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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.
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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
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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
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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



CHANGES IN FAUNAL ASSEMBLAGES 29

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 % mm to slightly more than 1 mm in diameter.
However, in some hand specimens, the phosphate occurs as
nodules more than 1 inch in diameter. It is also found as in-
ternal molds of gastropods and as conodont fragments. Glauco-
nite occurs in the acetic acid residues as internal molds of
gastropods and as pellets.

Terrigenous grain size—The amount of material coarser
than 4.5 phi ranges from 11 to 78 percent of the hydrochloric
acid residue (table 5). In table 5, percentages of residue and
material coarser than 4.5 phi are listed in a geographical se-
quence, with the northernmost stratigraphic section first and
the southernmost section last.
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Generally the amount of material coarser than 4.5 phi de-
creases southward. Several deflections from this trend occur
at stratigraphic sections 1, 3, and 40 in the central part of the
area. At these localities, the insoluble material is coarser than
in the areas immediately north and south. However, in the
central area the greater amount of coarser material is accom-
panied by a corresponding increase in the percentage of in-
soluble material, whereas, in the northern part of the area,
coarse material is dominant even where the percentages of in-
soluble material are small (e. g., stratigraphic section 18).

Several deflections occur in the coarseness trend in the
northern part of the area also. Each of these deflections is
associated with an increase in amount of insoluble material.
Larger accumulations of terrigenous material occur where the
lower Winterset unit overlies the Stark Member. At the locali-
ties where the insoluble content is greater, the terrigenous grain
size is also greater, indicating a possible relationship between
the amount and size of the terrigenous material and controlling
energy factors. As the energy in the depositional environment
increased, the amount and size of the terrigenous material in-
creased correspondingly.

Petrographic properties—Seventeen thin sections and two
acetate peels of the lower Winterset unit were examined. Two
limestone types occur in this unit. The more common lime-

TABLE 5.—-INsoLUBLE RESiDUES IN THE LoweEr WINTERSET UNIT

PERCENT PERCENT
STRATIGRAPHIC INSOLUBLE COARSER
SECTION CONTENT THAN 4.5 PHI
CH-15-2 (North) 44 78
CH-16-2 26 55
CH-17-2 17 44
CH-24-1 36 74
CH-18-2 11 55
CH-19-3 32 68
CH-25-1 21 34
CH-5-A-3 i5 28
CH-26-1 12 20
CH-27-1 12 22
CH-1-5 20 39
CH-3-5 62 52
CH-40-1 35 62
CH-30-1 9 24
CH-31-1 18 16
CH-13-1 15 19
CH-12-1 14 17

CH-32-2 (South) 15 11
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stone type is biosparrudite; the other limestone type, occurring
at one locality (stratigraphic section 1), is an o0sparite.

Thin sections of this unit contain phosphate and glau-
conite. Glauconite occurs as rounded grains, some with and
most without a weathered exterior rim. Phosphate occurs as
round grains ranging in size from —2 to 3 phi. The larger phos-
phate nodules are composed of numerous, much smaller phos-
phate grains cemented by calcite, similar to those described
by Bushinsky (1935, p. 88). Phosphate, associated with ter-
rigenous and organic material, commonly occurs as internal
fillings in gastropod shells. Many of the phosphate particles
may represent fragmented gastropod molds.

Sparry calcite, the only primary cement in the lower Win-
terset unit, occurs as pore-filling calcite in a framework of
skeletal material, phosphate, glauconite, and terrigenous ma-
terial. The skeletal content ranges from 25 to 75 percent of
the total sample. Approximately 5 to 8 percent of each thin
section is composed of phosphate and glauconite. Terrigenous
material ranges from 9 to 62 percent. At stratigraphic section
3, the unit contains 62 percent terrigenous material and is not
a limestone. At this locality, the rock type is a fine sand and
siltstone: sparry calcite-cemented, submature, phosphatic glau-
conitic algae-bearing orthoquartzite (Folk, 1959b). Only at

TABLE 6.—TERRIGENOUS MATERIAL AND Faunar, CONTENT IN THE
Lower WINTERSET UNIT

COARSEST ALLOCHEMS

TERRIGENOUS PARTICLE PRESENT! FOSSILS PRESENT’
STRATIGRAPHIC  CONTENT SIZE (PERCENT) (PERCENT)
SECTION (PERCENT)  (PHI}
I O F C A Bz Bp G P

CH-15 44 1.5 1 30 20 3 2
CH-16 26 1.0 5 3 40 27 10 1
CH-17 17 1.5 1 2 65 35 15 3 3
CH-24 36 2.0 1 1 40 30 7 4
CH-18 11 2.0 2 70 40 15 7
CH-19 32 2.0 40 30 5 3
CH-25 21 3.5 1 60 25 20 8 3
CH-5 15 2.0 65 35 25
CH-27 12 2.5 70 33 20 8 4
CH-1 20 4.0 30 30 10 10 5
CH-3 62 3.0 25 13 10
CH-30 9 2.5 1 15 50 30 20 5
CH-31 18 2.5 2 5 60 35 20 4
CH-32 15 3.0 10 55 30 13 8

11-intraclasts, O-odliths, F-fossils.
2C-crinoids, A-algae, Bz-bryozoans, Bp-brachiopods, G-gastropods,
P-pelecypods.
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stratigraphic section 30 is the amount of terrigenous material
less than 10 percent of the sample.

Thin sections from stratigraphic sections 15, 16, 17, and 18,
in the northern part of the area, contain intraclasts or rock
fragments composed of silt-size terrigenous material (intra-
clasts are more than 1 mm in diameter). In the southern part
of the area at stratigraphic sections 30, 31, and 32, intraclasts
composed of fossiliferous micritic material occur. Oo6liths and
superficial ooliths occur at stratigraphic sections 1, 13, 16, 17,
30, 31, and 32.

In table 6, the important petrographic properties are
listed and the stratigraphic sections are arranged in a sequence
from north to south. The presence or absence of allochemical
constituents, other than skeletal fragments, bears no relation-
ship to the amount of terrigenous material. At stratigraphic
section 16, the unit contains 26 percent terrigenous material,
which is associated with three allochemical constituents: in-
traclasts, ooliths, and skeletal material. These same allochems
are found at stratigraphic section 30, where the content of ter-
rigenous material is only 9 percent. The only allochemical
constituent at stratigraphic sections 3, 15, 19, and 24 is skeletal
material (encrusting algae, crinoidal material, pelecypods,
bryozoans, gastropods, and arthropods). Terrigenous contents
are considerably higher (range from 42 percent at stratigraphic
section 19 to 62 percent at stratigraphic section 3) at these
localities than elsewhere. As table 5 illustrates, the terrigenous
material associated with the higher percentages is coarser than
material from other stratigraphic sections. The amount of
skeletal material is considerably less (15 to 20 percentage
points less) than the amounts occurring elsewhere.

Faunal associations—All skeletal material examined in the
thin sections shows abrasion. The degree of abrasion is greater
in samples having higher percentages of terrigenous material.
An inverse relationship exists between the abundance of skeletal
material and the abundance of terrigenous material (including
ooliths and intraclasts; fig. 4). For example, at stratigraphic
sections 3 and 18, the terrigenous content is 62 and 11 percent,
respectively; the skeletal content at these same localities is 25
and 70 percent, respectively.

The faunal assemblages in each thin section are listed in
table 6. Crinoidal and algal fragments dominate the skeletal
material. Four genera of algae occur in this unit. Osagia is found
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in all the thin sections, and Epimastopora, although not so
abundant as Osagia, also occurs in most samples. Ottonosia and
Girvanella occur sporadically in this unit. Brachiopod, pelecy-
pod, gastropod, and bryozoan fragments are less abundant than
crinoidal and algal material. The gastropods are commonly
filled with phosphatic material.

Synthesis of above data—The above-given data suggests
that the lower Winterset unit was deposited in a shallow, rela-
tively turbulent environment. The occurrence of gastropods,
pelecypods, and calcareous algae suggests a possible depth of
6 to 60 feet and the presence of o6liths, intraclasts, high ter-
rigenous contents, and sparry calcite cement suggests a rela-
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Figure 4. Relationship between skeletal material and other framework con-
stituents in the lower part of the Winterset Member.
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tively high-energy environment (Folk, 1959a). Sparry calcite
cement in this unit implies that currents were strong enough
to remove micritic material. O6liths indicate an environment in
which currents were able to move and roll quartz and skeletal
nuclei of the odliths (Folk, 1959a). The framework consists of
skeletal fragments and other allochems (o6liths and intra-
clasts), with no micritic material. Slight fluctuation in sea
level may have subjected this framework to subaerial condi-
tions to permit solution of part of the calcareous framework
and its reprecipitation as sparry calcite cement (Illing, 1954,
p. 48).

The abundance of terrigenous material (including ooliths
and intraclasts) bears relationships to the abundance of skeletal
material (fig. 4) and to the degree of abrasion of skeletal ma-
terial (fig. 5). In the first case the relationship is inverse; in
the latter it is direct. A possible explanation for these relation-
ships is that the higher terrigenous contents indicate areas of
higher energies in which organisms either did not live or were
less prolific. The greater degree of abrasion of skeletal material
in areas of higher terrigenous contents suggests higher energy
for these areas. Probably organisms flourished more readily in
areas of less turbulence. Illing (1954, p. 17) observed a similar
relationship in a present-day higher energy environment. He
observed that on the Bahama Banks the skeletal content com-
prises approximately 23 percent of the allochemical constitu-
ents, whereas on the margins of the banks, the skeletal content
ranges from 87 to 92 percent. The average water depth on
the banks is approximately 10 to 20 feet, and on the margins
of the banks the depth ranges from 20 to 40 feet. But, in gen-
eral, skeletal content decreases as depth decreases.
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Figure 5. Relationship between abrasion of skeletal material and percent-
age of other framework elements in the lower part of the Winterset Member.
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As tables 5 and 6 illustrate, an increase in coarseness of
the terrigenous material occurs from the southern to the
northern parts of the area, indicating a source for the terrige-
nous material to the north of the area. Intraclasts composed of
terrigenous material occur only in the northern part of the
area (stratigraphic sections 15, 16, 17, 18). These intraclasts
may represent parts of a terrigenous facies of the lower Win-
terset unit that have been torn up and redeposited farther
south. In the southern part of the area evidence of an increase
in energy also exists. Approximately 10 percent of the thin
section from stratigraphic section 32 is composed of micritic
intraclasts cemented with sparry calcite. At stratigraphic sec-
tion 32, the unit is 13 inches thick; the thin section from the
base contains 73 percent skeletal material, whereas the thin
section from the top contains 55 percent. The percentage of
intraclasts increases from 1 percent at the base to 10 percent
at the top of the unit. Shallowing of the water may have oc-
curred between the deposition of the base and the top of the
unit so that previously deposited material may have been sub-
jected to more wave action, thus producing the increased per-
centage of intraclasts.

Phosphate particles occur in all samples of the lower Win-
terset unit and seem to be related in some respect to the fauna.
Gastropods observed in thin sections are filled with phosphatic
material. Many solitary phosphate particles in the acetic acid
residues appear to be fragmented internal molds of gastropods.
Botryoidal particles of phosphate and glauconite are also com-
mon in the acetic acid residue, and both are possibly fecal in
origin. The botryoidal fecal-appearing phosphate particles may
have been produced by gastropods or other organisms.

Ames (1959, p. 834) observed that fine-grained carbonate
material is replaced more rapidly by phosphate than are coarser
calcite particles. Illing (1954, p. 25) mentioned that fecal pel-
lets on the Bahama Banks are composed of silt-sized carbonate
particles and organic material. In the lower Winterset unit, no
fine-grained calcareous material occurs. If the phosphate pel-
lets were once fecal pellets composed of fine-grained calcareous
material and if suitable conditions of pH level and phosphate
concentration prevailed, the first material to be replaced by
phosphate (according to Ames) would have been the fine-
grained calcite particles. The phosphate particles in the lower
Winterset possibly represent such a replacement of micrite by
carbonate apatite.
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Upper Winterset Unit

The lower Winterset unit is overlain by the upper Winter-
set unit throughout the area except in stratigraphic section 32
in the southern part, where it is overlain by the Nellie Bly
Formation. The contact between the upper Winterset and the
Nellie Bly Formation was observed only at stratigraphic sec-
tion 12, approximately four miles from the southern boundary
of the area. Elsewhere the top of this unit has been eroded,
thus prohibiting total-thickness determinations. KEighteen
stratigraphic sections of this unit were measured. In several
areas, lithologies similar to those of the upper Winterset unit
were observed in association with reef developments. These
lithologies are discussed with the reef facies.

Thickness and lithology—Limestone beds of the upper
Winterset unit are separated from the underlying lower Win-
terset by a thin, brown and gray clay bed which is 15 inches
thick in the northern part of the area (stratigraphic section
16), 7 inches thick at stratigraphic sections 18 and 27, 3 inches
thick at stratigraphic sections 30 and 31, and 1 inch thick in
the southern part of the area at stratigraphic section 12. The
thickness of this clay bed decreases southward, although ex-
ceptions to this trend occur at several stratigraphic sections.
At stratigraphic section 18 the thickness of this bed is 7 inches,
but at stratigraphic section 24, 2 miles east, the thickness is
only 4 inches. Where the clay unit is 3 to 15 inches thick, it
contains scattered limestone lenses lithologically similar to the
upper Winterset limestones.

At most stratigraphic sections, only a few inches to a few
feet of the upper Winterset unit are preserved. As previously
mentioned, its contact with the overlying Nellie Bly Formation
was observed at only one stratigraphic section; at the remain-
ing 17 stratigraphic sections it is incomplete. Hence, no inter-
pretations can be made concerning the total thickness of this
unit. At stratigraphic section 12, calcareous siltstone of the
Nellie Bly Formation overlies the upper Winterset. At this lo-
cality the unit is 14 inches thick and northward, at most strati-
graphic sections, it is more than 14 inches thick. At strati-
graphic section 32, the Nellie Bly lies upon the lower Winterset
unit. Although absolute values for the total thicknesses of the
upper Winterset cannot be determined north of stratigraphic
section 12, enough outcrops occur to indicate a thinning of the
unit in the southern part of the area.
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Three stratigraphic sections, 4, 16, and 18, in the northern
part of the area are relatively thick, with a considerable portion
(24, 4, and 11 feet, respectively) of the unit exposed. The
thickest section of the upper Winterset unit is at stratigraphic
section 4, where approximately 24 feet is exposed. The lithology
of the unit at this locality is variable. Limestone units above
the basal shale and clay unit overlying the lower Winterset
are 1rregularly bedded, with beds ranging in thickness from 2
to 5 inches. Three thin shales occur in this sequence. Above
the irregularly bedded sequence at the base is 9 feet of thick-
bedded limestone, with only one well-defined shale bed in the
sequence. Above the thick-bedded sequence, approximately 11
feet of irregularly bedded limestone is exposed. At stratigraphic
section 18, the lithology differs; the shale content increases
and occupies approximately one-half of the total section. At
stratigraphic section 16, approximately 4.5 miles northeast of
stratigraphic section 18, the percentage of shale again increases
and comprises more than one-half of the total thickness. The
percentage of shale increases north of stratigraphic section 4.

Insoluble content—Insoluble content ranges from 3 to 15
percent. No apparent change in the insoluble content occurs
from one locality to another. At most localities, where the
upper unit overlies the lower, a definite decrease occurs in the
insoluble content from the lower to the upper unit. For ex-

TABLE 7.-——COMPARISON OF INSOLUBLE-RESIDUE CoNTENT BETWEEN
UpPER AND LoweER WINTERSET UNITS

FERCENT PERCENT
STRATIGRAPHIC INSOLUBLE COARSER
SECTION UNIT CONTENT THAN 4.5 PHI
CH-3 Lewer Winterset 62 52
Upper Winterset 16 12
CH-13 Lewer Winterset 15 19
Upper Winterset 14 8
CH-16 Lower Winterset 26 55
Upper Winterset 9 7
CH-18 Lower Winterset 11 55
Upper Winterset 7 4
CH-19 Lower Winterset 32 68
Upper Winterset 11 6
CH-24 Lower Winterset 36 74
Upper Winterset 8 9
CH-25 Lower Winterset 21 34
Upper Winterset 6 5
CH-30 Lower Winterset 9 24
Upper Winterset 6 4
CH-31 Lower Winterset 18 16

Upper Winterset 11 4
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ample, at stratigraphic section 3, the lower unit contains an
insoluble content of 62 percent, whereas the upper unit con-
tains only 16 percent.

The mineralogical composition of the hydrochloric acid
residue is approximately 99 percent fine sand and silt-size
quartz particles with minor traces of muscovite and limonite.
No glauconite, conodonts, or phosphate particles occurred in
the acetic acid residues. In many hydrochloric acid residues,
traces of white amorphous material occur. These accumula-
tions are generally coiled or tube-shaped structures and pos-
sibly represent the remains of opal-secreting organisms. The
material 1s opaque under crossed nicols, suggesting that it is
opaline silica, similar to that found by Mitchell (1935).

Terrigenous grain size—Fifty-three samples of the upper
Winterset unit were treated with hydrochloric acid. A decrease
in coarseness of the insoluble material occurs from the lower
to the upper Winterset unit. The percentage of insoluble ma-
terial coarser than 4.5 phi ranges from 2 to 16 percent.

Table 7 shows the change in coarseness of the insoluble
material from the lower Winterset to the basal limestone bed of
the upper Winterset at several stratigraphic sections. At strati-
graphic section 13, the difference in the total amount of residue
1s 1 percent, but the difference in the amount of material
coarser than 4.5 phi 1s 11 percent. In every case, even where the
total amount of residue is approximately the same in the two
units, the lower Winterset has a markedly greater amount of
coarse material. Material less than 4.5 phi in diameter consti-
tutes the bulk of the residues from the upper Winterset.

Petrographic properties—Forty-seven thin sections and
one acetate peel of the upper Winterset were examined.
The terrigenous material comprises 3 to 15 percent of the
total rock and the content of skeletal material ranges from 2
to 50 percent.

The limestone type of the basal upper Winterset bed is
reasonably uniform throughout the area. The terrigenous con-
tent in this lower bed ranges from 6 to 15 percent. Brachiopod
fragments are the dominant skeletal type, but in several sam-
ples, bryozoans, crinoids, and algal fragments (not Osagia)
also occur. The matrix of this bed is micritic, with no primary
sparry calcite cement. Areas of coarse-crystalline sparry calcite
occur in most thin sections, but these are the result either of
recrystallization of micritic material to sparry calcite or of
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precipitation of sparry calcite in fractures and voids. The lime-
stone type of this lower bed varies only to the extent that in
some thin sections the dominant skeletal types are brachiopods
and in others are bryozoans or crinoids. Because most skeletal
material is greater than 1 mm in diameter, the limestone type
is a brachiopod, crinoidal, or bryozoan biomicrudite.

At stratigraphic sections 4, 6, and 7 (within 200 yards of
each other) a thick sequence of this unit is exposed. Twenty
thin sections from this vicinity were examined to determine the
lateral and vertical variations occurring within a short distance
(table 8). Only minor variations are in the unit laterally, but
definite vertical changes occur. At the base of the unit, the
only allochem present is skeletal material. Approximately 12

TaBLE 8. —LiTHOLOGIC AND FAUNAL VARIATION IN THE UPPER
WinTERSET UNIT

FEET
ABOVE

BASE LIMESTONE TYFPE
SECTION 4 SECTION B SECTION 7
2 Brachiopod- Brachiopod- Covered
bryozoan bryozoan
biomicrudite biomicrudite
do. do. Covered
9 do. Crinoidal- Covered
bryozcan
biomicrudite
11 Crinoidal- do. Covered
bryozoan
biomicrudite
12 Not sampled Not sampled Interlayered fossil-
iferous micrite and
intrasparite
13 Intraclast- Bryozoan do.
bearing biomicrudite
bryozoan
biomicrudite
1814 Oéblithic- Intraspar- do.
crinoidal rudite and
bryozoan intrasparite
biosparrudite
24 Interlayered Intraclast- Interlayered intra-
micrite and bearing ] sparite and
fossiliferous bryozoan bio- intrasparrudite
intrasparrudite micrudite

& intrasparite
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feet above the base, intraclasts are abundant. Toward the top
of these measured sections, as much as 60 percent of the rock
is composed of intraclasts of micritic material. This same rela-
tionship, the increase in intraclasts upward, occurs at strati-
graphic sections 8, 16, and 18, where relatively thick sections
of this unit are exposed.

Most thin sections illustrate some recrystallization of
micrite to coarse sparry calcite. Folk (1959a, p. 33) stated that
to have a sparry calcite cement, a substantial framework of
allochems must be present, as sparry calcite fills void spaces in
the framework. If no adequate framework exists, the sparry
calcite commonly results from the recrystallization of micritic
material. Many thin sections contain micritic material with
relatively few allochems (an insufficient number for a frame-
work in which sparry calcite could be precipitated as a cement).
The sparry calcite is the result either of recrystallization or of
fracture filling. Examples of rim cementation show that some
coarse spar results from cavity filling. In many cases where
recrystallization is suspected, it is possible to find areas where
micritic material grades into coarser spar. Many areas of
micrite, completely surrounded by coarse sparry calcite, sug-
gest that the micrite represents remnants of micritic material
that once comprised the portion now recrystallized to coarse
sparry calcite. The areas of recrystallization in the upper Win-
terset thin sections illustrate the criteria for recognizing re-
crystallization discussed by Bathurst (1958, p. 25-27), such as
relict structures completely surrounded by coarser sparry cal-
cite, irregularity of intergranular boundaries, and variation in
grain shape and grain size. Fracture and void fillings, evidenced
by rim cementation, are common and occur as irregular bands
of coarse sparry calcite parallel to bedding in the unit.

Faunal associations—Brachiopods, bryozoans, crinoids, and
algae dominate the faunal assemblage of the upper Winterset.
Ostracodes and foraminifers occur in trace amounts. The per-
centage of skeletal material ranges from 1 to 50 percent, with
most units containing approximately 20 to 30 percent. Lower
percentages are associated with beds characterized by large
percentages of intraclasts. The upper Winterset commonly
contains less skeletal material than does the underlying lower
Winterset unit. Much of the skeletal material in the upper
unit is 3 to 5 mm in diameter. Small unidentifiable skeletal
fragments are also in this unit. The larger skeletal fragments
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are unabraded, and many brachiopod shells bear spines. Bryo-
zoans similar to those pictured by Johnson (1951, p. 93, pl. 48,
fig. 1) commonly encrust brachiopod shells. Encrusting bryo-
zoans are found only in the upper Winterset unit. Algal ma-
terial is minor in this sequence and occurs as irregular areas
now composed of coarse sparry calcite scattered through a
micrite matrix (similar to the structures pictured by Folk,
1959a, p. 27)}.

Synthesis of above data—Decreases in amount and coarse-
ness of terrigenous material from the lower to the upper Win-
terset unit are indicative of changes in energy factors con-
trolling the deposition of these two units. Micrite, unabraded
condition of larger skeletal material, and faunal assemblage
of the upper Winterset suggest a low-energy environment.
When the characteristics of the upper Winterset unit are com-
pared to those of the lower unit (such as sparry calcite cement,
abraded and fragmented skeletal material, fauna indicative of
high energy, and large percentages of terrigenous material),
it is reasonable to assume that the energies occurring during
the deposition of the lower unit were greater than those in the
depositional environment of the upper unit. The unabraded
condition and size (3 to 5 mm) of the skeletal material in the
upper unit suggest that these organisms lived in the low-
energy environment and have not been transported.

An increase in the percentage of intraclasts occurs upward
in the upper Winterset sequence (table 8). The increase in
intraclasts upward possibly resulted from a decrease in water
depth. With a decrease in depth, previously deposited micrite
beds were possibly disturbed by wave action, thus producing
the intraclasts.

In the southern part of the area the upper Winterset thins
and is absent at stratigraphic section 32. No evidence exists for
an unconformity between the Winterset Member and the silt-
stones and shales of the Nellie Bly. While thick micritic se-
quences, such as found at stratigraphic section 4, accumulated
in the northern part of the area, clastics were deposited in the
southern part (Nellie Bly lithology). The upper Winterset
micritic sequence in the northern part of the area probably
represents a facies of the lower Nellie Bly clastics in the
southern part.
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REEF FACIES OF WINTERSET MEMBER

Reef Facies of the Winterset Member

Two reef developments occur in the area. The larger and
more complete reef structure is north of Ramona, Oklahoma,
below the Santa Fe Railway trestle over the South Fork of
Double Creek. At this locality, the reef core and its lateral
facies are well exposed along the south bank for approximately
200 vards. The other reef is in NW% SE¥% NWY% sec. 31, T.
26 N., R. 14 E., Washington County, where a small reef core
is exposed in a stream bank. Three anomalous stratigraphic
sequences are in the northern part of the area, and these
sequences are also discussed.

