-gray, thin-bedded; contains small limestone

NOAUIES ..ot e s 0.45-0.5
Limestone, bluish-gray to slightly green, dense to finely crys-

talline; contains nodules up to 3 inches in diameter ................. 215
Shale and limestone nodules ... 0.45
Limestone, dark to greenish-gray, dense, nodular; contains

many brachiopods and large derbyoids ... 15

Bandera shale

Shale, yellow and gray ... exposed 4.5
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(181) SW1; NW14 sec. 29, T. 43 N,, R. 29 W,, Cass county

Pawnee limestone (6.33 feet exposed)
Myrick Station limestone member

Limestone, gray, massive ... 3.0+
Anna shale member (3.33 feet)
Shale, gray . . 1B
Shale, black, platy, contams small black concretlons .. 1.0
Shale, gray, limy near 0P ...c....oooeoeeio e 0.5
Limestone, dark gray, nearly black, earthy ... ... 0.33
Labette shale (16.05 leet exposed)

Shale, Bray ..ot 5.0+
Limestone; contains concretions or nodular lenses ... 0.0-0.25
Shale, gray; contains abundant Mesolobus sp. and a few other

FOSSIIS oot e
Limestone, tan to gray, dense, hard
Shale, BIray oo e
Shale, black . ..o
Coal .........
Underclay
Shale, Clay ..o e e exposed 6. 0

Note: Underclay and overlymg beds, assigned to the Labette shale,
belong in the Pawnee megacyclothem.

(181a) NWL3 SW1] sec. 21, T. 43 N, R. 31 W,, Cass county
Bourbon shale
Hepler sandstone

Sandstone, gray and yellowish-brown, fine-grained, cross-
bedded, definite contact along sides and base of channels
cut into Memorial shale ... ... exposed 7.0+

Marmaton group
Memorial shale (8.15 feet)

Shale, gray and yellow, some maroon, blocky, very slick;
contains limonitic concretions near contact with Hepler
SANASLONE .o e 1.33-6.0

Shale, nearly black, slightly silty, weathers somewhat flaky ........ 2.15

Lenapah limestone (5.8 feet)
Idenbro limestone member

Limestone, dark gray to nearly black, weathers yellowish,
earthy, locally a continuous ledge, usually lenses; locally
a featheredge to 0.9 foot in 1.5 feet lateral distance .............. 0-09

Perry Farm shale member (4.35 feet)

Shale, nearly black, blocky, weathers into steep flake-covered
slope; upper 0.66 foot bears Trepospira sp., pelecypods, and
Chonetids ...oove e 225

Shale, black, paper-thin laminae, appears platy, very resistant
to weathering; contains scattered small pyrite crystals,
small smooth phosphatic concretions, and sparse brachio-
pods (chiefly orbiculoids). ... 21
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Norfleet limestone member
Limestone, shiny black, weathers rusty brown, fine-grained,
mostly large flat concretions, locally continuous bed for
6 feet or more; masses of dark cone-in-cone between and
overlying concretions; contains large cephalopods ................ 0-0.55
Nowata shale (7.56 feet exposed) )
Sandstone, gray, weathers brown, fine-grained, pyritiferous,

carbonaceous, MICACEOUS ..........coocovmiieiieeeieieeeeeee et seee e e 15
Shale, dark gray, laminated; contains thin lenses of pyritifer-

ous fine-grained sandstone et 08
Siltstone and fine sandstone, gray and brown, shaly; contains

cone-in-cone sandstone lenses in upper few inches ............ 0.95
Sandstone and shale, gray, micaceous; chiefly shale in upper

part, fine-grained sandstone in lower part ... 0.75

Shale, gray, limy, silty, carbonaceous, crinkled; bed of fine-
grained micaceous sandstone in upper 1.6 feet; contains

abundant casts of plant fragments ... 2.15
Sandstone, gray, weathers brown, fine-grained, micaceous,

MNASSIV . ..oeeeeiiei ettt sttt eee 0.25
Shale, medium dark gray, weathers light bluish-gray, slightly

micaceous; contains sparse hard sandy layers .................... 0.66

Shale, dark gray, silty, micaceous, ripple-marked; contains
small casts of plant fragments
......................................... exposed above water of Grand river 0.5

