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Kurzfassung

Die Formationen der obercherokeen und untermarmatonen Gruppen
(Pennsylvanian System) in Kreis Bates und in Teilen der Kreise Vernon
und Henry, Missouri, sind hier ausfilihrlich beschrieben. Die Unter-
suchung schliesst ein jenen Teil des angesteztes Gebietes das von
Kansas-Missouri Grenze 8stlich zu dem Kreis Henry, Missouri, bis auf
einen Abstand von ungefdhr 72,5 Kilometer hinreicht.

Diese Pennsylvanian Schichten kommen in zyklischen Folgen oder
""cyclothems' vor und bestehen aus verh#ltnismassig diinnen Schichten
von Kalkstein, Tonschiefer, Sandstein und etwas Kohle, Unterton und
Konglomerat. Die meisten Geologen betrachten die Mehrheit der
Schichten, besonders die Kalksteine, die Kohle, die Untertone und
einige der Tonschiefer, als weitverbreitete Ablagerungen, die in
""Mid~Continent" und in "Eastern Interior'" der Vereinigten Staaten
vorkommen. Jedoch einige bedeutende zyklische Schichten in westlichen
Missouri sind abwesend. Andere Ablagerungen sind durch seitlichen
Abidnderungen der Litholqgie und Machtigkeit charakterisiert,

Der Verfasser schlagt vor dass der ungleichfdrmige Boden des
damaligen Sees durch Anschwemmung die Ablagerungen geZndert und
so die Lithologie and die Machtigkeit der Lagerung beeinflusst hat.

Die geologische Kartierung hat mehrere nordwestlich streichende
Strukturen konstatiert, Die bedeutendeste Struktur ist als die
"Schell City=~Rich Hill" Schwelle bezeichnet worden. Bedeutende
Knderungen des physikalischen Karakters von einigen Ablagerungen in
der Nihe der Struktur sind erdrtert und ausfiihrlich diskutiert, Der
Verfasser schligt vor das die Schell City~Rich Hill Schwelle w#hrend
der pennsylvanianischen Periode am wenigsten sich in Bewegung
gesetzt hat und diese Bewegung die Anschwemmung der Sedimente

beeinflusst hat.

Verschiedene Paldosedimentologische Karten, die die Pal&dogeo-
graphie des Gebeites wZhrend der Anschwemmung der Formation Verdigris
und einen Teil der Bandera und Altamont Formationen erlautern, sind

hier eingeschlossen.
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TINTRODUCTION
Purpose of Investigation

The major purpose of this dissertation is to describe in detail
the stratigraphy of the upper Cherckee and lower Marmaton groups of the
Middle Pennsylvanian, Desmoinesian Series in a portion of western
Missouri.

The stratigraphy of the upper Cherokee and lower Marmaton groups
in areas of Kansas west of the project area has been studied by
several workers., The most recent contributions have been by Jewett
in 1941 and 1945, and by Howe in 1956,

Detailed geclogical mapping also has béen completed under the
direction of the Missouri Geolongical Survey in areas to the east of
the project area., Most of the work in this area has been in Henry
and Johnson Counties and was done by students from the State Universi-
ties of Iowa and Missouri (Henderson, 1956; Smart, 1957; Hover, 1958;
Carver, 1959; and Kinsley, 1960).

By comparison, very little detailed stratigraphic work has been
done in the intervening area of western Missouri where this study is
centered.

Minor objectives in the order of decreasing importance are (1)
to correlate units across the area (2) to describe briefly the major
structural features (3) to attempt to determine to what degree, 1if

any, structure has affected sedimentation. This investigation may

serve as an example of the feasibility of combining three somewhat

complimentary approaches to the study of Pennsylvanian strata -



stratigraphy, sedimentation and structure,

Location and Extent of the Area

Rocks belonging to the upper Cherokee and lower Marmaton groups
are exposed in a belt which crosses western Missouri in a northeast-
southwest direction. The outcrop belt of these rocks ranges in
width from 15 to 20 miles., That portion of the belt from the Kansas-
Missouri line to a few miles east of the Bates - Henry County line,
ar outcrop distance of 45 miles, will be discussed in this report
(Figure 1). It includes most of Bates County, northwestern Vernon
County and a small portion of western Henry County. This region will

be called the Bates County area in this dissertation.

Method of Study
This investigation is primarily a study of outcrops and artifi-
cial exposures in coal strip mines. Subsurface data was used to a
lesser extent particularly where cores were made available by the
construction of a complex system of Minuteman missile sites by the
United States Air Force.

The area was geologically mapped on a formational basis using

7% minute topographic maps as a base. This information was trans-

ferred to a map scale of 1 inch = 1 mile (Plate 1.

The major part of the field work was done during the summers
of 1960 and 1961, but field work was begun in May, 1960 and carried

on intermittently until its completion in November, 1963.
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PREVIOUS WORK

The earliest systematized geological reconnaissance of western
Missouri was completed in 1873 by G. C. Broadhead and C. J. Norwood
of the Missouri Bureau of Geology and Mines, now the Missouri
Geological Survey and Water Resources. These early workers were
primarily interested in determining the rock succession and in
evaluating the mineral wealth of the region. The necessity of work-
ing out the rock succession which enabled them to calculate reserve
tonnages of coal, limestone, etc., was fully realized by Broadhead,
Norwood and other early workers,

Broadhead and Norwood gave special attention to the thick beds
of coal which underlie western Missouri. These they placed in the
Lower and Middle Coal Measures. The Rich Hill area of southern
Bates and northern Vernon counties became, a few years later, the
major coal producing field in the state. The thick coal beds of
this area were named the Marais des Cygnes coal by Broadhead (1873,
p. 124). The name was later abandoned partly because it had been
applied indescriminately to more than one coal bed of the Lower
Coal Measures,

Broadhead also named the Mulberry coal bed which is exposed
along Mulberry Creek in western Bates County (1873-1874, p. 156).
Nevertheless, Broadhead and other early workers proposed very few
Beds were designated by numbers that referred them to various

names.

generalized sections. Broadhead numbered the stratigraphic units

of the Pennsylvanian from 1 to 284. In 1898, Broadhead revised this



7

section and renumbered the units 1 to 224, but very few units were
given geographic names.

The application of names to various rock units has been a
matter of gradual development. The most prominent scarp forming
limestones were among the first units to receive geographic names,
examples being the Fort Scott, named in 1866, and the Pawnee, also
named in 1866. In many instances limestones were named after towns
where the stone was quarried for commercial uses, With the develop-
ment in the latter half of the 19th century of the coal mining
industry in southeastern Kansas and western Missouri mineable coals
were given names. Some coal beds were named after towns or other
geographic features which were well known. Nevertheless, most of
the names applied to coal beds were non-geographic descriptive terms
which are not recognized in formal stratigraphic classification;
examples are "one-foot'" coal, "pilot" coal and '"ten-inch'" coal.

During the 1890's and early 1900's work concerning the strati-
graphic classification of the Pennsylvanian rocks of Kansas were

accelerated by members of the newly reorganized Kansas University

Geological Survey. Several reports were published which dealt with

the Pennsylvanian stratigraphy of eastern Kansas. The work of
Erasmus Haworth who was assisted by Bennett, Kirk, and others is of

outstanding importance. Under Haworth's guidance a number of east-

west cross sections of the Pennsylvanian strata of eastern Kansas
were constructed and many stratigraphic units were traced in recon-

naissance mapping. This work led to the introduction of many new



stratigraphic terms and resulted in a classification in which all
Pennsylvanian deposits were assigned to subdivisions. (Haworth 1894,
1895, 1896, 1898; Haworth and Kirk, 1894 ; Haworth and Bennett, 1908),
Several formatiomal or group names now used in western Missouri were
introduced by Haworth and associates at this time. Ry the turn of
the century most of the names of the major divisions of the Pennsyl~-
vanian had been introduced.

Between the years 1910 and 1915 the State Geological Survey of
Missouri and the United States CGeological Survey cooperated to publish
two important contributions to the knowledge of Pennsylvanian deposits.
Hinds, in 1912, published an economic report on the coal resources
of Missouri which included detailed information on the coal fields of
Bates and Vernon Counties. Hinds and Greene in 1915 published on the
Pennsylvanian stratigraphy of Missouri. The major objective of this
work was to trace the Penmnsylvanian outcrops across Missouri and to
correlate them with sections in Iowa and Kansas. The classification
developed in Kansas and published by Haworth and Bennett in 1908 was
used but certain major rock units were subdivided and names adopted
from Missouri localities. The work of Hinds and CGreene was accompa-

nied by paleontological discussions on invertebrates by Girty and

plants by White.
Greene and Pond in 1926, described the geology and economic re-

sources of Vernon Courty. A detailed study was made of the Cherokee

and Marmaton groups. Names were tentatively proposed for several

widely-present stratigraphic units of the Cherokee shale but the



names proposed by Greene and Pond have been abandoned in formal
stratigraphic classification because previously named equivalents
have been recognized in other areas.

The concept of cyclical deposition, introduced by Weller in
1930, has strongly influenced the stratigraphic classification of
Pennsylvanian rocks in at least two ways: (1) The introduction of
this cbncept made geologists realize as mnever before that many of
the units were persistent over wide areaz of the Mid-Continent and
the Eastern Interior regiors of the United States. The widespread
extent of many thin but sigrificant units has resulted in the intro-
duction of many new names. (2) The concept of cyclical deposition
has led to the grouping of similar sequences of cycles of beds.
Many of the cycles have received formal names.

The leading student of cyclical deposition for many years in
Kansas was R. C. Moore. The results of his work established the
difference between sedimentary cycles in Kansas and Illinois (1932,
1936).

Pierce and Courtier in 1937, reported on the geology and coal
resources of the Southeastern Kansas coal field. The major strati-
graphic units, particularly the ccal beds, were correlated between
southeastern Kansas and the section as redognized by Creene and Pond

in Vernon County. Pierce and Courtier formally named several wide-

spread units of the Cherokee shale, among them the Mineral coal,

Croweburg coal, Fleming coal and the Breezy Hill limestone., A section

on the invertebrate fauna of southeastern Kansas by James Williams
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was included in the report.

In the five~year peried from 1940 to 1945, three important
papers were published which dealt with the Marmaton group of Kansas
and Missouri. Jewett in 1941, traced individual lithologic units
of the Marmaton group from the Oklahoma~Kansas border into Bates
County, Missouri. Formal names were proposed for several of the
units and included among others the Little Osage shale member, Anna
shale member, Mine Creek shale member and the Lake Neosho shale
member. Jewett also designated as the type section of the Worland
limestone exposures near the town of Worland in western Bates County.
In a report published in 1945, Jewett discusses in detail the stra-
tigraphy of the Marmaton group.

Cline in 1941, traced the beds of the upper Desmoinesian and
lower Missourian Series from western Missouri into Iowa. He proposed
formal names for several limestone units of the Marmaton group.
Among the names proposed by Cline are the Blackjack Creek, Higgins-
ville, Myrick Station, and the Coal City limestone,

The work of Cline and Jewett described in detail the stra-
tigraphy of the Marmaton group and helped to establish correlation
between Kansas and Missouri of the individual limestone and shale
members of this group.

Geologists from the states of Kansas, Oklahoma, Nebraska,
Missouri, and Iowa have recognized for years the need for a uniform
system of nomenclature and classification of the Pennsylvanian rocks

of the Mid-Continent area. Nevertheless, until 1947, meetings be-
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tween the geologists of the Mid-Continent states to establish uni-
formity of classification were of limited nature. On May 5-7, 1947,
representatives of the Iowa, Kansas, Missouri, and Nebraska Geological
Surveys met at Lawrence, Kansas for the purpose of establishing
interstate correlation of the major and minor divisions of Pennsyl-
vanian rocks of the Mid-Continent region. At this meeting the name
Marmaton was officially adopted for the strata from the base of the
Blackjack Creek limestone to the disconformity that marks the upper
limit of the Desmoinesian Series, C(lassification of the Marmaton
group was based largely on the work of Jewett. The term Henrietta
‘which had been in use in Missouri for rocks of a similar stratigraphic
position was abandoned. The classification and nomenclature of the
Chefokee group was not reviewed at this meeting.

The results of the Lawrence Conference are contained in a re-
port by Moore (1948). A publication by Greene and Searight in 1949,
embodies the classification of the post-Cherokee rocks of Missouri
in accordance with this interstate agreement.

Cline in 1950, conducted a stratigraphic and faunal study of

the upper Marmaton and lowermost Pleasanton groups from Bates County,

Missouri to Appanoose County, Iowa. Cline introduced the name Amoret

for exposures of limestone near Amoret in western Rates County.

An interstate meeting similar in purpose to the Lawrence con-
ference was held at Nevada, Missouri om March 31 and April 1, 1953.
This meeting was called primarily to reach an agreement on the inter-

state classification and nomenclature of the Cherokee rocks of the
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Mid-Continent area. Representatives from the states of Towa, Kansas,
Missouri, Nebraska, and Oklahoma were in attendance.

The representatives at the Nevada Conference divided the strata
composing the Cherckee group into formations. With only a few excep-
tions, the limits selected included the beds from the top of a coal
bed to the top of the next higher coal. Coal beds were selected as
a basis for formational division because they are the most persis-
tent units in the succession. Although this type of division does
not show the best genetic relationship pertaining to cyclic deposits,
it is considered best for classifactory purposes. Formations were
named after the previously named lithologic unit in the formation
which was judged to be the most prominent, regardless of lithology.
The majority of the formations of the Cherokee group are named after
coal beds because they are considered to be the most prominent units.

The results of the Nevada Conference are summarized by Searight
(1953, p. 2747, 2748; 1955, p. 9).

Howe (1956) described in detail the Cherokee group of south-
eastern Kansas and correlated the individual strata with those in
ad jacent areas of Oklahoma and Missouri. The system of classifica-
tion adopted at the Nevada Conference was followed by Howe with
only minor modificaticns.

Hover in 1958, reported on the geology of the Johnstown-
Creighton area in western Henry County, Missouri.

Jefferies in 1958, traced the beds of the .Fort Scott and

Labette formations from Fort Scott, Kansas to southeastern Iowa.
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Jefferies described about 10 stratigraphic sections from the Bates
County area.

Hoare,in 1961, studied the brachiopod and molluscan fauna of
the Atokan and lower Desmoinesian rocks of southwestern Missouri.
Hoare, worked with specimens predominately from the upper Krebs and
lower Cabaniss subgroups.

The most recent description and classification of the Cherokee
and Marmaton groups in Missouri was by Searight in 1961. Searight
in this report subdivides the Marmaton group into the Fort Scott and
Appanoose subgroups. The Blackjack Creek, Little Osage and Higgins-
ville members of the Fort Scott are raised to formational rank.

Bebout in 1963, made a systematic study of the fusulinids of
the Desmoinesian Series of Missouri., Bebout's work showed that the
upper Cherokee and Marmaton groups could be subdivided on the basis
of fusulinid assemblages.

Wanless, in 1963, published the results of paleogeographic
studies of selected cyclothems in the Illinois Basin and their
correlatives in the upper Cherokee and lower Marmaton groups of
Missouri, Kansas and Oklahoma. Regional distribution patterns of
the lithologic types composing a cyclothem were reconstructed on

sets of environmental maps. The bed by bed environmental mapping

of cyclothems by Wanless and others has produced the following re-

sults: (1) It has contributed much toward a better understanding

between the regional relationships of the various lithologic types;
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and (2) it has aided considerably in explaining the conditions of
origin of most types of strata involved in cyclic sedimentation.

In conclusion, the nature of Pennsylvanian rocks makes them
particularly difficult to classify. The widespread areal extent of
extremely thin but significant units has resulted in the introduction
of numerous names. Moreover, similar lithologies recur several
times at different positions in the stratigraphic column. This has
led to numerous miscorrelations particularly between adjacent states
where correlations have been made on an individual basis., The geo~-
graphic proximity of western Missouri to Kansas has made this area
particularly susceptible to classifactory problems resulting from
the establishment of provincial boundaries.

Comparatively recent conferences between several states of the

Mid-Continent have alleviated this problem to a considerable degree

but much remains to be done.
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PHYSTOGRAPHY

Topographically the Bates County area consists of a series of
relatively level plains or platforms. Each plain lies at a succes-
sively higher elevation than the underlying plain and has been
developed on the relatively soft shales and sandstones which occupy
the stratigraphic interval between resistant beds of escarpment-
forming limestones.

Marbut (1896, pp. 14-109) was first to name the major physio-
graphic features (Figure 2). Hinds and Greene (1915, p. 4) included :
the Bates County area in the Scarped Plains region and with only
minor modifications adopted the physiographic classification devel-
oped by Marbut.

Fenneman (1938, p. 613, plate VI) included most of western
Missouri south of the Missouri River in the Prairie Plains of
Oklahoma and Kansas. Nevertheless, Fenneman applied the names in-
troduced by Marbut to the major physiographic features.

The lowest surface, or Nevada Plain, has been developed on
the less resistant shales and sandstones of the Cherokee group and
lies at 700 to 750 feet altitude.

Overlying the Nevada Plain is the Henrietta escarpment which
is the major physiographic feature in the Bates County area. It
northwestern Vernon County from Kansas just north of the

enters

Little Osage River and trends irregularly northeastward across Bates

County into St. Clair and Henry counties.

The Henrietta escarpment and similar features of this area
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have been produced by the erosion of Pennsylvanian strata of unequal
resistance. The Henrietta escarpment consists of several relatively
thick beds of limestone and interbedded shale that comprise strati-
graphically the lower part of the Marmaton group. The Higginsville
limestone which attains thicknesses of 20 feet is the major scarp
producing limestone; however, in many places the upper part of the
escarpment is formed by limestone of the Pawnee and Altamont forma-
tions.

The Henrietta escarpment has been modified in some areas of
Vernon and Bates County by broad northwestward trending structural
folds. The steeply dipping southwestern limb of some of the larger
folds are visible along the escarpment as straight northwestward
trending ridges (see geologic map Plate 1).

The plain developed on the Henrietta escarpment is gently
rolling in contrast to the Henrietta escarpment which is strongly
dissected by the deep valleys of streams. This surface has been
developed on the soft shales and sandstones of the upper Marmaton
and Pleasanton groups. It is known as the Warrensburg plain and
lies between 825 and 875 feet altitude.

The Bethany Falls escarpment crosses the northwestern part of
Bates County and is formed by the resistant limestones of the

Kansas City group.

The Lathrop plain has been developed on the upper surface of the

Bethany Falls escarpment. The average altitude of the Lathrop plain

is about 1000 feet.
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The major part of Bates County is drained by the Marais des
Cygnes River. This river and other major streams of the region have
features suggestive of late maturity to old age development . The
flood plains are several miles wide and are characterized by shifting
meander belts and cut off meanders which have formed numerous oxbow
lakes.

The volume of water carried by the streams is not in accord
with the width of their flood plains. Branson (1944 p. 355) was of
the opinion that the downstream portions of the drainage system were
rejuvenated during the Ozark uplift. The rejuvenation of this Ozark
region would have the same effect as a general rise of base level
with the result that aggradation would take place in the upstream

portions of the drainage system.
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LITHOLOGIC TYPES AND ENVIRONMENTS OF DEPOSITION

The Pennsylvanian strata of western Missouri consist of beds of
shale, limestone, sandstone and minor amounts of coal, underclay and
conglomerate,

Except in rare instances, beds which contain marine fossils are
considered to be marine in origin. These include most limestone and
some shale and sandstone beds. The coal, underclay and conglomerate
beds are considered to be almost wholly non-marine in origin. A few
sandstone, shale and limestone beds are gradational both vertically
and horizontally between deposits of marine and non-marine origin.
Moreover, the lithologic types composing a particular sequence of beds
probably were formed in a variety of marine and non-marine environ-
ments which includes lakes, bays, marshes, deltas, lagoons, tidal flats,
river channels and shallow marine seas. Heterogeneous lithologies
formed under a variety of environments is one of the most character-
istic features of Pennsylvanian rocks.

The repetition of similar lithologic types at different strati-
graphic position suggests that similar environmental conditions recurred
repeatedly throughout Pennsylvanian time.

A brief summary of the physical properties and probably environ-

ments of deposition of the major lithologic types is as follows :

Sandstone
The sandstones are variable in appearance and are probably

products of several different environments. A few of the sandstones

contain marine fossils and are almost certainly representative of a
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near shore environment. This is particularly true where the sand-
stone is calcareous and nodular.

Most of the sandstones contain only plant fragments and are
probably of deltaic or continental origin. Some sandstones are
channel-filling.

The sandstones are commonly fine-grained, micaceous and slight-
ly ferruginous. The bedding varies from thin and shaly to massive
and cross=-bedded. The composition is predominately quartz with minor
amounts of rock fragments and feldspar. Krumbein and Sloss (1963,

p. 134) consider sandstones such as these to be subgraywackes.

Facies changes from shale into sandstone are common. The
nature of the gradation from shale into sandstone is revealed best
from a study of available test drill cores. In many of the cores the
underlying gray shale is interrupted, going upward, by a few thin
siltstone or very fine-grained sandstone laminae one-sixteenth to
one-fourth inch thick., Higher in the core the laminae become thicker
and more abundant until the rock grades into fine-grained sandstone
‘with thin shale interlaminations. Still higher, the rock is more or

less a uniform sandstone. Other sandstones show relatively abrupt

contact between the sandstone and underlying shale.

Underclay

Underclay is one of the most characteristic members of Penn-

sylvanian deposits. It commonly lacks bedding and is cut by numerous

small slickensides. When struck by the pick it breaks out into angu-

lar particles. Many underclays contain compressed carbonized root
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markings and small lenses of vitrain, Underclays may be silty or
arenaceous and grade into the underlying material which is generally
shale or nodular limestone. TIn places where the underclays are
arenaceous they commonly contain well-preserved casts of Stigmaria.
Underclays are composed predominately of kaolinite, illite and
mixed-layer illite-montmorillonite (Tennissen, 1963, p. 172).

There is no relationship between the thickness of the under-
clay and the overlying coal beds. Underclay almost always occur
with coal beds, but may be present where coal beds are absent.

The origin of underclays is in doubt!but most evidence indicates

that they are fossil soils developed in a swampy environment.

Twelve different coal beds or coal horizons occur in the lower
Cherokee and upper Marmaton rocks in the Bates County area of western
Missouri. With the probable exception of the Croweburg coal all
vary considerably in thickness and some pinch out or otherwise dis-
appear in certain areas. At least one of the coals thickens locally
to over 4 feet. The coals vary from bright and blocky to dull and

thin-bedded., The thicker coals are sub-bituminous in rank and are

composed of interlaminated vitrain, clarain, and fusain. In most

places the coal contains pyrite either in the form of lenticular nod-

ules or as fillings along joint planes. A white film of calcium

sulphate is frequently observed on the exposed surface of the coal.

Most Pennsylvanian coals are considered to be autochthonous and

to have formed in a marshy or swampy environment. Vegetable matter
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which accumulated as peat was later transformed into coal.

Conglomerate

Thin beds of conglomerate of very local extent have been ob-
served at several stratigraphic positions. The conglomerate occurs
as thin lenses that are from a few inches to 3 feet thick. The
particles range in size from granular to pebbles and are held in a
sandy matrix. They are composed predominately of rounded to subrounded
pieces of limestone and in some places the limestone particles are
almost entirely made up of the coral Chaetetes. Minor constituents
are coal, shale and sandstone. The lenses of conglomerate occur in the
non-marine part of the cyclothem and are considered to have been de-
posited by streams of fairly high competency. A study of the size of
component, sedimentary structures, and limited lateral persistence of
any particular conglomerate lens indicates that current action varied
greatly in intensity over relatively small areas.

These conglomerates are of particular interest because they
occur interbedded in a sequence of strata which was deposited in a low

energy environment. The clastic particles forming the overlying and

underlying strata are rarely larger than fine sand and are composed
predominately of mature sediments derived from distant source areas of

the northeastern United States, the Canadian Shield, the Nemaha

Structural Belt of Kansas or the QOuachita Mountain area.
The constituents forming the conglomerate are commonly 3 inches

in diameter. The immaturity of these conglomerates is indicative of

a local source area. A likely supposition is that local positive areas
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were active and undergoing erosion during deposition of the non-

marine part of the cyclothem.

Shale

Shale is the most abundant lithologic type in the Bates County
area of western Missouri and is found in the stratigraphic section
at all horizons. It is mostly light to medium-gray and weathers out
as small brown chips which cover the slopes of the outcrop. In
most localities the shale is arenaceous.

The shale beds or lenses probably were deposited under a
variety of environmental conditions. A few of the shale beds contain
abundant brachiopods and most certainly were deposited in a marine en-
vironment. Most shale beds are non-fossiliferous and grade in some
places from shale to silty shale to sandstone. These may have been

deposited under marine, near shore, or continental conditions.

Phosphatic Shale

The phosphatic shale beds are in most places black and laminated
or fissile in character. The shale splits readily into thin sheets and
has been called by miners 'paper' shale. These shales contain small

phosphatic concretions which are usually flat to irregular-shaped.

Frequently the phosphatic concretions are coalesced into lenses. Sphe-

roidal phosphatic concretions as large as 1 1/4 inches in diameter are

a common occurrence in the Lake Neosho shale member and occur locally

in the Anna shale member. Many of the phosphatic concretions have a

hollow center and are presumed to have formed around air bubbles.
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Some workers are of the opinion that the phosphatic concretions are
the fecal pellets of fish or other organisms. The phosphatic con-
cretions commonly weather out of the black, fissile shale and cover the
slopes of the outcrop.

Larger concretions, some of which are 3 feet in diameter, occur
in places where the phosphatic shale is well developed. These con-
cretions vary in shape from spheroidal to triradiate. Frequently,
two concretions coalesce and form a skull or dumbbell-shaped concre-
tion, These larger concretions are composed of finely crystalline,
dark-gray limestone which breaks with a conchoidal fracture. Most of
them contain a molluscan fauna but some are unfossiliferous.

Conodonts, crushed gastropods and QOrbiculoidea are the fossils

most frequently observed in the black, fissile shale beds.

The phosphatic shales, where black and fissile, were probably

formed in a restricted marine or lagoonal environment., According to

Payton (1959, p. 177) the environment of deposition of the black,
fissile shales seems to be most closely allied to tidal flat deposits,
the sediments having accumulated in both regressive and transgressive
seas.

In much of the Bates County area the black, fissile shales

are replaced by greenish-gray shales which contain a few small

irregular-shaped phosphatic concretions. It is assumed that these

shales were formed under less restricted marine conditions.

Limestone

The physical and faunal characteristics of the limestone beds
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vary considerably and indicate that they are products of several
different environments. The thin, dark-gray, abundantly fossilif-
erous limestones which overlie most of the coal beds are known as

" " limestones. In most outcrops they are separated from the coal

cap
by a few inches of dark-gray or black shale but at some exposures the
limestone is gradational downward into the coal. The '"cap'" limestones
are argillaceous, ferruginous and have the characteristic of weather-

ing to a deep reddish-brown. Most of the ""cap" limestones are

abundantly fossiliferous with brachiopods belonging to the genera

Desmoinesia% Mesolobus, Derbvia, and Crurithyris. Desmoinesia

muricatina is particularly abundant in the limestones overlying the
Mineral and Robinson Branch coal beds.

Aside from the thin limestones which overlie the coal beds, there
are nodular limestones, arenaceous limestones, sideritic limestones,
conglomeratic limestones and fairly pure limestones containing abundant
fusulinids and Chaetetes. Each lithologic types represents a partic-

ular environment. Most are marine but a few unfossiliferous nodular

limestones may be non-marine.

1Hoare in 1961, erected the genus Desmoinesia to contain
specimens which had previously been included under the genus

Marginifera.
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DESCRIPTIVE STRATIGRAPHY
Pennsylvanian System

The exposed rocks of the Bates County area of western Missouri
belong to the Desmoinesian Series of the Pennsylvanian System. The
Cherokee and Marmaton groups are the major rock groups which repre-
sent this Series in Missouri. The subdivision of the Desmoinesian
Series as recognized by the Missouri Geological Survey (Searight
1961, pp. 81-95) is shown in figure 3l. The rocks from the top of the
Mineral formation to the top of the Altamont formation are discussed

in this report.

Desmoinesian Series

The name Des Moines formation was introduced by Keyes (1893,
p. 100) for exposures along the Des Moines River in Iowa. Keyes did
not designate precise stratigraphic boundaries but three years later
in 1896 (p. 22) he indicated that the term applied to beds between
the top of the Mississippian limestone and the base of the Bethany
[Hertha] limestone of the Missouri Series.

For many years the name was applied to approximately the same
succession of rocks as had been proposed by Keyes; however, later

workers realized that in some areas of the Mid-Continent rocks of

l The writer has not capitalized the lithologic part of a rock-

stratigraphic name or the words group, formation, member, lens or
bed. This procedure is in accordance with the present policy of the

Missouri Geological Survey (Koenig, 1961, p. 151).
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unnamed formation

Missourian
Series
Pleasanton

group

Holdenville formation
Lenapah formation
Nowata formation
Altamont formation
Worland member
Lake Neosho member
Amoret member
Bandera formation
Bandera Quarry member
(Mulberry coal)
Pawnee formation
Coal City member
Mine Creek member
Myrick Station member
Labette formation
(Lexington coal)
(Alvis coal)

Appanoose
subgroup

Marmaton group

Higginsville formation
Little Osage formation
Houx member
(Summit coal)
Black jack Creek formation

Cygnian Stage
Fort Scott
subgroup

Excello formation
Mulky formation

Breezy Hill member
Lagonda formation

(Squirrel sandstone)
Bevier formation
Verdigris formation

(Wheeler coal)

Ardmore (Verdigris) member
Croweburg formation
Fleming formation
Robinson Branch formation
Mineral formation -
Scammon formation
Tebo formation
Weir formation

Pennsylvanian System
Desmoinesian Series

Cabaniss subgroup

Cherokee group

Seville formation

Blue jacket formation
Drywood formation

Rowe formation

Warner formation
Hartshorne (?) formation

Venteran Stage
Krebs subgroup

Riverton formation

Atokan
Series

Figure 3, Subdivisions of the Desmoinesian Series
in the Mid-Continent area.
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Desmoinesian age were not always underlain by rocks belonging to the
Mississippian System but (1) rocks of Desmoinesian age lie with
angular unconformity on rocks older than Mississippian (Moore 1948,
P. 2020) or (2) they rested on older Pennsylvanian rocks belonging
to the Atokan Series (Thompson, 1953, p. 321; Searight, 1955, p. 30;
Searight and Palmer, 1957, P. 2127). Nevertheless, the Des Moines
as used in most areas of Missouri and Kansas until 1932 included rocks
from the well-marked unconformity at the top of the Mississippian
limestones to the base of the sequence of limestones in the lower
part of the Missourian Series. Rocks of this interval are ineclud-
ed today in the Cherokee, Marmaton and Pleasanton groups.