Thickness and lithology—Ten stratigraphic sections were
measured in the vicinity of the reef development north of
Ramona. These sections are incomplete, as the contact with
the Nellie Bly Formation was not observed. The purpose in
measuring these sections, which are relatively close together,
was to determine the lateral and vertical lithologic changes in
the vicinity of the reef.

Two well-defined reef cores, composed of unbedded mi-
crite, are exposed immediately below the railroad trestle.
Laterally away from the cores, a change in lithology occurs,
as the sequence (18.5 feet thick) 1s composed primarily of
interbedded shales with skeletal debris and blosparrudite with
a few thin micritic beds. The boundaries of the reef cores are
distinct and abut against the interbedded shales and limestones
of the lateral units.

Figure 6 shows the relationships in the vicinity of the reef.
The Lost City Limestone Member is present in this area; it
is thickest beneath the reef cores and thins in all directions
away from the cores. At stratigraphic section 5, the only other
locality where the Lost City Member was found, the Winterset
Member overlies the Lost City Member. The smaller reef de-
velopment (stratigraphic section 28) overlies the Stark Shale
Member. At stratigraphic sections 1, 2, 3, 15, 19, and 40, the
Winterset Member overlies the Stark Shale Member. Laterally
from the smaller reef core (approximately 30 feet), the lower
Winterset overlies the Stark Member. Upon this evidence, the
assumption is made that the reef developments, because they
overlie units that are elsewhere overlain by the Winterset
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Member, are in part stratigraphically equivalent to the Win-
terset Member.

The lateral variations in gross lithology occurring in the
reef facies near Ramona are shown in figure 6. The core com-
plex is approximately 100 feet wide, with a maximum measured
vertical thickness of 12 feet. The limestones composing the
cores are micritic with no distinct bedding and relatively few
fossils. The sequence occurring laterally away from the core
complex is strikingly different. As is shown in figure 6, the
stratigraphic sections closest to the cores have a greater pre-
dominance of shale units (with skeletal debris) than have
those farther removed from the cores. These shale units are
composed primarily of loose skeletal material, with abundant
colonial (tabulate) corals, and probably represent reef talus.
These units thicken toward the source of the talus, the reef
cores. This is the only locality where corals are abundant. One
hundred yards west of the cores, most coralline material disap-
pears. The corals probably inhabited the reef cores and flanks.
As the shale units thin to the west, the limestone units thicken.
The basal limestone unit at stratigraphic section 33, which is
6.5 feet thick, is absent within 80 feet. No basal limestone unit
- occurs at stratigraphic section 34, and 4.5 feet of shale occupies
the same stratigraphic interval as that of the limestone at
stratigraphic section 33.

The limestones near Ramona are predominantly biospar-
rudites. A few thin micritic beds occur and become slightly
more abundant toward the reef cores. Three micrite beds, adja-
cent to the core at stratigraphic section 37, may represent lateral
extensions of the reef core. At stratigraphic sections 33 and 35,
only one thin micritic unit is present. The remaining limestone
units are composed of a skeletal framework cemented with
sparry calcite. This sequence, with a maximum measured thick-
ness of 18.5 feet, is the same stratigraphic interval which is
elsewhere called the Winterset Member and which is dom-
inated by micritic material. Blosparrudites occur at strati-
graphic section 9. To the northeast at stratigraphic section 11,
micritic beds become more abundant, with a corresponding de-
crease in the biosparrudite beds. Less than 2 miles northeast of
stratigraphic section 11 at stratigraphic section 13, no sparry
calcite-cemented beds occur above the basal lower Winterset
unit.

A peculiar relationship exists between the reef cores and
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the underlying beds. At stratigraphic section 20, where the
cores overlie the Lost City Limestone Member, the Lost City
has sagged beneath the weight of the reef core (fig. 7). The
Lost City Limestone unit dips beneath the reef cores at angles
of up to 40 degrees. The limestone bed was probably being
deformed as the reef core grew, for several stratified beds adja-
cent to the cores have also been bent downward. This same
relationship occurs at stratigraphic section 28 where the core
overlies the Stark Shale Member. The Stark sags beneath the
reef core. Twenhofel (1950b, p. 184) stated that if reefs de-
velop on incompetent beds, such as clay or silt, the weight of
the core may be sufficient to cause the underlying beds to dip
toward and beneath the reef. This is probably true for the
Hogshooter reefs, because at both stratigraphic sections 20
and 28, the upper part of the underlying Coffeyville consists
of relatively thick sequences of siltstone (more than 15 feet),
which represent an incompetent unit beneath the reef cores.
The dip on the Lost City Limestone Member beneath the
cores 18 to the east and west (depending on which side of the
reef core the angle is determined) with a northward component
of dip also. This possibly indicates that the main reef develop-
ment was farther to the north and that the cores observed now
along the creek represent southern extensions of the main reef.

Lithologic types associated with the less extensive reef
core at stratigraphic section 28 are different from those at
Ramona. The lithology of the core itself is similar to that of
the larger cores, as it is composed of sparsely fossiliferous mi-
critic material with no pronounced bedding. The units abutting
the core lack the predominance of biosparrudites. Instead, the
lateral units are similar to the lower and upper Winterset units
that have been previously described at this locality. The bulk
of the lateral sequence is composed of micritic material. Algal
material is more abundant in the micritic beds adjacent to the
core than elsewhere in the area.

Insoluble content—Fifty-eight samples from the reef facies
were dlgested in hydrochloric acid, and 20 samples were di-
gested in acetic acid. The insoluble content from the hydro-
chloric acid digestions ranges from 3 to 17 percent. No definite
trend for the distribution or composition of insoluble material
can be established for the reef facies. Samples from the reef
cores contain little insoluble material (4 to 11 percent). The
range in insoluble material from 3 to 17 percent is similar to
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that found for the insoluble material in the upper Winterset
unit (3 to 15 percent). Traces of muscovite and opal occur in
the residues; glauconite occurs in the hydrochloric acid resi-
dues of the biosparrudites but is absent in the residues of the
micritic beds and reef cores.

The acetic acid residues contained several additional con-
stituents. The residues derived from the digestion of the bio-
sparrudite beds invariably contained phosphate particles, phos-
phatic internal molds of gastropods, conodonts, and fish teeth.
The micritic beds contained no phosphate particles, conodonts,
or gastropods, but did contain a few fish teeth. The mineral
and fossil assemblage in the thick sequence of biosparrudites
is similar to the assemblage of the lower Winterset unit (max-
imum of 13 inches thick), which is also primarily a biospar-
rudite. The depositional environment of the thick biosparrudite
sequence around the reef cores was probably similar to that of
the lower Winterset biosparrudite.

Terrigenous grain size—Terrigenous material of the reef
facies is dominantly less than 4.5 phi in diameter. The amount
of coarser material ranges from 2 to 12 percent, a range similar
to that of the upper Winterset unit (2 to 16%). No trends can
be established for the distribution of terrigenous grain size.

Petrographic properties—Thirty-two thin sections and 27
acetate peels of samples from the reef cores and lateral facies
were examined. The reef cores are composed primarily of mi-
critic material associated with 1 to 25 percent skeletal ma-
terial. The skeletal material consists of brachiopods, bryozoans,
probable algae, crinoids, ostracodes, and rare gastropods. Well-
preserved examples of rim cementation occur, indicating void
spaces in the micritic material. The basal reef-core sample at
Ramona contains approximately 30 percent intraclasts, which
suggest partial destruction of the reef core as it was growing.

An unbedded sequence, approximately 6 feet thick, over-
lies the lower intraclast-bearing unit. An algal? microsparite,
containing abundant organic matter (the insoluble residue of
this sample developed an oil film during digestion), occurs near
the base of the sequence. Irregular areas of sparry calcite, scat-
tered through microspar matrix, may represent recrystallized
algal material. These areas are similar to those illustrated by
Folk (1959a, pls. 3-25, 27, 28). No additional skeletal material
is associated with these algal? structures. Several feet above
the microsparite, definite algal structures occur. In this unit,
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Figure 7. Photographs showing the relationship between the reef core
and the underlying Lost City Member at stratigraphic section 20 near
Ramona, Oklahoma. The reef core is directly above the downwarped Lost
City Member. The stratified reef facies is shown to the right of the reef core.
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algae similar to Solenopora filiformis (Dybowski), as described
and pictured by Johnson and others (1959), are abundant and
compose approximately 80 percent of the sample. Minor per-
centages of fenestrate bryozoans, crinoid columnals, brachio-
pods, and gastropods occur with the algae. The associated
skeletal material is not abraded. Some algal material has been
recrystallized and resembles the fibrous calcite structures dis-
cussed by Black (1952). Wolfenden (1958, p. 882) observed
similar fibrous calcite structures in algal reef limestones from
northwestern Derbyshire, England. Excellent examples of void
fillings occur in this sample. Several rim-cemented cavities,
approximately 3 mm in diameter, are present. Along the mar-
gins of the cavities, fine-grained calcite has been precipitated;
the interiors of the cavities are partly filled with long, slender
crystals of calcite, which have grown inward perpendicular to
the sides of the cavities. Some of these crystals are more than
1 mm long. Those portions of interiors not occupied by radiat-
ing crystals are filled with poikilitic calcite. Reef limestones
from northwestern Derbyshire, England, have this type of
cavity filling (Wolfenden, 1958, p. 882).

Above the algal sequence is a poorly bedded one-foot-thick
unit composed of approximately 80 percent skeletal material.
Crinoid columnals constitute 65 percent of the rock. Minor
percentages of fenestrate bryozoans, brachiopods, pelecypods,
and gastropods are also present. Sparry calcite cement and
microspar both occur; the microspar probably represents re-
crystallized micrite, as suggested by recrystallization of skeletal
material to microspar. Similar to several beds in the stratified
reef facies, this unit probably represents a poorly washed se-
quence and possibly represents one of the highly crinoidal beds
that accumulated over the reef core proper.

An unbedded unit, 3.5 feet thick, overlies the highly cri-
noidal unit. Unlike the massive algal sequence below the
crinoidal unit, this sequence is dominated by fenestrate bryo-
zoans. Approximately 20 percent of this upper unit is composed
of relatively unbroken bryozoan material. Minor percentages of
crinoidal material and gastropods also occur. Petrographically,
this unit is similar to the core facies discussed by Pray (1958,
p. 263-266). In this unit, the reef framework was probably fe-
nestrate bryozoans. The upper portion of the core has been
eroded.

The lithologic sequence of the smaller bioherm in sec. 31,
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T. 26 N., R 14 E., Washington County, differs from that of
the core at Ramona. Skeletal material is sparse throughout
the reef core (12 feet thick). Fenestrate bryozoans are the
main skeletal constituent but constitute only 5 to 10 percent
of the rock. Minor percentages of brachiopods, crinoids, pele-
cypods, ostracodes, and gastropods also occur. No distinct
algae are recognizable in the samples. Examples of gradational
recrystallization of micrite to microspar are scattered through-
out the samples from the reef cores. Localized areas of dolomit-
ization are present also; dolomite rhombs occur in cavities,
which were formed by solution of fossil material.

Adjacent to the cores at Ramona are two distinct lime-
stone types: phosphatic, algal-crinoidal biosparrudites and cri-
noidal-bryozoan biomicrudites. The biomicrudites are minoyr in
the immediate vicinity of the cores, but at stratigraphic section
11 (approximately 1.2 miles northeast of the reef cores) they
dominate the stratigraphic sequence. The biosparrudites near
the cores have a framework consisting of from 60 to 70 per-
cent skeletal fragments (crinoid plates and columnals, Osagia,
fenestrate bryozoans, pelecypods, gastropods, brachiopods, and
arthropod fragments) . The skeletal material is fragmented and
abraded, but the abrasion is not so pronounced as that of
skeletal material in the lower Winterset. Minor amounts of
micritic material, scattered through some of the sparry calcite-
cemented biosparrudites, is possibly present because of rapid
deposition that prohibited complete removal of the micrite. A
few intraclasts composed of micritic material are in the biospar-
rudites and probably represent material that was eroded from
the micritic cores or stratified micrite beds.

Faunal associations—The reef cores contain less skeietal
material than do the adjacent bedded units. The main skeletal
constituents in the cores are indistinct algae, Solenopora-type
algae, fenestrate bryozoans, crinoidal material, brachiopods,
and gastropods. These skeletal constituents show no abrasion.
The fauna of the micrite beds adjacent to the cores is similar
to that of the cores and contains fish teeth and ostracodes.
The stratified biosparrudites contain a different fauna from
that of the micrite beds, as conodonts, encrusting algae, Epi-
mastopora, gastropods, pelecypods, fish teeth, fenestrate bry-
ozoans, brachiopods, and crinoid material occur. Crinoidal ma-
terial is the dominant faural element, with Osagia second in
abundance. In most thin sections and acetate peels of the bio-
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sparrudites immediately surrounding the reef cores, algae have
encrusted parallel to the bedding as well as around skeletal ma-
terial. The encrustations parallel to the bedding may have
cemented much of the skeletal material; algae rapidly ce-
mented the skeletal fragments, and abrasion of the skeletal
material was reduced. Rapid cementation by the filamentous
algae may have caused the poorly washed appearance of the
biosparrudites and encrusting algae may have trapped some
micritic material.

In the talus beds extending from the cores, colonial corals
(Pleurodictyum sp., Coenites sp., and Aulopora sp.) and horn
corals (Lophophyllidium-type) are abundant. Pleurodictyum-
type corals occur only within 10 feet of the reef cores, whereas
Coenites and Aulopora-type occurrences extend approximately
150 yards from the reefs. Thorp (1939, p. 288) observed that
in the Florida and Bahama region coral material is restricted
to the area immediately around a reef. Coral material is not
resistant to abrasion and is rapidly destroyed. Conularids,
fenestrate bryozoan fragments, crinoidal material, and fish
teeth also occur in the talus beds.

Synthesis of above data—The sequence near Ramona
represents an excellent example of reef development and of lith-
ologic changes that occur around such an organic structure.
The reef facies is, in part, stratigraphically equivalent to the
Winterset Member because of its stratigraphic position and re-
lationship to underlying units. The “typical” Winterset Mem-
ber found in most of the area consists of two units: the lower,
a thin (3 to 13 inches thick) sparry calcite-cemented bed, and
the upper, a thick (up to 24 feet thick) micritic sequence.
Near Ramona, an anomalous sequence occurs In the same
stratigraphic position as that of the lower and upper Winter-
set units in other areas. Instead of being dominated by mi-
critic material, the section is composed primarily of sparry
calcite-cemented beds similar to those of the thin lower
Winterset unit of other localities. The stratigraphic sections
adjacent to the reef cores are dominated by sparry calcite-
cemented beds that were probably deposited in a relatively
high-energy environment from which most of the micritic ma-
terial was removed. It is feasible that a reef should develop in
a well-aerated, high-energy environment, such as is indicated
by the presence of sparry calcite-cemented beds. At strati-
graphic section 11, approximately 1.2 miles northeast of the
reef cores at Ramona, sparry calcite-cemented beds are re-
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duced in volume and micritic beds are thicker. Still farther
north at stratigraphic section 13, the “typical” sequence of the
Winterset Member occurs with the lower part of the Winterset
being the only bed with sparry calcite cement. The high-
energy environment surrounding the reef cores was not wide-
spread, and, as the distance away from the reef increased, the
energy decreased and micrite was then stabilized.

The fauna associated with the lower Winterset unit is
similar to that of the sparry calcite-cemented beds surrounding
the reef cores. This similarity probably indicates that the
fauna is environmentally controlled, with the organisms favor-
ing a high-energy environment being present around the reef
cores. Phosphate, glauconite, and conodonts that occur only in
the lower Winterset unit of other localities are abundant in the
sparry calcite-cemented beds near the reef cores. This suggests
that phosphate and glauconite occur only in high-energy en-
vironments where organisms producing or responsible for these
minerals are present.

Several similarities exist between the reef facies at Ra-
mona and the reef facies discussed by Pray (1958), Wolfenden
(1958), and Newell and others (1953). In general, each of
these reef complexes (the Winterset reef facies, the Mississip-
pian reefs of southern New Mexico, the Upper Mississippian
reefs of Derbyshire, England, and the Capitan reef complex)
exhibits similar lateral variations away from the reef core. The
units adjacent to the micritic reef core are composed of organic
detritus (commonly crinoidal material) cemented with sparry
calcite. Farther from the core, an interlayering of sparry cal-
cite-cemented detritus beds and micritic beds occurs. Still far-
ther from the cores, the stratigraphic sequence is composed
mostly of micrite. Disregarding the reef cores composed pri-
marily of micritic material, the progression away from the
cores through a sparry calcite-cemented sequence to an inter-
layered sequence of both sparry calcite-cemented and micritic
beds, to a sequence composed entirely of micritic beds, suggests
a lowering of the energy in the depositional environment away
from the cores. In the sparry calcite-cemented sequences, the
micritic material was removed by the winnowing effect of cur-
rents. In the sequences characterized by both micrites and
sparry calcite-cemented beds, the energy was not constant, and
periods of winnowing and quiescence occurred. In the sequences
where only micrite occurs, the energy was low. The absence
of micritic material in the sparry calcite-cemented detritus se-
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quence adjacent to the reef cores was probably caused by
strong currents in the vicinity of the reef cores. Relatively
strong and persistent currents are necessary to supply nutrients
to a growing reef.

If strong currents are near a reef core, it is difficult to
visualize a micritic core’s being preserved in such a high-
energy environment. Ginsburg and Lowenstam (1958, p. 312-
314) discussed the effectiveness of grass baffles in stabilizing
and accumulating micritic material in relatively high-energy
environments. They observed (p. 314) that baffled areas might
actually become stabilized to the extent that mound-shaped
accumulations of micritic material are formed and are elevated
as much as 4 to 8 feet above the surrounding sea floor. If
grasses are adequate baffles to stabilize micritic material in
recent seas, 1t is conceivable that similar growths, such as
Solenopora-type algae or fenestrate bryozoans, could have
acted in like manner to produce the moundlike reefs or bio-
herms in a high-energy environment.

Stratigraphic Sections with Possible Reef Affiliations

In the northern part of the area, three anomalous se-
quences, occurring at stratigraphic sections 14, 22, and 23, are
different from the “typical” Winterset Member. Relatively
thick sequences of sparry calcite-cemented beds, 20 inches and
7 feet, occur at stratigraphic sections 14 and 22, respectively.
The lithology of these sequences is similar to the sparry calcite-
cemented beds near the reef development at Ramona. At strat-
igraphic section 22, the insoluble content resembles that in the
beds surrounding the reef cores. The fauna is similar to that
in the lateral facies of the Ramona reef (fish teeth, conodonts,
gastropods, crinoids, encrusting algae, pelecypods, and brach-
iopods). The only other area where fish teeth were found is
the vicinity of the Ramona reef. Glauconite and phosphate are
abundant at stratigraphic section 22. As both the lithology and
skeletal content are approximately the same at stratigraphic
sections 14 and 22 and in the lateral facies of the Ramona
reef, it is possible that a similar environment existed in these
different areas. Although a reef core is not exposed in the
northern part of the area, the thicker biosparrudite sequences
may represent lateral facies of a reef. In any case, the in-
creased thickness of the biosparrudites indicates a higher
energy environment in the vicinity of stratigraphic sections
14 and 22.
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Hansen (1958) subdivided the Winterset Member into
lower, middle, and upper units because of an anomalous se-
quence in the vicinity of stratigraphic section 23, where a
partial vertical section is exposed along a small creek. In this
partial section, interbedded micrite-bearing and sparry calcite-
cemented beds occur. Hansen considered this sequence suffi-
ciently different from the “typical” upper Winterset of other
areas to designate this anomalous sequence as the upper unit.
The “typical” upper Winterset unit of the other areas was then
changed to the middle unit. Hansen found this same anomalous
sequence near stratigraphic section 11. As previously men-
tioned, the sequence at stratigraphic section 11 has been in-
fluenced by the Ramona reef environment. The reef facies near
Ramona is a lithofacies of the Winterset Member. The simi-
larity of the sequence at stratigraphic section 23 to that at
stratigraphic section 11 suggests the possibility of a reef de-
velopment in the vicinity of stratigraphic section 23. The upper
unit as suggested by Hansen is a lithofacies of the “typical”
upper Winterset unit, and therefore no further need for dividing
the Winterset sequence into three units exists.

NELLIE BLY FORMATION

Two contacts were observed between the Hogshooter For-
mation and the overlying Nellie Bly Formation (stratigraphic
sections 12, 32). Elsewhere, the Nellie Bly has been eroded
away.

The lower part of the Nellie Bly Formation consists of
thin-bedded calcareous siltstones with a few black shale beds.
At stratigraphic section 12, the Nellie Bly overlies the upper
Winterset unit, which is less than two feet thick at this lo-
cality. Two miles to the south (stratigraphic section 32}, the
Nellie Bly overlies the lower Winterset unit. No evidence of
an unconformity exists between the Hogshooter and Nellie Bly
Formations. If no unconformity exists, then the lower part
of the Nellie Bly Formation in the southern part of the area
represents a facies of the Winterset Member because it occu-
pies the same stratigraphic interval as does the Winterset
Member farther to the north. Oakes (1952, p. 65) mentioned
the occurrence of deltaic facies in the Nellie Bly Formation in
southern Osage County. The northward extrusion of this del-
taic facies of the Nellie Bly Formation was probably deposited
contemporaneously with the deposition of the Winterset Mem-
ber farther north.
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APPLICABILITY OF FOLK’S CLASSIFICATION TO THE
LIMESTONES OF THE HOGSHOOTER FORMATION

In 1959, R. L. Folk published a descriptive petrographic
classificaton for limestones. Table 1 illustrates a simplified
presentation of the purely descriptive terms Folk applied to
carbonate rocks. From this descriptive classification, he postu-
lated genetic relationships. According to him, a framework ce-
mented with sparry calcite is indicative of strong or persistent
currents and a high-energy environment. Limestones consist-
ing of a micritic matrix with or without allochemical constit-
uents are indicative of low-energy environments in which the
currents were insufficient to remove the fine-grained micritic
material. During the investigation of the Hogshooter Forma-
tion, several relationships were observed that support Folk’s
genetic implications.

RELATIONSHIP BETWEEN TERRIGENOUS MATERIAL
AND LIMESTONE TYPE

Seventy-one insoluble residues of the Winterset Member
(not including the reef facies) were wet-sieved on a 4.5-phi
screen to determine the percentages of each sample coarser
and finer than 4.5 phi in diameter. In figure 8, the percentage
of insoluble material was plotted against the percentage of
terrigenous material coarser than 4.5 phi, and a line separating
the samples containing sparry calcite cement and micritic ma-
terial was drawn. This line separates the lower from the upper
Winterset unit. Samples (sparry calcite-cemented) above this
line contain a higher percentage of coarse material than do the
micrite-bearing samples below the line. An increase in the per-
centage of material coarser than 4.5 phi may be indicative of
an increase in energy in the depositional environment. The
higher percentages of coarse material in the lower Winterset
unit, the sparry calcite cement-bearing samples, indicate a
higher energy environment for these samples. In the micrite-
bearing samples, the percentages of material coarser than 4.5
phi are less, indicating a lower energy in the depositional en-
vironment for these samples. Finer material occurs in the mi-
critic samples because the currents were capable of transport-
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ing only the finer terrigenous material into the area of deposi-
tion. In many samples, an increase in the amount of terri-
genous material occurs with an increase in the percentage of
coarse material. This relationship further suggests that coarser
material may result from higher energy factors than those
occurring in the micrite-accumulating environment.
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RELATIONSHIP BETWEEN FAUNA AND LIMESTONE TYPE

The faunal assemblages of the lower and upper Winterset
units are strikingly different. The lower Winterset fauna con-
sists of pelecypods, encrusting algae, crinoids, conodonts, bry-
ozoans, and a few brachiopods. This fauna is similar to that
found by Illing (1954) and Newell and others ( 1959) inhabit-
ing the shallow, well-aerated (3 to 60 feet deep) waters of the
Bahama Banks. The upper Winterset is characterized by a
fauna dominated by brachiopods and bryozoans, with traces of
ostracodes, foraminifers, and few crinoids. According to Elias
(1937), this faunal assemblage is characteristic of deeper
water, or lower energy, environments than is the fauna of the
lower Winterset. Agreement between the fauna and the pres-
ence or absence of sparry calcite cement exists. In the lower
Winterset unit, where sparry calcite cement is present, the
fauna suggests a vigorous environment. In the upper Winter-
set unit, where micritic material is dominant, the fauna sug-
gests a lower energy environment.

