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CHAPTER I
ABSTRACT

Morrowén sandstones of the Oklahoma Panhandle commonly
are divided into informal stratigraphic units. The "“Upper"
Morrowan sandstone generally is considered to have been
deposited in a fluvial setting; "Lower" Morrowan sandstones
generally are interpreted as having been deposited during a
shallow-marine transgression.

Interpretation of Upper Morrowan sandstones is based on
evidence such as (1) quartz, feldspars, and fock fragments
that range widely in grain size, (2) carbonized plant
remains that are common, (3) overall fining-upward
sequences, (4) strata that are finer grained upward, from
granules and coarse grained sands to medium sized grains,
(5) abundant medium scale crossbeds (6) lateral
discontinuity of strata, and (7) absence of fossils and/or
glauconite.

Interpretation of Lower Morrowan sandstones is based on
(1) fairly consistent grain size, (2) abundant glauconite
and fossil fragments, (3) sparse detrital clay, (4) some
small scale to ﬁedium scale crossbeds, and (5) overall

blanket-type geometry.



The Morrowan interval thickens to more than 600 ft. in
the western half of the study area, from slightly more than
500 ft. in the southeast part of the study area. Thickness
of Upper Morrowan strata varies approximately 70-80 ft.
across the étudy area, whereas Lower Morrowan strata vary
as much as 150 ft. in thicknesé. Thé top of the Morrowan
interval dips gently spgtheéstward at about 0.5 degrees.
Dip is interrupted by three syndepositionél faults that
trend northeastward énd by four small domes.

Porosiﬁy iﬁ Upper and Lower Morrowan sandstones is
mostly secondary, due to enlarged pores and partly
dissolved grains; minor types of porosity include
intergranular porosity and microporosity within authigenic
clays.

Petroleum from Upper Morfowan rocks is produced mostly
from stratigraphic' traps. The sandstones are encased in
nonmarine shales and siltstones. Lower Morrowan reservoirs

mostly are in structural traps}



CHAPTER II
INTRODUCTION

Location

The study area is in the Hugoton Embayment of the
Anadarko Basin. It is in the Oklahoma Panhandle, in the
south-central to southeastern part of Texas County,
Oklahoma. Included in the study area are Tanships 2 and 3
North, and Ranges 13 to 15 ECM (east of the Cimarron
Meridian) (Figures 1 and 2).

The terms "Upper Morrow" aﬁd "Lower Morrow," used
throughout the report, are not formal stratigraphic
nomenclature. However, these names are used widely in the
literature for reference to divisions of the Morrowan
section (Figure 3) (Swanson, 1979 p. 120; Cornish, 1982, p.

74).



R 15 ECM

R 14 ECM

R 13 ECM

Location of the study area.

Figure 1.
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Figure 2. Location of the study area with respect to major
structural features (modified from Forgotson et al.,
1966, p. 519; Abels, 1959, p. 93).
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Objectives

Rocks of primary concern in this research are
sandstones of the Morrowan Series (Figure 3). The sands
may have peen transported to the Anadarko Basin from the
Amarillo-Wichita Uplift, Central Kansas Uplift, and Sierra
Grande Uplift (King, 1951, p. 146; Arro, 1965, p. 28;
Benton, 1972, p. 8, 9). The most accepted explanation
indicates the source of sediment was the Sierra Grande
Uplift (Arro, 1965, p. 28; Abels, 1959, p. 104; Swanson,
1979, p. 164) (Figure 2). At many localities in the
Hugoton Embayment, Morrowan sandstones are exceptionally
productive of oil and gas.

Sandstones of the Upper and Lower Morrowan generally
are regarded as having been deposited in fluvial and marine
environments, respectively. The majority of evidence seems
to support these interpretations (Halverson and Robinson,
1989, p. 283; Cornish, 1982, p. 73; Curtis and Ostergard,
1980, p. 142; Benton, 19?2; p. 3), but in exploration for
Morrowan sandstones, some formidable questions arise.

1) Can the boundaries of the Upper and Lower Morrow be
correlated throughout the area?

2) Can the Mississippian/Pennsylvanian unconformity be
determined from wireline logs? Can it be determined from

cores?



3) Are marker units within the Upper and Lower Morraw
traceable for long distances?

