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LITHOSTRATIGRAPHY AND CARBONATE PETROLOGY OF THE
VIOLA GROUP (ORDOVICIAN), ARBUCKLE MOUNTAINS,

SOUTH- CENTRAL OKLAHOMA
INTRODUCTION

The investigations for this report on the Viola Group
(Trenton, Eden-Maysv1lle., and Richmond) were conducted in
the Arbuckle Mountains of south-central Oklahoma. The study
area covers a tract about 35 miles long and 60 miles wide,
with an area of approximately 32 townships or roughly 1,200
square miles. Figure 1 illustrates the geographical location
of this area.

Rocks of the Viola Group, formerly divided into the
Viola Limestone and the "Fernvale' Limestone, were studied in
18 surface localities where they crop out in portions of
Pontotoc, Johnston, Coal, Murray, and Carter Counties. Plate
6 illustrates the outcrop pattern of the group and the loca-
tion of the measured stratigraphic sections. Besides the
occurrence in the Arbuckle Mountains, part of this distinctive

1
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3
lithologic unit is present also in the Wichita Mountains
(Decker, 1933) and has been penetrated by numerous wells in
the Mid-Continent region. According to Wengerd (1948, p.
2185) "Viola beds have been found in the subsurface as far
north as South Dakota, southwafd in Texas, and westward in
Colorado." Rocks of the Viola Group also crop out in the
Criner Hills of southern Oklahoma and a few feet of the
"Fernvale" is exposed in northeast Oklahoma (Huffman, 1958).

Based upon the integrated data from field measure-
ments, thin-section and hand-specimen studies, a southwestern
basin province and a northeastern shelf province are estab-
lished with the line separating them trending N. 42° W. ap-
proximately 3% miles west of Section N near Mill Creek. (See
fig. 3, p. 40.) The group thickness in the basin province
ranges from 550 to 895 feet whereas the shelf province thick-
ness ranges from 339 to 422 feet.

Three distinct lithostratigraphic units, two of which
have equally distinct facies, are recognized. Unit 1L at the
base is composed of siliceous laminated mudstones which, to-
ward the northeast, pass into Unit 1C, composed of coarse-
grained skeletal calcisiltites. Unit 2 is comprised of cal-
carenitic mudstones in both the southwest and northeast prov-

inces and constitutes the middle of the sequence. Unit 3C
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is composed of coarse-grained skeletal calcarenites formerly
called "Fernvale" Limestone. In the extreme southwest, the
Unit 3CM facies, consisting of calcarenitic mudstones inter-
bedded with coarse-grained skeletal calcarenites, is present.

The contacts of Unit 1L with Unit 2 and Unit 2 with
Unit 3C seem to be gradational and transitional, and evidence
for unconformities of regional extent has been found only at
the base of the Viola Group where it is in contact with the
Corbin Ranch Formation (Bromide "dense") of the Simpson Group,
and at the top where it is in ccntact with the Sylvan Shale.
No physical evidence for unconformities has been found else-
where in the sequence.

‘This study is part of a joint project with Mr.
Leonard Alberstadt, also a candidate for the degree of Docter
of Philosophy, at the University of Oklahoma. His study is
concerned with the biostratigraphy of the Viola Group. Al-
though most of the field work was undertaken jointly, each
portion of the study represents a separate emtity in itself
and the writer takes full responsibility for the views ex-

pressed herein.
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Purpose of Investigation

The main objectives of this study were: (1) to estab-
lish a lithostratigraphic framework for the limestones of the
Viola Group in order to understand better their regional
stratigraphic relations; (2) to investigate the possibility
of a meaningful subdivision of the Viola strictly from surface
studies; (3) to reconstruct original environmental conditions
and sedimentation patterns using thin-section examination to
(a) determine origin and relative proportions of constituent
particles, and (b) classify rock types present and outline
their vertical and horizontal distribution.

An attempt also was made during field investigations
to find physical evidence for the unconformity referred to by
Edson (LgBO) within the Viola Group which might be used to
represent the time elapsed during the Eden and Maysville
stages. However, this effort produced no positive results
and a determination of actual presence or absence of such a
break can be made only after the companion biostratigraphic

study is completed.

Previous Investigations

A brief chronologic sequence of the historical develop- -

ment and background of studies concerned with the Viola-
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"Fernvale'" is presented below.

1902:

1903:

1911:

J. A. Taff first described the Viola Limestone
from an outcrop near the old village of Viola in
Johnston County. He recognized the limestone as
a continuous but slightly variable denosit ap-
proximately 700 feet thick; he included the
coarsely crystalline limestones at the top as
part of the Viola.

J. A. Taff recognized a tripartite subdivision of
the Viola based upon faunal studies made by E. O.
Ulrich with the lower and upper parts each ap-
proximately one-third of the 700-foot thickness.
Fu;thermnrea he observed irregular bands and nodu-
lar masses of chert most often found in the lower
and middle parts of the limestone. Too, he de-
scribed bituminous limestone from two localities
near Buckhorn Creek.

E. 0. Ulrich, subsequent to his identification of
fossils for Taff, pointed out that the Fernvale
Formation at few places exceeds 25 feet and is
recognized in the Arbuckle uplift at the top of
the Viela Limestone as a 2- to 3-foot bed with ex-

actly the same lithoiogic and faunal characters



1933:

1934:;

7
that mark it in southeastern Missouri.
C. E. Decker and C. A. Merritt subdivided and de-
s;ribed the underlying Simpson Group. At the top
of the Simpson Group they included about 200 feet
of limestones that Taff had assigned to the basal
part of the Viola Limestone. This restriction,
based in part on work done by Ulrich in 1927, has
been accepted in all subsequent publications on
the Viola and Simpson Groups in the Arbuckle Moun-
tains. The beds in question are in the upper part
of Decker's Bromide Formation, including at the
top the Corbin Ranch Formation (Bromide "dense")
of Harris (1957).
C. E. Decker made a paleontologic analysis of the
Viola Limestone using the graptolite fauna and
concluded that the age determination by Taff in
1903 (Trenton and Richmond) was wvalid.
Ruedemann and Decker, in a further study of the

graptolites, noted that zones of Diplograptus

nexus, Diplograptus recurrens, and Climacograptus

lorrainensis are present in the Viola Limestone
in the western, middle, and eastern parts of the

Arbuckle Mountains. These zones were correlated
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by Ruedemann and Decker witl. the lower and mid-
dle Lorraine (Eden) in western Ontario and north-
western New York.

1936: H. A. Ireland, in th: course of his insoluble
residue work, noted that the general surface sec-
tion of the Viola showed three divisions: an upper
50 to 100 feet of coarsely crystalline limestone;
a middle 400 to 600 feet of fine-~grained somewhat
cherty limestone; and 200 feet of dense litho-
graphic limestone.

1948: S. A. Wengerd measured six surface sections of
Violaw"Fernvale," but most of his work dealt with
examination of subsurface cuttings and insoluble
residue studies which form the basis for his
division of the Viola into four members. More im-
portantly, he recognized a platform~ and basin-
type framework onto and into which the Viola-"Fern-
vale" sediments were deposited.

Besides the regional unconformity between the '"Fern-
vale" and Viola recognized by Ulrich (1911), various workers
through the years (Edson, 1930; Decker, 1936; Ham, 1955;
Cooper, 1956) have recognized a post-Bromide, pre~Viola un-

conformity. Edson (1930) also recognized an‘unconformity
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between the "Fernvale" and Sylvan Shale.

Methods of Investigation

The study of aerial photographs to determine suit-
able areas for investigation represented the first phase cf
the work. Upon completion of this study, field work was.be-
gun on the selected locations and continued throughout the
project to check on specific problems which arose during the
course of the investigation. Eighteen stratigraphic sections
were measured, some by taping methods, mcst by plane table
and alidade. A few sections were double-checked using both
methods and results obtained are in close agreement. Of the
eighteen sections, twelve are complete, and a number of these
show fair to excellent exposures of contacts at the base with
the underlying Corbin Ranch Formation (Bromide ''dense') of the
Simpson Group and at the top with the overlying Sylvan Shale;
two do not have the base exposed; two have the base faulted
out; one has only the upper coarsely crystalline limestone
well exposed and was selected solely because of the excellent
fauna present. Most of these sections are well-exposed and
five of them (Sections A, D, H, 0, Q) are displayed in either
quarry or highway cuts. Of course, outcrops in a few are of

poor to fair quality in part, and in general all exposures
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are degraded somewhat during the late spring and throughout
the summer by thick vegetational cover. |
Some 170 hand specimens were collected from these

sections from which 134 thin sections were prepared. Each
hand specimen was slabbed and polished; one part was etched
in 10 percent dilute hydrochloric acid and another part was
varnished. Both surfaces then were studied with the binocu-
lar microscope. Two-inch by two-inch thin sections were pre-
pared from the remaining rock; half of each thin section was

eft uncovered, etched for five seconds, and then stained

=

with alizarine red S to aid in recognition of dolomite. All
thin sections were examined petrographically. (See Appendix
for detailed descriptions.)

Rock chips from thin sections also were available
for X-ray analysis, and approximately 28 patterns were run
to determine overall mineralogic content and to check for
dolomite in those cases where petrographic and staining evi-
dence was not diagnostic. Qualitative X-ray fluorescence was
run on one stratigraphic section. Some samples were checked
for clay content by using appropriate separation techniques
and then analyziﬁg the residues by normal X-ray means. Re-
sults . of this and other X-ray data appear elsewhere in this

report.
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Spot checks were made on a few samples for insoluble
residues, and a few acetate peels were prepared to study
textures.

- Detailed laboratory charts were prepared from the
petrographic, petrologic, and field studies. These were uti-
lized in the construction of the regional stratigraphic dia-
gram (Plate 7) and aided in the subdivision of the limestones

of the Viola Group.

Terminology

Here the writer wishes to define terms used in this
report in order to dispel any confusion or apprehension re-
sulting from such terminology.

Bedding thickness (thin, medium, etc.) was used accord-

ing to the classification scheme proposed by McKee
and Weir (1953) and modified by Ingram (1954).

Uneven bedding refers to irregular beds which pinch and

swell or are broken into a nodular appearance and
may tongue out between bedding planes in a short
distance or even coalesce with beds above or below
as the intervening bedding plane disappears (Dunbar
and Rodgers, 1957). It is used synonymously with

wavy~-bedded in this report.
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Even bedding refers to those beds which present a regu-

lar appearance, generally can be traced for long
distances, and between which there is no coalescence
of beds. It is used synonymously with planar-bedded
in this report.

Mud refers to calcite mudstone and has an upper size
limit of 10 microns.

Laminites refer to those rocks which have a more or less
distinct alternation of material, in this instance
silica and calcium carbonate, which differ from one
another in grain size and composition and impart to
the rock a well-laminated appearance. It implies no
limit as to thickness of lamina or bed and does not
necessarily imply a periodicity in the recurrence of
laminae.

Recrystallization refers to that process by which carbon-

ate material has been converted from its original
grain size by some post-depositional mechanism or
mechanisms to another, usually coarser grain size.
The criteria used for recognition of this phenomenon
are in decreasing order of clarity: (1) totally un-
supported and isolated mud or fossil fragments lo-

cated in a sparry calcite mass; (2) patchy
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distribution of coarse and fine spar throughout the
specimen; and (3) extreme irregularity of sparry cal-
cite boundaries. Bathurst (1958, 1959) discusses
these criteria in detail. Fossil debris in some
specimens shows evidence for recrystallization of the
original shell material.

Pellet-forms refers to those particles of mud which rep-

resent lumps, aggregates, or fecal pellets. However,
in many of the thin sections studied, the author feels
that these forms are the result of a recrystallization
process in which much of the mud has recrystallized

to fine spar leaving only isolated remnants of mud
with extremely diffuse boundaries and as such, resem-

bling the grumeleuse structure of Cayeux (1935).

Organic material refers to a light~ to dark-brown iso-

tropic substance present in extremely minor amounts
in approximately 60 percent of the thin sections
studied. Unfortunately, enough of this material
could not be collected to analyze by X-ray or DTA
techniques. However, W. E. Ham of the Oklahoma Geo-
logical Survey has seen material similar to this in
some of his studies and believes it to be orgaﬁic

(personal communication, 1965).
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Classification of Carbonate Rocks

In recent years much work has been done on carbonate
rocks, and a number of classifications have been proposed
(Bramkamp and Powers, 1258; Folk, 1959; Dunham, 1962). Al-
though it must be agreed that the.carbonate rocks represent
a complex gradational continuum in any classification scheme,
different workers in this field generally have been able to
classify limestones uniformly using somewhat the same par-
ameters. It matters not that the final name applied by dif-
ferent individuals is dissimilar an long as the name conveys
a clear picture of the particular rock.

The carbonate classification in this report is modi-
fied slightly from the scheme used in a course in carbonate
petrology at The University of Oklahoma. This classification
is based as fully as possible on purely descriptive parameters,
but allows for genetic interpretations where they can be in-
ferred reasonably. The classification appears in Table 1.
Notes for the working usage of this classification appear
below:

Notes:
1) 1If the rock contains more than 10 percent terrigenous
material or authigenic constituent, 'sandy," "silty," or

an appropriate modifier prefixes the rock name. (''Sandy"
and "silty'" here refer to terrigenous particles.)
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TABLE 1

Mudstone and Muddy Limestones

»507% mud matrix <50% mud matrix <50% mud matrix
grain size grain size grain size

<10 microns 10~-62 microns 62-2000 microns]

lcalcilutite muddy calcisiltite muddy calcarenite

(calcite mudstone)

dolomitized equivalents

Nonmuddy Limestones

10-62 microns 62-2000 microns 2000 microns

lcalcisiltite calcarenite calcirudite

dolomitized equivalents

Special Types

pervasively recrystallized limestone and dolomite

2) 1If the rock contains more than 10 percent replacement
dolomite, '"dolomitized" is added in parentheses after
the rock name; if the dolomite is of uncertain origin,
substitute "dolomitic" for "dolomitized."

3) Rocks with obvious structures have appropriate modifiers
such as "burrowed'" or "cross-laminated."



4)

5)

6)

7)

8)

E))

16

If the rock has undergone more than 10 percent recrystal-
lization, '"'partially recrystallized" is added in paren-
theses after the rock name; if more than 50 percent re-
crystallized, "extensively recrystallized" is used.

If the rock contains more than 10 percent fossil debris,
"skeletal" is used as a modifier.

If one faunal element is significantly dominant, it
should be used in the rock name rather than the term
"skeletal."

If the rock contains more calcite spar than mud, "sparry”
is used in the rock name. - .

Calcisiltite (calcisiltitic) and calcarenite (calcaren-
itic) refer to the size of the skeletal grains.

If two faunal elements are significantly dominant, the
first-mentioned is subordinate to the second (e.g. sparry
bryozoan-echinoderm calcarenite; the bryozoan content is

less than the echinoderm content).
Several examples to clarify usage are presented below:

Burrowed sandy skeletal calcarenitic mudstone (partially

recrystallized)

(The rock is burrowed, contains 10 percent or more both
of quartz sand and skeletal debris which is in the are-
nite size range, 50 percent or more calcite mudstone,
and has undergone 10 percent or more recrystallization.)

Sparrv echinoderm calcarenite

(The rock is spar-cemented; echinoderms are dominant and
in the arenite size range.)

Muddy spar-cemented skeletal calcisiltite

(The rock contains less than 50 percent mud, more spar,
which cements the rock, than mud, and greater than 10
percent skeletal debris which is in the silt-size range.)

Although no scheme can be entirely satisfactory be-

cause of the complete gradational series existing in carbonate
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rocks, the classification here presented is easy to use and
should be as applicable as any yet proposed. It requires no
memorization of the meaning of coined words as do other
schemes because it employs common geologic terms familiar to

all students of geology.




STRATIGRAPHY

General Statement

The limestones of the Viola Group in the Arbuckle
Mountains can be subdivided into three distinct units of
which two have equally distinct facies. Also, a southwest-
ern basin province and a northeastern shelf province are
established for these rocks ir this area (fig. 2). Further-
more, these limestones represent a distinct cycle of com-
pletely marine carbonate sedimentation.

Although arbitrary designations have been given to
the individual roék types, the differences between each are
real, and field recognition is relatively easy. The basal
unit in the basin province is well developed on the Arbuckle
and Tishomingo anticlineé and is composed of siliceous laﬁi-
nated mudstones (laminites) characterized by planar bedding,
high silica content and a fauna dominated by graptolites,
sponge spicules, and trilobites. This unit is designated
Unit 1L with the L referring to '"laminites.'" 1In the north-
eastern shelf province, the rocks of Unit 1 are coarse

18
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20
skeletal calcisiltites and fine skeletal calcarenites best
developed on the Hunton anticline and characterized by
slightly wavy bedding, minor chert in the form of nodules,
and a fauna dominated by echinoderms and in places bryozoans.
This unit is designated Unit 1C with the C referring to '"cal-
carenites."

- The middle calcarenitic mudstone is the only unit
which has been found throughout the mountains; it thins mark-
edly from the basin onto the shelf. This unit in both the
basin and shelf provinces is a skeletal calcarenitic mudstone
characterized by wavy bedding, variable skeletal content,
predominance of calcite mud over spar cement, high chert con-
tent in the form of irregular nodules, and a fauna dominated
by echinoderms, trilobites, and bracnhiopods. This unit is
designated Unit 2.

In the northeastern shelf province the rocks of Unit
3 are well-washed coarse calcarenites best developed on the
Hunton anticline. They are characterized by massive beds,
absence of chert and calcite mud, and a fauna dominated by
echinoderms, trilobites, and brachiopods which are commonly
silicified. This unit is designated Unit 3C with the C re-
ferring to calcarenites. Unit 3C encompasses those rocks

called "Fernvale' in this area. The upper unit in the basin
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province is composed of skeletal calcarenitic mudstones in-
terbedded with thin, fine to medium calcarenites. These
calcarenitic mudstones are similar to those of Unit 2 and
are virtually indistinguishable from them; the calcarenites
are not well washed in that they contain minor percentages
of calcite mud. This unit is characterized by slightly wavy
bedding, chert in the form of nodules in the calcarenitic
mudstones, and a fauna dominated by echinoderms, trilobites,
and brachiopods which are commonly silicified; the designa-
tion for these rocks is Unit 3CM with the CM referring to
"calcarenitic mudstcnes."

Not only is the southwestern basin province dis-
tinctly set apart from the northeastern shelf province on’
the basis of the different lithologies developed in upper
and lower Viola strata, but also it is distinguished from
the shelf province by substantial differences in thicknesses.
In the basin the total thickness for the group ranges from
about 600 to 895 feet; on the shelf the group thickness
ranges from 339 to 422 feet. The maximum thickness for the
basal laminites in the basin and in the Arbuckle Mountains
is 382 feet, although in most sections it is about 200 feet
thick; equivalent rocks on the shelf average about 150 feet.

In the basin the maximum thickness for Unit 2 is 473 feet
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with the average about 450 feet; this same unit on the shelf
is roughly 130 feet thick. Although the trend of thicker
units in the basin and thinner units on the shelf is true for
the basal and middle units, this relation is reversed for the
upper unit whose shelf deposits are thicker than the basin
deposits. The maximum thickness for Unit 3C on the shelf and
in the mountains is 112 feet although commonly it is between
60 and 80 feet in thickness; rocks of this unit in the basin
range from 15 to 49 feet in thickness.

In addition to the facts that the limestones of the
Viola Group are divisible into three distinct units and the
area is divisible into shelf and basin provinces, the Viola
Group is underlain at the base and overlain at the top by un-
conformities of regional extent. The base rests disconform-
ably on the massive calcilutite of the Corbin Ranch Formation
(Bromide ''dense'"), and the top is disconformably overlain by
the Sylvan Shale. Evidence for these unconformities was ob-
tained during the field investigations and is discussed in a
later section.

These limestones of the Viola Group represent a cycle
of marine carbonate sedimentation which began throughout most
of the southwestern basin province in deeper and less agitated

waters in which the laminated mudstones were deposited,
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progressed through intermediate water and energy conditions
during deposition of the calcarenitic mudstones, and ended
with deposition of coarse calcarenites in relatively shallow
and highly agitated waters. However, a different pattern
existed in the northeastern shelf province where rocks of
the basal division are coarse calcisiltites and fine cal-
carenites instead of laminites. Thus, on the shelf the Viola
sequence begins with the deposition of high-energy calcare-
nites, continues with the deposition of lower energy calcare-
nitic mudstones, and then reverts to high-energy calcarenites.
Calcarenites comprise about two-thirds of the thickness of
the Viola Group on the shelf, whereas they comprise less than
10 percent in the basin.

Based upon earlier paleontologic studies, it is be-
lieved that the Trenton, Eden-Maysville, and Richmond stages

are represented in the limestones of the Viola Group.

Upper Calcarenites and Equivalents
(Units 3C and 3CM)

The upper unit of the Viola Group 1s represented by
two distinct facies. The first is a well-washed noncherty
spar-cemented coarse calcarenite (Unit 3C) attaining a maxi-

mum thickness of 112 feet in the shelf province at Robertson
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Creek, but normally averaging 60 to 80 feet; it ranges down
to 15 to 20 feet in the basin. Petrographically, this rock
is the equivalent of Dunham's (1962) grainstone and Folk's
(1959) biosparite. Abundant echinoderms and common trilo-
bites and brachiopods dominate the fauna. Replacement dolo-
mite and burrowing features are uncommon; quartz sand, where
present in individual specimens, ranges from 3 to 7 percent.
This unit contains less than 1 percent insoluble residues ex-
cept where the fossils have been silicified in which case the
percentage of insolubles may be as high as 15 although 3 to 5
percent is more common. Chemical analysis of a channel sam-
ple taken from the Ideal Portland Cement Quarry shows 97.68
percent calcium carbonate, 0.98 percent magnesium carbonate,
and only 1.25 percent silica.

The second facies consists predominantly of cherty
calcarenitic mudstones interbedded with thin, fine to medium
muddy calcarenites (Unit 3CM) and ranges in thickness from a
maximum of 49 feet in the extreme southwestern part of the
basin province to a minimum of 26 feet on U. S. Highway 77;
echinoderms, trilobites, and silicified brachiopods dominate
the fauna. Replacement dolomite, burrowing features, and
chert are present. Insoluble residue and chemical analyses

on the calcarenitic mudstones of this unit are not available
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although these rocks are similar to other calcarenitic mud-
stones (Unit 2) found in this group. Chemical analyses of
those mudstones indicate insoluble contents on the order of
10 percent with about 87 percent calcium carbonate.

The calcarenites of Unit 3C are normally coarser
textured and more loosely packed in the shelf area of what
is now the Hunton anticline. Virtually the whole rock is
composed of skeletal debris cemented by coarse sparry cal-
cite. The average specimen contains by area estimate about
60 percent spar and 40 percent skeletal debris. Of the fos-
sils found in these rocks, echinoderm fragments are most
abundant and consist of individual columnals and crown plates.
Although it is impossible to ascertain in every case from
which type of echinoderm these were derived, the writer be-
lieves that the pelmatozoans, especially the crinoids and
cystoids, must have been the main contributors. Trilobites
are common, especially in the upper few feet of this unit at
most localities where they normally constitute from 7 to 10
percent of the specimen. Brachiopods are equally as common
as trilobites and are best observed on the outcrop where they
are commonly silicified. Large numbers of shells of well-
preserved, completely silicified specimens can be obtained

from blocks of this rock upon solution with hydrochloric acid.
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Other faunal elements are less common in this unit. These
include bryozoans, cephalopods, and ostracodes. All of these
skeletal elements are rounded and abraded attesting to the
high energy environment in which the calcarenites were formed.

Rounded to well-rounded straight extinction quartz
sand commonly is found in these calcarenites and may contrib-
ute up to 7 percent in some specimens. Locally it is concen-
trated in animal burrows and may represent an infilling.
Chert is noticeably absent in the calcarenites.

Little calcite mud is found in this unit giving fur-
ther testimony to the energy conditions which prevailed at
the time of deposition, that is, any calcite mud that may
have been present, probably was washed away. Skeletal grains
supporting each other were surrounded by open pore space
which was subsequently filled by coarse sparry calcite cement.
However, toward the basin the calcarenites of Unit 3C become
fine~ to medium-textured and contain varying quantities of
calcite mud. The skeletal debris in these basin calcarenites
probably was washed in from the carbonate bank on the shelf
on vhich the well-washed calcarenites were formed.

Dolomite and burrowed structures are observed in this
unit although neither is present in great amounts. The dolo-

mite occurs as discrete euhedral crystals replacing skeletal
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debris and, as such, is demonstrably secondary. The burrows
are present as long, slender, tube-like extensions having
the infilling material arranged in an arcuate manner. These
infilled tube-like extensions are normally of a different
color than the rock.

The calcarenites of Unit 3C range in thickness from
15 feet in the Lake Classen area to 112 feet on Robertson
Creek. On the shelf, the range is from 62 feet to 112 feet;
in the basin, from 15 to 22 feet. This again emphasizes the
difference between shelf and basin except that in this case,
the thickest sequence is on the shelf instead of the basin.
Only for this unit is this reversal true.

A study of the insoluble residues of all calcarenites,
including those from Unit 1C, shows that these rocks have ex-
tremely low percentages if silicified skeletal debris is not
present in the original sample. Every sample chosen which
contained no silicified material had less than 1 percent in-
soluble residue which consisted of finely disseminated silica
and clay.

Similarly, a chemical analysis of a channel sample
of approximately 65 feet of Unit 3C {"Fernvale') collected in
the Ideal Portland Cement Quarry near Lawrence, Oklahoma,

shows that these rocks contain extremely high percentages of
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calcium carbonate. Specifically, the analysis shows 97.68
percent CaCO3, 0.98 percent MgCO3, 1.25 percent Si0p, and
0.07 percent Al203. Roughly 1.34 percent of this sample is
insoluble material, a figure that agrees well with the in-
soluble residue analysis.

In the basin province, the rocks equivalent to the
well-washed calcarenites of the shelf are predominantly cal-
carenitic mudstones interbedded with thin, fine to medium
muddy calcarenites (Unit 3CM). These rocks are best developed
in the southwestern part of what is now the Arbuckle anticline.
The calcarenites of this unit are unlike those of the shelf
in that they contain 10 to 20 percent calcite mud, are finer
textured, and range in thickness from 5 to 12 feet. A cal-
carenite which increases in thickness from 5 to 7 to 9 feet
toward the southwest is present at the base of the unit.

Above this is from 21 to 37 feet of calcarenitic mudstones.

In the southwesternmost section, at West Spring Creek, another
3 feet of fine muddy calcarenite, not observed at other sec-
tions in this province, is present atop the calcarenitic mud-
stones. Although the calcarenites of the basin are unlike
those of the shelf in content of mud and texture, they are
similar to those on the shelf faunally. On the other hand,

the calcarenitic mudstones of Unit 3CM are composed
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predominantly of calcite mud and skeletal debris with the
former contributing on the average 40 to 50 percent and the
latter, 30 to 40 percent. The remainder of the rock is com-
posed of microspar and dolomite, together with terrigenous
and authigenic constituents. Of the fossils found in these
rocks, echinoderm fragments are dominant and are mainly colum-
nals and body plates. Brachiopods and trilobites rank next
in importance and again, many brachiopods are silicified.
Trilobite remains are mostly comminuted; other fossil types
are extremely sparse. The fauna of this unit is less abraded,
and individual grains are more angular than those observed in
the calcarenites. This suggests a lower energy environment.

Subangular quartz of silt size, with straight ex-
tinction, is found in this unit together with finely dissemi-
nated silica and irregular chert nodules. Dolomite is more
common in this rock type than in the clacarenites, and in
some specimens constitutes 10 to 15 percent of the sample.
It exists as discrete euhedral crystals and is demonstrably
of replacement origin. Whorled structures representing traces

of animal burrows are common in this type of rock.
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Middle Calcarenitic Mudstones (Unit 2)

The middle division of the Viola Group, is represented
by a distinct unit which is found throughout the Arbuckle
Mountains. In this respect it is unlike the lower and upper
units, each of which has two separate facies.

