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PETROLOGY OF THE HOGSHOOTER FORMATION
(MISSOURIAN ) WASHINGTON AND NOWATA
COUNTIES, OKLAHOMA

WILLIAM R. CRONOBLE AND CHARLES J. MANKIN

ABSTRACT

Detailed analyses of stratigraphic relationships, insoluble residues,
and carbonate thin sections reveal rapid lateral and vertical variations
of carbonate rock types in the upper part of the Coffeyville and Hog-
shooter sequence.

Characteristics of the Canville and Lost City Limestones and
Stark Shale suggest these units are closely associated with upper
Coffeyville sedimentation and are included within the Coffeyville
rather than in the Hogshooter Formation. The Canville and Lost City
Limestones are similar in several respects to the present-day banks
found in Florida Bay. Carbonate rock types, biologic association, and
terrigenous contents suggest that the Canville and Lost City Lime-
stones were deposited in areas baffled by organisms (possibly algae)
while high-energy terrigenous sequences were deposited contempor-
aneously with and adjacent to the baffled environments.

The Hogshooter Formation was divided heretofore into two units,
the lower and upper Winterset. The lower Winterset is characterized
by high current-energy rocks; abundant skeletal elements, crinoids,
Osagia sp., mollusks, brachiopods, bryozoans, and arthropods associated
with varying percentages of odlites, intraclasts, and phosphate pellets
comprise the rock framework. Sparry calcite cement binds the rock
framework.

The upper Winterset is dominated by micritic material associated
with varying percentages of unabraded fenestrate bryozoans, brachi-
opods, and foraminifers. The upper Winterset was deposited in non-
agitated low-energy environments.

Stratigraphically equivalent to the lower and upper Winterset are
well-developed reef buildups. The reefs are characterized by abundant
micrite bound together by Solenopora- and Spongiostromata-type algae
and Aulopora-type coral. Smaller percentages of green algae and fene-
strate bryozoans are scattered through the reef buildups. Biosparrudite
occurs as talus facies around the reef cores. Laterally away from the
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reef buildups, the biosparrudites of the reef-flank facies interfinger
with the upper Winterset micrites.

The Canville-Lost City-Stark-Coffeyville terrigenous sequence was
deposited in a near-shore high-energy environment characterized by
local baffled environments. With deepening of the water, the shelf
lithology of the lower Winterset transgressed over the above men-
tioned sequence. In some areas that were stabilized by baffled environ-
ments, reefs began to develop. As the water depth continued to increase,
low-energy environments were produced in which the upper Winterset
micrites were deposited. The reefs continued to build as the water
depth increased. The Nellie Bly siltstone was deposited over the Hog-
shooter Formation as water depth decreased. In the southern part of
the area, the lower part of the Nellie Bly was deposited contempora-
neously with the upper Winterset and reef sequence.



INTRODUCTION

In January of 1959, R. L. Folk published a new classifica-
tion for limestones based upon the concept that most lime-
stones are composed of fragmental calcareous material pre-
cipitated and transported within the basin of deposition. The
classification presents a new avenue for the description and
interpretation of limestones. This report represents the appli-
cation of the new classification to the limestones of the Hog-
shooter Formation.

The primary purpose of this investigation was to deter-
mine the environmental significance of lateral and vertical
variations as illustrated by the units of the Coffeyville and
Hogshooter Formations in Washington and Nowata Counties,
Oklahoma. The variations examined included the changes in
thickness, lithology, insoluble content, terrigenous grain size,
and other petrographic properties of the members and facies
of the Hogshooter and Coffeyville Formations. A second pur-
pose of this investigation was to determine the applicability of
Folk’s (1959a) petrographic classification of limestones to the
limestone units in the Hogshooter and Coffeyville Formations.

The northeastward-trending outcrop pattern of the Hog-
shooter Formation across the eastern and southern parts of
Washington County and the northwestern part of Nowata
County is shown in figure 1. The length of this outcrop belt
from the Kansas-Oklahoma state line to the Tulsa-Washington
county line is approximately 42 miles. No subsurface informa-
tion was employed in this study, and therefore only the ex-
posed dimensions of the units were investigated.

The area of study is included within the Claremore Cuesta
Plains physiographic province of Oklahoma (Curtis and Ham,
1957). The topography of the region is characterized by low
rolling hills formed by numerous stream dissections. Good ex-
posures of the Hogshooter Formation are found only along
stream and road cuts. Thirty-nine stratigraphic sections were
measured, but only two of these sections are complete because
the upper part of the formation is exposed at few places in
the area.



27

26

-

KA NSAS

RISE RUE RIGE

UNTY

WASHINGTON COUNTY

NOWATA| €O

£\

L
NOGERS  COUNTY

/ ”'-’Z(ﬂ

RISE RME R16E

INDEX MAP

zZBA

~n
Zap

J'/—\“&/
&

.

|

A

N

2

\

7,

A\

::
oo
Q
SN

U 3,6 QS \
[

‘.

3

)

26) 3]
27 N / ;

Figure 1. Outerop map of the Hogshooter Formation in Washington and
Nowata Counties, Oklahoma (modified from Oakes, 1940).
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10 PREVIOUS INVESTIGATIONS
PrEvious INVESTIGATIONS

A brief chronological sequence for the history and develop-
ment of the terminology associated with the Hogshooter For-
mation is presented below:

1903: G. I. Adams (Adams and others, 1903, p. 62-63) mapped
the upper member of the Hogshooter Formation (the
Winterset Member) as the Drum Limestone into Okla-
homa from Kansas.

1910: D. W. Ohern (p. 28) named the unit mapped by Adams
(1903) the Hogshooter Formation for the type section
along Hogshooter Creek in SW% SEY% SWY% sec. 9, T.
26 N., R. 14 E., Washington County. Ohern considered
the Hogshooter to consist of only the Winterset Member.

1928: Edward Bloesch (p. 358) indicated that the black shale
beneath the Winterset Member should also be con-
sidered a member of the Hogshooter Formation.

1932: J. M. Jewett (p. 102) redefined the Dennis Formation
of Kansas to include the Stark and Canville Members
in addition to the Winterset Member. The Stark Shale
Member is stratigraphically equivalent to the black
shale discussed by Bloesch in 1928. The name Canville
was proposed for the limestone underlying the Stark
Shale Member.

1940: M. C. Oakes (p. 39-47) considered the name Hogshooter
to have priority over Dennis; the Winterset, Stark, and
Canville were mapped as members of the Hogshooter
Formation. Oakes also mapped another limestone unit
(the Lost City), which underlies the Winterset Member
at scattered localities in Washington County, as a mem-
ber of the Hogshooter Formation.

1958: B. V. Hansen compiled a regional study of the petro-
genesis and stratigraphy of the Hogshooter Formation.
Hansen’s area of study extended from the Kansas-Okla-
homa state line to Sand Springs, Oklahoma. Hansen
found only slight variations existing between the lithol-
ogy of the lower unit of the Winterset Member and that
of the Lost City Member. Therefore the Lost City Mem-
ber, as mapped by Oakes, was considered to be a part
of the lower Winterset unit. In 1940, Qakes considered
the Winterset Member to be composed of two distinct
lithologic types, the lower and upper Winterset units.
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Hansen found several widely scattered outcrops in which
QOakes’ upper Winterset was represented by a different
lithologic type. Because of this difference in lithology,
Hansen established another unit in the Winterset Mem-
ber. The lower Winterset unit of Oakes remained the
lower Winterset in Hansen’s sequence, but the upper
unit of Oakes was changed to the middle Winterset unit
by Hansen and the new lithologic unit was then termed
the upper Winterset.

METHODS OF INVESTIGATION

Several procedures were employed to determine variations
occurring within the Hogshooter and Coffeyville Formations.
These are summarized below. Detailed descriptions of the pro-
cedure regarding insoluble residues are given in the appendix.

1. Thirty-nine stratigraphic sections were measured
throughout the area. On the average, one or more stratigraphic
sections were measured every two miles from the Kansas-
Oklahoma state line to the Washington-Tulsa county line
(fig. 1).

2. One hundred seventy-three spot samples were collected
from the 39 stratigraphic sections. Samples were collected from
the upper part of the Coffeyville Formation, at the base of the
Hogshooter Formation, and at all sites of significant lithologic
change.

3. Approximately 30 grams each of 156 samples were
treated with hydrochloric acid to determine the weight per-
centages of insoluble material.

4. Forty samples were digested in acetic acid to concen-
trate any minerals soluble in hydrochloric acid and insoluble
in acetic acid.

5. Insoluble material obtained from the hydrochloric acid
digestion of each sample so treated was wet-sieved on a 4.5
phi screen. The material remaining on the screen was weighed
and the percentages coarser and finer than 4.5 phi were cal-
culated.