4) If markers are extensive, can time-stratigraphic
relationships of the sandstones and the bounding units be
described?

5) Do cores and cuttings permit calibration of
wireline logs in terms of lithofacies?

6) Do cores of the units show strong evidénce as to
the environments of deposition?

7) Do thin sections of the rocks show evidence as to
the environments of deposition?

8) Do shales in the cores contain evidence of
deposition in marine environments?

9) Can distinctive SP-resistivity-conductivity-log
signatures be correlated with characteristic log signatures

derived from density logs, neutron logs, and sonic logs?
Methods of Study

Dwight’s production-data and Petroleum Information’s
data books, both o0il and gas production, were the sources
of information for the production map, which shows
distribution of o0il- and gas-production by rock-
stratigraphic unit (Plate I).

Data from more than 200 wireline logs were used to make
structural contour maps, isopach maps, sandstone-trend maps
and sandstone-thickness maps. Structural contour maps of

these marker-beds were made: (1) the base of the Keyes



sandstone (Plate II); (2) a marker-bed selected to
represent the top of the Lower Morrow interval (Plate III);
and (3) the base of the Thirteen Finger Limestone (Plate
IV) (for details on the rationale concerning selection of
marker beds, refer to Appendix D).

To increase the accuracy of contour ﬁlacement,
particularly near the borders of the study area,
information was obtained from logs of wells within a 1-
mile-wide strip of land around the study area (Figure 1).

The four cores available from the vicinity of the study
area were documented (Figure 4); 60 thin sections from
these cores were described (Appendix B). The cores and
thin sections were used mostly to describe petrography of
the sandstones, and to draw inferences about the
depositional settings of the Morrowan sandstones. A

secondary objective of the thin-section analysis was to

interpret the sequence of diagenetic events.
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CHAPTER IIT
HISTORY OF EXPLORATION

Petroleum was discovered near‘the study area in 1918
(Figure 5), in northern Potter County, Texas. The well,
drilled on a dome mapped at the surface by'C. N. Gould in
1917 (Davis and Northcutt, 1989; p. 16), initiated drilling
in the Panhandle Gés Field. The Panhandle 0il Field was
discovered during 1921 in Carson County, Texas. The first
discovery of gas in the Hugoton Embayment, in 1922, was
from a shallow Permian reservoir in Seward County, Kansas
(Davis and Northcﬁtt, 1989, p. 18). The field was extended
into Texas County,‘Oklahoma in 1922 (Totten, 1956, p. 1947;
Totten, 1961, p. 69) and in 1923 the Guymon-Hugoton gas
area was discovered in southwestern Texas County, Oklahoma.
These fields eventually were linked to form the Panhandle-
Guymon-Hugoton Gas Field, the largest gas field in North
America (Davis and Northcutt, 1989, p. 18) (Fiéuré 6).

In May, 1943, Pure 0il Co. discovered petroleum in
Morrowan rocks. Pure dfilled the discovery well of the
Keyes Field, the No; 1 R. E. Cox, in Sectiop 16, T5N,
R8ECM, Cimarron County, Oklahoma. Initial gas production
of 19 MMCFPD was from the Keyes sandstone (Lower Morrow) at

a depth of 4677-4751 feet. Lower Morrow sands at Keyes

11
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Field had produced 500 billion CFG and 1.7 million BO as of
1985 (Davis and Northcutt, 1989, p. 19). The first
production of o0il and gas from Upper Morrowan sandstone was
in May, 1953. Coltexo Corp. drilled the No. 1 Purdy in
Section 20, T6N, R9ECM, also in the Keyes Field; initial
potential was 30 MMCFPD (Wagner, 1961, p. 241).

During the 1950’s there were many discoveries of oil
and gas in the Oklahoma Panhandle and Texas Panhandle. The
Northwest Eva Field, discovered in 1953 by the Union Carbon
No. 1 Kelly, is a few miles northwest of the study area.
Located in Section 2, T4N, R10ECM, the initial potential of
22 BOPD and 71 MCFPD (Figure 5) predominantly was from
Upper Morrowan sandstones and partially from the Lower
Morrowan Keyes sandstone (Williams, 1961, p. 251, 252). At
this location o0il and gas were produced mostly from
stratigraphic traps in Upper Morrowan sandstones. Traps in
the Lower Morrow Keyes sandstone are structural (Williams,
1961, p. 251-252).