This middle unit of the Viola Group (Unit 2) normally
consists of burrowed cherty and noncherty wavy-bedded skeletal
calcarenitic mudstones in which the amount of fossil debris
is variable throughout the section. Chemically, both insolu-
ble residue studies and chemical analyses indicate this rock
type contains about 10 percent insoluble material, 87 percent
calcium carbonate, and 2 percent magnesium carbonate. Petro-
graphically this rock is the equivalent of Dunham's (1962)
wackestone and packstone and Folk's (1959) biomicrite.

At a number of localities, particularly in the east
and northeast, these calcarenitic mudstones are gradational
into fine muddy calcarenites which themselves are transitional
into the overlying coarse, well-washed calcarenites.

This unit ranges in thickness from 119 feet on the
shelf to 473 feet in the basin. On the shelf, the present-
day Hunton anticline, it ranges from 119 to 199 feet; in the
basin, the Arbuckle anticline region, it increases in thick-

ness toward the southwest and is rather uniform, ranging from
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about 380 to 473 feet and more commonly from 459 to 473 feet
in the extreme southwest. This unit shows the greatest
amount of thinning toward the northeast.

The fauna of the calcarenitic mudstones is similar
to that of Units 3C and 3CM in that echinoderms, brachiopods,
and trilobites are dominant. Bryozoans, graptolites, gastro-
pods, and sponge spicules are of minor importance. However,
the fossils are less rounded and less abraded indicating an
environment of deposition with lower energy than that associ-
ated with the calcarenites. Silicified shells are not com-
mon in this unit although some were obse;Vedi‘.Again, as in
the calcarenites, brachiopods are most easily silicified and
some bedding surfaces are covered with shells from this phylum.
As should be expected in these mudstones, calcite as spar
cement is not common. On the average, fine calcite mud con-
stitutes from 45 to 65 percent of individual specimens with
about 25 to 35 percent skeletal debris.

Fine subangular to subrounded straight extinction

[

quartz silt normally is present in amounts ranging from 2 to
4 percent. Large irregular chert nodules are characteristic
of this unit and are demonstrably secondary replacements. On

the outcrop the chert transects sedimentary features and is

itself extremely fractured; petrographically, it is seen to
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contain fossil shells. In some localities on the Arbuckle
anticline chert is noticeably absent in the lower half of
this unit although this same distinction cannot be carried
throughout the mountains. Burrowed features are the most
common sedimentary structures exhibited by rocks in this
part of the sequence. These rocks show evidence of burrow-
ing activity by organisms that lived on the sea floor.
Whorled structures, local concentrations of quartz silt and
sand, and irregular, curved and concentrically-lined "tubes"
all present ample testimony to the intense reworking 6f |
these once-soft sediments.
) Replacement dolomite is most common.to this litho-
stratigraphic unit both in number of occurrences and percent-
ages of that mineral. It is more commonly associated with
the fine calcite mud fraction and also occurs as discrete
euhedral crystals replacing fossil shells. Virtually every
specimen of the calcarenitic mudstones contains some dolomite
although it may be less than 1 percent in most specimens;
about 20 percent dolomite was the maximum observed for this
rock type.

The bedding in this unit is extremely uneven and wavy
and is nodular at some localities. A paste-like material

with shaly structure nccurs between the nodules of limestone
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where exposures are good. X-ray data and staining techniques
indicate much of this material, which may be the ''plastic
clay" of Wengerd (1948), is dolomite. In many of.the meas-
ured sections, a few beds near the top of the unit have an
intricate network of solution holes. Adjacent rocks under
apparently similar conditions of exposure do not exhibit this
honeycombed feature which was noted also by Tillotson (1924).
It is thought that this feature represents surface solution.

A study of the insoluble residues shows that the cal-
carenitic mudstones contain, on the average, about 8 percent
acid insolubles with a range between 1 and 20 percent. How-
ever, both of these extremes seeﬁ to be exceptional rather
than normal cases. The insoluble material is predominantly
fine quartz silt and finely disseminated silica.

Similarly, a composite average of six bulk samples
taken from this unit approximately one;half mile northwest of
the Dolese Brothers Rayford Quarry (Section Q) shows that
these rocks contain 10.06 percent S5i0,, 87 percent CaCO3,
1.88 percent MgCO3, and 0.57 percent Aly03. Roughly 11 per-
cent of this bulk sample is insoluble material, a figure that

agrees well with the insoluble residue analysis.
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Lower Laminites and Equivalents
(Units 1L and 1C)

The lower unit of the Viola Group is represented by
two distinct facies. The first is a planar-bedded cherty
siliceous laminated calcite mudstone (Unit 1L) attaining a
maximum thickness of 382 feet in the basin province at West
Spring Creek, but normally averaging between 135 and 229 feet
in that province. Graptolites, trilobites, sponge spicules,
and linguloid brachiopods dominate the fauna. Replacement
dolomite, burrowing features, and a shelly fauna are notice-
ably absent. Quartz silt is present, but sparse; finely dis-
seminated silica is the most characteristic insoluble mater-
ial, ranging from 2 to 4 percent in the weakly laminated mud-
stones and from 20 to 47 percent in the well laminated ones.
Although chemical analyses on rocks from this unit are not
available, the insoluble residue work suggests that virtually
the entire rock is composed of silica and calcium carbonate.
Using an average insoluble residue content for the well lami-
nated mudstones gives 33 percent silica and 67 percent cal-
cium carbonate. On the other hand, an insoluble content of
4 percent silica in the weakly laminated mudstones gives 96
percent calcium carbonate assuming no appreciable content of

other minerals.
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The second facies consists predominantly of coarse
skeletal calcisiltites and fine to coarse skeletal calcare-
nites (Unit 1C) similar to those of Unit 3C. This unit is
found only in the northeastern part of the shelf province
where it ranges in thickness from 162 to about 170 feet.
Echinoderms and bryozoans dominate the fauna although brach-
iopods and trilobites also are important. Chert is present
in layers and as nodular masses; replacement dolomite, quartz
silt, and burrowing features are present, but are not impor-
tant. The insoluble residues and chemical analyses have
been discussed under the upper calcarenites of Unit 3C. That
is, they contain about 98 percent calcium carbonate and less
than 1 percent insoluble material if no silicified fossil
shells are present in the original sample; presence of silici-
fied shells may increase the insoluble content to 15 percent.

The typical laminites of Unit 1L occur in the Tisho-
mingo and Arbuckle anticlines. They are rhythmically bedded
deposits with individual beds ranging from 3 to 6 inches in
* thickness. Each bed possesses numerous laminations and in
general is separated from adjacent beds by %- to %-inch layers
of limestone which possess a shaly structure and have all
the appearances of argillaceous limestone although X-ray pat-

terns do not indicate any clay. The laminations are normally
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continuous, but disrupted laminae are present. The bedding
is even and regular, and the silica content is nearly always
high as shown by etched specimens and insoluble residue
analyses. In virtually every specimen the silica is finely
disseminated throughout the rock and on an etched specimen
may be smeared with the finger. Some of this material was
collected and an X-ray pattern run for absolute identifica-
tion. The pattern resulting from this analysis indicates be-
yond doubt that the substance is a fine quartz dust.

Some of these rocks show cross-laminations whereas
others show a small scale "pinch-and-swell" structure. This
may indicate that Shifting bottom currents were effective at
certain times in creating micro-ripples and then, through
mechanical deposition, forming cross-laminated deposits in
these ripples (Harbaugh, 1959).

Layered chert is the common type found in the lami-
nites although a few irregular chert nodules are present in
some localities; quartz silt is present in minor amounts.
Graptolites and trilobites are the dominant faunal elements
of this unit with sponge spicules and linguloid brachiopods
of secondary importance. A typical specimen of this rock
type contains about 1 percent skeletal debris, 35 percent

silica, and 64 percent calcium carbonate.
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A few feet of laminites is present also in the north-
eastern shelf province representing a temporary incursion of
the environment associated with these rocks into the area
where the calcarenites of‘Unit 1C were being deposited. Two
feet of these laminites is present on Oklahoma State Highway
99 about 1 foot above the base of the Viola Group; 10 feet of
laminites is present on Mosely Creek about 40 feet above the
base of the group. These laminites are similar to those of
the basin province except for the fact that their silica con-
tent is much lower.

The calcarenites of Unit 1C are well developed in
the shelf area of what is now the Hunton anﬁicline. They are '
uneven and slightly wavy~bedded and are virtually indistin- |
guishable from the calcarenites of Unit 3C except for the
fact that they may contain up to 20 percent bryozoans. These
calcarenites are spar-cemented and contain by area estimate
about 50 to 55 percent spar and 45 to 50 percent skeletal
debris. Of the fossils found in these rocks, echinoderm
pPlates together with bryozoans are most abundant. Trilobites,
brachiopods, and ostracodes are also present. As in Unit 3C,
some silicification of shells was observed although this fea-
ture is not so pronounced as in the upper calcarenites.

Quartz sand, replacement dolomite, burrowing features,



38
and calcite mud are of minor importance in this unit.

Dolomite is present as distinct beds only in Unit 1C
and only at one locality, Mosely Creek (Section L). Approxi-
mately 100 feet of it occurs beginning about 75 feet above
the base of the Viola Group. Also, the top sample from the
upper calcarenite (Unit 3C) is completely dolomitized. The
petrographic study ého&s that practically all original textures
have been obliterated by pervasive recrystallization of the
limestone. The rock now is a porous, medium- to coarse-
textured crystalline dolomite. Nothing even resembling this
is seen in the other measured sections. Dolomite in these
other locations occurs mostly as scattered rhombohedra.

One possible reason for the occurrence of dolomite beds
at Mosely Creek and not elsewhere is the prominent joint pat-
terns evident on a large scale aerial photograph (8 inches =
1 mile). The most conspicuous set of jocints strikes between
N. 75° and 85° E.; measurements from the photograph show that
these are extremely closely spaced (approximately 100 feet
apart over the whole Viola outcrop area of about 2 square
miles). A related though not so prominent set strikes N. 20°
to 30° W. with roughly the séme spacing. A still younger joint
pattern which transects these other two strikes N. 30° to 40°

E.; spacing between these joints is much greater, on the order
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of 2,000 feet between joints.

Although the possibility exists that perhaps this is
a tectonic dolomite, it should be pointed out that this ex-
planation would leave unexplained the fact that beds above
and below this interval are themselves not replaced by a
coarse mosaic of crystalline dolomite. The writer believes
that this mass of dolomite may be due to the action of solu-

tions along the closely spaced joints.

Thickness Maps

Thickness maps for the total Viola Group and indi-
vidual units are presented in Figure 3. On the basis of
thickness differences and distinctive lithologic types, the
study area is divided into a southwestern basin province of
thick, generally deeper water deposits now found in the
Arbuckle and Tishomingo anticlines, and a northeastern shelf
province of thin, generally shallower water deposits now
found on the Hunton anticline. As a result of the different
environments of deposition, the rock sequences encountered in
these areas today are somewhat different beginning with lami-
nites in the basin and progressing upward through calcarenitic
mudstones and finally muddy calcarenites interbedded with more

calcarenitic mudstones; on the other hand, the sequence on
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the shelf begins and ends with calcarenites between which
occur calcarenitic mudstones.

The approximate line of demarcation (AB in fig. 3)
which separates the basin and shelf provinces trends N. 42°
W. and has the same geographic location on the upper three
maps of Figure 3. This is meaningful in that it clearly in-
dicates some sort of boundary or hingement separating the
thick basin and thin shelf deposits. Evidence presented on
these thickness maps suggests that this particular hingement
probably was developed subsequent to the deposition of Unit
1C in the northeastern shelf province. In each case this
line (AB) separates the thick southwestern basin province
from the thin northeastern shelf province. On the thickness
map for Unit 1, however, the line has no significance and is
not shown. But a line with the same trend is shown farther
east by the pattern which distinguishes the laminite and
calcarenite facies of that unit. Similarly, on the map for
Unit 3 the pattern distinguishing the calcarenitic mudstone
and calcarenite facies of that unit parallels line AB. These
lines have all been drawn with the same direction in order
to simplify the concepts of the thicker basin versus the
thinner shelf and the change in environments or facies. How-

ever, even though these lines may and probably do vary
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slightly from the indicated directions and are not linear,
inspection of Figure 3 shows that the possible iimits for
variation in direction do not destroy the basic concept il-
lustrated therein.

During deposition of Unit 1 no distinct demarcation
of the basin and shelf provinces was extant except perhaps
for the interfingering laminite and calcarenite facies which
show no appreciable thickness differences. Some sort of
hingement was probably present in the extreme southwest
where a sudden increase in thickness occurs between Sections
R and I. However, beginning with deposition of Unit 2 a
definite division between basin and shelf was manifested. In
the same manner this division persisted during deposition of
Unit 3 with one important difference. The areas of thick and
thin rocks are reversed for this unit with the thicker cal-
carenites in the nortﬁeast and the thinner, in the southwest.
Although this unit has certainly been affected by the pre-~
Sylvan unconformity throughout the area, the thickness dif-
ference is probably due in part to a shoaling environment in
the northeast which was amenable to the development of a
thicker sequence of well-washed calcarenites and which sup-

plied some calcarenitic material to the basin.
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Northeastern Shelf Province

As defined in this work, the shelf province for the
Viola Group is comprised of that part of the present Arbuckle
Mountains which lies to the northeast of a somewhat arbitrary
line (AB in fig. 3) trending N. 42° W. and approximately
paralleling the line between the towns of Sulphur, Mill Creek,
and Reagan.

The limestones of the Viola Group deposited in the
northeastern shelf province are thin in comparison with the
sequence deposited in the basin, representing only about 40
percent of the total section present in the basin province.
The average total thickness for the group in the shelf prov-
ince based upon surface measurements is 350 feet. Of this
thickness, approximately 50 percent is represented by the
basal unit (Unit 1C), 30 percent is represented by the middle
unit (Unit 2), and 20 percent is represented by the upper
unit (Unit 3C). No sharp distinction between shelf and basin
can be made for Unit 1 using thicknesses alone; however, the
obvious differences in lithologies between the laminites in
the basin and the calcarenites on the shelf render demarcation
between these provinces an easy task.

A typical shelf sequence in the extreme northeastern

part of the province consists of about 165 feet of the lower
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calcarenites of Unit 1C resting disconformably upon the Cor-
bin Ranch Formation (Bromide "dense') of the Simpson Group;
these calcarenites are overlain by approximately 120 feet of
the middle calcarenitic mudstones of Unit 2, which is in turn
overlain by about 65 feet of the upper coarse calcarenite:
of Unit 3C; the Sylvan Shale rests disconformably upon these
upper calcareniies. In the southwestern part of the shelf
province the lower calcarenites of Unit 1C are replaced by
about an equal thickness of laminites of Unit 1L by facies
change somewhere in the vicinity of the southeast corner of
T. 1 S., R. 7 E. This change must occur just north of the
Dolese Brothers Quarry at Bromide where the laminites are
present and south of Mosely Creek (Section L) where the cal-

carenites represent the basal unit.

Southwestern Basin Province

The basin province for the Viola Group is that part
of the Arbuckle Mountains lying southwest of a somewhat arbi-
trary line which trends N. 42° W. The limestones of the
Viola Group deposited in the southwestern basin province crop
out in the Arbuckle and Tishomingo anticlines and are approxi-
mately 2% times thicker than the equivalent sequence deposited

on the shelf. Although the maximum thickness for the group in
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the basin and in the Arbuckle Mountains is 895 feet at West
Spring Creek in the extreme southwest, 650 to 700 feet is
the normal range for the province. These measurements, like
those on the shelf, were obtained by using taping or plane
table and alidade methods.

A typical 650-foot section of the Viola Group in the
basin is composed of about 200 feet of the basal laminites of
Unit 1L resting disconformably upon the Corbin Ranch Formation
(Bromide "dense') of the Simpson Group; the laminites are
overlain ﬁy aboﬁt 430 feet of the middle calcarenitic mud-
stones of Unit 2 which in turn are overlain by about 20 feet
of the upper calcarenites of Unit 3C; the Sylvan Shale rests
disconformably upon these upper calcarenites. In the south-
western part of the basin province the calcarenites of Unit
3C change facies into a sequence of predominantly calcarenitic
mudstones interbedded with thin fine muddy calcarenites. This
sequence is Unit 3CM which increases in thickness toward the
southwest from 26 to 49 feet. The facies boundary is indefi-
nitely located northeast of U. S. Highway 77 (Section H) and

southwest of the Lake Classen area (Section S).

Regional Stratigraphic Relations

Three distinct units, two of which have equally dis-

tinct facies, have been proposed for the subdivision of the
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Viola Group. These are the lower laminites of deeper, less
agitated waters and their shallower, higher energy equiva-
lents; the middle calcarentic mudstones of intermediate energy
and water depths; and the upper, shallower water and higher
energy calcarenites and their equivalents. Similarly, a
southwestern basin province of thick deposits ndw exposed in
-the Arbuckle and Tishomingo anticlines, and a northeastern
shelf province of thin deposits now exposed in the Hunton
anticline, are established.

Furthermore, the depositional patternm for the Viola
Group begins and ends with unconformities. 1In sharp contact
with the basal beds of the group is the noncherty and, in
general, nongraptolitic massive calcilutite of the Corbin
Ranch Formation of the Simpson Group. The uppermost beds of
this formation have conspicﬁous burrows and are covered by a
corrosion zone clearly indicating a disconformable contact
with the overlying Viola Group. This burrowed calcilutite
is interpreted to represent a shallow-water deposit of ex-
tremely fine calcite mud. At the top of the Viola .Group évi-
dence, presented in the discussion of Units 3C and 3CM, also
exists for a disconformable relation at the sharp contact of
the calcarenites of Unit 3C with the overlying Sylvan Shale.

That shale is greenish gray to dark gray, is thinly laminated,
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and contains abundant graptolites at many localities. Obvi-
ously, this unit had a much different environment of deposi-
tion from that of the well-washed high-energy calcarenites
in Unit 3C. In a relative sense, it is thought that the Syl-
van Shale represents a deeper-water environment than the

calcarenites.

Units 11. and 1C

The basal division of the Viola Group is represented
by two equally distinct facies: the siliceous laminated mud-
stone or laminite facies (Unit 1L), most promineatly developed
on the Arbuckle and Tishomingo anticlines, and the coarse
skeletal calcisiltite and fine skeletal calcarenite facies
(Unit 1C) developed on the Huntpn anticline (Plates 7 and 8).
The approximate line which separates these facies can be seen
in Figure 3 on the thickness map for Unit 1.

In sections measured by the writer, the laminites
range in thickness from a minimum of 137 feet at Robertson
Creek in the southeast to a maximum of 382 feet at West Spring
Creek near the western extremity of the mountains. Dunham
(1951) measured 135 feet (Section S) in the Lake Classen area.
Except for the West Spring Creek locality, the thickness of

this unit on the Arbuckle anticline is normally about 200 feet.
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The basal laminites are disconformable upon the
Corbin Ranch Formation; the upper contact with the calcare-
nitic mudstones is not sharply defined, but rather is grada-
tional although the change from the planar bedding of the
laminites to the wavyfbedding of the mudstoneépis distinctive.

The calcisiltites and calcarenites of Unit 1C are well
and totally exposed only in Section D and L where that unit
is 162 feet and 168 feet thick respectively. Unlike the
coarse calcarenites in Unit 3C, these lower calcarenites con-
tain chert in layers and as nodules.

Like the laminites, the lower contact is disconform-
able upon the Corbin Ranch Formation; the contact with the

overlying calcarenitic mudstones is better defined than it

is between the laminites and the mudstones.

Unit 2

The calcarenitic mudstones of Unit 2 range in thick-
ness from 117 feet in the tributary to Sandy Creek at Section
M to 473 feet in Section I at Mountain Lake. In general,
they contain abundant chert nodules throughout although a
noncherty lower phase was observed in a few sections (J, Q,
and H). As seen in Plates 7 and 8, the great thickening in

the Viola Group occurs primarily in this unit. Whereas the
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ratio of maximum to minimum thickness for Unit 1 is 2.8 (382
feet /137 feet), this same ratio for Unit 2 is 4.0 (473 feet/
117 feet). This demonstrates the increased amount of thick-
ening during Unit 2 depositon. On Plate 7, the extreme thin-
ning shows well between Sections J and N. Another obvious
interpretation for the thinning in this unit is that of an
unconformity at the top of the mudstones at Section N and
continuing to the east and northeast. Two independent lines
of evidence argue against such an interpretation. First, no
physical evidence to support an unconformity was found in the
field at any of the sections studied. Second, Ruedemann and
Decker (1934) have described a number of graptolite zones,

one of which (Climacograptus lorrainensis) is of middle Lor-

raine (Eden) age and occurs 46 feet below the top of the Viola
Group on West Spring Creek, 32 feet below the top on U. S.
Highway 77, and 70 feet below the top 5 miles north of Bromide.
In these three localities the zone is 30 feet, 34 feet, and 30
feet thick respectively. Besides indicating an Eden age for
the zone, the occurrence of this graptolite zone indicates
equivalence of these calcarenitic mudstones which occur just
below the "Fernvale'" in both the basin and shelf provinces.
This suggests that the rapid thinning is not due to truncation

and, therefore, the existence of such an unconformity is
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extremely unlikely. As mentioned previously, the lower con-
tact of the calcarenitic mudstones with the laminites is
somewhat gradational. In many of the sections the upper cal-
carenitic mudstones are gradational with fine muddy calcare-
nites which themselves are transitional with the character-
istic coarse calcarenites of Unit 3C. At no locality is the
contact between mudstones and calcarenites sharply defined,

with the possible exception of West Spring Creek (Section R).

Units 3C and 3CM

The upper division of the Viola Group is represented
by two distinct facies (Plates 7 and 8): a normally nonmuddy
coarse calcarenite facies (Unit 3C) developed everywhere ex-
cept the southwestern extremity of the basin province, and a
facies consisting predominantly of calcarenitic mudstones in-
terbedded with thin fine to medium muddy calcarenites (Unit
3CM). The thickness map for Unit 3 in Figure 3 illustrates
these facies. The calcarenitic mudstones of this facies are
exactly similér'to those from Unit 2 and are virtually indis-
tinguishable from them. The only possible difference is that
Unit 3CM mudstones may contain slightly more skeletal debris.

Unit 3C calcarenites range in thickness from 15 feet

in the Lake Classen area to 112 feet on Robertson Creek. On
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the other hand, Unit 3CM thicknesses range from 26 feet on
U. S. Highway 77 to 49 feet on West Spring Creek. The same
line, AB, which separates Unit 2 into thick and thin areas
has exactly the same geographic location and separates thin
and thick calcarenites of Unit 3C (fig. 3). However, the
idea of a ratio of maximum to minimum thickness is not wvalid
in this case because of post-Unit 3C, pre-Sylvan Shale eirosion.

Convincing evidence for the disconformity between
Unit 3 and the overlying Sylvan Shale exists in several forms.
Atop this unit in Section Q is a 3-inch bed of a pyritic phos-
phate conglomerate which contains numerous small shells of an
inarticulate chitino-phosphatic linguloid brachiopod. This
bed is in contact with Unit 3C below and the abundantly grapto-
litic Sylvan Shale above. A slabbed specimen of this material
shows numerous small pebbles; the thin section (Plate 3, fig.
5) shows abundant pyrite, phosphate, vein-filled quartz, and
minor dolomite. The X-ray pattern on this material indicates
calcium phosphate (CayP709). This occurrence represents a
time break subsequent to the deposition of the calcarenites
and prior to deposition of the Sylvan. A similar oxidized-
pyrite occurrence at the top of Unit 3C is present at Section
J although linguloid brachiopods and the abundant pﬁosphate

were not observed.
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Aside from these more obvious indications of discon-
formity, other evidence exists to support this idea. In the
southeasternmost measured sections (E, F, and M, Plates 7 and
8), a marked range in thickness of Unit 3C occurs. In sec-
tion E, it is 56 feet thick; in Section F, a maximum for the
studied area of 112 feet; and in Section M, 80 feet. Section
E and M are only about 3 miles distant from Section F. The
most obvious conclusion is that post-Unit 3C erosion has re-
moved some of the upper calcarenites at least from Section M
which occurs in the same structural outcrop belt as Section F.
(See Plate 6.) If the datum in Plate 7 were the top of Unit
3C rather than the base of the Viola Group, a synclinal fea-
ture in the vicinity of Section F would show this concept of
erosion of some of the top calcarenites more clearly. Also,
although Unit 2 is thicker in Section ¥, the highest chert
observed in that section and in Section M is 55 feet and 53
feet below Unit 3C respectively, indicatiﬁg that the thicken-
ing at F had ceased before deposition of the calcarenites be-
gan. However, the possibility of renewed thickening at F
during deposition of Unit 3C must not be overlooked.

Other convincing evidence for this disconformity
exists in the southwesternmost measured sections (R, I, and

H) where Unit 3CM is developed. 1In these sections a
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progressive thickening takes place from east to west; at H
this unit is 26 feet thick with 5 feet of basal calcarenite;
at I it is 44 feet thick with 7 feet of basal calcarenite;
and at R it is 49 feet thick with 9 feet of basal calcarenite
and 3 feet of calcarenite at the top. The remaining thick-
nesses in these sections are calcarenitic mudstones. The
calcarenite at the base of this unit is apparently the same
in the three sections. However, the top calcarenite in Sec-
tion R is absent in Sections H and I by truncation.

In conclusion, the writer believes that ample evi-
dence exists for disconformities at the base~and top of the
Viola Group. However, none of the outcrops studied show any
indication of an intra-group unconformity, particularly one
between Unit 2 and Unit 3 ("Fernvale"), although the faunal
study which is a companion project with this investigation

may indicate otherwise.

Environments of Deposition

Irwin (1965) has discussed the general theory of
epeiric clear water sedimentation in contrast to oceanic,
coastal deposition. Whereas the former occurs in shallow
marine seas with great width of shelves of extremely low

slope, the latter occurs where steep bottom slopes prevail.
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Although his model of this type of deposition is dissimilar
to the Viola Group in that it culminates with the formation
of evaporites, it is sufficiently similar to what is envi-
sioned for the limestones of the Viola Group that some com-
parisons can be made.

The laminites were formed in an environment which
represents the deepest water and the lowest energy for the
entire Viola Group. No actual depth can be given although
it must have been below wave base. A number of factors lend
support to this interpretation. First, the laminations in-
dicate that these sediments were formed below wave base, and
marine currents were the only form of hydraulic energy which
acted upon them. Second, the fauna is dominated by grapto-
lites, trilobites, sponge spicules, and 1inguldid brachiopods;
the shelly fauna is noticeably absent as is any burrowing.
The probable feason for this is that the fauna is dominated
by graptolites and trilobites, or in other words, a burrowing-
type benthonic fauna was virtually absent. Third, both the
carbonate material and the skeletal debris is of extremely
fine silt- and clay-size. The laminites, therefore, fit
nicely into Irwin's Zone X, a hundreds-of-miles wide, low-
energy area occurring in thg open sea and characterized by

animal skeletal calcisiltites and pellets.
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On the other hand, the calcarenitic mudstones of
Unit 2 were formed in an environment of energy and water
depth intermediate to those of the laminites and the calcare-
nites. Wave base probably fluctuated above and below the
depositional surface. These mudstones contain varying
amounts of skeletdl debris including a shelly fauna through-
out the sequence. Locally graptolites and trilobites are
common. Too, these rocks have been extensively burrowed in
every section examined. This intermediate environment does
not fit well into Irwin's scheme which makes no provision
for any environment between low and high energy. This only
points out that any classification cannot possibly have a
"pigeon-hole" for every occurrence no matter what is being
élassified. .The writer believes, however, that the environ-
ment for these mudstones would be something between Irwin's
Zone X and Zone Y (calcarenites).