(182) Near cen. W line NE!} sec. 6, T. 4 N,, R. 29 W., Cass county

Altamont limestone (3.66 feet exposed)
Lake Neosho shale member
Shale, Eray ... exposed 2.0+
Tina limestone member
Limestone, gray, dense; contains algal (?) pellets in earthy

MNAIEIX e ettt 1.66
Bandera shale (23.8 feet)
Shale, gray and maroon ... s 3.0+
Shale, yellow and gray; contains limestone nodules in lower
P e e e eie e s

Shale, gray ..o
Covered interval
Pawnee limestone (12.16 feet exposed)

Laberdie limestone member

Limestone, light gray, weathers slightly brown; contains few

Chaetetes and abundant echinoid remains ............... exposed 5.0

Mine Creek shale member, covered ..., 10.0
Myrick Station limestone member

Limestone, medium gray, weathers brown; contains numer-

ous brachiopods in upper part and Chaetetes ....................... 3.66
Anna shale member (3.5 feet)
Covered interval ... 3.0
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Shale, black ... exposed 0.5
Note: Thickness of the Bandera shale may be incorrect because the
lower part was measured over some distance and possible
dip of beds was disregarded.

(183) Near cen. E line sec. 11, T. 44 N., R. 30 W., Cass county

Bourbon shale (?)
Hepler sandstone (?)
Sandstone fragments
Marmaton group
Memorial shale
Covered interval .. ... .. e e e s 20.0+
Lenapah limestone (3 feet)
Idenbro limestone member

Limestone, gray, earthy ... 10
Perry Farm shale member
Shale, gray, black in-middle part ... .. ... 2.0
Nowata shale
Shale, gray and yellow, limonitic ... exposed 3.0

(184) Near cen. W line sec. 31, T. 46 N., R. 25 W., Johnson county

Marmaton group
Fort Scott limestone (32.6 feet)
Higginsville limestone member
Limestone, gray, crystalline, thin wavy beds in middle part,
more massive in upper and lower parts; contains Chaetetes

N UPPEr Part ... 12.0
Little Osage shale member (16.5 feet)
Shale, gray, calcareous; contains cup corals ... exposed 0.5
Covered interval with Houx limestone, 1 foot thick, 4 feet
from top (drill record) ... ... 13.0+
. Shale, gray, calcareous, nodular; contains few fossils ... 3.0+
Blackjack Creek limestone member
Limestone, brown, earthy to slightly crystalline, one bed ... 41
Cherokee shale

Shale, gray, darker in lower part, flaky ... S 20
Shale, black .
Shale, gray ... ...

Coal ...

Covered slope

(185) NE cor. sec. 27, T. 46 N., R. 28 W., Johnson county

Pawnee limestone (18.2 feet exposed)
Laberdie limestone member
Limestone, light gray, massive; contains Chaetetes through-
out, more abundant in upper part ... exposed 4.0

Google



Stratigraphy of the Marmaton Group in Kansas

Mine Creek shale member (13.5 feet)
Shale and limestone, indefinite base ... ... ...
Shale, gray, fossiliferous in upper part, sandy in lower part ...
Sandstone, gray, weathers brown ...
Shale, dark gray, carbonaceous, thin-bedded, micaceous in up-
P DAt e e
Mpyrick Station limestone member
Limestone, dove-gray, finely crystalline, irregular beds
...................................................................................................... exposed

STRATIGRAPHIC SECTIONS IN OKLAHOMA (186-203)

(186) Near cen. S line sec. 11, T. 21 N,, R. 15 E,, Rogers county

Marmaton group
Fort Scott limestone (22.53 feet)
Higginsville limestone member (7.75 feet exposed)
Limestone, light dove-gray, brecciated appearance; contains
Composita sp. and Squamularia Sp. ...oomioemeocceinrnen.
Limestone, light dove-gray, more massive beds than unit above;

contains Composita sp. and Squamularia sp..............
Little Osage shale member (5 feet)
Shale, Bray ..ot aen

Shale, black, fissile ...
Blackjack Creek limestone member (9.78 feet)

Limestone, gray and yellow, soft, slabby ...

Limestone, dove-gray, dense, wavy-bedded, massive; contains
sparse flint nodules, fusulines, and Rhombopora sp.............