Moore (1932, p. 89) lowered the upper boundary of the Des-
moinesian Series to the disconformity at the base of the Pleasanton
group, thus, removing this group from the Desmoinesian Series.

The term "'Des Moines" was changed to ''Desmoinesian' by the
Lawrence Conference in 1947 (Moore, 1948, p. 2020).

The Desmoinesian series as recognized by the Missouri
Geological Survey includes all the rocks from the base of the Cherokee

group to the unconformity and faunal break which marks the top of

the Marmaton group (Searight, 1961, p. 81).

Cherokee group

Haworth and Kirk (1894, p. 105) gave the name Cherokee shale
to the thick shale and sandstone series lying above the Mississippian
rocks and below the Oswego (Fort Scott) limestone. The type locality

is in Cherokee County, Kansas.
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This designation has been retained with the exception of the
McAlester basin (Taff and Adams, 1900, p. 273) and parts of south-
western Missouri (Thompson, 1953, p. 321; Searight and Palmer, 1957,
P. 2127). 1In the latter area rock belonging to the Atokan Series fill
sinkholes eroded into the limestones of the Mississippian System.

Moore (1949, p. 37,38) raised the Cherokee shale to group
status in Kansas. The designation has been followed by other Mid-
Continent states.

The present classification of the Missouri Geological Survey
places into the Cherokee group all the beds lying below the base of
the Blackjack Creek limestone formation and above the base of the
Hartshorne(?) formation (Searight, 1961, pp. 81, 82, 84).

The Cherokee group is subdivided into two subgroups the Krebs
and Cabaniss. Rocks belonging to the Krebs group crop out southeast

of the project area and, consequently, are not discussed in this

report.

Cabaniss subgroup
The term Cabaniss was introduced by Oakes (1953, p. 1525, 1526)
for exposures between the top of the Krebs subgroup and the base of
the Marmaton group in the McAlester basin of southeastern Oklahoma,
The name is derived from the town of Cabaniss, Oklahoma.
The Nevada Conference (Searight and others, 1953, p. 2748)

divided the Cabaniss subgroup into twelve formations only the top

eight of which will be discussed in the report. They are in ascend-

ing order the Robinson Branch, Fleming, Croweburg, Verdigris, Bevier,
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Lagonda, Mulky, and Excello,

Robinson Branch formation

Name =~- The Robinson Branch formation was designated by
Searight and others (1953, p. 2748) as including the beds from
the top of the Mineral coal to the top of the Robinson Branch coal.
The formation derives its name from a coal bed which was formerly
strip mined along Robinson Branch, northeast of Walker, Vernon
County, Missouri. The type locality is in the SW% sec. 2, T. 36 N.,
R. 30 W. (Searight, 1955, p. 39).

Description =-- The Robinson Branch formation averages about
10 feet in thickness but locally in east-central Bates County it
thins to a few inches (Plate 2),

The lower part of the Robinson Branch formation is quite
variable lithologically from place to place. Four different litho-
logic types have been recognized directly overlying the Mineral coal

and include: (1) black, fissile, non-calcareous shale containing

phosphatic concretions (Plate 2, Section 10); (2) black, platy,

calcareous shale (Plate 2, Section 1); (3) dark-gray to black,

thin-bedded, argillaceous limestone containing abundant Desmoinesia

muricatina (Dunbar and Gondra) (Plate 2, Sections 7, 12); and (4)

dark-gray, non-calcareous, flaky shale (Plate 2, Section 8). Litho-

logic types designated (2) and (3) have been observed to grade into

each other laterally and have the characteristic of grading verti-

cally into the top of the Mineral Coal. The Mineral coal is the

top unit of the underlying Mineral formation. It is over 4 feet thick
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in the Rich Hill district and was extensively mined before the turn
of the century. In former times this coal was known as the lower
Rich Hill.

A few inches to several feet of dark-gray, flaky shale over-
lies one of the four lithologic types previously mentioned. Near
the center of this dark-gray, flaky shale is a thin zone of lime-
stone nodules mixed with clay matrix (Plate 2, Section 2). This
stratigraphic position is occupied by a sandstone bed in western
Henry County, (Plate 2, Section 10) and in the subsurface in the
vicinity of Rich Hill (Plate 2, Section 4). It appears that the nod-
ules of limestone when traced laterally grade into the sandstone.

The Robinson Branch coal is the upper unit of the formation.
It is underlain by an underclay which is poorly developed locally.

The Robinson Branch coal varies considerably in thickness through-

out western Missouri., It is 2 feet thick in the Rich Hill district,

(Plate 2, Section 3), and is strip mined in tandem with the Mineral

coal. The Robinson Branch coal was formerly known as the upper Rich

Hill. Variations in thickness from 2 feet to a smut have been
observed in a lateral distance of a few feet along the highwall of

coal strip mines (Plate 2, Section 1). The Rcbinson Branch coal

commonly is coated with the white fiberous mineral melanterite (Fe
SOy . 7Hy0).
Stratigraphic relationships -- The Robinson Branch formation

is overlain by the Fleming formation and underlain by the Mineral

formation. All three formations are cyclic sequences which are in
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many ways lithologically and paleontologically similar to each other.
The lower boundary of the Robinson Branch formation which has been
placed at the top of the Mineral coal is relatively sharp. The Min-
eral coal has been recognized to persist throughout most of the out-
crop distance from Kansas to western Henry County, although the thick-
ness varies considerably from place to place.

The upper boundary of Robinson Branch formation lies at the
top of the Robinson Branch coal and below the Fleming formation.
Northeastward along the outcrop belt from Rich Hill the Robinson
Branch coal thins to a smut or in some places is absent. At these

places the stratigraphic boundary must be inferred from the position

of the associated strata.

Fleming formation

Name -- The Fleming formation derives its name from the Flem-
ing coal bed (Pierce and Courtier, 1937, p. 73). The Fleming coal
and associated coal beds were well exposed in strip mines just north
of the village of Fleming in southern Crawford County, Kansas,
between the towns of Pittsburg and Cherokee. The formational bound-
aries were designated by Searight and others (1953, p. 2748) as
including beds from the top of the Robinson Branch coal bed to the
top of the Fleming coal bed.

Description -= Tﬁe Fleming formation is about 7 feet thick
in northwestern Vernon County but thickens to over 45 feet in the Rich
Hill District of south-central Bates County (Plate 2, Section &4).

Northeastward from Rich Hill it thins irregularly and is about 5 feet
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thick in western Henry County.
The bottom part of the Fleming formation is composed of

several inches to 2 or 3 feet of black, platy shale which grades into

thin-bedded, argillaceous limestone containing abundant Desmoinesia
muricatina (Dunbar and Condra). Other fossils include Lingula,
bryozoans, echinoid spines and sparse gastropods. This black, platy
shale sometimes grades downward into coal. This characteristic makes
it difficult to remove it from the coal during mining operations.

The strata of this position are quite similar in places to those
overlying the Mineral coal and may be confused with the result that
the Robinson Branch coal is miscorrelated with the Mineral.

In northwestern Vernon County a few inches of black shale
containing irregular-shaped phosphatic concretions overlies the
Robinson Branch coal (Plate 2, Section 1, 2),.

The middle part of the Fleming formation consists of soft,
dark-gray shale which in north-central Vernon County contains abundant
flattened siderite concretions some 6 inches in diameter. A thick,
lenticular sandstone bed occupies this interval at Rich Hill (Plate
2, Section 4).

The Fleming coal which is the top of the Fleming formation is
poorly developed and is represented in most places in the Bates
County area of western Missouri by a coal smut or a thin bed of dark-
gray shale. The greatest observed thickness was 3 inches in north-
The Fleming coal where present is underlain

western Vernon County.

by a few inches of underclay.
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Stratigraphic relationships -~ The Fleming formation is under-
lain by the Robinson Branch formation and is overlain by the Croweburg
formation. The lower boundary is placed on top of the Robinson
Branch coal bed or coal horizon which is present in most areas, The
upper boundary is the top of the Fleming coal bed. The Fleming coal
bed is not present in many outcrops and where it is absent the upper

boundary must be inferred from the position of the associated strata.

Croweburg formation
Name =-- The Croweburg formation was designated by Searight
and others (1953, p. 2748) as including beds from the top of the Flem-
ing coal to the top of the Croweburg coal.
The formational name is derived from the Croweburg coal which
was named for exposures in strip mines about a mile east of Croweburg,
Crawford County, Kansas (Pierce and Courtier, 1937, p. 74).

Description =~ The Croweburg formation varies in thickness

from 7 to 20 feet and averages about 10 feet (Plate 2). It is thick-

est in south-central Bates County where the formation includes several
lenticular sandstone and shale beds (Plate 2, Sections 4, 5).

In most places the lower part of the Croweburg formation con-
sists of dark shales which grades laterally and vertically into thin
limestone beds that are similar lithologically and faunally to the
limestone beds overlying the Mineral and Robinson Branch coal beds.
These limestone beds are dark-gray, thin-bedded, argillaceous and con-

tain abundant Desmoinesia muricatina (Dunbar and Condra). The lime-

stones are ferruginous and weather to a dark reddish-brown. Other
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fossils observed in the lower part of the Croweburg formation include

Crurithyris, sparse numbers of linoproductids and fragments of other

productids.

Lenses of light-gray sandstone 2 to 10 feet thick overlie the
dark shales and thin limestone beds in the Rich Hill District of
south-central Bates County (Plate 2, Sections 3, 4, 5). The contact
between the sandstone and underlying shale is sharp in most places.
The sandstone is micaceous, cross-bedded, and locally calcareous.

The top surface is pitted with holes about one-half inch in diameter
and 1 inch deep. These features appear to have contained fossil root
material which has been weathered away. When traced along the outcrop
belt from the Rich Hill District to western Henry County and north-
western Vernon County the sandstone grades into greenish-gray clay
with nodules of limestone. The sandstone grades upward into shale or
the underclay of the Croweburg coal bed. The Croweburg coal bed is
very persistent and is about 1 foot thick. Because of its uniform
thickness it has been informally named by miners the 'one-foot'" or

"ten-inch'" coal bed. Nevertheless, in a few isolated outcrops the

Croweburg coal is characterized by variations in thickness and may
become thin-bedded and contain interbedded shale lenses.

Stratigraphic relationships -- The Croweburg formation is
underlain by the Fleming formation and overlain by the Verdigris forma-

tion. The upper boundary is placed at the top of the Croweburg coal

bed and the lower boundary on top of the Fleming coal bed. In places
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where the Fleming coal is absent the boundary is placed slightly be-
low the lowest thin limestone bed in what is believed to be the

approximate stratigraphic position of the Fleming coal bed.
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Verdigris formation

Namg -- The Verdigris formation was designed by Searight and
others, (1953, p. 2748) as including the beds from the top of the
Croweburg coal bed to the top of the Wheeler coal bed. The formation-
al name was derived from the Verdigris limestone which was so named
for exposures along the Verdigris River in Rogers County, Oklahoma.
Although no type section was designated the Verdigris limestone was
used as a marker bed by D. W, Ohen and C. D. Smith when compiling
a geologic map of Rogers County, Oklahoma. Their map is contained
in a report by E. G. Woodruff and C. L. Cooper, 1928.

The Verdigris limestone comprises the beds called Ardmore by
Gordon (1893, p. 20-21) in Macon County, Missouri. Although the name
Ardmore has precedence, thé name Verdigris has had wider usage and
for that reason was adopted at the Nevada Conference (Searight, 1953,
p. 2748). In the Bates County area of western Missouri the Verdigris
limestone has been called the Rich Hill limestone and the ''sump"
rock.

The Wheeler coal bed is the top unit of the Verdigris

formation. It was named by Weller, Wanless, Cline and Stookey (1942,

p. 1590) for exposures in southeastern Iowa. The Wheeler coal was

called the Williams coal in Vernon and Bates Counties (Greene and
Pond, 1926, p. 52).

The Wheeler coal in southwestern Missouri and southeastern

Kansas, was for many years considered to be the Bevier coal of north-

eastern Missouri.
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At the Nevada Conference (Searight and others, 1953, p.
2748) the name Bevier was restricted to the upper bench of a thick
coal at the type locality in Macon County, Missouri. The name
Wheeler was applied to the lower bench which is in most of Macon
County separated from the upper bench by a few inches of sandy clay.
It is now believed by the Missouri Geological Survey that the lower
coal or Wheeler coal is continuous into southwestern Missouri and
southeastern Kansas while the Bevier coal pinches out in the vicinity
of Henry County, Missouri. This view is not accepted by all members
of the Kansas Geological Survey (Hornbacker and Habib 1961, p. 76a).

Description -~ The Verdigris formation is 45 feet thick in
south-central and southeastern Bates County. It thins along the out-
crop belt to about 20 feet in northwestern Vernon County and is less
than 15 feet thick in western Henry County (Plate 3).

Lithologically, the Verdigris formation is extremely variable,.
The lower part is composed of several feet of gray, flaky, shale
which when traced northeastward along the outcrop belt from north-
western Vernon County thickens abruptly in the vicinity of Rich Hill
and the top part of the shale grades laterally into 6 feet or more
of fine-grained, micaceous sandstone (Plate 3, Sections 14, 15).
The sandstone grades upward into 2 or 3 inches of sandy to nodular
limestone containing abundant fragments of brachiopods of the genera

Mesolobus, Desmoinesia, Chonetinella and Eolissochonetes (Plate 3,

Sections 5, 14). Traced southwestward and northeastward along the

outcrop belt from south-central Bates County and north-central Vernon
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County the sandy or nodular limestone unit grades laterally into thin-

bedded to blocky, dark-gray limestone containing Mesolobus mesolobus

and Desmoinesia. It is overlain by about 2 or 3 feet of black, fissile

shale which contains abundant phosphatic concretions (Plate 3, Section
14). The black, fissile shale persists from the vicinity of Rich

Hill southwestward to beyond the Kansas State boundary (Plate 3,
Section 1). Northeastward from Rich Hill to at least as far as western
Henry County this interval is occupied by a few inches of greenish-gray
shale with irregular-shaped, phosphatic concretions.

The Verdigris limestone consists of two beds separated by shale
from approximately two miles southwest of Rich Hill to the Kansas State
boundary (Plate 3, Section 1, 13). The lower bed is dark-gray, jointed
and usually occurs as one bed which characteristically weathers to
large rectangular-shaped blocks. Locally it has been called the
"diamond" rock. The upper bed is light-gray, wavy-bedded and contains

Desmoinesia, and other brachiopods. The Verdigris limestone is

represented in south-central Bates County and north-central Vernon
County by over 5 feet of light-gray, thick-bedded, nodular limestone

which in some places contains numerous thin thanatocoenoses of fossil

fragments belonging mostly to the genera Mesolobus and Eolissochonetes

(Plate 3, Section 15).
The Verdigris limestone thins in northeastern Bates and west-

central Henry County and is from 6 inches to 3 feet thick. Locally

it is bedded and contains some sand but in most places it is
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represented by a rubble of nodules of limestone (Plate 3, Sectioms 11,
18).

The Wheeler coal is separated from the Verdigris limestone by
clay and underclay. The coal is 6 inches thick or more approximately
2 miles southwest of Rich Hill (Plate 3, Section 13) and this thick-
ness is believed to persist to the Kansas-Missouri boundary. The
Wheeler coal and underclay are not present in many places northeast
along the outcrop belt from Rich Hill until western Henry County at
which place it again thickens to 6 inches or more (Plate 3, Section
11).

Sandstone cuttings from well borings have been obtained from
the interval between the Verdigris limestone and the Wheeler coal in
extreme southwestern Bates County. It is assumed that a sandstone
bed is present at this position in the area.

Stratigraphic relationships -- The Verdigris formation includes
the strata from the top of the Croweburg coal bed to the top of the
Wheeler coal bed. The lower boundary of the Verdigris formation is
easily recognized because in surface exposufes as well as drill cut-
tings the Croweburg coal bed is (1) persistent in extend (2) fairly
uniform in thickness (3) and most important, it is the first coal
bed below the Verdigris limestone.

The upper boundary of the Verdigris formation is difficult to
recognize in some areas in south-central Bates County because the
Wheeler coal bed with its associated underclay and thin-bedded cap

1imestone are absent and this interval contains gray shales. At
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these places the boundary between the Verdigris and the Bevier forma-
tion is placed within the shale sequence at the approximate strati-
graphic position of the top of the Wheeler coal. However, at some
exposures the thin-bedded cap limestone which overlies the Wheeler
coal lies almost directly on the Verdigris limestone and the Wheeler
ccal and underclay have all but pinched out and the boundary between
the Verdigris and Bevier formation is placed for all practical

purposes on top of the Verdigris limestone (Plate 3, Sections 5, 16).
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Bevier-Lagonda formation

Name =-- The name Bevier was originally applied by McGee (1888,
PP. 328-336) to a coal bed or beds mined extensively at Bevier, Macon
County, Missouri. The formational boundaries were established by
Searight and others (1953, p. 2748) and include the beds from the top
of the Wheeler coal bed to the top of the Bevier coal bed.

The Lagonda formation was named by Gordon (1893, p. 19 in
Areal Reports of 1896) for sandstones and shales overlying the Bevier
coal and constituting the uppermost division of the Lower Coal
Measures. The name was derived from Lagonda Post Office, Chariton
County, Missouri.

In this report the Bevier and Lagonda formation will be dis-
cussed as one unit because the Bevier coal bed has not been recognized
in the Bates County area of western Missouri and as a result the
upper boundary of the Bevier formation could not be established.

In 1951, Howe, (p. 2092) on thebasis of work in Kansas and
Oklahoma included in the Lagonda formation the beds above the Bevier
coal bed extending to the top of the Iron Post coal bed.

Searight and others (1953, p. 2748) placed the formational

boundaries at the top of the Bevier coal bed and at the base of the

Breezy Hill limestone member. The boundaries recognized by Searight

and others were essentially similar to those of Gordon who named the

formation in 1893.

According to present usage of the Missouri Geological Survey

(Searight, 1961, p. 89) the lower boundary of the Lagonda formation
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is placed at the top of the Bevier coal bed and the upper boundary
at the top of the lowermost of three thin coal beds or smuts which
lie below the Mulky underclay in Henry County. Hover (1958, p. 44)
working in west-central Henry County, tentatively correlated the Iron
Post Coal of Oklahoma and Kansas with a coal bed which is possibly
the lowermost of this sequence in Henry County. These coals appear
at approximately the same stratigraphic position in the two areas.

Description =~ The exact thickness of the Bevier-Lagonda
formation could not be determined in the western part of the area
because tHe upper part of the formation is quite variable litho-
logically, and consequently the boundary could not be established,
(see Plate 4). Nevertheless, it is doubtful if the formation is
over 50 feet and less than 25 feet thick.

The Bevier-Lagonda formation is composed predominately of shale
and sandstone with minor amounts of coal and thin-bedded, argillaceous
limestone,

A few inches of dark-gray, thin-bedded limestone which
weathers to reddish-brown, earthy blocks is present at the base of
the formation and locally overlies the Wheeler coal bed, or is sep-
arated from it by a few inches to a foot or two of dark shale (Plate

This limestone contains Desmoinesia and

4, Sectiomns 5, 21).

sparse Linoproductus.

A 3-inch bed of black, fissile shale that is surrounded by

gray shale lies 10 to 15 feet above the base of the formation in

western Henry County and northeastern Bates County (Plate 4, Sections
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18, 26). It is assumed that this unit is associated with the Bevier
coal but its exact stratigraphic position is not known. A few inches
to 2 feet of dark-gray, thin-bedded, arenaceous limestone with
abundant Mesolobqs occupies the same stratigraphic position through-
out most of Bates County and northwestern Vernon County (Plate 4,
Sections 5, 21, 22),

A thin bed of coal lies at the top of the Bevier-Lagonda forma-
tion in west-central Henry County and northeastern Bates County (Plate
4, Sections 11, 25). As previously mentioned this coal has been
tentatively correlated with the Iron Post coal of Oklahoma (Hover,
1958, p. 44). Nevertheless it could not be traced with any degree
of certainty southwestward from northeastern Bates County. A coal
horizon which is marked by an arenaceous underclay and a thin-bedded
limestone is present in south-central Bates County (Plate 4, Section
21). But a correlation between these strata and the coal bed tenta-
tively called the Iron Post by Hover in northeastern Bates County
is a matter of conjecture.

Several feet of sandstone and sandy shale underlie the Iron

Post (?) coal in northeastern Bates and western Henry Counties (Plate

4, Sections 11, 18, 25). The sandstone has been informally called by

drillers the '"Squirrel" sandstone because of its tendency to "jump
around" from one stratigraphic position to another in the interval
between the Ardmore limestone and the Blackjack Creek limestone.
This is a valid deduction because the ''Squirrel' sandstone grades

laterally into shale in comparatively short distances and may occur
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at more than one stratigraphic horizon, At most outcrops in the
Bates County area of western Missouri two or more sandstones occur
in the interval between the Verdigris and Blackjack Creek limestones
(Plate 4, Sections 11, 21, 22, 25).

Stratigraphic relationships =-- The Bevier-Lagonda formation is
underlain by the Verdigris formation and overlain by the Mulky forma-

tion, Both boundaries are problematic in most areas.

Mulky formation
Name -- The Mulky formation derives its name from the Mulky
coal bed which was named by Broadhead (1872, p. 45-46) for outcrops

along Mulky Creek in Lafayette County, Missouri.

Present usage of the Missouri Geological Survey (Searight, 1961,

p. 89) places the lower boundary at the top of the lowermost coal
(Iron Post(?) 9 in a succession of three coal beds or horizons lying
helow the Mulky underclay in Henry County, Missouri. The upper
boundary of the formation is placed at the top of the Mulky coal bed.

The Mulky formation includes the Breezy Hill member. The

Breezy Hill member was named by Pierce and Courtier (1937, p. 33) for

exposures of nodular limestone 6 inches to 2 feet thick lying below

+he underclay of the Mulky coal and above the "Squirrel" sandstone at

Breezy Hill just southwest of Mulberry, Kansas.

Description =-- The Mulky formation is 25 to 35 feet thick in

northeastern Bates County and western Henry County (Plate 4). South-

ward along the outcrop from this area to the Kansas line the thick-
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ness could not be determined with any degree of accuracy because
the lower boundary could not be recognized.

The lower part of the Mulky formation is northeastern Bates
and western Henry County is composed of several feet of limestone
and interbedded shale. The limestone beds are thin-bedded, argilla-
ceous, medium to dark-gray and contain small amounts of sand (Plate 4,
Sections 11, 18). The thickness of the individual limestone beds
vary from less than an inch to over 1 foot. The thicker beds have
the characteristic of weathering out into large rectangular slabs.

Fossils include fusulinids, Mesolobus, Antiquatonia, Kozlowskia

abundant small crinoid columnals and coiled gastropods. The shale
lying between the limestone beds is medium-gray and slightly sandy.
In some places poorly developed underclays are present below one or
more of the limestone beds (Plate 4, Section 25). The limestone and
interbedded shales are not well developed southwest of northeastern
Bates County. At several localities ;n south-central Bates County
(Plate 4, Sections 21, 22) discontinuous thin-bedded limestone with
associated underclay has been recognized but it could not be deter-

mined which limestone, if any, was its correlative in northeastern

Bates County. It is assumed that the well-developed coal horizons at

this interval in northeastern Bates and western Henry Counties are

localized in areal extent throughout the remainder of the Bates County

area.

The lower part of the Mulky formation is not well exposed in

northwestern Vernon County.
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The '""Squirrel” sandstone of drillers terminology is present in
the upper part of the formation. It is a fine-grained, micaceous
sandstone several feet thick. The top part in some places becomes
calcareous and grades into nodular limestone mixed with greenish-
gray clay. The term Breezy Hill was formerly restricted to this
nodular limestone.

The Mulky coal is the top unit of the Mulky formation. It is
2 feet or more in thickness in western Henry County (Plate 4, Section
18) and has been mined ir small operations. Southwestward from the
Bates-Henry County boundary the Mulky coal thins to a smut in most
areas of Bates County. The Mulky coal in northwestern Vernon County
thickens locally to 1 foot or more and contains a well developed under-
clay (Plate 4, Section 20).

Stratigraphic relationships =- The Mulky formatiom is underlain
by the Lagonda formation and overlain by the Excello formation. The

upper boundary is easily determined since the Mulky coal or associated

strata are present in most places. The lower boundary is difficult

to place because of the variations in lithology at this position in

most of the Bates County area.

Excello formation
Name -- The Excello formation consists of a thin shale unit
lying between the top of the Mulky coal and the base of the Blackjack
Creek limestone (Searight and others, 1953, p. 2748).

The type section was designated by Searight (1955, p. 35) from
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exposures in the highwall of a coal strip mine west of Excello in
the NW% sec. 30, T. 56 N., R. 14 W., Macon County, Missouri about
2.6 miles west of U. S. Highway 63.

Description =- The Excello formation is about 3 feet thick in
northwestern Vernon County and thins to less than 1 foot in most
areas of Bates County. It increases in thickness to 5 feet or more
in western Henry County (Plate 4).

The Excello formation in northwestern Vernon County consists
of black, fissile shale overlain by dark-gray shale which grades up-
ward into light-gray shale (Plate 4, Sections 19, 20). The black
fissile shale contains small irregular-shaped to round phosphatic
concretions. In south-central Bates County the Excello formation
thins to less than 1 foot and is composed of black to dark-gray, soft
shale which weathers greenish-gray (Plate 4, Section 22). The shale
looses its fissility and the phosphatic concretions are smaller and
more irregular in shape. Locally in this area less than 1 inch of

dark-gray, .fossiliferous limestone overlies the Mulky coal or coal

smut,
The Excello formation thickens in the vicinity of the Bates-
Henry County border and is lithologically similar to its correlative

in northwestern Vernon County, It includes 3 feet or more of black,

fissile shale overlain by dark-gray shale which grades upward into

light-gray shale (Plate 4, Section 18). The black fissile shale

contains irregular-shaped to round phosphatic concretions and large,

finely crystalline, fossiliferous limestone concretions many of which
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are spheroidal and 2 feet or more in diameter.
Conodonts and a few low-spired crushed gastropods have been
observed in the black, fissile shales.
Stratigraphic relationships -- The Excello formation is under-
lain by the Mulky formation and overlain by the Blackjack Creek

formation. Both upper and lower boundaries are relatively sharp.






60

Marmaton group

Keyes (1897, p. 24) first used the term Marmaton for the shale
between the Fort Scott and Pawnee limestones in Vernon County, Mis-
souri and Bourbon County, Kansas. One year later this same interval
was named the Labette by Haworth (1898, p. 36) who used the name
Marmaton for the beds above the base of the Fort Scott limestones
and below the top of the Pleasanton shales (1898, p. 92).

Although the term Labette had priority over Marmaton the term
Marmaton became established by usage and Labette was restricted to the
beds between the Fort Scott and Pawnee limestones,

In 1932, (Moore, p. 89) redefined the Marmaton group as includ-
ing beds above the base of the Fort Scott limestone and below the un-
conformity which separates the Desmoinesian and Missourian Series.

Jewett (1940, p. 209) recognized the unconformity mentioned by
Moore as occurring below a thin, sandstone bed which he had named
Hepler (Jewett 1940a, pp. 8, 9). Acting accordingly he placed the top
of the Marmaton group below this sandstone.

The name Henrietta which was previously used for the Marmaton
in Missouri was suppressed at the 1947 Lawrence Conference (Moore,

1948, p. 2027) because the type locality is indefinite and the span

of beds included is uncertain.

Searight (1961, p. 90) divided the Marmaton group into two

subgroups, the Fort Scott below and the Appanoose above.

Fort Scott subgroup

The Fort Scott subgroup consists of two limestone units sepa-
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rated by an interval of shale, thin limestone, coal and in some
places sandstone,

The name Fort Scott was introduced by Swallow (1866, p. 25)
for exposures of limestone at Fort Scott, Kansas. It was the upper
limestone which Swallow designated as the Fort Scott. Later workers
included all three units.

Cline (1941, p. 36) named the lower limestone the Blackjack
Creek and the upper one the Higginsville. Jewett (1941, p. 302)
proposed the name Little Osage shale for the beds that lie between
the Blackjack and Higginsville limestone.

The Fort Scott limestone was given formational status at the
Lawrence Conference (Moore, 1948, p. 2025) and the Blackjack Creek
limestone, Little Osage shale and Higginsville limestone were classed
as members,

Searight (1961, p. 90) raised the Fort Scott formation to a
subgroup and the Blackjack Creek, Little Osage and Higginsville

member were raised to the rank of formation. In the same publication

Searight (p. 90) raised the Fort Scott formation to a subgroup "chief-
ly because of the northward expansion in thickness and the north-
ward lithologic differentiation of the Little Osage which contains
important named units in Missouri which could not otherwise continue
to bear formal names'.

Haworth and Kirk (1894, pp. 105, 107, 116) used the term

"Oswego" for the beds that are now called the Fort Scott subgroup,

however, the term was preoccupied by a Silurian formation in New
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York and the term '"Oswego'' was later abandoned for the old name
Fort Scott limestone. Nevertheless, "Oswego'" is still used by drill-

ers and some oil company geologists,

Blackjack Creek formation

Name -- The Blackjack Creek formation was named by (Cline, 1941,
p. 36) for exposures along Blackjack Creek in Johnson County, Missouri.
The name was proposed to Cline by F. C. Greene in a letter dated
January 5, 1940. Cline did not propose a type section and as a result
Jefferies (1958, p. 32) has proposed as the type section exposures in
the north ditch of a gravel road along the south line of the SW% SE%
SW% sec. 14, T. 47 N., R. 25 W., Johnson County, Missouri.