RELATIONSHIP BETWEEN ABRASION OF SKELETAL FRAGMENTS
AND LIMESTONE TYPE

The lower Winterset unit normally contains more and
coarser terrigenous material than does the overlying upper
Winterset (table 7). In thin sections, the degree of abrasion can
be determined by examining the condition of skeletal frag-
ments. In the lower Winterset, the skeletal fragments show
a relatively high degree of abrasion, with most fragments being
broken and fractured. In the upper Winterset, the skeletal
material is less abraded. Large unabraded brachiopods and
bryozoans (more than 1 mm in length) are abundant in the
upper Winterset unit; spines are commonly still attached to
the brachiopod shells. An environment in which the skeletal
fragments are not abraded or fractured is probably char-
acterized by low energy. In the upper unit, skeletal fragments
are relatively unbroken and unabraded, indicating a low-
energy environment. Micritic material also occurs in these
same thin sections. If one component, such as the fauna,
indicates a low-energy environment, the other components
also were formed under the same environmental characteristics,
and thus a micritic matrix is indicative of low-energy environ-
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ments. Conversely, the extremely abraded fragments in the
lower Winterset unit are indicative of relatively high energy.
Therefore the sparry calcite cement in this unit is indicative
of high-energy conditions.

Near the reef complex at Ramona, the insoluble content
in the interbedded micrite-bearing and sparry calcite cement-
bearing units remains reasonably constant. However, even at
this locality, the abrasion characteristics of skeletal fragments
provide an explanation for the presence or absence of micritic
material. In the micritic beds, skeletal material i1s not as
abraded as in the sparry calcite cement-bearing beds, thus
again indicating that micrite accumulates in an environment
of lower energy than that of beds characterized by abraded
skeletal fragments and sparry calcite cement.

The presence of a fauna characteristic of a high-energy
environment, an increase in the coarseness of the terrigenous
material, and a relatively high degree of abrasion of skeletal
fragments all suggest a relatively high-energy environment.
Sparry calcite cement is also associated with these other com-
ponents and, therefore, suggests high-energy conditions. Un-
abraded skeletal fragments, a fauna characteristic of a low-
energy environment, and a decrease in the amount and coarse-
ness of terrigenous material all suggest a relatively low-energy
environment. A micritic matrix is associated with these com-
ponents, and, therefore, micrite suggests low-energy conditions.
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SUMMARY

Figure 9 illustrates the general relationships between the
facies of the Hogshooter, Coffeyville, and Nellie Bly For-
mations.

Examination of the upper part of the Coffeyville Forma-
tion provided sufficient information (such as nearshore or
shallow-water organisms, rounded muscovite flakes, carbona-
ceous material, and sparry calcite cement) to suggest that the
Coffeyville siltstones and silty biosparrudites were deposited
in shallow, high-energy, nearshore environments. The Canville
and Lost City Limestone Members represent limestones that
accumulated contemporaneously with the upper part of the
Coffeyville terrigenous facies in adjacent areas. These two
limestone facies of the Coffeyville Formation may represent
micritic accumulations that were concentrated in areas baffled
and stabilized by primitive plants (possibly algal growths). In
the areas stabilized by primitive plants (similar to those dis-
cussed by Ginsburg and Lowenstam, 1958), micritic material
was trapped and secured by the plant growths; in areas sur-
rounding the stabilized regions, terrigenous material was de-
posited in a high-energy environment. Evidence for this inter-
pretation occurs in the Canville and the Lost City. These units
are composed predominantly of micritic material, which is
thickest in a central area and which thins away from the cen-
tral portion. In the thicker central portion, a lower terrigenous
content occurs than in the thinner marginal areas. A fauna
suggestive of relatively low-energy conditions (brachiopods,
calcareous sponges, bryozoans, and foraminifers) is associated
with the lower terrigenous content in the thicker central areas.
In thin sections from the central areas, the skeletal material
shows little fracturing and abrasion; the unabraded skeletal
material suggests a low-energy environment. In the thinner
marginal areas, sparry calcite cement is associated with faunal
elements that also occur in the upper Coffeyville terrigenous
sequence. The skeletal material in these marginal areas has
been fractured and abraded to a higher degree than has that
from the thicker central portion. The increase in terrigenous
material toward the margins, associated with the faunal change
and increase in abrasion of skeletal material suggests a higher
energy environment along the margins. It is reasonable to
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expect such lithologic and faunal changes toward the periphery
where plant growth was sparser and the higher energy environ-
ment exerted more influence upon deposition.

Thin sections of the Lost City and the Canville sequences
contained large particles (more than 1 mm in diameter) com-
posed of terrigenous material similar to that of the Coffeyville
terrigenous facies. These large terrigenous particles may be
fragments of the adjacent terrigenous facies that were torn up
and redeposited in the low-energy environment of the stabilized
areas. At one location (stratigraphic section 19), the Canville
Limestone Member lenses out into Coffeyville terrigenous ma-
terial, again suggesting contemporaneous deposition of the Can-
ville and Lost City Limestones with the upper part of the
Coffeyville terrigenous facies.

The Coffeyville terrigenous facies and the Canville and
Lost City limestone facies show upward decreases in amount
and size of terrigenous material. This fact may indicate a de-
crease in energy in the depositional environment or a gradual
deepening of the water (associated with an increase in distance
from shore) from the time the lower units were deposited until
the upper portion was deposited.

LOWER WINTERSET
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Figure 9. Diagrammatic cross section of the Hogshooter facies.
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The Canville Member is overlain by the Stark Shale Mem-
ber. The Stark consists primarily of fissile, carbonaceous black
shale that probably represents an accumulation of organic ma-
terial (possibly the organic remains of the primitive plants
responsible for the stabilization of the underlying sequences)
in a reducing environment below the depositional interface. In
areas where the Lost City Member was deposited, conditions
necessary for black shale accumulation did not exist.

A slight increase in water depth (as suggested by the up-
ward decrease in coarseness of terrigenous material of the
Coftfeyville, Canville, and Lost City) produced the lower Win-
terset lithotope and resulted in the widespread deposition of
sediments of relatively uniform lithology. The energy in the
depositional environment of the lower Winterset was relatively
high because micritic material is absent (cemented with sparry
calcite) . The biological constituents of this unit also suggest a
relatively shallow, high-energy environment (encrusting algae,
fenestrate bryozoans, crinoidal material, gastropods, pelecy-
pods, and arthropods). Fossil material in the lower Winterset
unit has been abraded to some degree, indicating that it was
deposited in a high-energy environment. The terrigenous con-
tent in this unit is not constant but ranges from 9 to 62 percent
of the total rock. This variability in terrigenous content prob-
ably results from variations in the energy occurring in the de-
positional environment (supply of terrigenous material may
not have been uniform). Grain size of the terrigenous material
shows a trend of increasing coarseness from south to north
(3.0 phi to 1.5 phi), suggesting a source for this material to
the north of the area. In the central part of the area (in the
vicinity of stratigraphic sections 1, 3, 40) an anomalous in-
crease in coarseness of terrigenous material occurs. At strati-
graphic section 40, the percentage of terrigenous material
coarser than 4.5 phi is 62 percent, an increase of 40 percentage
points in the amount of coarse material found approximately
1.5 miles to the northeast. This anomalous increase in coarse-
ness is probably the result of greater current velocities. A
reef structure is adjacent to stratigraphic section 40, and it
is probable that the currents supplying the nutrients to the
reef structure also carried coarser terrigenous material into
this area.

In the southern part of the area (stratigraphic section 32)
the lower Winterset unit is overlain by the Nellje Bly Forma-
tion; at this locality, the unit is thickest (13 inches as com-
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pared with an average of 6 inches elsewhere). In this area, a
vigorous environment was probably present for a longer period
of time and part of this thicker sequence may be contemporane-
ous with the micritic upper Winterset unit farther north. The
intraclast content in this sequence increases upward and is
possibly indicative of shallowing in the sea associated with
the encroachment of the Nellie Bly facies into the area.

Two reef structures (stratigraphic sections 20, 28) de-
veloped contemporaneously with the deposition of the lower
Winterset unit, as the basal portions of these structures occupy
the same stratigraphic position as the lower Winterset. Both
reef structures are above sequences (Lost City and Stark)
that accumulated in stabilized areas. These stabilized areas
may have been favorable environments for reef-building organ-
isms. These reef structures are probably patch reefs, as they
do not have a linear trend and influence of the reef environ-
ment is local.

With a slight increase in water depth (or lowering of
energy in the depositional environment), the upper Winterset
lithotope developed over most of the area. The upper Winterset
micritic sequence with unabraded skeletal material, consisting
of spine-bearing brachiopod shells, large fenestrate bryozoan
fragments, and traces of foraminifers and octracodes, is indica-
tive of a low-energy environment. From the central part of the
area (stratigraphic section 4) to the north, shale units are
more numerous and thicker. This northwest increase in amount
of terrigenous material indicates a source to the north of the
area. In the southern part of the area, calcareous siltstones and
shales (Nellie Bly lithology) were deposited contemporane-
ously with the micrite deposition farther to the north. Oakes
(1952, p. 65) discussed the occurrence of a deltaic sequence
in the Nellie Bly Formation in the southern part of Osage
County, Oklahoma. The terrigenous influx observed in the
southern part of the area is probably the extension of this
deltaic environment into the area where the lower and upper
Winterset rock types were being deposited.

The reef structures that were initiated during the same
time interval as the deposition of the lower Winterset unit
continued to grow during the upper Winterset interval. Near
Ramona, Oklahoma, three distinct facies are associated with
the reef structures. The reef cores are composed of a frame-
work of Solenopora-type algae at the base and fenestrate bryo-
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zoans at the top. The algae and bryozoans acted as baffles that
trapped micritic material that was swept into this vicinity by
strong currents. Lithologic units composed of reef detritus,
sparry calcite-cemented skeletal material, and a few beds com-
posed of micritic material are adjacent to the reef cores. The
reef detritus zones thin rapidly away from the reef, and the
sparry calcite-cemented units become thicker. The sparry cal-
cite-cemented units immediately surrounding the reef cores
suggest high-energy conditions near the reef. Away from the
reef to the north, the sparry calcite-cemented units become
thinner and finally disappear (except for the thin lower Win-
terset unit), indicating a lowering of the energy away from the
reef structures. The rocks not influenced by the high-energy
reef environment are characterized by micrite. Figure 9 shows
the relationship between the facies associated with the reef
structures.

At stratigraphic section 4 (thickest section of the upper
Winterset), variations in limestone types indicate relative
depths of water. In the lower portion of the vertical section, ir-
regular beds range in thickness from 4 to 6 inches. Associated
with these irregular, thin beds are biomicrudites and few in-
trasparites. Above this irregularly bedded lower unit is a thick-
bedded sequence (individual beds average 2 feet thick). No
intraclast-bearing units are in this sequence, which is domin-
ated by brachiopod-bryozoan biomicrudites. An irregularly
bedded sequence (beds range in thickness from 1 to 2 inches),
in which 60 percent of the rocks is composed of micritic intra-
clasts, overlies the thick-bedded unit.

This stratigraphic sequence, beginning at the base with
irregularly bedded, slightly intraclastic units and passing
through a thick-bedded biomicrudite sequence into an intra-
clastic sequence of thin, irregular beds, possibly indicates an
initial relatively shallow depth followed by a deepening of the
water with subsequent shallowing of the water again. The
energy during the deposition of the lower irregularly bedded
sequence was higher than during the deposition of the thick-
bedded biomicrudite, as no intraclasts occur in the thick-
bedded interval. Shallowing of the water or an increase in the
energy is again indicated by the intraclastic sequence overlying
the thick-bedded unit. Intraclast-bearing sequences are also
found in the upper parts of stratigraphic sections 8, 17, and 18.
After the deposition of the Coffeyville terrigenous facies, and
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the Canville, Lost City, and Stark facies, the water depth in-
creased, and the widespread lower Winterset unit was de-
posited. With a further deepening of water (or lowering of
energy by baffle stabilization), energy in the depositional en-
vironment decreased, and the accumulation of micritic ma-
terial occurred. The water depth was not sufficient to prohibit
occasional disturbances of micritic material, and intraclasts
were formed. With a continued increase in water depth, the
energy decreased, and the micritic material was deposited below
wave base; thus no major disturbances of this material oc-
curred. The water depth then decreased, and the micritic
material was subjected to higher energy conditions, with large
numbers of intraclasts being formed (intraclastic sequence
found near the top of stratigraphic section 4). This shallowing
of the water is probably indicative of shallowing associated with
the transgression of the Nellie Bly terrigenous sequence over
the Hogshooter Formation.

Intraclasts in this sequence are indicative of an environ-
ment shallower than that of the biomicrudite, as wave action
disturbed a previously deposited micrite. Before intraclasts can
form, the micritic material comprising the intraclasts must be
cohesive or partly lithified (Folk, 1959a, p. 4-5). If the water
depth were shallow during the initiation of the upper Winter-
set deposition (as is suggested above), the initially deposited
micritic units could have been subjected to subaerial condi-
tions under which the micrite became semiconsolidated. Assum-
ing that this first event took place, the following sequence of
events might have ensued. The partially lithified micritic ma-
terial was subjected to wave action (water depth was suffi-
ciently shallow so that the micritic material was above wave
base), and intraclasts were formed. As the depth of the water
increased, the massive unit (biomicrudite) was deposited below
wave base and was lithified by compaction instead of subaerial
exposure. As the water depth again decreased, micritic ma-
terial was subjected to subaerial conditions with a resulting
partial lithification of the micrite. This material was subjected
to wave action (micritic material was again above wave base)
and intraclasts were formed.

The fauna in the lower part of the stratigraphic sequence
at stratigraphic section 4 (the lower intraclastic unit and the
thick-bedded sequence) is dominated by fenestrate and en-
crusting bryozoans, which average approximately. 18 to 20
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percent of the total rock. Brachiopods, ostracodes, and foramini-
fers are associated with the bryozoans and together constitute
approximately 5 percent of the rock. In the upper intraclastic
sequence, approximately 3 to 10 percent skeletal material oc-
curs and is much more fragmented than that found in the lower
sequences. The higher energy environment associated with the
formation of the intraclasts may not have been favorable for
most organisms, and therefore skeletal material is scarce. This
upper intraclastic sequence possibly represents a mud-flat ac-
cumulation, and therefore skeletal remains should be sparse.

Most of the upper Coffeyville sequence and the Hog-
shooter Formation was deposited under transgressive condi-
tions (rock types suggest increasing depth of water), but the
upper part of the upper Winterset unit probably represents a
shallowing of the water depth and the beginning of a regres-
sive phase.
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Explanation of Plate I

Coffeyville Formation

Figures 1-3. Coffeyville Terrigenous Facies

Measured section 5-A-1. Fine sand-silty, algal-bryozoan
biosparrudite; darker areas are algal encrustations (Osagia
sp.) primarily around pelecypod fragments,

Measured section 9-1. Fine sandstone to siltstone: sparry
calcite-cemented submature pelecypod-bryozoan ortho-
quartzite; large algally encrusted pelecypod fragments are
parallel to bedding in unit; large bryozoan in lower third
of photomicrograph; darker area at top is limonite-stained
zone.

Measured section 11-1. Fine sand-bearing pelecypodal-
algal biosparrudite; Osagia sp. encrusted primarily around
recrystallized pelecypod fragments; darker areas are algal
encrustations.

Figures 4-6. Canville Member

4. Measured section 1-3. Silty, spiculiferous biomicrosparite;

darker areas of matrix are micrite; lighter areas are
microspar; monaxon sponge spicules common: some of the
spicules have been recrystallized to microspar; approxi-
mately 20 percent skeletal material.

Measured section 3-1. Silty, bryozoan-algal biosparrudite;
Osagia encrusted around pelecypod and bryozoan frag-
ments; large crinoid columnal 6n right side of photomicro-
graph; fine-crystalline sparry calcite cement; bryozoan
and algal structures are characterized by large concen-
trations of pyrite.

Measured section 19-1. Fine sand-silty, pyritic-limonitic
bryozoan-algal biomicrudite; limonite disseminated
through micrite matrix; long algally encrusted skeletal
fragment near center of photomicrograph is punctate-
brachiopod fragment; helically coiled gastropod in lower
left of photograph; cross section of bryozoan colony in
upper part; pyrite concentrated in bryozoan and algal
fragments.

(All photographs x4.8. field diameter 10 mm. All photo-
graphs were taken with crossed nicols.)
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Figure 1.

Sta
1.

Explanation of Plate II
Coffeyville Formation

rk Member

Measured section 1-4. Limestone concretion; matrix is
microspar; lighter areas are coarse-crystalline sparry cal-
cite; thin, dark bands are composed of organic material;
lighter matrix at top of photomicrograph is fine-crystalline
sparry calcite.

Figures 2, 3. Lost City Member

2.

Measured section 5-A-2. Silty, algal-bryozoan-crinoidal
biosparrudite; relatively large Epimastopora fragment in
lower portion of photograph; large terrigenous fragment
in center of photograph (may represent fragment of
highly terrigenous Coffeyville terrigenous facies that was
being deposited contemporaneously in adjacent areas);
encrusting algae common.

Measured section 9-A-1. Silty, algal-pelecypodal biomi-
crudite; interbedded zones of small skeletal fragments and
large fragments; Osagia encrusted only on upper surfaces
of larger skeletal fragments (primarily pelecypod frag-
ments); terrigenous material concentrated in layers con-
taining small skeletal fragments; gastropods common.

Hogshooter Formation

Figures 4-6. Lower Winterset Unit

4.

Measured section 1-5. Silty, phosphatic-glauconitic fos-
siliferous oosparite; concentrically layered oéliths com-
mon; dark spots are phosphate particles; dark matrix is
limonite-stained sparry calcite; some ooliths have been
replaced by phosphate; scattered crinoid fragments (abrad-
ed); field diameter 4.5 mm, x10.7.

Measured section 3-5. Fine sandstone to siltstone; sparry
calcite-cemented submature phosphatic-glauconitic algal-
bearing orthoquartzite; Osagia occurs as dark areas; algae
have encrusted parallel to bedding, and probably trapped
terrigenous material; dark particles in lower part of
photograph are crinoid fragments and phosphate particles.
Measured section 13-1. Silty, phosphatic crinoidal-algal
biosparrudite; skeletal material not deeply abraded; darker
matrix is limonite-stained sparry-calcite cement.

(All photographs x4.8, field diameter 10 mm, except where
noted -otherwise. All photographs were taken with crossed
nicols.)
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Figures 1-3. Lo
1.

Explanation of Plate III
Hogshooter Formation

wer Winterset Unit

Measured section 24.-1. Medium sand-silty, phosphatic
crinoidal-algal biosparrudite; skeletal material deeply
abraded, and associated with high terrigenous content (36
percent).

Measured section 25-1. Fine sand-silty, phosphatic cri-
noidal-algal biosparrudite; skeletal material much less
abraded than in 24-1; encrusting algae occur as dark
elliptical structures.

Measured section 32-1. Fine sand-silty, phosphatic algal-
bryozean biosparrudite; large bryozoan colony encrusted
with algae in lower part of photograph; skeletal material
not deeply abraded; relatively large crinoidal material
scattered through section.

Figures 4-5. Upper Winterset Unit

4.

5.

Measured section 3-7. Brachiopod-bryozoan biomicrudite:
rim-cemented cavities and pore-filling sparry calcite com-
mon; excellent geopetal structure in center of photograph.
Measured section 4-1. Brachiopod-bryozoan biomicrudite;
unabraded brachiopod shell in center of photograph; much
small fragmented skeletal material.

Measured section 4-3. Brachiopod-bryozoan biomicrudite;
large brachiopod fragment with spine still attached in
lower part of photograph; some pore-filling and recrystal-
lization spar; lighter areas in matrix are due to re-
crystallization of micrite to fine-crystalline sparry calcite;
some recrystallization in lower right of photograph with
sparry calcite completely surrounding remnants of mi-
crite matrix.

(All photographs x4.8, field diameter 10 mm. All photo-
graphs were taken with crossed nicols.)
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Figures 1-6. Up
1.

Explanation of Plate IV
Hogshooter Formation

per Winterset Unit

Measured section 4-5. Crinoidal-bryozoan-brachiopod bio-
micrudite; pseudopunctate brachiopod shell in center of
photograph; larger skeletal material unabraded; recrystalli-
zation spar in lower right portion, as sparry ecalcite sur-
rounds portions of the micrite matrix; some pore-filling
sparry calcite occurs in cavities.

Measured section 4-8. Intrasparite; intraclasts composed
of fossiliferous micrite; some superficial oéliths occur;
grades upward from coarser intraclasts at base to smaller
at top; larger intraclasts probably not transported far,
as they are still angular.

Measured section 4-9. Interlayered micrite, fossiliferous
intrasparrudite, and intrasparite; small-scale channel-and-
fill structures; fractures filled with sparry calecite; dark
areas in right-central part of photograph are large intra-
clasts of micritic material.

Measured section 6-5. Bryozoan biomicrudite; fenestrate
bryozoan colonies may still be in growth position; no
abrasion or fracturing of bead-type bryozoan structure
has occurred; bryozoans may have trapped much of
smaller skeletal material and micrite.

Measured section 7-1. Interbedded micrite and intraspar-
ite; excelfent examples of pore-filling sparry calcite in
fractures; rim cementation common; intrasparite below
fractures, with micrite between and above fractures.
Measured section 16-3. Partially recrystallized brachiopod
biomicrudite; lighter areas of matrix have been recrystal-
lized to fine-crystalline sparry calcite; matrix in upper
portion of photograph is still micrite; some pore-filling
sparry calcite occurs as white areas in photograph.

(All photographs x4.8, field diameter 10 mm. All photo-
graphs were taken with crossed nicols.)
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Explanation of Plate V
Hogshooter Formation

Figures 1-4. Core Reef Facies of the Winterset Member

1. Measured section 20-4. Algal biolithite: reef core; Solen-
opora-type algae as radiating structures in lower part and
upper half of photograph; recrystallization of algal material
common, producing a blurred effect; large cavity in left-
central portion of photograph illustrating excellent ex-
amples of rim cementation; large calcite crystals have
grown into the central portion of the cavity; remainder
of cavity has been filled with poikilitic calcite. ,

2. Measured section 20-4. Part of figure 1, x19.2; radiating
structures are Solenopora-type algae; diameter of photo-
micrograph is 2.5 mm.

3. Measured section 20-5. Crinoidal biomicrudite and bio-
sparrudite; skeletal material dominated by crinoid frag-
ments; minor bryozoan material; darker areas of matrix are
micrite, and lighter areas are sparry-calcite cement: several
large unbroken fenestrate-bryozoan structures suggest that
the bryozoans may have been stabilizing the depositional
environment; micrite may have been trapped before com-
plete winnowing could occur.

4. Measured section 20-6. Partially recrystallized bryozoan
biomicrudite; darker areas of matrix are micrite; lighter
areas are fine-crystalline sparry calcite that has formed
by recrystallization of micrite; large unbroken fenestrate
bryozoans occur in lower half of photograph; some pore-
filling sparry calcite appears as white areas; bryozoans
probably stabilized depositional environment.

Figures 5, 6. Stratified Reef Facies of the Winterset Member

5. Measured section 9-A-2. Phosphatic algal-crinoidal bio-
sparrudite; large algally encrusted particle in center of
photograph is phosphate nodule composed of numerous
smaller particles of phospsatic material; this unit is strati-
graphically equivalent to the reef cores 0.8 mile north.

6. Measured section 10-3. Phosphatic intraclast-bearing
crinoidal-algal biosparrudite; darker areas of matrix are
micrite; encrusting algae occur around skeletal material
and disseminated through entire photograph; algae may
have acted as a cementing agent; micritic material may
have been trapped by encrusting algae before complete
winnowing occurred; darker rounded particles are intra-
clasts composed of micritic material.