6. One hundred twelve thin sections and 31 acetate peels
were examined with a binocular microscope; thin sections were
also analyzed with a petrographic microscope. A detailed de-
scription of each slide and peel was compiled in accordance
with Folk’s classification of limestones (1959a).
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Folk’s classification is primarily descriptive; it is based
upon the concept that limestones are primarily fragmental and
are analogous to terrigenous rocks. Table 1, modified from Folk
(1959a), illustrates the limestone terminology used in this
report.

TABLE 1. —PrRINcIPAL DivisioNs oF FoLK’S PETROGRAPHIC
CLASSIFICATION OF LIMESTONES

ALLOCHEMICAL CONSTITUENTS
Intraclasts Odliths Pellets Fossils
l Intrasparite Qbsparite Pelsparite Biosparite < 1 mm -
5B Sparry o8
5z Calcite ] ] . % 5
& E Intrasparrudite Oésparrudite Biosparrudite >1mm| E
o 2
Q . N =
g ; Intramicrite Oidmicrite Pelmicrite Biomicrite < 1 mm 5 ::1
EQ Micrite Z
3] .
© Intramicrudite Otmicrudite Biomicrudite > 1 mm e
> 25%, Obliths -
<
> 259% Intraclasts < 259 Tntraclasts 25% Intraclasts & Qaliths
PERCENT ALLOCHEMS PRESENT

Some of the terms from table 1 are discussed below to

dispel any confusion arising from the terminology.
I. Allochemical constituents:

This group includes all chemical and biochemical precipitates

formed and then transported within the basin of deposition.

Intraclasts are fragments of carbonate material which were
initially deposited and then disturbed, transported, and
redeposited all within the basin of deposition.

Ogliths are round particles which have radial and concentric
internal structure; the osliths which have concentric
structure are formed by precipitation of carbonate ma-
terial around a nucleus as it is agitated by currents
(Illing, 1954, p. 43). Several thin sections from the
Hogshooter Formation contain quartz grains with a
single layer of carbonate material surrounding them.
This type of allochem is defined as a superficial oolite
(oolith) by Illing (1954, p. 36).

Pellets are particles composed of micritic material which
contains a relatively high percentage of organic material.
Many associated pellets have a uniform size and are
considered by Folk (1959a) to be primarily fecal in
origin. However, a pseudopellet occurrence may result
from the partial recrystallization of calcareous mud
(Folk, 1959a).

Fossils constitute a general group including all skeletal frag-
ments which have originated within the basin of depo-
sition. If a particular fossil type represents 10 percent or
more of the rock, an adjective such as crinoidal or algal
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is added to the rock type (e.g., crinoidal biosparrudite).
II. Orthochemical constituents:

This group includes the normal precipitates formed within
the basin of deposition which have been subjected to little
or no transportation.

Sparry calcite cement commonly occurs as clear grains or
crystals 10 microns or larger in diameter. Illing (1954,
p. 48) indicated that sparry calcite cement forms suba-
erially by solution of exposed carbonate material with
subsequent precipitation of calcite in the pore space of
the exposed material.

Microspar is also clear in thin sections; the crystal size ranges
from 4 to 10 microns in diameter. Folk (1959a, p. 32)
stated that microspar probably represents recrystalliza-
tion of micritic material to coarser microspar crystals,
Bathurst (1959, p. 367) suggested that carbonate ma-
terial ranging from approximately 3 to 15 microns in
diameter may be mechanically deposited.

Micrite ranges from 1 to 4 microns in diameter and is sub-
translucent, with a brownish color in thin sections.
Although micrite is considered a chemical precipitate,
it 1s analogous to a fine-grained clastic material (Folk,
1959a, p. 8; Bathurst, 1959, p. 366). Micrite may be
transported and winnowed in the same manner as a
fine-grained clastic material.

Recrystallized calcite is calcite which has been converted
from its original size by postdepositional processes to
another size with no obvious change in composition.
The criteria discussed by Bathurst (1958, p. 25-27) for
the recognition of recrystallization, such as the irregu-
larity of grain boundaries, variability of grain size from
one place to another in the same rock, and isolated
remnants of the original finer grained material sur-
rounded by coarsely crystalline sparry calcite, are the
criteria used in this study to distinguish recrystallization
spar from replacement spar. Recrystallization of fine-
grained to coarse-grained calcite is a process of grain
enlargement that occurs in the solid state (Bathurst,
1958, p. 24; 1959, p. 375).

Replacement calcite is calcite that has been precipitated
subsequent to the precipitation of the calcareous material
composing the original rock. Replacement or pore-filling
calcite 1s distinguished from recrystallization calcite
by the occurrence of rim cementation and plane inter-
granular boundaries (Bathurst, 1959, p. 18-20). Re-
placement calcite is normally found as fillings in frac-
tures and voids in the original rock.

Terrigenous material in the thin sections was examined to
determine the average grain size, from which it was possible
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to distinguish whether the clastic material was predominantly
sand size or silt size. If more than 10 percent clastic material
occurred in the thin section, a modifier of sandy or silty (de-
pending on the average grain size) was added to the rock name.

For a more complete discussion of the terminology asso-
ciated with Folk’s classification, see Folk (1959a).

Although this classification is basically descriptive, Folk
interpreted definite genetic relationships from it. For instance,
a primary sparry calcite cement in a limestone indicates that
the framework comprising the limestone had been subjected
to relatively high-energy factors such as currents or waves, as
the micrite had been removed. Conversely, if micrite is present,
the energy in the depositional environment was low, and the
waves or currents were not vigorous enough to remove the
micritic material.

Additional genetic relationships will be presented later
with the discussions of the individual members of the Hog-
shooter and Coffeyville Formations.
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STRATIGRAPHY

(GENERAL STATEMENT

The Hogshooter Formation is included within the Skia-
took Group of the Missourian Series. This unit is underlain
conformably by the Coffeyville Formation and is overlain con-
formably by the Nellie Bly Formation. The Hogshooter Forma-
tion of Oklahoma (as mapped by Oakes) is lithically equiva-
lent to the Dennis Formation of Kansas (Oakes, 1940, p. 41).

The Hogshooter Formation (as mapped by Oakes) con-
sists of four members, the Stark, Canville, Lost City, and
Winterset (Oakes, 1940, p. 39). However, characteristics were
found suggesting that the Stark, Canville, and Lost City Mem-
bers are closely associated with the deposition of the Coffey-
ville terrigenous facies and that they actually represent facies
of the Coffeyville Formation. It is suggested that these three
members be considered part of the depositional sequence of
the upper part of the Coffeyville Formation. The Hogshooter
Formation consists of the three facies of the Winterset Mem-
ber (the lower and upper units and the reef facies).

The Canville and Stark Members are nowhere present
at the same localities as the Lost City Member. Wherever
the Canville Member is present (sec. 6, T. 25 N., R. 14 E,;
secs. 31, 32, T. 26 N.,, R. 14 E., Washington County; and sec.
18, T. 27 N., R. 15 E., Nowata County), it is underlain by
the Coffeyville terrigenous facies and overlain by the Stark
Shale Member. The Stark in turn is overlain by the Winterset
Member. In other restricted areas (sec. 28, T. 24 N., R. 13
E.; sec. 34, T. 24 N, R. 13 E.; sec. 9, T. 26 N, R. 14 E.,
Washington County), the Lost City Limestone Member under-
lies the Winterset Member and overlies the Coffeyville terri-
genous facies. The Canville and Stark occupy the same strati-
graphic interval as that of the Lost City Member, above the
Coffeyville terrigenous facies and below the Winterset Lime-
stone Member (fig. 2). However, the rock types and thicknesses
of the Canville and Stark Members differ from those of the
Lost City Member. These relationships will be discussed in a
subsequent section.

The Winterset Member is the most extensive limestone
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unit in the upper Coffeyville-Hogshooter-Nellie Bly sequence
and occurs throughout the area. This member is divided
into the lower and upper Winterset units upon the basis of
lithologic differences and faunal associations. These two units
can be easily distinguished; the lower Winterset unit is rela-
tively thin (4 to 13 inches thick) and is characterized by a
high percentage (more than 65 percent) of crinoidal and
other skeletal debris cemented with sparry calcite. The upper
Winterset unit is much thicker, with a maximum thickness
of 25 feet at stratigraphic section 4 (SW¥% SEY SW¥% sec.
9, T. 26 N.,, R. 14 E., Washington County). Erosion has
removed a large portion of the upper Winterset unit through-
out much of the area. Therefore, variations in the total
thickness of this unit could not be determined. In contrast
to the lower Winterset unit, the upper Winterset unit contains
relatively small percentages of skeletal material (20-30 per-
cent), primarily brachiopods and bryozoans. These skeletal
fragments are more than 1 mm in diameter and commonly
float in a micritic matrix.