The Camrick Gas Field was discovered in 1954 by Texas
Company’s No. 1 J. H. Cook well in Section 27, T1N, R19ECM
(Figure 5). Initial potential was 22,250 MCFPD (Dempsey,
1961, p. 245). The Camrick Field has produced 1 trillion
CFG and 14 million BO as of the end of 1985 (Davis and
Northcutt, 1989, ps. 19, 20). Production is from
stratigraphically trapped, discontinuous, lenticular Upper

Morrowan sandstones.
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The Postle Field, discovered in northern Texas Co. in
1958, has produced 103 million BO and 52 billion CFG from
Upper Morrowan sandstones. This field dnd the Camrick
Field are interpreted as having been deposited in a large
deltaic plain (Davis and Northcutt, 1989, p. 20).

Discoveries continued through the 1950’s and 1960’s;
more than 16 major fields were found in the Oklahoma
Panhandle. Currently, exploratory drilling in the Anadarko
Basin is primarily restricted to the deeper basin; however,
much development drilling is continuing in the Hugoton

Embayment.



CHAPTER IV
PREVIOUS STUDIES

From evidence based on fusilinid foraﬁinifera, M. L.
Thompson defined the Morrowan stratigraphic sequence of
shales, sandstones and limestones to the Morrowan Series
based on fusilinid identification (Dobervich and Parker,
1958, p. 5). Morrowan strata were correlated throughout
the Oklahoma and Texas Panhandles, southeastern Colorado,
and western Kansas by Maher, who used Thompson’s
descriptions, and faunal identifications by Henbest
(Dobervich and Parker, 1958, p. 5).

Stratigraphic units described by Maher were the basis
for definition of the Morrowan section in the Anadarko
Basin/Hugoton Embayment (Dobervich and Parker, 1958, p. 5).

The term "Hugoton Embayment" was introduced in 1948 for
that area previously referred to as the "Dodge City
Embayment" (Maher and Collins, 1948, p. 813-816). Reasons
for proposing the new terminology were that the axis of the
basin extends near Hugoton and the thickest Carboniferous
rocks are near Hugoton.

Study of diagenesis of Lower Morrowan sandstones
resulted in interpretation of two basic types of sandstone:

nearshore clean, well sorted, nonglauconitic, noncalcareous

16
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quartzose sana deposited in a high energy environment, and
a seaward facies of the first type. The seaward facies has
glauconite, more calcareous cement, and is less well
sorted; locally shale is the dominant rock (Adams, 1954, p.
1568, 1569). Much of the porosity in Upper Morrowan
sandstones is secondary, such as moldic pores and enlarged
intergranular pores formed from partially dissolved grains.
These types of porosity are results of diagenetic
dissolution (Walker, 1986, p. 52-56; Rader, 1990, p. 54) as
well as formatian of clay (microporosity).

Morrowan rocks include light to medium gray shales as
well as gray-green shales with carbonaceous material
(Dobervich and Parker, 1958, p. 5). Shales are interbedded
with discontinuous sandstones and limestones (Totten, 1956,
pP. 1955; Abels, 1959, p. 96; Worden, 1959, p. 125; Pate,
1959, p. 49). 1In general, Morrowan sandstones are gray to
tan and arkosic, with decreasing amounts of feldspar
eastward (Abels, 1959, p. 99), fine to coarse grained,
poorly sorted, subangular to subrounded, and glauconitic
with calcareous cement.

Upper Morrowan sandstones are angular to subangular,
with unweathered feldspars and detrital cementing material.
These rocks have been interpreted as having had local, low-
lying sources (Barrett, 1964, p. 5). Possible other
sources include the Central Kansas Uplift, the Sierra
Grande Uplift and the Amarillo-Wichita Mountains (Arro,

1965, p. 28).
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The Lower Morrowan interval has been interpreted as
having been deposited in a sea that advanced from southeast
to northwest (Davis, 1964, p. 8). Sediments "filled in" or
"leveled out" the irregular topography on Mississippian
rocks, of which most relief had been developed before (or
to a lesser degree, early in) deposition of Morrowan
sediments (Dobervich and Parker, 1958, p. 7; Arro, 1965, p.
28 and 29; Forgotson et al., 1966, p. 532). Lower Morrowan
sands were spread into, within and among valleys by marine
processes. These sandstones are predominantly fine to
medium grained; fossiliferous, and glauconitib, with
siliceous and calcitic cements (Barrett, 1964, p. 3, 4).