(All photographs x4.8, field diameter 10 mm, except where
noted otherwise. All photographs were taken with erossed
nicols.)
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APPENDIX

ProceEpurREs EMPLOYED TO DETERMINE THE
InsoLuBLE-RESIDUE CHARACTERISTICS

A procedure similar to that discussed by Krumbzs'n and Pettijohn
(1938, p. 494-495) was used to obtain 156 insolubleresidue analyses.
For each of these residues, the amount of material coarser and finer
than 4.5 phi was determined. A series of checks was run to calculate
the amount of insoluble material lost during the period between the
initial residue determination and the coarseness calculation. The main
steps employed in determining the amount of material lost are pre-
sented below.

1. The weight of the residue removed from the filter paper was
subtracted from the initial weight of the residue.

2. After the residue was removed, the filter paper was weighed,
and the initial filter-paper weight was subtracted from the value
obtained from the second weighing of the paper. This difference
represents the amount of fine material impregnated in the filter paper.

3. The value obtained in step 2, which represents the fine frac-
tion remaining on the paper, was subtracted from the value obtained
in step 1, which represents the difference in weight between the initial
residue and the material removed from the paper. If no material is
lost, the difference between these two values is 0. However, in many
cases, a difference often exists, and this difference represents the
amount of material lost during the removal of the material from the
paper.

4. The difference obtained in step 3 was divided by both the
initial-sample and initial-residue weights.

If the residue loss was greater than 10 percent, the sample was
discarded and a new residue analysis was prepared. The greatest loss
in residue occurred when the residue weight was approximately 0.3
or 0.4 grams, as a loss of only 0.04 of a gram represents a loss of
more than 10 percent of the residue. In this case, where the loss is
more than 10 percent, the amount of the total sample lost was
approximately 0.5 percent.

The steps used to determine the percentages of the residue coarser
and finer than 4.5 phi are listed below.

1. The insoluble residue was removed from the filter paper and
weighed.

2. The removed residue was washed through a 4.5 phi screen
until all the material finer than 4.5 was removed.

3. The material remaining on the sieve was washed into a
previously weighed beaker, and then placed in an oven.

4. The material and the beaker were then weighed; the original
weight of the beaker was subtracted from the combined weight, the
difference representing the amount of material coarser than 4.5 phi.

5. The weight value from step 4 was subtracted from the value
found in step 1 (the weight of material after removal from the filter



INSOLUBLE-RESIDUE DATA 91

paper). The weight obtained from this subtraction is the amount of
material finer than 4.5 phi, which was washed through the screen.

6. The weight of the fine material found in step 5 was added
to the weight of the fine material remaining on the filter paper (this
value was previously determined in the calculation of the percentage
of residue lost) to obtain the total amount of fine maternal.

7. The additional fine material from the paper was added to
the initial weight of the residue removed from the filter paper. This
was done to obtain the total residue weight to be used in the calcu-
lation of the amounts coarser and finer than 4.5 phi.

8. The total weight of the material larger than 4.5 phi (value
from step 4) was divided by the total residue (step 7) to obtain the
percentage of material coarser than 4.5 phi. The remaining percentage
represents the amount of material finer than 4.5 phi.

In the following table, the initial insoluble-residue percentages
are listed with the percentages of the residue material that are coarser
and finer than 4.5 phi.

INsoLUBLE-RESIDUE DaTaA

PERCENT PERCENT PERCENT
INSCLUBLE COARSER FINER THAN
SAMPLE UNIT CONTENT THAN 4.5 FHI 4.5 PHI
CH-1-3 Canville 16 30 70
CH-1-4 Stark 11 9 91
CH-1-5 Lower Winterset 20 39 61
CH-21 Canville 18 42 58
CH-2-2 Canville 12 22 78
CH-2-4 Stark 12 4 96
CH-2-5 Upper Winterset 11 10 90
CH-2-6 Upper Winterset 9 6 94
CH-3-1 Canville 39 22 78
CH-3-2 Canville 20 23 77
CH-3-4 Stark 88 1 99
CH-3-5 Lower Winterset 62 b2 48
CH-3-6 Upper Winterset 16 12 88
CH-3-7 Upper Winterset 5 5 95
CH-4-1 Upper Winterset 9 4 9
CH-4-3 Upper Winterset 9 9 91
CH-4-4 Upper Winterset 12 5 95
CH-4-5 Upper Winterset 5 14 86
CH-4-7 Upper Winterset 5 9 91
CH-4-8 Upper Winterset 5 3 97
CH-4-9 Upper Winterset 5 2 98
CH-5-1 Coffeyville 35 59 41
CH-5-2 Coffeyville 73 69 31
CH-5-3 Coffeyville 29 50 50
CH-5-A-1 Coffeyville 39 53 47
CH-5-A-2 Lost City 12 20 80
CH-5-A-3 Lower Winterset 15 28 72
CH-5-6 Upper Winterset 15 16 84
CH-6-1 Upper Winterset 5 9 91
CH-6-2 Upper Winterset 10 5 95
CH-8-3 Upper Winterset 9 12 88
CH-6-4 Upper Winterset 6 11 89
CH-6-5 Upper Winterset 9 11 89
CH-6-6 Upper Winterset 3 4 9%
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PERCENT PERCENT PERCENT
INSOLUBLE COARSER FINER THAN
SAMFPLE UNIT CONTENT THAN 4.5 PH! 4.5 PH!
CH-6-7 Upper Winterset 6 4 96
CH-7-1 Upper Winterset 3 8 92
CH-7-2 Upper Winterset 4 5 95
CH-7-3 Upper Winterset 8 3 97
CH-7-4 Upper Winterset 8 10 90
CH-7-5 Upper Winterset 4 6 94
CH-7-6 Upper Winterset 3 9 91
CH-81 Upper Winterset 8 5 95
CH-8-2 Upper Winterset 7 8 92
CH-8-2 Upper Winterset 12 3 a7
CH-9-1 Coffeyville 55 68 32
CH-9-A-1 Lost City 21 22 78
CH-9-A-2 Reef Facies 9 8 92
CH-9-3 Reef Facies 9 12 88
CH-10-1 Reef Facies 9 15 85
CH-10-2 Reel Facies 7 21 79
CH-10-3 Reef Facies 7 12 88
CH-10-4 Reef Facies 5 7 93
CH-10-5 Reef Facies 13 2 98
CH-10-6 Reef Facies 12 7 93
CH-10-7 Reef Facies 7 6 94
CH-11-1 Coffeyviile 49 65 35
CH-11-A-1 Reef Facies 10 9 91
CH-11-2 Reef Facies 6 8 92
CH-11-3 Reef Facies 13 7 93
CH-12-1 Lower Winterset 14 17 33
CH-12-2  Upper Winterset 14 13 87
CH-13-1 Lower Winterset 15 19 81
CH-13-2 Upper Winterset 14 8 92
CH-14-1 Reef Facies 26 7 23
CH-14-2 Reef Facies 7 43 57
CH-14-3 Reef Facies 17 58 42
CH-14-4 Reef Facies 7 11 89
CH-15-1 Stark 17 8 92
CH-15-2 Lower Winterset 44 78 22
CH-16-2 Lower Winterset 26 55 45
CH-16-3 Upper Winterset 9 7 923
CH-16-4  Upper Winterset 9 3 97
CH-16-5 Upper Winterset 6 10 90
CH-17-1 Upper Winterset 12 11 89
CH-17-2 Lower Winterset 17 44 56
CH-17-3 Upper Winterset 9 10 a0
CH-18-1 Coffeyville 76 24 76
CH-18-2 Lower Winterset 11 55 45
CH-18-3 Upper Winterset 7 4 96
CH-18-4 Upper Winterset 6 4 96
CH-18-5 Upper Winterset 10 9 a1
CH-186 Upper Winterset 9 6 94
CH-19-1 Canville 26 13 87
CH-19-2 Stark 8 2 98
CH-19-3 Lower Winterset 32 68 32
CH-19-4 Upper Winterset 11 6 94
CH-19-5 Upper Winterset 4 6 94
CH-20-1 Reef Core 11 16 84
CH-20-2 Reef Core 5 1 99
CH-20-3 Reef Core 6 2 98
CH-20-4 Reef Core 7 4 96
CH-20-5 Reef Core 4 3 97
CH-20-6 Reef Core 9 4 96
CH-22-1 Reef Facies 8 17 83
CH-22-2 Reef Facies 9 38 62
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PERCENT PERCENT PERCENT
INSOLUBLE CCARSER FINER THAN
UNIT CONTENT THAN 4.5 PHI 4.5 PHI
Reef Facies 7 4 96
Reef Facies 6 4 96
Reef Facies 9 5 95
Reef Facies 7 3 97
Reef Facies 8 21 79
Reef Facies 40 53 47
Lower Winterset 36 74 26
Upper Winterset 8 9 91
Lower Winterset 21 34 66
Upper Winterset 6 5 95
Upper Winterset 5 3 97
Lower Winterset 12 20 80
Upper Winterset 10 4 96
Upper Winterset 4 10 90
Lower Winterset 12 22 T8
Upper Winterset 11 12 88
Upper Winterset 10 5 95
Reef Core 6 4 96
Reef Core 11 4 96
Reef Core 8 8 92
Canville 29 13 87
Canville 7 4 96
Lower Winterset 9 24 76
Upper Winterset 11 6 94
Upper Winterset 6 4 96
Lower Winterset 18 16 84
Upper Winterset 15 9 91
Upper Winterset 11 4 96
Lower Winterset 16 19 81
Lower Winterset 15 11 89
Reef Facies 10 12 88

Reef Facies 6 12 88
Reef Facies 6 5 95
Reef Facies 11 4 96
Reef Facies 14 5 95
Reef Facies 10 3 97
Reef Facies 10 3 97
Reef Facies 16 2 98
Reef Facies 16 2 98
Reef Facies 14 4 96
Reef Facies 6 3 97
Reef Facies 13 7 93
Reef Facies 11 8 92
Reef Facies 7 3 97
Reef Facies 17 2 98
Reef Facies 6 3 97
Reef Facies 3 4 96
Reef Facies 6 5] 95
Reef Facies 9 3 97
Reef Facies 9 5 95
Lost City 15 27 73
Reef Facies 7 5 95
Reef Facies 8 2 98
Reef Facies 7 1 99
Reef Facies 9 1 99
Lost City 16 26 74
Reef Facies 8 3 97
Reef Facies 9 4 96
Lower Winterset 35 62 38
Lower Winterset 15 36 64
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AceTic Acip INSOLUBLE-RESIDUE ANALYSES

Forty acetic acid determinations were performed on samples from
the Hogshooter and Coffeyville Formations to concentrate any min-
erals soluble in hydrochloric acid and insoluble in acetic acid. The
only additional mineral observed in the acetic acid residues was calcium
phosphate. The phosphate is present as irregularly shaped pellets,
botryoidal lumps, and internal molds of gastropods and pelecypods.
The lumps and pellets range from approximately 1 to % mm in
diameter, but in hand specimens, phosphate nodules an inch in
diameter are common. The larger lumps and nodules are composed of
smaller individual particles of phosphate. Because phosphate is the
only additional mineral in the acetic acid residues, the approximate
percentage of phosphate was calculated by subtracting the weight
percentage of the hydrochloric acid residue from the weight percentage
of the acetic acid residue for the same sample. This value is only an
approximation, but in most cases it agrees closely with the thin-
section analyses.

Several generalizations presented below are based on the acetic
acid insoluble-residue analyses.

1. The lower Winterset unit contains the largest percentages of
phosphatic material; the amount of phosphate in this unit
ranges from 3 to 8 percent. Pellets and lumps of phosphatic
material are common, and are commonly associated with
conodonts and internal molds of gastropods and pelecypods
composed of phosphatic material. (This unit is characterized
by a sparry calcite cement.)

The upper Winterset unit contains no trace of phosphate

either as pellets or as internal fillings in gastropod or pelecypod

shells. (This unit is characterized by a micritic matrix.)

3. In the reef and possible reef facies of the Winterset Member,
the units that have a sparry calcite cement also have a rela-
tively high concentration (from 1 to 8 percent) of phosphatic
material as compared with the micritic units; the units with
a micritic matrix are devoid of phosphatic material in any
form other than rare fish teeth. The sparry calcite-bearing
units contain lumps, pellets, conodonts, fish teeth, and internal
molds of gastropods and pelecypods, all composed of phos-
phatic material.

4. The Canville Member contains no phosphatic material in the
form of pellets or lumps, and only minor traces of molds of
gastropods and pelecypods. No conodonts are present.

5. The Lost City Member contains minor percentages (from traces
to 2 percent) of lumps, pellets, and internal molds of gastro-
pods and pelecypods. No conodonts are present.

1o

Acetic Acid Insoluble-Residue Descriptions

Canville Member:
CH-2-1 Glauconite and pyrite in minor percentages; no phos-
phate, conodonts, or other skeletal material.
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Lost City Member:
CH-5-A-2 Approximately 2 percent phosphate (pellet-shaped ma-

CH-9-A-1

CH-27-1

CH-39-1

terial); trace of glauconite; no conodonts or other
skeletal material.

Trace of pellet-shaped phosphate material and glauconite;
internal molds of pelecypods, and planispirally and
helically coiled gastropods composed of phosphate.
Approximately 2 percent phosphate; internal molds of
gastropods composed of phosphate; no glauconite or
conodonts.

Trace of glauconite and internal molds of planispirally
coiled gastropods composed of phosphatic material; no
phosphate pellets or conodonts.

Stark Member:

CH-1-4

Approximately 5 percent pyrite; no skeletal material,
glauconite, or phosphate.

Lower Winterset unit:

CH-1-5

CH-5-A-3
CH-12-1

CH-13-1

CH-15-2

CH-16-2
CH-17-2

CH-18-2
CH-19-3
CH-32-1

CH-32-2

Approximately 8 percent phosphate; 1 percent glauconite;
phosphate as irregular pellets and as internal molds of
gastropods; conodonts (platform type).

Approximately 5 percent phosphate as irregular pellets;
1 percent glauconite; conodonts.

Approximately 5 percent phosphate as irregular pellets;
2 to 3 percent pyrite; internal molds of gastropods com-
posed of phosphate; conodont fragments.

Approximately 3 percent phosphatic material as pellets;
helically and planispirally coiled gastropod molds com-
posed of phosphatic material; 1 percent glauconite; cono-
donts.

Approximately 8 percent phosphate; 2 percent glauconite;
conodonts only skeletal material.

Approximately 4 percent phosphate pellets; 1 percent
glauconite; conodonts; no additional skeletal material.
Approximately 6 percent phosphate material; 2 percent
glauconite; internal molds of gastropods composed of
phosphate; conodonts.

Approximately 5 percent phosphate; trace of glauconite;
conodonts only skeletal material.

Approximately 5 percent phosphatic material; trace of
glauconite; conodont fragments only skeletal material.
Approximately 5 percent phosphate; trace of glauconite;
internal molds of gastropods composed of phosphate;
conodonts.

Approximately 1 percent phosphate; trace of glauconite;
internal molds of helically and planispirally coiled gastro-
pods and pelecypods composed of phosphatic material;
conodonts.

Upper Winterset unit:

CH-2-5

Minor percentage of pyrite; no glauconite, phosphate,
or skeletal material.
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CH-4-1
CH-5-6

CH-12-2

CH-18-3
CH-194

ACETIC ACID INSOLUBLE RESIDUES

No phosphate, glauconite, or skeletal material.

Slight trace of glauconite; no phosphate or skeletal
material.

Minor percentage of pyrite; no glauconite, phosphate, or
skeletal material.

No glauconite, phosphate, or skeletal material.

No glauconite, phosphate, or skeletal material.

Reef facies of the Winterset Member:

Units with a sparry calcite cement:
CH-9-A-2 Approximately 7 percent phosphate; minor percentage

CH-10-1

CH-33-7

CH-35-1

CH-39-2

of glauconite; internal molds of pelecypods and plani-
spirally and helically coiled gastropods composed of
phosphatic material; conodonts.

Approximately 5 percent phosphate; trace of glauconite;
planispirally and helically coiled gastropods as internal
molds composed of glauconite and phosphate; conodonts.
Minor percentage of phosphate; helically coiled gastro-
pods as internal molds composed of phosphatic material;
conodonts and fish teeth.

Approximately 8 percent phosphate; 1 percent glauconite:
internal molds of planispirally and helically coiled gas-
tropods composed of phosphatic material; conodonts.
Approximately 2 percent phosphate; trace of glauconite;
fish teeth and planispirally coiled gastropods.

Units with a micritic matrix:

CH-33-4

CH-34-2
CH-35-5
CH-36-2
CH-37-4

Fragments of fish teeth; no conodonts, phosphate, glau-
conite, or gastropods.

No phosphate, glauconite, or skeletal material.

No phosphate, glauconite, or skeletal material,

No phosphate, glauconite, or skeletal material.

No phosphate, glauconite, or skeletal material.

Possible reef facies of the Winterset Member:

Units with a sparry calcite cement:

CH-14-1

CH-22-2

CH-23-3
CH-23-4

Approximately 3 percent phosphate; trace of glauconite;
pelecypods and helically and planispirally coiled gastro-
pods as internal molds composed of glauconite and phos-
phatic material.

Approximately 5 percent phosphate; 3 percent glauconite;
conodonts abundant; fish teeth and internal molds of
gastropods.

Minor percentages of phosphate and glauconite; fish
teeth and conodonts.

Minor percentages of phosphate and fish teeth.

Units with a micritic matrix:

CH-22-3
CH-23-1

No phosphate, glauconite, or skeletal material.
No phosphate, glauconite, or skeletal material.
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MEASURED STRATIGRAPHIC SECTIONS

Thirty-nine stratigraphic sections were measured in the area.
Each of these sections is described below; columnar sections have
been made for thirty-six of the measured sections (see fig. 6 for the
columnar sections of the units measured in the vicinity of Ramona,
Oklahoma). The vertical location of a sample in a particular strati-
graphic section is designated by a number such as 1-5, where 1 refers
to the stratigraphic section and 5 refers to the fifth sample collected
above the base of the section. Wherever a thin section or an acetate
peel of a particular sample was made, a letter such as A, B, C, etc,
is placed next to the sample location on the columnar section. Each
of the samples is representative of a particular stratigraphic unit, and,
although only one sample may have been collected from a unit 3
feet thick, the description of the sample is considered as the descrip-
tion of the unit. Samples were collected at all significant lithologic
changes. The color, both weathered and unweathered, of the units
examined in the area remains constant, and therefore the color of a
particular unit is presented only once.
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COLUMNAR SECTIONS

|
ERODED

I-4, 8

-3, A

{1-2

NOT MEASURED

3
ERODED

FEET

3-7, 0

UPPER WINTERSET

3-8, C

— LOWER WINTERSET, 3-g,L [ 1

STARK MBR., 274
3-2 P33

CANVILLE MBR.

COVERED

3-1, A

1 COFFEYVILLE FM,

=l STARK MBR.

CANVILLE MBR.

| UPPER WINTERSET
| LOWER WINTERSET, I-5, C

-] COFFEYVILLE FM.

2
ERODED

8
ERODED

COVERED
COVERED

COVERED

UPPER WINTERSET

2-5, C

LOWER WINTERSET

5 2-4, B
STARK MBR.

2-3

| | CANVILLE MBR. 2-2

2-1, A

COVERED

) COFFEYVILLE FM.



4
ERODED

COLUMNAR SECTIONS

99

4-9, 6
12
NOT MEASURED
- T ZIINELLIE BLY FM,
LI I upper wiNTERSET
4-8, F L L] 11 12-2, 8
(LI LT L5{LOWER WINTERSET, 12-1, A
‘ = T COFFEYVILLE FM,
r0
-2
’—
w
w
4-7, E “L, 13
ERODED
4-6 UPPER WINTERSET
4-5,D -8 13-2, B
=T F=T=T=] LOWER WINTERSET, 13-,
4-4, C -T-Z 1T COFFEYVILLE FM.

[LOWER WINTERSET

| 5-2, B

4-3, B
{14-2 15-1, A
STARK MBR.
a-1, a
?
5-6, F /
2T T5 141 OWER WINTERSET, 5-A-3, E  COVERED
T __]LOST CITY MBR, 5-A-2, D
= == ] 5-A-1, C &
g T ERODED
e 16-5, D
SISl COFFEYVILLE FM.
SR 16-4, C
S Y~ oo i s UPPER WINTERSET
E=—=o=T15-3, B ]16-3, B
zo-=zxzf5-2 — LOWER WINTERSET, 6-2,
e 15—, 16—1 A

COVERED

NOT MEASURED

= | COFFEYVILLE FM.
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COVERED

COVERED

COLUMNAR

17
COVERED

I7-3, C

UPPER WINTERSET

SECTIONS

19
ERODED

19-5, E

UPPER WINTERSET

=119-4, D
T T4 | OWER WINTERSET, 19-3,
c

119-2, B

I7—-1, B (=

{ LOWER WINTERSET, e =

STARK MEBR.

J_CANVILLE MBR., 19-1, A

ST T S TE[COFFEYVILLE 1772, A JS=====—=HCOFFEYVILLE FM
COVERE FM. LT LTt
o COVERE
24
[
wio ERODED
L
8 UPPER WINTERSET
ERODED 4  24-2, B ,
| 18-6, F “LOWER WINTERSET, 24-1, A
-| COFFEYVILLE FM.
18-5, E “COVERED
25
““““““““ ERODED
18-4, D 25-4

LOWER WINTERSET, I18-2,
B

| COFFEYVILLE FM.
i8-1, A

UPPER WINTERSET

125-2, B
ZLOWER WINTERSET, 25-1,
A

-|COFFEYVILLE FM.

UPPER WINTERSET, 27-3, B

=== 272
T I"LOWER WINTERSET, 27-1, A

COVERED

-| COFFEYVILLE FM.



29
COVERED

1

I I |
-

COLUMNAR SECTICNS

29-3

STARK MBR.

[ 29-2

 29-1, A CANVILLE MBR.

COFFEYVILLE FM.

COVERE

=

31
FRODED

FEET

UPPER WINTERSET, 3!-3, B
_LOWER WINTERSET, 3I-1I, A

- Z{ COFFEYVILLE FM.

COVERED

30
ERQDED

101

30-3, B
30-2 UPPER WINTERSET

LOWER WINTERSET, 30-1, A

~ | COFFEYVILLE FM.

COVERED

COVERED

32

NELLIE BLY FM.

—32-2,8 LOWER
_32-1, A WINTERSET

COFFEYVILLE FM.

UPPER WINTERSET
40-2
— LOWER WINTERSET, 40-1|

| STARK MBR.
CANVILLE MBR.

COVERED

UPPER WINTERSET

L OWER WINTERSET, 42-3, B
"STARK MBR., 42—
T=CANVILLE MBR., 42-1, A
-| COFFEYVILLE FM.

2

STRATIGRAPHIC SECTIONS WITH POSSIBLE REEF FACIES

14
ERODED
MICRITE MATRIX,
14-4, D
“14-3,C SPARRY
14-2,8 CALCITE
114-1, A CEMENT

COVER

EC

23
COVERED
23-3, SPARRY CALCITE CEM.
COVERED
23-2, SPARRY CALCITE CEM.
23-1, MICRITE MATRIX, B
23-4, A, SPARRY CALCITE
COVERED CEM.
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22
ERODED

22-5

22-4

MICRITE MATRIX

] 22-3, c
22-2, B

SPARRY CALCITE CEMENT

22-1, A
w
COVERED
28
COVERED

28-3, C

FEET

MICRITIC REEF CORE

4 WITH NO BEDDING

28-2, 8

28-1, A

o] STARK MBR.
CANVILLE MBR.

COVERED
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1. SWY, SWY, NEY, sec. 31, T. 26 N, R. 14 E., Washington County,
in south bank of small stream approximately 250 yards east of
the north-south road along the half-section line of section 31.
(See columnar section, page 98.)

Hogshooter Formation. Feet
Upper Winterset unit (top eroded):

Brachiopod-bryozoan biomicrudite; weathers dark yellowish 0.5
orange, light gray on unweathered surface; irregular beds
approximately 3 inches thick; productid brachiopods and
bryozoans abundant, with minor percentages of crinoid
columnals, ostracodes, and foraminifers; skeletal material

only slightly fragmented with no abrasion; coarse-crystal-

line sparry calcite as areas of recrystallization and as void
fillings evidenced by rim cementation; less than 109, terri-
genous material; 259%, skeletal material.

Lower Winterset unit:

1-5, C. silty phosphatic glauconitic fossiliferous o6sparite; 0.5
weathers dark yellowish brown, light brownish gray on
unweathered surface; one bed 6 inches thick; phosphate
nodules 1 inch and less in diameter; encrusting algae
(Osagia) and crinoid fragments abundant with minor
brachiopod and bryozoan fragments; trace of conodonts;
abraded fossil fragments; 207%, terrigenous material; 30%,
skeletal material; 309, ooliths; 89, phosphate and glau-
conite (see pl. II, fig. 4).