Two reef structures were observed in the Hogshooter
Formation. The most extensively exposed reef complex is
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Figure 2. Correlation of the Hogshooter Formation in Washington and
Nowafa Counties, Oklahoma.
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in NEY% SWY% NEY sec. 28, T. 24 N,, R. 13 E., Washington
County, below the Santa Fe Railway’s trestle across the
South Fork of Double Creek. The other and less extensive
reef is exposed in the west bank of a small creek in NW
SEY% NWY% sec. 31, T. 26 N., R. 14 E., Washington County.

The reef complex in sec. 28, T. 24 N., R. 13 E., consists
of several cores and stratified lateral units which overlie the
Lost City Member and the Coffeyville terrigenous facies.
Within the cores, neither the lower nor upper Winterset units
can be distinguished. Laterally from the cores, definite strati-
fication exists. The vertical thickness of the cores (overlying
the Lost City Member) is 12 feet. The lithology of the strati-
fied beds surrounding the reef cores is considerably different
from the widespread lithologic units of the “normal” Winter-
set sequence. Within the 18 feet of vertical section, only two
thin dominantly micritic beds occur; the remainder of the
section is composed of sparry calcite-cemented beds and
skeletal-rich debris zones. In a “normal” sequence of the
Winterset Member sparry calcite-cemented beds constitute
only 4 to 13 inches, and the remainder of the section (25
feet) i1s dominantly micritic material.

The reef in sec. 31, T. 26 N., R. 14 E., consists of a single
core which lies upon the Stark Shale Member. Laterally from
the core is a normal Winterset sequence. Unlike the previously
discussed reef complex, no change in the Winterset lithology
adjacent to the core is evident.

Both reef structures lie upon units which underlie the
Winterset Member at other localities (the Stark and Lost
City Members). It is therefore assumed that the reefs occupy
in part the same rock-stratigraphic interval as does the Winter-
set Member and represent a lithofacies of the Winterset
Member. This assumption is supported by the occurrence of
“normal” Winterset sequences peripheral to the reefs.

ENVIRONMENTAL SIGNIFICANCE OF FAUNAL KLEMENTS

A Dbrief discussion of the environmental significance of
major faunal elements occurring in the Coffeyville-Hogshooter-
Nellie Bly sequence as employed in this report is presented
below.

Encrusting algae—Encrusting algae (Osagia sp.) dom-
inate the fossil assemblage characterizing several units in the
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Hogshooter-Coffeyville sequence. Osagic commonly encrusts
pelecypod and bryozoan fragments. These algal encrustations
either completely surround a nucleus of skeletal material or
encrust only one side of a fragment. The algal encrustations
completely surrounding skeletal fragments are associated with
sparry calcite cement (this cement suggests a relatively high-
energy environment). The algal structures that completely
surround a nucleus probably formed in a high-energy environ-
ment similar to that in which odliths develop. In a high-energy
environment, agitation of nuclei would permit algae to develop
oolithlike encrustations completely around the nuclei. A
micritic matrix is associated with the algal structures that
encrust only one side of a fragment (the presence of micrite
suggests a relatively low-energy environment). Micritic ma-
terial suggests that the energy in the depositional environment
was not sufficient to disturb skeletal fragments and that algae
encrusted only the exposed available portion of the fragments.

Johnson (1945, p. 842; 1942, p. 216) suggested that oslith-
like algal encrustations form in shallow marine waters as
indicated by lithological associations, Illing (1954, p. 79) ob-
served that boring and encrusting algae inhabit the interior
parts of the Bahama Banks where the water is less than six
feet deep. Newell and others (1959, p. 219) observed layers
of calcareous material associated with filamentous algae form-
ing around nuclei in high-energy environments on the Bahama
Banks. Thus, oélithlike encrustations probably form in rela-
tively high-energy environments. Although no definite depth
is indicated by the presence of encrusting algae, wherever
encrusting algae that completely surround nuclei associated
with sparry calcite cement occur, it is probable that the
environment of deposition was characterized by relatively
shallow-water and high-energy conditions.

Mollusks—Most pelecypod and gastropod specimens ob-
served in the Hogshooter-Coffeyville sequence are associated
with large percentages of terrigenous material and sparry
calcite cement, a condition which suggests a high-energy
environment. Pelecypod material is commonly fragmented,
abraded, and oriented parallel to bedding in the unit and
is associated with carbonaceous material and rounded musco-
vite flakes, suggesting nearshore, shallow-water, high-energy
conditions.

On the Bahama Banks, Newell and others (1959, p.
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216-224) observed that higher energy environments, such as
the outer platform and the oolith sand shoals of the barrier
rim (characterized by skeletal, o6lith, and intraclast grains
as well as encrusting algae and sparse vegetation) are domi-
nated by a molluscan fauna. However, in stabilized areas on
the Bahama Banks where energy factors are reduced, as
indicated by the absence of ripple marks and the presence
of mud-size calcareous material, the molluscan portion of the
faunal assemblage is greatly reduced, and the assemblage is
dominated by algal growths, sponges, and tunicates.

Molluscan fragments associated with encrusting algae
in the lower Winterset unit and the Coffeyville terrigenous
facies probably represent fragments of orgamisms that in-
habited a relatively high-energy environment.

Bryozoans.—Fenestrate bryozoans occur in most of the
Hogshooter-Coffeyville units. In some of the dominantly ter-
rigenous units of the Coffeyville Formation, bryozoan material
is absent. The lesser amount of bryozoan material in these
terrigenous units is probably due to an absence of suitable
substrata for attachment of the bryozoan larvae. Osburn
(1957, p. 1109), Duncan (1957, p. 784), and Moore (1929,
p. 468) observed that a suitable substratum must be present
for bryozoan growth and that bottom conditions characterized
by shifting sand and mud (without coarser admixtures) are
not suitable for bryozoans. In high-energy sandy environments
no suitable attachments for the bryozoans were available, and
therefore these organisms are not associated with the ter-
rigenous units.

Fenestrate bryozoans occur in beds dominated by either
sparry calcite cement or micritic material. Duncan (1957,
p. 787) indicated that brisk currents and strongly agitated
waters are essential for bryozoan growth, as these factors are
necessary to supply the required planktonic organisms to the
bryozoans. In the sparry calcite-cemented units, the bryozoans
are fragmented and abraded, whereas they are only slightly
fragmented and are unabraded in the micritic units. Possibly
the bryozoans associated with the micritic material acted as
baffels which trapped the material brought in by mild cur-
rents along with plankton.

Newell and others (1959, p. 221, 224) and Ginsburg and
Lowenstam (1958, p. 313) mentioned that bryozoans occur in
stabilized, relatively low-energy environments in the Bahamas



20 CRINOIDAL ENVIRONMENTS

and Florida Bay. Ginsburg and Lowenstam also observed
that in lower energy stabilized areas, skeletal material was
not abraded or fragmented. The unabraded bryozoan fragments
in the upper Winterset micritic units probably represent
remains of organisms that inhabited relatively low-energy
environments.

Brachiopods.—Most brachiopod specimens in the Hog-
shooter-Coffeyville sequence are concentrated in micritic units
(these organisms probably inhabited low-energy environ-
ments). Absence of abrasion and the presence of long spines
(greater than 1 mm in length) still attached to brachiopod
shells indicate that these organisms lived in low-energy en-
vironments and were not subjected to transportation. A few
abraded and fragmented brachiopod shells occur in sparry
calcite-cemented units.

Crinoids.—Although minor percentages of unabraded (2
to 5 percent) crinoidal material occur in the upper Winterset,
most of the crinoids probably inhabited high-energy environ-
ments because columnals, plates, and spines comprising from
15 to 40 percent of the rock are associated with encrusting
algae and molluscan fragments. In the sparry calcite-cemented
lower Winterset, the crinoidal material has suffered a relatively
high degree of abrasion, again suggesting that these fragments
were deposited in high-energy environments. Because micrite
is indicative of low-energy conditions, it is inconceivable that
large crinoid plates and columnals could be transported from
such a low-energy environment without removal of the
micritic material. Therefore some crinoids inhabited the
micrite-accumulating environments. Based upon lithologic and
faunal associations, the suggestion is made that the crinoids
primarily lived in relatively shallow, high-energy environments.

Minor percentages of other fossil elements, such as cal-
careous algae (other than Osagia), sponge spicules, foramini-
fers, ostracodes, arthropod fragments, conodonts, and fish
teeth, also occur in the Hogshooter-Coffeyville sequence. These
minor constituents are discussed later with the particular unit
in which they occur.