The calcarenites were formed in a well-washed high-
energy environment of.shallowest water depth for the entire
Viola Group. The shelly fauna which dominates these rocks
is abraded and rounded, attesting to the action of the waves
and currents which must have acted on them. Rarely, these
calcarenites are burrowed also. This environment agrees

well with Irwin's Zone Y, a high-energy belt, tens-of-miles
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wide, beginning where the waves first impinge on the sea
floor. Neither evaporites nor syngenetic chalky dolomite
was observed near the top of the Viola Group.

In summary, the environments of deposition for the
limestones of the Viola Group represent a progressive change
both from lower to higher energy and deeper to shallower
water. Certain ideas of the general theory of epeiric clear
water sedimentation proposed by Irwin are readily applicable
to Viola Group limestones althougﬁ the concept of a low-
energy zone containing dolomite and evaporites landward of
the calcarenites is not substantiated by any evidence in this

work.

Geologic History

Much of the information for the geologic history of
the Viola Group in the Arbuckle Mountains has been presented
elsewhere in this work, and therefore, only a summary will
be presented here. Although deposition of the individual
units of the Viola Group most certainly did not begin and end
in the basin and shelf provinces at the same time, this sec-
tion is presented with that implication merely to simplify
the writing and the concept. However, the reader should keep

in mind the fact that no intent of '"layer-caking'" is intended.
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Subsequent to the erosional period following final
deposition of the Corbin Ranch Formation, sediments of cal-
cite mudstone with an extremely high silica content were de-
posited in the relatively deeper water of the basin to the
southwest, while in the northeast coarse skeletal calcisil-
tites and fine calcarenites were being deposited in the shal-
lower water on the shelf. Greater subsidence occurred in
the basin to the far southwest where a maximum for the moun-
tains“of 382 feet for Unit 1 occurs.

Following this initial period of deposition, mud-
stones with varying amounts of skeletal debris were deposited
in both the basin and shelf provinces. This represented a
relative increase in energy and decrease in water depth for
the basin and a relative decrease in energy and increase in
water depth for the shelf. Benthonic forms thoroughly in-
gested and burrowed much of these sediments. During this
depositional period, subsidence reached its maximum develop-
ment in the basin as it received 4 times the amount of sedi-
ments that the shelf did.

This cycle was followed by a shoaling condition over
most of the area resulting in relatively shallow water and
high energy which helped produce well-washed calcarenites.

These deposits formed on the shelf where the organic and
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chemical activity was greatest; sedimentation coupled with
concurrent subsidence beneath.the continuously shallow water
(Irwin, 1965) to form thick sequences of calcarenites. Some
of this debris was washed into the basin province to be inter-
bedded with fossiliferous muddy sediments in the far southwest.
Subsequently, the sea retreated from the area and

truncation of the upper beds cccurred prior to deposition of

the Sylvan Shale.



THIN-SECTION PETROGRAPHY

Previous knowledge cf the Viola Group limestones was
based primarily on examination of cuttings, electric logs,
and insoluble residues (Wengerd, 1948).

As a result of the petrographic study and the X-ray
and chemical analyses undertaken in this work, it can be
shown that the limestones of the Viola Group are wholly marine
rocks and, except for the high silica content in most of the
laminites and some of the calcarenitic mudstones, contain as
much as 87 to 98 percent calcium carbonate. An average lami-
nite, on the other hand, may contain as low as 67 percent
calcium carbonate. Dolomite is present as discrete rhombo-
hedra in many of the specimens, but in few of these does it
exceed 10 percent by area estimate. Whereas the calcium car-
bonate content is high, the magnesium carbonate content is
about 1 percent in the calcarenites and about 2 percent in
the calcarenitic mudstones.

The petrographic investigation indicates that chert,
finely disseminated silica, quartz silt and sand, phosphate,

59



60
secondary hematite and pyrite, rare to absent glauconite,
and organic material are the only noncarbonates present. Of
these, chert and disseminated silica are clearly dominant.

Laminations and burrows represent the mair sedimen-
tary structures observed in these limestones; laminations
are confined primarily to the laminites; burrows occur pre-
dominantly in the calcarenitic mudstones although they are
present to a lesser extent in the calcarenites.

Silicification is the most important of the replace-
ment phenomena observed. This prdcess is manifested by
abundant chert occurring in layers and as irregular nodules
and by the alteration of fossil shells. Phosphatization and
dolomitization are important locally.

Recrystallization is believed to have affected all
of these limestones, but only to a minor extent. 1In no in-
stance has the original texture been obliterated by this
process even though these are Ordovician rocks of considerable
age which have undergone some folding and faulting.

Carbonate rocks are a complex group to describe,
classify, and interpret because of the profound influence
which diagenesis exerts on them. Some of the main problems
associated with these rocks are questions as to whether sparry

calcite cement represents cementation in original void spaces
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or recrystallization of original lime mud; when and how
dolomitization, silicification, and recrystallization occur;
whether pellets are mud aggregates, are of fecal origin, or
are clasts. These and many other associated problems are
evident to all who work in carbonate petrography. A good

summary of these problems is presented by Ham and Pray (1962).

Particle Size

Both skeletal and nonskeletal particles in the
studied limestones show considerable size variation, ranging
from mud- to sand-size grains.

In this work everything less than 10 microns is con-
sidered mud; material greater than 10 microns but less than
62 microns is considered silt-size; particles between 62
microns and 2000 microns are considered sand-size. "Calci-
siltitic" is used for particles of silt-size, "calcarenitic"
for particles of sand-size. Measurements on particles Werev
taken uniformly from the smallest dimension. It should be
noted here that although some particles exceed 2000 microns
in their shortest dimension and thus fall in what is the
calcirudite class, none of the thin sections or hand specimens
can properly be called calcirudites. On the other hand, if

measurements were taken uniformly from the largest dimension,
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many of the specimens called calcarenite would become cal-
cirudites. However, the writer believes usage of the largest
dimension is misleading since many of the fossil fragments
such as trilobites, brachiopods, and ostracodes possess shells
much longer than they are wide. Therefore, they act as the
hydraulic equivalent of much smaller particles. It is for
this reason mainly that the writer has not used a modifier
for the sorting in the description of these rocks. Too, one
cannot know for certain if different sizes of material actu-
ally were available for sorting or whether the sorting is due
to an overwhelming amount of a particular dominant-size mate-
rial in the original rock. For example, a rock which contains
abundant echinoderm fragments predominantly of one size may
appear well sorted, but in fact may not be sorted at all if
this were the only material available in the original deposit.

Both the mudstones and the coarsely crystalline lime-
stones contain calcarenitic skeletal debris giving rise to
the calcarenitic mudstones and the coarse calcarenites. The
most common particle size ranges between 350 and 450 microns
(0.35 to 0.45 mm). Some few examples of calcisiltitic skele-
tal debris do occur, particularly on the Hunton anticline in
the coarse skeletal calcisiltites of Unit 1C. Most of the

skeletal material in the laminites is also calcisiltitic
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although in general those rocks are not abundantly fossilif-
erous except for sponge spicules, graptolites, and trilobites.

Pellets are generally in the coarse silt- to fine
sand-size range. Pellet-forms on the other hand have diffuse
boundaries which made precise measurements impossible although
they normally are of coarse silt-size. Intraclasts are rare,
but where present are normally larger than 2000 microms.

The detrital quartz noted in the calcarenites is prac-
tically all of sand-size although in the laminites and mud-

stones quartz silt is dominant.

Constituents of the Limestones

Skeletal particles are the most important constitu-
ents in these rocks and, on the average, contribute 40 to 50
percent of the total area displayed in thin section. Chert
is important in the laminites and the calcarenitic mudstones.
Nonskeletal, terrigenous, and authigenic particles are im-
portant locally. All of these particles are either set in a
calcite mud matrix or are cemented by sparry calcite cement.
Open pore space is not common except in the few completely

dolomitized specimens from Mosely Creek.
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Skeletal Particles

Echinoderms, trilobites, and brachiopods are the
main skeletal elements in the limestones of the Viola Group.
The echinoderms are by far the most common and are predomi-
nant in the calcarenitic mudstones and the calcarenites.
Graptolites and sponge spicules dominate the fauna of the
laminites; 1océlly, bryozoans are common in the lower cal-
carenites, and gastropods, cephalopods, and corals do occur,
but are of minor importance. Extremely rare occurrences of

the dasyclad alga, Ischadites sp., were noted as were a few

small burrowed algal colonies belonging to the family
Soleﬁoporaceae.

The calcarenites are abundantly fossiliferous, but
no evidence exists for any reefs or biohermal masses in the
study area. Rather it seems that the calcarenites were
formed as part of a shallow carbonate bank.

Echinoderms. Particles from members of this faunal

element are easily recognized by their unit extinction under
crossed nicols, and are commonly surrounded by a syntaxial
overgrowth of clear calcite cement. Although the echinoderms
appear to be almost totally lacking in the laminites, they
clearly dominate the calcarenitic mudstones and the calcar-

enites. Columnals are abundant, primarily in the calcarenitic
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mudstones and more specifically near the top of that litho-
logic unit. Individual plates are also abundant.

In general, the echinoderms occurring in the mud-
stones have not been abraded extensively as evidenced by some
of the long, slender arm plates still intact. In many of the
fragments mud is present in the canals, and a thin mud coat-
ing surrounds others. These mud-filled skeletal particles
sometimes occur in a cement of sparry calcite and give testi-
mony to probable washing away of some of the mud. In other
instances the mud clearly is recrystallized.

On the other hand, the echinoderms occurring in the
calcarenites generally show more rounding, greater comminu-
tion, and virtual absence of mud in the canals. Also,
whereas the total echinoderm content of the mudstones is
normally between 2 and 20 percent, that of the calcarenites
is roughly 25 to 35 percent.

The echinoderms in these limestones do not seem to
be readily susceptible to silicification. However, in some
cases where they are silicified, the fragments are delicately
preserved, beautifully showing the structure; in other cases,
silicification has obliterated all structural detail.

Dolomite rhombohedra have been observed partially re-

placing echinoderms in some instances; completely and
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partially phosphatized fragments also were noted.

Trilobites. Trilobites in few cases form more than

10 percent of any specimen with the range normally between 0
and 4 percent. Most commonly the trilobites occur in great-
est numbers in the top part of Unit 3C. This marked increase
was noted in seven of the localities where sections were
measured and samples taken for thin-sectioning.

Recognizable genera occur only in hand specimens and

include Cryptolithoides sp., which is most common, and

Robergia sp. In thin section, trilobite fragments can be
identified as such although the degree of rounding and com-
minution precludes any generic classification. Trilobites
occur throughout the Viola Group, but are relatively more
abundant in the calcarenitic mudstones and the calcarenites
than in the laminites. They occur also in the laminites with
the graﬁtolites and sponge spicules, but are subordinate to
those faunal elements.

The trilobite particles are almost nowhere altered,
and only if the rock has undergone considerable silicification
are they affected.

Brachiopods. Brachiopods are an important constituent

in the limestones of the Viola Group, particularly in the

calcarenites; they are exceedingly rare in the laminites.
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Furthermore, in the top part of Unit 3C, the brachiopods are
silicified in virtually every stratigraphic section visited.
In thin section they constitute in few places more than 7
percent of any sample, and generally the percentage is much
less. However, this is somewhat misleading because bedding
planes literally covered with brachiopod shells occur in a
few places, notably on Oklahoma State Highway 99 in Section
D. Therefore, although the percentage may seem low, the
brachiopods perhaps represent the most important faunal ele-
ment and are the subject of the companion study to this work
on the biostratigraphy of the Viola Group.

Punctate, pseudopunctate, and impunctate forms were
observed in thin section. In hand specimen genera recognized

by the writer include Lepidocylus, Rafinesquina, Sowerbyella,

and Austinella.

In thin section the shells have been broken and dis-
articulated more often than not, although some articulated
shells were observed. On the other hand, the calcarenites
of Unit 3C, upon treatment with hydrochloric acid, have
yielded beautifully preserved, articulated silicified brachio-
pods.

Of all the skeletal particles, brachiopods are the

most susceptible to alteration by silicification. However,
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not every individual is affected in the same rock specimen,
and the replacement apparently is selective. Rarely, dolo-
mite crystals were observed replacing parts of brachiopod
shells.

Bryozoa. Bryozoa are important locally and consti-
tute as much as 15 to 20 percent of some thin sectioms.
Stratigraphically, these bryozoan-rich rocks are confined to
the lower calcarenites of Unit 1C; geographically, they occur
on the Hunton anticline, and more specifically, in strati-
graphic.sections C, D, K, and L. Other than these occur-
rences, bryozoans generally comprise less than 1 to 2 percent
of any thin section. In one instance a bryozoan was observed
attached to the convex side of a brachiopod shell (Plate 1,
fig. 9).

The filamentous Bryozoa are the most common type and
exhibit extreme parallelism to the bedding in the calcarenites.
Although these skeletal elements occur mainly in the calcar-
enites, mud is associated with and contained in their skele-
tal framework. Tﬁis mud has been recrystallized to fine cal-
cite spar at many places. Silicified bryozoans were not ob-
served in thin section, but were noted on the outcrop on the
Hunton anticline.

Ostracodes. Ostracodes normally do not constitute
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more than 1 to 2 percent of any specimen. On Oklahoma State
Highway 99 (Section D), however, the ostracodes comprise 20
percent of one specimen (Plate 2, fig. 3). One hand specimen
from Mosely Creek (Section L, sample L-6) contains roughly 5
to 10 percent ostracodes and occurs 84 feet above the base of
that section. These fossils do not seem to be confined to‘any
one rock type in the Viola Group, although they occur in minor
numbers throughout the mudstones, but only rarely in the lami-
nites. They attain their highest percentages in some of the
calcarenites.

Graptolites. Graptolites are most common in the lam-

inites and are abundant locally. They occur less frequently
in the calcarenitic mudstones and were not observed in the
calcarenites. As one of the two major faunal constituents in
the laminites, they comprise from 1 to 5 percent of some
specimens and practically cover whole bedding surfaces in
some places. In thin section, however, rarely do more than
one or two specimens occur in any one sample.

The graptolites previously have been studied in de-
tail and serve as the basis for a zonation of what was then
termed the Viola Limestone (Ruedemann and Decker, 1934;
Decker, 1936, and Decker, 1936a).

Sponge Spicules. Sponge spicules, together with the
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‘graptolites, are the most prominent skeletal elements which
occur in.the laminites. Rarely do they comprise more than
10 percent of any specimen, and the usual range is from 1 to
5 percent. Most of the spicules are composed of calcite
although some are siliceous. In thin section they appear as
small circular mosaics of crystalline calcite where they have
been‘éut transversely. In a few instances, junctures between
adjoining rays were observed.

Gastropods and Cephalopods. Gastropods are nst volu-

metrically important in the Viola Group, and the cephalopods
are even less so. The gastropods seem to be present only in
the calcarenitic mudstones, and where present locally, con-

stitute up to 1 percent of the total rock. The most common

type is a high-spired form (Plate 1, fig. 5). Cephalopods,

though few, occur primarily in the calcarenites.

Corals. Corals are virtually absent in both the hand
and thin sections. They are present and have been observed,
however, in the road cut exposed on Oklahoma State Highway 99
(Section D). The largest ones observed are 1l- to l1%-inches
long and are solitary rugosé corals.

Algae. Ischadites sp. was the only identifiable

alga observed by the writer, and it is not common; it was not

identified in thin section but on the outcrop. This alga
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occurs in a few sections, but is displayed most prominently
on Oklahoma State Highway 99 (Section D). At that locality
a few algal colonies 2-inches X 2-inches occur in the upper
part of Unit 1C. They, too, like the calcarenitic mudstones,
show excellent burrowed features. Volumetrically these algae
are unimportant.
A few coated grains were observed and perhaps the

mud coating was induced by algal activity (Plate 1, fig. 8).

Conclusive evidence for this is lacking.

Nonskeletal Particles

In the limestones of the Viola Group the most impor-
tant nonskeletal particles are pellets which are here con-
sidered to be of fecal origin if they are structureless,
distinctly ovoid or rounded, and possess a well-defined bound-
ary. What the writer has called pellet-forms, on the-other
hand, are structureless masses of mud with diffuse boundaries
which resemble pellets. They are commonly set in microspar
and may be similar to the "angular aggregates' of Powers
(1962) . Intraclasts do occur, but are rare.

Pellets. Pelleté were found most commonly in fhé
burrowed calcarenitic mudstones although they are present in

the laminated calcisiltitic mudstones of Unit 1L. They
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normally occur in the size range between 60 and 200 microns;
few are smaller or larger. They are commonly oval or almost
round in thin section, and are distinct structureless masses.
Although proof that they are of fecal origin is lacking,
their uniform size, shape, and good sorting, together with
their usual occurrence in the burrowed calcarenitic mudstones,
suggest that they are a result of reworking of unconsolidated

lime sediments by bottom-dwelling organisms.

Pellet-Forms. Like the pellets of supposed fecal
origin, the muddy masses here called pellet-forms occﬁr'pri-
marily in the calcarenitic mudstones. They have been called
pellet-forms because they resemble pellets somewhat in their
subcircular form although the pellet-form boundaries are ex-
tremely diffuse. 1In general, they are slightly.larger than
pellets. The writer believes that these pellet-forms are rem-
nants of recrystallized mud which now are set apart from
neighboring mud masses by intervening microspar. Folk (1962,
p. 65) recognized this same possibility when he mentioned,

". . some pellet-appearing objects may form by recrystalli-
zation processes, a sort of auto-agglutination of once-

." These pellet-forms are sim-

homogeneous calcareous mud.
ilar to Cayeux's (1935) grumeleuse structure of secondary

origin. Perhaps the most accurate translation of “'grumeleuse"
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would be "mud clot.”" A portion of Cayeux's text from page
271 is presented below:

Structure grumeleuse d'origine secondaire.--La
structure grumeleuse est remarquablement développée dans
1'assise de Visé, ou elle atteint sa plus grande fré-
quence, alnsi que dans 1'assise de Naméche. Lorsqu'elle
est réalisée dans la perfection, elle montre de tout
petits é1éments calcaires, 2 pate extrémement fine, se
detachant en gris sombre, de forme générale globuleuse
ou irréguliere, dont les contours ne sont jamais franche-
ment arrétés, et sans d1fferenc1at10n d'aucune sorte
(fig. 68, a). Ces matériaux, dont la microstructure est
invariablement cryptocristalline, sont plongés dans une
gangue de calcite incolore et grenue (fig. 68, b).

L ordre de grandeur de ces grumeaux est de omm 05, c'est-
3-dire qu'ils sont notablement plus petits que les
oolithes et les fausses oolithes.

This description exactly fits the material observed
in thin sections of this study. Also, the examples pictured
in Cayeux's figures 68a and 68b bear a striking resemblance
to this author's pellet-forms.

Intraclasts. Mud intraclasts having self-contained

skeletal debris are rare and have been positively identified
from a few feet of rock in the upper part of the calcarenitic
mudstone sequence of Section C. This location is approxi-
mately 1% miles northwest of Section D and % mile west of
Oklahoma State Highway 99. The intraclasts occur in a fine
skeletal calcarenite which represents an exceedingly.rare
occurrence in the mudstone portion of the section. The bed

from which the sample was taken is only about 2 inches thick,
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and the célcarenite, 1% inches chick, is bounded on top and
bottom by a skeletal calcarenitic mudstone of exactly similar
appearance to the intraclasts themselves. It is noteworthy
that this bed occurs roughly 25 feet below the base of the
coarse calcarenites of Unit 3C. The presence of the intra-
clasts in this fine thin calcarenite is interpreted to repre-
sent a disruption of a weakly consolidated mud during a
temporary incursion of a higher energy environment. The re-
maining 25 feet above this calcarenite are calcarenitic mud-
stones. The larger intraclasts average 5 mm across their
shortest dimension and 25 mm across their longest dimension
(Plate 2, fig. 5), and present a conglomeratic appearance.
As would be expected by their occurrence with a well-washed
calcarenite, their long axes are parallel to the bedding.
The smaller intraclasts also are similar to the mudstones
which bound the calcarenite and are generally less than 2 mm.
In this rock, they present no problems in recognition. How-
ever, in other rocks it is impossible to make an objective
distinction between what may be either small intraclasts or

pellets.

Calcite Mud Matrix
Calcite mudstone is the predominant material in the

laminite sequence where it constitutes the bulk of the rock.
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In the calcarenitic mudstones, it serves as the matrix in
which the skeletal and terrigenous particles are set, and,
as such, contributes on the average between 25 and 35 percent
of the total area seen in thin section. It is present in
minor amounts in some of the calcarenites and probably repre-
sents a residual fraction of the fine calcité mud which has

not been washed completely from these rocks.

Crystalline Calcite Cement

The calcarenites prominently display the clear cal-
cite cement. In some of the looser-packed calcarenites from
the Hunton anticline, and in particular those of Unit 3C from
the Ideal Portland Cement Quarry near Lawrence, this crystal-
line calcite comprises up to 50 to 60 percent of individual
thin sections. As might be expected, this pore-filling cal-
cite is much less abundant in the calcarenitic mudstones and
laminites, although Bathurst (1958) claims that originally
discrete mud grains may be welded together by rim cementation.
Although this process can and probably does occur, it was not

recognizable because of the fine sizes involved.

Terrigenous Particles
Quartz silt and sand are the predominant terrigenous

particles observed in the limestones of the Viola Group. The
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silt-size particles occur most commonly in the calcarenitic
mudstones and less commonly in the laminites. They are nor-
mally subangular to subrounded (Powers, 1953) and under
crossed nicols show straight extinction when examined witch
the petrographic microscope. A much finer quartz silt ap-
proaching the clay-size fraction is apparent in the insoluble
residue work. It is so fine that it is virtually not recog-
nizable under the petrographic microscope and only X-ray
diffraction supplies a positive answer to its identity. This
fine silt too is most often found in the mudstones.

Quartz sand, on the other hand, occurs most frequently
in the calcarenites. It is normally rounded to well-rounded
and also shows straight extinction under crossed nicols. In
some instances, quartz sand has been concentrated by the ac-
tivity of burrowing organisms and lines old burrow traces
(Plate 3, fig. 4). This same feature is seen also in the bur-
rowed mudstones, but the quartz is commonly of silt-size in
them.

Terrigenous quartz in the laminites is rather sparse
and of extremely fine silt-size. Practically nowhere does it
exceed 1 percent in those rocks. In contrast, the quartz
silt and sand content in the calcarenitic mudstones and the

calcarenites reaches 20 percent in some cases although it is
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normally less than 10 percent.

Chert

Silicification is the most important type of replace-
ment phenomenon in these rocks. Nodular chert, layered chert,
and silicified fossil shells represent the manifestation of
this process. Whereas the chert ncdules are almost wholly
confined to the calcarenitic mudstones, the layered chert is
normally associated with the planar-bedded laminites which
contain still another form of quartz, finely disseminated
silica. Although nodular and layered chert are demonstrably
secondary (Biggs, 1957; Van Tuyl, 1918) because of their con-
tained fossils and replacement structures in the limestone,
the origin of the finely disseminated silica in the laminites
is less certain. This type of silica, occurring in distinct
laminae, together with variations in grain size in the ex-
tremely fine mud, gives rocks of Unit 1L their characteristic
laminated feature and hence their name in this report. Evi-
dence on the origin of this silica is lacking although cur-
rent observations indicate that it is detrital. The laminites
contain numerous calcite spicules which originally may have
been siliceous, but desilication of these spicules could not

provide enough silica to account for the present abundance of
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quartz in its various forms throughout these rocks. However,
present-day evidence on the amount of silica supplied to the
oceans from weathering of igneous rocks alone would be ade-
quate to account for the large amount of silica deposited
with marine rocks. Of course, present-day oceans are under-
saturated with respect to silica because it is used by silica-
secreting organisms; this may not have been true to the same
extent in the Ordovician sea covering this area. The abun-
dance of chert as nodules and as layers in limestones of the
Viola Group, coupled with the data indicating that even the
noncherty limestones have high silica contents, shows that
more than enough silica was deposited with these rocks to ac-
count for all of the chert. Apparently it remained only to
be redistributed into nodules and layers subsequent to
deposition.

Most of the chert in the nodules and replacement
layers consists of minute equant grains of microcrystalline
quartz in random orientation. Chalcedonic quartz in radiat-
ing bundles of fibers more typically is associated with the
replacement of skeletal debris. Folk and Weaver (1952) dis-
cuss these varieties of quartz.

Silicified fossils occur most commonly in the upper

calcarenites of Unit 3C although examples of this feature are



79
present in some of the calcarenitic mudstomes. Perhaps much
of this is due to surface silicification. Brachiopods seem
to be most easily silicified followed by echinoderms and
trilobites where the rock has undergone a greater amount of
silicification.

It is noteworthy that the coarse calcarenites are
completely devoid of any chert nodules or layers although
silicified fossils are common. This fact suggests some un-
known relationship between the muddy rocks and replacement
silica. It seems that the finely disseminated silica is con-
fined to the muddy rocks, and because this material has been
removed from the higher energy environment in which the cal-
carenites were formed, no silica was available for redistri-

bution into chert nodules.

Authigenic Particles

Original rock textures in limestones of the Viola
Group have been altered in varying degrees by: (1) silicifi-
cation (see '"Chert"); (2) dolomitization; (3) phosphatiza-
tion; (4) recrystallization to mosaic calcite; (5) cementa-
tion by clear crystalline calcite; and (6) drusy acicular
calcite around skeletal debris. Glauconite is exceedingly

sparse and was observed at only one locality (Buckhorn Ranch,
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Section G) where it occurs in the calcarenitic mudstones par-
tially replacing fossil fragments. Secondary hematite and
(or) limonite #ré ubiquitous, but normally constitute an in-
significant portion of any specimen. Pyrite was noted at a
few localities.

Silicification was discussed under the previous head-
ing; dolomitization and phosphatization are treated under

"“"Replacement Phenomena."

Mosaic Calcite

Calcite mud is most susceptible to this type of al-
teration which is probably the result of recrystallization of
the fine material to a coarser, but still finely crystalline
calcite. Mud grains originally less than 10 microns appar-
ently are enlarged into a network of interlocking crystals on
the order of 30 to 40 microns. This feature is common to
practically all of the mudstones in the Viola Group to a
greater or lesser degree. Rarely is a mudstone unaffected by

this alteration.

Drusy Acicular Calcite

A coating of drusy acicular calcite was noted sur-

rounding skeletal debris in a few calcarenites. These calcite
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crystals are needle-like and grow normal to the coated parti-
cles (Powers, 1962). Volumetrically, this is the least im-

portant of the calcite types found in these limestones.

Sedimentary Structures

Both syngenetic and epigenetic sedimentary structures
(Krumbein and Sloss, 1963) are present in the limestones of
the Viola Group. In decreasing order of relative frequency,
these features include laminations, burrows, veins, geopetél
structures, cross-laminations, cross-bedding, stylolites,
graded-bedding, and minor folds and faults. Also a corrosion
zone (Weiss, 1954; Weiss, 1958) which is an epigenetic fea-
ture, was noted in the uppermost bed of the Corbin Ranch For-
mation at a number of localities throughout the mountains.
This is the "discontinuity surface' of Jaanusson (1961) who
has illustrafed this feature at the contact of the Corbin
Ranch Formation with the base of the Viola Group on Oklahoma

State Highway 99.

Laminations
Laminations (Plate 3, fig. 6) are the most common and
most important syngenetic sedimentary structures. They are
found in the rocks of Unit 1L and seem to be restricted to

that unit. This feature is best developed on the Arbuckle
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and Tishomingo anticlines. 1In stratigraphic sections E and
F near Bromide, Oklahoma, the rocks of Unit 1L display the
same type of siliceous banding observed at other localities,
but are only weakly laminated (Plate 4, fig. 2). However,
just southwest of Wapanucka at Section M, three miles distant
from Section F and in the same structural outcrop belt as
that section, the laminations again are well developed (Plate

4, fig. 5). Cross-laminations are rare, but do occur.