Coffeyville Formation.
Stark Member:

Gray and brown clay. 0.3
Fissile black shale. 0.5

1-4, B, limestone concretions; weathers light brownish 0.4
gray, black on unweathered surface; concretions up to 1

foot long and 3 to 5 inches wide, flattened parallel to
bedding in black shale; bedding continues through con-
cretion: chert and pyrite in concretion (see pl. II, fig. 1).

Fissile black shale. 4.0
Gray and brown clay. 0.3

Canville Member:

1-3, A, silty spiculiferous biomicrosparite; weathers pale 3.0
dark yellowish orange, light olive gray to pale yellowish
brown on unweathered surface; 1 bed 3 feet thick; spicules
(sponge) common with minor percentages of foraminifers,
crinoid columnals, brachiopods, and ostracodes; matrix and

much of the skeletal material recrystallized to microspar;
approximately 15%, angular quartz particles; 209, skeletal
material (see pl. I, fig. 4).

Coffeyville terrigenous facies (2 feet measured):
1-2, calcareous siltstone; dark yellowish orange on weath- 2.0
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Feet
ered surface, and pale yellowish brown on fresh surface:
irregular beds, 0.5 to 1 inch thick; angular quartz particles
and rounded flakes of muscovite; scattered, fragmented
pelecypods and encrusting algae.

Total section measured 11.5

2. SWY, SWY; NEY; sec. 31, T. 26 N.,, R. 14 E., Washington
County, 200 yards west of stratigraphic section 1 in south creek
bank. (See columnar section, page 98.)

Hogshooter Formation. Feet
Upper Winterset unit (top eroded):

2-6, D, crinoidal-bryozoan biomicrudite; irregular beds 3 1.5
to 8 inches thick; crinoid columnals, plates, spines (15%)

and bryozoans (109,) common, minor percentages of
brachiopods, ostracodes, and foraminifers; coarse-crystalline
sparry calcite along fractures; some rim cementation in-
dicating void fillings; several bands of concentrated terrig-

enous material associated with fine-crystalline sparry cal-

cite; less than 109, terrigenous material; 309, skeletal
material, no abrasion of skeletal material.

2-5, C, brachiopod-bryozoan biomicrudite; irregular beds 5.5
3 to 4 inches thick; brachiopods (10%) and bryozoans
(10%) common, minor percentages of crinoid columnals,
ostracodes, and foraminifers; skeletal material slightly frag-
mented with no abrasion; some brachiopods with spines

still attached to shell; some void fillings by sparry calcite,

and some recrystallization of micrite to coarse sparry cal-

cite; approximately 109, terrigenous material; 2597 skeletal
material.

Lower Winterset unit;:
Deeply weathered; not sampled; contains phosphate 0.4
nodules.
Coffeyville Formation.
Stark Member:

Gray and brown clay. 0.3
Fissile black shale. 0.3
2-4, B, limestone concretions; same description as 1-4, 04

except no chert or pyrite.
Fissile black shale. 25
Gray and brown clay. 04

Canville Member:

2-2, sampled at top of unit; same lithology as 2-1, except 1.2
for decrease in terrigenous material from 189, at 2-1 to
129, at 2-2.
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Feet

2-1, A, silty spiculiferous intraclast-bearing biomicrosparite;
one bed 1.2 feet thick; spicules (209,) common, minor per-
centages of brachiopods, pelecypods, crinoids, ostracodes,
and foraminifers; intraclasts contain less skeletal material
than does adjacent microspar; many spicules have heen
replaced by microspar and pyrite; 187, terrigenous material;
259, skeletal material; 597 intraclasts.

Coffeyville terrigenous facies (base covered):
Calcareous siltstone (same description as 1-2). 25

Total section measured 15.0

3. SWy, NWY; NEY; sec. 6, T. 256 N.,, R. 14 E., Washington
County, in small stream bank approximately 100 yards south of
the north quarter-corner. (See columnar section, page 98.)

Hogshooter Formation. Feet
Upper Winterset unit (top eroded) :

3-7, D, brachiopod-bryozoan biomicrudite; irregular beds 2.0
3 to 5 inches thick; brachiopods (129%) and bryozoans
(109,) common, traces of ostracodes, crinoid columnals,

and foraminifers; coarse sparry calcite recrystallized from
micrite but not skeletal material; where recrystallization

has occurred, fossils are floating in sparry calcite, but ad-
jacent to fossils is a thin zone of micrite still preserved;

fossil fragments not abraded, with spines still attached

to some brachiopod shells; 5% terrigenous material; 25%,
skeletal material (see pl. 111, fig. 4).

3-6, C, silty brachiopod bryozoan biomicrudite; irregular 5.0
beds 3 to 5 inches thick; brachiopods (109%,) and bryozoans

("79%,) common with traces of crinoid columnals, plates, and
spines, ostracodes, and foraminifers; no abrasion of skeletal
material; coarse recrystallized spar; sparry calcite formed

by recrystallization of micrite and skeletal material; 16%,
terrigenous material; 209 skeletal material.

Lower Winterset unit:

3-5, B, fine sandstone to siltstone; sparry calcite cemented 0.5
submature phosphatic glauconitic algal-bearing orthoquartz-
ite; one bed 6 inches thick; definite laminations due par-
tially to algal stringers; algae (Osagia, 13%), crinoid frag-
ments (109,) common, traces of bryozoans and foramini-
fers; sparry calcite cement; 62%, terrigenous material; 259,
skeletal material; 8% phosphate and trace of glauconite;
skeletal fragments abraded and broken (see pl. II, fig. 5).

Coffeyville Formation.
Stark Member:
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Feet
Brown and gray clay? 0.1
3-4, fissile black shale. 04
3-3, brown and gray clay. 0.4
Canville Member: 0.9
3-2, sampled at top of single bed of the Canville Member:
same lithology as 3-1, except terrigenous content is 209,
instead of 39% as in sample from 3-1.
3-1, A, silty bryozoan algal biosparrudite; 399, angular
quartz particles; bryozoans (159), encrusting algae (79%,)
common, minor percentages of crinoid fragments, pelecy-
pods, and gastropods; pyrite concentrated as replacements in
algal and bryozoan structures; 309, skeletal material; worm
burrows present; cement is fine-crystalline sparry calcite
(see pl. I, fig. 5).
Coffeyville terrigenous facies (1.5 feet exposed):
Calcareous siltstone; same lithology as 1-2. 15

Total section measured 10.8

4. SWY, SEV, SW1/ sec. 9, T. 26 N., R. 14 E., Washington County,
in west bank of Hogshooter Creek. This is the location of the

type section of the Hogshooter Formation. (See columnar sec-
tion, page 99.)

Hogshooter Formation. Feet
Upper Winterset unit (top eroded):

Upper part of the upper Winterset unit at this locality 11.0
consists of a unit 11 feet thick, composed of irregularly
bedded units, 1 to 4 inches thick; two samples collected

from this interval.

4-9, G, interlayered micrite, fossiliferous intrasparrudite
and intrasparite; sampled at top of interval 11 feet thick;
skeletal material (crinoidal material, bryozoans, brachio-
pods, and ostracodes) associated with the zones charac-
terized by sparry calcite cement; micrite zones with no
skeletal material; intraclasts associated with sparry calcite-
cemented zones and range from 0.66 to 1 mm in diameter;
intraclasts grade from coarser at base of a zone to finer at
top; small-scale channel-and-fill structures; 59, terrigenous
material; 109, skeletal material; 359, intraclasts; 2%
ooliths (see pl. IV, fig. 3).

4-8, F, interlayered micrile and intrasparite; sampled 5.5
feet below 4-9 in the interval 11 feet thick; bryozoans only
skeletal material; allochems (intraclasts, fossils, and
o6liths) restricted to zones characterized by sparry calcite
cement; intraclasts become smaller from the bases of sparry
calcite-cemented zones to the top; intraclasts O to 4.5 phi
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in diameter; 59, terrigenous material; 25% intraclasts;
3% fossils; 29, ooliths (see pl. 1V, fig. 2).

4-7, B, bryozoan biomicrudite; sampled 5.5 feet below 4-8;
one bed 2 feet thick; bryozoans (18%,) common, minor
traces of brachiopods, ostracodes, and crinoid columnals;
some pseudopellet structures formed by partial recrystal-
lization of the micrite matrix; pseudopellets most abundant
adjacent to areas illustrating coarse crystalline spar; 5%,
terrigenous material; 209, skeletal material; 5% pseudo-
pellet structures.

4-6, calcareous siltstone, brown; contains fragments of
brachiopods and crinoid columnals; blocky; directly below
4-7.

4-5, D, crinoidal-bryozoan biomicrudite; sampled directly
below 4-6; sample collected at top of a unit 7 feet thick;
bryozoans and crinoid columnals, plates, and spines (109,
each for crinoidal and bryozoan material) common, minor
percentages of brachiopods, ostracodes, and foraminifers;
approximately 209, of the micritic material recrystallized
to coarse-crystalline sparry calcite completely surrounding
some fossil fragments, with fossils seemingly floating in
spar; 59, terrigenous material; 259, skeletal material not
abraded (see pl. IV, fig. 1).

4-4, C, slightly silty bryozoan biomicrudite; sampled 2 feet
below 4-5 in unit 7 feet thick; bryozoans (17%) and
brachiopods (59%,), minor percentages of crinoid columnals
and spines, ostracodes, and foraminifers; recrystallization
common with 20% of micritic material recrystallized to
coarse sparry calcite; remnants of micrite completely sur-
rounded by sparry calcite; geopetal structures; 29, intra-
clasts; 129, terrigenous material; 25% skeletal material.

4-3, B, brachiopod bryozoan biomicrudite; sampled 5 feet
below 4-4 at base of unit 7 feet thick; brachiopods (109)
and bryozoans (8% ) common, traces of crinoidal material,
ostracodes, and foraminifers; rim cementation common
within centers of skeletal fragments; recrystallization com-
mon; 9%, terrigenous material; 209, skeletal material (see
pl. I1I, fig. 6).
4-2, calecareous siltstone, gray; interfingers with limestone;
sampled directly beneath 4-3.
4-1, A, brachiopod-bryozoan biomicrudite; sampled 2 feet
below 4-2; irregular beds, 6 to 8 inches thick; brachiopods
(8%), bryozoans (89,) common, traces of crinoidal ma-
terial, ostracodes, and foraminifers; sparry calcite as void
fillings and as recrystallized spar; 99, terrigenous material;
2097, skeletal material; lower 14 inches covered (see pl.
I11, fig. 5).

Lower Winterset unit is beneath surface of Hogshooter Creek.

Total section measured
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5 NEY, SEY; SWlj sec. 9, T. 26 N., R. 14 E., Washington
County, 200 yards upstream from stratigraphic section 4, in the
east bank of Hogshooter Creek. (See columnar section, page 99).

Hogshooter Formation. Feet
Upper Winterset unit (top eroded}):

0-6, F, silty crinoidal biomicrudite; one bed 0.5 foot thick; 0.5
crinoid columnals and plates (129 ) common, minor per-
centages of brachiopods, bryozoans, foraminifers, ostra-
codes, and pelecypods; recrystallization of micritic material

and skeletal fragments to coarse sparry calcite common;
geopetal structures in some brachiopod shells; 159, terri-
genous material; 209 skeletal material; 29} intraclasts.

Gray and brown clav. 0.5

Lower Winterset unit:

o-A-3, E, silty phosphatic crinoidal algal biosparrudite; 0.3
crinoidal material (359%) and algal material (encrusting,

25% ) common, traces of bryozoans, pelecypods, ostracodes,
fusulinids, conodonts, and brachiopods; skeletal material
abraded; phosphate pellets and nodules, ——1 to 4 phi in
diameter; 15% terrigenous material; 6569, skeletal material;

59, phosphate pellets and nodules; trace of glauconite.

Coffeyville Formation.
Lost City Member:

5-A-2, D, silty algal bryozoan crinoidal biosparrudite; 0.7
weathers dark yellowish brown; light olive gray on un-
weathered surface; 1 bed 8 to 14 inches thick, thickens
toward stratigraphic section 4; encrusting algae and
Epimastopora (algae 209, of rock), bryozoans (15%),

and crinoidal material (109;) common, few foraminifers;
terrigenous rock fragments, no weathering zone around

rock fragments; 12% terrigenous material; 509, skeletal
material; 19, rock fragments; 29, phosphate (see pl. 1I,

fig. 2).

Coffeyville terrigenous facies:

5-A-1, C, fine-sand algal bryozoan biosparrudite; sampled 55
directly below ILost City Member; unit 5.5 feet thick;
irregular beds one-half to three-quarters of an inch thick;
dark yellowish orange on weathered surface and light
gray to pale yellowish brown on fresh surface; encrusting
algae (15%), bryozoans (109,) common, crinoidal and
pelecypod fragments (each 5%, of rock); flakes of black
carbonaceous material throughout unit; approximately 409,
terrigenous material; 40% skeletal material (abraded);
traces of phosphate, glauconite, muscovite (see pl. I, fig. 1).
5-3, B, fine-sand silty pelecypod biosparrudite; sampled at
base of unit 5.5 feet thick; fragmented pelecypod material
(approximately 25%,) common, minor percentages of ostra-



STRATIGRAPHIC SECTION 6 109

Feet
codes, bryozoans, and questionable algae; skeletal material
layered parallel to the bedding; approximately 30% terri-
genous material; 259, skeletal material; trace of carbon-
aceous material.

5-2, calcareous siltstone; weathers dark yellowish orange, 0.6
light gray on fresh surface; sampled directly below the 5.5-
foot unit.

5-1, A, fine-sand silty pelecypod biosparrudite; sampled at 3.0
top of bed 3 feet thick; weathers moderate yellowish brown,

light gray on unweathered surface, pelecypod fragments
(15% ) common, minor percentages of encrusting algae,
bryozoans, brachiopod and crinoid fragments; layering
caused by stringers of algae parallel to bedding surface of

unit; skeletal material abraded and fragmented; 35%, ter-
rigenous material; 20% skeletal material; trace of phos-
phatic material.

Total section measured 11.1

6. SWL, SEV, SWY, sec. 9, T. 26 N., R. 14 E., Washington County,
100 feet south of stratigraphic section 4, in west stream bank
along Hogshooter Creek. The same stratigraphic sequence is found
at stratigraphic section 6 as is present at stratigraphic section 4.
This section was sampled to determine any lateral variations
within the upper Winterset unit in a relatively short distance.
Because the thicknesses are the same as those at stratigraphic
section 4, a discussion of only sampled units 1s presented below.
(Columnar section not drawn; this section is identical in over-all
appearance to 4.)

Hogshooter Formation.

Upper Winterset unit (top eroded):

6-7, G, equivalent to 4-9, intraclast-bearing crinoidal biomic-
rudite; large crinoid columnals (5% ) and bryozoans (4%)
with a trace of ostracodes; intraclasts 4 to 5 phi in diameter,
with no distinct boundaries; limonite common along frac-
tures in rock and associated with coarse-crystalline sparry
calcite; 69, terrigenous material; 109, skeletal material
(unabraded); 10% intraclasts.

6-6, F, equivalent to 4-8, interlayered intrasparrudite and
intrasparite; traces of bryozoans, crinoids, and brachio-
pods; intraclasts concentrated according to size with the
larger intraclasts (0-2 phi) associated with skeletal ma-
terial; intraclasts range in size down to 4 phi, the smaller
intraclasts resembling those in 6-7; some of the intra-
clasts illustrating concentric layering around the margins;
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3% terrigenous material; 29, skeletal material; 60% in-
traclasts; 209, odoliths.

6-5, E, equivalent to 4-7, bryozoan biomicrudite; byrozoans
(23%) common, traces of crinocidal material, ostracodes,
and brachiopods; microspar formed by recrystallization of
micritic material; some coarse-crystalline sparry calcite
along fractures; 9%, terrigenous material; 259% skeletal
material; 29, intraclasts (see pl. IV, fig. 4).

6-4, D, equivalent to 4-5, bryozoan-crinoidal biomicrudite;
bryozoans (109,), crinoids (7%), minor percentages of
brachiopods; pseudoallochems (intraclast-appearing struc-
tures) formed by isolation of micritic material during re-
crystallization of micritic material to coarse sparry cal-
cite; these pseudoallochems seem to be secondary in origin;
6% terrigenous material; 209, skeletal material; 109,
pseudoallochems.

6-3, C, equivalent to 4-4, intraclast-bearing crinotdal bryo-
zoan biomicrudite; crinoidal material (159,) and bryozoans
(159%,) common, brachiopods (8%) and traces of gastro-
pods and ostracodes; some recrystallization to sparry cal-
cite; 99 terrigenous material; 40% skeletal material;
5%, intraclasts.

6-2, B, equivalent to 4-3, brachiopod bryozoan biomicru-
dite; brachiopods (19%,) and bryozoans (109%,) common,
crinoidal material (49); recrystallization has formed
pseudoallochems similar to those in 6-4; skeletal material
not abraded; 10% terrigenous material; 25%, skeletal ma-
terial; 39, pseudoallochems.

6-1, A, equivalent fto 4-1, bryoczoan brachiopod biomicru-
dite; bryozoans (15%), brachiopods (10%;), and crinoidal
material (39, ), trace of ostracodes; one-third of rock re-
crystallized to coarse sparry calcite; pseudoallochems
formed by isolation of micritic material during recrystal-
lization of micrite to sparry calcite; most recrystallization
in zones where skeletal material is concentrated; 5% ter-
rigenous material; 309, skeletal material; 29, pseudo-
allochems.

Base of upper Winterset unit covered.

7. NEY; NWI, NWl4 sec. 16, T. 26 N., R. 14 E., Washington
County, in quarry partly filled with water, 150 yards south of
stratigraphic section 4.

Hogshooter Formation. Feet
Upper Winterset unit (top eroded) :

7-6, F, approximately equivalent to 4-8, interlayered fos- 4.0
siliferous micrite, intrasparite, and intrasparrudite; sampled
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at top of unit 4 feet thick; irregular beds, 0.5 to 2 inches
thick; dark yellowish orange on weathered surface with
abundant limonite staining; light gray on fresh surface;
definite layering of micrite and intraclast-bearing zones
within a single irregular bed; intraclasts from 1.5 to 4 phi
in diameter; some minor cross-bedding illustrated by dif-
ferent sizes of Intraclasts; 29 crinoids and bryozoans,
trace of ostracodes; 39}, terrigenous material; 359, intra-
clasts; 2%, ooliths; most micritic material recrystallized to
microspar.

7-5, E, approximately equivalent to 4-7, interlayered fos-
siliferous intrasparite and intrasparrudite; sampled at base
of one bed 2 feet thick; excellent examples of coarse intra-
clastic rock (intraclasts — O to 5 phi in diameter} overlain
by a zone containing much smaller intraclasts; bryozoans
(497, crinoidal material (49,), traces of foraminifers and
brachiopods; some of larger intraclasts similar to grape-
stone lumps described by Illing (1954); 49, terrigenous
material; 109, skeletal material; 609, intraclasts; 2%
ooliths.

Calcareous siltstone, gray.

7-4, D, approximately equivalent to 4-5, interlayered fos-
siliferous micrite, intrasparite, and intrasparrudite; sampled
at the top of unit 7 feet thick; traces of bryozoans and
ostracodes; definite layers of intraclastic material interlay-
ered with zones of slightly fossiliferous micrite; some chert
replacement along fractures; some recrystallization of mic-
rite to microspar; 8% terrigenous material; trace of skeletal
material; 359, intraclasts; 19, ooliths.

7-3, C, interlayered slightly fossiliferous micrite and inira-
sparite; sampled 2 feet below 7-4, and still in the unit 7
feet thick; small percentages of crinoids, bryozoans, and
foraminifers:; intraclasts reduced in number and size as
compared to those in the above-mentioned samples; some
recrystallization of micrite to microspar; intraclasts con-
centrated in distinct layers; microchanneling and cross-
bedding; 8% terrigenous material; 5%, skeletal material;
159, intraclasts.

7-2, B, interlayered fossiliferous micrite and intrasparite;
sampled at base of massve unit 7 feet thick; minor per-
centages of brachiopods, bryozoans, ostracodes, foramini-
fers, and crinoids; intraclasts concentrated in definite lay-
ers; coarse sparry calcite along fractures; 49, terrigenous
material; 109, skeletal material; 109, intraclasts; 1%
ooliths.

Calcareous siltstone, gray.
7-1, A, interlayered fossiliferous micrite and intrasparite;
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Feet

sampled directly beneath calcareous siltstone and just above
water level in quarry; minor percentages of bryozoans,
crinoidal material, brachiopods, and ostracodes; 20% of rock
recrystallized to coarse sparry calcite; intraclasts in definite
layers; rock was fractured soon after deposition, as intra-
clasts are not rounded and were probably not transported
any large distance; layers of micrite apparently were frac-
tured and then coarse sparry calcite was precipitated in the
fracture voids as rim cementation is present; micrite zones
overlie fractured layers; 39, terrigenous material; 10%
skeletal material; 25%, intraclasts; 29, oéliths (see pl. IV,
fig. 5).

Covered by water in quarry.

Total section measured 13.7

8. NWl; SWY; NEY; sec. 31, T. 26 N., R. 14 E,, Washington
County, in east bank of small stream approximately 75 yvards
north of stratigraphic section 2. (See columnar section, page 98.)

Hogshooter Formation. Feet
Upper Winterset unit (top eroded) :

8-3, C, silty intraclast-bearing bryozoan biomicrudite; 5.5
sampled at top of partly covered interval 5.5 feet thick; ir-
regular beds 3 to 5 inches thick; bryozoans (15%) common,
traces of brachiopods, crinoidal material, ostracodes, and
foraminifers; majority of intraclasts have surrounding band
of limonite; intraclasts seem to have suffered weathering,
and may represent calclithitic material; approximately 309,
of the rock recrystallized to microspar or coarse-crystalline
sparry calcite; micritic matrix and fossils recrystallized
to microspar; intraclasts — 1 to 2 phi in diameter; 129,
terrigenous material; 20% skeletal material; 109 intra-
clasts.

8-2, B, interlayered fossiliferous micrite and intraclast- 5.5
bearing bryozoan biosparrudite; sampled at top of irregu-

larly bedded unit 5.5 feet thick; beds 2 to 3 inches thick;
bryozoans (209,) common, minor percentages of brachio-

pods, crinoids, ostracodes, and foraminifers; within indi-
vidual beds are interlayers of intraclast-bearing biospar-
rudites and micrite; micrite layers contain much less fossil
material than do intraclastic layers; approximately 109,

of the rock recrystallized to sparry calcite; 7% terrigenous
material; 309, skeletal material; 109, intraclasts.

8-1, A, bryozoan brachiopod biomicrudite; sampled ap- 5.5
proximately 5.5 feet above the base of the upper Winterset
unit; sample is approximately equivalent to 2-6; base of
unit covered; bryozoans (159%,), brachiopods (5% ), minor
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percentages of crinoidal material, pelecypods, and ostra-
codes, irregular beds 4 to 7 inches thick; some recrystalli-
zation of micrite to microspar and coarse sparry calcite;
geopetal structures inside shell fragments; 8%, terrigenous
material; 309z unabraded skeletal material.

Base of upper Winterset unit covered.

Total section measured 16.5

9. NWy, NEY, NW!; sec. 34, T. 24 N, R. 13 E.,, Washington
County, in west side of railroad cut approximately 300 feet
south of the east-west section-line road. (See columnar section.
facing page 56.)

Hogshooter Formation. Feet
Reef facies of the Winterset Member (top eroded):

9-3, D, phosphatic algal crinoidal biosparrudite; one bed 1.0
1 foot thick; weathers grayish orange, light olive gray on

fresh surface; encrusting algae (Osagia, 30% ) and crinoidal
material (209} with minor percentages of bryozoans, gas-
tropods, pelecypods, brachiopods, and ostracodes; skeletal
material abraded; gastropod shells filled with phosphatic
material; 99 terrigenous material; 60%, skeletal material;

59/, phosphatic material; trace of glauconite.

Reef talus interval composed primarily of gray clay; 2.8
interval partly covered.