(FENERAL ENVIRONMENTAL INTERPRETATIONS BASED UPON
FAauNAL ASSOCIATIONS

Molluscan fragments associated with carbonaceous ma-
terial and high percentages of terrigenous material with little
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to no additional skeletal material are indicative of high-energy,
nearshore environments. Encrusting algae, fenestrate bryozoan
fragments, mollusks, crinoidal material, and arthropod frag-
ments associated with a sparry calcite cement are suggestive
of high-energy environments (less intense than during the
deposition of the highly terrigenous pelecypod-bearing units).
Unabraded brachiopod and fenestrate bryozoans associated
with micritic material are indicative of low-energy conditions.

Differences in energy in the depositional environment
are not necessarily due to differences in water depth. Elias
(1937) proposed that specific faunal assemblages indicate
definite water depths that occurred during the deposition of
the Big Blue series in Kansas. Different faunal assemblages
associated with different rock types were interpreted by Elias
as having been deposited in waters with different depths.
However, Ginsburg and Lowenstam (1958) and Newell and
others (1959) have given conclusive evidence that different
faunal assemblages and sediment accumulations may occur
simultaneously in an environment with a reasonably constant
depth. It is possible (as suggested by Newell and others,
p. 188-189) that the occurrence of a particular rock type and
faunal assemblage is controlled by energy factors in the de-
positional environment rather than by the depth of water.
Stabilization produced by baffels could possibly produce the
same type of low-energy environment as that formed by
deeper water.

DETAILED DESCRIPTION OF INDIVIDUAL UNITS

The variations in thickness and gross lithology, insoluble
content, terrigenous grain size, petrographic properties, and
faunal associations are discussed for the facies of the upper
part of the Coffeyville Formation, the Hogshooter Formation,
and the Nellie Bly Formation. Following the detailed dis-
cussion of the variations, an environmental interpretation for
each unit is presented.

COFFEYVILLE FORMATION

Several insoluble-residue analyses and thin-section exami-
nations were made on samples collected from the terrigenous
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facies in the upper part of the Coffeyville Formation. The
percentages of insoluble material in four samples from this
terrigenous facies immediately below the contact with the
Hogshooter Formation and the Lost City facies range from
39 to 76 percent (table 2). The data are inadequate to

TABLE 2.—AREAL VARIATION OF INSOLUBLE-RESIDUE AND FAUNAL
CoNTENTS IN THE COFFEYVILLE TERRIGENOUS FACIE3

PERCENT COARSEST
PERCENT COARSER PARTICLE PERCENTAGE AND
STRATIGRAPHIC INSOLUBLE THAN SIZE TYPES OF
SECTION CONTENT 4.5 PHI (PHI1) FOSSILS PRESENT

Southwest

9 55 68 2.0 15 Pelecypod
fragments

11 49 65 2.0 35 Pelecypod
fragments,
encrusting
algae,
brachiopod
and crinoid
fragments

5 39 53 3.0 40 Pelecypod
fragments,
encrusting
algae,
brachiopod
and crinoid
fragments

18 76 24 3.0 0 None
Northeast

establish a valid pattern for the geographic distribution of
the terrigenous material. An obvious relationship between the
amount of insoluble residue and the percentage of skeletal
material is illustrated in table 2. As the percentage of in-
soluble material increases, the percentage of skeletal material
decreases, and the faunal assemblages change. The percentage
of terrigenous material coarser than 4.5 phi is not directly
proportional to the percentage of insoluble material. At strati-
graphic section 18, the lowest percentage of terrigenous ma-
terial coarser than 4.5 phi is associated with the highest
percentage of insoluble material.

At stratigraphic section 5, four samples were collected
from the Coffeyville sequence underlying the Lost City facies.
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The characteristics of these four samples are listed in table
3. The lowermost sample was collected from a thick-bedded
unit 6 feet below the base of the Lost City facies. Sample 5-2
is from a shale unit that overlies the lowermost sample.
Samples 5-3 and 5-A-1 were collected from the base and top,
respectively, of a 5.5-foot-thick sequence, composed of thin-
bedded sandy and silty biosparrudite, which overlies the shale
bed. No decrease upward in the percentages of insoluble ma-
terial or terrigenous material coarser than 4.5 phi in diameter
occurs. However, it was observed in the thin sections that
the diameter of the coarsest terrigenous particle decreases
upward. As this decrease occurs, the fauna changes upward
from pelecypod-dominant at the base (base of exposed strata)
to encrusting algae-dominant at the top.

It is possible to reconstruct the relative water depths or
energies present during the deposition of the Coffeyville
terrigenous facies by examining the faunal assemblages as-
sociated with the different units. At stratigraphic section 5,
the faunal contents of the lowermost sample (5-1) and of the
sample from the base of the biosparrudite umt (5-3) are
dominantly pelecypod fragments. The terrigenous material
in these two samples is coarser than that in the sample from
the upper portion of the biosparrudite sequence. The upper
part of this unit was probably deposited in a deeper water
or a lower energy environment, as the faunal assemblage con-

TABLE 3.—STRATIGRAPHIC VARIATION OF INSOLUBLE-RESIDUE AND
FaunaL CONTENTS IN THE COFFEYVILLE TERRIGENOUS FACIES AT
STRATIGRAPHIC SECTION 5

PERCENT COARSEST

PERCENT COARSER PARTICLE PERCENTAGE AND

SAMPLE INSOLUBLE THAN siZE TYPES OF

NUMBER CONTENT 4.5 PHI (PHD) FOSSILS PRESENT

Top

3-A-1 39 53 3.0 40 Encrusting algae,
fenestrate bryozoans,
crinoids

5-3 29 50 2.5 25 Pelecypod
fragments

h-2 73 69

5-1 35 59 2.0 20 Pelecypod
fragments

Base
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sisting of pelecypods, encrusting algae, fenestrate bryozoans,
and brachiopods is indicative of lower energy or deeper water
than are. the pelecypod fragments in the lower two units.
The same relationships occur at stratigraphic sections 9 and
11. The fauna at stratigraphic section 9, primarily pelecypods,
suggests relatively shallow-water and high-energy conditions.
At stratigraphic section 11, the percentage and size of the
terrigenous material are smaller than those at stratigraphic
section 9. The faunal assemblage, consisting of pelecypods,
encrusting algae, fenestrate bryozoans, brachiopods, and cri-
noids, also indicates a deeper water or lower energy environ-
ment than does that at stratigraphic section 9.

It is impossible to provide a specific water depth for
the depositional environment of the Coffeyville terrigenous
facies. By using Illing’s (1954) information, it is possible to
suggest reasonable limits for the water depth. Illing observed
mollusks and calcareous algae at depths ranging from ap-
proximately 6 to 60 feet (encrusting algae were found primarily
in water less than 6 feet deep). A shallow, nearshore environ-
ment is suggested by the occurrence of carbonaceous material
(3%) in several units. According to Trask (1939, p. 450),
shallow marl banks in the Bahamas and Florida coast region
(depth of water ranges from 1 to 3 feet) are characterized
by carbonaceous material constituting from 3 to 6 percent
of the sample.

Canville Limestone Member

The Canville Member represents a local limestone ac-
cumulation above the highly terrigenous Coffeyville sequences
and below the Stark Shale Member in sec. 6, T. 25 N., R. 14
E., and secs. 31, 32, T. 26 N., R. 14 E., Washington County,
and sec. 18, T. 27 N, R. 15 E., Nowata County.

Thickness and lithology—The Canville Limestone Mem-
ber consists of a single limestone bed, which ranges in thickness
from 11 to 30 inches in sec. 6, T. 25 N,, R. 14 E., and secs.
31,32, T. 26 N., R. 14 E., Washington County. At stratigraphic
section 1, the Canville is 30 inches thick; 100 yards west and
%% mile south of stratigraphic section 1, this unit thins to
15 and 11 inches, respectively. Approximately three-quarters
of a mile south of stratigraphic section 3 (Canville is 11
inches thick) at stratigraphic section 29, the Canville is 13
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inches thick (fig. 3). Approximately one mile east of strati-
graphic section 3, the Canville is 3 inches thick. In sec. 18,
T. 27 N., R. 15 E., Nowata County, the Canville is extremely
irregular, ranging in thickness from 6 to 10 inches and even-
tually becoming nodular. The unit disappears into a laminated
calcareous siltstone lithologically similar to the Coffeyville
terrigenous facies.

Insoluble content—Nine samples of the Canville, col-
lected from stratigraphic sections 1, 2, 3, 19, 29, and 42
(pl. I; fig. 3), were treated with hydrochloric acid to de-
termine the weight percentages of insoluble material. Where
possible, samples were collected at the top and at the bottom
of the unit. The data are given in table 4. Lateral increase
in the percentage of insoluble material, associated with a
decrease in the thickness of the unit, occurs. From strati-
graphic section 1, the 16 percent insoluble material at the
base of the unit increases to 18 and 39 percent at sections
2 and 3, respectively. Southward from stratigraphic section
3 at stratigraphic section 29, the insoluble content decreases
to 29 percent. The Canville Member is thickest at stratigraphic
section 1, and thins toward stratigraphic sections 2, 3, and
42. From stratigraphic section 3 to stratigraphic section 29,
the unit again thickens. Table 4 shows a decrease in insoluble
content from the base to the top of the unit.