Limestone, light gray, granular to earthy, massive; contains
brachiopods

Limestone, gray, granular to earthy, three massive beds; con-
tains few brachiopods and crinoid fragments .................

Cherokee shale

Shale, YelloW ...

Coal ...

Underclay

(187) Near cen. N line sec. 31, and NW cor. sec. 29, T. 20 N,,
R. 15 E, Rogers county

Marmaton group
Labette shale
Shale, black, platy ... exposed
Fort Scott limestone (19.35 feet)
Higginsville limestone member
Limestone, dark bluish-gray in upper part, lighter near base,
granular; contains “cryptozoans” ... ...
Little Osage shale member (6.95 feet)
Shale, gray, €lay . ...
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Shale, black, fissile; contains phosphatic concretions ...............
Limestone (Houx?), dark blue, dense, conchoidal fracture; con-
tains sparse brachiopods .
Shale, gray, clay ..o . e
Blackjack Creek limestone member
Limestone, brown to bluish-gray, somewhat earthy, massive

but distinctly bedded; contains chonetids and Neospirifer sp.

Cherokee shale
Shale and coal, thin alternating beds; contains varves
Coal ..
Coal and shale, thin alternating beds; contains varves ...............
Shale and sandstone, somewhat massive sandstone in lower part

PrOQUCIAS . ..o.ooeoooeeeec e e e
Shale, gray, partly covered ..... exposed

(188) SE cor. sec. 36, T. 23 N, R. 16 E,, Rogers county

Marmaton group
Fort Scott limestone
Higginsville limestone member (8 feet)
Limestone, covered ...
Limestone, light to medium dark gray, finely crystalline; con-
tains COMPOSItA SP. ...oooveeeeeceeeece e et aeae
Little Osage shale member
Shale, black, fissile ...........cocoooieoeeeee s
Blackjack Creek limestone member
Limestone, light dove-gray, weathers lighter in color; contains
productids and fusulines in upper part, cephalopods and
gastropods in lower part ...
Cherokee shale
Shale, gray, clay, poorly exposed ...
C0Al ot enenne
Shale, light gray and yellow, limonitic, and sandstone, blue-
BTRY oottt n e s eae e
Shale, gray and yellow, limonitic, sandy
Sandstone, massive in upper part, and shale, sandy in lower

PATE ottt st et e e n e
Sandstone, brown, fine-grained, massive ...
Partly covered interval, little gray shale exposed ... :
Limestone (Breezy Hill?), dark bluish-gray, weathers tan,

INIASSIVE ..ooeinieicteiii et eaee et et esce s me et s ee e s e anne s enn e s asaneas
Covered interval ... ettt
Shale, black; contains phosphatic nodules ...
Limestone and shale, fossiliferous ... s
Shale, light yellow and gray ... e exposed
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(189) SEYs SEY sec. 17, T. 24 N, R. 16 E,, Rogers county

Pawnee limestone (10.81 feet exposed)
Myrick Station limestone member

Limestone, dove-gray ..., exposed 2.0+
Anna shale member (8.81 feet)

Shale, black; contains phosphatic concretions ... 2.0+

Limestone, poorly exposed ................ .. 03+

Covered ... . 10=
Limestone, dark gray, algal and crinoidal ... ... 0.85
Limestone, dark dove-gray, weathers brown, granular, slightly
cross-bedded ... . 1.0-2.0
Shale, Bray ... e n et eaneen 0.66
Limestone, dove-gray, weathers brown, granular, massive; con-
tains large crinoid fragments and Composita sp. .............. 1.25
Shale, sandy : . 05
Limestone, sandy ... ... e 0.25
Labette shale
Shale and sandstone ... exposed 40.0
(190) SW cor. sec. 30, T. 24 N, R. 16 E., Rogers county
Pawnee limestone (9.6 feet)
Laberdie limestone member
Limestone, medium to dark bluish-gray, brecciated .....exposed 3.0
Mine Creek shale member (1 foot)
Shale, with limestone nodules ... 0.55
Limestone 0.25
Shale, limy 0.2