9-A-2, C, phosphatic algal crinoidal biosparrudite; one 0.7
bed 0.7 foot thick; weathers same as 3-3; encrusting algae
(Osagia, 30%,), crinoids (20° ), minor percentages of
bryozoans, brachiopods, conodonts, gastropods, and pelecy-

pods; larger phosphate nodules composed of numerous
small, round phosphate particles; 9% terrigenous material;

609, fossil material; 7%, phosphate; trace of glauconite

(see pl. V, fig. 5).

Coffeyville Formation.
Lost City member:

9-A-1, B, silty algal pelecypod biomicrudite; one bed 0.5 0.5
foot thick; algae (Osagia and Epimastopora, 20%,), pelecy-

pods (109,), minor percentages of brachiopods, gastro-
pods, bryozoans, fusulinids, other foraminifers, crinoids, and
ostracodes; fragmented fossil material in distinct layers
where terrigenous material is concentrated; foraminifers

with surrounding weathered zone; worm burrows present;

21% terrigenous material; 409, skeletal material; slight

trace of phosphate (see pl. II, fig. 3).

Coffeyville terrigenous facies:
9-1, A, fine sandstone to siltstone; sparry calcite-cemented 1.6
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submature pelecypod bryozoan-bearing orthoquartzite; ir-
regular beds 0.5 to 3 inches thick; pelecypods (8%), bry-
ozoans and algae (each 3%), traces of brachiopods and
crinoidal material; larger fossil fragments parallel to bed-
ding in individual beds; skeletal material fragmental with
much abrasion; 559%, terrigenous material; 159 skeletal
material (see pl. I, fig. 2).

Covered.

Total section measured 6.6

10. NEY4 SWY; NE, sec. 28, T. 24 N, R. 13 E., Washington
County, in east bank of South Fork of Double Creek, 75 yards
northwest of the old high school gymnasium at Ramona, Okla-
homa. (See cclumnar section, facing page 56.)

Hogshooter Formation. Feet
Reef facies (top covered):

10-7, G, partially recrystallized crinoidal bryozoan biospar- 3.5
rudite; irregular beds 2 to 3 inches thick; recrystallized
crinoidal material (20%), bryozoans (13%), algae (69%,),

trace of brachiopods; the rock mostly recrystallized to
sparry calcite; original cement apparently sparry calcite;

no evidence of micritic material; 7%, terrigenous material;

409, skeletal material; 2% limonite; trace of phosphate.

10-6, ¥, silty partially recrystallized crinoidal algal bio- 2.0
sparrudite; irregular beds 2 to 3 inches thick; recrystallized
crinoidal material (35%), encrusting algae (129%), bryo-

zoans (109;), trace of brachiopods; no evidence of micritic
material; 129, terrigenous material; 60% skeletal material:

trace of phosphatic material.

10-5, E, silty partially recrystallized bryozoan algal crino- 45
idal biosparrudite; irregular beds 2 to 3 inches thick; bryo-

zoans (20%), encrusting algae (209%), crinoidal material
(109%), traces of pelecypods, brachiopods, and foramini-

fers; foraminifers with weathering rim surrounding the

tests; intraclasts of micritic material scattered through the

rock; bryozoan material not too fragmented or abraded;
micritic material possibly derived from reef core approxi-
mately 200 yards east; this may represent a poorly washed

unit; 13% terrigenous material; 5097 skeletal material.

10-4, D, crinoidal bryozoan biosparrudite; irregular beds 1.0
2 to 3 inches thick; crinoidal material (509), bryozoans
(139%,), minor percentages of brachiopods and algae, traces

of ostracodes, foraminifers, and arthropod fragments; skele-

tal material fragmented and abraded; small percentage of
micrite intraclasts; 5%, terrigenous material; 70% skeletal
material; trace of intraclasts and phosphatic material.
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10-3, C, phosphatic intraclast-bearing crinoidal algal bio- 1.0
sparrudite; one bed 1 foot thick; crinoidal material (50%,),
encrusting algae (10%), bryozoans and gastropods (each
397), traces of brachiopods, foraminifers, and ostracodes;
unit may represent a poorly washed sequence as several
large accumulations of micritic material are present; 7%,
terrigenous material: 709, skeletal material; 89, phos-
phatic material (nodules and fillings in gastropod shells);
397 micritic intraclasts (see pl. V, fig. 6).

10-2, B, phosphatic crinoidal biosparrudite; sampled at top 5.0
of unit 5 feet thick; crinoidal material (609%,), brachiopods
(59%,), minor percentages of bryozoans, algae, pelecypods,
gastropods, and conodonts; terrigenous material confined
mostly to the phosphate particles; 7% terrigenous mate-
rial; 70¢, skeletal material; 8%, phosphatic material; trace
of glauconite.

10-1, A, phosphatic crinoidal algal biosparrudite; sampled
at base of unit 5 feet thick; crinoidal material (309;), en-
crusting algae (109,), bryozoans (8%), with pelecypods
and brachiopods (5%, each), gastropods (4%,), trace of
conodonts; phosphatic material as individual particles and
as fillings in gastropod shells; larger phosphate nodules
composed of numerous smaller phosphate particles; 9%,
terrigenous material; 65%, skeletal material; 8%, phosphate;
trace of glauconite.

Coffeyville Formation (5 feet exposed).
Coffeyville terrigenous facies:
Calecareous siltstone, gray, thin-bedded. 5.0
Covered.

Total section measured 22.0

11. SWY, SEY, SEY sec. 16, T. 24 N., R. 13 E., Washington County,
in roadcut on north side of east-west section-line road. (See col-
umnar section, facing page 56).

Hogshooter Formation. Feet

Reef facies (top eroded):

11-3, D, intraclast-bearing bryozoan crinoidal biomicrudite; 1.1
one bed; bryozoans (209%,), crinoidal material (4%), minor
percentages of pelecypods, brachiopods, foraminifers, ostra-
codes, and encrusting algae; much of micritic material re-
crystallized to microspar; intraclasts confined to areas
where larger skeletal material is also present; some coarse
sparry calcite as fracture filling material; 13%, terrigenous
material; 309 skeletal material; 7% intraclasts; 2% lim-
onite.

Brown clay. 0.1
Crinoidal algal biosparrudite; crinoidal and algal material 1.2
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Feet

abundant, with bryozoans common and traces of brachio-
pods, gastropods, and ostracodes; similar in lithology to
11-A-1.

Brown clay and shale. 0.3

Bryozoan crinoidal biomicrudite; similar in lithology to 0.6
11-3.

Brown clay and shale. 0.6

11-2, C, intraclast-bearing bryozoan crinoidal biomicrudite; 03
one bed; bryozoans (20%); crinoids (129%,), brachiopods
(6%), traces of algae (encrusting), foraminifers, pelecy-

pods, and ostracodes; intraclasts restricted to zones where

larger skeletal fragments occur; 6%, terrigenous material;

40%, skeletal material; 39, intraclastic material; trace of
limonite.

Brown and gray clay and shale. 0.2

11-A-1, B, silty phosphatic crinoidal algal biosparrudite; 0.4
one bed; crinoidal material (30%), encrusting algae
(Osagia, 17%), bryozoans (159 ), minor percentages of
brachiopods, ostracodes, and gastropods; phosphate as fill-

ings in gastropod shells and as individual particles; 109
terrigenous material; 659, skeletal material; 5% phos-
phate; trace of glauconite.

Coffeyville Formation (1.2 feet exposed). 1.2
Coffeyville terrigenous facies:

11-1, A, highly terrigenous fine-sand-bearing pelecypodal
algal biosparrudite; sampled directly beneath 11-A-1: the
more calcareous development directly below 11-A-1 is 0.5
foot thick and possibly represents a lateral facies of the
Lost City Member 1 mile south of this stratigraphic sec-
tion; pelecypods (109 ), encrusting algae (10%,), bryozoans
(6% ), brachiopods (3%,), trace of crinoids; larger skeletal
fragments parallel; shell fragments abraded and fragment-
ed; 499, terrigenous material; 309, skeletal material (see
pl. I, fig. 3).

Covered.

Total section measured 6.0

12. NWV; SEl; SWY; sec. 10, T. 23 N., R. 13 E., Washington
County, in stream channel of Bevan Creek. (See columnar sec-
tion, page 99.)

Nellie Bly Formation (top eroded). Feet

Calcareous siltstone; light gray and thinly bedded with 10.0
beds approximately 0.5 inch thick; some thin beds of black
shale 5 to 8 feet above base of the formation.
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Feet
Hogshooter Formation.

Upper Winterset unit:

12-2, B, silty intraclast-bearing bryozoan biomicrudite; 1.5
irregularly bedded; bryozoans (20%,), crinoidal material
(7%), brachiopods (59%), traces of ostracodes and fora-
minifers; 209, of rock recrystallized to coarse sparry calcite;

some evidence of void fillings (rim cementation); infra-
clasts angular and apparently subjected to little transporta-

tion; 149, terrigenous material; 359, skeletal material;

49, intraclasts.

Lower Winterset unit:

12-1, A, silty phosphatic algal crinoidal bryozoan bio- 1.0
sparrudite; encrusting algae (259%), crinoidal material
(15%,), bryozoans (149,), pelecypods (b%,), traces of
conodonts, brachiopods, ostracodes, gastropods, foramin-
ifers, and arthropod fragments; pyrite concentrated in algal
structures and bryozoan fragments; 14% terrigenous ma-
terial; 659, skeletal material; 597 prosphatic material;
trace of glauconite; 2 to 3 9, pyrite; trace of intraclasts.

Coffeyville Formation (not measured).
Coffeyville terrigenous facies:
Calcareous siltstone, light gray, thin-bedded.

Total section measured 12.5

13. SWl;, NEl; NWY, sec. 10, T. 24 N., R. 13 E., Washington
County, in man-made trench in pasture a quarter of a mile south
of the east-west section-line road. (See columnar section, page 99.)

Hogshooter Formation. Feet
Upper Winterset unit (top eroded):
13-2, B, silty brachiopod biomicrudite; brachiopods (14%), 1.5
traces of ostracodes and crinoidal material; irregular beds
92 to 4 inches thick; intraclasts present; skeletal material
only slightly fractured and unabraded; 149%, terrigenous

material; 159% skeletal material; 3% intraclasts; 10%
recrystallized spar; trace of limonite.

Gray and brown clay. 01
Lower Winterset unit:

13-1, A, silty phosphatic crinoidal algal biosparrudite; one 0.8
bed; crinoidal material (35%), encrusting algae (12%),
bryozoans (8%), pelecypods (5%), gastropods (3%),
minor percentages of arthropod fragments, conodonts, ostra-
codes, Girvanella-type algae; approximately 209, of the
cement has been replaced by poikilitic barite; 15%, terri-
genous material; 70%, skeletal material; 29, pseudodliths;
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Feet
3% phosphatic material present as individual particles and
fillings in gastropod shells; trace of glauconite; 2 to 39
replacement barite; trace of limonite (see pl. II, fig. 6).
Coffeyville Formation (1 foot exposed).
Coffeyville terrigenous facies:
Calcareous siltstone, gray, thinly bedded. 1.0

Total section measured 34

14. SEY; NEY4; NWY; sec. 10, T. 28 N., R. 15 E., Nowata County,
on side of small hill a quarter of a mile south of the east-west
section-line road. (See columnar section, page 101.)

Hogshooter Formation Feet
Possible reef facies (top eroded):

14-4, D, partially recrystallized intraclast-bearing bryozoan 4.5
biomicrosparrudite; sampled at top of partially covered
sequence 4.5 feet thick; irregular beds 2 to 5 inches thick;
bryozoans (35% ), brachiopods (8%,), crinoids (6%,), trace

of ostracodes; skeletal material fragmented; approximately

109, of rock recrystallized to coarse sparry calcite; some
recrystallization of micrite to microspar; 79 terrigenous
material; 509, skeletal material; 159% intraclasts; trace

of limonite; this rock nearly identical to that at 11-3.

14-3, C, fine-sand phosphatic crinoidal algal biosparrudite; 0.5
one bed; undulating bedding surfaces; crinoidal material
(269%,), encrusting algae (109%,), brachiopods (5%), bryo-
zoans (3% ), minor percentages of gastropods and foramini-
fers; definite zones where terrigenous material is concen-
trated; no graded bedding; crinoidal material abraded;
phosphatic material as fillings in gastropod shells and as
nodules composed of smaller particles; 17%, terrigenous ma-
terial; 459, skeletal material; 3% phosphatic material;
traces of glauconite and limonite; 3%, intraclasts composed
of micritic material.

14-2, B, phosphatic crinoidal algal biosparrudite; sampled 1.0
at top of irregularly bedded unit 1 foot thick; crinoidal
material (45%,), encrusting algae (20%,), bryozoans (3%),
brachiopods (29;); crinoidal material abraded; algae as-
sociated with a limonite stain; 79 terrigenous material;

709, skeletal material; 8%, phosphatic material; traces of
glauconite and limonite.

14-1, A, fine-sand partially recrystallized phosphatic
crinotdal biosparrudite; sampled at base of above-mentioned
unit 1 foot thick; crinoidal material (22%), brachiopods
(3%,), gastropods and pelecypods (3% each), and a trace
of encrusting algae; most fossil material recrystallized;
gastropods filled with glauconite and phosphate; 26%
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Feet
terrigenous material; 309, skeletal material; 3% phosphatic
material; trace of glauconite.

Base is covered, but this may be lowermost limestone unit
present, and it is possibly overlying the Coffeyville
Formation.

Total section measured 6.0

SEY, SWl, SWV; sec. 14, T. 29 N, R. 15 E., Nowata County,
in north side of railroad cut. (See columnar section, page 99.)

Hogshooter Formation. Feet

Lower Winterset unit ( Upper Winterset unit
has been eroded):

15-2, B, sandy phosphatic crinoidal biosparrudite; one 1.0
bed 1 foot thick; crinoidal material (20%), minor per-
centages of gastropods, conodonts, bryozoans, brachiopods,
foraminifers, arthropod fragments, and algae; rock frag-
ments of terrigenous material; skeletal material abraded

and fragmented; 447, terrigenous material; 30%, skeletal
material; 8% phosphatic material; 2%, glauconite; 197,
terrigenous rock fragments.

Coffeyville Formation.

Stark Member (base is covered):

16.

Gray and brown clay. 0.7
Black fissile shale. 0.3
15-1, A, pyritic limonitic silty microspar concretion; con- 04

cretions localized in a zone approximately 1 foot below the
lower Winterset; elongated in the direction of bedding;
no skeletal material: faint indication of bedding through
concretions: 5%, silty terrigenous material; 109% pyrite;
trace of limonite.

Black fissile shale. 5.0
Base covered.

Total section measured 74

SWY, SW1, SW, sec. 21, T. 29 N, R. 15 E., Nowata County,
in east roadcut of north-south section-line road. (See columnar
section, page 99.)

Hogshooter Formation. Feet

Upper Winterset unit (top eroded):

16-5, D, intraclast-bearing bryozoan brachiopod biomic- 1.1
rudite; irregularly bedded with each bed approximately 3



120 STRATIGRAPHIC SECTION 17

Feet
inches thick; bryozoans (15%,), brachiopods (107%,), crin-
oids (8%,), minor percentages of pelecypods and foramini-
fers; larger skeletal fragments and intraclasts associated in
the same zones; definite pore-filling sparry calcite; skeletal
material mostly unabraded; 69} terrigenous material; 359,
skeletal material; 109, intraclasts.

Brown and gray clay and shale with nodular limestones. 0.7

16-4, C, brachiopod algal bryozoan biomicrudite; one bed 04
with undulating bedding planes; brachiopods (209 ), algae
(similar to Anchicodium and Girvanella, 159, ), bryozoans
(10%}, crinoids (8%,), traces of pelecypods and ostra-
codes; some parallelism of larger skeletal material; skeletal
material fractured but not abraded; 99, terrigenous ma-
terial; 559%, skeletal material; trace of limonite.

Brown and gray shale. 04
Brachiopod biomicrudite; similar in lithology to 16-4. 0.3

16-3, B, gray and brown shale with limestone nodules; 1.5
nodules are brachiopod biomicrudite; irregular lenses of
limestone; not persistent; brachiopods (20%,), minor per-
centages of bryozoans, crinoids, and questionable algae;
skeletal material unabraded; recrystallization of micritic
material to fine- and coarse-crystalline sparry calcite; 9%,
terrigenous material; 25%, fossil material (see pl. IV, fig. 6).

Lower Winterset unit:

16-2, A, fine-sand phosphatic crinoidal algal biosparrudite; 0.6
one bed; crinoidal material (27%,), encrusting algae (109},

minor percentages of bryozoans, gastropods, conodonts,
pelecypods, arthropod fragments, and ostracodes; phosphate
occurs as individual particles and as fillings in gastropod

and ostracode shells; 269, terrigenous material; 409 skele-

tal material; 39, pseudooliths; 49 phosphatic material;

trace of glauconite and limonite.

Coffeyville Formation (2.0 feet measured):
Coffeyville terrigenous facies:

Gray and brown clay. 04
16-1, coal. 0.05
Calcareous siltstone, gray, thin-bedded. 15

Total section measured 6.95

17. SEY4 NEY; SEY, sec. 32, T. 29 N, R. 15 E., Nowata County,
in small creek bank 20 yards west of the north-south section-line
road. (See columnar section, page 100.)

Hogshooter Formation.
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Feet
Upper Winterset unit (top covered):

17-3, C, bryozoan-algal biomicrudite; sampled at top of 6.0
covered interval 6.0 feet thick; thin beds 2 to 4 inches thick;
bryozoans (209, ), possible algal structures in form of coarse
sparry calcite accumulations (1497, crinoids (49%,), minor
percentages of brachiopods, ostracodes, and foraminifers;
possible algal material showing some parallelism; 9%, ter-
rigenous material; 40Y%, skeletal material, fragmented but
unabraded.
17-1, B, silty, bryozoun biomicrudite; unit is 15 inches 1.2
thick with 3 irregular beds 3 to 8 inches thick, bryozoans
(359%,), brachiopods and crinoidal material (each 79%),
traces of ostracodes, pelecypods, and arthropod fragments;
skeletal material fractured; approximately 59, of rock re-
crystallized to coarse sparry calcite; 129, terrigenous ma-
terial; 5097, skeletal material; slight trace of glauconite;
29, limonite.

Lower Winterset unit:
17-2, A, fine-sand phosphatic crinoidal algal biosparrudite; 0.7
one bed; crinoidal material (35%,), encrusting algae and
Girvanella (15%,), minor percentages of bryozoans, cono-
donts, brachiopods, pelecypods, gastropods; gastropods filled
with phosphatic material; some shell fragments burrowed
by algae; 17%, terrigenous material; 65%, skeletal material;
6%, phosphate; 297 glauconite; 2%, pseudooliths; 1Y, intra-
clasts.

Coffeyville Formation.
Coffeyville terrigenous facies:

Calcareous siltstone; gray and brown, thin-bedded; 1 foot 1.0
measured.

Not measured.

Total section measured 8.9

18. SEY, NWY, SEY; sec. 18, T. 28 N, R. 15 E,, Nowata County,
in south bank of California Creek; excellent exposure. (See
columnar section, page 100.)

Hogshooter Formation. Feet

Upper Winterset unit (top eroded):
18-6, F, partially recrystallized and fractured brachiopod 3.0
bryozoan biomicrudite; irregular beds 3 to 5 inches thick;
brachiopods (18%,), bryozoans (17%), crinoids (3%),
minor percentages of ostracodes and foraminifers; rock frac-
tured shortly after deposition as fossil fragments have been

fractured and offset slightly; 209 of rock composed of
coarse-crystalline sparry calcite; spar concentrated around
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fractured areas; geopetal structures; some slight amount of
parallelism of larger fossil fragments; 997 terrigenous ma-
terial; 409, skeletal material; 29, intraclasts; trace of lim-
onite.

18-5, E, fractured silty bryozoan brachiopod biomicrudite;
sampled at base of unit 3 feet thick; bryozoans (25%,),
brachiopods (7%,), crinoidal material (5%), minor per-
centages of ostracodes, foraminifers, and possible algae;
sparry calcite associated with fractured areas; 10%, ter-
rigenous material; 40%, skeletal material; 5%, intraclasts;
trace of limonite.

Gray and brown shale.

Bryozoan brachiopod biomicrudite; similar in lithology
to 18-5.

Gray shale.

18-4, D, fractured brachiopod bryozoan biomicrudite; one
bed 2 feet thick; bryozoans (309, ), brachiopods (15%,),
minor percentages of crinoids, ostracodes, and possible
algae; 20%, of rock recrystallized to sparry calcite; frag-
ments of unrecrystallized micrite and fossil material com-
pletely surrounded by coarse sparry calcite; some of spar
possibly crystallized in fractures; geopetal structures; slight
parallelism of fractured zones; 69, terrigenous material;
509, skeletal material; 49/, intraclasts.

Gray clay and shale.
Brachiopod bryozoan biomicrudite; similar to 18-4.
Gray and brown clay.
Brachiopod bryozoan biomicrudite; similar to 18-4.
Gray and brown clay.
Brachiopod bryozoan biomicrudite; similar to 18-4.
Gray and brown clay.

Brachiopod bryozoan biomicrudite; similar to 18-4, irregu-
larly bedded.

Gray and brown clay.

18-3, C, brachiopod bryozoan biomicrudite; irregularly
bedded; brachiopods (209}), bryozoans (109%), crinoids
(39%,), traces of ostracodes and algae; parallelism of larger
skeletal material; 109, recrystallized to coarse sparry cal-
cite; 79, terrigenous material; 359, skeletal material; 29,
intraclasts; trace of limonite.

Gray and brown clay with limestone nodules similar to
18-3.

Lower Winterset unit:

18-2, B, fine-sand phosphatic crinoidal algal biosparrudite;

Feet

0.1
0.5

0.4
2.0

0.3
0.4
0.7
0.3
0.1
0.3
0.2
0.6

0.5
0.5

0.6

1.2
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Feet
irregularly bedded near top; crinoidal material (40%,), en-
crusting algae (159%,), bryozoans (7%,), brachiopods (5%,
minor percentages of gastropods, pelecypods, conodonts,
and arthropods; several areas of concentrated terrigenous
material; large skeletal fragments parallel; 119, terrigenous
material; 709, skeletal material; 5%, phosphatic material;
trace of glauconite; 29, intraclasts.

Coffeyville Formation.
Coffeyville terrigenous facies:
Gray silty shale. 1.0

18-1, A, fine sandstone to siltstone: sparry calcite-cemented 2.0
submature nonfossiliferous orthoquartzite; poikilitic sparry
calcite cement; well-sorted terrigenous material; bedding
present; 76Y%, terrigenous material; 249, sparry calcite ce-

ment.

Covered.

Total section measured 14.7

19. SEY, NEY, SWY, sec. 18, T. 27 N., R. 15 E., Nowata County,
in small stream bank (south bank) 50 yards south of oil-lease
road and east of relatively large hill with oil-storage tanks at
base. (See columnar section, page 100.)

Hogshooter Formation. Feet
Upper Winterset unit (top eroded):

19-5, E, fractured brachiopod biomicrudite; sampled at top 5.0
of partly covered sequence 5 feet thick; irregular beds 2 to
5 inches thick; impossible to determine if shale beds are
present; brachiopods (15%), bryozoans (4%}, trace of
crinoidal material; spines attached to several brachiopod
shells; little to no abrasion of skeletal material; pseudo-
pellet structure possibly due to recrystallization of micritic
material or possibly representing algal structure; rock frac-
tured and recrystallized to coarse sparry calcite along frac-
tures; 49, terrigenous material; 209, skeletal material; 2%,
intraclasts; 159, pseudopellet structures.

19-4, D, silty brachiopod biomicrudite; sampled at base of
partly covered unit 5 feet thick; brachiopod shells and
spines (40%), bryozoans (5%), crinoids (49,); some of
larger skeletal fragments parallel; zones where micrite re-
crystallized to microspar, skeletal material also recrystal-
lized in these same zones; limonite associated with micro-
spar; spines still attached to shell fragments; 119, terri-
genous material; 509, skeletal material; trace of limonite.

Lower Winterset unit:
19-3, C, fine-sand phosphatic crinoidal biosparrudite; 0.4
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crinoidal material (30%), brachiopods (5%), pelecypods
(3%), traces of arthropod fragments, worm burrows, cono-
dont fragments, and encrusting algae; skeletal material frag-
mental, and crinoidal material deeply abraded; slight indi-
cation of bedding; 329, terrigenous material; 409 skeletal
material; traces of intraclasts, oslites; 5% phosphatic ma-
terial; trace of glauconite.

Coffeyville Formation.
Stark Member:

Gray and brown clay.
Black fissile shale.