One sample, collected from the top of the unit at strati-
graphic section 19 (sec. 18, T. 27 N., R. 15 E., Nowata County),
contains 26 percent insoluble material. The section is approxi-
mately 50 yards from the locality where the unit becomes
nodular.

The mineralogical composition of the insoluble material
includes 99 percent angular quartz fragments with traces of
rounded muscovite (the larger particles have the higher degree
of rounding), pyrite, glauconite pellets, and overgrowth-bearing
tourmaline. One acetic acid residue was examined and no
additional minerals were found. However, traces of phosphate
were observed in several thin sections of the Canville samples.

Terrigenous grain size—Each insoluble residue was an-
alyzed to determine the percentages of material coarser and
finer than 4.5 phi (table 4).

The insoluble residues of the Canville Member consist
predominantly of material finer than 4.5 phi. At stratigraphic
sections 2 and 29, the proportion of coarser material decreases



26 CANVILLE-STARK RELATIONSHIPS

40

&
&
3 g
(T~ ~
= N
=V
=/ 4
— Cgt' =
==] O =
29
=2
] ( 0
= -
:_'—_-_ =
L 815
-1 =~
=10

Figure 3. Canville-Stark relationships in secs. 31, 32, T. 26 N., R. 14 E,,
and sec. 6, T. 25 N., R. 14 E.
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from base to top, whereas in stratigraphic section 3 it does
not change significantly. A decrease in grain size does not
necessarily correspond to a decrease in the percentage of in-
soluble material. At stratigraphic section 3, the amount of
insoluble material decreases by 19 percentage points from
base to top, although the relative proportions of coarser and
finer material remain unchanged.

Petrographic properties—Five thin sections and one ace-
tate peel of the Canville Member were examined and three
distinct limestone types were observed. At stratigraphic section
1, the basal part of the member is a silty, spiculiferous bio-
microsparite; the thin section contains a few skeletal frag-
ments, principally of monaxon sponge spicules, which float
in a matrix of micrite and microspar. The sample from the
base of the unit at stratigraphic section 29 is similar but
contains large brachiopod and fenestrate bryozoan fragments
rather than sponge spicules. Both thin sections illustrate the
recrystallization of micrite and skeletal material to microspar.
West of stratigraphic section 1, at stratigraphic section 2,
the limestone type is a silty, spiculiferous, intraclast-bearing
biomicrosparite.

TABLE 4.—INSOLUBLE RESIDUES AND FAUNAL CONTENT IN THE
CanviLLE MEMBER

PERCENT PERCENT
STRATIGRAFPHIC INSQLUBLE COARSER THICKNESS FOSSIL
SECTION CONTENT THAN 4.5 PHI (INCHES) TYPES
1 Base 16 30 30 Sponge
spicules
2 Base 18 42 15 Sponge
Top 12 22 spicules
3 Base 39 22 11 Encrusting
Top 20 23 algae,
crinoids,
gastropods,
pelecypods
19 Top 26 13 10 do.
29 Base 29 13 13 Brachiopods,
Top 7 4 bryozoans
42 Top 16 3 Encrusting
algae,
crinoids,
gastropods,

pelecypods
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The intraclasts are well developed and well rounded.
Many sponge spicules are partly or entirely replaced by
pyrite. South and east at stratigraphic sections 3 and 42,
the unit changes to a silty, algal-bryozoan biosparrudite. Pyrite
is associated with both the bryozoan and algal material. The
cement at these localities is fine-grained sparry calcite (traces
of microspar occur in the sample from stratigraphic section 42).

Approximately nine miles north of stratigraphic section
1, at stratigraphic section 19, the fauna is similar to that at
stratigraphic section 3. The limestone type differs as the
matrix is micrite instead of sparry calcite cement.

Faunal associations—Thin sections from stratigraphic sec-
tions 1 and 2 show a predominance of monaxon sponge spicules
as the main fossil constituent (approximately 20 percent of
each thin section is composed of skeletal material). Traces
of foraminifers, crinoids, brachiopods, and ostracodes also oc-
cur. A change in fauna occurs from stratigraphic sections 1
and 2 to stratigraphic sections 3 and 42, where bryokoans,
encrusting algae (Osagia sp.), and crinoids are the dominant
fossil types. A few brachiopods, gastropods, and pelecypod
fragments also occur (these samples contain approximately
35 percent fossil material). At stratigraphic section 29, the
dominant fossil types are brachiopods and bryozoans. Generally
the same fauna found at stratigraphic section 3 is also present
at stratigraphic section 19. Encrusting algae, pelecypods, and
gastropods are more abundant at stratigraphic section 19,
and bryozoans and crinoidal material less abundant.

Synthesis of above data—In the vicinity of stratigraphic
sections 1, 2, 3, 29, and 42, several trends can be established
in the Canville Member. An inverse relationship between the
percentage of insoluble material and the thickness of the unit
exists. From stratigraphic section 1, the thickness of the unit
decreases to the west, east, and south. However, the percentage
of insoluble material increases to the west, east, and south of
stratigraphic section 1. South of stratigraphic section 3, the
Canville Member again thickens and also shows a correspond-
ing decrease in the amount and size of the terrigenous material
(fig. 3; table 4).

West and south of stratigraphic section 1, an increase
in the energy of the environment of deposition is suggested.
The only allochemical constituent occurring at stratigraphic
section 1 is fossil material. At stratigraphic section 2, 100
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yards west, micrite intraclasts, associated with fossil material,
are composed of material similar to that found in the thin
section from stratigraphic section 1. Because of an increase
in energy, some fine-grained micritic material may have been
eroded, rounded, and then redeposited. South and east at
stratigraphic sections 3 and 42, absence of micritic material
is indicative of a relatively high-energy environment in which
the fine material was removed by wave and current action.
The pore space remaining around the allochemical and ter-
rigenous framework was subsequently filled with sparry calcite.
South of stratigraphic section 3, the Canville again thickens;
the matrix is micrite, with brachiopod and bryozoan fragments
being the only allochemical constituent present. The micrite
again probably indicates relatively low-energy conditions.

A change in faunal assemblages occurs between strati-
graphic sections 1, 2, and 29 and stratigraphic sections 3 and
42. At stratigraphic sections 3 and 42, the sparry calcite cement
and fossil assemblage, consisting of encrusting algae, gastro-
pods, bryozoans, and pelecypods, indicate a relatively shallow-
water, high-energy environment. At stratigraphic sections 1
and 2, monaxon sponge spicules are the dominant fossil con-
stituent, with minor percentages of unabraded brachiopods,
bryozoans, and foraminifers. DeLaubenfels (1957, p. 1083)
stated that Calcispongea inhabit only normal marine shallow-
water (in most cases less than 10 meters deep) environments,
characterized by mild currents, solid substratum, freedom from
covering silt, and the absence of stagnant conditions. At
stratigraphic sections 1 and 2, the recrystallized micrite in-
dicates a low-energy environment similar to that favoring
sponge development (the spicules are probably indigenous to
this general vicinity and were not transported into the low-
energy environment). At stratigraphic section 29, brachiopods,
and bryozoans are associated with a micrite matrix. Unabraded
bryozoans and brachiopods normally indicate a somewhat
deeper water or lower energy environment than do mollusks and
encrusting algae. It is possible that brachiopods and bryozoans
are dominant at this locality because of sponge exclusion
caused by the higher terrigenous content in the environment
(29 percent as compared with 18 percent at stratigraphic
section 1).

The differences in thickness, insoluble content, limestone
types, and faunal association may be interrelated. In 1940,
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Oakes discussed two possible origins for the Canville Mem-
ber: (1) the Canville Member represented erosional remnants
of a once wide-spread unit which had been folded and eroded,
leaving the Canville only in the synclines, and (2) the
Canville Member was deposited in small structural depres-
sions in the Coffeyville Formation.

Another and possibly better explanation for the Canville
limestone accumulations is that the fine-grained calcareous
material (micrite) may have been concentrated by baffles
similar to those described by Ginsburg and Lowenstam (1958,
p. 312-314). These workers found that in Florida Bay marine
grasses act as stabilizing and sediment-trapping agents. In
stabilized areas, the grass produces a semimotionless layer
of water over the bottom from which sediment that would
otherwise be winnowed away can settle out of suspension
(Ginsburg and Lowenstam, 1958, p. 313). Ginsburg and Lowen-
stam observed that once fine-grained calcareous material
filtered into the root mat, it was not resuspended by wave
action or tidal currents. These stabilized areas may occur in
extremely shallow waters (less than 1 foot in depth to more
than 15 feet). The protective grass baffles can also preserve
delicate skeletal material from fragmentation by mechanical
abrasion (Ginsburg and Lowenstam, p. 313). Because the
grass baffles are local, the accumulation of micrite is also
local. Ginsburg and Lowenstam also observed that along the
flanks of these stabilized areas, where currents are stronger,
sand-sized shell debris was concentrated. These grass-stabilized
areas are often subaerially exposed during low-water periods.