The formational limits were established by Searight (1961, P.
90) as including the beds between the top of the Excello formation
and the base of the Little Osage formation.

Description -- The Blackjack Creek formation varies irregularly
in thickness from 3 to 7 feet (Plate 5).

The Blackjack Creek formation is composed of limestone and

shale with limestone predominating. The lower part of the formation

commonly consists of finely crystalline, bedded limestone which weath-
ers brown or tan. The limestone in most exposures is jointed with the
main joint pattern oriented SW-NE and NW-SE. As a result of the

jointing the limestone commonly weathers out in diamond-shaped blocks.

Locally the lower part may become unevenly bedded or form a thick,

nodular bed (Plate 5, Section 30). Fossils include Composita,
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Neospirifer, Mesolobus and other brachiopods, horn corals, fusulinids

and abundant crinoid columnals.

The upper part of the Blackjack Creek formation in northwestern
Vernon County consists of thick-bedded, blocky limestone which con-
tains abundant Chaetetes colonies near the top (Plate 5, Section 27).
When traced northeastward along the outcrop belt from northwestern
Vernon County into Bates and Henry County the upper part of the Black-
jack Creek formation becomes nodular bedded and in most places con-
sists of calcareous shale mixed with argillaceous limestone nodules.
These weather to a coarse rubble.

The upper and lower parts of the Blackjack Creek formation are
separated by shale in northeastern Bates County (Plate 5, Section 34).

Stratigraphic relationships -- The Blackjack Creek formation
is underlain by the Excello formation and overlain by the Little Osage
formation. The lower boundary is a relatively sharp contact between
limestone of the Blackjack Creek formation and shale of the Excello
formation, The upper boundary in some places is gradational between
nodular limestone of the Blackjack Creek formation and shale of the

Little Osage formation (Plate 5, Sections 5, 33, 34).

Little Osage formation
Name -- The name Little Osage was introduced by Jewett, (1941,

p. 308) for exposures on the south valley wall of the Little Osage

River in Bourbon County, Kansas, and includes the beds between the

top of the Blackjack Creek formation and the base of the Higginsville



64

formation, (Plate 5). It was originally designated by Jewett as a
member of the Fort Scott formation but the unit was raised to forma-
tional rank when the Fort Scott formation was elevated to a subgroup,
(Searight, 1961, p. 90).

The Little Osage formation includes among other beds the Houx
member and the Summit coal. The name Houx was proposed by Cline
(1941, p. 36) for exposures on the Houx Ranch in sec. 15, T. 46 N.,
R. 27 W., Johnson County, Missouri. The name was suggested to Cline
by F. C. Greene.

Since Cline did not describe or specifically designate a type
section, Jefferies (1958, p. 52) designated as the type section ex-
posures in the hillside and road ditch north of a private road lead-
ing to a farm house in the NE% NE% sec. 15, T. 46 N., R. 27 W.,
Johnson County, Missouri.

The name Summit was applied by McGee (1892, p. 331) to a coal
bed in Macon County, Missouri. It is regarded as the informal name
of a coal bed,

Description -- The Little Osage formation varies irregularly
in thickness from 2% to 11 feet along the outcrop belt from north-
western Vernon County to western Henry County (Plate 5).

The lower part of the Little Osage formation consists of gray

shale overlain by a poorly developed thin underclay. The Summit coal

is represented by a thin coal smut or is absent throughout most of

the area. The greatest observed thickness of the Summit coal bed is

in west-central Bates County in the vicinity of the Marais Des Cygnes
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River where it is 4 inches thick (Plate 5, Section 31). The Summit
coal is overlain by a few inches of dark-gray to black shale which is

commonly interbedded with dark-gray, shaly, argillaceous limestone.

The shales and limestones contain Kozlowskia splendens (Norwood and

Pratten), Derbyia crassa (Meek and Hayden), Composita and Mesolobus

mesolobus (Norwood and Pratten),

The most persistent unit in the Little Osage formation is a
black, fissile shale which averages about 1% feet in thickness. It
contains flattened to round phosphatic concretions. The black, fis-
sile shale is overlain by a few inches to a few feet of shale which
is black at the bottom and grades upward into light-gray shale at the
top. At places where the shale is thickest it commonly contains
several thin lenses of limestone which are darkest in color near the
bottom. The limestones are shaly to blocky, argillaceous and contain

Kozlowskia, Crurithyrus, Mesolobus mesolobus (Norwood and Pratten),

and Aﬁtiguatonia (Plate 5, Section 31). These limestone lenses occupy
the same stratigraphic position and are lithologically and faunally
similar to the Houx limestone of Johnson County and counties to the
northeast of it.

Stratigraphic relationships -- The Little Osage formation is
overlain by the Higginsville formation and underlain by the Blackjack

Creek formation. The Little Osage formation is easily recognizable

in outcrop and in the subsurface because, lithologically, it is

predominantly shale and occupies the interval between two formations

which are predominately limestone.
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Higginsville formation

Name =-- The name Higginsville was proposed by Cline (1941, p.
36) for exposures east of Higginsville, Lafayette County, Missouri.

No definite type section was given. The name was suggested by F. C,.
Greene in a letter to Cline. Greene considered it to be the most
appropriate name because Hinds, (1912, pp. 242, 243) had included the
unit in a measured section of the overlying Lexington coal east of
the town of Higginsville.

Jefferies (1958, p. 56) did not find good exposures of the
formation east of Higginsville and designated as the type section ex-
posures about 4 miles southeast of Higginsville in a small drain just
north of a gravel road near the center of the NW% SW% SE% sec. 15,

T. 49 N., R, 26 W., Lafayétte County, Missouri.

The Higginsville formation contains only one unit, the Higgins-
ville limestone.

Description -- The Higginsville formation varies irregularly
in thickness from 12 to 21 feet along the outcrop belt from north-
western Vernon to western Henry County (Plate 5). The formation is
approximately 20 feet thick in central Bates County, southwest of

Butler (Plate 5, Section 32) and 21 feet thick in southwestern Bates

County at the town of Pleasant Gap (Plate 5, Section 33). Both areas

of increased thickness appear to be local and of limited areal extent.

The Higginsville formation is composed of limestone. The

lower part of the formation is even to wavy-bedded and becomes crin-

kly-bedded to nodular at the top. The limestone is light-gray with
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dark-gray mottling. Minor amounts of greenish-gray clay occurs
between bedding planes and joints. Small waxy-looking nodules of

brown chert are a minor constituent. Fossils include Phricodothyris,

Composita, Crurithyris, abundant crinoid columnals and sparse horn

corals. Brachiopod fossils are in most places recrystallized and
held firmly in the limestone matrix. The upper part of the formation
contains abundant fusulinids and Chaetetes colonies. The Chaetetes
colonies form mounds on the top surface of the formation.

Stratigraphic relationships -- The Higginsville formation is
underlain by the Little Osage formation and overlain by the Labette
formation. The Labette formation lies conformably on the Higgins-
ville formation in northwestern Vernon County (Plate 5, Section 28).
At this location sandstone-filled shallow channels are present in the
top part of the formation.

Several thin, limestone beds occur locally at the base of the
Higginsville formation (Plate 5, Section 31). The limestone beds at
the bottom of this sequence resemble those of the Little Osage
formation in that they are dark-gray, thin-bedded and fossiliferous
while those at the top are light to medium-gray, sparsely fossil-
iferous and resemble the limestone of the Higginsville formation.

The limestone beds in the middle are gradational and the contact
between the Little Osage and the Higginsville formation has to be

placed according to the judgement of the geologist.
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Appanoose subgroup

The name Appanoose was applied by Bain (1896, p. 378) to beds
containing the Mystic coal (Lexington) and associated strata in
Appanoose County,>Iowa.

Searight (1961, p. 92) included in the Appanoose subgroup
all Marmaton formations above the Fort Scott subgroup. The name as
now applied in Missouri includes essentially the same beds as did
Bain when he proposed the term.

Only the four lowermost formations which include in ascending
order the Labette, Pawnee, Bandera and Altamont will be dealt with in

this dissertation.

Labette formation

Name =~ The term Labette shale was used by Haworth (1898, p.
36), for the beds lying between the top of the Oswego (Higginsville)
limestone and the Pawnee limestone. The name is derived from the
town of Labette in Labette County, Kansas,

Jewett (1941, pp. 312-317), working in Kansas named beds in
the upper part of the formation the Anna shale and classified the Anna
as a member of the Pawnee limestone. Jewett drew the base of the
Pawnee below a thin bed of blue, dense limestone occurring under the
black, fissile shale of the Anna member. This limestone has not
been recognized with certainty in western Missouri and, consequently

the top of the Labette formation is placed at the base of the black,

fissile shale of the Anna member.
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The interval between the top of the Higginsville limestone and
the Anna shale was designated a formation at the 1947 Lawrence
Conference (in Moore 1948, p. 2025).

The Labette formation includes among other beds the Englevale
member which is predominately sandstone and the Alvis and Lexington
coal beds,

The name Englevale was designated by Pierce and Courtier (1935,
pp. 1061-1062) for exposures of channel-filling type sandstone in
the vicinity of the town of Englevale, Crawford County, Kansas.

The Alvis coal was named by Jefferies (1958, p. 95) for ex-
posures at the Alvis limestone quarry, SW% SE% sec. 19, T. 40 N.,

R. 31 W., 2% miles west of Butler, Bates County, Missouri.

The Lexington coal derives its name after the town of Lexington
in Lafayette County, Missouri. The name was introduced into the
literature by Broadhead (1873, p. 46). It is assumed that the term
was first used by miners to denote a particular coal bed.

Description —-- The Labette formation varies considerably in
thickness from place to place along the outcrop belt from north-

western Vernon to western Henry County. The minimum thickness is

about 25 feet and the maximum thickness is over 45 feet (Plate 6).

Average thickness is approximately 30 feet.
The Labette formation is composed predominately of sandstone,

shale, arenaceous limestone, calcareous sandstone and minor amounts

of limestone and conglomerate. The formation includes two coal

beds or horizons. A lower coal (Alvis) and an upper coal (Lexington).
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The Alvis is from 1 to 6 inches thick and is separated in Bates
County and western Henry County from the Higginsville limestone by
about 2 feet of gray underclay. In northwestern Vernon County 5
feet or more of sandstone occurs below this coal (Plate 6, Section
36). The sandstone is fine-grained, light-gray, massive and cross-
bedded to thin-bedded. Locally it fills channels eroded into the
top of the Higginsville limestone. A thin conglomerate composed of
particles of limestone lies below the coal in northwestern Vernon
County and appears to be of very limited extent (Plate 6, Section 37).
The Alvis coal is overlain by 1 to 5 feet of dark-gray to
black calcareous shales which in most exposures contain from 1 to
several thin beds of argillaceous limestone that are gradational
with the shale. The shales and argillaceous limestones contain
abundant brachiopod fossils. In some exposures brachiopod fossils
form thin beds of coquina. Brachiopod fossils include Mesolobus

mesolobus (Norwood and Pratten), Antiquatonia, Composita, Derbyia

crassa (Meek and Hayden), Neospirifer, Kozlowskia, Linoproductus,

and Chonetes. Other fossils are crinoid columnals and fenestellate

bryozoans. As a rule individual genera and species of brachiopods

are restricted to zones (teilzones or local range zones) and as a

result some coquina beds are composed almost entirely of Mesolobus

mesolobus while other coquina beds contain Derbyia or Composita as

the dominant genus.

The shale overlying the Alvis coal grades upward into about 20

feet of sandstone and shale which become very calcareous in southwest-
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ern Bates and northwestern Vernon Counties (Plate 6, Section 37). Lo-
calized lenses contain sufficient calcium carbonate to classify them
as arenaceous limestones.

Fossils include Crurithyris, Mesolobus, and Taonurus caudagalli

(Vanuxem). Specks of carbon and pieces of charcoal are mixed randomly
in the calcareous sandstones and shales. Some scour and fill mark-
ings are exposed along the bedding planes.,

Traced northwestward along the outcrop belt to northeastern
Bates County the sandstone is in most places even-bedded but in limit-
ed areas it is massive and cross-bedded (Plate 6, Section 24). It is
fine-~grained, subangular; micaceous and weathers to a reddish-brown
color.

Several feet of conglomerate which consists of pea-sized parti-
cles of limestone, chert and brachiopod fragments occurs near the
middle of the sandstone-shale interval in the vicinity of Ballard in
northeastern Bates County, (Plate 6, Section 43).

In the eastern part of Bates County the Lexington coal occurs
near the top of the formation. It is thin-bedded and commonly con-
tains thin beds or lenses of dark shale (Plate 6, Section 40),

The upper part of the Labette formation contains two coal
horizons approximately 4% miles southwest of Butler (Plate 6, Section

39). It has not been established with certainty which one of these

horizons develops into the Lexington coal bed of eastern Bates County

and areas to the northeast of Bates County. Jewett (1941, p. 310)

working in Kansas and Oklahoma also recognized two coal horizons at
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Pawnee formation

The name Pawnee was first used by Swallow (1866, p. 24) for
the limestone beds occurring next above the Fort Scott limestone. No
definite boundary limits were designated. The name was derived from
exposures on Pawnee Creek near the village of Pawnee southwest of
Fort Scott, Bourbon County, Kansas.

Moore (1936, p. 42-62) included in the Pawnee limestone the
beds between the Labette and Bandera shales.

Jewett (1941, p. 315) subdivided the Pawnee into four units
which are, in ascending order, the Anna shale, Myrick Station lime-
stone, Mine Creek shale and Laberdie limestone. The name Laberdie
was later suppressed in favor of Coal City. Inasmuch as the type lo-
cality as designated by Swallow was indefinite, Jewett (1941, p. 315)
selected as the type an exposure along State Highway 7, slightly north
of the center of section 7, T. 27 S., R. 34 E., Bourbon County, Kansas.

The Lawrence Conference (in Moore 1948, p. 2025) designated

the Pawnee limestone a formation and the four included units were

given member status, Thus, the present classification subdivides the
Pawnee formation into four members. which are, in ascending order, the

Anna, Myrick Station, Mine Creek and Coal City.

Anna member

Name -- The Anna member is the lowermost member of the Pawnee
formation and includes beds from the top of the Labette formation to

the base of the Myrick Station member of the Pawnee formation.
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The name was designated by Jewett (1941, p. 312) for exposures
in Bourbon County, Kansas. The type locality is the same as that of
the Pawnee formation.

Description -- The Anna member is a very thin but persistent
unit. It does not exceed 2 feet in thickness and in some places in
western Missouri is less than 1 foot thick (Plate 7).

The Anna member is composed essentially of black, fissile
shale which in most exposures contains phosphatic concretions which
vary in shape from irregular to spheroidal. Most of the phosphatic
concretions are approximately one-half inch in diameter with some sphe-
roidal phosphatic concretions attaining diameters of 1% inches. A
thin bed of soft shale which grades from black at the bottom to
greenish-gray at the top overlies the black, fissile shale in most
areas, but in a few exposures this unit is absent and limestone of

the Myrick Station member lies directly on the black, fissile shale

(Plate 7, Section 49). The only fossils found in the Anna member

were conodonts of the genus Hindeodella.

Stratigraphic relationships =-=- The upper boundary of the

Anna member is well marked by an abrupt lithologic change from shale

to limestone of the Myrick Station member.

In this report the base of the Anna member has been placed at

the bottom of the black, fissile shale which is one of the most per-

sistent units of western Missouri. The top of the Lexington coal,

which has been used as the base of the Anna member in other parts of

Missouri, was not selected because the exact stratigraphic position
3
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of the Lexington coal has not been established in southwestern Bates

and northwestern Vernon Counties.

Myrick Station member

Name =- The name Myrick Station was proposed by Cline (1941,
p. 37) for the lowermost limestone member of the Pawnee limestone.
Cline designated as the type section exposures in ravines in the
south bluff of the Missouri River near Myrick Station on the Missouri
Pacific Railroad, just west of Lexington, Lafayette County, Missouri.
In Missouri this unit was formerly called the cap rock of the
Lexington coal (McQueen and Greene, 1938, p. 25).

Jewett (1941, p. 316) included in this member the limestone beds
lying between the Anna shale member and the Mine Creek shale member.

Description =- The thickness of the Myrick Station member is
relatively constant throughout western Missouri. The average thick-
ness is 3% feet (Plate 7). The thickness rarely exceeds 5 feet and
at no outcrop was the Myrick Station member observed to be less than
3 feet thick.

The Myrick Station member consists of finely crystalline,
bluish-gray limestone which weathers brown. Bedding is thick and
The main joint patterns are NW-SE and NE-SW. The fracture is

even.,

angular or hackly. Fossils include poorly preserved recrystallized

brachiopods and platy algae. Large, elongate fusulinids, some of
L4

which are seven mm, in length, occur at the top of the member (Plate

7. Section 44, 50). The Myrick Station member is overlain and under-
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lain by shale. The gradation from the limestone of the Myrick Station
member to the shale is abrupt,

Stratigraphic relationships -~ The Myrick Station member is
underlain by the Anna member of the Pawnee formation and overlain by
the Mine Creek member also of the Pawnee formation. Both contacts

are sharp.

Mine Creek member

Name -- The name Mine Creek was used by Jewett (1941, p. 318)
for exposures on a tributary of Mine Creek in Linn County, Kansas
about 1 mile west of the Missouri-Kansas border, (near the middle of
the south side of section 23, T. 21 S., R, 25 E.).

Description =-- The Mine Creek member varies considerably in
thickness, (Plate 7). It is from 6 to 15 feet thick in Bates County
and thins to about 1 foot in northwestern Vernon County.

The lower part of the Mine Creek member is composed of dark-
gray, non-calcareous shale, which grades upward into calcareous shale
interbedded with limestone. The limestones are seldom more than a few
inches thick and are dark-gray, argillaceous, thin-bedded and jointed
into blocks. They have the characteristic of weathering a brownish-

red and locally may contain considerable fine sand (Plate 7, Sections

48, 49)., The limestones and shales in the upper part of the Mine

Creek member are very fossiliferous and contain Derbyia crassa (Meek

and Hayden), crinoid columnals, Mesolobus mesolobus, Antiquatonia,

and Linoproductus. Fossils become more abundant near the top of the

Mine Creek member and the shales and shaly limestones directly under-
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lying the Coal City member are a coquina of 'Chonetes'l granulifer

Owen, Mesolobus mesolobus, Antiquatonia sp., large crinoid columnals

and sparse bryozoans. The abundantly fossiliferous zone at the top
of the Mine Creek member persists throughout most of western Missouri
and is an aid in identifying the member.

In northeastern Vernon County the Mine Creek member thins
considerably and is composed of a few inches of dark shale with a
thin-bedded, dark-gray, limestone bed near the middle (Plate 7, Sec-
tion 44). The top few inches consist of dark-gray to black platy

shale with abundant Lingula, Crurithyris and sparse Mesolobus.

Stratigraphic relationships -~ The Mine Creek member is under-

lain by the Myrick Station member and overlain by the Coal City member.

Coal City member
Name -- The name Coal City was applied by Cline (1941, p. 59)
for exposures of limestone in northern Missouri which he somewhat

hesitatingly correlated with the upper limestone member of the Pawnee

of western Missouri. The type area is along the Chariton River near

the town of Coal City in southwestern Appanoose County, Iowa.

At this time, Jewett who was working in Kansas used the term

lrRecent research work indicates that specimens of brach-
iopods occurring in Pennsylvanian rocks and assigned Fo the ggnus
Chonetes are in reality homeomorphs of similar appearing specimens
from pre-Pennsylvanian rocks. It has been sugggsted by C. C.
Branson (personal communication) that the generic name'Chonetes
be restricted to specimens occurring in pre-Pennsylvanian rocks.
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Laberdie for the upper member of the Pawnee limestone (1941, p. 320).
Because Cline was not certain that the Coal City was the uppermost
member of the Pawnee limestone the name Laberdie was adapted for this
unit at the Lawrence Conference in 1947 (Moore, 1948, p. 2025). Later
field studies by Cline and Greene (1950, p. 9, 10) established the
correlation of the Coal City and Laberdie limestones across Iowa,
Missouri and Kansas. Inasmuch as the term Coal City has priority
over Laberdie the latter name was suppressed in favor of Coal City.

Description -- The Coal City member is 13% feet thick in north-
western Vernon County and thins to about 6 feet in northeastern Bates
County (Plate 7, Sections 44, 50, respectively).

The Coal City member is composed predominantly of gray, wavy-
bedded limestone. At most exposures the bedding is from 2 to 6 inches
thick at the bottom and 1 inch or less at the top.

In southwestern Bates County the upper 4 or 5 feet consists of
thin, nodular-bedded, siliceous limestone which is overlain by about
1 foot of thick-bedded, blocky, siliceous limestone (Plate 7, Section
45). The siliceous limestone weathers to angular pieces of white
chert which cover the slopes as a thick mantle of residuum. 1In
northwestern Vernon County the top part of the member consists of
interbedded shale and limestone with some cherty limestone beds near
the top (Plate 7, Section 44).

The upper surface of the Coal City member commonly has an un-

even or humpy appearance as a result of numerous colonies of Chaetetes

milleporaceous Edwards and Haime. .Other fossils include recrystal-
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Bandera formation

Name -= The term Bandera shales was used by Adams (1903, p. 32)
for exposures of shale and sandstone near the town of Bandera in
Bourbon County, Kansas, (section 29, T. 25 S., R. 23 E.). At this
place the thin-bedded sandstone in the upper part of the formation
was extensively quarried for flagging. The name Bandera Quarry was
later proposed for this sandstone by Jewett (1941, p. 292).

The Mulberry coal bed which has been extensively mined in
southwestern Bates County lies near the base of the Bandera formation.
The Mulberry coal was named by Broadhead (1873-74, p. 168) for expo-
sures along Mulberry Creek in western Bates County.

Description -- The thickness of the Bandera formation decreases
irregularly along the outcrop belt from southwestern to northeastern
Bates County, (Plate 8). The formation is over 50 feet thick in
southwestern Bates County but there is an abrupt decrease in thick-
ness to 20 feet or less along the line of the Marais des Cygnes River
between the towns of Amoret and Worland in western Bates County

(Plate 8, Sections 54, 55). Northeastward from this area the forma-

tion decreases to 8 feet or less. But locally in central Bates

County the formation increases in thickness to 35 feet or more (Plate
8, Section 59).

The lithology of the Bandera formation also varies consider-

ably along the outcrop from southwestern to northeastern Bates County.

South of a line approximately the position of the Marais des Cygnes

River the formation is composed of shale, arenaceous shale, sand-
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stone, coal, underclay and minor amounts of limestone and conglomer-
ate, The Mulberry coal lies near the base of the formation and
averages about 30 inches in thickness and has been extensively mined.
It is underlain by 2 to 4 feet of underclay and in some places an
equal amount of light-gray, calcareous shale. Overlying the Mulberry
coal is approximately 30 feet of shale which locally contains large,
flattened septarian concretions composed of clay with the cracks
filled by coarsely crystalline limestone (Plate 8, Section 53). The
Bandera Quarry sandstone member lies near the top of the shale but

in limited areas may be 30 or 40 feet thick and lie near the top of
the Mulberry coal, (Plate 8, Section 52). The sandstone is common-
ly well-bedded and is fine-grained and micaceous. In the highwall of
some strip mines, the sandstone has been observed to grade laterally
through arenaceous shale into shale. Locally it is absent. About

1 mile northeast. of Hume the Bandera Quarry sandstone thickens
abruptly to about 35 feet in a small synclinal structure (Plate 8,
Section 52). At this place it is lenticular and saturated with

asphalt, Near the bottom it contains a thin conglomerate bed com-

posed of particles of coal, shale and limestone.
The Bandera formation south of the Marais des Cygnes River con-

tains few invertebrate fossils. Fragments of plants are abundant in

the shale and arenaceous shale overlying the Mulberry coal.

North and northeast of the Marais des Cygnes River the Bandera

formation thins considerably. The Mulberry coal is irregular in

thickness and decreases in thickness from 2 feet to a thin smut in a
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lateral distance of 25 feet have been observéd (Plate 8, Section 47).
In some exposures the Mulberry coal contains thin lenses of dark
shale (Plate 8, Section 58). The shale overlying the Mulberry coal
contains limestone of at least two different lithologies (1) a thin,
dark~gray concretionary limestone bed which locally overlies the
Mulberry coal (Plate 8, Section 57, 61). and, (2) Small limestone
nodules which commonly occur near the top of the shale but locally
they may be present down to the Mulberry coal.

In most exposures north of the Marais des Cygnes River, the
Bandera Quarry sandstone is absent but locally, in central Bates County
the Bandera formation thickens to 35 feet or more (Plate 8, Section
59). At this place the Bandera Quarry sandstone is represented near
the top by thin shaly sandstone or isolated masses of sandstone.
Several feet of dark-gray to black shale with numerous interbedded,
thin coal lenses underlie the Mulberry coal. The shale contains
abundant Calamites and in some places is almost completely composed
of fragments of fossil plants. A thin, conglomerate of very limited
extent occurs near the bottom of the formation. The conglomerate
is composed of pebble~sized particles of limestone and Chaetetes

colonies. The shale and underclay below the Mulberry coal contain

several lenses of siderite concretions. Most of the concretions
are about 3 inches in diameter (Plate 8, Sections 59, 60).
Stratigraphic relationships -- The Bandera formation is under-

lain by the Coal City member of the Pawnee formation and overlain by

the Amoret member of the Altamont formation. The lower boundary is
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sharp in contrast to the upper boundary which is gradational from
shale into nodules of limestone mixed with clay., The upper boundary
has been arbitrarily placed within the shale-nodular limestone
sequence instead of at the bottom of it mainly because it appears
that some of the lowermost limestone nodules may grade laterally
into a dark-gray, concretionary limestone bed which is genetically

related to the Mulberry coal.

Altamont formation

The Altamont formation is composed of two relatively thin lime-
stone beds separated by shale.

The name was first used by Adams (1896, p. 22) for exposures
at the summit of a ridge near Altamont, Labette County, Kansas.

Apparently the Altamont formation was considered to be one
l1imestone unit until Jewett (1940a, p. 23) recognized that the

Altamont formation consisted of two limestone units separated by a

shale member.

A few years earlier Greene (1933, pp. 14-18) working indepen-

dently in northern Bates and Cass Counties, Missouri, recognized a

similar sequence of two l1imestone units separated by shale, however,

Greene believed that the sequence occurred in the Bandera shales and

named the limestone beds the upper and lower Worland for exposures

near Worland in western Bates County. As a result, Greene miscorre-

1ated an overlying limestone, probably the Lenapah, with the

Altamont.
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In an attempt to alleviate the confusion which existed between
Missouri and Kansas a field conference was organized (Cline, 1941, p.
29) which included R. C. Moore and J, M. Jewett of Kansas, L. M.
Cline of Iowa, and F. C. Greene of Missouri. The participants of
this conference traced the lower and upper Worland limestone units
of Greene from the Missouri River across southwestern Missouri and
into southeastern Kansas and showed them to be equivalent to the upper
and lower Altamont limestones respectively.

It is not difficult to see why Greene considered the Altamont
limestones to be part of the Bandera formation for just north of
Worland the Bandera formation thins to less than 10 feet in contrast
to a thickness of 40 or 50 feet southwest of Worland, (Plate 8,
Sections 54, 55).

According to present classification the Altamont formation
consists of the strata between the Bandera and Nowata formations and
has been subdivided into three members which are, in ascending order,

the Amoret, Lake Neosho, and Worland.

Amoret member
Name =-- The name Amoret was applied by Cline and Greene (1950,

p. 18) to the lowermost limestone of the Altamont formation and in-

cludes the beds between the top of the Bandera formation and the base
of the Lake Neosho member of the Altamont formation. The type sec-

tion was designated as two miles south of Amoret, Bates County, SW%

sec. 33, T. 40 N,, R, 33 W. (Plate 8, Section 56).

The name Amoret replaced the term "Tina'" which had been applied
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to the lower limestone of the Altamont formation by Cline (1941, P.
29)vfor exposures about two miles southeast of Tina, Carroll County,
Missouri. The term "Tina" was suppressed because the limestone at
the type section is not the lower Altamont but in all likelihood
the top part of the Higginsville limestone.

Description -- The Amoret member varies in thickness from a
few inches to slightly over 8 feet. The member is thickest at the
type section in western Bates County and thins irregularly northeast
and southwest along the outcrop belt, (Plate 8).

Lithologically the Amoret member consists of nodules of lime-
stone embedded in a clay matrix which grade locally into bedded lime-
stone that may be only slightly nodular (Plate 8, Sections 54, 55,
56). The nodules of limestone are in most places argillaceous, the
percentage of clay increases with increasing nodulérity. At the
type locality in western Bates County the Amoret member consists
predominantly of limestone which is wavy to nodular bedded (Plate 8,
Section 56). The bedded limestone of this area frequently has a
granular appearance which is the result of abundant specimens of

Osagia. Brachiopod fossils include, Derbyia crassa (Meek and Hayden),

Composita ovata Mather, Punctospirifer kentuckensis (Shumard),

Antiquatonia portlockiana (Norwood and Pratten) and several species

of Mesolobus. An organ pipe tabulate coral Syringopora spp. is

found occasionally. The fossil content decreases with increasing

nodularity,

The lithology of the Amoret member at the type locality is not
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representative of the unit in most other areas of Bates County. South-
westward and northeastward along the outcrop belt from the type sec=-
tion in western Missouri the unit consists predominantly of sparsely
fossiliferous nodules of limestone embedded in a greenish-gray clay,
however, local thickening to very fossiliferous bedded limestone does
occur,

Stratigraphic relationships -- The Amoret member is underlain
by the Bandera formation and overlain by the Lake Neosho member of the
Altamont formation. At most places the contact between the Amoret
member and the Bandera formation is gradational from nodular lime-
stone into clay or shale. At places where no lithologic break was
visible between the limestone and shale the formational contact was
arbitrarily placed within the clay-nodular limestone sequence. The
boundary between the Amoret member and the Lake Neosho member is some-

what less gradational and has been placed at the top of the limestone

nodules or nodular limestone.

Lake Neosho member

Name =-- The Lake Neosho member was named by Jewett (1941, p.