19-2, B, pyrite-bearing microspar and sparry calcite concre-
tions; concretions grade into a solid limestone layer 5 inches
thick; ostracodes and brachiopod spines (traces) in concre-
tions; high organic content; concretions black: organic
material impregnated with microspar and sparry calcite.

Black fissile shale; conodont fragments along bedding sur-
faces.

Gray and brown clay.

Canville Member:

Feet

0.1

0.4
0.4

1.2

1.5

19-1, A, fine-sand pyritic limonitic bryozoan algal biomic- 0.3-0.6

rudite; one bed with undulating beddng planes, 3 to 8
inches thick; bed disappears southeastward, and unit
becomes nodular, eventually disappearing into the cal-
careous siltstone of the Coffeyville terrigenous facies:
bryozoans (10%), encrusting algae (8%), pelecypods
(3%), brachiopods (3%), gastropods (39), traces of
ostracodes and crinoidal material; pyrite common as a
replacement in bryozoan and gastropod material; much
small fragmental skeletal material; pyrite present in algal
encrustations; some parallelism of larger skeletal material;
269, terrigenous material; 30% skeletal material; 19,
pyrite; 2% limonite; trace of glauconite (see pl. I, fig. 6).

Coffeyville terrigenous facies:

20.

Calcareous silistone, and gray and brown clay; to southeast,
Canville Member facies into this lithology.
Not measured.

Total section measured

15

11.1

NEY; SWY; NEY; sec. 28, T. 24 N., R. 13 E., Washington
County, in south stream bank of the South Fork of Double
Creek directly below and adjacent to the Santa Fe railroad

trestle. (See columnar section, facing page 56; also fig. 7.)
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Hogshooter Formation. Feet
Reef core (top eroded):

20-6, F, partially recrystallized bryozoan biomicrudite; 3.5
sampled at top of reef core; bryozoans (15%), algae (7%,),
crinoidal material (59%,), gastropods (29,); algae is indis-

tinct type which recrystallized readily to coarse sparry
calcite; much of the rock recrystallized to microspar and
fine-crystalline sparry calcite; recrystallized areas grade

into micrite; nearly all bryozoan material recrystallized to
sparry calcite; no bedding; some pore fillings by coarse
sparry calcite; 9% terrigenous material; 309, skeletal ma-
terial; traces of chert and dolomite (see pl. V, fig. 4).

20-5, E, crinoidal biomicrudite and biosparrudite; faint 1.0
bedding almost entirely of crinoidal material; crinoidal
material (spines, plates, columnals, 659%,), bryozoans (5%,),
pelecypods (5% ), brachiopods and gastropods (2%, each),

trace of ostracodes; most of cement is fine-crystalline sparry
calcite with possible micrite (limonite obscures some of

the matrix material); areas of coarse-crystalline sparry
calcite; most of the spar is twinned sparry calcite; 49,
terrigenous material; 80% skeletal material; 49, limonite;

trace of phosphate (see pl. V, fig. 3).

20-4, D, algal biolithite; reef core without bedding; 709, 5.0
of rock composed of Solenopora-type algae, with radi-

ating structures; structures polygonal in cross section;
bryozoans (5%), crinoidal material (5%,), brachiopods

and gastropods (29, each); 7% terrigenous material; 856%,
skeletal material; 19, limonite; traces of glauconite and
dolomite (see pl. V, figs. 1, 2).

20-3, C, algal? biolithite; no bedding; black; highly organic; 1.5
organic material disseminated through rock and obscures

the structures in the rock; vague indication of algal struc-

ture through rock; no other skeletal material; 6% terrig-
enous material; organic material and algal structures
composing the remainder of the rock.

20-2, B, intraclast-bearing recrystallized micrite and fossili- 0.5
ferous intrasparrudite; one bed; excellent contact between

two limestone types; skeletal material and intraclasts re-
stricted to one zone; smaller intraclasts scattered through

the micrite (recrystallized to microspar) zone; no fossils

in miecritic zone; small percentages of brachiopods, ostra-
codes, crinoids, and gastropods in intraclastic zone;
intraclasts extremely dark with a high organic content;
intraclasts poorly sorted; 5% terrigenous material; 10%
skeletal material; 309, intraclasts.

Coffeyville Formation.

Tost City Member: reef core rests on this member; this unit
has been warped downward, and the dip on this unit directly
below the core ranges from 35 to 40 degrees.
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20-1, A, silty partially recrystallized algal brachiopod
biomicrudite; one bed; encrusting algae (25%), brachiopods
(89%), pelecypods and crinoidal material (6% each), bryo-
zoans (5%,); most of the matrix now microspar; recrystalli-
zation of micrite matrix; some areas of micrite still existing;
much of skeletal material recrystallized; 119}, terrigenous
material; 509, skeletal material; 39, intraclasts; 597, Lim-
onite.

Total section measured

Feet
2.3

13.8

SEl; SEYy NEY, sec. 14, T. 29 N., R. 15 E., Nowata County,
in west roadcut of north-south section-line road and on small
hill just west of road. This section is partly covered. (See columnar

section, page 102.)

Hogshooter Formation.
Possible reef facies (top eroded):

22-5, brachiopod biomicrudite; similar in lithology to 22-3,
sampled at top of the reef facies; irregular beds 2 to 5 inches
thick.

22-4, brachiopod biomicrudite; similar in lithology to 22-3,
but with more brachiopod material; productid-type brachio-
pods with abundant crinoidal material (large colummals,
rudite-sized) ; irregularly bedded units 2 to 5 inches thick.

22-3, C, fractured partially recrystallized intraclast-
bearing brachiopod biomicrudite; irregularly bedded; brach-
iopods (15%), crinoids (59%), bryozoans (59%); rock
fractured; intraclasts most abundant along fractured zones,
possibly a result of fracturing; intraclasts not rounded or
sorted; 209, of rock coarse-crystalline sparry calcite; re-
crystallization spar or replacement spar; fractures parallel;
7% terrigenous material; 259, skeletal material; 159, in-
traclasts.

22-2, B, partially recrystallized phosphatic glauconitic
crinoidal biosparrudite; irregular beds 1 to 3 inches thick;
crinoidal material (509%,) Girvanella-type algae (59%,),
arthropod fragments (5%,), minor percentages of pelecy-
pods, bryozoans, brachiopods, conodonts, and foraminifers;
99, terrigenous material; 65%, skeletal material; 5%, phos-
phatic material; 39 glauconite; much skeletal material and
cement recrystallized to sparry calcite.

22-1, A, recrystallized phosphatic crinoidal bryozoan bio-
sparrudite; one bed 11 inches thick; crinoidal material
(209,), bryozoans (8%,), foraminifers (3% ), shell frag-
ments (3% ); rock mostly recrystallized; difficult to de-
termine original cement; much skeletal material originally
present in this rock possibly destroyed by recrystallization;

Feet

2.0

4.5

1.0

7.0

0.9
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897, terrigenous material; 359, skeletal material; 5% phos-
phatic material; 1% glauconite; 5% limonite.

Base covered; may be lowermost unit in Hogshooter Forma-
tion, or may be additional beds below 22-1.

Total section measured

127
Feet

154

SWi, NEY, NEY sec. 21, T. 29 N, R. 15 E., Nowata County,
in small stream bank approximately 30 yards south of railroad

trestle. (See columnar section, page 101.)

Hogshooter Formation.

Possible reef facies (base covered, top uncertain):

Covered.

93-3, highly terrigenous crinoidal biosparrudite; dark gray;
thin beds 0.5 to 1 inch thick; crinoidal material abraded;
trace of bryozoans; 409, terrigenous material (mostly coars-
er than 4.5 phi); traces of conodonts and fish teeth; minor
percentages of phosphate and glauconite; unit possibly
represents the lowermost unit of the Nellie Bly Forma-
tion (flaggy blue limestones overlie the Hogshooter Forma-
tion in the vicinity of Coffeyville, Kansas; Moore, 1935,
p. 98).

Covered interval (probably shale).

23-2, crinoidal bryozoan algal biosparrudite; one bed 10
inches thick; crinoidal material (15%,), bryozoans (159%,),
encrusting algae (15%), minor percentages of brachio-
pods, foraminifers, and fish teeth; sparry calcite cement;
897 terrigenous material; 509, skeletal material; 5%
limonite.

93-1, A, intraclast-bearing bryozoan algal biomicrudite; one
bed 6 inches thick: large skeletal fragments; skeletal
material unabraded; bryozoans (30%), encrusting algae
(159,), crinoidal material (10%), minor percentages of
brachiopods and gastropods; much of micrite matrix re-
crystallized to coarse sparry calcite; 7 o7, terrigenous ma-
terial; 60%, skeletal material; 5% intraclasts.

23-4, intraclast-bearing crinoidal bryozoan algal biospar-
rudite and biomicrudite; only upper 3 inches exposed above
water level; crinoidal material (159%), bryozoans (109),
encrusting algae (5%), minor percentages of gastropods,
brachiopods, ostracodes and fish teeth; cement or matrix
mostly microspar with some possible sparry calcite cement;
997 terrigenous material; 35% skeletal material; 15%
intraclasts.

Covered.

Feet

0.5

1.0
0.9

0.5

0.2

Total section measured

3.1



128 STRATIGRAPHIC SECTIONS 24, 25

24. NEY; NEY, NEY, sec. 16, T. 28 N., R. 15 E., Nowata County,
in small stream bank 100 yards south of the main road to Wann,
Oklahoma. (See columnar section, page 100.)

Hogshooter Formation. Feet
Upper Winterset unit (top eroded):

24-2, B, fractured and partially recrystallized brachiopod 1.5
biomicrudite; irregular beds 3 to 5 inches thick; brachiopods
(259,), crinoids (8%,), minor traces of bryozoans and
fragments; recrystallization along fractured areas; intra-
clasts concentrated along fractured zones; 89, terrigenous
material; 359, skeletal material; 39 intraclasts; trace of
limonite; brachiopod fragments with spines attached.

Gray clay with limestone nodules similar in lithology to 0.3
24-2.

Lower Winterset unit:
24-1, A, medium-sand phosphatic crinoidal algal biospar- 0.4
rudite; 5-inch unit; crinoidal material (25%,), encrusting
algae (79,), bryozoans (49), brachiopods (39}), minor
percentages of ostracodes, foraminifers; crinoidal material
abraded; parallelism of large skeletal material; 369, terri-
genous material; 409, skeletal material; 39, phosphate; 19
glauconite; trace of limonite (see pl. III, fig. 1).

Coffeyville Formation.

Coffeyville terrigenous facies:
Gray and brown clay and calcareous siltstone. 1.0
Not measured.

Total section measured 3.2

25. SEY, SEY, SWL, sec. 30, T. 27 N., R. 15 E,, Nowata County,
in side of small hill 150 yards north of the east-west section-line
road, and just above a small stream. (See columnar section,

page 100.)
Hogshooter Formation. Feet
Upper Winterset unit (top eroded):
25-4, bryozoan brachiopod biomicrudite, similar in lith- 3.0

ology to 25-2; sampled at top of interval which is partly
covered; irregular beds 2 to 4 inches thick; brachiopods
and bryozoans common, minor terrigenous material;-
approximately 10%, of rock recrystallized to sparry calcite.

25-3, brachiopod biomicrudite; similar in lithology to 25-2; 0.6
brachiopods abundant (productid-type), minor percentages

of crinoid columnals and bryozoan material; approximately

5%, terrigenous material; 309, unabraded skeletal material;
approximately 19/, limonite.
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Feet
Gray and brown clay. 0.1

Brachiopod bilomicrudite; similar in lithology to 25-2; 1.3
abundant brachiopods, minor percentages of bryozoans and
crinoid columnals; approximately 5%, terrigenous material.

Gray and brown clay. 0.2

25-2, B, fractured and partially recrystallized bryozoan 0.3
brachiopod biomicrudite; irregularly bedded; bryozoans
(189, brachiopods (149 ), minor percentages of crinoidal
material, ostracodes, foraminifers, and possible algae; skel-

etal material not abraded; spines attached to brachiopod
shells: intraclasts and coarse-crystalline sparry calcite local-

ized in definite zones; sparry calcite possibly filled voids
formed by fracturing as rim cementation occurs; 6%, ter-
rigenous material; 35%, skeletal material; 5%, intraclasts;

159, pseudopellet structures (algae?).

Lower Winterset unit:

25-1, A, fine-sand, phosphatic crinoidal algal biosparrudite; 0.2
one bed 3 inches thick; crinoidal material (309,), encrust-

ing algae (15%,), pelecypods (3%), bryozoans (8%)
brachiopods (39%,); parallelism of larger skeletal frag-
ments; some Girvanella-type algae (rare); limonite con-
centrated in encrusting algae; 219, terrigenous material;

609, skeletal material; 1%, intraclasts; 6%, phosphate; traces

of glauconite and limonite (see pl. III, fig. 2).

Coffeyville Formation.
Coffeyville terrigenous facies:
Brown and gray clay and stltstone. 2.0
Not measured.

Total section measured 79

96. NEl4, SEl, SWUY; sec. 20, T. 26 N, R. 14 E, Washington
County, sampled in north bank of large pond just above water
level. Lithologies at this locality are nearly the same as those
at same stratigraphic position at stratigraphic section 27, and
therefore the rock types of the samples from section 26 are
discussed with those from stratigraphic section 27.

27. SWY, SWl, SW1; sec. 20, T. 26 N, R. 14 E, Washington
County, in recent excavation just north of east-west section-line
road. (See columnar section, page 100.)

Hogshooter Formation. Feet
Upper Winterset unit (top covered):
27-3, B, silty crinoidal bryozoan algal biomicrudite; irregu- 0.5

lar beds 1 to 5 inches thick; crinoidal material (12%,),
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Feet
bryozoans (8%,), encrusting algae (7% ), minor percentages
of brachiopods and ostracodes; 25% of rock recrystallized
to sparry calcite; recrystallization primarily along styolites;
119, terrigenous material; 309, skeletal material; trace of
limonite.

27-2, brown clay with limestone nodules and crinoidal 0.6
columnals; nodules resemble limestone found in 27-3.

Lower Winterset unit:

27-1, A, silty phosphatic crinoidal algal biosparrudite: 0.3
irregularly bedded unit 4 inches thick; crinoidal material
(33%), encrusting algae (20%,), bryozoans (8%,), pelecy-

pods (4%), minor percentages of brachiopods, ostracodes,
arthropod fragments, and Girvanella-type algae; parallelism

of larger skeletal fragments; 129, terrigenous material; 59,
phosphate; trace of glauconite.

Coffeyville Formation.
Coffeyville terrigenous facies:
Gray and brown clay and calcareous siltstone. 20
Covered.

Total section measured 3.4

28. NWl, SEY; NWY{ sec. 31, T. 26 N., R. 14 E., Washington
County, in west bank of small stream 500 yards west of strati-
graphic section 2. (See columnar section, page 102.)

Hogshooter Formation. Feet
Reef core (top covered):

28-3, C, partially recrystallized crinoidal bryozoan biomi- 5.5
crudite; sampled at top of partly covered sequence 5.5 feet
thick; still in reef core; crinoid columnals (1097), bryozoans
(8%), brachiopods, pelecypods, gastropods (each 297 ;
most of skeletal material recrystallized to coarse sparry
calcite; much of micrite matrix recrystallized in microspar;

8% terrigenous material; 259, skeletal material; trace of
Iimonite.

28-2, B, partially dissolved and recrystallized silty fossili- 5.0
ferous micrite; sampled at top of unbedded unit 5 feet
thick; ostracodes (109,), bryozoans (49%,), crinoidal mate-
rial (1%); many irregular voids, possibly representing
dissolved algal structures; darker areas of rock with a
higher organic content possibly algal in origin; most of
micrite recrytallized to microspar; some dolomite as re-
placement of skeletal material; most skeletal material
recrystallized to coarse sparry calcite; 119, terrigenous
material; 15%, skeletal material; traces of limonite and
dolomite.
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28-1, A, partially dissolved and recrystallized algal brachio-
pod biomicrudite; sampled at base of unit 5 feet thick;
no bedding; Girvanella-type algae (10Y%,), minor percent-
ages of brachiopods, crinoids, bryozoans, and gastropods;
cavities and darker areas of rock possibly representing
algal developments (possibly an algal biolithite), most of
micrite recrystallized to microspar; skeletal material re-
crystallized to coarse sparry calcite; some cavities partly
filled with replacement dolomite; 69, terrigenous material;
159, skeletal material; trace of dark organic material.

Coffeyville Formation.

29.

Stark Member:

Black fissile shale; lies directly beneath reef core and is
warped downward beneath the core.

Canville Member:

Limestone present but not sampled; dips beneath the reef
core and the water level.

Base covered.

131
Feet

0.9

Total section measured

11.4

NWY, SEY, SWV, sec. 6, T. 256 N, R. 14 E., Washington
County, in south bank of small stream in southern part of the

Carter Oil Company lease. (See columnar section, page 101.)

Coffeyville Formation.

Stark Member (top covered):

29-3, black pyritic limestone concretion; bedding in black
shale definitely continues through concretion.

Black fissile shale.
Brown and gray clay.

Canville Member:

29-2, silty brachiopod biomicrosparrudite; similar to 29-1
except contains much less and smaller terrigenous material
than 29-1; sampled at top of unit 1.1 feet thick; spirifers
most abundant brachiopods.

29-1, A, fine-sand brachiopod biomicrosparrudite; sampled
at base of unit 1.1 feet thick; brachiopods (15%,), bryozoans
and pelecypods (4%, each); most skeletal material recry-
stallized to coarse sparry calcite; matrix now microspar;
2997 terrigenous material; 2097, skeletal material; trace of
pyrite.

Coffeyville terrigenous facies:

Gray and brown clay.

Feet

0.4

5.0
0.6

1.1

0.5
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Feet
Gray calcareous siltstone. 5.0

Covered.

Total section measured 12.6

30. NEY; SWl, SEL} sec. 22, T. 25 N.,, R. 13 E., Washington
County, in south bank of small stream 150 yards north of the
east-west section-line road. (See columnar section, page 101.)

Hogshooter Formation. Feet
Upper Winterset unit (top eroded) :

30-3, B, fractured intraclasi-bearing brachiopod biomicru- 0.3
dite; irregular bed 3 to 4 inches thick; brachiopods (109%,),
bryozoans (5%,); angular intraclasts formed by fracturing

of micritic material; recrystallization or pore-filling by
sparry calcite along fractured zones; approximately 209, of

rock recrystallized to coarse sparry calcite; parallelism of
fractured zones; 69, terrigenous material; 15%, skeletal
material; 129, intraclasts.

30-2, brown clay and nodular limestone; similar to 30-3. 0.1
Lower Winterset unit:

30-1, A, phosphatic oslith-bearing crinoidal algal biospar- 0.5
rudite; one bed; crinoidal material (309,), encrusting algae
(20%), bryozoans (5%,), brachiopods and gastropods (29,
each); gastropods filled with phosphatic material; osliths
illustrate concentric banding; approximately 309, of skeletal
material recrystallized; 9%, terrigenous material; 609
skeletal material; 15% opliths; 19 intraclasts; 59, phos-
phate; trace of glauconite.

Coffeyville Formation.
Coffeyville terrigenous facies:

Gray and brown clay. 0.9
Calcareous silistone, gray, thinly bedded. 4.0
Covered.

Total section measured 5.8

31. SWl4 NE, SWY; sec. 34, T. 25 N., R. 13 E., Washington
County, in east bank of small stream 10 yards east of the farm
road where it crosses the stream. (See columnar section, page 101.)

Hogshooter Formation. Feet
Upper Winterset unit (top eroded) :
31-3, B, fractured and partially recrystallized silty brachio- 0.2



STRATIGRAPHIC SECTION 32 133

Feet

pod biomicrudite; one irregular bed; brachiopods (309},
bryozoans (49,), traces of ostracodes, foraminifers, and
crinoids; some brachiopod shells with spines attached and
unabraded; 209, of rock recrystallized mostly along frac-
tured zones; Intraclasts also along fractured zones; intra-
clasts formed as result of fracturing; pseudopellet structures
possibly due to recrystallization; 119, terrigenous material;
359%, skeletal material; 5%, pseudopellet structures; 1%
angular intraclasts.

31-2, brown clay with limestone nodules; similar in l.th- 0.2
ology to 31-3.
Lower Winterset unit:

31-1, A, silty phosphatic oslith-bearing crinotdal algal bio- 0.2
sparrudite; unit 3 inches thick with beds 0.5 to 1 inch thick;
crinoidal material (25%,), encrusting algae (20% ), brachio-

pods and pelecypods (each 4%, ), gastropods and bryozoans

(each 39, ), trace of arthropod fragments; well-rounded
intraclasts; oolith structures around quartz and skeletal
particles; 189, terrigenous material; 609, skeletal material,;

59, odliths; 29, intraclasts; 5%, phosphate; 19, glauconite;
parallelism of skeletal material; abraded skeletal material.

Coffeyville Formation.
Coffeyville terrigenous facies:

Gray and brown clay. 0.1
Gray calcareous siltstone. 1.0
Covered.

Total section measured 1.7

32. NEY; NWLY, NEY, sec. 28, T. 23 N, R. 13 E., Washington
County, in roadcut on south side of east-west section-line road.
(See columnar section, page 101.)

Nellie Bly Formation. Feet
Covered.
Gray and brown calcareous siltstone, 1.0

Lower Winterset unit.

32-2, B, fine-sand phosphatic intraclasi-bearing crinoidal 0.9
algal biosparrudite; one bed 10 inches thick; crinoidal
material (159 ), encrusting algae (139;), bryozoans
(109%,), gastropods (8% ), pelecypods (5%), minor per-
centages of brachiopods, ostracodes, conodonts, and arthro-

pod fragments; parallelism of large skeletal material; 156%,
terrigenous material; 55%, skeletal material; 109, intra-
clasts; 197, phosphate; trace of glauconite.
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Feet
32-1, A, fine-sand phosphatic algal bryozoan biosparrudite; 0.2
irregularly bedded; encrusting algae (25%), bryozoans
(209%,), crinoidal material (15%,), pelecypods and brachio-
pods (39, each), gastropods (2%), traces of arthropod
fragments and conodonts; parallelism of larger skeletal frag-
ments; skeletal material fractured and abraded; 169, ter-
rigenous material; 739, skeletal material; 197 intraclasts
and odliths; 5% phosphate; trace of glauconite (see pl. III,
fig. 3).

Coffeyville Formation.
Coffeyville terrigenous facies:
Gray and brown clay. 0.2
Covered.

Total section measured 2.3

33. NEY;, SWY; NEV; sec. 28, T. 24 N., R. 13 E., Washington
County, 200 yards west of stratigraphic section 20 in the south
bank of the South Fork of Double Creek. (See columnar section,
facing page 56).

Hogshooter Formation. Feet
Stratified reef facies (top eroded):

33-8, silty algal crinoidal biosparrudite; irregular beds 0.5-1 0.5
inch thick; encrusting algae (309,), crinoidal material
(259,), bryozoans (39,), brachiopods and pelecypods

(19 each), traces of helically coiled gastropods and cono-
donts; some parallelism caused by algal filaments; most

algal filaments weathered to limonite; sparry calcite ce-
ment; 109, terrigenous material, approximately 609,
skeletal material; slight trace of phosphate; fish teeth
abundant; trace of phosphate as internal molds in gastro-

pod shells.

Covered. 2.0

33-7, G, partially recrystallized slightly phosphatic algal 0.7
crinoidal biosparrudite; irregularly bedded with undulating
bedding planes; moderate yellowish brown on weathered
surface; dark yellowish brown on unweathered surface;
beds 1 to 2 inches thick; encrusting algae (359%,), crinoidal
material (209,), bryozoans (5%,), brachiopods and pele-
cypods (29, each), traces of ostracodes, arthropod frag-
ments, and conodonts; fish teeth common (2%); definite
parallelism of skeletal material caused by filamentous algal
encrustations parallel to bedding; algal material encrusting
most of skeletal material; 109, terrigenous material;
approximately 65%, skeletal material; trace of phosphate;
most algal material altered to limonite; many crinoid frag-
ments recrystallized to sparry calcite.
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Brown clay.
Biosparrudite; similar in lithology to 33-6.
Brown clay.
Biosparrudite; similar in lithology to 33-6.
Brown clay.

Biosparrudite; similar in lithology to 33-6; one bed 9.5
inches thick.

Brown clay.

Biosparrudite; similar in lithology to 33-6; one bed 5
inches thick.

Brown clay.