Newell and others (1959, p. 222-223) observed that low-
energy environments in which lime muds accumulate exist
contemporaneously adjacent to high-energy environments. The
mud-accumulating environments are stabilized by algae and
marine grasses.

The Canville limestones were possibly deposited under
conditions similar to those studied by Ginsburg and Lowen-
stam (1958) in Florida Bay. The Canville is thickest in a
central area, and thins in all directions, in a manner similar
to that of the elongate mud banks described by Ginsburg
and Lowenstam. In the central or thicker part of the ac-
cumulation, the dominant fossil materials are either sponge
spicules or unabraded bryozoans and brachiopods. Toward
the areas of thinner accumulation, more fossil material occurs
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(encrusting algae, crinoids, pelecypods, gastropods, and fene-
strate bryozoans). The fossil types associated with the thinner
areas are similar to those found in some parts of the Coffey-
ville terrigenous facies, which was probably deposited in a
relatively high-energy environment as indicated by the pres-
ence of biosparrudites. Sparry calcite cement in the marginal
areas also suggests that the energy was higher in these areas
than in those where micrite was preserved. The Canville may
have been deposited in stabilized areas contemporaneously
with the deposition of the Coffeyville biosparrudites in adjacent
areas. The characteristics of the margins of these local lime-
stone accumulations were influenced by the mixing of the
two environments. Where the Canville is thinner (indicating
a possible marginal position), the terrigenous content and the
faunal assemblage suggest higher energy similar to that pres-
ent during the deposition of the Coffeyville terrigenous facies.
If these plant-stabilized areas (possibly stabilized by algal
growths) were subjected to subaerial conditions, sparry cal-
cite could have been precipitated in the void spaces that
resulted from the removal of micritic material in the higher
energy environments (Illing, 1954, p. 48).

Microspar in the samples from stratigraphic sections 1,
2, and 29 was formed by the recrystallization of micntic
material. In two thin sections, grading of micrite into coarser
microspar indicates that the micrite is recrystallizing to micro-
spar (Folk, 1959a, p. 32). In many cases the microspar also
transgresses across fossil material.

Stark Shale Member

The Stark Member represents localized shale accumula-
tions, normally underlain by the Canville and overlain by
the Winterset limestone units. At one location, sec. 14, T. 29
N., R. 15 E., Nowata County, the base of the Stark is covered,
and the Canville Member, if present, is not exposed.

Thickness and lithology—The Stark Member consists pri-
marily of fissile, carbonaceous black shale which is separated
from the underlying Canville and the overlying Winterset
limestone units by brown and gray clay units. Approximately
2 to 10 inches of gray and brown clay separates the Canville
Limestone from the black shale of the Stark Member; the
upper 3 inches of the Stark Member is also composed of
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brown and gray clay. A zone of limestone concretions com-
monly occurs 8 to 10 inches below the overlying Winterset
Member. These concretions are flattened parallel to the bed-
ding in the black shale and range in length from 1 inch to
slightly more than 1 foot. Many of the larger concretions are
3 to 5 inches wide. The concretions are absent at stratigraphic
section 3 and are extremely reduced in size at stratigraphic
section 40. At stratigraphic section 19, a continuous bed of
limestone (similar in lithology to the concretions) approxi-
mately 20 feet long occurs; laterally the limestone bed grades
into large limestone concretions similar to those found at
other localities.

The Stark Member ranges in thickness from 5 inches to
more than 6 feet. At stratigraphic section 1, the Stark is 5.5
feet thick. The unit thins to 5 inches approximately 1.5 miles
to the southeast and to 3.5 feet 100 yards to the west. Farther
west at stratigraphic section 40, the unit is 1 foot thick. Half
a mile south of stratigraphic section 1, the Stark thins to 11
inches. Three-quarters of a mile south of stratigraphic sec-
tion 3, the unit thickens to 6 feet (fig. 3). Several miles north
at stratigraphic section 19, the unit is 2.5 feet thick. At
stratigraphic section 15 (sec. 14, T. 29 N., R. 15 E., Nowata
County), the Stark is 6 feet thick, with the base unexposed.

Insoluble content—One sample of black shale and four of
limestone concretions were treated with hydrochloric acid.
The black shale contains 88 percent insoluble material. In-
soluble content in the limestone concretions ranges from 8
to 11 percent. Silt-size quartz, chert, and pyrite are the prin-
cipal mineralogical components of the insoluble material in
the limestone concretions. The terrigenous material (silt-size
quartz) constitutes approximately 6 to 10 percent of the
total sample. At stratigraphic section 15, pyrite composes ap-
proximately 7 percent of the total sample; the three remaining
samples contain only minor amounts of pyrite. The presence
of organic material in the residue was shown by an oily film
which formed above the hydrochloric acid shortly after initial
digestion of the sample. The limestone concretions effervesced
only at a few random points. Each residue was composed of a
large lump of brownish-black organic material, punctured
by numerous small holes and essentially the same size as the
initial sample. Calcite, impregnated in the organic framework,
was removed by reaction with hydrochloric acid, leaving only
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a skeleton of material constituting 8 to 11 percent of the
original sample.

Terrigenous grain size—Material finer than 4.5 phi con-
stitutes 92 to 98 percent of the insoluble residues. Approxi-
mately half of the remainder is pyrite. The terrigenous ma-
terial coarser than 4.5 phi constitutes a minor fraction of
the initial sample. More than 89 percent of the insoluble
material from the shale sample is finer than 4.5 phi. Traces
of muscovite also occur in the black shale residue, but no
pyrite was observed.

Petrographic properties—Four thin sections of the lime-
stone concretions were examined. They are characterized by
a fine-crystalline sparry caleite matrix. Allochemical constit-
uents are rare. At stratigraphic section 19, the concretion con-
tains approximately 3 to 5 percent fossil fragments. This is
the only thin section that contains allochemical constituents.
The absence of an allochemical framework excludes the pos-
sibility that the fine-crystalline sparry calcite represents a
primary cement (Folk, 1969a).

In three thin sections of the concretions bedding is in-
dicated by closely spaced, parallel, dark-brown areas, which
probably represent laminae of organic material. Fine-crystalline
sparry calcite is randomly disseminated throughout the slides.

Traces of pyrite, chert, and small circular areas of coarser
sparry calcite are scattered throughout the thin sections. These
minerals accumulated as void fillings in the fine-crystalline
sparry calcite matrix. The areas of chert and coarse sparry
calcite show excellent examples of rim cementation. The pyrite
also occurs as void fillings; pyrite incompletely fills voids,
leaving remnants of the initial voids surrounded by pyrite.

One X-ray analysis of the material of the concretions
indicates that calcite is the only carbonate present, and that
pyrite and quartz also occur.

Faunal associations—A minor amount of unidentifiable
fossil material occurs in one limestone-concretion thin section.
A few conodonts are associated with the black shale interval
and one sample was found to contain hystrichosphaerids,
spores, and algal fragments (J. B. Urban, personal communi-
cation, 1961).

Synthesis of above data—The Stark Member thins to the
west, south, and east of stratigraphic section 1. The thicken-
ing and thinning illustrated by the Stark Member corresponds
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to the same trend in the underlying Canville Limestone
Member. Oakes (1940, p. 43) suggested that the Stark and
Canville Members either represent erosional remnants of a
once widespread unit or were deposited within structural de-
pressions in the Coffeyville Formation.

It is also possible that the deposition of the Stark Shale
was contemporaneous with that of the terrigenous material
in adjacent areas. The origin previously suggested for the
Canville Limestone Member is a limestone accumulation formed
by the stabilizing abilities of primitive plants (possibly algae).
Under certain conditions, the stabilizing plant material may
have supplied the organic material necessary to form the
carbonaceous black shales. The most prolific growth of the
plants occurs toward the centers of stabilized areas (Ginsburg
and Lowenstam, 1958, p. 314) and, therefore, the supply of
organic material is greater at these places. If favorable con-
ditions for deposition existed, the thickest accumulations would
occur in the central areas. In the Canville Limestone Member
(below the Stark), a decrease upward in the percentage of
and coarseness of the terrigenous material may indicate an
energy decrease in the depositional environment toward the
top of the unit. If the energy decreased sufficiently, reducing
conditions may have formed (above or below the depositional
interface), and the organic material may have accumulated.
Hystrichosphaerids and spores indicate that a normal marine
relatively nearshore environment existed in the vicinity of the
Stark accumulation (J. B. Urban, personal communication,
1961). Algal material in the black shale of the Stark suggests
that algae may have stabilized the low-energy environment.