331, 332) for exposures southeast of Lake Neosho in Neosho County

State Park, Neosho County, Kansas.

Description =-- The Lake Neosho member is a thin, persistent

unit which averages about 3 feet in thickness. At no place was the

member found to be more than 5 feet thick (Plate 8).
The Lake Neosho member consists of from 1 to 3 feet of dark-

gray to black shale which grades vertically into light-gray, calcar-
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eous shale., In most exposures the dark-gray to black shale con-
tains large, spheroidal phosphatic concretions some of which are
1% inches in diameter. The center or core of most of the phos-
phatic concretions is hollow; however, some have formed around a
crinoid columnal or other fossil fragment. The majority of the
spheroidal phosphatic concretions are concentrically banded. The
phosphatic concretions are present in most outcrops and aid in the
indentification of the unit. Nevertheless, spheroidal phosphatic
concretions of equal size are present in the Anna member and other
criteria must be included when identifying the Lake Neosho member.
The top part of the Lake Neosho member consists of a few

inches of light-gray shale which contains Mesolobus lioderma Dunbar

and Conrad and Crurithyris planoconvexa (Shumard). Specimens of

very small Mesolobus, approximately one-sixteenth inch in length are
fairly abundant at this horizon. Wallace Howe of the Missouri
Geological Survey (Personal communication) has used these small
brachiopods as an aid in the identification of the Altamont formation.
Stratigraphic relationships -~ The Lake Neosho member is
overlain by the Worland member and underlain by the Amoret member.
The base of the Lake Neosho member has been placed on top of the

1imestone nodules which are abundant in the Amoret member in most

areas.

Worland member

Name =-- The name ''upper Worland'" was applied by Greene (1933,



98

p. 18) to the upper of two limestone units separated by shale in
the vicinity of Worland in western Bates County, Missouri.

The name Worland was later retained by Cline (1941, p. 24)
after the "upper Worland" of Greene was recognized as the top lime-
stone unit of the Altamont formation of southeastern Kansas.

Jewett (1941, p. 334) designated the type section as being
along the Kansas City-Southern Railroad just north of the grade
crossing northeast of Worland, Missouri (SW% SW% sec. 5, T. 39 N.,
R. 33 W.).

Description -- The Worland member is from 3 to 6 feet thick,
(Plate 8). It attains its greatest thickness in southwestern Bates
County (Plate 8, Section 51) and thins to approximately 3 feet in
northeastern Bates County, (Plate 8, Section 50).

The Worland member consists predominantly of limestone which
is commonly light-gray, wavy-bedded and jointed into large blocks
or slabs which are several feet across. Main joint patterns are
NW-SE and NE-SW. In the vicinity of Worland the lower surface
of the member contains sinuous, elevated structures about one-half
inch in diameter. They are believed to be filled-in burrows or
to have formed by differential compaction. These structures have
earance of a piece of coiled rope and have been informally

the app

termed "ropy" structures. The upper surface of the Worland member

ijs irregular and pitted, probably as a result of differential

solution by the processes of erosion. In places, colonies of

Chaetetes give the upper sur face a humpy appearance.
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In southwestern Bates County the lower several inches of the
Worland member consists of thick-bedded limestone which is frequently
jointed into blocks, A gray shale bed which is 1 foot or less in
thickness separates this unit from the upper part which is composed of
4 or 5 feet of thin, wavy-bedded limestone (Plate 8, Section 51).

Common fossils are Fusulina, Composita, Cleiothyridina,

Crurithyris, and small horn corals. Abundant platy algae frequently

imparts a minute wavy appearance to the outcrop surface.
Stratigraphic relationships ~- The Worland member is under-
lain by the Lake Neosho member of the Altamont formation and is over-
lain by gray shales of the Nowata formation. In southwest-central
Bates County from Worland southeastward to the town of Sprague a
channel-filling, reddish-brown sandstone has locally replaced the

Altamont formation and the upper part of the Bandera formation (Plate

8, Section 54).
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CYCLIC SEDIMENTATION

The preceeding discussion of the upper Cherokee and lower
Marmaton groups of western Missouri has shown that the rocks of this
area consist of beds of shale, limestone, sandstone and minor amounts
of coal, underclay and conglomerate. These occur in relatively thin
units and are repetitive or cyclic in nature.

Cyclic deposition has long been recognized as one of the most
outstanding features of the Pennsylvanian rocks in many parts of
North America and Europe. Pennsylvanian strata were first observed
to be repetitive or cyclic in nature by Udden (1912) who was working
in a portion of western Illinois. He suggested that the regular
repetition of a similar sequence of beds reflects a rhythmic recur-
rence of similar environmental conditions.

Weller (1930), also working in Illinois, was the first to
clearly present an interpretation of Pennsylvanian cyclic deposits.
He recognized a sequence consisting of eight members which he believed

represented the succession of deposits formed during a complete Penn-

sylvanian sedimentary cycle. To this sequence of rocks Weller pro-

posed the name ''cyclothem'.

The cyclothem as proposed by Weller begins with the deposi=

tion of sand on an erosion surface, proceeds through a stage of low-

land and swamp conditions, and culminates in marine inundation. This

process is followed by rapid withdrawal of the sea and subsequent

erosion, after which a new cycle starts with deposition of more sand.
b
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The "ideal" cyclothem as first proposed by Weller contains the

following members (1930, p. 102):

8) shale, containing "ironstone" bands in upper
part and thin limestone layers in lower part

Marine 7) limestone

6) calcareous shale

5) black "fissile" shale

4) coal

3) underclay, not uncommonly containing concre-
Continental tary or bedded fresh-water limestone

2) sandy and micaceous shale

1) sandstone

unconformity

Later studies have prompted Weller to include ten units in
the '"ideal" cyclothen.

According to Weller's concept, as it was first proposed, a
cyclothem is a record of a single cycle of transgression and regres-
sion of the Pennsylvanian sea over wide areas of the central and
eastern United States. The transgressive phase culminated in the
deposition of marine limestone and the regressive phase culminated
in subaerial erosion which is recorded in the stratigraphic record
by an unconformity.

Later stratigraphers have recognized that minor transgressions
and regressions did occur during a single cycle and as a result the
"ideal" cyclothem as first proposed by Weller was modified, usually

to include more units. The sedimentary record of such a complex

cycle in Kansas was designated a megacyclothem by Moore (1936).
The lithologic and faunal characteristics of a cyclothem are
not only determined by the number and magnitude of the transgressions

and regressions of the Pennsylvanian seas but also by other factors
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such as source and supply of sediment, climate, and irregularities
of the depositional surface. For this reason cyclothems will vary
in character from place to place depending on the environmental
conditions under which they were formed. Cyclothems in the Mid-
Continent area are predominately marine and contain large amounts of
marine limestone and shales in comparison to those of the Eastern
Interior basin which are composed predominately of thick beds of
sandstone, and shale of non-marine origin. Standard or ''ideal"
cyclothems which consist of the lithologic types recognized in a
particular area have been proposed by several workers (Moore 1936;
Wanless 1950; Searight 1955; Wheeler 1957). The well developed or
"ideal" cyclothem of the Mid-Continent, of which there are few, is

shown below (Branson 1962, p. 450):

9) shale, dark, unfossiliferous, with clay-
ironstone concretions
8) limestone, locally rich in fusulinids
7) shale, gray, containing myalinids
6) limestone or clay ironstone, marginiferids abundant
5) shale, black, fissile, phosphatic
4) coal
3) underclay
2) shale, silty, fossil plants
1) sandstone, non-marine, locally conglomeratic

Most units of a cyclothem are discontinuous, although some of

them can be traced from outcrop to outcrop for hundreds of miles.

The cyclical repetition of beds is regional rather than local

and requires a mechanism which would send the seas of Pennsylvanian

times pulsating back and forth across large areas of the central and

eastern parts of the United States. Three major theories have been
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proposed to account for the widespread occurrence of cyclical
deposits. (1) Weller (1930) proposed the theory of diastrophic
control which requires oscillatory crustal movements in both
source areas and basins of deposition. (2) Wanless and Shepard
(1936) visualized an intermittently subsiding basin combined with
fluctuations in sea level controlled by the advance and retreat
of continental glaciers. (3) Wheeler and Murray (1957) proposed
a continuous subsiding basin with sea level fluctuations controlled
by glacial cycles.

Other theories which have been proposed have incorporated
some combination of the processes mentioned above.

The complete sequence of beds composing the ideal cyclothem
as visualized by Weller and other workers is seldom observed in
outcrop and never occurs over wide areas. This does not alter the

concepts which have been proposed to account for cyclical deposition

but implies that conditions were operative which prevented the com-

plete cycle from being deposited.
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STRUCTURE

The Bates County area lies on the southern margin of the Forest
City basin (Figure 19). The Bourbon arch, an eastward extension of
the Nemaha structural belt, lies directly south of the Bates County
area and separates the Forest City basin from the Cherokee platform.
The Missouri platform which lies on the northwest flank of the Ozark
uplift is to the east. Thus, the Bates County area of western
Missouri is situated near the junction of three major tectonic fea-
tures, the Forest City basin, Bourbon arch, and the Missouri platform.

Regionally the Pennsylvanian strata of the Bates County area
dip northwestward toward the Forest City basin at 10 to 15 feet per
mile. However, the attitude of the beds has been modified to a

great extent by several northwest plunging, broad folds and inter-

vening synclines (Plate 9). The largest of these folds is the Schell

City-Rich Hill anticline which was first mentioned by Hinds and
Greene (1915, p. 206). This structure enters Bates County in the
southeastern corner and trends northwestward to near the Kansas-

Missouri border in northwestern Bates County where it plunges be-

neath younger sediments. The Schell City-Rich Hill anticline is

asymmetrical in shape. Dips of over 30° may be observed on the south-

western limb using the Higginsville limestone as a datum. The

attitude of the northeastern limb is somewhat less steep. The clo-

sure is about 150 feet.
The trend and configuration of the Schell City-Rich Hill

anticline has been recognized in subsurface studies of the lower
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Paleozoic rocks of western Missouri by Robert Knight and Mary
McCracken of the Missouri Geological Survey. Although conclusive
subsurface data is lacking, the possibility exists that the Schell
City-Rich Hill anticline may be represented in the subsurface of
Bates County by a fault or series of faults located near the steep-
ly dipping southwestern limb. When traced southeastward the axis

of the Schell City-Rich Hill anticline is aligned approximately with
the Eldorado Springs fault zone in Cedar County (see geologic map of
Missouri, 1961 edition). Faulting and considerable distortion of the
strata has been observed in strip mining operations of the Mineral
coal in northern Vernon County. The strip mines in which the fault-
ing and distortion is the greatest are aligned with the southwestern
flank of the Schell City=-Rich Hill anticline.

On the basis of work in progress by W. C. Hayes of the
Missouri Geological Survey (personal communication) two faults or
fault zones are present in the Precambrian rocks of Bates County.
The location and trend of these faults or fault zones is similar in
position to the axes of the Schell City-Rich Hill anticline and the

Ladue~Freeman anticline which is also a northwest-southeast trending

structure that crosses northeastern Bates County in the vicinity of

Ballard (Plate 9). The Ladue-Freeman anticline was named by Hinds
and Greene (1915, p. 206). Perhaps the steeply dipping southwestern
limb of these structures project downward into a fault zone in the

subsur face rocks. The possibility then exists that the area be-

tween the steeply dipping southwestern 1imbs of the Schell City-Rich
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Hill anticline and the Ladue-Freeman anticline is in reality a fault
block in subsurface rocks.

A northwest-trending asymetrical fold has been recognized in
northwestern Vernon County but the configuration and closure of this
structure could not be determined because of the lack of subsurface
information.

With the exception of the southwest flank of the Schell City-
Rich Hill anticline which can be traced for miles, most directly
observable dips seem to be connected with entirely local structures
which are superimposed on the larger regional structures. These
larger structural features are recognizable only through broad base
mapping.

Several smaller folds which are not more than a few square
miles in area are present on the southwestern limb of the Schell
City-Rich Hill anticline. They appear to plunge steeply northwest-
ward but at an angle of several degrees to the major structural axis
of the Schell City-Rich Hill anticline. 1In other parts of the Bates
County area dips of 100 feet per mile have been observed and appear
to be related to structures of limited areal extent.

These smaller folds of not more than a few square miles in
areal extent are themselves wrinkled by still smaller minor structur-
al features., These minor structural features vary in shape from asym-

metrical folds to irregular dipping surfaces whose inter-relation-

ships could not be determined.

Hinds (1912, p. 76; Hinds and Greene 1915, p. 461) reported
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steep dips in mines of the Rich Hill District. The elevation of the
Rich Hill (Mineral) coal often varied as much as 150 feet in less
than one-half mile. Dips steep enough to necessitate the use of
special equipment for mine haulage were commonly encountered.

The structures of less than a few square miles may have result-
ed from one or more of the following processes: (1) solution and
collapse of underlying carbonate rocks; (2) differential compaction;
(3) slump; (4) irregularity of the original surface of deposition or
(5) true structural deformation resulting from diastropism.

The larger structural features of the Bates County area,
particularly the Schell City-Rich Hill anticline, are considered
to be the result of structural deformation resulting from dia-
strophic movements that acted intermittently over a long period
of time.

The Bourbon arch is considered to have developed in late
Mississippian time and to have persisted into early Pennsylvanian
time (Lee 1943; Jewett 1945). It is not known to what extent the
Bourbon arch affected the structure of the Bates County area. The
east-west trending nature of this structure is contrary to the
ma jor northwest-southeast trending structural features of the Bates

County area. However, the Bourbon arch is located south of the

Bates County area (Lee, 1943, Figure 2). It is also doubtful if it

extended far enough to the east to cross the main structural axis

of the Schell City-Rich Hill anticline.

On the basis of limited reconnaissance work done by the
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writer south of the project area in Vernon County, the upper Cherokee
and lower Marmaton rocks do not seem to thin or otherwise to be

appreciably different lithologically in the vicinity of the Bourbon

arch than in Bates County. Therefore, it is assumed that the

Bourbon arch did not actively affect deposition at the time the upper

Cherokee and lower Marmaton rocks were laid down.
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PHYSICAL VARIATIONS IN CYCLOTHEMS IN THE BATES COUNTY AREA
Cyclothems of the Bates County area of western Missouri are
characterized by variability. Although a few lithologic units of this
area persist for miles without any noteworthy changes in physical
characteristics, other units, when traced along the outcrop belt were
observed to vary considerably in physical characteristics. Some
lithologic units composing the cyclothem are facies changes of short
lateral extent. This is particularly true of most of the sandstones,
shales and shaly limestones. Other units, particularly the purer lime-
stones, black, fissile shales and coal beds, are very persistent.
Nevertheless, many of the purer limestone and black, fissile shale
units were observed to be characterized by abrupt changes in thick-
ness, lithology and faunal characteristics in the Bates County area.
Some coal beds considered to be persistent in other areas pinch out
in this area and their stratigraphic positions could be determined
only by a study of the associated strata. Noteworthy examples of
stratigraphic units which vary in thickness or lithology are as
follows: (1) The Verdigris (Ardmore) limestone,which consists of
two beds of well-bedded limestone separated by shale in northwestern
Vernon and southwestern Bates County, becomes a single bed of nodular
to bedded limestone in the vicinity of the Schell City=-Rich Hill
anticline in south-central Bates and north-central Vernon County.
Although it thins somewhat irregularly, it persists along the outcrop

belt as a nodular limestone bed to at least western Henry County. In

central Henry County, a limestone facies similar to that in south-
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western Bates and northwestern Vernon County is once again encounter-
ed. (2) The black fissile shale underlying the Verdigris limestone
is over 2 feet thick in the southwestern part of the Bates County
area. When traced northeastward to the vicinity of the southwest
flank of the Schell City=Rich Hill anticline,the black, fissile shale
thins to a few inches of soft, greenish-gray shale which persists to
western Henry County. (3) The black, fissile shale of the Excello
formation thins and loses its fissility in some areas along the
axis of the Schell City-Rich Hill anticline. (4) The Mulky coal,
which is from several inches to 3 feet thick in Henry and Vernon
Counties, is represented by a thin coal smut throughout most of Qates
County. (5) The Wheeler coal bed and associated strata are not
present throughout much of southeastern and south-central Bates
County. (6) This is also true of the coal bed or beds in the lower
part of the Mulky formation which could not be traced southwestward
from northeastern Bates County. (7) The Bevier coal was not recog-
nized southwestward from western Henry County. (8) The Amoret lime-
stone changes abruptly from an unfossiliferous, nodular limestone

to a very fossiliferoﬁs,bedded limestone along the axis of the Schell

City-Rich Hill anticline in western Bates County, between the towns

of Worland and Amoret. Still other variations can be cited,
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PROBABLE CAUSE FOR PHYSICAL VARIATIONS IN CYCLOTHEMS
IN AREAS OF LIMITED EXTENT

The persistence and physical characteristics of a particular
stratigraphic unit of a cyclothem in limited areas does not appear
to be completely controlled by the mechanism or mechanisms responsible
for the extent of the transgressions or regressions of Pennsylvanian
seas over wide areas. The lithology and thickness of some of the
units appear. to have been inflﬁenced by local irregularities of the
depositional surface at the time of deposition because most varia-
tions in lithology and thickness are associated with mappable struc-
tures of local or regional extent. Irregularities may have origi-
nated by one or a combination of the following processes: (1)
Solution and collapse of the underlying Mississippian or older
carbonate rocks. (2) Differential compaction of the underlying,
earlier deposited, Pennsylvanian sediments. (3) Irregularities in the
original surface of deposition. (4) Structural deformations syn-
chronous with subsidence of the major basins such as the Forest City.
Structural deformation must be considered a likely possibility for
the following reason:

Lithologic and paleontologic features of Pennsylvanian cycli-

cal deposits indicate that deposition took place in shallow, marine,

i levation. In the Bates County
brackish or fresh water‘ngar zero ele

area a maximum of 800 feet of Pennsylvanian strata that were de-

posited under these conditions overlie Mississippian rocks. It

must be concluded that several hundred feet of subsidence occurred



126

to account for the deposition of this thickness of strata. It is
reasonable to assume that the regional subsidence in the Bates
County area was north or northwestward into the Forest City basin
and was accompanied by minor undulations which could have affected
sedimentation, Variations in the thickness, lithology, and faunal
characteristics of the units composing the cyclic deposits of
western Missouri may be the result of these crustal disturbances,.

According to Weller (1957, pp. 326-328) the Pennsylvanian,
more than any previous Paleozoic period, was a time of crustal in-
stability. During the Pennsylvanian Period, the central and eastern
parts of the United States existed as a somewhat irregular depres-
sion, bounded by a low upland to the north, higher areas to the east
and south, and irregular, lower mountains to the west. This
interior region was interrupted by the Cincinnati arch with its
northern branches; the Ozark dome; the Michigan basin; the Tllinois-
Indiana-Western Kentucky basin; and the Forest City basin. Impor-
tant, but less pronounced structures such as the Nemaha structural
belt of eastern Kansas and southeastern Nebraska and the LaSalle
anticline and DuQuoin axis in Illinois came into existence. Finally,
many minor structures either were accentuated or made their appear-
ance (Weller 1957, p. 328).

In the basins subsidence predominated, interrupted by period-
ic, brief intervals of minor uplift which resulted in characteristic
cycles of deposition. Minor irregularities-local unsynchronized

movements of either uplift or depression-may account for uncommon
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irregularities in the stratigraphic sequence that do not entirely
fit into the general cyclical pattern (Weller 1957, p. 363).
Lithologic units which crop out in the Bates County area
several hundred feet above sea level are found at a depth of
several hundred feet below sea level in the Forest City basin.
Thus, hundreds or even possibly thousands of feet of subsidence

occurred in the Forest City basin during the Pennsylvanian period.
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PALEOGEOGRAPHY

During the Pennsylvanian period seas repeatedly transgressed
over the Bates County area and flooded a somewhat uneven surface
close to a shifting shore. The water was salty, brackish or fresh
and everywhere shallow but of unequal depth. Numerous depositional
environments prevailed in the area. Sometimes diversified environ-
ments existed simultaneously in adjacent areas. At other times
these diversified environments were separated by short intervals
.of time.

Sediments included lime and detrital muds that were de-
posited under conditions of unrestricted marine circulation to black
organic muds laid down in a restricted lagoonal or tidal flat
environment.

The withdrawal of the shallow seas into the deeper parts of
the Forest City and Arkoma basins caused streams to extend their
courses over the newly emergent region. Sand, silt and mud was
deposited in the form of deltaic, floodplain or channel-~fill deposits.

The record of these gradual shifting environments has been
preserved in the stratigraphic sequence as facies of diverse lithol-
ogy.

According to most students of the Pennsylvanian the major

direction of sediment transport was from the north or northeast

(Wheeler and Murray 1957, p. 1990). Nevertheless, the Nemaha struc-

tural belt of Kansas and the Ouachita Mountain Region of Oklahoma

and Arkansas could have contributed considerable quantities of



129

sediment to the area. If direction of sediment transport was from the
north or northeast it would have been necessary for some sedimentary
units deposited in a non-marine environment to have had the sediment
composing them transported across areas where marine or lagoonal
sedimentation was in progress (Figure 3la).

The Ozark dome is considered to have been a minor source
area which at times was itself inundated by marine transgressions.
Gradation from a marine to non-marine environment upon approaching
‘the Ozark dome is indicated by sedimentological studies of some of
the units., It is assumed that during most of the Pennsylvanian
‘Period the Ozark dome was a low emergent area and marine waters in-
undated the region around it.

Numerous northwest-southeast trending structures extended
from the Ozark dome into the Forest City basin. The Schell City-
Rich Hill anticline was the most prominent of these structures in
the Bates County area., Intermittent movement along the structure
influenced the depositional environment throughout much of the area.

The paleogeography of the Bates County area during deposition
of the Verdigris formation, the lower part of the Bevier formation
and parts of the Bandera, and Altamont formation is reconstructed
on paleosedimentological maps arranged in chronological sequence
(Figures 30 and 31). The environments of deposition corresponding
to each map are discussed in detail in the following paragraphs:

Following the deposition of the Croweburg coal, a non-

marine to brackish water environment prevailed in the Bates County
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area. Detrital mud, sand and silt were being deposited to form
deltas or tidal flats (Figure 30a). Thickest accumulations were in
the Rich Hill area in the southern part of the Bates County area
(Plate 3).

The tidal flat or deltaic environment was followed by marine
transgression and a restricted lagoonal environment came into
existence, In the western half of the area black organic muds
containing a high percentage of phosphate was formed in an environ-
ment or restricted marine circulation. The eastern half of the
region at this time was aerated sufficiently to cause oxidation of
the organic matter with the result that greenish-gray phosphatic
muds were deposited. It is postulated that the eastern half of the
Bates County area was a shoal area and waves agitated the bottom
sediments. The restricted lagoonal environment was gradually re-
placed by an environment of less restricted circulation (Figure
30b). A eustatic rise in sea level or a lowering of the land sur-
face by epeirogenetic movements allowed marine waters to enter the
area which had previously been a lagoon. Lime and detrital muds were
deposited in this newly formed marine or lagoonal environment in the
area while sand, mud and lime were being de-

western part of the

posited in the northeast. Throughout most of the central part of the

area the restricted environment was gradually replaced by marine

encroachment that was accompanied by deposition of lime muds. Progres-

. . - qs . mud
sive marine transgression continued and beds of lime and detrital

were deposited in the western one-third of the area in an environ
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ment of normal marine circulation while in the eastern two-thirds
the shoal=-type environment, which came into existence during de-
position of the underlying phosphatic shales,persisted with de-
position of lime muds (Figure 30c). A facies change from a
well-bedded limestone in the west to nodular limestone in the
northeast,infers that waves agitated the bottom sediments in the
eastern part of the area. The northeastern part of the area con-
tinued to receive considerable amounts of sand derived f;om some
unknown source area. Following deposition of the Verdigris
limestone marine waters withdrew from the area. It is a likely
supposition that deltaic sandstones and shales were deposited during
the non-marine portion of the cyclothem but were removed subsequent
to the development of the underclay of the Wheeler coal.

The gradual encroachment of the seas over the region resulted
in the development of a near shore environment‘(Figure 30d). Marine
l1imes and muds were deposited in the western part of the area.

These now compose the fossiliferous shale and argillaceous limestone
overlying the Wheeler coal. Coal swamps existed in the brackish or
fresh water environment to the east. Most of the central part of
the area was elevated slightly so that organic matter was oxidizied
with the result that the Wheeler coal is absent in this area.

The thickness pattern of the Verdigris formation is shown in
(Figure.30e). .

During the time interval corresponding to deposition of the

upper part of the Bandera formation thick beds of sand and mud were
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accumulating to form deltas and tidal flats in the southwestern part
of the area (Figure 3la)., Meanwhile the remainder of the region was
receiving accumulations of lime mud and detrital mud in a lagoonal
environment. Isolated lenses of sand and detrital mud occur in the
middle of the lagoonal environment. It is postulated that these iso-
lated areas were small structurally controlled basins which were sub-
siding more rapidly than the surrounding area. Detrital mud and sand
were the major sediments carried into them by currents with lime mud
being a minor constituent. (The writer has studied small bodies of
sand and silt in an area of black mud deposition in the Mississippi
Sound off the southern coast of the United States. Currents appear
to have winnowed the coarser fraction from the black muds).

Progressive marine transgression continued and beds of lime and
detrital mud were deposited in areas where the bottom sediments were
not agitated to an appreciable degree (Figure 31b). Throughout the
- major part of the Bates County area shoaling conditions prevailed
and lime muds were shaped.into nodules by wave agitation of bottom
sediments. In the southwestern part of the Bates County area detrital
mud and sand continued to be deposited in the form of deltas or omn
tidal flats.

Gradation from a lagoonal environment in the northeast to a
predominately non-marine deltaic environment in the southwest implies
that sediment was derived from a source area which lay to the south-
west, west or northwest. However, until studies of a more regional

nature can be completed this conclusion is tentative and‘premature.
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The combined thickness of the Bandera and Altamont formations

is shown in (Figure 3lc).
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AFFECT OF STRUCTURAL MOVEMENTS ON SEDIMENTATION

The variation in thickness of the Verdigris and Bandera forma-
tion is particularly interesting when traced along the outcrop belt
from Kansas to the vicinity of the southwestern limb of the Schell
City-Rich Hill anticline. The thickness of the Verdigris formation
increases from 25 to 45 feet, while the Bandera formation thins from
over 50 feet to less than 20 feet, (Plates 3 and 8). The variations
in thickness of these formations along the Schell City-Rich Hill anti-
cline are regionally related to this structure. Facies changes
previously mentioned on pages 123 - 124 and indicated on the
paleosedimentological maps (Figures 30 and 31) also occur in the
formations. It seems a likely supposition that movements of the Schell
City-Rich Hill anticline affected the deposition of these and other
units and is responsible for many of the physical variations observed
in some of the stratigraphic units when traced to the vicinity of
this structure.

The area between the Schell City-Rich Hill and the Ladue-
Freeman anticlines which in reality may be a structural block bound-
ed by deep seated faults appears to have been active intermittently
throughout the time interval corresponding to deposition of the upper
Cherokee and lower Marmaton groups. Periods of greatest activity

appear to coincide with intervals containing predominately non-marine

units and include the Fleming, Croweburg, Verdigris, Bevier, Lagonda

Mulky, Labette, Bandera and the lower part of the Altamont formation.

The structure was probably in a state of quiesence during the time
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corresponding to the deposition of the thick marine limestone of
the Pawnee formation and Fort Scott subgroup because only slight
lithologic variations are observed in these units,

During deposition of the Verdigris formation the structural
block first subsided more rapidly than the surrounding area which
resulted in an expansion of the lower part of the Verdigris forma-
tion from the top of the Croweburg coal to the base of the black,
fissile shale underlying the Verdigris limestone. Later the block
subsided less rapidly than the surrounding area with the result
that the strata composing the upper part of the Verdigris formation
are reduced in thickness and contain features characteristic of
first a shoal area and then of a slightly emergent region.

The relationship of structure to the physical variations

in the Verdigris formation are shown in Figure 32.
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sponding to deposition of the Verdigris formation. Movement
of the structural block between the Schell City-Rich Hill
and the Ladue-Freeman structures may have been the cause for
the physical variations observed in the Verdigris formation.
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CONCLUSIONS

It seems evident that the Bates County area was subjected
to local and regional structural deformations of undetermined origin
and magnitude during the Pennsylvanian Period. These movements
affected the sedimentation in the area. The movements do not appear
to have been completely synchronized in time or geographic location
and as a consequence the‘resulting cyclical sequences do not show
the same degree of lithologic variations. Deviations from the
standard or "ideal" cyclothem as postulated by different authors
should be an expected occurrence in Pennsylvanian rocks.

It is believed that a detailed study of the influence of
local structure on sedimentation in other areas of the Mid-Continent
will result in a better understanding of many of the problems

concerned with the correlation of Pennsylvanian rocks.
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Appendix

Measured Stratigraphic Sections

The stratigraphic sections appended to this report have been
included to serve the following purposes. (1) to supplement discussion
of the rocks presented earlier in the text portion of the report. (2)
to aid in the interpretation of the stratigraphic profiles presented
in plates 2 - 9., It will be noted that most stratigraphic sections
shown in the cross profiles contain only a part of the section as
listed in the appendix. This method of illustration was necessary
in order to present lithologic detail. Most sections appear in more
than one cross profile. (3) to record the basic data used in the

preparation of the dissertation.