Burrows
Burrows are the most common and most important epi-
genetic sedimentary structure; they are found predominantly
in the calcarenitic mudstones although some traces of burrow-
ing were observed in the calcarenites. Organic activity in
the form of mud ingestion apparently was so intense in the
mudstones that no vestige of original bedding is seen in

rocks of that type.

Replacement Phenomena

Silicification, dolomitization, and phosphatization
are three types of replacement observed in limestones of the
Viola Group. Of these, silicification is by far the most
common; it is discussed in detail under the heading ''Chert."

Minor patchy dolomite of replacement origin is observed in
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many cases, and virtually complete dolomitization occurs
through a considerable thickness at Mosely Creek (Section L).
Phosphatized skeletal debris, though only an extremely small
percentage of any specimen, is concentrated locally as in the

basal sample from Section D on Oklahoma State Highway 99.

Dolomitization

Alteration of original texture and composition by
partial dolomitization through the addition of discrete dolo-
mite rhombohedra is fairly common although not_ extensive in
any one specimen with the exception of the Mosely Creek lo-
cality. Perfect euhedral crystals and transecting contacts
with skeletal grains are two types of evidence which lend
overwhelming support to a secondary origin for the dolomite.
As mentioned previously, the finer mud fractions are prefer-
entially dolomitized, and therefore the calcarenitic mud-
stones contain proportionately more dolomite than the cal-
carenites. The laminites, although primarily extremely fine
calcite mud, contain little or no dolomite. At Mosely Creek,
a thickness of 101 feet of nearly completely dolomitized
limestone with virtually no original texture preserved is
present in Unit 1C. The dolomite is present as a crystalline

mcsaic of medium to coarse euhedral and anhedral crystals.
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Enough remnants of original texture are discernible with
difficulty, however, so that the rock can be classified with
a fair degree of certainty.

Recent studies on dolomite (Berner, 1965; Deffeyes
and others, 1964; Gwinn and Bain, 1964; Illing and Wells,
1964; Lucia and others, 1964; Peterson and others, 1963;
Schlanger, 1963; Skinner, 1963; and Shinn and Ginsburg, 1964)
suggest that it may form penecontemporaneously with calcium
carbonate by evapora?ion of sea water and formation of gypsum
with concomitant increase in the magnesium-to-calcium ratio
and subsequent replacement of calcite sediments by these
magnesium-rich solutions. ©No evidence for an origin of this
type is suggested for the dolomite in the Viola Group. The
thick sequence of dolomite at Mosely Creek is probably due
to action of solutions. The exact mechanism for the origin
of the discrete dolomite rhombohedra in the calcarenitic mud-
stones and some calcarenites is unknown although the possi-
bility exists that the necessary magnesium may have been de-
rived from the abundant echinoderms which today are known to

contain up to 20 mole percent magnesium carbonate.

Phosphatization
Phosphatization is important locally at the base of

Section D where an X-ray pattern on the material indicates
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the carbonate apatite, francolite. According to Ames (1959),
apatite replacement of calcium carbonate occurs in a nondepo-
sitional environment with calcite sediments or limestone
available for replacement which proceeds from the surface to-
ward the center. This strengthens the idea of an unconformity
at the base of the Viola Group at Section D on Oklahoma State
Highway 99.

Echinoderms and gastropods apparently are phosphatized
easily and appear as light- to dark-brownish masses when ex-

amined petrographically.

Recrystallization

Another typé of alteration in original texture is
caused by recrystallization which involves a change in grain
size whereby larger calcite crystals grow at the expense of
smaller ones. Normally, this involves no change in composi-
tion. Also, by this process the original microstructure of
some fossil shells is lost and they are converted into a
mosaic of interlocking crystals.

In no case was original texture rendered unrecogniz-
able because of complete recrystallization. However, virtu-
ally every thin section examined showed some signs of at

least minor recrystallization.
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Criteria used in this work for the recognition of
recrystallization include patchy distribution of fine spar,
variability in spar grain size from one place to another in
the same specimen, irregularity of spar grain boundaries,
and isolated, unsupported remmnants of mud and (or) fossils
in irregular spar. These criteria are discussed in more de-
tail by Bathurst (1958).

Evidence indicates that recrystallization has been
most active in the laminites and the calcarenitic mudstones.
Many of the latter approach a muday calcarenite because the
mud and spar serving as matrix are so nearly equal in amount.
The point here is that the writer believes that much, though
not all spar contributing to the muddy calcarenite appearance,
is actually recrystallization spar which has grdwn at the ex-
pense of the original fine mud. This points out the ever-
present problem of whether the sparry calcite is cement in
original void space or the result of recrystallization of an
original calcite mud.

Many of the laminites and calcarenitic mudstones show
the effect of recrystallization by the presence of microspar
and isolated, rounded patches of mud with diffuse boundaries
called pellet-forms in this report. On the other hand, evi-

dence for any appreciable recrystallization in the well-
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washed calcarenites is lacking.
Sparry calcite, besides serving as cement, is found
also as secondary filling in voids and fractures in the orig-
inal rock and is normally distinguished from spar cement by

its cross-cutting relation with the original rock fabric.



CHEMICAL DATA

A number of different analytical methods were em-
ployed in an attempt both to identify questionable minerals
and to gather useful information for the characterization of
the different rock types present in the Viola Group. These
methods included X-ray analysis, X-ray fluorescence analysis,
insoluble residue analysis, and chemical analysis.

The X-ray analysis was performed mainly to confirm
the mineral identifications made during petrographic examina-
tion. Results of the X-ray study indicate that in additiom
to calcite, all samples from this group contain some quartz
and most contain minor dolomite. Indications of other min-
erals are lacking except for an occurrence of francclite, a
carbonate apatite, in one sample, and a calcium phosphate in
another.

The X-ray fluorescence study was undertaken initially
to determine strontium variation. Although a general correla-
tion can be made from this study between calcite mud and
strontium content, the main value of this work was that it

88
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showed the variation in elements throughout a stratigraphic
section.

A study of insoluble residues was made in an attempt
to characterize the different rock types by percsntage and
type of residue. 1In all specimens studied, the insoluble
material was finely disseminated quartz and (or) silicified
skeletal debris. The laminites of Unit 1L contain the high-
est percentages of insolubles (33‘percent average), and the
calcarenites of Units 1C and 3C the lowest (less than 1 per-
cent not including silicified skeletal debris); the calcar-
enitic mudstones of Unit 2 contain percentages of insolubles
intermediate between these (about 8 percent).

The chemical analysis is given to elaborate on the
data contained in the insoluble residue study. The analyses
show that the calcarenites devoid of silicified material com-
tain as much as 97.68 percent CaCO3 with 0.98 percent MgCO4
and only 1.25 percent Si0Oy and 0.07 percent Al,03. An average
calcarenitic mudstone may contain 87.00 percent CaCO3 and
1.88 percent MgCO3 with 10.06 percent Si0O2 and 0.57 percent
Al503. On the other hand, siliceous laminated mudstones on
the average contain 33 percent Si0O2 and only 67 percent CaCO3.
These figures are based uﬁon the insoluble residue work be-

cause a chemical analysis for this rock type was not available.
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X-ray Analysis

Approximately 28 samples were run on a Norelco X-ray
diffraction unit using Cu K alpha radiation. The X-ray study
was deemed necessary in order to check on those hand speci-
mens and thin sections in which the absolute identify of dolo-
mite was uncertain because of a nondiagnostic stain or fine
grain size. Also, such a sampling provided an overall idea
of general composition of the limestones/;rom the Viola Group.

Of the limestones with questionable dolomite picked
for analysis, none showed any indication of appreciable quan-
tities of that mineral. Roughly 25 percent of those on which
patterns were run, however, gave a weak reflection for the
strongest line of dolomite at about 30.9° 26. On the other
hand, samples with known appreciable dolomite content gave
the other characteristic reflections for that mineral.

Results of the X-ray study show that the limestones
of the Viola Group contain virtually no other minerals except
calcite, quartz, and dolomite. Quartz sand and silt appear
throughout the section in varying amounts (normally from O
to 10 percent); dolomite is patchily distributed both in in-
dividual rock specimens and throughout the section. At least

one X-ray pattern does indicate the presence of the carbonate

apatite, francolite. The sample on which this pattern was
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made was taken from the base of the group on Oklahoma State
Highway 99 (Section D). There a gray-green, slightly oxi-
dized, glauconitic, reworked(?) detrital shale (Harris, 1957)
represents a disconformable surface between the Simpson and
Viola Groups. Thin section D-1 (Plate 2, fig. 8) shows the
contact between this gray-green material and the overlying
Viola beds. The abundance of this phosphatized material plus
the physical evidence corroborates the disconformity between
the Simpson and Viola Groups recognized by earlier workers
and picked by Harris (1957) on the basis of his study of
ostracodes.

Another X-ray pattern on a sample from a 3~-inch py-
ritic bed atop Unit 3C at Section Q (Dolese Brothers Rayford
Quarry) shows calcium phosphate (C34P209)' A freshly broken
piece of this sample reveals a large number of small inarticu-
late linguloid brachiopods which have a chitino-phosphatic
shell. The writer believes that the presence of this bed,
which is so drastically different from the coarse calcarenite
below, is supporting evidence for the unconformity cited by
others (Decker, 1933) between the so-called "Fernvale" and
the overlying Sylvan Shale. A similar pyritic bed was noted
atop Unit 3C at Section J on Sycamore Creek. Other evidence

for this unconformity between Unit 3C and the Sylvan Shale is
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presented under the section headed "Stratigraphy."

X~-ray Fluorescence Analysis

Besides determining the mineral content by running
diffraction patterns on selected samples, the writer studied
the variation in the different elements present in a suite
of samples taken from one measured stratigraphic section.
Section H on U. S. Highway 77 was chosen for this investiga-
tion because lithologies of the three units described in this
work are well displayed there and the section is well known
and easily accessible. In figure 4, samples H-1, 2, and 3
are laminites from Unit 1L; H-4, 5, and 6 are calcarenitic
mudstones from Unit 2, and H-7 and H-8 are a calcarenite and
calcarenitic mudstone respectively from Unit 3CM.

Preparation of the samples for analysis consisted of
grinding a small portion of each rock to less than 80 mesh
and then admixing enough polyvinyl alcohol (binding material)
so that it constituted 10 percent by weight of the mixture.
This preparation was shaken thoroughly to insure homogeneity
and then subjected ultimately to 15 tons of pressure to make
a sample briquet. A Siemens X-ray fluorescence unit with a
chromium-target tube and lithium fluoride and gypsum analyz-

ing crystals were used in the study of each briquet. This
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was a qualitative study in which sufficient accuracy was ob-
tained by automatic scanning of the spectrum with the output
fed to a chart recorder. Elements detected in each of the
studied samples include calcium, iron, potassium, silicon,
aluminum, titanium, barium, strontium, and sulfur. Magnesium
is almost certainly present, but was not detected. It is ome
of the lighter elements and has a long wavelength; consequently
its characteristic radiation is much absorbed by both the
sample itself and the counter window. Although magnesium is
detectable with the Siemens unit used in this study, separate
tests using different panel settings, longer counting times,
and different chart speeds were not conducted.

Figure 4 shows the results of this study which, al-
though qualitative, do permit comparisons between successive
samples. This is possible because all samples were prepared
in the same way and contain an equal weight percentage of
polyvinyl alcohol. Furthermore, and perhaps more important,
each briquet was analyzed in the same sample holder with iden-
tical panel settings on the fluorescence unit. Therefore,
relative concentrations of the different elements are readily
apparent even though the exact amounts of each were not

determined.

It should be noted here at the outset, however, that
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no one-to-one correspondence or linear relationship between
any of the elements is implied or intended in any of what
follows. This is so for a number of reasons. First, the in-
tensity is related directly to the atomic number of an element
and through it indirectly to its wavelength. Second, the
peaks printed on the chart recorder represent a statistical
count and can be expected to vary slightly. Therefore, fluo-
rescent radiation from the lighter elements with longer wave-
lengths can be expected to be attenuated or absorbed more than
fluorescent radiation from the heavier elements with shorter
wavelengths.

Some interesting aspects of figure 4 deserve comment
and require interpretation. First, calcium and iron are in-
versely related, that is, iron content is low where calcium
is high and vice versa. The ionic radii of ferrous iron and
calcium in six-fold coordination are 0.74 and 0.99 angstroms
respectively. Two of the factors which determine the extent
to which atomic substitution can take place are the nature
of the structure and the closeness of ionic size of the sub-
stituting and substituted ions. Ferrous iron is amenable to
the carbonate structure; it occurs in siderite (FeCO3) and
substitutes for magnesium (ionic size in six-fold coordina-

tion, 0.66 angstroms) in the ferroan dolomite known as
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ankerite. Considering size, the ion of ferrous iron is
actually a better fit for substituted calcium in the calcite
lattice since it resembles the calcium ion more closely than
does the magnesium ion. Therefore, the inverse relationship
of calcium and iron indicated by analysis of samples from
Section H is interpreted to mean that iron is substituting
for calcium in the calcite lattice. Minor excess iron may be
present as limonite and (or) hematite in the upper sample
where the iron content increases and the calcium content re-
mains virtually constant. An interesting observation which
seems to lend support to fhe above interpretation is pre-
sented in Table 2. Peak height in millimeters for the second
order calcium Kbi reflection and the first order irom Ky re-
flection have been tabulated and their sum calculated. This
.table indicates that the sum of the peak heights is nearly
constant, varying between 110 and 139 mm with a mean of 127
mm. Only samples H-3 and H-8 differ gppreciably from the
mean value. An interpretation for the deviation of sample
H-8 was given above, that of possible excess iron in the form
of limonite and (or) hematite.

From figure 4 it is clear that in sample H-3 all of
the elements are presumably at or near their maximum values

although calcium is at its minimum. Notable peak height
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TABLE 2

(Peak Heights in Millimeters)

Sample 2% order 18t order Total of Ca
a Ky, Fe K, plus Fe
H-1 118 8 126
H-2 115 11 126
i-3 68 42 110
H-4 99 34 133
H-5 120 7 127
H-6 118 8 126
H-7 120 i2 132
H-8 121 18 139

increases over sample H-2 occur for potassium, silicon, sul-
fur, titanium, and barium. However, the peak height for al-
uminum remains virtually constant. The etched specimen of
sample H-3 shows a considerable amount of extremely fine
material which X-ray diffraction indicates is quartz. This
probably accounts for a greater portion of the increase in
silicon. The increase in potassium is not so easily ex-
plained. Although the writer prepared sedimented slides on

the less than 5 micron fraction from this sample, and no clay
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material was evident, it is thought that the potassium in-
crease is due either to finely disseminated glauconite,
orthoclase feldspar, muscovite, or illite. Conclusive evi-
denée in the form of petrographic or X-ray analysis for the
occurrence of any of these is lacking. The increase in
barium and sulfur and the relatively high strontium content
could mean minor amounts of barite and (or) celestite are
present although again no conclusive}evidence exists. The
titanium is probably present as an oxide.

One additional observation should be made on figure
4 regarding the strontium content. In both the field exami-
nation and petrographic investigation, the mud content was
observed to decrease toward the top of the section. Gener-
ally the strontium content also decreases higher up in the
section. The inference made here is that in a general way
the strontium content is higher in the muddier rocks with the
implication being that it possibly gives an indication that
at least some of the mud was deposited originally as aragon-
ite. The strontium cation, because of its ionic radius, is
amenable to the orthorhombic structure of that mineral and
not to the hexagonal structure of calcite. Other strontium-
bearing minerals were not detected in any of the samples

checked by X-ray diffraction.
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Insoluble Residue Analysis

Twenty-one samples were selected to determine weight
percentages of insoluble residues. The method consisted of
breaking and dissolving in hydrochloric acid approximately
15 grams of each specimen, care being taken not to include
any replacement chert. This precaution was taken to insure
that no bias was introduced into the final weight percentages-
Each sample was treated with acid until all carbonates were
dissolved. Additional acid was added and the samples heated
for 30 minutes to insure that the reaction was completed. All
insoluble contents were filtered using heavy weight filter
paper, dried, and then weighed. Approximately seven samples
were chosen from each lithologic unit of the Viola Group with
as wide a geographic distribution as possible. The main pur-
pose of this endeavor was an attempt to characterize the dif-
ferent units quantitatively by their percentage of HCl acid
insolubles and by the type and form of the insoluble material.
Field investigations and hand-specimen studies suggested high
insoluble contents in the laminites, lower amounts in the
mudstones, and the lowest percentage of insolubles in the
calcarenites.

Results of this study in the form of weight percent-

ages of HCl insolubles are presented in Table 3; figure 5
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TABLE 3

Weight Percent HCl Insolubles

Sample

Laminites Mudstones Calcarenites

I-1
H-3
M-1
F-1
p-2#

°L-9A%

<

(47
20
31
2
4

12

lacy-
network
silica

and minor
fine quartz
silt

J=-2
H-4
G-4&
A-2
D-16
J-4
L-11

”

mainly fine
quartz silt
with minor
lacy-network
silica

N NWWO
N\

-

L-1%

A-13
D-6%*
M-3
L-3%
D-9%
H-7
J-8

. <[clay and
fine quartz

silt

~ 00 O B~

(predominantly
silicified
fossil

debris

.

[ e
LLWLHULOOOO
N

# Denotes laminites from calcarenite facies (Unit 1C).

* Denotes calcarenites from Unit 1C; remaining calcarenites
from Unit 3C.

° Sample L-9A was collected on a subsequent visit to Mosely
Creek and is not related to the original sample L-9 from
that locality.
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shows a graphical illustration of the data.

The well-laminated rocks are highly siliceous mud-
stones in which the layering results in part from alternmating
carbonate~-rich and carbonate-poor laminae. Samples I-1, M-1,
and H-3 contain respectively 47, 31, and 20 percent by weight
acid insolubles in the form of microcrystalline silica that
within an individual lamina is uniformly distributed as a
lacy network throughout recrystallized carbonate. The micro-
crystalline silica is not land-derived quartz silt, but seems
to be a recrystallized form of an original, but unknown high
silica material. On the other hand, the weakly laminated
mudstones such as D-2 and F-1 are extremely low in acid in-
solubles; even the etched specimens do not display the typi-
cal laminations seen in the laminites from the Arbuckle anti-
cline. Sample L-9A from Unit 1C on the Hunton anticline is
well laminated, but differs from the typical laminites by
having thin interlayers of fine skeletal calcarenite and a
somewhat lower percentage of acid insolubles. The writer be-
lieves that the large variation in insolubles in the lami-
nites is directly related to the degree of lamination; that
is, the well-laminated mudstones have higher acid-insoluble
contents, and the weakly laminated mudstones, lower acid-

insoluble contents.
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In the samples tested from the calcarenitic mud-
stones, HCl insolubles range from 1 to 20 percent. The
greater percentage of this is represented by land-derived
fine quartz silt although a minor amount of lacy-network
silica is present.

The calcarenites generally contain less than 1 per-
cent acid insolubles consisting primarily of fine quartz
sand. Where the percentage is higher it is due to an in-
creased amount of silicified fossil debris. Samples L-3,
D-9, H-7, and J-8 all contain silicified material in varying
amounts, accounting for their relatively high insoluble con-
tent. On the other hand, the remaining calcarenites contain
virtually no silicified shells, and their acid insolubles are
accordingly lower.

Clay minerals were not detected in the X-ray study.
According to Grim (1953), the determination of the clay min-
erals in limestones and dolomites is particularly difficult
because it is normally necessary to dissolve away the carbon-
ate in order to concentrate the clay minerals to get adequate
analytical data; but some of the clay minerals themselves
are fairly soluble in acid. 1Illite is normally present in
most limestones and the writer believes that clay mineral is

present in the Viola Group limestones in at least minor
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quantities. It may be admixed with the fine carbonate mud.

Characterization of Rock Types
by Residues

The calcarenites are distinct from the laminites and
the calcarenitic mudstones and can be characterized generally
as relatively pure limestones with extremely minor land-
derived quartz silt and clay. In some instances secondary
silicification of skeletal debris degrades the purity some-
what, but this feature also is most characteristic of the
calcarenites.

The residue which characterizes the laminites is
lacy-network silica which is readily apparent on etched hand
specimens. It is apparently reconstituted silica which is
interstitial to the recrystallized fine spar and microspar
of the mudstone. This material is so fine that an X-ray dif-
fractogram was necessary to identify it with certainty. Al-
though the X-ray pattern confirmed the material's identity
as quartz, a petrographic study of a small amount of the in-
soluble residue immersed in o0il was necessary to determine
the form in which it exists. This study revealed that the
material is not land-derived quartz silt, but a form of micro-
crystalline silica. Furthermore, its form and distribution

as distinct laminae suggest that it is not a replacement
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phenomenon. Neither the hand specimens nor the thin sections
present any evidence of cross-cutting of the fabric of the
rock by the lacy silica. One possibility is that silica was
present initially in such amounts as to allow concentration
by the life processes of silica-secreting organisms. Kraus-
kopf (1956, 1959), Okamoto and others (1957), and Siever
(1957) all have done work regarding the properties of silica
in water and in sedimentary environments. Siever concluded
that the major source of soluble silica in the early diagen-
esis of sediments is the dissolution of remains of siliceous
organisms. Krauskopf believes that most precipitated silica
is disseminated widely through sediments. Riedel (1959)
noted that siliceous skeletal remains, principally of diatoms
and radiolarians with smaller amounts of sponge spicules and
silicoflagellates, constitute up to approximately 40 percent
of some Recent pelagic sediments. These observations are
consistent with the possibility that the highly siliceous na-
ture of the laminites is due to a reconstitution cf the remains
of siliceous organisms. However, the writer believes that the
number of siliceous organisms necessary to account for all of
the observed silica probably was prohibitive.

In contrast to the laminites, the insoluble residues

which characterize the calcarenitic mudstones are predominantly
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land-derived quartz silt and fine sand with a minor amount
of lacy-network silica. The calcarenitic mudstones are not
laminated and generally are burrowed.

The weakly laminated mudstones of Sections E and F
bear some similarities to both the typical laminites and the
calcarenitic mudstones. They are common with the latter in
that they contain more skeletal debris, have virtually no
laminations, have a much lower percentage of acid insolubles,
and contain only minor lacy silica. Like the typical lami-
nites, however, they contain common spicules and are not

burrowed.

Chemical Analysis

Chemical analyses made available to the writer

through the courtesy of the Oklahoma Geological Survey and W.
E. Ham, who collected the samples, are presented to supple-
ment the insoluble residue and fluorescent analysis work.

The analyses include a channel sample of the so-called "Fern-
vale" from the Ideal Portland Cement Company Quarry (Section
A) neaf Lawrence, Oklahoma, and a composite average from six
bulk samples of the calcarenitic mudstones. Unfortunately,

a chemical analysis from the laminites. is not available. The

samples from the mudstones were taken along the east cut of
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the Santa Fe Railroad on the south limb of the Dougherty
anticline in NE} SE% SWy sec. 21, T. 1 S., R. 2 E., Murray
County, Oklahoma. This locality is approximately one-half
mile norfhwest of Section Q in the Dolese Brothers Rayford
Quarry (formerly Rayford Stone Company). The original de-
scriptions by Ham of the rocks from this exposure were
checkéd, and they correspond closely to the mudstones exposed
in the Dolese Brothers Quarry. They are compact, uneven-
bedded limestcnes with highly irregular, wavy-bedding sur-
faces that impart to the beds a nodular appearance; chert in
the form of thin beds 1- to 2-inches thick and as isolated
nodules occurs throughout most of the exposure. The trilo-

bite, Cryptolithoides sp., and inarticulate linguloid brachio-

pods, are present throughout. Of the 332 feet of partially

measured section from which samples were collected by Ham,

the upperi262 feet contain chert nodules and chert layers;

the lower 70 feet contain no chert. Below this 70-foot in-

terval is roughly 100 feet of similar noncherty limestones.

This represents the noncherty and cherty phaées of the cal-

carenitic mudstones observed in the quarry face by the writer.
Small samples for énalysis of the limestone were col-

lected every three inches or so through the 332-foot section.

It should be noted here that chert was included in the samples
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if it occurred along the line of sampling. 1In the writer's
insoluble residue work, however, chert was not included in
the original undigested sample.

The composite average for the mudstones is presented

below.

Si0y ...l 10.06
Aly03 .......... 0.57
FepO3 .......... 0.51
Ti0y  .......... 0.03
P05 .......l.. 0.04
Ca0  .......... 48.74
MgO ...l 0.90
S03 ...l 0.07
1 0.05
L.O.I. .......... 39.28

Total .... 100.25

Recalculating the Ca0 and MgO to CaCO3 and MgCO3 respectively
gives 87.00 percent CaCO3 and 1.88 percent MgCO3. This analy-
sis corroborates the evidence which had been gathered from the
thin section and X-ray studies. That is, the MgCO5 available
for dolomite constitutes only a small percentage of the total

rock in which dolomite is most likely to occur, the mudstones.
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This most likely occurrence refers here only to replacement
dolomite and not detrital dolomite which may have been washed
into the original sediment. This indicates that roughly 11
percent of this composite average consists of insoluble resi-
dues. This percentage is only slightly higher than the normal
figure obtained for the mudstones, exclusive of chért, in the
insoluble residue study. The low percentage of Al203 pre-
cludes the possibility of any great amount of clay minerals.

Chemical analysis of the channel sample taken from
the ""Fernvale'' Limestone in the Ideal Portland Cement Quarry
indiéates that it is a relatively pure high-calcium limestone.
The limestone there is massive bedded, coarsely crystalline,
and is composed mostly of fossil fragments. It is noncherty
in contrast to the underlying limestones. The analysis for

this channel sample is presented below.

SiCy  ..e..e.... 1.25
Alp03 .......... 0.07
Fep03 . ......... 0.25
Mnp03 .......... 0.09
Py0g  ..eii.... 0.09
Cad0  .......... 54.72



e 0.10
L.O.I. .......... 43.15
Total .... 100.19

- Recalculating the Ca0 and MgO to their respective carbonate
equivalents gives 97.68 percent CaCO3 and 0.98 percent MgCO3.
This indicates that roughly 1.34 percent éf the total channel
sample represents insoluble residues. This figure agrees
well with the results obtained in the insoluble residue work
where the coarse calcarenites from the equivalent section con-
tain less than 1 percent insolubles where the silicified
skeletal debris is missing (see Table 3). Here again, the
MgCO3 content is low, being roughly one-half the content in
the mudstones and serving to accentuate the generality that
dolomite is less likely to be found in the calcarenites than
in the mudstones.

The other oxides are all present in minor amounts
both in the calcarenite and the mudstone analyses. The iron
is probably in the form of secondary hematite and (or) limon-
ite; the phHosphate, in partially phosphatized skeletal debris.

Although no analysis for the laminites is available,
the writer believes a crude approximation is afforded through

the combined work on acid insolubles, thin-section analysis,
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and X-ray data. In this rock type, virtually everything is
either silica or calcium carbonate; dolomite is extremely
sparse in the laminites. Using the average insoluble resi-
dues for the typical well-laminated rocks in the Arbuckle
anticline, the content would be:

Si0y ...vnnen.. 33.0

Ca0 .......... 37.5 (equals 67 percent CaCO3)
The weakiy laminated mudstones of Unit 1L are generally purer,
however, having insoluble contents on the order of 4 percent.

Si0p ..vvvennnn 4.0

Ca0 .......... 53.7 (equals 96 percent CaCO3)
This points out the vast difference in both silica and cal-
cium carbonate content in the well-laminated and weakly
laminated mudstones of Unit 1L. The writer believes that
this difference is directly related to the presence or ab-
sence of laminations because, as mentioned previously, this
feature occurs in these rocks only where an alternation be-
tween carbonate~rich (silica-poor) and carbonate-poor (silica-
rich) layers occur. As a result, the silica content is high
and the carbonate content low where laminations are present
with fhe reverse situation true where they are absent.