Myrick Station limestone member
Limestone, gray to brown, massive ... 13+
Anna shale member (4.3 feet)
Shale, gray in upper part, mostly black; contains phosphatic
nodules ... e e 1.75
Limestone, dark gray- ...... .. 03
Shale, gray and yellow 0.35
Limestone, dark in upper part, medium gray in lower, slabby,
granular, crystalline, irregular beds, nodular in upper part 1.9
Labette shale (40.4 feet exposed)

Shale, gray, sandy ... 74
Shale, gray ... e SR 3.0+
Sandstone ... e 30.0+

(191) East of cen. N line sec. 20, T. 24 N., R. 17 E,, Rogers county
Cherokee shale

Sandstone, brown, medium to fine-grained ... 5.0

Shale, gray, Sandy ... .o 6.0

Coal, very thin beds, alternating with thin beds of sandstone,
light gray, fine-grained; contains varves ... 2.3
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SANASLONE ...t cereeane s mr e 215

Sandstone and sandy shale ... 30

Coal, very thin beds, alternating with thin beds of sandstone,
light gray, fine grained; contains varves ................. 19

Coal, impure
Shale, dark, silty

Shale, dark, carbonaceous, partly covered .. ... e 45
Limestone (Breezy Hill?) dark dove-gray, semilithographie,
nodular in upper part ... 3.0+
Shale, black, fissile ..., e eeeeen 25+
Shale, light yellow and gray, limonitic ......................exposed 50

(192) Near cen. S line sec. 26, T. 26 N, R. 16 E,, Nowata county

Pawnee limestone

Limestone, basal part of Anna shale member, poorly exposed "
Labette shale

Shale, yellow and gray, micaceous, slightly silty; contains limo-

nitic coneretions ... 216
Shale, yellow and gray, silty and sandy; grades into shaly sand-

stone in lower part ... 16.0
Shale, gray, blocky, limonitic, slightly micaceous; contains

sandstone lenses in upper part ... 5.4
Shale, gray, blocky, slightly micaceous ... 108

(193) NW cor. sec. 35, T. 26 N,, R. 16 E,, Nowata county

Pawnee limestone (26.07 feet)
Laberdie limestone member (12.15 feet)
Limestone, light gray, weathers slightly tan, semilithographic
in upper part, grades into crystalline brecciated facies below 6.0
Limestone, light gray, crystalline, brecciated, wavy-bedded;

contains silicified fossils and Cystauletes mammilosus ............ 40+
Limestone, crystalline, wavy-bedded ... 2.15
Mine Creek shale member '
Shale, yellow and gray, flaky; contains crincid remains .......... 045
Mpyrick Station limestone member (4.57 feet)
Limestone, light dove-gray, granular ... 0.33
Limestone, dove-gray, slightly crystalline, massive; contains
few crinoid remains ... s 133
Limestone, bluish-gray, dense to slightly crystalline; con-
tains brachiopods and crinoid remains ... 1.66
Limestone, dove-gray, dense to slightly crystalline; contains
gastropods, crinoid remains, and Hustedia sp. .......cccoooeeeieeeeennne 125
Anna shale member (8.9 feet)
Shale, mostly gray, some black, flaky ...........ccocooooroiiieee 08
Shale, black, slightly fissile; contains few smooth black con-
CretiONS Lo 25

Shale, gray, silty
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Limestone, dark gray, slabby; contains plant fossils ............. 03-04
Shale, black, platy to fissile ... ..., 01
Limestone, dark gray ... . 0.6
Shale, gray, calcareous ..o 1.0
Limestone, light to dark gray, earthy to locally crystalline; con-

tains fusulines near base and productids ..............cccoeceee. 30

Labette shale

Shale, Eray ... s exposed 6.0+

(194) Slightly south of cen. N. line sec. 6, T. 26 N., R. 17 E,, Nowata county

Pawnee limestone (31.01 feet)
Laberdie limestone member (18 feet)

Limestone, light gray, weathered, slumped ... 150+
Limestone, light, gray, crystalline; contains crinoid remains
and other fossils ... 3.0