STRATIGRAPHIC SECTION NO. 1

160

High wall of inactive strip mine; NE% NW% sec. 14, T. 37 N.,
R. 33 W.; 4.5 miles west of Metz, Vernon County, Missouri

Cherokee group
Cabaniss subgroup
Verdigris formation
Ardmore member (15,16,17)

Thickness (Feet)

17 limestone, weathered brown; fossil
fragments; only base exposed ............ 1.00
16 shale, gray, soft .......... et et 2.00
15 limestone; weathered brown; jointed;
thin-bedded; Desmoinesia ......c00000... 0.40
14 shale, weathered brown, soft ....... . ee 0.35
13 shale, black, calcareous, soft .......... 2,00
12 shale, black, fissile; large con-~
cretions (1 ft. diameter) composed
of dark-gray, finely crystalline lime-
stone with some pyrite; small irregular-
shaped phosphatic concretions .,......... 1.65
11 shale, gray, soft, non-calcareous ...... 3.00
Croweburg - Fleming formation
10 coal Lt e e e s e e . 1.00
9 underclay; only top exposed et eaeesaas 0.25
8 covered ..... et eseronens st e .. 15.00
7 shale, medium=~-gray; few small
phosphatic concretions .........cccc00cn.e 0.45
6 limestone, dark-gray, weathers red,
thin-bedded, argillaceous; Derbyia
CLASSA eveovesnsaseennsossssnnsecansssas 0.25
Robinson Branch formation
5 coal, weathered; varies from 0.1 to
0.8 feet in thickness over short
lateral distances .....cecevscsccoscsacns 0.75
4 shale, light=-gray; angular fracture .... 2.00
3 shale, medium-gray ......... e vee.. 5.00
2 shale, dark-gray to black, hard,
calcareous .......e.- s esesecconee P 1.00
Mineral formation
1 coal; only top exposed ........ cesas e 1.00
Total thickness 37.10 Feet



Southwest cut bank on Pryor Creek; NW% SWk sec. 8, T. 37 N.
R. 32 W.; 2 miles northwest of Metz, Vernon County, Missouri.

STRATIGRAPHIC SECTION NO. 2

Cherokee group
Cabaniss subgroup

Verdigris formation

24

23
22

21

limestone, dark-gray, finely
crystalline; one blocky bed;
Crurithyris, fragments of productid
brachiopods ...... Ceceesescsscenncanens
shale, black, platy ........ ceessenanas
shale, black, fissile; a few irregular-
shaped phosphatic concretions .........
shale, light to medium-gray ........ .o

Croweburg formation

20
19

18
17

16
15

14

coal, jointed, bright ..........0ec.0.. .
underclay, gray; angular fracture;

root impressions; pieces of carbon .....
shale, medium=-gray ........ ceeaaan ceen

shale, greenish-gray; 1rregu1ar shaped
calcareous claystone nodules which
weather reddish-brown ............... .

shale, medium-gray ..... et e ceaes
limestone, light-gray, weathers reddlsh—
brown; composed of irregular-shaped

nodules; fragments of Desmoinesia .....
shale; black at bottom to medium-gray
at top ..... et ecscacoeasase . .

Fleming formation

13
12

11

10

coal, bright ........cccitieeeen ceeecens
clay, medium-gray; angular fracture;

sparse root impressions ......... ceieenen
shale; bottom few inches black, becoming
medium=-gray at top ...ccccvercenncsersne

shale, black, platy to fissile; a few
oblong-shaped phosphatic concretions ...

Robinson Branch formation

9
8

coal, bright; thin-bedded at top .......
underclay, medium-gray; few coal streaks
and joints filled with coal; melanterite

on exposed surfaces ........ e eeaea oo

1.00

2.30
1.50

0.25

1.45

1.50

0.25

0.65
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Thickness (Feet)



~J

N W

High wall of abandoned strip mine; north side of dirt road;

162

Thickness (Feet)

clay, light-gray, non-calcareous ........ 1.50

clay, greenish-gray; mixed with

calcareous clay nodules which are

irregular-shaped and weathered

reddish-brown, largest are 0.3 ft.

in diameter .............. Ceesiaecae s 3.00

clay, dark-gray ........ cesaneaa ceerenen 0.50

clay - ironstone concretion zone;

slightly calcareous; concretions are

0.5 ft. in diameter .......... et erai e 0.25

shale, dark-gray ........c.v0uv.. ceaseass 2,00

limestone, dark-gray; weathers reddish-

brown; thin-bedded; slabby; abundant

Desmoinesia muricating ....c.eceeeeveess 0.35

shale, dark-gray, very carbonaceous ..... 0.25
Total thickness 40.80

STRATIGRAPHIC SECTION NO. 3

Feet

SEY% SE% sec. 35, T. 39 N., R. 32 W.; 2 miles northwest of Rich Hill,
Bates County, Missouri.

Cherokee group
Cabaniss subgroup

Verdigris formation

17

16
15

limestone, light-gray; exposed as

float .....viceteossoccncoansaanan ctaceonos 0.50
shale; weathered brown .......cc00... ... 6.00
shale, dark-gray ..... cecesesaenseaavans 3.00

Croweburg formation

14

13

12

coal, bright, jointed; thin-bedded at

top; apparent dip 39 NW ceeiiiieieneaeans 0.75
underclay, grading from dark-gray at

top to light-gray at bottom; arenaceous

at base; fossil root impressions ........ 3.00
sandstone, light-gray to white, fine-

grained, cross-bedded, micaceous;

calcareous near bottom; forms sharp

contact with underlying unit; small (.05 ft.
diameter) holes at top, many of which are
filled with brown sandstone ............. 2.00

Thickness (Feet)
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Thickness (Feet)

11 clay and shale, light=gray to

greenish-gray, non-calcareous ......... 1.00
10 limestone, dark-gray, weathers reddish-

brown, thin-bedded, argillaceous;

abundant Desmoinesia, Crurithyris ..... 0.25
9 shale; black at bottom and lighter gray

near top may be the result of weather-

ing .....00... cseesaananea cecececnseees. 0.85
8 shale, dark-gray to black, hard; forms
small ledge; very calcareous ........... 0.50

Fleming formation

7 shale, dark=-gray to black ............. 5.00
6 shale, black, platy; Desmoinesia
muricatina, Lingula, echinoid spines ... 2.00

Robinson Branch formation
5 coal, bright; jointed into blocks;

some iron and sulphur staining; joints
filled with calcite; thickness varies

considerably over short distances ..... 2.00
4 underclay, light-gray, silty, iron

stained ..... cesesaaas s et ianeaans .. 2.85
3 shale, medium=-gray, non-calcareous ..... 6.50
2 shale, dark-gray, non-calcareous ...... 0.50

Mineral formation

1 coal, blocky ....... .00 v eseeseaean 3.60
Total thickness 40.30 Feet

STRATIGRAPHIC SECTION NO. &4

Artificial excavation and drill test core, U.S. Air Force
Missile site; NE% sec. 9, T. 38 N., R. 31 W.; south side of county
road BB; 5 miles east of Rich Hill, Bates County, Missouri.

Cherokee group
Cabaniss subgroup )
Verdigris formation Thickness (Feet)
27 shale, Eray ...eessvccacosccssone e
26 shale, dark-gray, non~calcareous .....-.
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Thickness (Feet)

Croweburg formation

25 coal, thin-bedded, sulfur-stained

24 underclay, light-gray, arenaceous ....
23 shale, dark-gray, non-calcareous ....
22 shale and sandstone, interbedded; gray,
non-calcareous ...... e e ettt
21 covered ........ e b e et ettt

20 sandstone, fine-grained; lower 1 ft
interbedded with dark-gray to black

carbonaceous shale .............. e
19 sandstone, asphaltic ............... .
18 sandstone, gray, argillaceous, non-
permeable ..................... Ceeeane
17 shale, gray, non-calcareous ...,...... ..
16 limestone, medium~gray, weathered
reddish-brown, fossiliferous,
argillaceous ......... cesieaan ce e enan
15 shale, medium-gray, non-calcareous ...

14 sandstone, medium~gray, lower half
interbedded with shale; carbonized wood
in basal 1 ft. ..... ceeenn ceteenan . oo

Fleming formation

13 o - )

12 underclay, arenaceous ........c0c0000..

11 sandstone, argillaceous, fine-grained,
MiCaCeoUS .....vcviennnnsacansens . .

10 sandstone, few shale lenses; asphaltlc

9 shale, gray; 0.3 ft. calcareous zone
near middle ........... . 0.0 ceecean

8 sandstone, light-gray, micaceous;
middle part interbedded with dark-gray
carbonaceous shale; argillaceous near
base .....ciiiiiieiiinn. ceeesa s ecen e

Robinson Branch formation

7 coal ............ C et ese et oee
6 underclay; sllcken51ded ..............
5 sandstone, light~-gray, micaceous .....
4 shale, dark-gray ........... cee s
3 limestone, dark=-gray to black weather-

ed reddish-brown, argillaceous ........

0.40
1.00
1.80

0.50
1.00

0.40
0.30

4.50

0.20
2.30

0.20
1.00
2.20
0.20



165

Mineral formation

2 coal, bright; pyrite nodules 1.30
1 underclay; slickensided 1.70
Total thickness 83.20 Feet

STRATIGRAPHIC SECTION NO, 5

Composite section - artificial excavation and drill test core,
U. S. Air Force Missile site and outcrops in road cut on west side
of highway N northward to active quarry on top of hill; Wk sec. 29,
T. 39 N., R. 30 W.; 6 miles northeast of Rich Hill, Bates County,
Missouri.

Marmaton group
Fort Scott subgroup
Higginsville formation Thickness (Feet)

43 limestone, light-gray; wavy
bedding; dip 1° N. 45 E. ............. 13.00
42 limestone, medium~gray; one bed ...... 1.50

Little Osage formation

41 shale, dark~gray ......ce.ec0002s000... 1.30
40 shale, black, fissile, numerous

oblong phosphatic concretions ........ 2.00
39 clay or shale, light-gray ............ 1.00
38 shale, medium-gray; numerous pea-<

sized limestone nodules ......... eeees 2,00

Black jack Creek formation

37 limestone, medium=-gray, nodular;
brachiopod fragments ..... teeseeaesess 1.35

Cherokee group
Cabaniss subgroup

Excello formation

36 shale, dark-gray; contains oblong
phosphatic concretions .........c..c... 1.50

Mulky-Lagonda formation

35 clay or underclay, light-gray ......... 1.00



34

33

32

31
30

29

28

166

Thickness (Feet)

shale, weathered brown, arenaceous,
non-calcareous ,......cceneeeennan e 2.50
sandstone, calcareous; grades into
nodular limestone; apparent dip 4°

NE ..... Cetaeianas e i a et cenaa 2.50
sandstone, weathered brown, fine-

grained, non-calcareous ............. 1.00
shale, weathered brown, arenaceous 10.00
shale, weathered brown, poorly ex-

posed .......... ceaene cheesiereacacas 40.00
sandstone, weathered brown, thin-

bedded, fine-grained, quartzose ..... 4,00
shale ..... cesessasnene cesteeesaanana . 3.00

Lagonda-Bevier formation

27

26

25

limestone, dark-gray, thin-bedded,
very arenaceous; abundant Mesolobus

mesolobus ........ ceneean ceseann ceens 3.00
shale; with clay ironstone concre-
tions ..e.ececceans cecasans secencoves 5.00

limestone, dark-gray, argillaceous;

weathers reddish-brown; one blocky bed;
discontinuous; Desmoinesia, numerous

fossil fragments 0.15

Verdigris formation

24
23
22
21

20
19

18

underclay; fossil root impressions .. 0.25
limestone, light-gray, nodular ....... 0.25
limestone, thick-bedded to nodular;

jointed into blocks, main joint

system trends NE-SE ..... cesnasessses 3.50
shale, dark-gray; small phosphatlc

concretions ...cccecccns ceseesneans e 0.25
limestone, dark-gray, nodular ....... 0.05
shale, light-gray, micaceous; top

part arenaceous ..... crvsencens creses 15.00
shale, dark-gray, non-calcareous ..... 25.00

Croweburg formation

17
16

15

14

coal; few nodules of pyrite 0.75
underclay, medium-gray; carbonized

TOOES .eieerecoroacsons cessesses e nas 2.00
shale; arenaceous at bottom;

asphaltic ....cciesneacnccanacccccans 6.00
sandstone, cross-bedded ..... cerenoan 2.00
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Thickness (Feet)

13 shale; medium-gray to black at
base .......... e taceesescstnresannan 8.90

Fleming formation

12 shale, black, flaky; streaks of

vitrain and carbonized wood ..... o as 0.20
11 underclay, light-gray, slickensided;

carbonized roots ..... cresencans ceeeas 1.10
10 shale, light-gray, non=-calcareous;

arenaceous at base .........00c00.. .o 2.90

9 sandstone, light-gray, fine=-grained,
cross-bedded; flakes of muscovite,
biotite ..... ceeee e ceecrsessesees.. 10,00
8 shale; dark-gray to black at base;
sharp contact with overlying unit;
non~-calcareous .......oc0c0cnenrennns 3.00

Robinson Branch formation

7 coal, bright, blocky ....eeveecenacass 1.40
6 shale, dark=-gray to black ........... 0.10
5 underclay, dark-gray; carbonized
TOOES s etuiverseoovenanensonnsans cene 2.50
4 clay-shale, gray; few irregular-shaped
reddish-brown calcareous clay nodules. 0.50

Mineral formation

3 shale, gray, non-calcareous ....... . 4.00
2 shale, gray, reddish-brown;
calcareous clay nodules ......... cens 2.00
1 shale, gray, non-calcareous ......... 1.70
Total thickness 187.35 Feet

STRATIGRAPHIC SECTION NO. 6

East cut bank of Camp Branch Creek, 600 feet north of east-west
dirt road; SE% NE% sec. 18, T. 39 N., R. 29 W.; 2 miles southeast of
Pleasant Gap, Bates County, Missouri.

Quaternary System Thickness (Feet)

13 gravel with matrix of red clay ....... 4,00



Thickness
Cherokee group - Pennsylvanian System
Cabaniss subgroup
Croweburg formation
12 shale, dark-gray ..... ceteeees ceeee e 2.00
11 limestone, dark~gray; weathers

reddish-brown; thin-bedded; argilla-

ceous; jointed into slabs; Desmoinesia

muricatina ..... ceseean- ceesena
10 shale, dark-gray, fossiliferous

shale, greenish-gray .......... .

O~ 0w

coal ..... e tee e ceesescasaasan
underclay, gray ..... Cesesctee e aean

limestone, weathered reddish-brown,

nodular; may be of secondary origin
since some stringers of it fill the

joints in the underlying shale

£

shale, greenish-gray ...........
limestone, dark-gray, weathers reddish-
brown, argillaceous; Desmoinesia

muricatina ........0... csececssensens
3 shale, dark-gray ......cccc0e.. .

Robinson Branch formation

2 coal, SMUELY ..veeerniosncansecansnnns
1

underclay, gray; fossil root

impressions ...... cesssessecansens PN

Total thickness

Dip of strata is 1° Nw

STRATIGRAPHIC SECTION NO. 7

0.05
1.00
2.50

168

(Feet)

Feet

Highwall of abandoned coal strip mine, from south bank of
Panther Creek, about 1,000 feet north of right angle bend to south
in dirt road; SWk% sec. 3, T. 39 N., R. 29 W.; 1.5 miles southwest

of Hudson, Bates County, Missouri.

Cherokee group
Cabaniss subgroup
Fleming formation

Thickness (Feet)

11 shale, dark-gray; only base exposed

0.50



169

Thickness (Feet)

10 limestone, dark-gray, weathers
reddish-brown, thin-bedded, argilla-
ceous, jointed into slabs;
abundant Desmoinesia muricatina,
sparse Crurithvris plano-

CONVEXA voseosavsesasssasassennsa ceaen 0.25
9 shale, dark-gray, calcareous ....... 1.85
8 limestone, black, weathers reddish-

brown, one bed, jointed into

rectangular slabs; argillaceous; dis-

continuous; Desmoinesia ......cc00.. 0.75
7 shale; dark-gray to black at base;

few fossil fragments, Trepospira .... 2.40

Robinson Branch formation

6 coal, hard, bright ...... et cecessanne 1,35
5 underclay, gray; only top exposed .. 0.25
4 covered interval; few spots of gray

shale exposed .......... cesetcaneens 6.00

3 limestone, dark-gray to black, thin-
bedded, argillaceous; abundant
Desmoinesia, sparse Neospirifer ..... 0.60

Mineral formation

2 coal ........... Cecesae e ceees 2.35
1 underclay, gray; top exposed in
creek .......... T 0.50
16.80 Feet

STRATIGRAPHIC SECTION NO. 8

Artificial excavation and drill test core, U. S. Air Force
Missile site; SW% NE% sec. 1, T. 39 N., R. 29 W.; 2 miles southeast

of Hudson, Bates County, Missouri.

Cherokee group
Cabaniss subgroup
Verdigris formation Thickness (Feet)
21 sandstone, weathered brown, fine-
grained, thin-bedded at top and
base, thick-bedded at middle ....... 10.00
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Thickness (Feet)

20 shale, dark-gray, argillaceous
at top ..... Cer e e ear e cseieaa 20.00

Croweburg formation
Croweburg coal (units 1 and 3)

19 coal L. i et 0.25
18 shale ................. et ceeaen 0.01
17 coal ... e e e e 0.35
16 underclay, gray; carbonized roots .. 0.50
15 covered .. ...i.iiiiiiiiiretneeaaean. 1.10
14 clay-shale, medium-gray; top

calcareous ...... Cvsetiesatcsarsnees 3.30

13 sandstone light-gray, fine-grained,
micaceous; brown rootlike struc-

BUresS ...iiiericenccannnens ceieacnen 2.00
12 shale, gray, calcareous, arenaceous
at top .. iieieiecincenencans cr e .o 2.50

Fleming formation

11 shale, medium-gray, non-calcareous
becoming black and calcareous at

base ....ciiieieteiriitinttiniaanns 0.80
10 limestone, dark-gray to black, thin-
bedded, argillaceous; Desmoinesia .. 0.30

Robinson Branch formation

9 shale, black, calcareous; fragments
of brachiopods near top .....cco0ue- 12.80
8 shale, black, non-calcareous ...... 0.10

Mineral formation

7 coal, bright .......... ceceerteseaoan 0.20
6 underclay, gray; carbonized roots .. 0.80
5 shale, gray; bits of carbon ........ 4.00

4 clay~-ironstone, black; weathering
reddish-brown .......cccvcieneccens 0.20

Cabaniss subgroup

3 shale, black, calcareous .......c... 13.80
2 shale, medium-gray, non-calcareous . 7.50

1 shale, gray; interbedded sandstone
10.50

lenses in lower half .......c.ccceeee.
Total thickness 91.01

Feet



Cut banks of small northward flowin
water Creek on south side of east

STRATIGRAPHIC SECTION NO. 9

T. 40 N., R. 29 W.; 4 miles southwest of Johnston,

Missouri.

Cherokee group
Cabaniss subgroup
Verdigris formation

19
18

shale, gray ......viiieinnennn.. ceee
shale, dark-gray, non-calcareous ...

Croweburg formation

17
16

15
14

13
12
11

coal, blocky, iron stained ........
underclay, gray; fossil root im~

Pressions ......ceevieeecencnnneennn.
covered interval ..... Ceerieceneaannas
sandstone, fine-grained, thin-bedded,
calcareous .........cvevuunnn. e
covered interval ..... ceevtecnseaans
shale, gray, non-calcareous ........

limestone, dark=-gray, weathers
reddish-brown, thin-bedded, argilla-
CEOUS .vueecncnrsnconcnnsacsa ce e

Fleming formation

8

shale, dark=-gray, non-calcareous ...
limestone, dark-gray, thin-bedded,
argillaceous; jointed into large
rectangular slabs; abundant
Desmoinesia muricatina ......cec.0.
shale, dark-gray, calcareous ......

Robinson Branch formation

7
6
5

4

shale, dark=-gray, non-calcareous
shale, gray, non-calcareous .......
limestone, weathered reddish-

brown .....cieiiecrcrcoccnctcnnosan
shale, weathered brown ............

Mineral formation

3
2

coal, smutty ...... cvecrerenaesan s

underclay or clay, gray, slickensided,

breaks out in angular chips ........

171

g tributary to South Deep-
-west dirt road; SW% NEX% sec. 23,

Bates County,

Thickness (Feet)

1.00
2.00
1.00
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Thickness (Feet)

1 shale, gray ......... et eees s e e 2.00
Total thickness 23.20 Feet

STRATIGRAPHIC SECTION NO, 10

Cut banks and bed of small stream on west side of dirt road
above bridge over creek; SE% SW% sec. 19, T. 41 N., R. 28 W.; 1.5
miles northeast of Johnston, Henry County, Missouri.

Cherokee group
Cabaniss subgroup

Croweburg formation Thickness (Feet)
13 limestone, dark-gray, weathers

reddish~-brown, nodular; fossil

fragments ....... Ceteasecsaaas et 0.10

Fleming formation

12 shale, dark-gray; a few thin beds of

siderite concretions ........... e 5.00
11 limestone, weathers to red ferruginous

clay, nodular; Composita ovata,

Mesolobus, Crurithyris ............. 0.35
10 shale, dark-gray ........... creseens 0.15

Robinseon Branch formation

9 coal, smutty ......00004 s eeeaen. cese 0.025
8 underclay; fossil root impressions . 1.00
7 shale, 8ray ....ecoceeceeocas ceeteaans 2.50
6 sandstone, thin-bedded, micaceous,

specks of carbon ...........c 0. 1.00
5 shale, black, soft, non-calcareous . 1.50
4 limestone, gray, thin-bedded

argillaceous; jointed into the

large rectangular slabs; Desmoinesia

muricatina, algae ..... cessesaneenna 0.60
3 shale, black, fissile; irregular-

shaped phosphatic concretions ...... 0.65
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Thickness (Feet)

2 shale, black, soft, discontinuous;
in places where this unit is absent
the overlying black, fissile shale
is gradational with the underlying
coal ..., cee et 0.50

Mineral formation

1 coal; only top exposed ......c000uun. 0.35
Total thickness 137.25 Feet

STRATIGRAPHIC SECTION NO, 11

Drainage ditch south side of east-west dirt road; section
extends from culvert eastward to top of hill; NE% sec. 5, T. 41 N.,
R. 28 W.; 3 miles southeast of Mayesburg, Henry County, Missouri.

Cherokee group
Cabaniss subgroup

Mulky formation Thickness (Feet)
23 sandstone, weathered brown, thin-
bedded, fine-grained ........ ceeeans 3.00
22 shale, gray ..... seetcnanans ceececas 6.00
21 limestone; weathers to reddish-brown
blocks, arglllaceous, one bed ..... 0.25
20 shale, gray ..... ctesecrensaseacnans 5.45
19 limestone, dark=-gray, argillaceous;

jointed into rectangular slabs;

numerous small crinoid columnals which

protrude from weathered surface .... 0.40
18 sandstone, thin-bedded; sharp contact

with overlying unit 3.00
17 shale, gray; lower few feet contains

fern fronds and Calamites ......... 12.00
Lagonda - Bevier formation
16 coal, thin-bedded ............ ceeas 0.15
15 shale, Eray ....cevececeocecaconcace 3.00
14 sandstone, thin- bedded ceseecans . e 10.00
13 shale, Eray .c.ieeecsoeccsnvananans 11.00
12 sandstone, thin- bedded fine-

grained ....... T 5.00

11 shale, gray, non-calcareous ....... 22.00
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Thickness (Feet)

Verdigris formation

1

~N 00w O

o)}

5
4

coal, weathered .......... Ceeee e
underclay, fossil root impressions
limestone, nodular; clay matrix ...
shale, greenish-gray; contains oblong
phosphatic concretions ............
limestone, dark-gray; nodular to
massive bedding; Mesolobus mesolobus
shale, light-gray, calcareous .....
shale, medium=-gray, non-calcareous

Croweburg formation

3

2

coal, hard, bright, jointed; some

iron and sulphur staining .,........
underclay, gray; fossil root im-
pressions; sulphur stained ........

limestone, dark-gray, nodular, some

nodules 0,5 ft. diameter; irregular-

shaped with clay matrix ...........
Total thickness

STRATIGRAPHIC SECTION NO. 12

0.50
1.00
0.50

0.50
0.50

2.00
5.00

1.35

Feet

Cut banks and bed of small northwest flowing stream; section
extends from under bridge on east-west dirt road upstream for a
distance of 0.25 miles; NW% NW% sec. 19, T. 42 N., R. 28 W.; 2

miles northeast of Mayesburg, Bates County, Missouri.

Cherokee group

Cabaniss subgroup
Verdigris formation

16

15

limestone and phosphatic concretionss;

exposed as float .........o0e00nen .-
shale, medium-gray, poorly exposed .

Croweburg formation

14
13

12
11

coal, weathered soft, poorly exposed
underclay, gray; fossil root im=

pressions ......c0000 cesesesenasases
sandstone and shale, interbedded
shale, dark=gray .....cceeceeacccncns

6.00

0.50

2.00
1.00

Thickness (Feet)
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Thickness (Feet)

Fleming formation

10 coal, smutty ............. et ieeceen 0.10
9 underclay ....... tececccnannn cec e 1.00
8 shale, dark-gray ........cceiuuun.. 4.00

Robinson Branch formation

7 coal, smutty .......... ceeraann ceeea 0.01
6 shale, black, structureless, slicken-
sided ...... et saenas cesisasansas 0.10
5 underclay, dark-gray; fossil root
impressions .....i0iiiiiiiiiieenan 1.00
4 shale, dark-gray ......c.cicievenn. 5.00

3 limestone, dark-gray, thin-bedded,
argillaceous; grades into calcareous
shale; Desmoinesia muricatina ..... 0.85

Mineral formation

2 coal ... iecenns ceeeecoeens e 1.10
1 underclay ....... chieeae e cerens 2,00
Total thickness 31.66

STRATIGRAPHIC SECTION NO. 13

Feet

Cut banks and bed of Muddy Creek; NW% NW% sec. 19, T. 38 N.,
R. 31 W., and SE% sec. 13, T. 38 N., R. 32 W.; 1.5 miles southwest

of Rich Hill, Bates County, Missouri.

Cherokee group
Cabaniss subgroup
Lagonda-Bevier formation

17 sandstone, weathered brown, thin-
bedded ......ceeiiieirianatacanonnn

16 shale; bottom half medium-gray, top
half weathered brown; arenaceous;
jointed SW-NE and NW-SE; a few large
exfoliated clay concretions .......

15 limestone, dark-gray, thin-bedded;
jointed into large rectangular
slabs; abundant Mesolobus meso lobus.

14 shale, Eray ...ececssccnsoasoss cecaas

3.00

20.00

2.00

Thickness (Feet)
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Thickness (Feet)
13 limestone, dark-gray, very

argillaceous, blocky to con-
cretionary, exfoliated;

Neospirifera Sp. . ...veeeeeneneenens 0.35
12 shale, dark-gray, non-calcareous;

few ironstone concretions ..... ceees 6.00
11 limestone, dark-gray; weathers reddish-

brown; thin-bedded; Desmoinesia,

Linoproductus .....ieeececencocnaas 0.25
10 shale, black, soft, non-calcareous . 2.50

Verdigris formation

9 coal, hard, blocky, bright ...... .. 0.65
8 underclay, light-gray; plant remains,
including root impressions ..... een 0.85

Ardmore member'(units 2,3,4)

7 limestone, light-gray, nodular to

blocky; Antiquatonia ......cec000.. 1.75
6 shale, gray, poorly exposed ...... .. 1.50
5 limestone, dark=-gray, finely crystal-

line; main joint system NE-SW; breaks
into long rectangular blocks; cri-
noid columnals, Mesolobus, productid

brachiopods; apparent dip 30° sW ... 0.50
4 shale, black, fissile; only top

exposed L....ieieeneen ceescaasenane 1.00
3 shale, gray ....cc.... Ceesertescenans 13.50

Croweburg formation

2 coal ....... Ceeseceecennoaonse cee e 90
1 underclay, 8ray ....c.eeceececnonccns 2.00
Total thickness 61.25 Feet

STRATIGRAPHIC SECTION NO. 14

West highwall of abandoned strip mine; NE% NW%Z sec. 34,.T. 38‘N.,
R. 31 W.; 3.5 miles southeast of Rich Hill, Vernon County, Missourl.



Cherokee group
Cabaniss subgroup
Bevier formation

177

Thickness (Feet)

31 W.;
exposed as a series of faulted blocks,

7 limestone; weathered reddish~brown;
concretionary; Desmoinesia,
Mesolobus mesolobus ............... .

Verdigris formation

6 shale, weathered brown ......ccoce...
5 limestone, light-gray, thick-
bedded; crinoid columnals, other
fossil fragments ......... .00
4 shale, black, fissile; spheroidal
to irregular=-shaped phosphatic
concretions; sharp contact with over-
lying and underlying units .........
3 sandstone, dark-gray, calcareous;
Mesolobus mesolobus and other fossil
fragments .......iiicieiiciencanioon
2 sandstone, dark-gray, thin-bedded,
calcareous, micaceous ........c000.4
1 shale, dark=-gray, arenaceous at top.
Total thickness

STRATIGRAPHIC SECTION NO, 15

1.00

6.00

1.10

0.35

6.00
19.95

Feet

West highwall of active strip mine; NE% sec. 34, T. 38 N., R.

4 miles southeast of Rich Hill, Vernon County, Missouri. Section

Cherokee group

Cabaniss subgroup
Bevier formation

apparent dip 2598W.