Two observations should be made here concerning these

results. First, whereas the specimens of the laminites
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contain only a minor amount of skeletal calcite, those of
the mudstones contain much larger amounts. In this respect
any comparison of either acid insolubles or chemical analyses
suffers somewhat because it would be more desirable to ana-
lyze a skeletal-free mudstone to determine just what percent-
age of only the fine mud fraction is insoluble silica. In
this way a better comparison of the mud from the laminites
and the mud from the mudstones could be made. The presence
of the skeletal debris has biased the result somewhat because,
in all probability, it has served to lower the percentage of
insoluble residues by its presence in the undigested samples
from the mudstones. Second, the chemical analysis of the
composite average of the six bulk samples from the mudstones
includes chert whereas the samples used in the insoluble res-
idue work did not. Chert should be excluded also in order to
obtain an accurate comparison of insolubles from the mud frac-
tion. However, the writer believes that the results obtained
are valuable and would not differ appreciably had a chert-
and skeletal-free mudstone been used in the analysis.

It remains now to discuss the reason for the varia-
tion in silica content of the six bulk samples from which fhe
composite average was prepared for the mudstones. The silica

content of each sample is listed in Table 4 in the same
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sequence as the rocks appear in the field, from bottom to
top. The six arbitrary divisions used in the collection,
their thicknesses, and whether or not chert was observed are
listed also. Divisions one through five are in the cherty
phase of Unit 2 whereas division six is in the noncherty
phase. The 262 feet of cherty mudstones here recorded from
the measurements of Ham in 1944 is incredibly close to the
263 feet of this phase measured by the writer in the Dolese

Brothers Quarry.

TABLE 4
e e s Thickness o e

Division in Feet % S109 Chert

Top 1 52 15.70 Yes
2 50 13.31 Yes
3 50 5.45 None observed
4 50 5.50 Yes
5 60 9.78 Yes

Bottom 6 70 10.63 No

Several observations can be made from Table 4. The
silica content in division six in which chert does not occur

is higher than that of divisions four and five in which
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chert is present. 1In fact, it is almost double that of di-
vision four. Chert was not observed in division three which
has the lowest silica content. The maximum content at the
top of the sequence varies to a minimum near the middle and
then approaches another maximum at the bottom. The salient
fact evident from this table is that the noncherty mudstones
also can have relatively high silica contents which approach
and even surpass some of those of the cherty mudstones. (See
also noncherty mudstone sample J-2, Table 3 and fig. 5.) An-
other surprising fact is that even though some mudstones
(division 4) have associated chert, their silica contents can
be relatively low. This apparent paradox is possibly ex-
plained by varying amounts of land-derived quartz silt and
sand and finely disseminated silica. Although one might ex-
pect higher silica contents in the cherty rocks, the writer
sees no reason why this must be the case, and the analyses
presented above support this observation.

With these data the writer concludes that in general
it is impossible to differentiate the .calcarenitic mudstones
of the cherty and noncherty phases on the basis of silica con-

tent by means of either chemical or insoluble residue analyses.



SUMMARY

The original purposes of this investigation have

- been satisfied in that a lithostratigraphic framework for
the limestones of the Viola Group has been established, a
meaningful subdivision using only surface studies has been
attained, and original environmental conditions and sedi-

mentational patterns have been reconstructed.

The Viola Group limestones fall naturally into three
main rock types: (1) siliceous laminated mudstones (lami-
nites); (2) skeletal calcarenitic mudstones; and (3) coarse
skeletal calcisiltites through coarse skeletal calcarenites.
One instance of a relatively thick sequence of dolomite was
found, but the writer believes that this occurrence is due
to secondary processes.

These limestones are wholly marine deposits and, in
general, represent a classic cycle in sedimentation. On the
basis of thickness and rock type, they are subdivided in the
Arbuckle Mountains into a southwestern basin province and a

northeastern shelf province. The basal unit is composed of

115
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siliceous laminated mudstones deposited in an environment of
deeper water and lower energy. The middle unit consists of
burrowed skeletal calcarenitic mudstones deposited in an en-
vironment with shallower water and slightly more energy than
the laminites. Finally, the upper unit is comprised of
coarse skeletal calcarenites deposited in the shallowest
water and highest energy environment for the whole limestone
sequence. This simple picture is slightly complicated in
the northeast where the initial deposits were coarse skeletal
calcisiltites and fine calcarenites deposited in an environ-
ment similar to that of the calcarenites. There the depth
cycle was shallower~deeper-shallower and the energy cycle
higher-lower-higher. Similarly, in the extreme southwest,
the upper unit consists predominantly of calcarenitic mud-
stones interbedded with thin fine to medium calcarenites in-
dicating that in this area the shoaling water and higher energy
condition which prevailed over most of the whole area was not
realized in the extreme there.

Based upon these observations, the Viola Group is
subdivided into three units of which the basal and uppermost
have distinct facies. These units are given arbitrary desig-
nations and are: Unit 1L (basin laminites) and Unit 1C (shelf

calcarenites equivalent to the laminites); Unit 2 (calcarenitic
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mudstones found throughout the Arbuckle Mountains); and Unit
3C (coarse calcarenites) and Unit 3CM (basin calcarenitic
mudstones interbedded with thin calcarenites equivalent to
Unit 3C).

Conclusive evidence exists for disconformities at
the base and top of the group. The uppermost beds of the
underlying Corbin Ranch Formation are burrowed, have a corro-
sion zone, and in at least ome locality are overlain by a
thin greenish-gray clay-like zone containing abundant phos-
phatized material. The top of the group in at least one lo-
cality has a pyritic phosphate conglomerate containing abun-
dant linguloid brachiopods. Also, evidence exists for trun-
cation of the uppermost beds in the southeast near Robertson
Creek and in the southwest near West Spring Creek. Evidence
for other unconformities within the Viola Group is lacking.
This is important in view of the fact that for a long time
an unconformity representing the Eden-Maysville stages has
been placed below the coarse calcarenites of Unit 3C ("Fern-
vale" Richmond) and the underlying Viola (Trenton). Iﬁ vir-
tually every stratigraphic section, however, the rocks indi-
cate a transitional sequence from the mudstones to the cal-
carenites. Too, the graptolite zonation in the Arbuckle

Mountains by Ruedemann and Decker (1934) shows a middle Eden
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horizon which apparently has not been recognized by any later
workefs. In any case, physical evidence does not suggest an
unconformity although the yet to be completed co-étudy of the
biostratigraphy may indicate otherwise.

The petrographic work shows that echinoderms far out-
rank any other fossil found in these limestones. Trilobites
and brachiopods are next in importance although bryozoans are
abundant locally in the lower calcarenites. All of the above-
mentioned skeletal elements are found more commonly in the
calcarenites although the echinoderms, trilobites, and brach-
iopods are plentiful in the calcarenitic mudstones. Grapto-
lites, sponge spicules, linguloid brachiopods, and trilobites
dominate the laminite fauna. Silicified brachiopods occur
most commonly in Units 3C aud 3CM although a few occurrences
in Unit 2 were noted. |

Insoluble residue work indicates that, in general,
the laminites contain the greatest percentages of acid insolu-
bles. Calcarenitic mudstones are next in abundance with the
calcareniteé containing the least amount where their silici-
fied fossil content is not‘high.

Chemical analyses show that the calcarenites are
practically pure high-calcium carbonates where silicified

debris is absent. On the other hand, the calcarenitic
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mudstones contain an average of about 10 percent silica.
X-ray analyses corroborate these observations. For the most

part they indicate only calcite, quartz, and extremely minor

dolomite..
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PLATES 1-5

PHOTOMICROGRAPHS OF LIMESTONES FROM THE VIOLA GROUP



PHOTOMICROGRAPHS

Photographs of all thin sections are X15 and were
taken in ordinary light. Field diameter was 4 mm. Hand-
specimen photographs are X0.6. All photographs have their
top oriented upward except where otherwise indicated. Num--
bers such as I-1 indicate the stratigraphic section and
sample number above the base. For a more complete discussion
of each thin-section photomicrograph, see the detailed de-
scriptions which follow these plates. The names given for

the hand specimens are field-laboratory descriptions.

PLATE 1

1. 1I-1, siliceous laminated mudstone: fine mud and recrys-
tallized fine spar with irregular calcite-filled vein in
center. Unit 1L.

2. E-2, spicular-pellet calcisiltitic mudstone: abundant
transversely and longitudinally cut spicules. Unit 1L.

3. D-2, burrowed slightly laminated mudstone: geopetal
structure with part of spar-filled cavity of burrow now
floored with skeletal debris all surrounded by a halo of
lighter-colored mudstone with small echinoderm fragments.
Laminite from Unit 1C. (Top is toward upper right.)

4. L-9A, laminated mudstone interstratified with fine skele-
tal-pellet~-intraclast calcarenite: small dark spots are
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pellets and (or) intraclasts in sparry cement; darker
strips at top, middle, and bottom are mudstone laminae.
Laminite from Unit 1C.

D-15, calcite mudstone: gastropod with mud in interior
recrystallized to spar; echinoderm at top edge; good ex-
ample of Dunham's wackestone. Unit 2.

D-17, skeletal calcarenitic mudstone: shows pellet-
forms, grumeleuse structure, and recrystallization of
mud in and around trilobite shell. Unit 2.

G-4, burrowed skeletal calcarenitic mudstone: mud-filled
burrow in center surrounded by calcarenitic skeletal
debris. Unit 2.

D-15, calcite mudstone: partially coated (extremely
dark band in top half) bryozoa with most of mud recrys-
tallized and all cut by calcite-filled vein. Unit 2.

C-6, skeletal calcarenitic mudstone: Bryozoa growing on
pseudopunctate brachiopod shell; small rhombohedra of re-
placement dolomite below brachiopod. TUnit 2.
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PLATE 2
L-6, phosphatized-silicified sparry skeletal calcarenite:

delicately preserved silicified echinoderm fragments.
Unit 1C.

K-1, sparry echinoderm-bryozoan calcarenite: shows
echinoderm and abundant bryozoan fragments in coarse spar.
Unit 1C.

D-11, sparry ostracode calcisiltite: abundant ostracode
shells set in sparry cement. Unit 1C.

J-8, sparry echinoderm calcarenite: echinoderm fragments
and replacement dolomite in center. Unit 3C.

C-11, sparry skeletal-intraclast calcarenite: dark in-
traclasts set in skeletal calcarenite. Unit 2. This is
a unique specimen in two respects: (1) it represents the
only obvious intraclastic rock, and (2) it is the sole
example observed of a relatively clean calcarenite exist-
ing in Unit 2.

I-9, skeletal calcarenitic mudstone: large echinoderm
fragments showing mud in canals all set in mud matrix.
Unit 3CM. Compare with Unit 2 calcarenitic mudstones.

H-7, sparry echinoderm calcarenite: shows slightly muddy
nature of basin-type calcarenite. Unit 3CM.

D-1, phosphatized sparry skeletal calcarenite: shows
irregular contact of crumbly greenish-gray material below
and phosphatized skeletal-intraclast calcarenite at dis-
conformable Corbin Ranch Formation-Viola Group contact on
Oklahoma State Highway 99. Unit 1C.

L-4, dolomite: 1large dolomite rhombohedra and some skele-
tal debris which has not been replaced; silicification
after dolomitization in white areas such as the middle and
eastern portions. Unit 1C.
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PLATE 3

A-2, pellet mudstone: irregular recrystallized spar sur-
rounding unsupported, isolated mud. Unit 2.

J-3, skeletal-pellet calcisiltitic mudstone: encroaching
replacement chert (light) in contact with calcisiltitic
mudstone (dark); unreplaced mud appears as dark circular
spots near contact in area of chert. Unit 2.

J-3, same as above, but different view: Shows complete
(dark) and partial (light) replacement by chert of
skeletal calcarenitic mudstone. Unit 2.

L-13, burrowed muddy spar-cemented skeletal calcarenite:
local concentric quartz concentration in burrow now
filled with fine mosaic calcite. Unit 3C.

Pyritic phosphate conglomerate: large carbonate-filled
fracture in center with minor dolomite; black is pyrite,
and lighter material is phosphate; veins near top are
filled with quartz; paragenetic relations suggest carbon-
ate first, followed by phosphatization, and finally
quartz infilling of veins. Three-inch layer separating
Unit 3C and overlying Sylvan Shale.

I-1: siliceous laminated mudstone: 1lighter material,
which shows a greater concentration at "a'" is fine in-
soluble silica dust; note '"pinch-and-swell" structure in

carbonate material. Unit 1L, etched specimen.
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PLATE 4

H-4, burrowed silty calcisiltic mudstone: whorled
structures due to extensive burrowing; lighter areas are
insoluble silica. Unit 2, etched specimen.

E-2, weakly laminated calcisiltitic mudstone: replace-
ment chert at "a," calcium carbonate at "b." Unit 1L,
etched specimen. :

I-9, clacarenitic mudstone: dolomite~filled burrow just
to the right of center; white material is echinoderm
debris. Unit 3CM, varnished specimen.

G-4, burrowed calcarenitic mudstone: lighter areas are
silica dust and fine silt. Unit 2, etched specimen.

M-2, sandy burrowed muddy skeletal calcarenite: cause

of mottling unknown; local concentrations of quartz sand
in burrows as in dark circular patches in top left. Unit
2 near contact with Unit 3, etched specimen.

D-17, calcarenitic mudstone: abundant brachiopods in
fine mud with quartz silt (dark areas in lower right).
Unit 2, etched specimen.
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PLATE 5

J-8, coarse calcarenite: coarse skeletal debris. Unit
3C, varnished specimen.

M-1, siliceous laminated mudstone: 'a'" is replacement
chert; "b" is replacement chert in intermediate stage of
development; "c" is laminated mudstone with insoluble

silica dust. Unit 1L, etched specimen.

C-11, calcarenitic mudstone ("a'") bounding skeletal-
intraclast ("a") calcarenite. Unit 2 just below contact
with Unit 3C, varnished specimen.






THIN SECTION DESCRIPTIONS

The following descriptions are a combination of both
petrographic and binocular examinations. The first part of
each description deals with information obtained through
study of thin sections; the remainder, with information from
the study of varnished and etched hand specimens. The fol-

lowing form was used:

Sample number, stratigraphic position above base; rock
name (underscored; see text for terminology): percentage
of each constituent, observations regarding recrystal-
lization (if any) and other pertinent petrographic fea-
tures. Color of fresh rock (color code); skeletal grain
size extremes (smallest and largest); median skeletal
grain size; gross observations of pertinent features in
hand specimen.

An example of this scheme is given below:

D-13, 159' above base; sparry skeletal calcarenite: 20%
echinoderms, 3% trilobites, 7% bryozoa, 1% brachiopods,
1% ostracodes, 607% spar, 1% mud; minor organic matter
and mollusks; about 47 of shells phosphatized; ghosts
of recrystallized fossils; thin coating of mud around
ghosts and a few other fossil fragments; faintly cross-
bedded.
Pinkish gray (5 YR 8/1) speckled dark gray (N 3); .25-
3.00 mm; .65 mm; parallelism of trilobite fragments to
bedding.
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Percentages given are visual estimates obtained by
using the charts prepared for this purpose by Terry and
Chilingar (1955) and Folk (1951). Colors and their appro-
priate code numbers were taken from the Rock Color Chart,
1948, distributed by the National Research Council, Washing-
ton, B. C. Skeletal grain-size extremes and median were
measured using a calibrated ocular micrometer disc mounted
in a binocular microscope.

The columnar sections found with the measured strat-
igraphic sections indicate the units to which these thin
sections correspond.

SECTION A: Nwk% sec. 36, T. 3 N., R. 5 E., Pontotoc County;
Ideal Portland Cement Quarry near Lawrence, Oklahoma,
just east of Oklahoma State Highway 12. (Base not
exposed)

A-15, 139' above basal exposure; sparry trilobite-echinoderm
calcarenite: 30% echinoderms, 5% brachiopods, 15%
trilobites, 1% bryozoans, 457 spar; minor mud, ostra-
codes and traces of organic matter; fossil ghosts rare;
minor recrystallization and sutured contacts between
calcite spar.

Yellowish gray (5 Y 8/1); extremely friable when
weathered; .10-3.00 mm; .22 mm.

A-14, 125' above basal exposure; sparry trilobite-echinoderm
calcarenite: 40% echinoderms, 67 trilobites, 1% mud,
1% secondary hematite, 507 spar; minor silicification
of fossils; mud possibly indicates incomplete washing
as it is present in the interstices between fossil frag-
ments and appears as a thin coating on some; minor
brachiopods, ostracodes, collophane, and quartz silt.
Light gray (N 7); .10-3.00 mm; .38 mm.
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A-13, 101' above basal exposure; sparry echinoderm calcare-

nite: 357% echinoderms, 2% trilobites, 55% spar; minor
brachiopods, bryozoans, and ostracodes.
Grayish orange (10 YR 7/4); .20-.82 mm; .35 mm.

A-12, 94' above basal exposure; sparry echinoderm calcar-

enite: 35% echinoderms, 5% trilobites, 55% spar, 1%
collophane; minor brachiopods, bryozoans, and ostra-
codes; small amount of silicification and phosphatiza-
tion with rare silica cement.

Yellowish gray (5 Y 8/1); .15-2.25 mm; .45 mm.

A-11, 88' above basal exposure; sparry echinoderm calcare-

nite: 307 echinoderms, 1% trilobites, 60% spar; minor
brachiopods, bryozoans, ostracodes, and rounded quartz
sand; loosely packed and slightly silicified with rare
fossil ghosts and some recrystallization of fossil frag-
ments.

Yellowish gray (5 Y 8/1); .15-4.50 mm; .38 mm.

A-10, 82' above basal exposure; sparry echinoderm calcare-

nite: similar to A-1ll. Contains silicified fossils;
.15-.75 mm; .30 mm.

76' above basal exposure; sparry echinoderm calcarenite:
similar to A-10 and A-11.

70' above basal exposure; sparry echinoderm calcarenite:
similar to A-9 through A-1l with about 50-60% spar and
loose packing.

Pinkish gray (5 YR 8/1); .15-1.85 mm; .70 mm.

62' above basal exposure; sparry echinoderm calcarenite:
similar to A-8 through A-11. ‘
Light gray (N 7); .10-.85 mm; .40 mm.

49' above basal exposure; sparry echinoderm calcarenite:
407 echinoderms, 3% subrounded to rounded, straight
extinction quartz sand with one grain showing chalcedonic
overgrowth extending into an echinoderm fragment; 35%
spar and minor brachiopods, trilobites, and bryozoans.
Medium bluish gray (5 B 5/1); .07-1.50 mm; .38 mm.

45' above basal exposure; sparry echinoderm calcarenite:
30% echinoderms, 5% mud, 5% dolomite, some of which
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partially replaces quartz grains, 6% rounded, straight
extinction quartz sand, 407 spar; minor brachiopods,
trilobites, bryozoans, ostracodes, secondary hematite,
and organic matter.

Yellowish gray (5 Y 8/1); .20-1.40 mm; .35 mm.

37' above basal exposure; skeletal calcarenitic mud-
stone (dolomitized): 7% echinoderms, 3% subrounded,
straight extinction quartz sand, 15% dolomite of which
some replaces echinoderm fragments and some attains
large crystal size (.14 mm); 65% mud; minor fracture-
filled spar and other skeletal debris including rare
spicules; stylolite.

Yellowish gray (5 Y 8/1); .07-.55 mm; .22 mm.

32' above basal exposure; replacement chert: original
textures preserved; rare spicules, echinoderm fragments,
and quartz sand observed in chert mass. Unaltered
skeletal mudstone in uneven contact with this chert.
Small hand specimen shows gradual and partial replace-
ment of limestone to chert.

24' above basal exposure; pellet mudstone (partially
recrystallized): 5% echinoderms, 1% trilobites, 20%
mud, 5% rounded, straight extinction quartz sand, 35%
pellets, 5% dolomite, 207 coarse spar containing iso-
lated and unsupported mud; minor spicules and recrys-
tallized fossil shells; dolomite in mud fraction with
some rhombohedra replacing coarse spar; isolated mud
patches in spar indicate recrystallization; pellets
are distinct ovoid to rounded masses.

Yellowish gray (5 Y 8/1); .10-1.05 mm; .30 mm. Plate 3,
fig. 1.

12' above basal exposure; skeletal calcarenitic pellet
mudstone: 1% echinoderms, 2% spicules, 60% pellets,
30% mud plus microspar; minor ostracodes and quartz
silt, partial recrystallization of mud to microspar with
pellet-mud-microspar relationship resembling the grume-
leuse structure of Cayeux (1935, Plate XVIII, figs. 67
and 68).

Yellowish gray (5 Y 8/1); .03-1.30 mm; .08 mm.
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SECTION B: SE% SW% sec. 5, T. 2 N., R. 6 E., Pontotoc

B-6,

B-5,

B-4,

B-1,

County; along tributary to South Fork Creek. (Base not
exposed)

64' above basal exposure; sparry trilobite-echinoderm
calcarenite: 35% echinoderms, 4% trilobites, 5% ferru-

ginous material; 507 spar; minor bryozoa, brachiopods,
ostracodes, mud, and organic matter; contact between
fine and coarse sparry calcarenite with coarser one
loosely packed.

Grayish orange (10 YR 7/4); .08-1.50 mm; .55 mm.

42' above basal exposure; sparry echinoderm calcarenite:
30% echinoderms, 2% trilobites, 5% hematite, 55% spar;
minor dolomite, ostracodes, and brachiopods; loosely
packed with numerous fossil ghosts.

Very pale orange (10 YR 8/2); .10-5.25 mm; .40 mm.

40' above basal exposure; sparry echinoderm calcarenite:
30% echinoderms, 3% trilobites, 2% bryozoa, 607% spar,
minor brachiopods and ostracodes; loosely packed.
Pinkish gray (5 YR 8/1) with trilobite fragments ex-
hibiting parallelism to bedding and to each other; .10-
1.80 mm; .38 mm.

25' above basal exposure; sparry echinoderm calcarenite:
30% echinoderms, 1% trilobites, 3% mud, 7% subrounded
to rounded straight extinction quartz sand, 507 spar;
minor bryozoans and brachiopods.

Yellowish to light olive gray (5 Y 7/1); .08-1.70 mm;
.70 mm.

24' above basal exposure; echincderm calcarenitic mud-

stone: 407 echinoderms, 57 subrounded straight extinc-

tion quartz sand, 30% mud plus microspar, 10% secondary
hematite; winor trilobites and ostracodes; contains
some spar although mud predomlnates with some recrystal-
lization to microspar.

Very pale orange (10 YR 8/2); solution holes well devel-
oped on weathered surface with interconnection between
individual holes in rock interior; .10-1.80 mm; .18 mm.

from basal exposure; skeletal calcarenitic mudstone:
7% echinoderms; 2% spicules, 5% subrounded to rounded
straight extinction quartz sand, 65% mud with a few
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pellet-form aggregates; minor trilobites, bryozoa,
ostracodes, ferruginous material, and recrystallized
shells; slightly burrowed showing a few whorled struc-
tures.

Grayish orange (10 YR 7/4) mottled pale yellowish brown
(10 YR 6/2); .10-1.05 mm; .22 mm.

SECTION C: NW% sec. 2, T. 1 N., R. 6 E., Pontotoc County;
approximately 3 miles west of Cklahoma State Highway 99
along unnamed creek. (Fault contact at base with
Simpson Group; fault contact at top with Hunton Group)

C-15, 297' above basal exposure; sparry trilobite-echinoderm
calcarenite: 20% echinoderms, 10% trilobites, 3% brach-
iopods, 60% spar; minor shell phosphatization, and mud
especially localized by shelter effect in a large curved
trilobite fragment.

Pinkish gray (5 YR 8/1) speckled dark yellowish orange
(10 YR 6/6), friable when weathered, .22-7.85 mm; .60 mm.

C-14, 237' above basal exposure; sparry trilobite-echinoderm
calcarenite: 307 echinoderms, 5% trilobites, 2% rounded,
straight extinction quartz sand, 60% spar; minor brach-
iopods, ostracodes, and bryozoans; one irregular dolo-
mite seam extends across much of the thin section and
coats two trilobite fragments possibly representing dolo-
mitization of an original mud coating.

Pinkish gray (5 YR 8/1); .15-4.12 mm; .65 mm.

C-13, 214' above basal exposure; sparry echinoderm calcare-
nite: 30% echinoderms, 607 spar, 3% well-rounded,
straight extinction quartz sand (one grain showing
chalcedonic overgrowth); minor trilobites, bryozoans,
and brachiopods.

Very pale orange (10 YR 8/2) with solutlon holes; .15~
2.25 mm; .45 gm.

C-12, 204' above basal exposure; pellet-skeletal calcarenitic
mudstone: 15% echinoderms, 2% spicules, 70% mud plus
microspar, 1% rounded, straight extinction quartz sand,
7% pellets; minor trilobites, bryozoans, hematite, and
fine dolomite; a few recrystallized fossil shells and
recrystallization of mud to microspar; similar in appear-
ance to Cayeux's grumeleuse structure.
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Pinkish gray (5 YR 8/1); .10-7.5C mm; .65 mm; solution
holes, gecpetal structure, burrows.

C-11, 189' above basal exposure; skeletal calcarenitic mud-

stone in contact with sparry skeletal-intraclast cal-
carenite: 8% echinoderms, 2% trilobites, 7% bryozoans,
17% spicules, 20% intraclasts, 557% spar; minor brachio-
pods and quartz sand; dolocasts in both mudstone and
calcarenite; intraclasts similar to mudstone below and
probably derived from it; minor silicification and re-
crystallization of shells.

Light olive gray (5 Y 6/1) and pinkish gray (5 YR 8/1);
.10-7.50 mm; .60 mm, conglomeratic, possibly burrowed.
Plate 2, fig. 5 and Plate 5, fig. 3.

C-10, 183' above basal exposure; skeletal calcarenitic mud-

stone: 157 echinoderms, 1% spicules, 60% mud, 15% dolo-

casts representing sites of former dolomite rhombohedra;
minor trilobites, bryozoans, and quartz silt.

Pinkish gray (5 YR 8/1) mottled pale yellowish orange
(10 YR 8/6); .10-.75 mm; .45 mm; solution holes, a few
small gastropods and burrows.

168' above basal exposure; skeletal calcarenitic mud-

stone (dolomitized): 3% echinoderms, 1% spicules, 40%

mud, 35% dolomite; minor quartz silt, bryozoans, trilo-
bites, brachiopods, and hematite; approximately 10%
muddy material resembling pellets, but perhaps due to
recrystallization phenomenon in which microspar-spar
completely encircles and isolates mud from surrounding
matrix. This type occurrence is seen in numerous other
slides and resembles Cayeux's grumeleuse structure.
Pinkish gray (5 YR 8/1) with iron stains (Liesegang
bands) between dusky yellow (5 Y 6/4) and moderate yel-
low (5Y 7/6); .20-1.12 mm; .45 mm; numerous small
gastropods; burrowed.

37' above basal exposure; brachiopod calcarenitic mud-

stone (dolomitized): 10% brachiopods, 1% bryozoans,

35% dolomite, 457% mud; minor echinoderms, trilobites,
spicules, hematite, and fossil silicification; dolo-
mitization extensive and probably responsible for poros-
ity evidenced in thin section.

Pinkish gray (5 YR 8/1) to light olive gray (5 Y 6/1);
.10-1.50 mm; .50 mm; numerous brachiopods on bedding
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surface; fossil shells appear chaotically arranged;
possibly burrowed.

34' above basal exposure; skeletal calcarenitic mud-
stone: 3% echinoderms, 3% spicules, 907 mud of which
5-10% may be dolomite, but the extremely fine crystal
size renders exact determination impossible; dolocasts -
are frequent; minor trilobites, ostracodes, brachiopods,
bryozoans, quartz silt, organic matter, and fossil
silicification. :
Yellowish gray (5 Y 8/1); .20-.75 mm; .45 mm; frequent
small gastropod shells; burrowed.