Mpyrick Station limestone member
Limestone, ashy gray in upper part, yellowish-gray in lower
part, granular to nearly dense, more massive in lower part 2.5
Anna shale member (10.51 feet)
Shale, black, mostly fissile; contains small smooth black con-
CrEtiONS ..ottt eenaeen 3.0
Limestone, bluish-gray; contains gastropods, pelecypods, and

brachiopods ..o 1.0-1.33
Shale, light gray, ﬁaky ................................................. . 333
Sandstone, gray, micaceous, medium fine-grained ... 20
Limestone, gray, finely crystalline; contains fossil fragments
and abundant “Osagia” ..............c.cccoommircemorereererenee 0.85
Bandera shale
Shale, not well exposed ... . s exposed 4.0

(195) SW1; sec. 6, T. 26 N., R. 17 E,, Nowata county

Pawnee limestone (14.91 feet)
Anna shale member
Covered; contains small phosphatic concretions ... exposed 3.0+
Limestone, dark bluish-gray, granular; contains large bellero-
phontids, Neospirifer sp., and Composita Sp. .......c.cccocourucecuence 133
Shale, sandy, micaceous, and sandstone, nearly white in middle
PATE e e e s ea e n e e ca e eaeaeen
Sandstone, calcareous
Shale, gray, sandy ... . .
Sandstone, slightly cross- -bedded ... 0.33-0.5
Shale, blocky, micaceous ......... 25
Limestone, gray, granular, in four beds, thin shale partings
along bedding places; contains crinoid stems and Composita
<) o TRV et eea e et et et h et eee e een i e 21
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Labette shale (22 feet exposed)

Shale, gray, calcareous, fossiliferous ... 0.75

Sandstone, thin-bedded ... e 1.25

Shale, gray and yellow, blocky, shghtly micaceous; grades into
sandstone above ... exposed 20.0

(196) SW1j sec. 29, T. 26 N., R. 17 E,, Nowata county

Pawnee limestone (14.05 feet)
Myrick Station limestone member
Limestone, light gray, crystalline, and brecciated in upper part;

brown, crystalline in lower part ... 2.0-3.0
Anna shale member (11.05 feet)
Shale, yellow and gray; contains small limestone nodules ............ 3.0
Shale, black, fissile; contains small phosphati¢ concretions ........ 1.85
Limestone, slabby, crinoidal; contains brachiopods ........... 0.55

Limestone, medium dark gray, granular, semi-oolitic, nodular
in lower part, irregular base; contains few brachiopods in

UPPET PATt e . 25
Shale, light bluish-gray, sllghtly carbonaceous, blocky; con-
tains limestone nodules in upper part . ... ... 20

Limestone, brown, massive, sandy . 115
Labette shale (24.1 feet exposed)
Sandstone, MY ... 1.05+
Sandstone, medium to fine-grained, cross-bedded in upper part 11.25
Shale, medium dark gray in upper part, light gray in lower part,
flaky, sandy in upper part, grades into unit above ...exposed 11.8

(197) Near cen. N line NE4 NW14 sec. 33, T. 26 N., R. 17 E., Nowata county

Pawnee limestone
Anna shale member
Limestone, bluish-gray, sandy ... . ... exposed 1.0%
Labette shale (91.77 feet)
Shale, light gray, blocky, flaky; contains sparse limestone

nodules ... ... ettt ettt en e s e 5.0
Limestone, brown, earthy ... . ... 066
Sandstone, gray and yellow, thin-bedded ... ... 333
Shale, sandy, gray, darker and less sandy in lower part ... 160
Shale, gray, limonitic ... ... ... . 108
Covered interval ... .. . 54
Limestone, medium dark gray, somewhat crystalline, wavy-

bedded ... s 3.0
Shale and limestone ... ... ... 0.5
Limestone, gray, massive ... ... 0.75
Shale, yellow and gray, sandy in lower part ... 333
Sandstone and sandy shale ... s 43.0
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(198) NE cor. sec. 36, T. 26 N, R. 13 B, Craig county
Marmaton group
Fort Scott limestone
Blackjack Creek limestone member
Limestone, brown, massive ... ... ... .