26 shale, ray ....cceecevecess ceae s 2.00
25 limestone, blocky to concretionary,
weathers brownish-red; Desmoinesia,
Mesolobus mesolobus ..........0e0n 0.25
24 shale, 8ray ....ccecececesecncoennen 1.15
Verdigris formation
23 shale, dark-gray ......ccoeveeveess 0.05
22 clay, light-gray; breaks w1th angular
1.00

fracture .....cceceveess s eee e oo

Thickness (Feet)
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20

19

18
17

16

Thickness

limestone, light-gray; thick

nodular bedding; brown root-like

Structures near top; crinoid

columnals, numerous thin

thanatocoenoses of fragments of

chonetid brachiopods (Ardmore

member) ............... ceceeeneanen 6.00
shale, greenish-gray, calcareous;

numerous small irregular=~shaped

phosphatic concretions which coalesce

into lenses ..... ceeeeeean ceteeeraes 0.25
rock phosphate, dark-gray, non-

calcareous; exposed as one bed, com-

posed of microscopic nodules or

oolites of phosphate ............... 0.10
shale, greenish-gray ............... 0.10
sandstone, fine-grained; thin shaly

bedding; micaceous ........ cesennann 5.00
shale, gray; arenaceous at top ..... 30.00

Croweburg formation

15 coal, weathered ......... cets s an e 0.25
14 underclay, gray; breaks with
angular fracture ........... cecaenee 3.00
13 sandstone, fine-grained, thick-
bedded, brown, micaceous ....... ceee 4,00
12 shale, dark-gray .......... et nesa 0.25
11 shale, medium-gray; contains two or
three discontinuous, concretionary
limestone beds which weather reddish-
brown .............. e eeesenrree e . 1.75
10 limestone, blocky; weathers reddish-
brown; Desmoinesia ....e.ceccceeocas 0.15
9 shale, dark-gray ........... e e . 0.35
8 limestone; one blocky bed; weathers
reddish-brown; Desmoinesia,
Crurithyris ....iieiiieeneeraneannns 0.35
Fleming formation
7 shale, dark-gray to black at base .. 0.50
6 shale, brown, arenaceous ........... 2.00
5

shale, black, hard, flaky; joints

filled with clay ironstone; numerous

flat siderite concretions some of

which are 0.5 ft. in diameter ...... 10.00

(Feet)
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Thickness (Feet)

shale, black, hard; Desmoinesia,

large productids, other fossil

fragments; gradational with under-

lying coal .......... . 1.65

Robinson Branch formation

3

coal; varies considerably in thick-
ness over short lateral distances;
represented by a smut 25 feet to
north; sulphur stained; some joints
filled with calcite and calcium

sulphate; pyrite 1.60
clay, medium-gray; breaks with
angular fracture ........ccc0uve.n. 4,00

Mineral formation

1

coal, thin-bedded, hard, bright ... 3.50

70.25

STRATIGRAPHIC SECTION NO, 16

Feet

South side of escarpment, 0.25 miles west of county road W,
section exposed from pond by barn to top of hill; NE% SE% sec. 29,
T. 39 N., R. 29 W.; 4 miles southeast of Pleasant Gap, Bates County,

Missouri.

Cherokee group

Cabaniss subgroup
Lagonda-Bevier formation

10 shale; weathers out as brown chips;
few thin sandstone beds .......... 24 .00
9 covered; patches of brown shale
exposed by trenching .............- 11.00
8 limestone; weathered to red
ferruginous clay; Desmoinesia .o 0.15
Verdigris formation
0.50

7

clay ...cee0e ceeacearaseeans

Thickness (Feet)
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N W

Thickness (Feet)

limestone; thick nodular bedding;
top part contains reddish=-brown
cylindrical structures which resemble

roots; crinoid colummals ........... 2,65
shale, gray ......cccvieernennnannes 1.50
sandstone, weathered brown; one

massive bed ............... ceeranans 1.50
shale, dark-gray .......... ceeeasans 4.50

sandstone, thin-bedded at base to

thick (1 foot) bedded at top; fine-
grained; argillaceous;light-gray but

with some black grains which produce

a salt and pepper effect under 10X
magnification ............ o eseecrea 3.50

shale, dark-gray, arenaceous ...... 2.00

Total thickness 51.30

STRATIGRAPHIC SECTION NO. 17

Feet

South cut bank of eastward flowing tributary to Newberry
Branch Creek, about 200 feet west of bridge on county road BB; NE% Swk

sec., 22, T, 40 N., R. 29 W.; 3.5 miles northwest of Hudson,

County, Missouri.

Cherokee group
Cabaniss subgroup

Bevier formation Thickness
9 shale, 8ray .....ceoceoas ceeens ceeen 1.00
8 limestone, jointed; weathered to

ferruginous, earthy, argillaceous

blocks; Desmoinesia ....eecocecaacess 0.15
Verdigris formation
7 clay, BTray ...eeeecossconsansassonns 1.00
6 limestone, light-gray, nodular;

apparent dip 1° NE ...... Cereeaeenes 1.50
5 shale, ETay ..ccevessocccocsanaascse 2.00
4 shale, gray; becoming arenaceous

At DaSE ...eeacveccassscrasasoancs ‘e 3.00
3 sandstone-concretion bed; concretions

are 0.5 ft. in diameter and are
slightly calcareous ........ccececee-

Bates

(Feet)
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Thickness (Feet)

2 sandstone, gray; bedding thickness

varies from .0l foot to 1 foot or

more; some interbedded shales ...... 4.50
1 shale; consisting of alternating dark

and light-gray laminae; arenaceous;
micaceous; some plant fossils; mea-
sured to water line in creek ....... 3.00
Total thickness 16.65 Feet

STRATIGRAPHIC SECTION NO,., 18

Section exposed in ditch on west side of hill a few hundred
feet north of east-west dirt road; SE% SW% sec. 18, T, 42 N., R. 28
W.; 2.5 miles northeast of Mayesburg, Henry County, Missouri.

Marmaton group
Fort Scott subgroup

Blackjack Creek formation Thickness (Feet)
28 limestone, weathered brown, thick-
bedded ..... i neeesaeaanas ces e 1.00

Cherokee group
Cabaniss subgroup
Excello formation

27 shale, black, fissile; contains

oblong to flat phosphatic con-

cretions ......cc00000- Cecosessannas 4.00
Mulky formation
26 coal .....iiiiiaienns Ceeeerassenens 1.50
25 underclay, gray; only top exposed .. 0.50
24 covered interval, patches of shale and

sandstone exposed ........ teeee-se. 13.00
23 limestone, medium-gray, thin-bedded,

argillaceous, jointed, breaks into
large rectangular slabs; numerous
small crinoid columnals which protrude
from weathered surface; Mesolobus,

Antiquatonia ...ccec0ceccne ceeesens
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22
21

20
19

18
17

Thickness (Feet)

shale, gray ..... eeaeas cersas cesonn 0.15
limestone, medium-gray, thin-bedded,
arenaceous; Antiquatonia, Trepospira(?),
fusulinids ........ Ceeis e cs e .. 1.25
shale, gray, arenaceous ........e... 4 .00
limestone, medium-gray, arenaceous,
thin-bedded, crinoid columnals, jointed,
breaks out into large rectangular

slabs; discontinuous .......ocece000 0.50
shale, gray .....ccceccecevenece caees 1.00
limestone, medium-gray, arenaceous,
thin-bedded, argillaceous, discontinu-

OUS teecsseacncs cosescsensossosoncss 0.35

Lagonda-Bevier formation

16
15

14
13
12

shale, gray, arenaceous .........c.- 5.50
sandstone, gray; thin-bedded (.01 ft.)
at base to medium t2dded (0.5) at top;

Calamites; specks of carbon ........ 12.00
shale, gray, arenaceous .....c.e.e.o. 3.00
shale, black, fissile ........c..000 0.15
shale, gray ........ coescosssecnvene 16.50

Verdigris formation

11
10
9

coal, bright, thin-bedded ..... ceoon 0.35
underclay, gray; hackly fracture ... 1.75
limestone, light-gray; predominantly
limestone nodules 0.1 ft. in diameter;

clay matrix; forms ledge but weathers

to rubble; Linoproductus ...... ceens 3.50
limestone, gray, weathers greenish-
gray, argillaceous, arenaceous,

jointed, blocky ....cecceoecacconcns 0.50

shale, greenish=-gray; small spheroidal

to flat phosphatic nodules, some of

which are calcaregus ......cecseueee 0,25

limestone, dark=-gray, weathers

reddish-brown; occurs as one bed;

brachiopod fragments common ........ 0.53
5.

shale, gray ccccesecoe- ceesceaesesesns

182
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Thickness (Feet)

Croweburg formation

4 coal, weathered soft ..... eier et 0.75
3 underclay; fossil root impressions;
structureless ........... e eeerooena 2.50
2 shale, weathered brown, arenaceous
at top ....iccicieennn. ceceessnene ... 10.00

Fleming formation

1 shale, greenish-gray, weathers
reddish~brown to purple ...... PN 1.00
Total thickness 98.85 Feet

STRATIGRAPHIC SECTION NO, 19

East road cut, south cut bark of Wolf Creek; NW% NE% sec. 11,
T. 37 N., R. 33 W.: 6 miles southeast of Hume, Vernon County,
Missouri.

Marmaton group
Fort Scott subgroup

Blackjack Creek formation Thickness (Feet)
10 limestone, light=-gray; only
base exposed ....ccc0escocnionranons 1.00
9 shale, Sray ...cceresescecncacccsass 1.50
8 limestone, llght=gray, jointed into
blockS ...uiivecececsooesnancescsncns 0.25
Cherokee group
Cabaniss subgroup
Excello formation
7 shale, 8ray .c..co... vesans ecoosaons 1.00
6 shale, black, fissile; flattened
phosphatic concretions ..... e 1.50
Mulky formation
5 coal, smutty ...... cebescsosssecvsas 0.30
: 2.00

4 underclay and shale, gray ..........
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Thickness (Feet)
Breezy Hill member
3 shale with nodules of limestone .... 0.75

Mulky-Lagonda formation

2 shale and sandstone, interbedded ... 6.00
1 sandstone, medium-gray, fine-grained,
micaceous, thin-bedded ............ 15,00
Total thickness 28.30 Feet

STRATIGRAPHIC SECTION NO. 20

Road cut on west side of dirt road, south side of hill, above
bridge over Pryor Creek; NW% NE% sec. 36, T. 38 N., R. 33 W.; 5 miles
southeast of Hume, Bates County, Missouri.

Marmaton group
Fort Scott subgroup

Blackjack Creek formation Thickness (Feet)
8 limestone, medium-gray, jointed;
one bed ....... Cecraressecceenacoana 2.35
7 shale, gray; small pea-sized limestone
nodules; abundant Mesolobus mesolobus 1.50
6 limestone, medium=-gray; jointed; one
0.50

bed ....cccocvevaseccccecsconsonnsssecs

Cherokee group
Cabaniss subgroup
Excello formation

5 shale, black, fissile; contains large
concretions of finely crystalline,

dark-gray limestone .....c.cceccevce 1.50

Mulky formation
4 coal, thin-bedded ....co0cvececcnes .o 1.10
3 underclay, dark-gray; breaks into .
1.5

angular fragments ....... e eeans e
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Thickness (Feet)

Mulky-Lagonda formation

2 sandstone, weathered brown; medium-
bedded at base to thin-bedded at
LoD ti et cnerenosooeeeeeooasoncnnees 5.00
1 shale, gray, non-calcareous ........ 15.00
Total thickness 28 .45 Feet

STRATIGRAPHIC SECTION NO, 21

Section measured from water line of Osage River under bridge
southward along east drainage ditch of north-south dirt road to top
of hill; SE% sec. 6, T. 39 N., R. 32 W.; 3 miles northeast of
Foster, Bates County, Missouri,.

Marmaton group
Fort Scott subgroup

Blackjack Creek formation Thickness (Feet)
23 limestone, light-gray ............0. 2.00
22 covered interval .......cevuevenccnn 5.00

Cherokee group
Cabaniss subgroup
Mulky-Lagonda formation

21 sandstone, fine-grained, concretionary,
calcareous .......ccc00000000 N 1.00
20 sandstone, thin-bedded, non-calcare-
OUS 4ovuceconncnns fereec s no e 4,00
19 shale, gray ....c.ooe.. e aan o 5.00
18 covered interval ......ccc0vc00eces 25.00
17 shale, medium=gray .......... ceesenn 2.00
16 limestone, dark-gray, thin-bedded,
argillaceous; weathers to soft reddish-
brown blocks; crinoid columnale,
productids ......cc0..e. ceenon ceevas 0.45
Lagonda-Bevier formation
15 sandstone; fossil root impressions; o 50

NON=calCareoUS ....cccesvooeseesssss
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Thickness (Feet)

14 sandstone, fine-grained, thin-
bedded, non=-calcareocus; carbonized

TOOtS at tOP ovvivvvrneronnnennnen, 10.00
13 shale, medium~gray, arenaceous .... 6.00
12 shale, medium=-gray, non-calcareous. 7.00
11 limestone, dark-gray, weathers

reddish-brown, thin-bedded, blocky;
jointed NW-SE and NE-SW; Neospirifer,

bryozoans, fossil fragments ....... 0.85
10 shale, dark-gray ................. . 0.50
9 shale, medium~gray, arenaceous at '

EOP veviveiennnnn. cesece cocscnn cosas 10.00

8 shale, dark-gray, non=calcareous;
many dike-like structures of clay-

ironstone .......c.c0u... ceeercenaa 10.50
7 shale, dark-gray, non-calcareous;

lenses of clay-ironstone concre-

tions ....... ceesens ceescsesrsnacoens 5.00
6 limestone, dark-gray, weathers

reddish~brown, thin-bedded, argil-
laceous; Mesclobus mesolobus,

crinoid columnals, fossil

fragments; fucoidal structures resem-

bling scour and £fill ........ coseens 0.25
5 shale, dark-gray to black, soft,
calcareous .........0. cecssano ceeccces 1.75

4 limestone, dark-gray to black, dis-
continuous; grades into top of coal;
very fossiliferous with Desmoinesia
muricatina and Mesolobus mesolobus . 0.10

Verdigris formation

3 coal, bright; small amount of

SULfUr ...c.eccovscccoacecconoanacans 0.75
2 underclay; fossil root impressions;
hackly fracture ....cccecooeeees ceen 1.50
Ardmore member
1 limestone, light-gray, nodular bedding;
1,00

only top exposed ...cco0.c0.. cooosane
Total thickness 100.15 Feet



Road cut on east side of U, S. Highway 71; SE% SE% sec. 5

STRATIGRAPHIC SECTION NO, 22

3>

187

T. 39 N., R. 31 W.; 4 miles south of Butler, Bates County, Missouri.

Marmaton group
Fort Scott subgroup

Higginsville formation

24

limestone, light-gray, crinkly
bedded; only bottom exposed ,.......

Little Osage formation

23

22
21
20

shale, dark-gray, very fossiliferous
with Mesolobus, Crurithvyris and

Kozlowskia splendens ........... oo
shale, black, fissile ...eceveencaas
coal, smutty (Summit) .......cec00..
underclay .....cccveceeccncccacnann oee

Black jack Creek formation

19

18

clay, light-gray; pea~sized limestone

nodules ......cccocesoncoenarcncosce
limestone, blocky, jointed; one bed;
Linoproductus .......... Cerecsecsans

Cherokee group
Cabaniss subgroup
Excello formation

17

16

shale, black; small irregular-
shaped phosphatic concretions ......
l1imestone, dark=-gray, argillaceous .

Mulky formation

15
14
13

coal, smutty .cceocecncccccanns coese
clay, gray, structureless ..........

limestone, very light-gray,
arenaceous, nodular .....c.o0ceccce--

Mulky-Lagonda formation

12

shale, light-gray, hard ...eccceeeee

0.50
1.50
0.01
0.50

1.50

Thickness (Feet)
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Thickness (Feet)

11 sandstone, thick-bedded ............ 2.00
10 shale, gray .....ecieeeennnennnnnann 3.00
9 sandstone, gray, weathers brown,
thin-bedded, fine-grained .......... 11.00
8 shale, dark-gray; joints filled with
clay ....... ccsecessersnanas ceseesss 15,00

Lagonda-Bevier formation

7 sandstone, weathers reddish-brown,
calcareous; pieces of carbon and
fossil fragments; hard; one bed .... 0.50
6 sandstone, weathered brown, fine-
grained, thin-bedded, non-calcareous;

pieces of carbonize” wood L......,.. 4.00
5 shale, dark-gray, non-calcareous ... 16.00
4 clay-ironstone concretions, weathers
reddish-brown; occurs as one bed;
calcareous .....cececouse0scaccoaccss 0.35
3 shale, weathered brown, calcareous . 3.00
2 limestone, dark~-gray, thin-bedded,
argillaceous; Mesolobus mesolobus .. 1.50
1 shale, dark-gray .....cceeevece. cens 6.00
Total thickness 78 .01 Feet

STRATIGRAPHIC SECTION NO, 23

Artificial excavation and drill test core, U, S. Air Force
Missile site; west side of north-south gravel road, SE% SEY sec. 1,
T. 39 N., R. 31 W.; 5 miles southeast of Butler, Bates County,

Missouri.

Cherokee group
Cabaniss subgroup

Mulky-Lagonda-Bevier formation Thickness (Feet)

15 shale, gray ........ ciosesenes cacans 2.00
14 limestone, dark-gray, argillaceous,
weathers reddish-brown ....... ceeasns 0.25
13 shale, dark-gray, very calcareous;
grades into thin-bedded argillaceous
limestone; Mesolobus, productid 2 00

brachiopods .....cecoceens cevseane



12
11

10
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Thickness (Feet)

shale, dark-gray, calcareous ....... 15,00
shale, dark-gray, interbedded with
sandstone ...... ceresaons Ceciecsaann 5.00

shale, dark-gray, non-calcareous ... 19.50

Verdigris formation

9

limestone, dark-gray, argillaceous;
weathers reddish~brown; fossil

fragments .....ceveeececeeoacensnans 0.55
underclay, gray; carbonized roots;

slickensided ........... ceeesesenian 1.50
limestone, light-gray, hard; nodular
bedding ........ cereens cecreensannaa 3.35

clay, greenish-gray; phosphatic con-
cretions and lenses of rock phosphate;

non=-calcareous .......vo000s0000000s 0.40
shale, greenish-gray; fossil
fragments .......cveeecc0acoessacans 0.10

shale, greenish-gray to medium=gray;
top part interbedded with sandstone. 37.80
shale, dark-gray; lenses of vitrain. 0.20

Croweburg formation

2

1

coal, bright; thin lens of dark shale

or fusain 0.1 ft. from top ......... 0.90

underclay, medium-gray; slickensided;

carbonized rootsS ....c00000-. ceeeans 1.00
Total thickness 89.55

STRATIGRAPHIC SECTION NO. 24

Feet

Artificial excavation and drill core test, U, S. Air Force
Missile site; SE% SE% sec. 29, T. 40 N., R. 29 W.; 4.5 miles north-
east of Pleasant Gap, Bates County, Missouri.

Marmaton group
Appanoose subgroup

Pawnee formation
Myrick Station member

limestone, dark-gray, thin- bedded 2.50

Thickness (Feet)



Anna member

36
35

Labette formation

34
33
32
31
30
29
28
27
26

25

24

23
22

Thickness
shale, dark-gray to black e oo 0.50
shale, black, fissile; large
spheroidal phosphatic concretions. 1.00
shale, gray; sulfur or iron stain-
ed ....... e ctescecesienns e re e 0.50
sandstone and shale alternating
in thin beds; non-calcareous ..... 1.00
sandstone, calcareous, fine-
grained, massive; Mesolobus ..... 0.50
shale, gray .....c.civinnennnn. . 0.45
shale, black ..... coeessaescanncen 0.25
coal, thin-bedded (Lexington) .... 0.60
clay and shale ....... ceseareceion 1.00
clay, arenaceous ..... ceeesescaans 0.50
sandstone, fine-grained, thin-
bedded .....i.iecevsvencnoocenenns 1.00

sandstone, thick-bedded (1 to 2 ft.),
planar cross bedding, hard, calcare-

ous, fine-grained ..........c..... 5.00
sandstone and shale in alternating
laminae, calcareous; shales are

dark-gray and contain abundant

carbonaceous matter .......ccc00. 6.00
shale, dark=-gray, calcareous ..... 4.50
limestone, dark-gray, thin-bedded,

argillaceous; Composita ...... e 1.00

Alvis coal

21
20

coal, bright ..... e caecs ceceaes 0.25
underclay, light-gray; carbonized
roots ...... ceevonen ceseoevenesans 1.20

Fort Scott subgroup
Higginsville formation

19

limestone, light-gray, wavy bedded; up-
jcr 5 feet nodular; finely crystal-
line; shale lenses along bedding
planes; recrystallized brachio-

POdS ....cceceacercacna o

190

(Feet)
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Thickness (Feet)

Little Osage formation

18 shale, black; fossiliferous
near middle with Mesolobus ..... 1.50
17 shale, black, fissile; phosphatic
concretions and lenses in lower
half ...... Gt st eascsacsnnees . 2.40
16 shale; black to dark-gray at base;
bottom 0.4 ft. fossiliferous ... 0.90
15 shale, black, thin lenses of coal;

coalified Calamites ............ 0.20
14 underclay ......cciiencionoannan 1.00

Black jack Creek formation

13 clay-shale, greenish-gray; pea-
sized limestone nodules near

DESE i ivescrssncnnsetanesonnons 3.00
12 limestone, nodular; nodules to

0.2 ft, diameter; greenish-gray

clay matrixXx ..ceceevevaccens oo 1.10

11 shale, greenish-gray; few
irregular-shaped limestone
nodules ,.......... B .. 1.30

Cherokee group
Cabaniss subgroup
Excello formation

10 shale, greenish-gray, mottled black;
a few phosphatic concretions and
lenses of phosphate ............ 0.40

Mulky formation

9 underclay, slickensided ........ 0.80
8 clay, greenish-gray, calcareous. 2.10
7 clay greenish-gray, non-calcar-

EOUS .osvvsceoanscanas cececesane 2.50

Mulky-Lagonda formation

6 shale and sandstone, interbedded,
greenish-gray; non-calcareous ..

5 sandstone, greenish-gray, non-
calcareous, cross-bedded ........

2.20

4.50



N W

Thickness (Feet)

shale, greenish-gray, micaceous,
non=-calcareous; interbedded with

lenses of sandstone in top half ... 11.80
shale, medium-gray .......e...e.... 10,00
shale, medium-gray; crinoid colum-

nals; thin-shelled brachiopods .... 3.80

shale, medium-gray; carbonized

wood, fern fronds .........00000inne 0.20
Total thickness 96.25

STRATIGRAPHIC SECTION NO, 25

Feet

192

Drainage ditch, east side of north-south dirt road on west side

of hill; NE% NE% sec. 28, T. 41 N., R. 29 W.; 2 miles southeast of

Ballard, Bates County, Missouri.

Cherokee group
Cabaniss subgroup

Mulky formation

16 sandstone, fine-grained, thin to
medium~-bedded, becoming calcareous
and nodular near top ......... ceens 5.00
15 shale, Eray ......eeeeesecssassss.. 10.00
14 limestone, dark=-gray to black,
thin-bedded, argillaceous,
Desmoinesia ...cceecececcstcsccncas . 1.00
13 clay or underclay .......... ceesnae 0.50
12 shale, dark-gray, non-calcareous .. 2.00
11 limestone, dark-gray, thin-bedded,
argillaceous; jointed into blocks;
Mesolobus mesolobus ....ccccveeeane 0.50
Lagonda-Bevier formation
10 coal ....c.e0 Gt esescrsecesescsesnen 0.25
9 underclay, arenaceous; fossil root
impressions ....c.ceecccocesaccennn 1.00
8 shale, Eray ..ceecececcssoaceccssocsnce 5.00
7 shale and sandstone interbedded in 00
25,

thin lenses ....ccsevecosaccccercs .o

Thickness (Feet)



W &~ U o

Thickness (Feet)

shale, dark-gray ..........c00c.... 5.00
shale, dark-gray to black ......... 1.50
shale, black, platy to fissile .... 0.15
limestone, weathered reddish-brown;

one bed; jointed into blocks; fossil
fragments .,....... ceseesoeecanns .o 0.15

Verdigris formation

2

shale, greenish=-gray; numerous

limestone nodules which have

weathered red ................. e 1.00
shale, gray; weathers greenish-

ETAY ceeceerennccns sescoesecoecnana 8.00
Total thickness 66 .05

STRATIGRAPHIC SECTION NO. 26

Feet

Drainage ditch east side of north-south dirt road eastward
through barnyard to top of hill; SE% SW% sec. 25, T. 42 N., R. 29 W.;
0.25 miles northeast of Mayesburg, Bates County, Missouri.

Marmaton group

Fort Scott subgroup
Blackjack Creek formation

13

limestone, light-gray, poorly
exposed .....icienenccctrcnecccanns

Cherokee group
Cabaniss subgroup
Excello formation

12

shale; phosphatic concretions;
poorly exposed .......cccvvvnnncnnn

Excello~Mulky formation

11

covered interval .......... cesansee

Mulky formation

10

sandstone, thin-bedded, fine-

grained, micaceous, calcareous .... 3.00

Thickness (Feet)

193
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Thickness (Feet)

9 shale, 8ray ....ceeeececcscececenas 16.00
8 limestone, dark-gray, argillaceous,
weathers reddish-brown, jointed;
bryozoans, Mesolobus mesolobus .... 0.25
7 shale, weathered brown ............ 6.00
6 limestone, dark-gray, thin-bedded,

argillaceous; jointed into large

rectangular blocks; Antiquatonia,

LinoproduCtus .....cocevccevcoancns 1.00
5 shale, gray ....... eeeerstecscaanas 2.00

Lagonda-Bevier formation

4 shale, black ........ csescesnsas oo 3.00

3 covered interval ,..c.ceecceeesea.. 11,00

2 shale, black, fissile ............. 0.15

1 shale .......00. cenaes cecossessses 0,50
Total thickness 47.90 Feet

STRATIGRAPHIC SECTION NO, 27

Road cut on south side of east-west dirt road, east side of hill;
SEY% SWY% sec. 31, T. 38 N., R, 33 W.; 4 miles southwest of Hume, Vernon

County, Missouri,.

Marmaton group
Fort Scott subgroup

Higginsville formation Thickness (Feet)

7 limestone, light-gray, wavy

bedded; crinoid columnals; only

base exposed ...... teeseceneevessss 10,00
Little Osage formation
6 shale, black, fissile at base be-

coming light-gray near top ........ 0.85
5 shale, dark-gray ........-. coecesens 0.01
4 shale, gray ....--. oo escvesesusas 2.00

Black jack Creek formation

3 limestone, gray, jointed into blocks;

top surface humpy as a result of .
abundant elevated Chaetetes colonies 2.50



195

Thickness (Feet)

2 shale, light-gray ..........c..0.... 0.25
1 limestone, medium-gray, finely
crystalline, jointed, occurs as 2
beds ...ttt i i e, 1.00
Total thickness 16.61

STRATIGRAPHIC SECTION NO, 28

Feet

Abandoned quarry west side of Highway V; NW% NW% sec. 9, T.
37 N., R. 33 W.; 5 miles south of Hume, Bates County, Missouri,

Marmaton group
Appanoose subgroup

Labette formation Thickness (Feet)
3 sandstone, reddish-brown, medium-

bedded, (0.5 ft.) to thin shaly

bedding at top .....ccivevencrvoncns 2.00
2 shale, dark-gray; numerous pieces of

carbon; lies unconformably on under-

lying unit ........... seceacs coeves 0.50

Fort Scott subgroup
Higginsville formation

1 limestone, light-gray, wavy bedded 14.00
Total thickness 16.50

STRATICRAPHIC SECTION NO, 29

Feet

Abandoned limestone quarry on north side of east-west dirt
road,west side of hill; SE% SE% sec. 28, T. 39 N., R. 32 W.; 2 miles
north of Sprague, Bates County, Missouri, (modified after Jefferies,

1958, p. 160).

Marmaton group

Appanoose subgroup '
Labette formation Thickness (Feet)

1 (ALlvis) ..cceenevecs cesacescee 0.05

. oA 0.75

4 underclay, gray, structureless ....



Thickness

Fort Scott subgroup
Higginsville formation

3

limestone, gray, finely crystal-

line; thin nodular bedding; abundant

shale lenses ........c.ceiieeennenn 4.75
limestone; gray with dark-gray

mottling; finely crystalline; smooth
subconchoidal fracture; medium-

bedded (.5 ft.) fossiliferous ..... 12,00

Little Osage formation

1

shale, black, platy; only top
exposed in quarry floor ............ 0.35

Total thickness 19.90

STRATIGRAPHIC SECTION NO. 30

196

(Feet)

Feet

Drainage ditch south side of road; NWk% NW% sec, 28, T. 39 N.,

R. 32 W.; 3 miles north of Sprague, Bates County, Missouri.

Marmaton group

Fort Scott subgroup
Higginsville formation

13 limestone, light-gray, finely

crystalline, breaks with smooth

fracture; only base exposed ........ 1.50
Little Osage formation
12 shale, medium-gray, calcareous ..... 0.45
11 shale, black, fissile; flat phos-

phatic concretions ................- 1.65
10 clay or underclay, medium~-gray,

platy to massive, top silty; iron-

stained; bottom poorly exposed ..... 5.25
Blackjack Creek formation

9 limestone, gray; nodular bedded,
finely crystalline; lower part o
2.5

argillaceous; Antiquatonia .........

Thickness (Feet)
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Thickness (Feet)

8 limestone, weathered brown;
finely crystalline, smooth
fracture; occurs in one bed;
sparsely fossiliferous with
crinoid columnals, Neospirifer

and Kozlowskia splendens ....ccoee.. 3.50
7 shale, weathered brown,

calcareots ...ceeeerceccocccaconcans 0.50
6 limestone, weathers to brown

earthy blocks; occurs in one bed ... 0.35

Cherokee group
Cabaniss subgroup
Excello formation

5 shale, gray, calcareous ............ 1.00

4 shale, dark=-gray to black,
fissile to platy; small flattened

phosphate concretions ....... ceeene . 1,65

Mulky formation

3 coal; interbedded with several thin

lenses of shale ........c.c.. ceeeans 0.35

2 underclay; fossil root impressions . 1.50

1 Shale ..ceeeoresvacosoocacsassonoanans 1.00
Total thickness 21.20 Feet

STRATIGRAPHIC SECTION NO. 31

Northeast cut bank of Osage River at Marble Bridge; NW% Nwk

sec, 2, T. 39 N., R. 33 W.; 3.5 miles southeast of Amoret, Bates

County, Missouri.