21' above basal exposure; skeletal calcarenitic mud-

stone (dolomitized): 10% echinoderms, 7% brachiopods,

17 trilobites, 1% bryozoans, 327 mud, 45% dolomite, 1%
dark brown organic matter; structure with brachiopod
sheltering mud.

Yellowish gray (5 Y 8/1) mottled pinkish gray (5 YR 8/1);
.20-1.20 mm; .50 mm; abundant brachiopods on bedding
surface. Plate 1, fig. 9.

14' above basal exposure; skeletal calcarenitic mud-

stone: 7% echinoderms, 5% spicules, 5% brachiopods,

25% mud plus microspar, 40% pellet-forms; minor bryo-
zoans, trilobites, ostracodes, and organic matter;
dolocasts are abundant; a few shells have been recrys-
tallized whereas others are partially silicified; this
specimen resembles the grumeleuse structure of Cayeux
and the pellet structure may actually be due to recrys-
tallization of mud.

Medium light gray (N 6) speckled grayish yellow (5 Y
8/4); .20-1.50 mm; .37 mm; burrowed.

13' above basal exposure; sparry skeletal calcarenite
(partially recrystallized): 15% echinoderms, 2% brach-
iopods, 1% trilobites, 7% bryozoa, 2% mud, 607% spar;
minor gastropods and ostracodes; ghost structures are
frequent--many shells are recrystallized and practically
all have a thin coating of mud; too, even the canals of
the echinoderm fragments are for the most part filled
with mud; approximately 5% of the shells have been
silicified to some extent.

Yellowish gray (5 Y 8/1); .30-35.0 mm; .60 mm; numerous
large fossil shells, some showing excellent geopetal
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structures such as floored interiors overlain by coarse
spar and sheltering of entrapped mud by convex shells.

8' above basal exposure; sparry skeletal calcarenite
(partially recrystallized): 20% echinoderms, 2% bryo-
zoans, 2% trilobites, 5% mud, 707 spar; totally unsup-
ported and isolated mud in center of coarse spar indi-
cates recrystallization; few recrystallized shells.
Yellowish gray (5 Y 8/1); .30-70 mm; .75 mm; large

(70 mm) helically-coiled gastropod with geopetal struc-
ture on interior surface; numerous brachiopods on
weathered surface; burrowed.

2' above basal exposure; sparry skeletal calcarenite
(partially recrystallized): similar to C-3 and C-4 but
containing 17 dark brown organic matter and 2% phos-
phatized shells, mostly echinoderm fragments; recrystal-
lized spar has irregular crystal boundaries and patchy
distribution; minor dolocasts.

Medium light gray (N 6); .12-.75 mm; .27 mm; possibly
burrowed.

from basal exposure; sparry echinoderm-bryozoan calcare-
nite: 25% echinoderms, 20% bryozoans, 2% trilobites,

1% brachiopods, 457 spar, 47 phosphatized shell material;
a few bryozoans attached to trilobite fragments; most
bryozoan fragments appear muddy and may have acted as
sediment baffles.

Yellowish gray (5 Y 7/2) speckled grayish orange (10 YR
7/4); .20-4.00 mm; .60 mm; faintly cross-bedded with
alternating directions indicating possible current and
(or) wave action.

SECTION D: NW% sec. 12 and NE%) sec. 11, T. 1 N., R. 6 E.,

Pontotoc County; basal 212' measured along Oklahoma
State Highway 99; remaining offset section measured
just east of Sheep Creek in section 11.

D-20, 362' above base; sparry trilobite-echinoderm calcare-

nite: 25% echinoderms, 6% trilobites, 1% brachiopods,
65% spar; minor bryozoans; loosely packed; stylolites.
Pinkish gray (5 YR 8/1); .20-3.00 mm; .55 mm.
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D-19, 306' above base; sparry echinoderm calcarenite: 35%
echinoderms, 607 spar, 3% rounded, straight extinction
quartz sand, minor brachiopods and trilobites; loosely
packed.

Yellowish gray (5 Y 8/1); .25-13.50 mm; .65 mm; solution
holes.

D-18, 275' above base; burrowed sandy skeletal calcarenitic
mudstone (partially recrystallized): 15% echinoderms,
10% subangular to rounded, straight extinction quartz
sand, 35% mud, 35% recrystallized fine spar, 2% pellet-
forms; minor spicules, trilobites, and bryozoa.
Yellowish gray (5 Y 8/1); .25-1.40 mm; .45 mm; exten-
sively burrowed.

D-17, 212' above base; skeletal calcarenitic mudstone (par-
tially recrystallized): 1% each of echinoderms and
trilobites, 7% brachiopods, 30% mud, 25% spar, 10%
pellets(?); minor gastropods, ostraccdes, bryozoans,
spicules, and fossil silicification; although some mud
has pellet form and some are pellets, much is believed
due to recrystallization of mud to spar to give grume-
leuse structure; a number of shells have been recrystal-
lized and others clearly have a coating of mud.
Yellowish gray (5 Y 8/1); .25-2.25 mm; .60 mm; numerous
brachiopods on bedding surfaces with convex sides up
giving mud-shelter effect and some good geopetal struc-
tures. Plate 1, figs. 6 and 8 and Plate 4, fig. 6.

D-16, 207' above base; skeletal calcarenitic mudstone: 85%
mud, 47 brachiopods, 3% spicules, 1% bryozoans, 1%
gastropods; minor echinoderms, trilobites, ostracodes,
quartz silt, and hematite; contains a few recrystallized
shells.

Pinkish gray (5 YR 8/1); .25-3.00 mm; .37 mm; similar to
D-16 in hand specimen; one pebble (approximately 32 mm
wide) of same type mudstone with included fossils found
in silty portion of specimen from which thin section
prepared.

D-15, 186' above base; calcite mudstone: 95% mud, minor
spicules, ostracodes, trilobites, brachiopods, echino-
derms, and quartz silt; skeletal debris recrystallized;
porous and without bedding--probably burrowed.

Pinkish gray (5 YR 8/i); .03-3.75 mm; .40 mm. Plate 1,
fig. 5.
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D-14, 169' above base; skeletal calcarenitic mudstone: 15%
echinoderms, 47 trilobites, 2% bryozoans, 2% brachiopods,
35% mud, 5% dolomite, 30% spar; minor ostracodes, organic
matter, fossil silicification and phosphatization; porous
near dolomitized portions; this specimen is a borderline
case between a calcarenitic mudstone and a muddy calcare-
nite.
Yellowish gray (5 Y 8/1); .20-2.25 mm; .65 mm; iron-
stained and pyritic on bottom portion; slightly burrowed.

D-13, 159' above base; sparry skeletal calcarenite: 20%
echinoderms, 3% trilobites, 7% bryozoans, 1% brachio-
pods, 1% ostracodes, 60% spar, 1% mud; minor organic
matter and mollusks; about 47 of shells phosphatized;
ghosts of recrystallized fossils; thin coating of mud
around ghosts and a few other fossil fragments; faintly
-cross~-bedded.

Pinkish gray (5 YR 8/1) speckled dark gray (N 3); .25-
3.00 mm; .65 mm.

D-12, 140' above base; sparry bryozoan calcarenite: 15%
echinoderms, 157 bryozoans, 5% trilobites, 607 spar;
minor brachiopods; about 3% phosphatization of shells;
filamentous bryozoan and trilobite fragments exhibit
extreme parallelism to bedding.

Grayish orange pink (5 YR 7/2); .30-2.50 mm; .70 mm;
thinly layered.

D-11, 122' above base; sparry ostracode calcisiltite: 2%
echinoderms, 20% ostracodes, 70% spar, 1% phosphatiza-
tion; minor brachiopods; one cherty, silicified patch
with relic fossil debris; irregular spar boundaries
suggest possible recrystallization.

Yellowish gray (5 Y 8/1); .04-.33 mm; .16 mm. Plate 2,
fig. 3.

D-10, 120' above base; ostracode-pellet calcisiltite: 4%
ostracodes, 77 pellets, 2% ferruginous material, 807%
mud plus microspar and fine spar; irregular fine spar
boundaries and diffuse nature of mud suggest recrystal-
lization; cross-laminated (also visible in hand speci-
men); pellets better observed in stained portion of
thin section.

Yellowish gray (5 Y 8/1) and brownish gray (5 YR 4/1)
banding; .05~.32 mm; .10 mm; stages of partial and com-
plete chertification.
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118' above base; sparry bryozoan calcarenite: 3% each
of echinoderms and trilobites, 20% bryozoans, 607% spar,
minor mud and brachiopods; 107% of specimen silicified
and 3% of fossils phosphatized; bryozoans large and
rounded; fine spar oriented perpendicular to fossils
has irregular boundaries.

Yellowish gray (5 Y 8/1) .22-15 mm; .70 mm; large re-
crystallized shells and a few geopetal structures;
parallelism of filamentous bryozoans and brachiopods to
bedding.

115' above base; skeletal calcarenitic mudstone (dolo-
mitized): 10% echinoderms, 6% bryozoans, 50% dolomite,
30% pore space; minor ostracodes, spicules, brachiopods,
trilobites, and silicification; dolomite growing into
some echinoderm fragments from mud fraction.

Pinkish gray (5 YR 8/1); .30-2.25 mm; .65 mm.

38' above base; cross-laminated sparry skeletal calcar-

enite: 2% echinoderms, 2% brachiopods, 1% trilobites,

127 ferruginous material, 2% phosphatized shells, 507%
spar, 25% pore space; minor bryozoans and quartz sand.
Varicolored with yellowish gray (5 Y 8/1), grayish
yellow (5 Y 8/4), and dusky yellowish brown (10 YR 2/2)
predominating; .22-.45 mm; .37 mm; at top and bottom
are silt;, ferruginous layers which join at edge of
rock and pinch off cross-laminated interior part; six
sets of cross-laminae are present in regularly alter-
nating pattern; pinch out interpreted as some type of
compaction feature.

30' above base; sparry ostracode-echinoderm calcarenite:
15% echinoderms, 7% ostracodes, 2% trilobites, 65% fine
spar, 5% pore space; minor brachiopods and bryozoans;
3% phosphatization of shell material, mostly ostracodes;
minor shell recrystallization.

Yellowish gray (5 Y 8/1); .20-1.12 mm; .37 mm; faintly
cross-laminated.

16' above base; no thin section prepared; limestone with
replacement chert; hand specimen similar to D-4.

12' above base; sparry pellet(?) calcisiltite: 10%
pellets(?), 1% spicules, 20% pore space, 65% microspar;
similar to grumeleuse structure; this specimen may be
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extensively recrystallized and the pellets (7) simply
may be unrecrystallized, isolated mud.
Yellowish gray (5 Y 8/1); .03-.10 mm; .06 mm.

5' above base; no thin section prepared--chert sample;
replacement chert with manganese dendrites and rare
fossil fragments.

1' above base; burrowed slightly laminated mudstone:

1% spicules, 95% mud, 2% ferruginous material; minor
graptolites and silicification; burrowed in upper part;
geopetal structure with pellet material flooring cavity
and being overlain by coarse spar.

Yellowish gray (5 Y 8/1); clay size material; burrows
are nearly circular and are filled with concentricaily
arranged calcarenitic fossil debris; some are filled
with pyrite. Plate 1, fig. 3.

from base; phosphatized sparry skeletal calcarenite in
unconformable contact with greenish calcarenitic brach-
iopod clay-like material: 47 echinoderms, 1% trilobites,
3% brachiopods, 15% phosphatization (X-ray determination
indicates francolite), 65% spar; minor graptolites,
bryozoans, and quartz sand; algal(?) coating on clay-
like surface; irregular contact and distinct coating in-
dicate break in sedimentation; Girvanella-like mass in
greenish clayey material.

Pale yellowish brown (10 YR 6/2) and pale yellowish
green (10 GY 7/2); .20-2.25 mm; .45 mm; abundant grapto-
lites on bedding surface. Plate 2, fig. 8.

SECTION E: NE% SWy sec. 2, T. 2 S., R. 7 E., Johnston

E-9,

E-8,

County; Witch Hole (Camp Simpson Campground); on Dela-
ware Creek near dam.

275' above base; sparry echinoderm calcarenite: 30%
echinoderms, 1% bryozoans, 657 spar; minor brachiopods,
ostracodes, quartz sand, and silicification; spar ex-
tensively twinned with twins extending across fossil
fragments.

Pinkish gray (5 YR 8/1); .20-4.12 mm; .70 mm.

246' above base; sparry echinoderm calcarenite: 35%
echinoderms, 4% rounded, straight extinction quartz
sand, 55% spar, 2% mud plus microspar, 1% trilobites;
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minor bryozoans, hematite, and phosphatization; sand
concentrated in circular arrangement in some instances
indicating burrowing.

Pinkish gray (5 YR 8/1); .20-2.25 mm; .45 mm.

243' above base; muddy spar-cemented echinoderm calcar-
enite: 35% echinoderms, 207 mud plus microspar, 40%
spar, 2% rounded, straight extinction quartz sand;
minor trilobites, bryozoans, ostracodes, and brachiopods.
Yellowish gray (5 Y 8/1); .15-2.00 mm; .33 mm; burrowed;
solution holes on outcrop surface.

226' above base; burrowed pellet-skeletal calcarenitic

mudstone: 107 echinoderms, 57 pellets, 4% rounded,

straight extinction quartz sand concentrated in burrows
in some cases, 30% spar, 50% mud; minor trilobites and
brachiopods; evidence for recrystallization in unsup-
ported, isolated mud in spar, recrystallized shells, mud
coating on shells now engulfed in spar.

Yellowish gray (5 Y 8/1); .28-2.60 mm; .60 mm; exten-
sively burrowed; solution holes on outcrop surface.

183" above base; skeletal calcisiltitic mudstone (dolo-
mitized): 4% echinoderms, 2% spicules, one small
cephalopod, 80% mud of which approximately 307% is dolo-
mite; minor fossil silicification, secondary hematite,
and quartz silt.

Pinkish gray (5 YR 8/1); .10-2.60 mm; .55 mm; burrowed.

76' above base; skeletal calcisiltitic mudstonme: 95%
mud plus microspar, 1% spicules; minor graptolites,
ostracodes, and trilobites; silicified patch with
peculiar arch 2 cm wide parallel to bedding and with
most of original texture preserved; some mud resembles
pellets although some has been recrystallized to
microspar; it is thought this specimen represents some-
thing similar to the initial stage of formation of
Cayeux's (1935) grumeleuse structure.

Light olive gray (5 Y 7/1); .05-1.00 mm; .10 mm.

60' above base; no thin section prepared; similar to
E-4 and to E-2 with much silicification.
Field classification: siliceous graptolitic mudstone.



E-2,

156

6' above base; spicular-pellet calcisiltitic mudstone:
15% pellets, 107 spicules, 407% mud plus microspar, 2%
trilobites, 2% quartz silt; minor echinoderms; chert
replacement over half of specimen.

Light olive gray (5 Y 6/1); .03-.33 mm; .18 mm; exten-
sively silicified in hand specimen; few graptolites.
Plate 1, fig. 2 and Plate 4, fig. 2.

2' above base; sparry skeletal calcarenite: 20% echino-
derms, 2% ostracodes, 1% trilobites, 657 spar; minor
bryozoans and dolomite; minor recrystallization evident
by patchy and irregular spar unevenly distributed
throughout specimen; 3% fossil silicification.
Yellowish gray (5 Y 8/1) and light olive gray (5 Y 6/1);
.15~5.25 mm; .70 mm; layering produced by variation in
fossil sizes from coarse to finer material through at
least two cycles.

SECTION F: NwW% NE% sec. 19, T. 2 S., R. 8 E., Johnston

F-5,

County; along Robertson Creek; approximately % mile
west of Oklahoma State Highway 7.

378' above base; sparry echinoderm calcarenite: 25%
echinoderms, 70% spar, 1% trilobites; minor ostracodes,
bryozoans, brachiopods, and quartz sand; stylolite.
Yellowish gray (5 Y 8/1); .25-3.00 mm; .55 mm; coarse
fossil material at bottom grading into finer material
toward top.

330' above base; muddy spar-cemented skeletal calcare-
nite: 25% echinoderms, 10% mud, 4% trilobites, 1%
brachiopods, 2% rounded, straight extinction quartz
sand, 55% spar; minor bryozoans and ostracodes; 1% each
fossil silicification and phosphatization; mud encloses
some fossils possibly indicating poor washing.

Light olive gray (5 Y 6/1); .28-4.35 mm; .55 mm; abun-
dant columnals and trilobite fragments.

309' above base; sparry echinoderm calcarenite: 30%
echinoderms, 1% trilobites, 65% spar; minor bryozoans,
ostracodes, quartz sand, silicification and phosphati-
zation; stylolite. A

Pinkish gray (5 YR 8/1); .25-3.00 mm; .50 mm.
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283' above base; sandy skeletal calcarenitic mudstone:
20% echinoderms, 1% trilobites, 7% rounded, straight
extinction quartz sand, 25% spar, 40% mud, 3% ferrugi-
nous material (in mud); minor brachiopods, ostracodes,
organic matter, and dolomite in ferruginous mud; quartz
concentrated in thin, tabular stringers; this specimen
is a borderline case and could also be called a muddy
spar-cemented skeletal calcarenite.

Olive gray (5 Y 4/1) mottled yellowish gray (5 Y 7/1);
.25-4.50 mm; .45 mm.

249' above base; burrowed skeletal calcarenitic mud-
stone: 7% echinoderms, 27 spicules, 75% mud, 3% pellets,
27 rounded, straight extinction quartz silt, 2% fer-
ruginous material in mud; minor gastropods, ostracodes,
brachiopods, and dolomite (in mud); some recrystalliza-
tion indicated by unsupported, isolated pellets in spar.
Light olive gray (5 Y 7/1); .30-2.25 mm; .45 mm; exten-
sively burrowed with numerous whorled structures.

20' above base; slightly laminated mudstone: 90% mud
plus microspar, 5% spicules, 1% ostracodes; minor
trilobites, quartz silt, fine dolomite, and secondary
hematite; some mud resembles pellets although the rock
is more similar to grumeleuse structure.

SECTION G: NW% NE% sec. 4, T. 2 S., R. 3 E., Murray County;

on Buckhorn Ranch along dry tributary to Little Buckhorn
Creek; north limb of unbreached anticline. (Base not
exposed)

G-14, 420' above basal exposure; sparry echinoderm calcare-

G-13,

nite: 30% echinoderms, 2% ostracodes, 607 spar, 1%
ferruginous matter; minor trilobites.

Pinkish to light brownish gray (5 YR 7/1); .03-1.50 mm;
.10 mm. This is an atypical example of the top part of
Unit 3. It is a fine calcarenite, is not friable when
weathered, and does not contain the common trilobite
fragments noted in other sections; in hand specimen it
looks like a mudstone.

418' above basal exposure; sparry trilobite-echinoderm
calcarenite: 25% echinoderms, 7% trilobites, 657 spar;

minor bryozoans, brachiopods, ostracodes, organic matter,
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phosphatization, and silicification; a few ferruginous,
stylolitic seams and rare dolomite rhombohedra in minor
mud; fossils abraded and slightly displaced, especially
trilobites; irregular distribution of fossils suggests

burrowing.

Light olive gray (5 Y 6/1); .22-3.75 mm; .70 mm.

G-12, 411' above basal exposure; sparry echinoderm calcare-
nite: 35% echinoderms, 47 trilobites, 4% mud with fine
dolomite, 507 spar, 1% bryozoans; minor brachiopods and
ostracodes; 2% fossil silicification; mud surrounds
some dolomite apparently recrystallized from mud.

Light brownish gray (5 YR 7/1); .22-2.60 mm; .60 mm;
common trilobite fragments in hand specimen.

G-11, 409' above basal exposure; muddy spar-cemented skeletal
calcarenite (dolomitized): 25% echinoderms, 55% spar,
20% mud of which about 107% is recrystallized to dolo-
mite; minor brachiopods, trilobites, ostracodes, organic
matter, and silicification; dolomite in brownish, fer-
fuginous(?) part of mud.
Light brownish gray (5 YR 7/1); :22-1.50 mm; .30 mm;
common trilobite fragments in hand specimen.

G-10, 400' above basal exposure; muddy spar-cemented skeletal
calcarenite (partially recrystallized): 15% echino-
derms, 15% mud, 657 spar; minor ostracodes, trilobites,
brachiopods, organic matter, silicification, and dolo-
mite in mud fraction; irregular clots may either repre-
sent intraclasts or reworking by burrowing organisms.
Light gray (N 7); .25-2.25 mm; .27 mm.

G-9, 200' above basal exposure; muddy spar-cemented skeletal
calcarenite (dolomitized and partially recrystallized):
15% echinoderms, 3% trilobites, 55% spar, 10% mud, 10%
dolomite; minor ostracodes, brachiopods, bryozoans,
quartz silt, and silicification; 407% recrystallized;
euhedral dolomite crystals, some replacing spar cement.
Light olive gray (5 Y 7/1); .25-4.50 mm; .40 mm.

G-8, 111' above basal exposure; no thin section prepared;
frequent trilobites and columnals in muddy matrix of
hand specimen.

Light olive gray (5 Y 7/1); .10-2.25 mm; .60 mm.
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99' above basal exposure; muddy spar-cemented skeletal
calcarenite (dolomitized and partially recrystallized):

27 echinoderms, 47 trilobites, 27 subangular to sub-
rounded, straight extinction quartz sand, 25% mud, 15%
dolomite, 507 spar; minor bryozoans, ostracodes, gastro-
pods, spicules, and phosphatization; 307% recrystallized.
Pinkish gray (5 YR 8/1) and dusky yellow (5 Y 6/4);
.20-3.00 mm; .35 mm; slightly burrowed.

87' above basal exposure; burrowed skeletal calcarenitic

mudstone: 95% mud plus microspar, 1% trilobites, 1%

spicules, 2% quartz silt; minor echinoderms. :
Light olive gray (5 Y 6/1); .06-2.00 mm; .15 mm; exten-
sively burrowed; thinly laminated where burrowing less
intense.

72' above basal exposure; burrowed skeletal calcarenitic

mudstone (partially recrystallized): 55% mud plus micro-

spar, 35% spar, 47 trilobites, 27 echinoderms, 1%
spicules; minor ostracodes, bryozoans, brachiopods,
organic matter, quartz silt, dolomite, and silicification;
about 407 recrystallized.

Light olive gray (5 Y 6/1); .18-3.00 mm; .20 mm; exten-
sively burrowed.

32' above basal exposure; burrowed skeletal calcarenitic

mudstone (dolomitized): 90% mud of which about 607 is

recrystallized to fine dolomite, 3% echinoderms, 1%
bryozoans, 1% quartz silt; minor brachiopods, trilobites,
ostracodes, spicules, and graptolites; trace of glauco-
nite, silicification, and phosphatization; glauconite
partially replaces fossils.

Light olive gray (5 Y 6/1); .20-3.50 mm; .40 mm; exten-
sively burrowed. Plate 1, fig. 7 and Plate 4, fig. 4.

31' above basal exposure; burrowed skeletal calcarenitic
mudstone (dolomitized): similar in all respects to G-4.

—

9' above basal exposure; muddy spar-cemented skeletal
calcarenite (partially recrystallized): 107 echinoderms,
1% trilobites, 50% spar, 30% mud, 3% rounded, straight
extinction quartz sand; minor silicification, glauconiti-
zaticn, and phosphatization; about 407 recrystallized;
minor dolomite.

Light brownish gray (5 YR 6/1); .15-2.25 mm; .40 mm;
burrowed.
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4' above basal exposure; burrowed mudstone (dolomitized):
95% mud, microspar, and fine dolomite (approximately 35%);
minor skeletal elements with spicules predominating.

Light olive gray (5 Y 7/1); .06-1.50 mm; .15 mm; grapto-
lites; quartz dust on etched specimen.

SECTION H: central E5 sec. 25, T. 2 S., R. 1 E., Carter

H-8,

County; along U. S. Highway 77 and Tulip Creek 9% miles
south of Davis, Oklahoma.

710' above base; sparry trilobite-echinoderm calcarenite:
15% echinoderms, 7% trilobites, 7% mud (?with minor fine
dolomite), 1% brachiopods, 60% spar; minor ostracodes,
bryozoans, and organic matter; 4% of fossils silicified.
Light oiive gray (5 Y 6/1); .10-1.50 mm; .38 mm; looks
like typical mudstone in hand specimen.

695' above base; sparry echinoderm calcarenite: 20%
echinoderms, 1% brachiopods, 2% dolomite in 7% ferrugi-
nous mud, 55% spar; minor bryozoans, trilobites, and
silicification; minor recrystallization indicated by
isolated mud in spar.

Light olive gray (5 Y 6/1); .25-4.50 mm; .55 mm; much
silicification in hand specimen. Plate 2, fig. 7.

688' above base; sparry skeletal calcarenitic mudstone
(extensively recrystallized): 507% mud plus microspar,
25% spar, 20% echinoderms, 1% each of trilobites, bryo-

- zoans, and ostracodes; minor brachiopods, spicules,

organic matter, and silicification; fine spar, patchy
distribution, and irregular mud-spar boundaries through-
out specimen indicate greater than 507 recrystallizatiom;
one void-filled cavity lined with coarse sparry calcite,
but with center filled with silica cement.

Olive gray (5 Y 5/1); .10-3.00 mm; .30 mm; dolocasts on
etched surface although X-ray pattern indicates no
dolomite; slightly burrowed.

 436' above base; sparry skeletal calcisiltitic mudstone

(partially recrystallized): 70% mud plus microspar, 15%
spar, 2% spicules, 1% each of echinoderms, trilobites,
and quartz silt, 57 pellet-forms; minor ostracodes; most
of mud recrystallized to microspar.

Olive gray (5 Y 5/1); .03-.33 mm; .06 mm.
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231' above base; burrowed silty skeletal calcisiltitic
mudstone: 75% mud plus microspar, 10% fine spar, 7%
subrounded quartz silt, 5% spicules; minor echinoderms,
ostracodes, graptolites, and organic matter; minor re-
crystallization indicated by isolated mud in spar and
patchy distribution of fine spar.

Light brownish gray (5 YR 6/1) and pale olive (10 Y
6/2); .03-.40 mm; .06 mm; burrowed. Plate 4, fig. 1.

113' above base; siliceous laminated mudstone: 95%

mud plus microspar, 27 spicules; minor graptolites,
organic matter, and quartz silt; faintly cross-laminated
with some laminae having minor disruptions; a few lami-
nae recrystallized to slightly coarser spar than typical
microspar.

Yellowish gray (5 Y 8/1); etched specimen high in in-
soluble content; portion of sample digested in 10%

cold HCl and examined by X-ray methods which indicate
insoluble material is quartz dust.

20' above base; siliceous laminated mudstone: similar
to H-3; contains dark brown to black organic material
in hand specimen with asphaltic smell and numerous hair-
line fractures filled with sparry calcite.

1' above base; siliceous laminated mudstone (partially
recrystallized): 50% mud plus microspar, 40% spar,

5% pellet-forms; minor spicules, ostracodes, organic
matter, and silicification; cross-laminated; pellet-
forms may be a result of recrystallization to spar
around mud; muddy layers alternate with sparry layers.
Light olive gray (5 Y 6/1); .10-.45 mm; .32 mm.

SECTION I: E% SW% sec. 22, T. 2 S., R. 1 W., Carter County;

I-9,

west of Mountain Lake approximately 2% miles north of
Woodford, Oklahoma.

691' above base; skeletal calcarenitic mudstone (dolo-
mitized): 20% echinoderms, 15% spar, 507% mud plus
microspar, 107 dolomite in dark brown, ferruginous mud;
minor trilobites, ostracodes, brachiopods, bryozoans,
organic matter, and silicification; mud appears to be
recrystallized to fine spar, but it may be fine dolomite;
atypical of top part of Unit 3.
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Light brownish gray (5 YR 6/1); .10-2.25 mm; .45 mm;
slightly burrowed; numerous trilobite fragments. Plate
2, fig. 6 and Plate 4, fig. 3.