Morrowan sandstones have been mapped locally in many
areas near the presént study area. Some such areas are the
Kinsler Field in Mofton County, Kansas, Baca County,
Colorado, and Cimarron County, Oklahoma (Davis, 1964)
(Figure 5), the Light Fiéld in Beaver County, Oklahoma and
Seward County, Kansas (Barby, 1960), (Figure 5) and the
southeastern part of Texas County, Oklahoma (Curtis and
Ostergard, 1980). Numerous regional studies of Morrowan
strata have been published (for example, Swanson, i979, and

Barrett, 1964).



CHAPTER V
GEOLOGIC SETTING

The Anadarko Basin is bounded on the south by the
anticlinorium composed of the Arbuckle Mountains, Wichita
Mountains, and the Amarillo Uplift (Figure 2). The axis of
the basin is only about 30 mi. north of the anticlinorium,
but the comparatively gentle northern flank of the basin
extends as far as southwestern Nebraska; the
northwesternmost part of the basin forms the Hugoton
Embayment (Figure 2). In Oklahoma and southern Kansas the
Nemaha Range is the eastern limit of the Anadarko Basin,
whereas the Sierra Grande Uplift, the Las Animas Arch, the
Keyes Dome and the Cimarron Arch are positive elements that
make up the western boundary (Figure 2).

The area of concern in this research is in the Hugoton
Embayment. The embayment lies between the Las Animas Arch,
to the northwest, and the Central Kansas Uplift, to the
northeast (Figure 2). The study area is only a few miles
east of the Cimarron/Arch and the smaller but prominent
Keyes Dome (Figure 2).

In general, the uplifts cited above and others shown
in Figure 2, and correspondingly the Anadarko Basin and

Hugoton Embayment, were active as long ago as the

19



20

Mississippian Period (Huffman, 1959, p. 2546; Stewart,
1975, p. 130; Wilson, 1975, p. 248). Evidence of recurrent
movement of these structural elements in the Late Paleozoic
and Mesozoic is detectable by inspection of regional areal
geology (for ekample, see Miser and others, 1954).

The major episodes of tectonic activity on the southern
margin of the Anadarko Basin were the Wichita disturbance,
Late Mississippian through Early Pennsylvanian (Morrowan),
and the Arbuckle orogeny, Late Pennsylvanian (King, 1951,

p. 146, 147; Huffman, 1959, p. 2544, 2545).



CHAPTER VI
STRUCTURAL SETTING

Overall dip of Morrowan strata is abbﬁt 0.5 degrees
southeastward across most of the study area (Plates II-
IV). Structural features include‘three small domes (Plate
II); at the top of the Morrowan interval two are expressed
as noses and ohiy one as a dome (Plate IV). Regional dip |
also is interrupted by three down-to-the-northwest faults
and one down—to4theésoutheas£ fault that trend 30-40
degrees east of ﬁorth and two possible minor down-to-the
southeast faults and one minor down-to-the-west fault
(Plates II, III, and IV). Féulting began during
Mississippian time and continued into the Morrowan
(Forgotson, et al.,‘1966, p- 521).

Observation of structural contour maps of the three
marker beds shown on Figure 3, (1) the base of the Lower
Morrowan sandstone (Plate II), (2) the top pfkthe’
limestone/sandstone marker (Plate III), and (3) the base of
the Thirteen Finger Limestone (Plate iV), reveals evidence
about relative timing of faults. At the lowest marker (D)
(Figure 7; Plate II), the most western fault shows
displacement of more than 95 ft., at the top of the Lower

Morrowan section (B) (Figure 7; Plate III)

21
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Figure 7. Logs of two wells located 1 mile apart.
Displacement of markers decreases upward; well
on down-thrown side of fault has slightly more
than 90 ft. of displacement at marker D;
displacement at marker A is little more than
60 ft. Location is shown as 1-1’ on Plates
II, III, and IV.
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displacement is almost 90 ft.; and at marker (A), Figure 7;
Plate IV) it is slightly more than 60 ft. This evidence
tends to suggest that some faulting continued through
Morrowan time, but decreased in intensity.