Marmaton group

Fort Scott subgroup '
Higginsville formation Thickness (Feet)

16 limestone, light-gray, crinkly

bedded; Crurithyris, crinoid
columnals, abundant fusulinids

near top .-.--- ces o cnns
15 limestone, gray ...cee-cevs ceeons



14
13

shale, weathered b

198

Thickness (Feet)

TOWIL it veescenass 0.20

limestone, medium-gray; few

fossil fragments .....,.......... e 0.50
Little Osage formation
12 shale, light-gray .................. 0.15
11 shale, dark-gray, calcareous ....... 0.60
10 limestone, dark=-gray; one bed;
Kozlowskia splendens, (Houx? lime-
SEOME) tiiiinirrnnrecncnnnnonns 0.25
9 shale, dark-gray, calcareous at
L e o ceteseaaenn ce e 1.00
8 shale, black, fissile; phosphatic
CONCTEtionS ....eeveereornsnscccaans 1.15
7 shale, black, calcareous ........... 0.75
6 limestone, dark-gray, thin-bedded,
argillaceous; abundant Kozlowskia
splendens, sparse Derbyia crassa 0.45
5 shale, gray, calcareous; Composita . 0.45
4 coal, thin-bedded ............. e 0.35
3 underclay, dark-gray; fossil root
impressions; iron and sulphur-
stained .......... cteesseieecoaanan 0.50
2 shale, dark-gray ......eeccevececens 2.00
Blackjack Creek formation
1 limestone, nodular; Antiquatonia,
Kozlowskia splendens; basal few
inches bedded. 2.50
Total thickness 23.00 Feet

STRATIGRAPHIC SECT

ION NO. 32

East face of active quarry; SW% SE% sec. 19, T. 40 N., R: .
31 W.; 2.5 miles west of Butler, Bates County, Missouri, (modified

after Jefferies, 1958, p. 165).
of the Alvis coal.

Marmaton group
Appanoose subgroup
Pawnee formation
Mine Creek member

23

shale, dark-gray

This exposure is the type section

Thickness (Feet)

3.00
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Thickness (Feet)

Myrick Station member

22 limestone, dark-gray; thick
blocky bedding; algae, large
fusulinids ,.......... e eee ., 4.65

Anna member

21 shale, gray, soft ............... 0.15
20 shale, black, fissile; 1rregular-
shaped phquhatlc concretions ..., 1.00

Labette formation

19 sandstone, fine-grained,
argillaceous, non-calcareous .... 0.25
18 shale, dark-gray to black;
grades into sandstone at top;
non-calcareous ............... ... 1,10
17 limestone, dark-gray, argilla-
ceous; chonetids, other fossil
fragments; forms small ledge .... 0.25

16 shale, dark-gray, calcareous,
silty; pieces of carbon ......... 7.00
15 sandstone and shale in alter-

nating laminae, calcareous;
pieces of charcoal; abundant

pelecypods at top ......... ee-e.. 16,00
14 sandstone, gray, very hard, cross-

bedded, fine-grained ............ 1.00
13 shale, dark-gray, calcareous;

Composita, Kozlowskia splendens,
Mesolobus, Neospirifer, and horn

corals ...iiiienensesitentosnsans 1.85
12 limestone, dark-gray, very

argillaceous; brachiopod frag-

ments . ce et ascencennnae cess.. 0.25
11 coal, thln-bedded brlght (Alvis) 0.15
10 clay, gray; fossil root impres-

S1ions Near tOP .ceeevrevcoscrsccs . 1.50

Fort Scott subgroup
Higginsville formation

9 limestone, light-gray, finely

crystalline, wavy bedded, upper

part nodular; abundant fusulinids

..... 20.00

Near tOP tecesoccaccencesaas



200
Thickness (Feet)

Little Osage formation

8 shale, light-gray, calcareous;

Crurithyris planoconvexa ...... 0.25
7 shale, dark-gray, calcareous ... 0.15
6 shale, weathered brown, calcare-

ous; fossil fragments ........ .o 0.15
5 shale, dark-gray, calcareous ... 1.00
4 shale, black, fissile; abundant

oblong to irregular-shaped

phosphatic concretions ....... .o 2.00
3 limestone, gray, finely crystal-

line, thin-bedded, argillaceous;

fossil fragments ......ccc0000.. 0.10
2 clay, gray, calcareous at base;

top few inches appears to be an
underclay; few small limestone
nodules near bottom ............ 2.50

Blackjack Creek formation

1 limestone, medium-gray, finely
crystalline, nodular; few
fossils t.iveveecioarennne ceesns . 3.00
Total thickness 67.30 Feet

STRATIGRAPHIC SECTION NO. 33

Artificial excavation and drill core test, U. S. Air Force
Missile site; SEY% SE% sec. 11, T. 39 N., R. 30 W.; 0.25 miles south

of Pleasant Gap, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Pawnee formation

Coal City member Thickness (Feet)

29 limestone, medium-gray, thick-
bedded at base, crinkly bedded
and siliceous near top .c.c.e..- 6.00
Mine Creek member
28 shale, black, calcareous; abundant
chonetid brachiopods, some 0 50

Kozlowskia splendens ......cceece




27

26
25

24

limestone, dark-gray, jointed;
breaks with hackly fracture;
finely crystalline .............
shale, dark-gray ettt aenan
limestone, dark=-gray; breaks
with hackly fracture; finely
crystalline; hard ....... ceeeion
shale, dark-gray ...............

Myrick Station member

23

limestone, dark-gray; breaks
with hackly fracture; finely
crystalline; hard ..............

Anna member

22

shale, black, fissile; some
irregular-shaped phosphatic
concretions ............... cesan

Labette formation

21

20

19

18

17

16

15
14

13
12

sandstone, brownish-black, thin-
bedded, non=-calcareous; contains
asphalt; some green sand grains.
shale, dark-gray ........ue0v...
sandstone, thin-bedded, asphal-
Eic iiivriieeoeennnn cresseseens
shale, arenaceous, greenish-
gray, calcareous ............ oo
sandstone; alternating greenish-
gray and light-gray laminae;

fine-grained ....... eceenocne e
shale, arenaceous; few sand-
stone lenses .......ci0eeceeen- .

shale, dark-gray, calcareous ...
limestone, dark-gray, argilla-

CEOUS ..vervecssnne tieacasasases .-
coal (Alvis) ...... ceceeirenves
underclay ............. cecucan

Fort Scott subgroup
Higginsville formation

11

limestone, light-gray, finely
crystalline; thin shale lenses
along bedding planes ...........

201

Thickness (Feet)

3.00

0.75

12.50
1.00

4,00

3.50
10.00
3.00
1.25

0.25
3.50

21.00
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Thickness (Feet)

Little Osage formation

10 shale, gray; Orbiculoidea ...... 0.50
9 shale, black, fissile; phosphat-

ic concretions ........eveverenn 1.50

3 coal, thin-bedded ........... oo 0.10

7 underclay; carbonized roots .... 2,50

Blackjack Creek formation

6 shale, greenish-gray, calcareous;
abundant pea-sized nodules of
limestone ........cc0ivueienenan .. 4.70

Excello formation

5 clay-shale, greenish-gray; few
oblong-shaped phosphatic con-
cretions, and lenses of phos-

phate ....c.icieieevcrcnnnaans . 0.30
Mulky formation
4 shale, dark-gray, carbonaceous
(Mulky coal horizon) ........... 0.01
3 shale, greenish-gray, non-
calcareous .......ose00 PN 0.20
Breezy Hill member (unit 2)
2 shale, greenish-gray; pea-sized
limestone nodules .............. 1.50
1 shale, greenish-gray, non-cal-
CAYEOUS +oeooavosovssosnonsssss . 1.00
Total thickness 95.56 Feet

STRATIGRAPHIC SECTION NO. 34

southeast bank of Soap Creek on north side

Operatin uarry,
. s R. 29 W.; 3 miles south-

of county road D; SE% SW% sec. 29, T. 41 N.,
west of Ballard, Bates County, Missouri.

Marmaton group

Appanoose subgroup .
Labette formation Thickness (Feet)

19 sandstone, weathered reddish-



1

1

1

1
1

8

7

6

5
4

203

Thickness (Feet)

brown, thin-bedded (knife edge to
0.2 ft.) at base becoming thick-
bedded (1 foot or more) at top
shale, weathered tan; dark-gray
laminae near base; grades upward
into thin-bedded sandstone .......
shale, dark-gray to black, cal-
careous; few laminae of dark-gray to
black limestone near bottom;
Composita ovata, Derbyia crassa and

productid brachiopods near bottom.
coal (ALViS) ..iiereveesceconnnaon
underclay; fossil root impressions
clay, light-gray; mixed with

nodules of limestone ........00c..

Fort Scott subgroup
Higginsville formation

1

Little

1
1
1

3

2
1
0

9

limestone, light-gray; mottled dark-
gray; wavy irregular bedding; breaks
with angular fracture; jointed; a

3.50

3.50
0.25
1.00

1.50

few thin lenses and pockets of clay in

top 6 feet; abundant large fusulinids
14.00

At tOPD s ieverortierraneasacteiuenn

Osage formation

shale, EXay ..e.cececsecrocsrasanse
covered; patches of shale ........
shale, black, fissile; few phos-

phatic concretions ............c...

shale, weathered brown ...........

Blackjack Creek formation

8

"~ oo

shale, and nodules of limestone,

poorly exposed ......... e ee o
limestone, gray; thick nodular bed-
ding; forms one bed ..............
limestone, gray, nodular ........
shale, 8ray ...cceevcsecnsecs ce e

limestone, weathered brown; one bed;
jointed; crinoid columnals, horn

corals .....c.. e e encecae e

Cherokee group
Cabaniss subgroup
Excello formation

3
2

shale, light-gray, calcareous ....
shale, dark-gray to black; spheroi-
dal to irregular-shaped phosphatic
concretions ...ocececoccccanccnvese

0.65
0.35
5.00

0.60

0.50

0.75
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Thickness (Feet)

1 shale, greenish-gray, non-cal-
careous; only top exposed ..... - 0.50
Total thickness 44,65 Feet

STRATIGRAPHIC SECTION NO. 35

South face of operating limestone quarry, 0.3 mile west of
county road K; SW% SE% sec. 33, T. 42 N., R. 28 W.; 4 miles south-
east of Mayesburg, Henry County, Missouri,

Marmaton group
Appanoose subgroup
Labette formation Thickness (Feet)

8 sandstone, weathered reddish-brown,
thin-bedded, fine-grained ............ 5.00
7 shale, weathered reddish-brown ....... 3.00
6 shale, gray; abundant Composita ovata,
productids and other fossil fragments. 1.15
5 coal, thin-bedded; some fusain (Alvis) 0.20
4 underclay; pieces of carbon; breaks
out in angular chips; few carbonized

root impressions ......cceevenceresesns 2.35
Fort Scott subgroup

Higginsville formation
3 limestone, light=-gray; thin nodular

bedding ....ccecveecneneccece cecenoas 2.00
2 limestone, light-gray; mottled dark-

gray; crinkly to wavy bedding; very thin

clay lenses between bedding planes ... 9.65
Little Osage formation
1 shale, gray; only top exposed ........ 0.15

Total thickness 23.50 Feet

STRATIGRAPHIC SECTION NO. 36

East cut bank of eastward flowing tributary to Pryor Creek; NW;
NW% sec. 26, T. 38 N., R. 33 W.; 3 miles southeast of Hume, Vernon

County, Missouri.

Marmaton group

Appanoose subgroup .
Labette formation Thickness (Feet)

8 sandstone, reddish-brown; specks of

CAYDON v eveoeessoasssscsoncce 6.00
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Thickness (Feet)

7 limestone, dark-gray, weathers reddish-
brown, thin-bedded, argillaceous, joint~
ed into slabs; abundant Crurithyris

PlanoconVeXa8 ....eceeceen. cheesnescans 0.35
6 shale, dark-gray; abundant Composita

ovata and productids ............. oo 1.50

coal; thin shaly bedding (Alvis) ..... 0.35

shale, dark-gray; specks of carbon ... 2.50
sandstone, light-gray, thin-bedded,
fine-grained ......ce00ce00uennue ceanen 3.00
2 sandstone, light-gray, fine-grained,

massive, cross-bedded; lies uncon-

formably on underlying unit ..... AP 3.00

w &~

Fort Scott subgroup
Higginsville formation

1 limestone, light-gray; only top exposed 0.35
Total thickness 17.05 Feet

STRATIGRAPHIC SECTION NO. 37

Banks of Pryor Creek below abandoned coal strip mine; NW)% NEX%
sec., 26, T. 38 N., R. 33 W.; 3.5 miles southeast of Hume, Vernon

County, Missouri.

Marmaton group
Appanoose subgroup

Pawnee formation '
Myrick Station member Thickness (Feet)

22 l1imestone, dark-gray, finely
crystalline; breaks with smooth
angular fracture; thick-bedded;
dip 3° N.35°E; only base exposed . 2.00

Anna member

21 shale, black, soft ......ceveueees 0.15
20 shale, black, fissile; numerous
irregular-shaped, phosphatic con-

cretions ....eceses i eseevecaaneons 1.00
Labette formation
19 limestone, dark-gray, thin-bedded,
argillaceous; fossil fragments ... 0.50
18 shale, dark-gray to black, soft, 3.00

calcareous .....oe-occ> SRS
17 1imestone, dark-gray; thin-bedded,

argillaceous; Crurithyris plano-
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Thickness (Feet)

convexa, Mesolobus mesolobus,

Neospirifer ........00vvevunn.. cee 0.15
16 shale, black, calcareous; frag-

ments of carbonaceous material ... 2,00
15 limestone, dark-gray, very arena-

ceous, micaceous; Mesolobus

mesolobus ........iiiiiiiiiiien... 0.35
14 sandstone, thin-bedded, very cal-

careous, very hard; ropy structures

resembling scour and fill markings 3.50
13 shale, dark-gray, calcareous, large

concretions; interbedded with several

feet of thin-bedded, calcareous sand-

Stone .....c et ettt roentananan 15.00
12 sandstone, weathered reddish-brown,

thin-bedded, very hard; Taonurus

caudagalli .......vceeveecnananaas 0.50

11 sandstone and shale, interbedded . 1.15
10 limestone, weathered reddish-brown,

thin-bedded, argillaceous ..... .o 0.50

9 shale, dark-gray, soft .....ce0... 0.15

8 limestone, dark-gray, argilla-

ceous; Crurithyris, Composita ovata 0.10

7 shale, dark-gray, soft ........... 0.15
6 limestone, dark-gray to black, con-

cretionary, very hard ............ 0.40

5 shale, dark-gray to black; very
fossiliferous with Derbyia crassa,
Composita, Linoproductus ..... ceee 1.50

4 coal, thin-bedded; exposed in small
east-west trending syncline (Alvis) 0,50

3 conglomerate of limestone particles,

discontinuous .....ceceeeecoscencsns 0.50
2 underclay, light-gray; fossil root
impressions ...... eseencansne ceees 1.00

Fort Scott subgroup
Higginsville formation

1 shale; with limestone nodules .... 1.50
Total thickness 35.60 Feet

STRATIGRAPHIC SECTION NO. 38

Road cut on west side of north-south dirt road a few hundred
feet south of bridge over Walnut Creek; NE% SE% sec. 11, T. 39.N.,
R. 33 W.; 0.5 miles northwest of Foster, Bates County, Missouri,

(modified after Jefferies 1958, p. 163).



Marmaton group

Appanoose subgroup
Pawnee formation
Coal City member Thickness

11

limestone, light-gray, finely
crystalline; weathers brown;
Hustedia, Kozlowskia splendens,
Composita ovata, horn corals

and crinoid columnals; only
base exposed ......c0c0000nnnn . 1.50

Mine Creek member

10

9
8

shale, gray, calcareous; inter-

bedded with 2 or 3 thin beds of
limestone; abundant Mesolobus,
Chonetes, sparse Antiquatonia,

abundant crinoid columnals; poor-

ly exposed ...i.evececenss ceee e .00
shale, gray ........ cecaerseseese .50
covered interval ............... 5.50

NN

Myrick Station member

7

limestone, dark-gray; breaks with
angular fracture; thick=-bedded;
Composita; large fusulinids near
Lo » J A R cecesesesnanaes

Anna member

6

shale, black, fissile; small
spheroidal to irregular-shaped
phosphatic concretions ......... 0.85

Labette formation

5

N W

sandstone, gray, thin-bedded;
specks of carbon and black

shale ...ceeeecsenccncens ceesons
shale, gray, flaky to platy, very
calcareous, carbonaceous; lower
part contains abundant Mesolobus,
sparse Crurithyris and crushed

gastropods ...... seeesasecnanses 5.15
shale, black; specks of carbon . 1.40

coal, shaly bedded ....... e 0.50

(Feet)
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Thickness (Feet)

1 shale and sandstone, inter-
bedded; shale contains carbon
specks, sandstone is iron-

stained ...... et et eeenan 3.65
Total thickness 28.30 Feet

STRATIGRAPHIC SECTION NO. 39

Artificial excavation and drill core test, U. S. Air Force
Missile site; NE% SW)% sec. 1, T. 39 N., R. 32 W.; 4 miles south-
west of Butler, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Pawnee formation
Myrick Station member Thickness (Feet)

31 limestone, weathered brown ..... 2.50

Anna member

30 shale, black, fissile; phosphatic
concretions .............. cecaes 0.75

Labette formation

29 shale, black, soft; basal part

calcareous ...... teesecsncssanas 2.00
28 limestone, dark-gray, coarsely

crystalline; Kozlowskia splendens,

and other fossil fragments;

jointed; blocky ...... cevssesena 0.15
27 underclay, arenaceous; root

impressions .....eoec.. ceeecenen 0.50
26 shale, gray, arenaceous, mica-

CEOUS +.-ctevsensan ceesens cecnean 3.00
25 shale, black; abundant Calamites;

few coal lenses ...... cetesannse 2.00
24 coal, smutty ....... ceeesaan ceoe 0.15
23 underclay, arenaceous; fossil

root impressions .......... cevae 1.00
22 sandstone, fine-grained, thin-

14.00

bedded; calcareous near middle
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Thickness (Feet)

21 shale, black, calcareous; bits

of carbon ........iiiiiiiiinnnn., 3.25
20 limestone, dark-gray, argilla-

ceous; brachiopod fragments ..... 0.75
19 coal (Alvis) .......c..... ceeeeen 0.25
18 underclay, greenish-gray ...... . 2.00

Fort Scott subgroup
Higginsville formation

17 limestone, light-gray, finely crys-
talline; few shale lenses along
bedding planes ........cc00000... 19.50

Little Osage formation

16 shale, dark-gray; black at bottom;

MesSolobUS ciieivsresnnscsonns . 0.80
15 shale, black, f13311e, light- gray

at tOP .ivievsancancsn cesacanes . 2.75
14 coal (Summit) ....ececeennancas .o 0.10
13 clay-shale, gray, non-calcareous . 2.50

Blackjack Creek formation

12 limestone, light-gray, finely
crystalline, thick-bedded ....... 3.75

Excello formation

11 shale, greenish-gray; mottled
black; calcareous .....c.cecess . 0.40
10 shale, greenish-gray; mottled
black; oblong-shaped phosphatic
concretions and lenses of phos-
phate .....cceeeievenneccacsenenn
9 shale, greenish-gray; mottled
black; slightly calcareous ...... 0.20

Mulky formation

8 coal, thin-bedded ..... s eeesanans 0.05
7 clay-shale, greenish-gray, non-
calcareous; few carbonized roots. 0.35
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Thickness (Feet)

Breezy Hill member

6 shale, greenish-gray; irregular-
shaped nodules of limestone at
base ...i.eetiiiiiiiinnnna. ceesean 2,20

Mulky-Lagonda formation

5 shale, greenish-gray, non-

calcareous; arenaceous ....... . en 6.30
4 sandstone and shale, interbedded. 8.50
3 shale, gray ........ et essececnns 9.50
2 sandstone, fine-grained, cross-

bedded ........... cetseracasasnen 5.50
1 sandstone and shale, 1nterbedded 2.70

Total thickness 97.10 Feet

STRATIGRAPHIC SECTION NO, 40

Artificial excavation and drill core test, U. S. Air Force
Missile site; NE% NW% sec. 20, T. 40 N., R. 30 W.; 3.5 miles east of
Butler, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Pawnee formation

Coal City member Thickness (Feet)
39 limestone, gray, crinkly

bedded, (bedding 0.1 to 0.2 ft.

EhicK) ©evvopocecocnsosenssnannsas 3.50

Mine Creek member

38 shale, brown; chonetids ......... 0.15
37 limestone; one thick bed ........ 0.65
36 shale, dark-gray, hard, calcar-

eous; pinches out .......... e 0.15
35 limestone, gray; one blocky bed;

sparse crinoid columnals and

brachiopods ..e.ceeeeenncerececenn 1.50
34 shale, dark-gray, calcareous .... 2.00
33 limestone, dark-gray, thin- -bedded, L 25

jointed ....eiieciiioeriiaieeanne



32
31

30

29

28
27

Thickness
shale, dark-gray ...... e erenna .o 0.05
limestone, dark=-gray, thin-
bedded; grades into calcareous
shale ............. N e 1.00
shale, dark-gray .......cecccce.. 0.70
limestone, dark-gray, argilla-
CEOUS .tvivssnsan e cesacessanacans 0.25
shale, dark-gray .......cceceve.. 8.00
shale, dark=-gray, hard; hackly
fracture ....... N . 0.25

Myrick Station member

26

limestone,dark-gray, hard; large
fusulinids; gradational with under-
lying unit ......oieeecncerceenns 4.25

Anna member

25
Labette
24
23
22

21
20

19

18

17

16
15

Fort Scott

shale, black, fissile ...... ceeene 1.35

formation

shale, dark-gray, arenaceous;

brachiopod fossils ............. . 0.10
shale, gray, silty; particles of

carbonized wood .....c.ccccccanns 1.25
shale, gray, soft .........c0e.ee 1.00
coal; shale lenses (Lexington) .. 1.10

sandstone, light-gray, calcareous;
numerous dark-gray, arenaceous
shale lensSes ...cceescsescssce e
shale, arenaceous; alternating
light and dark-gray laminae; some
fine-grained sandstone lenses ... 4.50
shale, black, calcareous; particles

7.00

of carbonized wood ........ e 3.50
l1imestone, thin-bedded, argilla-
ceous hard; Composita, Chonetes
at BaASE ...ecesocercacer e ceans 2.50
coal (Alvis) ....... Meeeceresaann 0.25
underclay, greenish-gray, carbon-

2.00

ized TOOLS «.vecconenvooscecccccs

subgroup

Higginsville formation

(Feet)
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Thickness
14 limestone, light-gray, finely
crystalline; some thin shale
lenses; asphalt~stained .......... 16.00

Little Osage formation

13 shale, greenish-gray, fossil-

iferous ...... ceeaee ceseeseeseness L.15
12 shale, black, soft ......e000v0... 1.50
11 shale, black, fissile; phosphatic

concretions .......00.. esesessases 1,00
10 shale, gray; chonetids ........... 0.20
9 underclay ......... ceesansesasacss 0.75

Black jack Creek formation

8 limestone, light-gray; finely
crystalline; some thin shale

lenses ..ccveecaccronne cetaeacanes 4.50
7 limestone, light-~gray, nodular;
mixed with green clay .....cc0veve. 2,00

Cherokee group
Cabaniss subgroup
Excello formation

6 shale, medium-gray; few phos-
phatic concretions ......... eeess.. 1,00

Mulky formation

5 coal, SMUELY ...eeeecorseacsnces -
4 underclay; slickensided ........ .. 1,00

Mulky-Lagonda formation

3 sandstone, greenish-gray, calcar-
eous; some thin clay lenses ...... 5.75
2 sandstone, greenish-gray, calcar-
eous, hard ......cvreueeacacnees .
1 shale, silty, greenish-gray ......

6.25
2.00

Total thickness 91.36

212

(Feet)

Feet



213
STRATIGRAPHIC SECTION NO. 41

South cut bank of Root Branch Creek, west side of north-
south dirt road; SE% SE% sec. 28, T. 40 N., R. 30 W.; 4.5 miles
southeast of Butler, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Pawnee formation

Coal City member Thickness (Feet)
20 limestone, light-gray, wavy

bedded; top not exposed ......... 3.00
19 limestone, medium=-gray, argilla-

ceous, arenaceous; one bed; large
crinoid columnals, Neospirifer,

chonetid brachiopods; apparent

dip 5° NE ........... Ceeeean vee. 2,00

Mine Creek formation

18 shale, gray ......... seersransans 2.50
17 limestone, dark-gray; Mesolobus
mesolobus decipiens which
have the characteristic of weather-

ing red vovoviieniriinnnnnenn. .. 1.15
16 shale, weathered brown; chonetid

brachiopods ...... ceeesanas ciesen 0.45
15 limestone, dark-gray, arenaceous;

Neospirifer, chonetids, productids 0.25
14 shale, gray; lower half very

fossiliferous with Mesolobus,

"Chonetes'", and productid brach-

iopods s..iiiiiiiersinanenns ceeess 2.00
13 limestone, dark-gray; Mesolobus

which weather red ......... cevens 0.15
12 shale, medium-gray; calcareous at

base ...ceieececncnnes s eaeeoene 4,00
Myrick Creek member
11 limestone, dark-gray, weathers

brown; angular fracture; large

3.50

fusulinids at top ..... e eeena

Anna member

10 shale, black, calcareous, soft .. 0.10



Thickness

shale, black, fissile; large
spheroidal phosphatic con-
cretions 1% inch in diameter .... 1.00

Labette formation

8

w

shale, gray, calcareous; some
thin lenses of calcareous sand-
stone; several hundred feet
downstream unit contains large
calcareous sandstone concre-

tions 1 foot in diameter ........ 1.50
shale; dark-gray at base, light-
gray at top; calcareous ......... 3.50

conglomerate; limestone and dark
shale particles; largest about
0.1 ft, in diameter; grades into
dark-gray arenaceous limestone

50 feet upstream .....eevccceccns 0.50
shale, black, soft; calcareous

at top .ciceencoen . cieacesses 2,00
coal (Lexington) ....ecceeccsasa 0.50

shale, black; almost completely
composed of Calamites ........... 1.00
clay, dark-gray; a few thin

lenses of black shale with

abundant Cglamites ...... s secans 2,00
sandstone, fine-grained, cross-

bedded; measured to water line ,. 3.00

Total thickness 34,10

STRATIGRAPHIC SECTION NO. 42

(Feet)

Feet

South cut bank of northwest flowing stream; NEX NE% sec. 27,
T. 41 N., R, 30 W.; 4.5 miles southwest of Ballard, Bates County,

Missouri.

Marmaton group
Appanoose subgroup

Pawnee formation
Mine Creek member

16

shale, gray; only base exposed .. 0.25

Regional dip is to east, local reversals of dip common.

Thickness (Feet)
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Thickness (Feet)

15 limestone, medium-gray, thin-

bedded, argillaceous; abundant

"“"Chonetes" granulifer (Owen)..... 0.50
14 limestone, gray; one bed ........ 1.50
13 shale, weathered brown, arenaceous,

calcareous ......iicciennacans . e 1.45
12 shale, medium-gray, arenaceous,

micaceous; ""Chonetes" granulifer

(OWen) .....iveeervnennnncnss ceos 1.40
11 limestone, medium-gray, arena-

ceous; fragments of productid

brachiopods ........000vveeunennn 0.25
10 shale, medium-gray, non-calcar-

eous, iron-stained .......... e 3.00
9 covered interval .......... ceee s 7.50

Myrick Station member

8 limestone, dark-gray; breaks with
angular fracture ............ cees 3.50

Anna member

7 shale, black, fissile; phosphatic
concretions .....eeveeesss e . 1.00

Labette formation

6 shale, dark=-gray; carbonaceous

matter; poorly exposed .......... 3.00
5 coal (Lexington) ............ oo 0.50
4 shale, dark-gray ...... v 2,00
3 sandstone, hard, calcareous;

Taonurus caudagalli; scour and fill
markings; pieces of carbonized wnod 3,00

2 sandstone and shale, interbedded. 1.50
1 sandstone, calcareous, thin-
bedded, hard ............. cen e 3.00

Total thickness 33.35 Feet
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STRATIGRAPHIC SECTION NO. 43

East road cut just below T in road to east; NE% SEX% sec. 1,
T. 41 N., R. 30 W.; 3 miles southeast of Altona, Bates County
Mlssourl. ,

Marmaton group
Appanoose subgroup
Pawnee formation
Myrick Station member Thickness (Feet)

16 limestone; exposed as float .... 0.50
Anna member

15 shale, weathered brown ......... 2.00

Labette formation

14 shale, black; Calamites ..... e 1.00
13 coal, weathered (Lexington) ... 0.25
12 clay, gray; fossil root impres-

sions ....... csceesenns te st esa . 1.00
11 covered interval ............... 5.00
10 conglomerate; pea-sized particles

of limestone and chert; cross-

bedded; sandstone matrix; thin

shaly bedding to thick (1 ft.)

bedding; Antiquatonia, Composita 3.50
9 shale and sandstone, interbedded,

calcareous, hard, micaceous .... 3.00
8 shale, dark-gray, arenaceous ... 2.50
7 shale, dark-gray; abundant

Mesolobus mesolobus ............ 1.00
6 shale, dark-gray, silty; Mesolobus

mesolobus ......c0000.. crereean 1.25

5 shale, dark-gray, calcareous;
grades into thin-bedded, dark-
gray limestone; Mesolobus
mesolobus .......cchiinenenn

4 coal, blocky, weathered (Alv1s) 0.15

3 underclay, gray; fossil root
impressions .......... veesacenss

2 covered interval ..... e cencacas



Fort Scott

Thickness (Feet)

subgroup

Higginsville formation

1

limestone, medium to light~
gray; wavy bedded; small
crinoid columnals, abundant

fusulinids; only top exposed ..., 1.00

25.10

STRATIGRAPHIC SECTION NO. 44

Active quarry east side of count

SW% sec. 4, T, 37
County, Missouri.