Cherokee shale
Shale, gray, partly covered . ... ... 40+
Coal ... e 1.0
Shale, gray, hmomtlc, sxlty in lower part ......... e e 10.8
Coal ... eeree. 0.55
Shale, sandy, and coa] paper- thm beds ' 0.66
Shale, gray, limonitic ... . 1015
Sandstone, fine-grained . 20=
Shale, medium gray, silty in upper part ... e RN 49
Shale, dark gray, blocky ... 5.4

Limestone (Breezy Hill?), gray to brown granular to crystal-

line; contains flint nodules in upper part and fusulines ..........
Shale, black; contains phosphatic nodules ...
Shale, gray to blue, silty ... exposed

(199) Near cen. sec. 4, T. 27 N, R. 16 E., Nowata county

Lenapah limestone (12 feet exposed)
Perry Farm shale member

Limestone, nodular, cancellous ... .. e exposed 4.0+
Norfleet limestone member .
Limestone, yellowish-gray, sandy appearing, hard, dense ....... 8.0
Nowata shale
Shale, yellow, Clayey ... ... esee 14.0

Note: Limestone in the upper part of this section is assigned to the
Perry Farm shale member because it is a limestone facies of
the member, which in Kansas is chiefly calcareous shale.

(200) Slightly east of cen. W line E'2 SEV; sec. 30, T. 28 N.,
R. 16 E,, Nowata county
Lenapah limestone (18.01 feet exposed)
Idenbro limestone member (5.26 feet exposed)
Limestone, gray, weathers bluish-tan, slightly crystalline,
somewhat porous, massive to thin wavy-bedded ... exposed 3.5%*

Shale, gray ... 01+
Limestone, light gray, dense to slightly granuiar, algal; con-
tains few brachiopods ... 1.66

Perry Farm shale member (12.75 feet exposed)
Shale, greenish-gray; contains nodules of limestone in upper
part and abundant Marginifera sp. ... 0.75
Limestone, dense, mottled, apparently nonfossiliferous
....................................................................................................... exposed 12.0
Note: Limestone in the lower part of this section is assigned to the
Perry Farm shale member because it is a limestone facies of
the member, which in Kansas is chiefly calcareous shale.
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(201) Slightly east of cen. N line NW} sec. 24, T. 28 N.,
R. 17 E,, Nowata county

Altamont limestone (25.9 feet)
Tina limestone member
Limestone, light gray; contains “Osagia” and Chaetetes, partly
silicified ... exposed 2.0
Limestone, light gray, dense, thinner bedded in upper part;
contains sparse dark steel-gray flint and Squamularia sp. 22.0+
Limestone, dark bluish-gray, crystalline; contains horn corals,

few Cryptozoon, and echinoid fragments ... 19
Bandera shale (13.85 feet exposed)
Shale, carbonaceous, blocky and laminated ... 02+

Shale, nearly black, silty ...
Sandstone, gray, hard ...
Sandstone, bluish-gray, fine .. ..
Shale, gray and yellow, blocky

(202) Near cen. W line sec. 36, T. 28 N., R. 19 E,, Craig county

Marmaton group
Fort Scott limestone (17.45 feet)
Higginsville limestone member

Limestone, gray, crystalline, irregularly bedded ... 55+
Little Osage shale member (8.8 feet)
Shale, nearly black ..., e 20%
Limestone (Houx?), dark brown, earthy 0.75
Shale, black, platy; contains scattered limestone concretions ... 6.05
Blackjack Creek limestone member
Limestone, brown, earthy, massive 3.15
Cherokee shale .
Shale, gray; contains limonitic concretions ............ . 55

Limestone (Breezy Hill?), dark gray, crinoidal .
Covered interval
Coal ...cooveee
Shale, gray, limonitic ...
Sandstone, brown, massive .
Shale, gray, limonitic ... ...
Coal .
Shale, gray, limonitic
SaNAStONE .o
Shale, gray, limonitic ...

(203) SEY; sec. 27, T. 29 N,, R. 18 E,, Craig county

Pawnee limestone (14.18 feet)
Myrick Station limestone member

Limestone, massive, weathers brown ... exposed 4.0+
Anna shale member (10.18 feet)
Shale, ETay ..ot 0.5
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Shale, mostly covered, silty limestone in upper part ... 1.0+
Shale, black, platy; contains phosphatic nodules .
Shale, black, fissile ..o, .
Coal (LeXinZton) ...t e
Shale, dark Eray ... e
Shale, gray
Limestone, dark gray, earthy, nodular

Labette shale .

Shale, gray ... ... et exposed 2.0+

15+
0.25-0.33
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