According to Krumbein and Garrels (1952, p. 19), abun-
dant organic material and pyrite in a black shale are indicative
of reducing conditions. Twenhofel (1950a, p. 337) suggested
that black shale accumulation is (1) primarily the result of
rapid burial of organically rich material with an incomplete
elimination of the organic material by bacteria and scavengers,
or (2) due to the deposition of organic material in an oxygen-
deficient environment characterized by a limited circulation
of water. The limited circulation of water is commonly at-
tributed to a barrier of some type (possibly the baffling effect
of plants themselves). Krumbein and Garrels (1952, p. 22)
suggested that reducing conditions may exist a few centi-
meters below the depositional interface owing to the exclusion
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of oxygen. The area above the depositional interface may
exhibit unrestricted circulation of water with a positive oxi-
dation-reduction potential.

The character of the black shale of the Stark was probably
influenced by diagenetic changes which occurred below the
depositional interface where the possible existence of reduc-
ing conditions would have favored the occurrence of anaerobic
bacteria. These bacteria may have attacked the rapidly ac-
cumulating organic material and produced a relatively high
concentration of hydrogen sulfide. The hydrogen sulfide and
reduced (ferrous) iron below the depositional interface com-
bined to form the iron disulfides that occur in the Stark.
Where rapid accumulation occurred, numerous calcareous scav-
engers, planktonic and nektonic organisms, may have been
buried as calcareous material. If this calcareous material was
introduced into a reducing environment below the depositional
interface where the pH is often lower, the calcareous ma-
terial may have been dissolved and disseminated in solution
through the accumulating clay and organic material. The
calcium phosphate composition of the conodonts is stable
at lower pH values than is calcite, and therefore the con-
odonts may have been preserved even though calcareous
organisms were dissolved. If it is assumed that the reducing
conditions occurring during deposition of the Stark Shale
were below the depositional interface, fewer restrictions, such
as water circulation or stagnation, are required to explain the
calcareous black shale accumulation.

Limestone concretions found in the Stark Member are
epigenetic in origin. Several concretions have laminations
which are parallel to and continuous with the bedding in the
black shale. Pettijohn (1957, p. 203) and Weeks (1957, p.
99) suggested that relict bedding in a concretion indicates
an epigenetic or secondary origin. Compaction of thin laminae
of the black shale around the concretions indicates that the
concretions were formed before complete compaction of the
shale occurred.

At stratigraphic sections 3 and 40, the Stark is 11 and
12 inches thick, respectively. The limestone concretions are
absent at stratigraphic section 3 and are much smaller (ap-
proximately 1 inch in diameter) at stratigraphic section 40.
These conditions may be related to the thickness of the
black shale unit. Where the thickness of the black shale
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ranges from 3 to 6 feet, the concretions are relatively large.
When compaction of the Stark was initiated, much of the
calcareous material disseminated in solution through the sedi-
ment may have been driven out of the fine-grained material.
After sufficient compaction occurred, a suitable concentration
of calcareous material was possibly obtained to initiate nuclea-
tion of the calcareous material with subsequent formation of
the concretions. Where the black shale is exceptionally thin,
the concentration of calcareous material may not have been
sufficient for concretion development.

Lost City Limestone Member

The Lost City Member, a localized limestone unit, occurs
above the Coffeyville terrigenous facies and below the Winter-
set Member in secs. 28, 34, T. 24 N., R. 13 E., and sec. 9, T.
26 N., R. 14 E., Washington County. At stratigraphic section 20
(sec. 28 T. 24 N., R. 13 E.), the unit is underlain by approx-
imately 20 feet of Cotfeyville shale and siltstone and is over-
lain by the reef facies of the Winterset Member.

Thickness and lithology—In secs. 28, 34, T. 24 N., R. 13
E., Washington County, three vertical sections of the Lost City
Member were measured. This member consists of a single lime-
stone bed, ranging in thickness from 6 to 28 inches. In NW¥%
NEY NW4 sec. 34, T. 24 N., R. 13 E,, at stratigraphic section
9, the unit 1s 6 inches thick. Approximately four-fifths of a
mile northwest of this locality, at stratigraphic section 20, the
Lost City Member is 28 inches thick. At stratigraphic section
39, 200 feet east of stratigraphic section 20, the unit thins to
8.5 inches. At stratigraphic section 11, approximately one mile
north of stratigraphic section 20, the Lost City Limestone unit
is unidentifiable, but the unit beneath the reef facies of the
Winterset Member is similar (fossil material, quartz types,
and heavy minerals) to the Lost City Member and may be a
lateral facies of this member. Approximately 100 yards west
of stratigraphic section 20, the unit is absent, and the stratified
reef facies overlies the Coffeyville terrigenous facies. At strati-
graphic section 5 (sec. 9 T. 26 N., R. 14 E., Washington Coun-
ty), the Lost City Member is 8 inches thick. One hundred feet
southwest of this location, the unit thickens to 14 inches. Oakes
(1940) measured a thickness of 20 inches for this unit approx-
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imately 150 yards southwest of stratigraphic section 5 (Oakes’
locality is now covered by water).

Insoluble content—Four samples were digested in hydro-
chloric acid. Three samples were collected in secs. 28, 34, T. 24
N., R. 13 E., Washington County. An inverse relationship be-
tween the thickness of the unit and the insoluble content exists
in the Lost City Member (this same relationship has been
previously discussed for the Canville Limestone Member).
From stratigraphic section 20 to stratigraphic sections 9 and
39 (south and east, respectively), the thickness of the Lost
City Member decreases from 28 inches to 85 and 6 inches,
respectively. The insoluble content increases from 11 percent
at stratigraphic section 20 to 16 percent and 21 percent to the
east and south, respectively. One sample was collected from
stratigraphic section 5, where the insoluble content is 12
percent.

The mineralogical composition of the insoluble material
from the hydrochloric acid digestions is 99 percent angular
quartz particles with a trace of muscovite and slight traces of
glauconite and pyrite. Four acetic acid digestions were made.
Two residues contained a minor amount of phosphate pellets.
Several residues yielded abundant phosphatic internal molds
of gastropods.

Terrigenous grain size—Insoluble material from the Lost
City Member is composed dominantly of particles with diam-
eters less than 4.5 phi. At stratigraphic sections 9, 20, and 39,
a direct relationship exists between the thickness of the unit,
the insoluble content, and the percentage of residue coarser
than 4.5 phi. At stratigraphic section 20, 16 percent of the in-
soluble material is coarser than 4.5 phi; southward and east-
ward, the percentage increases to 22 and 26 percent, respec-
tively, whereas the thickness of the unit decreases.

Petrographic properties—Three thin sections and two ace-
tate peels of the Lost City Member were examined.

The limestone type at stratigraphic section 9 is a silty,
algal-pelecypod biomicrudite. The thin section contains nu-
merous large skeletal fragments parallel to geopetal structures,
indicating that the larger fragments are oriented parallel to
the depositional surface. Several thin laminations containing
fragmental skeletal material and parallel geopetal structures
occur. Most of the terrigenous material occurs in these frag-
mental zones. The highly terrigenous and fragmental bands
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probably represent intervals during which material was car-
ried into and deposited in a relatively low-energy environment.
The larger skeletal fragments probably represent remains of
organisms that lived in the low-energy environment. Encrust-
ing algal structures cover only one side of skeletal fragments,
indicating that the fragments were not agitated and that the
algae grew only on the exposed upper surfaces.

The same rock type occurs at stratigraphic section 20, but
the faunal types differ. Large unbroken brachiopod fragments
and algae dominate the fauna. A large terrigenous rock frag-
ment, similar in lithology to that of the previously discussed
Coffeyville terrigenous facies, occurs in this sample. The skel-
etal and terrigenous material are not oriented.

At stratigraphic section 5, the thin section shows a high
degree of recrystallization, as the original matrix, probably mi-
crite, and much skeletal material have been recrystallized to
microspar. The skeletal material is not oriented. Several large
rock fragments composed of highly terrigenous material, sim-
ilar to the rock fragments occurring at stratigraphic section 20,
also occur in this sample.

Faunal associations—At stratigraphic section 9, the Lost
City Member contains abundant algae, including both Osagia
sp. and Epimastopora sp. (Johnson, 1946), gastropods, pele-
cypods, and bryozoans with traces of fusulinids and other for-
aminifers. Well-preserved burrows also occur. The faunal as-
sociation changes slightly to the north at stratigraphic section
20. Algae, principally Osagia, brachiopods, bryozoans, and
crinoid fragments dominate this thin section. At stratigraphic
section 5, the fauna is again slightly different. Both Osagia and
Epimastopora are abundant, with bryozoans, crinoid fragments,
gastropods, and pelecypods also relatively abundant. Traces
of fusulinids and other foraminifers also are present.