684" above base; burrowed skeletal calcarenitic mud-
stone: 15% echinoderms, 7% spicules, 75% mud plus micro-
spar; minor gastropods, brachiopods, bryozoans, trilo-
bites, and ostracodes; recrystallized shells.

Light brownish gray (5 YR 6/1); .10-1.50 mm; .30 mm;
extensively burrowed.

674' above base; muddy spar-cemented skeletal calcare-
nite: 20% echinoderms, 2% trilobites, 1% each of bryo-
zoans and brachiopods, 25% mud, 507 spar; minor dolo-
mite and phosphatization; 257% silicified; slightly re-
crystallized.

Light brownish gray (5 YR 6/1); .20-6.00 mm; .70 mm;
irregular dolomite patches, geopetal structure.

620' above base; muddy spar-cemented skeletal calcare-
nite (partially recrystallized): 15% echinoderms, 30%
mud plus microspar, 507% spar, 1% trilobites; minor
spicules, bryozoans, ostracodes, organic matter, and
dolomite in mud; two large areas of coarse spar contain-
ing some isolated mud and having fossil fragments pro-
ject into it; plain grain boundaries suggest drusy in-
filling (Bathurst, 1958), but totally unsupported fossil
fragments and mud indicate recrystallization.

Light olive gray (5 ¥ 6/1); .22-1.00 mm; .50 mm;
silicification.

454' above base; sparry skeletal calcarenitic mudstone
(extensively recrystallized): 107 echinocderms, 7% trilo-
bites, 45% mud plus microspar, 35% spar; ''pseudo-
breccia'" of Bathurst (1959); patchy distribution and
irregular size of spar strongly indicate recrystalliza-
tion.

Light olive gray (5 Y 6/1); .15-2.25 mm; .65 mm.

309' above base; burrowed sandy skeletal calcarenitic
mudstone: 107 echinoderms, 2% each of trilobites and
spicules, 10% subrounded, straight extinction fine
quartz sand, 70% ferruginous mud; minor gastropods; 5%
phosphatization.

Light olive gray (5 Y 6/1); .08-.70 mm; .15 mm; exten-
sively burrowed.
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278' above base; sparry skeletal calcarenitic mudstone
(extensively recrystallized): similar to iI-5, but con-
taining 4% phosphatized shells (mainly gastropods), 1%
quartz silt, and 107 pellet-forms which are probably

the result of preferential recrystallization.

Light olive gray (5 Y 6/1); .22-3.00 mm; .35 mm; slightly
burrowed.

175' above base; skeletal calcisiltitic mudstone: 85%
ferruginous mud, 107 fine skeletal debris with spicules
predominating, 3% quartz silt; 5% silicification.
Dusky yellow (5 Y 6/4) and light olive gray (5 Y 6/1);
.03-.15 mm; .06 mm; slightly burrowed.

49' above base; siliceous laminated mudstone: 2%
spicules, 957 mud; minor graptolites, quartz silt,
organic matter, and recrystallization; faintly cross-
laminated into pinch-and-swell structure (2 mm high);
possibly indicates mechanical deposition due to slight
bottom currents which induced small ripples.

Medium gray (N 5) with grayish black (N 2) laminations;
€ .03 mm; X-ray pattern indicates powdery insoluble
material on etched specimen is quartz. Plate 1, fig. 1
and Plate 3, fig. 6.

SECTION J: SE% sec. 27, T. 3 S., R. 4 E., Johnston County;

J-9,

along Sycamore Creek.

654' above base; sparry trilobite-echinoderm calcarenite:
407 echinoderms, 10% trilobites, 1% bryozoans, 45% spar;
minor ostracodes, brachiopods, mud, ferruginous material,
and silicification; parallelism of trilobite fragments;
mud in echinoderm fragments. ,

Light brownish gray (5 YR 7/1); .20-1.80 mm; .45 mm;

one burrow 40 mm long exhibiting arcuate infilling.

638' above base; sparry echinoderm calcarenite: 40%
echinoderms, 2% bryozoans, 1% trilobites, 45% spar, 4%
dolomite; minor brachiopods, pyrite, silicification and
mud in echinoderm fragments; large dolomite rhombohedra
(.20 mm wide).

Yellowish gray (5 Y 8/1) with dark gray (N 3) fossil
fragments; .15-2.20 mm; .38 mm. Plate 2, fig. 4 and
Plate 5, fig. 1.
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636' above base; sparry echinoderm calcarenite (parti-
ally recrystallized): 307% echinoderms, 17 trilobites,
4% mud, 607% spar; minor ostracodes, bryozoans, organic
matter, silicification, phosphatization, and ferruginous
material; patchy mud distribution and irregular spar
suggest recrystallization; minor dolomite.

Light brownish gray (5 YR 6/1); .20-1.50 mm; .38 mm.

450' above base; skeletal calcarenitic mudstone (dolo-
mitized): 15% echinoderms, 3% trilobites, 60% mud and
dolomite, 15% recrystallized spar; minor ostracodes,
bryozoans, ferruginous matter, and quartz; slightly bur-
rowed; dolomite extremely fine-grained.

Light olive gray (5 Y 6/1); .15-3.00 mm; .45 mm; minor
glauconite; dolomite rhombohedra.

440' above base; sparry skeletal calcarenitic mudstone

(partially recrystallized): 15% echinoderms, 3% trilo-
bites, 35% spar, 407 mud plus microspar; minor dolomite
and quartz silt.

Light olive gray (5 Y 6/1); .15-1.60 mm; .45 mm; minor

glauconite and chert replacement.

402' above base; sparry skeletal calcarenitic mudstone
(partially recrystallized): 4% echinoderms, 5% trilo-
bites, 45% mud, 30% spar, minor gastropods, ostracodes,
spicules, and brachiopods; 2% phosphatized shells,
minor silicification, quartz silt, and organic matter;
unsupported mud in spar and irregular spar grain bound-
aries indicate recrystallizatiom.

Light olive gray (5 Y 6/1); .03-2.€Z mm; .57 mm;
slightly burrowed.

364' above base; skeletal-pellet calcisiltitic mudstone
(partially recrystallized and partially replaced by
chert): 10% pellets, 5% ostracodes, 1% spicules, 30%
mud, 15% spar, 30% chert replacement; minor trilobites,
echinoderms, graptolites, organic matter, and quartz
silt; relict ostracodes and graptolites preserved in
chert replacement.

Light olive gray (5 Y 5/1); .03-.25 mm; .06 mm; slightly
burrowed. Plate 3, figs. 2 and 3.

205' above base; burrowed silty skeletal calcisiltitic
mudstone: 167% fine skeletal debris, 7% straight:
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extinction, subrounded quartz silt, 50% mud, 20% spar;
minor organic matter; faintly cross-laminated.
Grayish olive (10 Y 4/2); .04-1.50 mm; .06 mm; exten-
sively burrowed.

J-1, 37' above base; siliceous laminated mudstone: 95% mud
plus microspar, 4% fine skeletal debris including
spicules, graptolites, and ostracodes; cross-laminated.
Olive gray (5 Y 4/1); less than .06 mm; insoluble quartz
dust on etched specimen.

SECTION K: S% sec. 16, T. 1 N., R. 7 E., Pontotoc County;
Rhyne Ranch. (Poorly exposed except for the coarsely
crystalline limestone at top)

K-5, 374' above base; sparry echinoderm calcarenite: 40%
echinoderms, 5% trilobites, 50% spar; minor bryozoans,
ostracodes, and phosphatization; 207 of rock silicified.
Yellowish to light olive gray (5 Y 7/1) with light
bluish gray (5 B 7/1) subcircular ring of silicification;
.15-1.10 mm; .25 mm.

K-4, 312' above base; slightly muddy spar-cemented echino-
derm calcarenite: 257 echinoderms, 5% mud, 37% rounded,
straight extinction quartz sand, 607 spar; minor trilo-
bites, bryozoans, brachiopods, ostracodes, and fine
dolomite.

Very pale orange (10 YR 8/2); .07-3.75 mm; .24 mm;
solution holes on surface.

K-3, 164' above base; burrowed skeletal calcisiltitic mud-
stone: 90% mud plus microspar, 2% echinoderms, 2%
spicules; minor trilobites and ostracodes; grumeleuse
structure with recrystallization of mud to microspar to
give pellet appearance.

Yellowish to light olive gray (5 Y 7/1); .02-1.00 mm;
.06 mm; gastropods frequent; extensively burrowed.

K-2, 40' above base; skeletal calcarenitic mudstone: 85%
mud plus microspar, 17 each of spicules, trilobites,
gastropods, brachiopods, and echinoderms; minor ostra-
codes, bryozoans, and fossil silicification; many fos-
sils completely recrystallized; geopetal structures;
articulated columnals good evidence for low energy
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environment.
Pinkish to light brownish gray (5 YR 7/1); .10-3.75 mm;
.25 mm; gastropods frequent; burrowed.

K-1, 11' above base; sparry echinoderm-bryvozoan calcarenite:
157% echinoderms, 20% bryozoans, 607 spar, 17 trilobites;
minor brachiopods, ostracodes, and phosphatization;
bryozoans exhibit extreme parallelism with bedding;
loose packing. o
Pinkish gray (5 YR 8/1); .20-7.5 mm; .40 mm. Plate 2,
fig. 2.

SECTION L: S% secs. 19 and 20, T. 1 S., R. 8 E., Coal
County; along Mosely Creek.

L-15, 345' above base; dolomite: 80% dolomite, 1% rounded,
straight extinction quartz sand, 15% skeletal ghosts
(predominantly echinoderms); minor phosphatization and
silicification of fossils; silicification after dolo-
mitization.

Grayish orange pink (10 R 8/2) to pale red (10 R.6/2);
.10-6.00 mm; .40 mm; echinoderm, brachiopod, and trilo-
bite fragments recognized on etched portion of hand
specimen; varnished portion has the appearance of a
sparry calcarenite with some mud sheltered by a brachio-
pod shell.

1-14, 304' above base; sparry echinoderm calcarenite: 30%
echinoderms, 47 trilobites, 5% mud in echinoderm canals
and pore spaces, 557 spar, 1% bryozoans, 3% well-rounded,
straight extinction quartz sand; minor brachiopods,
dolomite, and phosphatization.

Pinkish gray (5 YR 8/1); .10-5.25 mm; .40 mm; common
pelmatozoan columnals.

L-13, 300' above base; burrowed muddy spar-cemented skeletal
calcarenite: 257% echinoderms, 1% ostracodes, 20% mud
Plus microspar, 457% spar, 7% rounded, straight extinc-
tion quartz sand increasing to 507% locally in burrows;
minor trilobites, bryozoans, and brachiopods.
Yellowish gray (5 Y 8/1); .08-1.50 mm; .25 mm; solution
holes common. Plate 3, fig. 4.
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L-12, 289' above base; burrowed sandy skeletal calcarenitic
mudstone (partially recrystallized): 15% echinoderms,
20% rounded, straight extinction quartz sand evenly dis-
tributed, 407 mud plus microspar, 20% recrystallized
fine spar; minor trilobites; boundaries between fine
spar and mud extremely diffuse and irregular.
Pinkish gray (5 YR 8/1); .08-2.25 mm; .25 mm; exten-
sively burrowed.

L-11, 248' above base; burrowed skeletal calcarenitic mud-
stone (partially recrystallized): 15% echinoderms,
2% trilobites, 17 brachiopods, 45% mud plus microspar,
30% recrystallized fine spar; minor bryozoans, ostra-
codes, and fine dolowite crystals in mud fraction;
boundaries between fine spar and mud extremely diffuse
and irregular; under low magnification (X24) similar to
grumeleuse structure.
Yellowish gray (5 Y 8/1); .08-3.75 mm; .20 mm.

L-10, 180' above base; calcisiltitic pellet mudstone: 20%
rounded, calcisiltitic pellets, 60% mud plus microspar,
10% fine spar, 5% skeletal debris including echinoderms,
ostracodes, and trilobites; minor quartz silt and
organic matter.
Pinkish gray (5 YR 8/1); .06-2.25 mm; .16 mm; gastro-
pods common on outcrop.

L-9, 163' above base; dolomite: 95% medium-textured dolo-
mite; minor quartz silt and rare echincderm ghosts;
practically all of the original texture of the rock has
been obliterated by the pervasive recrystallization of
the limestone; 5% open pore space.

Light olive gray (5 ¥ 6/1); .15-1.50 mm; .37 mm; echino-
derm fragments visible in hand specimen.

L-8, 144' above base; dolomite (pervasively recrystallized
skeletal calcarenite): 85% coarse-textured dolomite,
7% skeletal ghosts including trilobites, but predomi-
nantly echinoderm fragments; 87 open pore space.
Pinkish gray (5 YR 8/1); .08-3.00 mm; .40 mm; trilobite-
echinoderm calcarenite in hand specimen.

L-7, 106' above base; dolomite: 80% fine-textured dolomite,
207% open pore space; pervasively recrystallized lime-
stone; original texture obliterated.
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Pinkish gray (5 YR 8/1); no fossils visible in apparent
muddy limestone of hand specimen.

84' above base; phosphatized-silicified sparry skeletal
calcarenite: 15% echinoderms, 3% trilobites, 2% each
of bryozoans and ostracodes, 307% spar, 40% chert, 5%
mud; minor organic matter and fine dolomite in ferrugi-
nous mud; 20% of fossils phosphatized; paragenic rela-
tions suggest silicification after phosphatization.
Moderate brown (5 YR 4/4) in ferruginous areas, medium
bluish gray (5 B 5/1) in silicified areas; .08-9.75 mm;
.40 mm; ostracodes common in hand specimen. Plate 2,
fig. 1.

80' above base; dolomite: 90% medium- to coarse-tex-
tured dolomite, 107 open pore space; pervasive recrys-
tallization of limestone has obliterated original tex-
ture; a few well-formed dolomite rhombohedra are unsup-
ported in large single crystals of calcite (dolomite?).
Pinkish gray (5 YR 8/1) and very pale orange (10 YR
8/2); .30-1.50 mm; .60 mm; rare echinoderm fragments
are recognizable in hand specimen.

76' above base; cherty dolomite: 60% medium- to
coarse~textured dolomite, 307 microcrystalline to fine
quartz and chalcedony, 5% open pore space, 47 skeletal
debris not completely altered; paragenic relations
indicate silicification after dolomitization.

Pinkish to light brownish gray (5 YR 7/1); .06-2.25 mm;
.37 mm; echinoderms, trilobites, and bryozoa are
present in hand specimen. Plate 2, fig. 9.

31' above base; sparry bryozoan-echinoderm calcarenite:
30% echinoderms, 6% bryozoans, 60% spar; 10% of shells
phosphatized, particularly the echinoderms; minor trilo-
bites, quartz silt, and silicification.

Pinkish gray (5 YR 8/1) to light bluish gray (5 B 7/1);
.25-.90 mm; .40 mm.

10' above base; sparry pellet-echinoderm calcarenite:
25% echinoderms, 15% pellets, 7% trilobites, 2% bryo-
zoans, 45% spar; 10% of skeletal debris phosphatized;
minor ostracodes, brachiopods, mud, and quartz silt;
contact in specimen between fine and medium calcare-
nites; some replacement chert in which skeletal debris
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recognizable. ,

Pinkish gray (5 YR 8/1) to yellowish gray (5 Y 8/1);
.08-1.50 mm; .35 mm; slightly cross-laminated in hand
specimen.

1' above base; sparry echinoderm calcarenite: 35%
echinoderms, 1% each of trilobites and bryozoans, 60%
spar.

Pinkish gray (5 YR 8/1); .20-1.50 mm; .50 mm.

SECTION M: NE% SE% sec. 27, T. 2 S., R. 8 E., Johnston

M-3,

County; along dry tributary to Sandy Creek approximately
13 miles southwest of Wapanucka, Oklahoma.

335' above base; sparry trilobite-echinoderm calcarenite:
35% echinoderms, 7% trilobites, 55% spar; minor gastro-
pods, ostracodes, bryozoans, organic matter, and shell
phosphatization; extensively twinned spar predominantly
as syntaxial overgrowths.

Yellowish gray (5 Y 8/1); .08-2.25 mm; .37 mm.

243" above base; burrowed sparry muddy skeletal calcar-

enite: 10% echinoderms, 35% mud, 45% spar, 47 pellet-

forms, 17 dolomite in iron-stained mud, 1% subrounded,
straight extinction quartz sand; minor spicules and
organic matter; dolomite and quartz sand concentrated
in whorled structures produced by burrowing organisms;
fine spar with irregular boundaries, unsupported skele-
tal fragments, and isolated mud zl1 indicate recrystal-
lization; this specimen is a borderline case and could
be called a skeletal calcarenitic mudstone.

Mottled dusky yellowish brown (10 YR 2/2) and yellowish
gray (5Y 8/1); .06-1.5 mm; .35 mm. Plate 4, fig. 5.

from base; siliceous laminated spicular mudstone: 10%
spicules, 857% mud plus microspar; minor trilobites,
brachiopods, graptolites, and quartz silt; shows contact
of encroaching siliceous replacement of mudstone; cross-
laminated locally; elongate mud clots are present and
parallel the laminations.

Light olive gray (5 Y 6/1); € .03 mm. Plate 5, fig. 2.




MEASURED STRATIGRAPHIC SECTIONS

Eighteen stratigraphic sections were measured in the
study area and are described on the following pages. Colum-
nar sections have been prepared for sixteen of these; an ad-
ditional measured section by Dunham (1951) also is presented
in the written descriptions. (See Plate 6 for the locations
of these sections.) The vertical location of a sample in a
particular stratigraphic section is designated by a number
such as "7" which refers to the seventh sample collected
above the base of the section. The symbols used are the same
as those for Plates 7 and 8. If an X-ray diffraction pattern
was run on a particular sample, the letter "X" is affixed
either to the sample number or placed next éo.the appropriate
location on the columnar section. No thin sections were pre-
pared on samples taken from sections N, Q, and R as these
rocks were examined in the field.

Samples were collected at all significant lithologic
changes. The subdivisions in the thick monotonous limestone
sequence of the Viola Group are few, and the limestone types
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are strikingly persistent through hundreds of feet of sec-
tion. Thererore, in some instances it was necessary only to
collect one or two samples throughout the unchanging interval.

In general, the weathered color of the limestones of
the Viola Group is a medium dark gray (N 4) which color per-
sists throughout ths studied area. The bedding is generally
medium although some beds are thin, and a few of the calcare-
nites are thick to massive, particularly on the Hunton anti-
cline.

In the field descriptions which follow, the lime-
stones of the Viola Group have been subdivided into three
units. Unit 1L refers to the siliceous laminated calcite
mudstones found at the base of the section on the Arbuckle
and Tishomingo anticlines; Unit 1C, to the fine to coarse
skeletal calcarenite facies developed on the Hunton anticline;
Unit 2 refers to the calcarenitic mudstones characterizing
the middle of this limestone sequénce; Unit 3C refers to
those coarsely crystalline fossiliferous limestones formerly
referred to the "Fernvale" Limestone; Unit 3CM refers to the
cherty calcarenitic mudstones interbedded with Unit 3C to
the west. 1In a future publication the writer and Mr. Leonard
Alberstadt, co-worker on this project, will give formal names

to these units.
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A majority of the sections have been marked with
yellow paint at intervals along the line of stratigraphic
measurement to aid future workers in location of these

sections.

Section A: NE% sec. 36, T. 3 N., R. 5 E., Pontotoc County;
in Ideal Portland Cement Quarry 5.9 miles southwest of
the southwest corner of Ada along State Highway 12 as
measured from the junction between that highway and State
Highway 19. The bottom 100 feet of the exposed section
was measured on the west quarry face from the lower and
upper levels; the top 40 feet was measured on the east
quarry face. All measurements were made along an east-
west line where the ramp from upper to lower level reaches
the quarry floor; this line is essentially coincident with
the northern boundary of section 36. This locality is on
the Lawrence uplift. The strata strike N. 12° E. and dip
4° SE, as measured by three point problem in the east
quarry face. Section measured by G. Glaser and L. Alber-
stadt, October 1964.

Feet

Unit 3C.
Coarse skeletal calcarenite, light gray,
slightly wavy-bedded, massive, containing
silicified brachiopods; contact with overly-
ing Sylvan Shale covered. 88

Unit 2.
Calcarenitic mudstone, olive-gray, wavy-
bedded; slightly sandy with irregular chert
nodules and minor dolomite in lowest 36 feet.
Base covered. 52

Total 140
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Section B: SWh% NW% sec. 6, T. 2 N., R. 6 E., Pontotoc County;
measured along northeastward-flowing tributary to South
Fork Creek. To reach this section go approximatelv 6.2
miles southwest from Ada on State Highway 12 and turn east-
ward on the unpaved road leading to Lawrence and proceed
1.7 miles (0.9 miles beyond Lawrence) by winding road.
From this point the exposure is reached by walking approxi-
mately 0.6 miles due south across an open field to the
creek. Measurements of the upper part of the Viola Group
were made in and along the creek bed. This locality is on
the Lawrence uplift approximately one mile north of the
Franks graben. The strata strike N. 40° W. and dip 7° NE.
Section measured by G. Glaser and L. Alberstadt, October
1964.

Feet

Unit 3C.
Coarse skeletal calcarenite, olive-gray to
pinkish-gray, wavy-bedded, sandy in lower 12
feet; contact with overlying Sylvan Shale
covered. 49

Unit 2.
Calcarenitic mudstone, dark gray, wavy-
bedded, sandy; near top, gradationmal with
fine muddy calcarenites which are transitional
to Unit 3C; honeycomb network of solution
holes %- to %-inch in diameter toward top;
base poorly exposed and not measured. 15

Total 64

Section C: NE% NWi sec. 2, T. 1 N., R. 6 E., Pontotoc County;
measured along northeastward-flowing tributary to Sheep
Creek. To reach this section, go 1.5 miles south of Fitts-
town on State Highway 99 and turn westward on the unpaved
county line road for about 0.6 miles to where a gate on
the south side of the road bounds an open pasture. From
this point, the creek is reached by walking due south ap-
proximately 0.2 miles. This section is faulted at the
base farther upstream to the west and at the top near the
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point of entrance. Measurements of the lower 213 feet
were made in and along the creek bed; the remaining 84
feet were measured over a low rounded hill in an offset
section approximately 200 yards south of the stream where
is assumes a more easterly course. This locality is on
the north limb of the Hunton anticline just south of the
Franks graben. The strata strike N. 10° W. and dip 18°
NE. Section measured by G. Glaser and L. Alberstadt,
October 1964.

Feet

Unit 3C.
Coarse skeletal calcarenite, light gray,
slightly wavy-bedded, containing silicified
fossils near top in friable weathered por-
tion; sandy near base; contact with overly-
ing Sylvan Shale faulted out. 84

Unit 2.
Calcarenitic mudstone, light gray, wavy-~
bedded, slightly sandy; honeycomb network
of solution holes in top 17 feet; near top,
gradational with fine muddy calcarenites
which are transitional to Unit 3C. 23

Conglomeratic-intraclast calcarenite,
pinkish~gray, slightly wavy-bedded, contain-
ing echinoderms, trilobites, and bryozoans. 1

Calcarenitic mudstone, yellowish-gray, wavy-~
bedded, burrowed, cherty, containing small
gastropods. 27

Covered. 122
Calcarenitic mudstone, light gray, wavy-
bedded, burrowed, dolomitic, cherty, with

abundant brachiopods covering certain bed-
ding planes. 26

199
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Unit 1C.
Coarse skeletal calcarenite, yellowish-
gray, slightly wavy-bedded, noncherty, con-
taining abundant bryozoans and echinoderms,
and a few large gastropods; slightly cross-
bedded and burrowed in basal few feet;
basal beds in fault contact with Crdovician
McLish (?) Formation. 14

Total 297

Section D: NW% SW% sec. 12 and NE%, SE% sec. 11, T. 1 N., R.

6 E., Pontotoc County; measured basal 212 feet up to high
angle fault near northern limit of exposure along west

side of State Highway 99, 3.3 miles south of Fittstown;

the base of the section is in the northern half of the

SWyx of section 12. The remaining 190 feet of offset sec-
tion were measured just east of Sheep Creek in section 11
along a north-south line approximately coincident with the
east boundary of section 11 (west boundary of section 12).
To reach this offset section, proceed 2.7 miles south of
Fittstown; then walk due west across the grassy field
approximately 0.3 miles. The rocks in this clearing repre-
sent the upper unit; the beginning of the offset is approx-
imately 200 yards due south of this clearing. This local-
ity is on the north limb of the Hunton anticline just south
of the Franks graben. The strata strike N. 57° W. and dip
19° NE. Section measured by G. Glaser and L. Alberstadt,
October 1964 and January 1965.

Feet

Unit 3C.
Coarse skeletal calcarenite, light gray,
slightly wavy-bedded, friable when weath-
ered, containing silicified brachiopods;
contact with Sylvan Shale covered or
faulted. 66

Unit 2.
Calcarenitic mudstone, light gray, wavy-
bedded, burrowed, dolomitic; irregular
chert nodules common in lower half;
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honeycomb network of solution holes in top

32 feet; dolomite-shaly material appears

as "pasty'" infilling (? plastic clay of

Wengerd, 1948) between nodular limestone;

certain bedding planes covered with brach-

iopod shells as at 100 feet above base of

unit; heavy iron stain from oxidizing py-

r*~e along bedding surface 6 feet above

unit base. 174

Unit 1C.
Coarse skeletal calcarenite, pinkish-gray,
slightly wavy-bedded, noncherty, containing
abundant bryozoans. 45

Coarse skeletal calcisiltite and fine

skeletal calcarenite, pinkish-gray, slightly
wavy-bedded, chert in layers and discrete
nodules; skeletal debris mostly hash with
ostracodes locally abundant. 85

Fine to medium calcarenite, pinkish-gray,
slightly wavy-bedded; chert in layers;
ostracodes, echinoderms, and small brach-

iopods dominate the fauna. 5

Coarse skeletal calcisiltite, pinkish-gray,
slightly wavy-bedded; chert in layers and
as nodules; skeletal hash. 25

Faintly laminated mudstone, gray, slightly
siliceous, planar-bedded, with burrowed

highly irregular bedding surface near mid-

dle suggestive of small unconformity;

cherty; graptolites. This represents a
temporary incursion of Unit 1L rocks into

this area. 2

Coarse skeletal calcarenite, brown,
slightly wavy-bedded, cherty, abundant
skeletal phosphatization, irregular con-
tact with olive green clay-like material
suggestive of unconformable break; grapto-
lites abundant along bedding surface;
echinoderms dominate the calcarenite;
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unconformable upon the Corbin Ranch For-
mation (Bromide '"dense'') at its type
locality. 0.3

162

Total 402

Section E: NE% SW% sec. 2, T. 2 S., R. 7 E., Johnston County;
measured on and near Delaware Creek at Witch Hole (Camp
Simpson Campground). To reach this locality, turn eastward
onto an unpaved road from State Highway 99 at the Dolese
Bros. Bromide Quarry sign 2 miles south of Connerville and
proceed by winding road 5.9 miles in an easterly direction
to Camp Simpson Campground located on the north side of the
road. Enter the campground and go approximately 0.3 miles
to the caretaker's quarters. The section was measured
along an east-west line beginning directly behind the care-
taker's home; just west of the small dam on Delaware Creek,
the section was measured up the steep cliff face along the
path made by the campers. The base of the section is
fatlted and the top contact, although covered, occurs down
the dip-slope beyond the above-mentioned cliff face. This
locality is on the north 1limb of the Belton anticline. The
strata strike N. 35° W. and dip 19° SW. Section measured
by G. Glaser and L. Alberstadt, October 1964.