Biosparrudite; similar in lithology to 33-6; one bed 5
inches thick.

Brown clay.

33-6, F, partially recrystallized crinotdal algal biosparrudite;
beds 2 to 4 inches thick; crinoidal material (409,), en-
crusting and filamentous algae (Osagia, 309, ), bryozoans
(39,), traces of brachiopod, pelecypod, and crustacean
fragments; most of binding material or cement encrusting
algae; definite layering caused by the filamentous algae
binding the coarser skeletal particles in layers parallel to
bedding; much of algal material weathered and replaced
by limonite; 109, terrigenous material; 759, skeletal mate-
rial; 10%, limonite; trace of phosphate.

Brown clay.
Biosparrudite; similar in lithology to 33-6.
Brown clay.
Biosparrudite; similar in lithology to 33-6.

Brown clay.

33-5, E, partially recrystallized crinoidal algal biospar-
rudite; undulating bedding planes; crinoidal material
(40%,), encrusting algae (25%), bryozoans (2%), brachio-
pod and pelecypod fragments (2% each), traces of
Epimastopora (algae) and foraminifers; scattered frag-
ments of fish teeth and conodonts; larger skeletal frag-
ments parallel to bedding; 1497, terrigenous material;
approximately 70% skeletal material; trace of phosphate.
Brown clay.

33-4, D, silty bryozoan biomicrudite; irregularly bedded;
micrite matrix; bryozoans (20%), pseudopunctate and
punctate brachiopods (109%,), large crinoid fragments
(109;), algae (5%), few fish teeth; 119, terrigenous
material; 459, skeletal material; skeletal material un-
abraded.

Brown clay.

135
Feet
0.9
0.7
0.1
0.4
0.1
0.8

0.1
0.4

01
0.4

0.1
0.8

0.2
0.2
0.1
0.2
0.2
0.2

0.8
0.4

0.3



136 STRATIGRAPHIC SECTION 34

Feet
33-3, C, crinoidal biosparrudite; one irregular bed; crinoidal 0.3
material (55%), bryozoans (15%,), encrusting algae (59%,),
brachiopod and pelecypod fragments (29, each): parallel-
ism of larger skeletal material; 6% terrigenous material;
approximately 809, skeletal material; little to no phosphate.

Brouwn clay. 0.3

33-2, B, phosphatic crinoidal algal biosparrudite; sampled 6.5
at top of unit 6.5 feet thick; crinoidal materia] (509,
encrusting algae (25%,), bryozoans (3% ), helically coiled
gastropods (2%,), brachiopod and pelecypod fragments
(29,), traces of conodonts, ostracodes, and Epimastopora
(algae); gastropods preserved as internal molds of phos-
phatic material; skeletal material fragmented and abraded;

6% terrigenous material; 829, skeletal material; 49, phos-
phate; trace of glauconite.

33-1, A, silty phosphatic glauconitic crinoidal algal bio-
sparrudite; sampled at base of unit 6.5 feet thick; crinoidal
material (40%), encrusting algae (30%,), pelecypod and
brachiopod fragments (3%), bryozoan fragments (297,
helically coiled gastropods (29), trace of conodonts;
gastropod shells filled with phosphatic material; phosphate
as nodules composed of smaller phosphate particles; limon-
ite concentrated in algal structures; parallelism caused by
algal material encrusting skeletal material parallel to bed-
ding planes; 109 terrigenous material; 79%, skeletal ma-
terial; 5% phosphate; trace of glauconite.

Coffeyville Formation.
Coffeyville terrigenous facies:
Gray and brown calcareous siltstone. 10.0
Covered,

Total section measured 27.8

34. NEY, SWl, NEY, sec. 28, T. 24 N, R. 13 E,, Washington
County, 80 feet east of stratigraphic section 33, in the south
bank of the South Fork of Double Creek. (See columnar section,
facing page 56.)

Hogshooter Formation. Feet

Stratified reef facies (top eroded):
34-6, D, crinoidal algal biosparrudite; irregular beds 1 to 4 1.1
inches thick; crinoidal material (40%), encrusting algae
(259%,), bryozoans, pelecypod and brachiopod fragments
(2% each), fish teeth and conodonts ( 19%, each); limonite

concentrated in algal encrustations; algae developed parallel
to the bedding as well as around skeletal fragments; ap-
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proximately 7%, terrigenous material; approximately 75%,
skeletal material; trace of phosphate.

Brown clay.

34-5, C, partially recrystallized crinoidal algal biospar-
rudite; one bed 1 foot thick; crinoidal material (409;),
encrusting algae (30%,), bryozoans (2%), shell fragments
of brachoipods and pelecypods (2%), trace of conodonts
and fish teeth; limonite concentrated in algal encrusta-
tions; 6%, terrigenous material; approximately 759, skeletal
material: slight traces of phosphate and glauconite.

Zone of weakness; possibly brown clay.
Biosparrudite; similar in lithology to 34-4.
Zone of weakness; possibly brown clay.

Biosparrudite; similar in lithology to 34-4; two irregular
beds.

Zone of weakness; possibly a bedding plane, or possibly
brown clay.

Biosparrudite; similar in lithology to 34-4; one bed.
Zone of weakness; possibly brown clay.
Biosparrudite; similar in lithology to 34-4; one bed.
Zone of weakness; possibly brown clay.
Biosparrudite; similar in lithology to 34-4; one bed.
Zone of weakness; possibly brown clay.

34-4, B, phosphatic glauconitic algal crinoidal biospar-
rudite; one unit; sampled at top of unit; encrusting algae
(40%,), crinoidal material (30%,), traces of bryozoans,
conodonts, and fish teeth; encrusting algae parallel to bed-
ding of rock; zones of concentrated lumps of glauconite and
phosphate scattered through unit; these zones composed
almost entitrely of phosphate and glauconite weathering
more deeply than highly fossilferous zones; limonite con-
centrated in algal structures; traces of phosphate and glau-
conite in highly fossiliferous zones only; 14% terrigenous
material; 75%, skeletal material; concentration of phosphate
and glauconite differs depending on which zone is con-
sidered.

34-3, gray and brown clay; fenestrate bryozoans, fish teeth,
crinoid plates, columnals, planispirally coiled gastropods,
productid brachiopods, Aulopora-type corals, Coenites-type
corals present but composing only 10 to 259, of the zone;
primarily clay material.

34-2, A, silty intraclast-bearing bryozoan biomicrudite; one
bed; bryozoans (15%), crinoidal material ( 109;), pseudo-
punctate brachiopods (5%), trace of encrusting algae; some
small fragments of skeletal material; large skeletal material
unabraded and only slightly fractured; intraclasts same

137
Feet

0.1
1.0

0.1
0.5
0.1
0.4

0.1

0.9
01
0.4

0.1
1.0
0.1
3.1

2.2

0.8
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Feet
micritic material as matrix of rock: intraclasts larger than
1-mm; 169, terrigenous material; 329 skeletal material;

0%, intraclasts.
Gray and brown clay. 0.2
34-1, crinoidal algal biosparrudite; similar in lithology to 0.3

34-4; one bed.
Gray clay with few limestone nodules; fossiliferous, and 5.2
contains approximately the same types and amounts as
34-3.

Coffeyville Formation.

Coffeyville terrigenous facies:

Gray and brown calcareous siltstone. 10.0
Covered.

Total section measured 27.8

35. NEV, SWY, NE, sec. 28, T. 24 N., R. 13 E., Washington
County, 40 feet east of stratigraphic section 33 and 40 feet west
of stratigraphic section 34, in south bank of the South Fork
of Double Creek. (See columnar section, facing page 56.)

Hogshooter Formation. Feet
Stratified reef facies (top eroded):

Biosparrudite; similar in lithology to 35-7. 0.5

Brown clay. 0.1

35-7, E, crinoidal algal biosparrudite; one bed; dark yel- 0.8
lowish orange on weathered surface; medium gray on fresh
surface; crinoidal material (35%,), encrusting algae (359%,),
brachiopod and pelecypod fragments (29,), traces of bryo-

zoans, conodonts, and fish teeth; algae encrusting much of
skeletal material and also trending parallel to the bedding

in the rocks; 6% terrigenous material; 759, skeletal ma-
terial; traces of glauconite and phosphate.

Zone of weakness; possibly brown clay. 0.1
Biosparrudite; similar in lithology to 35-7. 0.1
Zone of weakness; more easily weathered zone; possibly 0.1
brown clay.

Biosparrudite; similar in lithology to 35-7; 3 irregularly 1.2
bedded units separated by more easily weathered thin zones.

Zone of weakness; more easily weathered zone; possibly 0.1
brown clay.

Biosparrudite; similar in lithology to 35-7.

Zone of weakness; possibly brown clay or more easily 0.1
weathered zone.
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Biosparrudite; similar in lithology to 35-7.

Zone of weakness; possibly brown clay or more easily
weathered zone.

Biosparrudite; similar in lithology to 35-7; irregularly
bedded.

Zone of weakness; possibly brown clay interval.

Biosparrudite; similar in lithology to 35-7; 3 irregular beds
separated by thin weathered zones, probably weathered bed-
ding planes.

Zone of weakness; possibly brown clay interval.

Biosparrudite; similar in lithology to 35-7; two distinct
beds, 4 and 7 inches thick.

35-6, gray and brown fossiliferous clay; prolific skeletal
accumulation; horn corals and Coenites-type corals present
but less abundant than crinoidal material, consisting of
columnals, individual plates, and cups; Paragassizocrinus
sp. fused infrabasals common; conularids and productid
brachiopods present. Marginifera sp. common, but often
flattened; Punctospirifer sp. Dpresent but uncommon;
Aulopora-type corals abundant; fragments of planispirally
or low helically coiled gastropods, fish teeth, internal molds
of pelecypods, and much fragmented material; approximate-
ly 50%, of zone composed of skeletal material.

35-5, D, silty crinoidal bryozoan biomicrudite; one bed;
undulating bedding planes; crinoidal material (15%),
bryozoans (10%, ), pseudopunctate brachiopods (5%, trace
of arthropod fragments; skeletal material unabraded, with
long spines attached to brachiopod shells; micrite matrix;
179, terrigenous material; 30%, skeletal material.

Brown and gray shale, fisstle.

35-4, C, crinoidal biosparrudite; one irregular bed; crinoidal
material, columnals, spines and plates (65%), bryozoans
(109,), encrusting algae (5%); many crinoid columnals
still articulated; prolific accumulation of skeletal material;
limonite concentrated in algal structures; no orientation of
skeletal material; 7% terrigenous material; 809, skeletal
material; traces of glauconite and phosphate.

35-3, light olive-gray shale; skeletal material uncommon;
some small limestone nodules scattered through shale; shale
fissile; bryozoan fronds preserved as impressions on the
surfaces of the shale beds; a few scattered and flattened
productid brachiopods; scattered crinoid columnals and
fragmented bryozoan axes; skeletal material approximately
5 to 10%.

35-2, B, silty phosphatic glauconitic crinoidal algal bio-
sparrudite; one bed; crinoidal material (309,), encrusting
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0.4
0.1
0.9
0.1
1.1
0.1
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1.1

0.8
0.3

2.1
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Feet

algae (30%), brachiopod and pelecypod fragments (109;),
planispirally or low helically coiled gastropods (19,), traces
of conodonts, fish teeth, and ostracodes; limonite concen-
trated in algal structures; 119} terrigenous material; 759,
skeletal material; 89, phosphate; 1%, glauconite; gastro-
pods filled with phosphatic material; algae encrusting
fragments parallel to bedding.

Zone of weakness. 0.1

35-1, A, silty phosphatic glauconitic algal crinoidal biospar- 0.4
rudite; one bed with undulating bedding planes; crinoidal
material (30%), encrusting algae (35%) brachiopod and
pelecypod fragments (59%), helically and planispirally
coiled gastropods (19,), traces of conodonts and fish teeth;
gastropods filled with phosphatic material; phosphate
nodules of smaller particles of phosphate and glauconite;
algae encrusting skeletal material parallel to bedding; 13%,
terrigenous material; limonite concentrated in algal struc-
tures; 709, skeletal material; 897, phosphate; 1%, glauconite.

Coffeyville Formation.
Coffeyville terrigenous facies:
Gray and brown calcareous siltstone. 11.0
Covered.

Total section measured 26.2

36. NEV, SWl, NEV, sec. 28, T. 24 N., R. 13 E, Washington
County, 40 feet west of the reef core at stratigraphic section 20,
in the south bank of the South Fork of Double Creek. (See
columnar section, facing page 56.)

Hogshooter Formation. Feet
Stratified reef facies (top eroded):

36-5, D, crinoidal algal biosparrudite; thick-bedded unit 1.9
with one weathered zone approximately 15 inches above
base of the unit; weathered zone 0.2 inch thick containing
abundant Aulopora-type corals; rock other than weak zone
has crinoidal material (45%,), encrusting algae (307%),
bryozoans (3% ), and brachiopods and pelecypods (3%);
incrusting algae parallel to bedding of unit; algae acting as
a cement fixing the loose skeletal material; rock medium
gray on fresh surface; limonite concentrated in algal struc-
tures; 99, terrigenous material; approximately 809, skeletal
material; traces of glauconite and phosphate.

36-4, organic-debris zone; fossil talus from reef; skeletal 3.1
material 90 to 95 percent of unit; corals (Coenites and
Aulopora types) 90%, of the skeletal material; conularids,
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fish teeth, and small brachiopods; extremely large (some
over 4 inches long) fragments of the Coenites-type coral;
most of skeletal material is fragmented; scattered horn
corals and fenestrate bryozoan fronds; much more fossil
material than found at stratigraphic sections 34 and 35.

36-3, C, crinoidal bryozoan biomicrudite; irregular beds;
crinoidal material (259%,), bryozoans (10%,), irregular
patches of coarse sparry calcite possibly algal (59%,), im-
punctate and pseudopunctate brachiopods (3%,), helically
and planispirally or low helically coiled gastropods (1%);
gastropods filled with micritic material; 99, terrigenous
material; 459, skeletal material.

Zone of weakness; possibly thin clay layer.

36-2, B, intraclast-bearing bryozoan algal biomicrudite;
irregularly bedded; bryozoans (20%,), irregular patches of
sparry calcite possibly algal in origin (15%), crinoidal
material (109, ), encrusting algae and indistinct algal
threads (39%,), punctate and pseudopunctate brachiopods
and pelecypods (2%, each); brachiopods with spines at-
tached; 69, terrigenous material; approximately 50%,
skeletal material.

Zone of weakness; possible shale break.

36-1, A, partially recrystallized intraclast-bearing crinoidal
bryozoan biomicrudite; one bed; crinoidal material (30%),
bryozoans (199%), slightly helically coiled gastropods
(19, pelecypod shells (29%,), ostracodes (1%); skeletal
material unabraded; some irregular patches of sparry
calcite possibly representing algal structures; 20% of rock
recrystallized to coarse sparry calcite; 3% terrigenous
material; 459 skeletal material; 5%, intraclasts composed
of micritic material similar to matrix of rock.

Covered.
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0.9

0.1
0.5

0.1
0.3

Total section measured

6.9

NEl, SWY; NEl, sec. 28, T. 24 N, R. 13 E, Washington
County, 5 feet west of the reef core of stratigraphic section 20,
in the south bank of the South Fork of Double Creek. (See

colamnar section, facing page 56.)

Hogshooter Formation.

Stratified reef facies (top eroded):

37-6, E, crinoidal bryozoan biosparrudite; irregular beds
3 to 5 inches thick; unit dips off reef core at approximately

20°W; crinoidal material (45%), bryozoans with some
fenestrate fronds preserved (20%), encrusting algae
(209,), traces of brachiopod and pelecypod fragments;

Feet

15
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algae-encrusted skeletal material parallel to the bedding;
limonite concentrated in algal encrustations; 99, terrige-
nous material; 859, skeletal material.

Fossiliferous gray clay; skeletal material in zone com-
posed of crinoid and bryozoan fragments; upper 4 inches
composed of thin irregular biomicrudite beds.

37-5, D, partially recrystallized, crinoidal bryozoan bio-
micrudite; crinoidal material (25%), bryozoans (15%),
encrusting algae (10%,), recrystallized pelecypod shells
with spines attached (3%), pseudopunctate and impunc-
tate brachiopods with spines attached (39%), slightly
helically coiled gastropods (19%); skeletal material only
slightly fragmented and unabraded; approximately 209,
of rock recrystallized to coarse sparry calcite; limonite
concentrated in algal structures; 7% terrigenous material;
609, skeletal material.

Gray shale and marl zone.

37-4, C, partially recrystallized, bryozoan biomicrudite:;
unit extending laterally from reef core; bed continuous with
the core; bed horizontal and does not dip toward the core:
bryozoans (109 ), crinoidal material (79;), pelecypod and
brachiopod shells (5%, ostracodes (3%,), traces of slightly
helically coiled gastropods and arthropod fragments:
micritic material with dark organic patches scattered
throughout possibly representing an indistinct type of
algal structure; all skeletal material recrystallized to coarse
sparry calcite; geopetal structures in ostracodes common;
parallelism of large shell fragments with the geopetal struc-
tures; 8% terrigenous material; approximately 25%, skeletal
matferial; unit may represent an algal biolithite if the in-
distinct structures are algal.

37-3, fossiliferous dark yellowish-orange shale; crinoid
columnals and plates most abundant skeletal material;
some brachiopod fragments; colonial coral Michelinia sp.;
coralline colonies 1 to 5 inches in diameter; skeletal
material 30 to 409%.

37-2, B, partially recrystallized crinoidal bryozoan bio-
micrudite; irregularly bedded; 8 distinct beds 1 to 3 inches
thick; beds dip toward the reef core at approximately 5°,
indicating the reef was still settling downward after these
beds were deposited; crinoidal material (309,), bryozoans
(109%), brachiopod and pelecypod shells (39); most of
the skeletal material (except for a minor portion of the
crinoidal material) recrystallized to coarse sparry calcite;
possible algal structures constituting approximately 409
of the rock; possible algal structure composed of darker
areas scattered throughout a micrite matrix; limonite
concentrated in some of the possible algal structures; 79,

Feet

1.0

0.5

0.6
0.5

1.2

1.3
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Feet

terrigenous material; 43% skeletal material.
Zone of weakness; possibly gray clay. 0.1
Coffeyville Formation.
Lost City Member:

37-1, A, silty algal brachiopod biomicrudite; one bed; 1.9
sampled at top of unit; bed dips beneath the reef core at

35° to 40° NE: bed warped downward by overburden of

the reef core; encrusting algae (30%) brachiopods (im-
punctate, 15%), bryozoans (59,), slightly helically coiled
gastropods (1%), crinoidal material (3%), traces of
ostracodes and Epimastopora sp.; limonite concentrated in

algae; 15%, terrigenous material; 55% skeletal material;

29, phosphate.

Coffeyville terrigenous facies:
Brown and gray clay. 0.2
Covered.

Total section measured 8.8

39. NEY; SWY, NEl; sec. 28, T 24 N, R. 13 E., Washington
County, 50 yards east of stratigraphic section 20 directly behind
a barn. (See columnar section, facing page 56.)

Hogshooter Formation. Feet
Stratified reef facies (top eroded):

39-3, C, crinoidal algal biosparrudite; irregularly bedded 1.1
unit; composed almost entirely of skeletal material; entire
articulated crinoid cups common along bedding surfaces;
large fronds of fenestrate bryozoans common; crinoid plates,
cups, and columnals (709,), encrusting algae (109,
bryozoans (5%,), traces of solitary horn corals, pseudopunc-
tate brachiopods, and arthropod fragments; limonite con-
centrated in the encrusting algae; algae encrusting some
skeletal material parallel to bedding; algae as a cement
in some parts of rock; 9% terrigenous material; approxi-
mately 859, skeletal material.

Marl; abundant crinoidal material. 0.2

39-2, B, phosphatic crinoidal bryozoan biosparrudite; 0.3
irregular unit with undulating bedding planes; crinoidal
plates, columnals, and cups (659%,), bryozoans (109,), en-
crusting algae (5%), brachiopod and pelecypod shells
(19,), planispirally coiled gastropods, solitary horn corals
rare; limonite concentrated in sparry calcite cement and
in algae; skeletal material accumulated rapidly; no abrasion
of skeletal material; 8% terrigenous material, approxi-
mately 809, skeletal material; 2% phosphate; trace of

glauconite.
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Feet
Marl; composed almost entirely of crinoidal material. 06

Coffeyville Formation.
Lost City Member:

39-1, A, silty algal biomicrudite; one bed; encrusting algae 0.6
(20%,), pelecypods and helically coiled gastropods (29,
each), pseudopunctate brachiopods, bryozoans, and cri-
noidal material (19 each); limonite scattered through

rock, and often concentrated in algal structures; skeletal
material unabraded; micrite matrix; 16%, terrigenous ma-
terial; approximately 309, skeletal material; trace of
glauconite.

Coffeyville terrigenous facies:
Brown clay and siltstone. 1.0
Covered.

Total section measured 3.8

40. NW, SEY, NWVY, sec. 31, T. 26 N., R. 14 E., Washington
County, in west bank of small stream 15 vards north of strati-
graphic section 28 (small reef development). (See columnar
section, page 101.)

Hogshooter Formation. Feet

Upper Winterset unit (only first bed above lower Winterset
was sampled); top eroded:

Irregularly bedded brachiopod biomicrudites; beds 2 to 7 12.0
inches thick; not sampled; slumped and partially covered.

40-2, B, algal biomicrudite: one irregular bed; clear patches 0.3
of coarse sparry calcite resembling algal mat structure
described by Folk (1959a, p. 27) approximately 20 percent

of rock; brachiopod shells (6%), bryozoan fragments
(29,); definite parallelism of irregular sparry calcite
areas; only unit in the upper Winterset illustrating an
abundance of these clear sparry calcite developments,
possibly the result of influence from the reef develop-

ment 15 yards to the south; 59 terrigenous material; 25 to

309, skeletal material.

Brown and gray clay. 0.5
Lower Winterset unit:

40-1, A, silty phosphatic glauconitic algal crinoidal bio- 0.2
sparrudite; one thin bed; encrusting algae as cement for

much of rock; limonite concentrated in algal structures;

35% terrigenous material; 559%, skeletal material; 5%, phos-
phate; 19, glauconite.

Coffeyville Formation.
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Feet

Stark Member:
Brown and gray clay. 0.2
Black fissile shale. 0.5
Brown and gray clay. 0.2

Canville Member (covered) :

Limestone present but covered in bottom of stream.

Total section measured 13.9

42. NEY, NWY;, NEY; sec. 5, T. 256 N, R. 14 E., Washington
County, in roadcut on south side of east-west section-line road.
(See columnar section, page 101.)

Hogshecozer Formation. Feet
Upper Winterset unit (top eroded) :

Brachiopod biomicrudite, similar in lithology to 2-5; only 0.3
one irregularly bedded unit; remainder of upper Winter-
set eroded.

Gray and brown clay. 0.1
Lower Winterset unit:

42-3, B, fine-sand phosphatic glauconitic algal crinoidal 0.2
biosparrudite; one bed approximately 2 inches thick; en-
crusting algae (30%), crinoidal material (15%,), pelecypod
fragments (5%), planispirally to slightly helically coiled
gastropods (2%), bryozoans (19,), traces of conodonts,
punctate brachiopods, and arthropod fragments; skeletal
material fragmented and abraded; limonite concentrated in
algal structures; algae as cement for much of skeletal
and terrigenous material; 15% terrigenous material; 55%
skeletal material; phosphate nodules, composed of many
smaller particles of phosphate cemented with calcite, 8%,
of the rock; 2% glauconite.

Coffeyville Formation.
Stark Member:

Gray clay. 0.1

42-2, fissile black shale with thin elongated limestone 04

concretions.

Gray clay. 0.1
Canville Member:

421, A, fine-sand algal bryozoan crinoidal biomicrospar- 0.3

rudite; one bed; crinoidal material, encrusting algae, and
bryozoans (15% each), pelecypod shells (5%), punctate
brachiopod shells (29%), traces of ostracodes and arthropod
fragments; skeletal material only slightly fragmented and
abraded:; pseudomorphs of limonite after pyrite in some
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Feet
bryozoans; bryozoan material contains limonite replace-
ments probably after pyrite; cement is microspar and fine-
crvstalline sparry calcite; similar in lithology to 2-1 and
3-2; 169, terrigenous material; 55Y%, skeletal material;
slight trace of glauconite.

Coffeyville terrigenous facies:
Brown and gray clay. 0.3

Covered.

Total section measured 1.8
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