In thin sections from stratigraphic sections 5 and 9, many
gastropod shells are filled with dark-brown phosphatic ma-
terial. The phosphate may be forming within the gastropod
shells owing to some favorable physicochemical condition.
Ames (1959, p. 838) stated that it is highly improbable that
the concentration of phosphate ion could become sufficient to
produce phosphorite deposits in the presence of calcite. Prob-
ably the phosphate was formed by the replacement of micrite
by carbonate apatite.

Synthests of above data—As in the Canville Member,
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several trends can be established in the Lost City Limestone
Member. In stratigraphic sections 9, 20, and 39, an inverse re-
lationship exists between the thickness of the unit and the
percentage and coarseness of the insoluble residue. As the unit
decreases in thickness to the east and south of stratigraphic
section 20, the percentage and coarseness of the insoluble ma-
terial increase. The coarser and more abundant terrigenous
material indicates a higher energy environment to the east
and south.

The Lost City Member may represent accumulation of
micrite in stabilized areas similar to those found by Illing
(1954, p. 61), Newell and others (1959, p. 222), and Ginshurg
and Lowenstam (1958, p. 312-314) in the Bahamas and Florida
Bay. The Lost City Limestone accumulated contemporaneously
with highly terrigenous facies in adjacent areas. A local arca of
primitive plants may have caused, in part, the precipitation
and entrapment of micritic and fossil material. Completely
surrounding the stabilized area, a highly terrigenous environ-
ment existed. The increase in terrigenous material toward the
thinner areas of the Lost City indicates a mixing of the two
environments where sparser plant growth was not sufficient
to stabilize the bottom. Intraclasts composed of terrigenous
material suggest erosion and subsequent incorporation of the
adjacent terrigenous facies into the stabilized facies. Approx-
imately one mile north of stratigraphic section 20, the Coffey-
ville terrigenous facies contains a fauna similar to that of the
Lost City Member (Osagia, brachiopods, bryozoans, and pele-
cypods). This part of the Coffeyville terrigenous sequence may
represent a lateral facies of the Lost City Member.

The fauna at stratigraphic section 20 (dominantly Osagiq,
brachiopods, and bryozoans) is suggestive of an environment
of lower energy than that of the adjacent areas where pelecy-
pods and gastropods dominate the fauna. The fauna of the
terrigenous facies may have encroached onto the margins of
the stabilized, micrite-accumulating area but did not penetrate
to the central part. Therefore the fauna of the central area
lacks faunal elements that characterize the terrigenous en-
vironment.

Dascycladaceae algae, principally Epimastopora sp., occur
only in the Lost City Member of the Coffeyville Formation
and the reef facies of the Winterset Member. This branching
form of alga may have assisted in stabilizing the micrite.
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Hansen (1958) considered the Lost City Member to be
part of the lower Winterset unit. However, because of several
pronounced differences between these two units, they are
treated as separate lithologic divisions in this report. The lower
Winterset unit is everywhere characterized by a single bed of
allochemical constituents cemented with sparry calcite. A
micritic matrix occurs in the Lost City Member. Crinoidal
material is the main allochemical constituent in the lower
Winterset unit, whereas it is uncommon in the Lost City Mem-
ber. Conodonts, phosphate pellets, and glauconite pellets are
abundant in the lower Winterset unit. Only slight traces of
phosphate and glauconite, and no conodonts, were observed in
the Lost City Member, which occurs as local accumulations
overlain by the lower Winterset unit and by the reef facies
of the Winterset Member. At stratigraphic section 20, the reef
facies overlies the Lost City Member, and the lower Winter-
set unit is absent. The stratigraphic position of the Lost City
Member, in addition to the differences in lithology, fauna, and
mineralogical content, is sufficient to separate these units into
distinct lithologic units.

The Lost City Member, similar in several respects to the
Canville Member, also contains a micrite matrix at several
localities. The two differ primarily in faunal content, the Lost
City Member containing more algal material and the Canville
Member being characterized by sponge spicules at several lo-
calities. The Canville and Lost City Members probably had
similar origins (stabilized primitive-plant baffles) varying only
in that the areas of Canville deposition were also areas favor-
able for the accumulation of black shale sequences (Stark
Member).

HOGSHQOTER FORMATION

Winterset Member

The Winterset Member consists of three facies: the lower
Winterset, the upper Winterset, and the reef facies. As shown
in figure 2, the reef facies represents a litholacies of both the
lower and upper Winterset units,
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Lower Winterset Unit

The lower Winterset unit occurs in most of the area. Near
Ramona, Oklahoma (secs. 28, 34, T. 24 N., R. 13 E.) and at
stratigraphic section 28 (sec. 31, T. 26 N., R. 14 E.), this unit
is absent. At these localities, the reef facies overlies the Lost
City and Stark Members, respectively (fig. 2). The lower
Winterset unit is underlain by the Stark Member at strati-
graphic sections 1, 2, 3, 15, 19, 40, and 42, and by the Lost City
Member at stratigraphic section 5. Elsewhere in the area, this
unit is underlain by calcareous siltstones of the Coffeyville
terrigenous facies,

Eighteen stratigraphic sections of the lower Winterset
were measured. Several of the lithologic units associated with
the reef developments are lithologically similar to the lower
Winterset. These lithologic types will be discussed in the sec-
tion on the reef facies.

Thickness and lithology—The unit consists of a single
limestone bed ranging in thickness from 3 to 13 inches. In the
central part of the area (bounded on the north by stratigraphic
sections 1, 2, 3, 5, 25, 26, 27, 30, 40, and 42), the thickness of
this unit ranges from 3 to 6 inches. The thickness decreases
from stratigraphic section 1 toward stratigraphic sections 19
and 31. The thickness at stratigraphic section 1 is 6 inches. To
the northeast at stratigraphic section 19, the unit thins to 4
inches; to the southwest at stratigraphic section 31, the unit is
3 inches thick. In the southern part of the area, the thickness
ranges from 10 to 13 inches, with the thickest accumulation at
stratigraphic section 32, approximately 2 miles north of the
Washington-Tulsa county line. The unit also illustrates a
thickening trend in the northern part of the area, where the
unit ranges in thickness from 7 to 12 inches. At stratigraphic
sections 15 and 18, the unit is 12 inches thick.

Insoluble content—The percentage of insoluble material
in the lower Winterset unit ranges from 9 to 62 percent. Super-
ficially samples containing high percentages (20 to 62 per-
cent) of insoluble material appear to have a random areal dis-
tribution. However, at each locality where a high percentage
of insoluble material occurs, the lower Winterset unit either
overlies the Stark Member or is near a Stark Member occur-
rence. At stratigraphic sections 1, 3, 15, 19, and 40, where the
amount of insoluble material is 20, 62, 44, 32, and 35 percent,
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respectively, the lower Winterset overlies the Stark Member.
At stratigraphic sections 16, 24, and 25 (insoluble content is
26, 36, and 21 percent, respectively), the lower Winterset over-
lies the Coffeyville terrigenous facies but is adjacent to an
area of Stark Shale accumulation. Approximately half a mile
north of stratigraphic section 16, the Stark Member is present
in a small stream cut. Oakes (1940, p. 43) mentioned that the
Stark Member was found in sec. 16, T. 28 N, R. 15 K., and in
the NE% sec. 30, T. 27 N., R. 15 E., Nowata County (the
writer was unable to find these exposures). Stratigraphic sec-
tion 24 is in sec. 16, T. 28 N., R. 15 E., and stratigraphic section
25 is in sec. 30, T. 27 N., R. 15 E., approximately two-thirds of
a mile from the point where Oakes found the Stark Member.
Other outcrops of the lower Winterset unit are far removed
from any known Stark accumulation and have an insoluble
content ranging from 9 to 18 percent.

Mineralogically the residues are primarily angular quartz
in amounts ranging from 96 to 98 percent. Glauconite is every-
where present and constitutes 0.5 to 1 percent of the residues.
The glauconite occurs as rounded pellets. All the residues con-
tain traces of rounded muscovite flakes (much larger than the
quartz grains), overgrowth-bearing tourmaline, and limonite.
Authigenic pyrite constitutes 3 percent of the residue from
stratigraphic section 12; approximately 2 percent authigenic
barite occurs in the residue from stratigraphic section 13.

Ten acetic acid determinations were made on samples col-
lected from the lower Winterset unit. Phosphate (carbonate
apatite) is the only additional mineral concentrated in the
acetic acid residues. It is present in amounts ranging from 1
to 8 percent; most samples contain 4 to 8 percent. Phosphate
occurs mostly as irregular botryoidal lumps, which range from
approximately %