Feet
Unit 3C.
Coarse skeletal calcarenite, pinkish-gray,
slightly wavy-bedded, containing abundant
echinoderms, sandy near base; contact with
overlying Sylvan Shale covered. 56

Unit 2.
Calcarenitic mudstone, light gray, wavy-
bedded, burrowed; sandy near top; dolomitic
near bottom; honeycomb network of solution
holes in top 19 feet; nodular chert in all
but upper 33 feet. 69
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Covered. .50

119

Unit 1L.
Siliceous laminated mudstone, brown, planar-
bedded, containing graptolites, trilobites,
sponge spicules, and linguloid brachiopods;
chert in layers and as nodules; interbedded
1- to 2-inch-thick limestones with shaly
structure. 125

Fine to medium calcarenite, light brown,

slightly wavy-bedded, containing echino-

derms and ostracodes; in fault contact with
Ordovician McLish(?) Formation. This repre-

sents a temporary incursion of Unit 1C into-

this area. 0.3

Section F:

125

Total 300

NW% NE% sec. 19, T. 2 S., R. 8 E., Johnston County;

measured in and along the west bank of Robertson Creek in
the upper part of the section and on the low rounded hill
just to the west of the creek in the lower part of the sec-

tion.

To reach this locality, turn eastward onto State

Highway 7 from State Highway 99 6 miles south of Comner-

ville.

From this junction go 8.4 miles to State Highway

7-D and then proceed north 0.3 miles and turn west on an un-
paved road for approximately 0.2 miles where a small car
path to the creek occurs on the south side of the road.

From this point the exposures may be reached by crossing
the fence and walking southwest along the cow path for about
150 yards. The first rocks observed represent the upper
part of the section. The base of the group is located on
the second ridge to the south and can be reached by walking
in a southerly direction along the western slopes bordering
the stream. This locality is on the north limb of the Bel-
ton anticline and on the south edge of the Wapanucka syn-

cline.

The strata strike N. 58° W. and dip 65° NE. Section

measured by G. Glaser and L. Alberstadt, October 1964.
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Feet

Unit 3C. ,
Coarse skeletal calcarenite, pinkish-gray,
slightly wavy-bedded, containing abundant
echinoderms; sandy near base; contact with
overlying Sylvan Shale covered. This repre-
sents the maximum thickness for this unit
in the Arbuckle Mountains. 112

Unit 2.
Calcarenitic mudstone, tan to dark gray,
wavy-bedded, burrowed; nodular chert in all
but upper 55 feet; near top, gradational
with fine muddy-sandy calcarenites which are
transitional to Unit 3C; these fine calcar-
enites are light gray mottled dark brown,
are burrowed, and are exactly similar to
rocks from the same part of the sequence at
Section M approximately 3% miles to the
southeast. 173

Unit 1L.
Siliceous laminated mudstone, tan, planar-
bedded, containing spicules and graptolites;
chert in layers; excellent exposure of
sharp contact with Corbin Ranch Formationm. 137

Total 422

Section G: NWj NE% sec. 4, T. 2 S., R. 3 E., Murray County;
measured in and along the northward-flowing tributary to
Little Buckhorn Creek on Buckhorn Ranch. The base of the
measured section is 400 yards south of the north boundary
and 780 yards west of the east boundary to section 4. To
reach this locality, go south from Sulphur on U. S. High-
way 177 (formerly State Highway 18) 7.4 miles from the
junction with State Highway 7 at the north entrance to
Plact National Park; then turn westward on the unpaved
road leading to Buckhorn Ranch and proceed 2.2 miles to
the ranch headquarters. From this point, turn northwest-
ward along a winding road and go about 0.6 miles to a man-
made lake. From this point, proceed northeastward by foot
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approximately 0.4 miles along the creek to the first beds
measured in this section. This locality is on the north
limb of the Tishomingo anticline. The strata range in
strike from N. 33° to N. 72° W. and increase in dip from
9° to 40° NE. toward the top of the section. Section
measured by G. Glaser and L. Alberstadt, October 1964.

Feet

Unit 3C.
Coarse skeletal calcarenite, pinkish-gray
to gray, wavy-bedded, nodular, slightly
dolomitic, containing abundant echinoderms
and trilobites; topmost bed is fine skele-
tal calcarenite which looks like calcare-
nitic mudstone in hand specimen; exact con-
tact with overlying Sylvan Shale covered
although typical Sylvan occurs in stream
cut approximately 100 yards farther down-
stream. 19

Unit 2.
Calcarenitic mudstone, yellowish-gray,
wavy-bedded, nodular; chert in layers and
as nodules. 105

Calcarenitic mudstone, yellowish-~gray,
wavy-bedded, noncherty. 96

Calcarenitic mudstone, yellowish-gray,
wavy-bedded, burrowed, containing abun-

dant brachiopods and pinkish-red trilo-~

bite hash in some beds; chert as nodules;

near the top and bottom occur thin layers

with high skeletal content and less than

50 percent mud which are medium muddy
calcarenites. 99

Calcarenitic mudstone, yellowish-gray,
wavy-bedded, sandy, noncherty except for
a few nodules in the lower 25 feet; ex-
tensively burrowed, dolomitic; interbedded
with %- to l-inch-thick limestones with
shaly structure; contains abundant brach-
iopods in some beds; probably close to
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base of unit although it is not exposed. 101
401
Unit 1L.
Upper part partially exposed (about 10
feet) approximately 400 yards upstream,
but not measured. It is the typical
siliceous laminated mudstone. --
Total 420

Section H: central E% sec. 25, T. 2 S., R. 1 E., Carter
County; measured along U. S. Highway 77 on the east side
of the road and in Tulip Creek tc the west of the road.
This locality is approximately 11 miles south of the junc-
tion of State Highway 7 and U. S. 77 on the southwest side
of Davis. Approximately the basal 100 feet were measured
in the creek bed of Tulip Creek; the next 150 feet were
measured on the highway exposures; the remainder of the
section was measured in and along Tulip Creek. This lo-
cality is on the south limb of the Arbuckle anticline.

The strata strike N. 68° W. and dip 49° SW. Section meas-
ured by G. Glaser and L. Alberstadt, October 1964.

Feet

Unit 3CM.
Calcarenitic mudstone, light brown,
slightly wavy-bedded, containing abundant
trilobite hash and echinoderms; contact
with overlying Sylvan Shale covered. 21

Coarse skeletal calcarenite, light gray,
slightly wavy-bedded, slightly doliomitic,
containing abundant echinoderms.

9]

26

Unit 2.
Calcarenitic mudstone, dark tan, wavy-
bedded, burrowed, containing the trilobite
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Cryptolithus sp.; nodular chert; slightly
sandy. 266

Calcarenitic mudstone, dark tan, wavy-

bedded, burrowed, noncherty, containing
graptolites and trilobites; slightly

sandy . 194

460

Unit 1L.
Siliceous laminated mudstone, dark tan,
planar-bedded, containing abundant grapto-
lites, spicules, and trilobites; chert in
layers; interbedded with frequent %- to
l-inch layers of limestone with shaly
structure; basal 65 feet is bituminous and
has asphaltic odor when broken open; con-
tact with underlying Corbin Ranch Forma-
tion sharp. 229

Total 715

Section I: E% SWY sec. 22, T. 2 S., R. 1 W., Carter County;
measured 0.3 miles northwest of the dam on Mountain Lake.
To reach this locality, go 12.5 miles south of Davis on
U. S. 77 and turn westward onto State Highway 53 and go 8
miles to Woodford; then turn northward and proceed about
3 miles to Mountain Lake. The section may be reached by
ascending the steps on the west side of the dam and walk-
ing 0.3 miles to -the base of the section in the NE% of
the SW% of the section. This locality is on the south
limb of the Arbuckle anticline. The strata strike N. 50°
W. and dip 27° SW. Section measured by G. Glaser and L.
Alberstadt, October 1964.

Feet

Unit 3CM.
Calcarenitic mudstone, tan, wavy-
bedded, burrowed, dolomitic, containing
echinoderms and trilobites; nodular chert
near base; contact with overlying Sylvan
Shale covered. 37
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Cozrse skeletal calcarenite, dark tan,
slightly wavy-bedded, dolomitic, containing
echinoderms, trilobites, and a few large
cephalopods.

~J

44

Unit 2.
Calcarenitic mudstone, dark tan, wavy-
bedded, burrowed, slightly dolomitic. 150

Covered. . 23

Calcarenitic mudstone, dark tan, wavy-
bedded, burrowed; nodular chert. 75

Calcarenitic mudstone, tan, wavy-bedded,
burrowed, sandy, noncherty. 148

Calcarenitic mudstone., dark tan, wavy-
bedded, burrowed, sandy; nodular chert. 77

473

Unit 1L.
Siliceous laminated mudstone, brownish-
gray, planar-bedded, containing grapto-
lites, chert in layers; interbedded with
%- to l-inch layers of limestone with
shaly structure; basal 50 feet is bi-
tuninous and has asphaltic odor when
broken open; excellent exposure of sharp
contact with underlying Corbin Ranch
Formation. 200

Total 717

Section J: NW% SE% sec. 27, T. 3 S., R. 4 E., Johnston
County; measured in and along Sycamore Creek. To reach
this section, go 17.5 miles south of Sulphur on U. S. 177
and turn eastward on the unpaved road at the south edge
of the town of Baum and proceed 4 miles; then take the
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north fork in the road and proceed 2.5 miles on this wind-
ing road; then take the right fork in the road for another
1.5 miles. From this point, walk due east 0.4 miles to
the outcrops on Sycamore Creek. This locality is on the
south limb of the Sycamcre Creek anticline. The strata
strike N. 74° W. and dip 60° SW. Section measured by G.
Glaser and L. Alberstadt, November 1964.

Feet

Unit 3C.
Coarse skeletal calcarenite, light gray,
slightly wavy-bedded, slightly dolomitic,
containing abundant trilobites, echino-
derms, and some bryozoans; top bed bur-
rowed and covered with iron stain from
oxidizing pyrite; excellent exposure of
sharp contact with overlying Sylvan Shale. 17

Unit 2.
Calcarenitic mudstone, dark tan, wavy-
bedded, burrowed, slightly dolomitic,
containing echinoderms, trilobites, and
nodular chert. 247

Calcarenitic mudstone, light gray, wavy-
bedded, burrowed, sandy to silty, non-
cherty, containing trilobite hash. 187

434

Unit 1L.
Silicecus laminated mudstone, dark tan,
planar-bedded, containing graptolites and
sponge spicules; interbedded with %~ to
%-inch layers of limestone with shaly
structure; good exposure of sharp contact.
in stream with underlying Corbin Ranch
Formation. 203

Total 654
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Section K: SW% SE} SW% sec. 16, T. 1 N., R. 7 E., Pontotoc:
County; measured on Rhyne Ranch. To reach this locality,
go 2.5 miles south of Fittstown on State Highway 99 and
turn eastward on State Highway 61 for 3.8 miles; then turn
south on the unpaved section-line road for 1 mile. From
this point, the top of the section is 0.6 miles to the
southwest. The exposures are poor. This locality is on
the north limb of the Hunton anticline just south of the
Franks fault zone. The strata strike N. 42° W. and dip -

12° NE.

Section measured by G. Glaser and L. Alberstadt,

November 1964.

Unit 3C.

Feet

Coarse skeletal calcarenite, light gray,

slightly wavy-bedded, containing echino-

derms, trilobites, and silicified brachio-

pods; sandy at base; contact with overly-

ing Sylvan Shale covered. 64

Units 2 and 1C. (Poorly exposed and undiffer-

‘ entiated)
Calcarenitic mudstone, yellowish-gray,
wavy-bedded, burrowed; occurs in upper half
of undifferentiated sequence. (Estimated
thickness: 150-170 feet) '

Coarse skeletal calcarenite, yellowish-gray,
slightly wavy-bedded, containing abundant
bryozoans in basal 27 feet; centacts with
overlying calcarenitic mudstone and under-
lying Corbin Ranch Formation difficult to

pick.

Section L:

(Estimated thickness: 140-160 feet) 310

Total 374

S% secs. 19 and 20, T. 1 S., R. 8 E., Coal County;

measured in and along Mosely Creek. To reach this local-
ity, go 2 miles south of Connerville on State Highway 99
and turn eastward onto an unpaved road leading to the
Dolese Bros. Bromide Quarry for 8 miles; then go 0.5 miies
east of Bromide and turn northward for approximately 3
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miles following the winding road past the Bromide school.

The rocks at this point represent the upper unit.

To

reach the base of the group, walk westward along Mosely
Creek for about 1.5 miles. This locality is on the west-
ern margin of the Clarita anticline. The strata strike
N. 11° E. and dip 3° 38' SE as determined by three-point
problem on the outcrop. Section measured by G. Glaser

and L. Alberstadt, February and March 1965.

Unit 3C.
Coarse skeletal calcarenite, gray, slightly
wavy-bedded, containing silicified brachio-
pods; topmost bed almost completely dolo-
mitized in places; contact with overlying
Sylvan Shale covered.

Unit 2.
Calcarenitic mudstone, tan to gray, wavy-
bedded, burrowed, containing gastropods,
brachiopods, trilobites, and a few large
cephalopods; nodular chert common; near top,
gradational with fine muddy calcarenictes
which are transitional to Unit 3C.

Unit 1C.
Dolomite, pinkish=~-gray, wavy-bedded; orig-
inal texture and fabric almost wholly ob-
literated although what remains suggests
original rock throughout this sequence prob-
ably was coarse calcarenites interbedded
with a few calcarenitic mudstones; nodular
chert in some beds; fauna consists of
ostracodes, brachicpods, and trilobites.
This represents the only occurrence of
practically pure dolomite in any appreci-
able thickness in the Viola Group throughout
the area studied in the Arbuckle Mountains.
Other replacement occurrences generally are
patchy, less than 15 percent of the rock,

and usually are confined to the mud fraction.

Calcarenitic mudstone, dark brown, wavy-
bedded, containing trilobites; exposed in
stream.

Feet

64

121

101
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Coarse skeletal calcisiltite, light gray,
wavy-bedded, containing fossil hash and
some nodular chert. 10

Siliceous leminated mudstone, dark gray,
planar-bedded; interbedded with layers of

coarse skeletal calcisiltite 1- to 2-milli-
meters thick. This represents a temporary
incursion of Unit 1L into this area. i0

Coarse skeletal calcisiltite and fine

skeletal calcarenite, pinkish-gray,

slightly wavy-bedded, cherty, containing
abundant bryozoans in some beds, but mostly

fine fossil hash; exposure of contact with
underlying Corbin Ranch Formation sharp

although that formation appears to be

thinner at this locality indicating possibile
greater amount of truncation here than seen

at other sections. 40

168

Total 353

Section M: NE% SE% sec. 27, T. 2 S., R. 8 E., Johnston
County; measured along dry tributary to Sandy Creek. To
reach this locality, go 2 miles south of Wapanucka on
State Highway 48 from its junction with State Highway 7
and turn westward for 1 mile and then northward for abcut
0.5 miles to a gate leading to an open field on the west
side of the road. From the southwestern edge of this
field, walk southwest approximately 300 yards along a cow
path to the exposures. The rocks at this point represent
the upper unit; the base of the group is approximately
100 yards farther to the southwest. This locality is on
the south limb of the Wapanucka syncline. The strata
strike N. 31° W. and are vertical. Section measured by G.
Glaser and L. Alberstadt, March 1965.
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Feet

Unit 3C.
Coarse skeletal calcarenite, dark gray,
slightly wavy-bedded, containing echino-
derms and trilobites; contact with overly-
ing Sylvan Shale covered. ' 80

Unit 2.
Calcarenitic mudstone, dark gray to tan,
wavy-bedded, burrowed, sandy; nodular chert
in all but upper 53 feet; near top, grada-
tional with fine muddy calcarenites which
are transitional to Unit 3C; these fine
calcarenites are light gray mottled dark
brown, are burrowed, and are exactly simi-
lar to rocks from the same part of the se-
quence at Section F approximately 3% miles
to the northwest. 117

Unit 1.
Siliceous laminated mudstone, brown,
planar-bedded, containing graptolites;
chert in layers; exposure of contact with
underlying Corbin Ranch Formation sharp. 147

Total 344

Section N: SE% SE% sec. 15, T. 2 S., R. 5 E., Johnston
County; poor exposures measured over low rounded hill. To
reach this locality, follow unpaved State Highway 7 to the
southeast for 4.3 miles from the southeast corner of Mill
Creck. At this point the road turns to the southeast, but
follow the small farm road that continues eastward for
approximately 0.1 mile; then go northward for 0.3 miles
following the winding road leading to a small house and
barn. The rocks at this point represent the contact be-
tween the Corbin Ranch Formation and the basal part of the
Viola Group. This locality is on the south 1limb of the
Mill Creek syncline. The strata strike N. 75° W. and dip
40° NE. Exposures are poor and the middle portion of the
section is covered.  Section measured by G. Glaser and L.
Alberstadt, April 1965.
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Feet
Unit 3C.
Coarse skeletal calcarenite, tan, slightly
wavy-bedded, containing trilobites and
echinoderms; slightly muddy in topmost bed;
contact with overlying Sylvan Shale covered. 62
Unit 2.
Poorly exposed calcarenitic mudstone, tan,
wavy-bedded. 76
Covered. 63
139
(approx.)
Unit 1.
Siliceous laminated mudstone, light gray,
planar-bedded; chert in layers; contact
with overlying unit covered; excellent ex-
posure of sharp contact with underlying
Corbin Ranch Formation. 138
(approx.)
Total 339

Section O: SE% NWj sec. 11, T. 3 S., R. 3 E., Carter County;
measured along U. S. Highway 177. To reach this locality,
proceed south from Sulphur on U. S. 177 for 13.5 miles.

The rocks exposed on the east side of the highway represent
the baszl unit and the lower part of the middle unit. The
remainder of the section is well exposed in the high hill
on the west side of the road. This section was measured by
plane table and alidade. This locality is on the south
limb of the Sycamore Creek anticline. The strata strike N.
68° W. and dip SW. Section measured by G. Glaser and L.
Alberstadt, April 1965. This section was measured to check
the thickness given by Wengerd (616 feet, 1948). The rocks
were not examined in detail and only approximate thick-
nesses are given for each unit.
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Feet

Unit 3C.
Coarse skeletal calcarenite; exact contact
with overlying Sylvan Shale covered al-
though typical Sylvan observed in stream
cut approximately 100 yards west of highway. 22

Unit 2.
Calcarenitic mudstone, wavy-bedded, contain-
ing nodular chert. 400

Unit 1L.
Siliceous laminated mudstone, planar-bedded,
with chert in layers; common graptolites;
contact with Corbin Ranch Formation not
observed. 200

Total 622

Section P: SE% SE¥% sec. 2, T. 2 S., R. 3 E., Murray County.
To reach this locality, proceed south from Sulphur on U. S.
Highway 177 for 7.3 miles and turn westward for 0.2 miles
on the unpaved road leading to Buckhorn Ranch. The basal
part of the Viola Group is exposed on the north side of
this road approximately 100 yards beyond thils point. The
exposures are poor. This locality is on the north limb of
the Tishomingo anticline. The strata strike N. 20° E. and
dip 33° NW. Section measured by G. Glaser and L. Alber-
stadt, April 1965.

These exposures are too poor for exact measurements of in-
dividual units. This section was measured solely to ob-
tain a total thickness for the Viola Group near the incom-
pletely exposed Section G (420 feet plus) approximately
2% miles to the northwest. The total thickness measured
is 530 feet; the exposure of contact of Unit 1L with the
underlying Corbin. Ranch Formation is sharp although the
contact of Unit 3C with the overlying Sylvan Shale is
covered.
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Section Q: NW% NE% sec. 28, T. 1 S., R. 2 E., Murray County;
measured on west wall in lower level of Dolese Bros. Ray-
ford Quarry. To reach this locality, go east from Davis
on State Highway 7 approximately 3 miles and turn south-
ward on the unpaved road at the Dolese Bros. Rayford Quarry
sign; proceed southward for about 5 miles and then turn
west for about 2 miles and then north for about 2 miles to
the quarry. Signs to the quarry mark the way. This sec-
tion was measured by plane table and alidade. This local-
ity is on the south limb of the Doughtery anticline. The
strata strike N. 45° W. and dip 63° SW. Section measured
by G. Glaser and L. Alberstadt, April 1965.

Feet

Unit 3C.
Coarse to medium skeletal calcarenite,
greenish-gray, with thin shaly partings
between uneven subnodular beds, trilobite
fragments common; 3- to 4-inch layer of
pyritic phosphate conglomerate containing
abundant small shells of a linguloid brach-
iopod separates this unit from the excel-
lent exposures of overlying graptolitic
Sylvan Shale. 20

Unit 2.
Calcarenitic mudstone, light gray to olive
gray, interbedded with lensing 1- to 2-inch-
thick shaly limestones; irregular chert
nodules common in upper half. 459

Unit 1L.
Siliceous laminated mudstone, light gray to
dark gray, planar-bedded, containing chert
layers and disseminated silica; graptolites
common; excellent exposure of sharp contact
with Corbin Ranch Formation. 143

Total 622
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Section R: NW% SW% sec. 6, T. 2 S., R. 1 W. and SE% SE% sec.
1 and NE}% NE% szec. 12, T. 2 S., R. 2 W., Murray and Carter
Counties respectively; measured in and along West Spring
Creek. 7To reach this locality, go westward 8 miles on
State Highway 53 from its junction with U. S. Highway 77; at
Woodford turn northward and go about 2.3 miles and then turn
westward along the winding, unpaved road for about 5.5 miles
to reach West Spring Creek. This is a very general descrip-
tion; the roads are overgrown and only with a jeep is it
possible to reach this locality. This locality is on the
south 1limb of the Artuckle anticline at the southwestern
edge of the Arbuckle Mountains. The strata strike N. 35° W.
and dip SW from 33° in the basal unit to 27° in the upper
units. Section measured by G. Glaser, L. Alberstadt, and W.
Ham, June 1965.

Feet

Unit 3CM.
Coarse skeletal calcarenite, light bluish-
gray, slightly wavy-bedded, containing
minor mud; echinoderm and trilobite frag-
ments common; excellent exposure of sharp
contact with overlying Sylvan Shale. 3

Calcarenitic mudstone, gray-brown, wavy-
bedded, cherty, containing large specimens
of Lepidocyclus sp. 37

Coarse skeletal calcarenite, light gray,
wavy-bedded, slightly muddy; comminuted
remains of trilobites, brachiopods, and
echinoderms: contact with underlying mud-
stone fairly charp.

O

49

Unit 2.
Calcarenitic mudstone, gray to dark tan,
wavy-bedded, irregular chert nodules common
except for 50-foot interval near middle;
fossils are variable throughout and are pre-
dominantly trilobites, graptolites, and
brachiopods. 464
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Unit 1L.
Siliceous laminated mudstone, dark tan,
planar-bedded; chert layering and dissemi-
nated silica common; %- to %-inch interbeds
of limestone with shaly structure; contact
with Corbin Ranch Formation covered. This
represents the maximum thickness for this
unit in the Arbuckle Mountains. 382

Total 895

Section S: NW% sec. 24, T. 1 S., R. 1 E., Murray County;
Lake Classen area approximately 1% miles west of U. S.
Highway 77. This locality is on the north 1limb of the
Arbuckle anticline. The strata strike N. 27° W. and dip
SE from 63° near the base to 43° toward the top. Section
measured and described by Robert J. Dunham (1951). The
descriptions of Dunham are paraphrased below with the
equivalent names used in this work included in parentheses.

Feet

Unit 3C.
Coarsely crystalline limestone, light gray,
massive with slight wavy-bedding, noncherty.
(Coarse skeletal calcarenite) 0-15

Unit 2.
Finely crystalline limestone, light gray,
flaggy with very wavy-bedding along which
lenticular partings of calcareous shale are
distributed, containing many large chert
nodules in all but the lowest part.
(Calcarenitic mudstone) 460-475

Unit 1L.
Very finely crystalline limestone, flat-
bedded in 6~ to 12-inch layers alternating
with gray-brown laminated chert in %- to
l-inch layers. (Siliceous laminated
muds tone) 135

Total 610
Maximum thickness
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EXPLANATION

Shale, greenish-gray to dark-gray, calcareous,
even-bedded, generally containing abundant
graptolites, indicating a moderately deep water
depositional environment, At base locallyis a
3-inch bed of pyritic phosphate conglomerate.

Sparry skeletal caicarenite, coarse- to
medium-gr2ined, uneven- to nodular-bedded,
characterized by a dominance of echinoderm
fragments together with trilobites, bryozoa,
and brachiopods, all set in a cement of sparry
calcite. Chert absent, but fossil shells
locally are selectively silicified, This rock

is a well-washed high-energy calcarenite
indicating the shallowest water of the limestone
depositional environment.

Skeletal fine-grained calcarenite and coarse-grained
calcisiltite, uneven-bedded with constituent grains,
generally in the size range from 40 to 80 microus,
set in a cement of sparry calcite. Chert occurs as
replacement layers, finely disseminated grains,

and nodules. Faunal elements and depositional
environment are essentially the same as those of
the coarser calcarenites.

Burrowed skeletal calcarenitic mudstone in

compact 4- to 6-inch uneven wavy-bedded layers,
interstratified with discontinuous layers of
shaly-bedded similar mudstones as much as

1/2 inch thick; dominant faunal elements are
echinoderms, trilobites, and brachiopods, although
graptolites are abundant in certain zones. Chert
nodules are present locally and characterize thick
sequences. This rock represents a depositional
environment of intermediate energy and water depth.

Siliceous laminated calcite mudstone, even planar-
bedded, ‘characterized by a graptolite-trilobite-
gponge spicule-linguloid brachiopod assemblage
and absence of shelly fauna. Chert is present
mainly as finely disseminated grains and as
replacement layers. These characters indicate

a depositional environment of lowest energy

and deepest water for the limestone sequence.

Massive calcilutite, noncherty, containing
ostracodes, sponges, and extremely sparse
graptolites. Uppermost beds are burrowed
and covered by a corrosion zone.
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EXPLANATION

Shale, greenish-gray to dark-gray, calcareous,
even-bedded, generally containing abundant
graptolites, indicating a moderately deep water
depositional environment. At base locallyis a
3-inch bed of pyritic phosphate conglomerate.

Sparry skeletal calcarenite, coarse- to
medium-grained, uneven- to nodular-bedded,
characterized by a2 dominance of echinoderm
fragments together with trilobites, bryozoa,
and brachiopods, all set in a cement of sparry
calcite. Chert absent, but fossil shells

locally are selectively silicified. This rock

is a well-washed high-energy calcarenite
indicating the shallowest water of the limestone
depositional eanvironment.

Skeletal fine-grained calcarenite and coarse-grained
calcisiltite, uneven-bedded with constituent graius,
generally in the size range from 40 to 80 microns,
set in 2 cement of sparry calcite. Chert occurs as
replacement layers, finely disseminated grains,

and nodules. Faunal elements and depositional
environment are essentially the same as those of
the coarser calcarenites.

Burrowed skeletal calcarenitic mudstone in

compact 4- to 6-inch uneven wavy-bedded layers,
interstratified with discontinuous layers of
shaly-bedded similar mudstones as much as

1/2 inch thick; dominant faunal elements are
echinoderms, trilobites, and brachiopods, although
graptolites are abundant in certain zones. Chert
nodules are present locally and characterize thick
sequences, This rock represents a depositional
environment of intermediate energy and water depth.

Siliceous laminated calcite mudstone, even planar-
bedded, ‘characterized by a graptolite-trilobite-
sponge spicule-linguloid brachiopod assemblage
and absence of shelly fauna., Chert is present
mazinly as finely disseminated grains and as
replacement layers. These characters indicate

a depositional environment of lowest energy

and deepest water for the limestone sequence.

Massive calcilutite, noncherty, countaining
ostracodes, sponges, and extremely sparse
graptolites, Uppermost beds are burrowed
and covered by a corrosion zone,
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