Marmaton group
Appanoose subgroup

Bandera formation

12 shale or clay, weathered brown .... 3.00

Pawnee formation

Coal

11

10
9

Mine

City member

limestone, medium-gray, finely
crystalline; one bed; siliceous;
weathers to chert ........... cenn 2.00
shale, light-gray ........ Ceesean 1.00
limestone, light-gray, medium-

bedded; recrystallized brach-

iopods; apparent dip 5° W;

reversal of dip common .......... 10,00

Creek member

shale, gray ....ceeceeess
shale, black, platy; Lingula,
Crurithvyris planoconvexa, sparse
Mesolobus mesolobus decipiens ... 0.15
limestone, dark~-gray, finely
crystalline, jointed ............ 0.35
shale, dark-gray ................ 1.00

y road V at bend in road; NW}
N., R. 33 W.; 4.5 miles south of Hume, Vernon

Thickness (Feet)
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Thickness (Feet)

Myrick Station member
4 limestone, dark-gray; breaks
with angular fracture; large
fusulinids at top ............ . e 3.50

Anna member

3 shale, black, fissile; few
phosphatic concretions .......... 0.85

Labette formation

2 limestone, dark-gray, very
arenaceous; pieces of carbonaceous
matter ........0.. ctessasacneean . 1.50
1 shale ..iiieeiineeeennosennnnnnns 3,00
Total thickness 26.60

STRATIGRAPHIC SECTION NO. 45

Feet

East highwall of abandoned quarry, east side of county road

DD; SW% NW% sec. 24, T. 39 N., R. 33 W.; 0.5 miles south of
Foster, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Pawnee formation
Coal City member

4 limestone, light to medium-
gray, finely crystalline; one
bed; jointed; very siliceous;

weathers to white chert ........ - 1.50
3 limestone, light-gray;-thin

nodular bedding; siliceous ....... 5.00
2 limestone, light-gray, thin-

bedded ......... ceecessesscarseann 6.00
1 shale, gray ...... cesaeanas se e ens 0.25

Total thickness 12.75

Thickness (Feet)

Feet
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STRATIGRAPHIC SECTION NO. 46

?ection extends from south cut bank of Miami Creek southward
to spillway below large lake; NE% NW% sec. 10, T. 40 N., R. 32 W.;

3 miles northeast

of Virginia, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Pawnee formation

Coal

14

13

Mine

12

11

City member Thickness (Feet)

limestone, light-gray; wavy

bedding ......c.vvvivnrcecnnnns «e.. 10.50
limestone, medium=-gray, thick-

bedded, blocky; chonetid brach-

iopods near bottom ........ ceeese. 1.50

Creek member

shale, gray; almost a coquina of
"Chonetes" granulifer with the

larger specimens at the top ...... 0.35
shale, gray; abundant "Chonetes

. granulifer and Mesolobus mesolobus

10

9
8

near top ..... . 1.00
limestone, medium-gray, thin-

bedded, argillaceous, silty to
arenaceous; chonetid brachiopods,
Composita ovata, some fragments

of thin-shelled, finely costate
brachiopods .....eccvvvenenesseess 0.50
shale, gray, calcareous .......... 2.00
covered interval .......... eeesas. 10.00

Myrick Station member

7

Anna

6

Labette

5

limestone, dark-gray; breaks with

an angular fracture; apparent dip
K P < ¢ (0]

member

shale, black, fissile ............ 1.00

formation

limestone, dark-gray to black, thin-
bedded, argillaceous; few brach-

iopodS ...ceiesccirecnnsettesnenan
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Thickness (Feet)

shale, dark-gray to black,

Calcareous .....ieieeeroncnaeeees 1.50
limestone, dark-gray to black,
thin-bedded, argillaceous; few

crinoid columnals ........c00e0.. 0.85

shale, dark-gray to black,

calcareous ........0000... ceenaee 2.00

coal; only top exposed above water

line of creek ........ci0veeneen 0.25
Total thickness 35.95

STRATIGRAPHIC SECTION NO. 47

Feet

Artificial excavation and drill test core, U. S. Air Force
Missile site; SW% SE% sec. 1, T. 40 N., R. 32 W.; 5 miles north-
east of Virginia, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Altamont formation

Worland member

33

limestone, light-gray, nodular
to crinkly bedding ....... ceesann 1.20

Lake Neosho member

32

31

30

shale, light-gray, mottled dark-
BTAY cecvraseocsosssassanaascnnas
shale, medium-gray, calcareous,
silty; Nuculana ......c000cccecsv. 2.90
shale, dark-gray, arenaceous, non-
calcareous; carbonized roots? ... 0.20

1.00

Amoret member

29

limestone, light=-gray, finely
crystalline; top 1.5 ft. nodular;

recrystallized brachiopods ...... 7.70

Bandera formation

28

shale, greenish-gray ............ 1.00

Thickness (Feet)



27

26

Thickness

coal, thin-bedded; during

excavation of silo writer

noticed that this coal varied

in thickness from 1.4 ft. to

a smut around silo which was

25 ft, in diameter ...... creecen 1.40
underclay, light-gray; lime-

stone nodules in basal 0.5 ft. .. 2.30

Pawnee formation

Coal

25

Mine

24

23

22

City member

limestone, light-gray, finely
crystalline, asphalt stained;
recrystallized brachiopods ...... 12.50

Creek member

limestone, dark-gray and shale
interbedded; abundant chonetids . 2.00
shale, dark-gray; thin lenses

of fossiliferous limestone

near middle ....... e aanes oo 4.00
shale, dark-gray, non-calcareous,
MiCACEOUS .vevvvaneroaoasnns eee.. 10,60

Myrick Station member

21

Anna

20

19

Labette
18

17

limestone, dark-gray; large
fusulinids near top ...eeevcevven 4,90

member

shale, black, non-calcareous;
carbonized remains of ferns,

Calamites ......... Ceseaesaaens .. 0.80
shale, black, fissile, non-
calcareous ......ccoceseanccnns . 0.50
formation
shale, black, calcareous, arena-
ceous; few fossils .............. 2.00
shale, black; pyritized specimens

1.00

of Mesolobus ....ccveencoee cocene

(Feet)
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Thickness (Feet)

16 shale, black; carbonized
fragments of Calamites and fern
fronds; few stringers of vitrain;
non-calcareous ................... 0.50
15 shale, gray, slightly calcareous;
carbonized fern fronds .......... 0.40
14 shale, medium~-gray, calcareous;
interbedded near middle with
light-gray sandstone lenses; frag-
ments of brachiopods near bottom . 6.60
13 coal; fragments of Calamites ..... 0.50
12 shale or underclay ............... 0.60
11 shale, dark-gray, interbedded
with light-gray sandstone lenses,
micaceous, calcareous; pieces of
carbonized wood .................. 2.20
10 shale, dark-gray, fossiliferous... 5.90
9 limestone, dark-gray, thin-
bedded, argillaceous; abundant
chonetids ........... v 1.00
8 coal; interbedded vitrain and
fusain, (Alvis) .................. 0.20
7 underclay, dark-gray ............. 0.90
6 clay, light-gray, calcareous ..... 2.10
Fort Scott subgroup
Higginsville formation
5 limestone, light-gray; stylolites;
fusulinids .......cc0ceeenenenn 17.60
Little Osage formation
4 shale, gray, slightly calcareous;
fossil fragments ................. 1.20
3 covered .......cccveeecnos s 0.50
2 shale, black, fissile, phosphatic
concretions .......cccci e 2.20
1 shale, dark-gray, brachiopods . _0.50
Total thickness 98.90

STRATIGRAPHIC SECTION NO. 48

Feet

Banks and creek bed of small eastward flowing tributary to

Mound Branch Creek; NW% SEX sec.

11, T. 40 N., R. 31 W.; 1.5 miles

northeast of Butler, Bates County, Missouri.
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Marmaton group
Appanoose subgroup
Pawnee formation
Coal City member Thickness (Feet)

13 limestone, light-gray; wavy
bedding; only base exposed ...... . 3.00

Mine Creek member

12 shale, weathered brown ........... 0.15
11 limestone, medium=-gray,

arenaceous; jointed into blocks;

one bed; crinoid columnals and

chonetid brachiopods ..... seseaess 1,15
10 shale, gray, abundant Chonetes

at top .. ieiernennan tesssersessess 1.20
9 limestone, medium-gray, arena-

ceous, thin-bedded; Derbyia,
Antiquatonia, Linoproductus, very

abundant Mesolobus mesolobus ..... 0.45
8 shale, dark-gray, calcareous ..... 0.90
7 limestone, dark-gray, arena-

ceous; abundant fossil fragments . 0.15
6 shale, medium-gray, top calcar-
eous; iron-stained along joints .. 8.00

Myrick Station member

5 limestone, dark=-gray; angular
fracture; apparent dip 2°W. 3.50

Anna member

4 shale, black, soft ............... 0.15
3 shale, black, fissile ............ 1.10

Labette formation

2 limestone, black, thin-bedded,

argillaceous ........ cre e eee.. 0.25
1 shale, black, calcareous ......... 0.50
Total thickness 20.50 Feet

STRATIGRAPHIC SECTION NO. 49

Cut banks and bed of southward flowing tributary Fo Willow
Branch Creek; E% SW% sec. 8, T. 40 N., R. 30 W.; 3.5 miles north-



east of Butler, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Pawnee formation

Coal

25

Mine
24
23
22
21
20

19

18
17
16

15

City member

limestone, light-gray; wavy
bedded; only base exposed ......

Creek member

shale, light-gray; '"Chonetes",
Mesolobus, crinoid columnals ....
limestone, gray; one bed; joint-
ed; "Chonetes'", Mesolobus, large
crinoid columnals ......covvevene
shale, weathered brown ..........
limestone, medium-gray ..........
shale, weathered brown; abundant
Chonetes' ...eeeeeenoensorenenes
limestone, medium-gray, arena-
ceous, finely crystalline; one
bed; jointed; blocky; Mesolobus,
"Chonetes'" and large productids..
shale, dark-gray; weathered
brown at top ........ ceesssossens
limestone, dark-gray, hard; many
small fossil fragments ......ccc.
shale, dark-gray, slightly cal-
CATEOUS .veveoeracsoroensovenoces
shale, dark-gray .....ccccceosenss

Myrick Station member

14

limestone, dark-gray; breaks with
angular fracture .......cecu00-n.

Anna member

13
Labette
12

11
10

shale, black, fissile ,....¢00...

formation

shale, black, calcareous ........
covered . ,.ecccecccccsossssncansas
sandstone, weathered brown, fine-
grained, thin-bedded, hard,

jointed NE-SW and NW-SE; Toanurus

224
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0.20

0.85
0.15
0.15

1.35

3.00

1.15

caudagalli ...ccccercecccoroccncs

4,00
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Thickness (Feet)

sandstone and shale inter-
bedded; weathered brown .........
shale, dark-gray ........eceevee.
shale, dark-gray, calcareous ....
shale, black, grades into thin-
bedded limestone, Composita ovata,
Antiquatonia portlockiana .......
limestone, dark=-gray, hard,
discontinuous; fossil fragments .,
shale, black ,....c0eevvveeceencns
coal, bright (Alvis) ....... e
underclay, gray; fossil root
impressions ......cecevceccsaness

subgroup

Higginsville formation

1

limestone, light-gray, wavy
bedded; abundant small fusulinids
at top; bottom not exposed ......

Total thickness

STRATIGRAPHIC SECTION NO, 50

5.00
4.00
1.50
0.85
0.10
0.15
0.15

2.00

5.00

45 .35 Feet

Section extends from bed of small northward flowing tributary
of Elk Fork Creek just below barn southward to school house at top
of hill at bend in Highway 18; E% NE% sec. 9, T. 41 N., R. 30 W.;
5 miles west of Ballard, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Altamont formation

Worland member

14

Lake

13

limestone, light-gray; thick
wavy bedding; recrystallized
brachiopods; only base

exXposed ...cieneteiitiiannianennn

Neosho member
shale, weathered brown; large

spheroidal phosphatic concretions
0.15 ft. diameter ....ccecevennees

Thickness (Feet)

1.50



Thickness (Feet)

Amoret member

12 limestone, light-gray, nodular;
clay matrix .....................

Bandera formation

11 shale, gray .....................
10 coal, weathered (Mulberry) ......
9 underclay and shale, light-gray..

Pawnee formation
Coal City member

8 limestone, light-gray; thickness
of bedding varies from 0.1 to 0.5
ft.; wavy bedding; well exposed in

quarry at SE% NWX% sec. 14, T. 41 N,

R. 30 W., dip 10° N.45E. ........
Mine Creek member

7 limestone, medium-gray, jointed,
blocky; abundant Mesolobus
mesolobus, Chonetina, and
"Chonetes'; forms one resistant,
blocky bed ......................

6 shale, gray; top part interbedded
with thin-bedded limestone; very
abundant Chonetes, Mesolobus
mesolobus, few Antiquatonia, large
crinoid columnals, bryozoans

5 limestone, medium-gray, arena-
ceous, jointed, blocky; Derbvia,
crinoid columnals; grades into
calcareous sandstone in places

4 shale, medium-gray, calcareous

3 limestone, dark-gray; fossil
fragments; arenaceous, hard,
discontinuous ...................

2 shale, dark-gray; top part cal-
CBYEOUS . uutevvseenosnsonsnnnnas

Myrick Station member

0O

b

6.

= O

.00

.00
.50
.00

00

.15

.50

.45
.25

.15
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Thickness (Feet)
1 limestone, dark-gray; breaks

with angular fracture; large
fusulinids, some 7 mm. long;

only top exposed ....... cesssceas 0.50
Total thickness 40.50 Feet

STRATIGRAPHIC SECTION NO, 51

Railroad cut on Kansas City and Southern Railroad, 100 feet
north of abandoned bridge over tracks; NW% NW% sec. 20, T. 38 N.,
R. 33 W.; 1 mile south of Hume, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Altamont formation
Worland member Thickness (Feet)

5 1limestone, light-gray, wavy

bedded ............. e csecensann e 2.50
4 limestone, light-gray; algae and

recrystallized brachiopods ........ 1.25
3 shale, black, soft .......... ceeses 0.65

2 limestone, dark=-gray, jointed;
large crinoid columnals, Composita 1.45

Lake Neosho member

1 shale, black; sparse phosphatic

concretions ....icc0can csesensaas 1.00
Total thickness 6.85 Feet

STRATIGRAPHIC SECTION NO, 52

South highwall of abandoned coal strip mine, 500 feet north
of east-west dirt road; SW% SW% sec. 16, T. 38 N., R. 33 W.; 1
mile southeast of Hume, Bates County, Missouri.

Marmaton and Pleasanton groups Thickness (Feet)

14 sandstone, weathered reddish-brown,
structureless to cross-bedded, fine-
grained; unconformable with under-
lying unit .....ccieceecnenenrecnocnncess 3.00
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Thickness (Feet)

Marmaton group
Appanoose subgroup
Altamont formation
Lake Neosho member

13 shale, dark-gray, weathered green-
ish-gray; few phosphatic con-
cretions ........... . 1.00

Amoret member

12 limestone, gray, jointed, blocky;

forms one bed; some recrystal-

lized brachiopods teteesacerenena 0.15
11 shale, dark-gray, weathered :

greenish-gray; calcareous ....... 0.25
10 limestone, gray, nodular; one

bed ... i e, 1.35

Bandera formation

9 shale, gray; some small limestone
Nodules ...iieeienennenncnnnnnnnn 3.00
8 sandstone, dark-brown, asphaltic;
some thin shale beds ....... eese. 15,00
7 shale, gray; some thin asphaltic
sandstone beds ....... ceesecas oee 6.00

6 sandstone, black, asphaltic,
hard, micaceous; interbedded with
thin shale beds but sandstone

predominates ......c.cceviennna.. 3.00
5 shale, gray; some thin sandstone

beds ..iiiiiiiieieneieieennenanns 1.50
4 sandstone, fine-to medium-grained,

micaceous, asphaltic .......000.. 1.10
3 shale, gray ...c.ceevvecececerennn 0.25
2 conglomerate; composed of rounded

particles of shale, limestone,

sandstone and coal; poorly sorted;

particles vary from sand-sized to

pebbles 0.1 ft. in diameter; dis-

continuous ..... cieann cesscsanean 1.35
1 shale, gray; interbedded with

sandstone ..... ces e esssssscannes 2.00

Total thickness 38.95 Feet

The sandstone and conglomerate are discontinuous and are not
present a few hundred feet to the north and south. These units seem
to have accumulated in a small syncline of limited areal extent.
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STRATIGRAPHIC SECTION NO. 53

East highwall of abandoned coal strip mine; SW% NW% sec. 4,
T. 38 N., R. 33 W.; 1 mile northeast of Hume, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Altamont formation
Worland member Thickness (Feet)

9 limestone, light-gray ............. 1.00
Lake Neosho member

8 shale, dark-gray to black ...... e 1.15
Amoret member

7 limestone, light-gray, nodular; clay
MAETIX (iiiiirnrenesrecnacenncannns 0.75

Bandera formation

6 sandstone; thin shaly bedding to

bedding 0.5 ft. thick; fine-grained 5.00
5 sandstone and shales, interbedded . 5.00
4  shale, gray, calcareous; many

flattened septarian concretions 0,5

ft. in diameter which are composed

of claystone with coarsely crystal-

line limestone filling in the septar-

1a ti.iiiiiieiiitatsssacenssessssss 38,00
3 coal (MUlberry) ...eeeeecececoocccss 2.75
2 underclay; carbonized roots ....... 3.25

Pawnee formation
Coal City member

1 limestone, light-gray; thin crinkly
bedding; very siliceous; weathers
to white chert; apparent dip 7° NW 4,00

Total thickness 60.90 Feet

STRATIGRAPHIC SECTION NO, 54

South wall of abandoned coal strip mine, 0.25 miles east of

north-south dirt road; SW% S% sec. 4, T. 39 N., R: 33 W.; 1.5
miles northeast of Worland, Bates County, Missouri.
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Marmaton - Pleasanton groups Thickness (Feet)
7 sandstone; weathered reddish-brown;

fine-to medium~-grained; cross-bedded,
fills channel eroded through unit 6 ,..,. 2.50

Marmaton group
Appanoose subgroup
Altamont formation
Worland member

6 1limestone, light=-gray; thick wavy
bedding ................ B, 3.50

Lake Neosho member

5 shale, dark-gray to black at base,
light-gray at top; large spheroidal
phosphatic concretions 0.1 ft. in
diameter ............ teceocesanens 1.50

Amoret member

4 shale, medium-~gray; few limestone
nodules; calcareous throughout .... 2.00

Bandera formation

3 sandstone, thin-bedded, gray,

micaceous, non-calcareous ......... 5.00

2 shale, dark-gray, non-calcareous .. 23.00

1 coal, bright, blocky ......0..... . 2.60
Total thickness 40.10 Feet

STRATIGRAPHIC SECTION NO, 55

East highwall of abandoned coal strip mine, 200 feet north-
west of right angle bend to south in dirt road; NE% NE% sec. 5,
T. 39 N., R, 33 W,; 2 miles northeast of Worland, Bates County,

Missouri.

Marmaton group
Appanoose subgroup
Altamont formation
Worland member Thickness (Feet)
7 limestone, light-gray; wavy

bedded; only base exposed .,........ 1.00
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Thickness (Feet)
Lake Neosho member

6 shale, dark~gray to black;
spheroidal phosphatic concretions
to 0.1 ft. diameter ............... 2,00

Amoret member

5 shale, gray; numerous limestone nod-

ules .05 ft, in diameter .......... 3.00
4 limestone, medium-gray, hard;

appears silty; one blocky nodular

bed with nodules elevated on top

of bed to form humpy surface; few

fossil fragments; varies from 0.8

to 1 foot in thickness ............ 1.00

Bandera formation

3 clay, gray; some nodules of lime-

stone 0.25 ft, in diameter ........ 2.00
2 shale, gray, calcareous; thick-

ness almost doubles 300 feet to

north; contains lenticular lime-

stone bed near bottom ..eeeeeveeesn 8.00
1 coal; only top exposed .....vo00nu. 1.00
Total thickness 18.00 Feet

STRATIGRAPHIC SECTION NO. 56

Road cut on east=-west dirt road at junction with dirt road
to south; SW% sec, 33, T. 40 N., R. 33 W.; 2 miles south of Amoret,
Bates County, Missouri, (modified after Cline and Greene, 1950,
p. 67)., This exposure is the type section of the Amoret member,

Marmaton group
Appanoose subgroup
Altamont formation
Worland member Thickness (Feet)
7 1limestone, gray, crinkly bedded;
weathers brown; lower part contains
crinoid colummnals, brachiopod

fragments and fusulinids .......... 3.65



Thickness (Feet)
Lake Neosho member

6 shale, gray; large spheroidal
phosphatic concretions 0.1 ft.
in diameter ........viieveenninnnns 2.00

Amoret member

5 limestone, gray, mottled; brach-

iopod and crinoid fragments,

ostracods, 0sagia ......co0evuees. 0.75
4 shale, greenish-gray; small lime-

stone nodules ......... ceecsesenrnns 0.35
3 limestone, gray, crinkly-bedded to

nodular ........ . 0000ierennn. crenn 2,20
2 limestone, gray, argillaceous,

nodular bedded, Derbvia crassa,
Mesolobus, crinoid columnals, few
Composita ovata, Punctospirifer
kentuckensis and Antiquatonia
portlockiana .....cccoeeveeecacnnea 5.00

Bandera formation

1 shale; weathered brown ........ . o 4,00
Total thickness 17.90 Feet

STRATIGRAPHIC SECTION NO. 57

500 feet south of east-west

East cut bank of Mulberry Creek,
1.5 miles southeast

dirt road; NE% NW% sec. 33, T. 41 N., R. 33 W.;
of Amsterdam, Bates County, Missouri.

Marmaton group
Appanoose subgroup
Altamont formation
Worland member Thickness (Feet)
10 limestone, medium-gray; one bed;
recrystallized brachiopod frag-

mMentsS ..cecooecaeses ceese s ane - 1.50
Lake Neosho member
9 shale, black; large spheroidal to
irregular-shaped phosphatic con-
1.50

cretionsS ....ceceeccsscosocsnsases
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Thickness (Feet)
8 shale, gray ........... 2.00
Amoret member
7/ limestone, light-gray, nodular ... 2.50
Bandera formation

6 shale, medium-gray; small irregular-
shaped limestone nodules becoming

more abundant near top ........... 6.00
5 shale, medium-gray; limestone con-
cretions 0.5 ft. in diameter ..... 2.00

4 coal, iron-stained (Mulberry) .... 2,65
3 underclay, dark to light-gray,

iron-and sulphur-stained; fossil

root impressions ..........c000... 3.00
2 shale; mostly covered ............ 2.50

Pawnee formation
Coal City member

1 1limestone, light-gray, thick-bedded;
only top exposed in creek bed ,... 0.50

Total thickness 24,15

STRATIGRAPHIC SECTION NO. 58

Artificial excavation and drill core test, U. S. Air Force
Missile site; NW% SW% sec, 1, T, 40 N., R. 33 W.; 4.5 miles south-
east of Amsterdam, Bates County, Missouri.

Marmaton group
Appanoose subgroup

Bandera formation Thickness (Feet)

26 shgle, gray; contains numerous
limestone nodules up to 0.2 ft,
in diameter .....cececcecasccsccnncs 7.50
25 shale, dark=-gray to black; selenite
crystals ........... cecrencsssneans 2.00
Mulberry coal (units 22 and 24)
. 1.80

24 o o - 1 e



23
22
21
20

shale lens, black ...... ce et rsneeen
coal ......... Cececeess e s esaaeneas
underclay, 8ray .......ceoveeeoenn.
clay, light-gray ........ cecrennnns

Pawnee formation

19

18

17

16
15

14

13

Coal City member

limestone, light-gray; wavy bedded;
few shale lenses; brachiopods;
asphalt-stained ....... cecrerssenns

Mine Creek member

shale, gray; thin coquina of
chonetids near top; 2 zones of
thin fossiliferous limestone near
middle; productids at base ...... .
shale, greenish-gray; pea-sized
limestone nodules ......cc0veuevunn
shale, medium-gray, non-calcareous,
shale, medium-gray, crinoid col-
umnals; brachiopods ..........00...

Myrick Station member

limestone, dark-gray, finely crysta
line; fusulinids; asphalt-stained .

Anna member

shale, black, fissile, non-calcar-
EOUS suvesvensancsossone es e .o

Labette formation

12

11
10
9

shale, black; thin-shelled brach-

i0pods ...ieiieneireenaarasaen ceeene
shale, black, micaceous ........ “es
covered ....coc0c000e Ceeesoecseasen

shale, black; middle part cal-
careous and contains a few fossils.
coal, bright; sulfur; pyrite
(Lexington) .....eoeeeese- ceecasenes
shale, medium-gray; fern fronds;
grades into underlying unit .......
sandstone, medium-gray, slightly
calcareous; micaceous; few shale
lenses; pieces of carbonized wood;

plant fossils ....... cesesecsanaans

Thickness (Feet)
0.10
0.80

3.50
2.00

11.20

3.00

0.30
11.20

0.20

1=
5.10

1,50 .

0.10
1.10
0.60
1.30
0.70

0.30

7.50
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Thickness (Feet)

shale, dark-gray, calcareous;

0.1 ft. zone of thin-shelled

brachiopods near top; basal few

inches contains productids cereean 6.00
shale, gray, fossiliferous; thin

lenses of coal near base

(horizon of Alvis coal) ceteeenns 0.30
underclay, greenish-gray, slick-

ensided; carbonized roots Gt teeeaa 0.60
clay, greenish-gray; small nodules
of limestone ,........ Ceeertaeecaan 9.10

Fort Scott subgroup
Higginsville formation

1

limestone, light-gray; irregular
bedding; shale lenses along bedding
planes; brachiopods; asphalt-stain-

ed ..., crisestinieeeieen-a. 17.00
Total thickness 94,80 Feet

STRATIGRAPHIC SECTION NO. 59

Cut banks of small tributary to Mound Branch Creek; Nwk Nwi
sec. 11, T. 40 N,, R. 31 W.; 2 miles north of Butler, Bates County,

Missouri.

Marmaton group
Appanoose subgroup
Altamont formation

Amoret member

9

Thickness (Feet)

limestone, nodular; Composita,

Syringopora; only base exposed 1.50

Bandera formation

8

7
6
5

shale, arenaceous; some isolated
masses of sandstone ............. .
covered interval ......¢.cv0eve.n.
coal, weathered (Mulberry) ....... 0.50
shale, dark-gray; numerous thin

lenses of coal, Calamites and other
fossilized plant debris; many cal-
careous ironstone concretions,

0.1 ft. in diameter; in places the



2

236

Thickness (Feet)

unit is almost completely com=-

posed of Calamites ......ccccccn 9.00
clay, gray; breaks out in angular

chips; fossil root impressions;
concretions of siderite approxi-

mately 0.1 ft. in diameter ....... 3.00
conglomerate; pebble-sized

particles of limestone and

Chaetetes; brachiopod fragments .. 0.50
shale, gray, structureless ....... 3.00

Pawnee formation
Coal City member

1

Section exposed in cut bank along East Mound Branch

limestone, light=-gray, siliceous;
weathers to chert; humpy surface
as aresult of elevated colonies of

ChaetetesS .uv.v.veeiesoononnsse eseee 3.00

Total thickness 40,50

STRATIGRAPHIC SECTION NO. 60

Feet

county road D, southwestward for a distance of 0.5 mile, NE¥ sec.

31, T. 41 N,, R. 30 W.;

Missouri.

Marmaton group
Appanoose subgroup

Altamont formation
Amoret member

8 limestone, light-gray, nodular; a
few brachiopod fragments ....-.. .. 1.50
Bandera formation
shale; poorly exposed ....eceecccns 7.00
shale, gray ..esse--- eaaees ceaeen 3.00

FoNT, e NN

coal, bright, blocky (Mulberry) .. 1.20
shale, black; thin lenses of coal,
and plant debris composed almost

completely of Calamit€s ..oecesse>

4 miles east of Passaic, Bates County,

Thickness (Feet)

Creek from
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Thickness (Feet)

3 underclay, dark-gray; carbona-

ceous matter; several thin beds

of siderite concretions near

bottom; concretions are about

0.25 ft. in diameter ....... cacees 3.00
2 shale, medium-gray, arenaceous,

micaceous; Calamites and specks

of carbon; several beds of

siderite concretions; the con-

cretions are about 0.25 ft. in

diameter ......c.cvievenrenenrnnnans 8.00

Pawnee formation
Coal City member

1 limestone, light-gray; surface
humpy as a result of protruded
colonies of Chaetetes ....,....... 0.50
Total thickness 25.20 Feet

STRATIGRAPHIC SECTION NO,. 61

South cut bank of southwest flowing tributary to Fishing
Branch Creek; SE% NW% sec. 13, T. 41 N,, R, 30 W.; 2.75 miles south-
west of Ballard, Bates County, Missouri,

Marmaton group
Appanocose subgroup

Altamont formation
Worland and Lake Neosho member Thickness (Feet)

12 limestone and phosphatic con=-
cretions; exposed as float .......

Amoret member

11 1limestone, gray, nodular ..,....... 1.50
Bandera formation
10 shale, gray; abundant small lime-
stone nodules ..... cecearssssaneane 3.50
9 shale, gray; Composita ovata,
productid brachiopods ....... cenee 1.00
8 1limestone, medium=-gray; blocky 0 45

to nodular bedding ....ccceceeeene



1%}

N W

Thickness (Feet)

shale, medium=-gray ......cceeevees 0.45
coal, soft (Mulberry) ....ceveese. 0.10
shale, black; abundant fossil

plant debris ............. ceeesana 0.35
underclay, dark=gray .......ceccocee 3.00
shale, gray ....cieieerevenncoeees 2.00
covered interval .......c.ci00e..n 1.00

Pavnee formation
Coal City member

1

limestone, light-gray; only top

exposed; apparent dip SOSW; reversal

of dip a few hundred feet down-

SEream ....ceovecesecossscccscccocs 1.00

Total thickness 14.35

Feet

238
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VITA

Richard Joseph Gentile was born in south St. Louis, Missouri
June 25, 1929, At the age of seven the family moved to St. Louis
County where he attended the Barretts Public Grade School and the
Valley Park High School. He graduated from the latter institution
in May, 1947.

From 1947 to 1951 Mr. Gentile worked as a laboratory technician
for a St. Louis paint manufacturing company. He attended the
Washington University Night College from 1947 to 1949.

In February 1951 he was drafted into the U. S, Army and served
in the Korean War as a heavy weapons infantryman. Shortly after
being honorably discharged in November, 1952, he enrolled at the
University of Missouri at Columbia and majored in geology, receiving
the B. A, degree in June, 1956 and the M. A. degree in June, 1958.
During the summer of 1957 he worked as an assistant instructor at
the University of Missouri Summer Field Camp at Lander, Wyoming.

In 1958 Mr. Gentile began employment as a field geologist for
the Missouri Geological Survey and Water Resources at Rolla, Missouri.

He began work for the doctorate degree in geology at the

University of Missouri at Rolla in September, 1960.
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