Morrowan faulting probably was syndepositional.
Evidence includes (1) the progressive upward decrease in
vertical displacement, (2) the added strata in section
(Plates XIII, XiX, (in orange) and Figuré 7), (3) and the
large increase in Lower Morrowan sandstone thickness on the
down-thrown side of the westernmost fault. Part of this
thickness is also attributed to pre-Morrowan erosion. The
thickening of Lower Morrowan strata (Plates VI, VIII) can
be explained in a few ways: (1) alluvial valley filled
with back-stepping marine sediments; valley was cut during
lowstand of sea level toward close of Mississippian time,
(2) alluvial valley fill; erosional channel could have been
related genetically to displacement along a fault, prior to
deposition of the Lower\Morrowan sandstone, or (3)
deposition of Lower Morrowan sandstones on a down-dropped

block.



CHAPTER VII
- STRATIGRAPHY

In the nbrthwesfern'part of the Anadarké Basin of
Oklahoma, the units generally called "Morrow;".are believed
to be of Morrowan age (Figure 3). The Morrow probably is
unconformable‘gponvMississippian rocks.

Within the study area, the youngest Mississippian rocks
are considered to be Chesteran, primarily (Benton, 1972, p.
2). The Chesteran Series ranges from more than 600 feet
thick, in portiohs of Beaver County, Oklahoma to zero on

the Keyes dome (Barby, 1956, p. 15).
Mississippian System

Chesteran Series

Chesteran focks priﬁarily are fossiliferous limestones.
They contain,abuﬁdant ooliths, crinoid stems, bryozoans,
'brachiopodé and ostracods (Curtis and Ostergard;‘1980, p-
118; Barrett, 1964, p. 3). Interbeddéd with the mottled
limestones are gray to dreen—gray and brown fissile shales
(Abels, 1959, p. 96). These limestone units can be
classified using Dunham’s classification as oolitic
bioclastic grainstones, crinoid-bryozoan wackestones, and

crinoid-bryozoan packstones (Asquith, 1984, p. 87).

24
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Pennsylvanian System

Morrowan Series

"T,ower Morrow" Sequence

The lowermost rock units of the Pennsylvanian System
are Morrowén. The upper boundary of the "Lower Morrow"
interval is herein~defined as a selectéd
sandstone/limestoﬁe marker generally in. contact with an
overlying shale (Figure 3); the base of the‘"deer Morrow"
is defined as the base of the Keyes sandstone (see Appendix
D; Figure 3). The Lower Morrow inter&al is composed
predominantly of shales with thin discontinuous sandstone
and limestone units (Barrett, 1964, p. 3). These units
record an overall transgressive sequence with many

disconformities (Sonnenberg, 1990, p. 207).

Sandstones. Throughout the general area the Lower

Morrowan sandstone units*afé more widespread than Upper
Morrowan sandstone units. Grain sizes range from very fine
to medium, and sorting from poor to fair. These sandstones
are gray to white and locally are argillaceous (Barrett,
1964, p. 4). Curtis and Ostergard (1980, p. 118) concluded
that the entire lower section of Morrowan rocks is
generally more marine than the upper‘section. This
detailed description is consistent with Barrett’s except
that they described the rocks as having more glauconite.

Arro (1965, p. 21-22) described Lower Morrowan sandstones
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from north-central and northwestern Texas County, Oklahoma
simply as finer gréined and better sorted than Upper

Morrowan sandstones from the same area.

Shales. Shales in the Lower Morrow section generally
are dark, rich in organic material, pyritic (Arro, 1965, p.
21) slightly calcareous,‘(cﬁrtis‘and Ostergard, 1980, p.
118) micaéeous, and locally glauconitic (Barrett, 1964, p.

4).

Limestones. Limestones of the Lower Morrowan section

commonly are more argillaceéus than Mississippian
limestones (Tottén, 1956, p. 1955). Most of these strata
are sandy, buff to tan, and locally dolomitic. Some of the
limestones are ﬁard, microcristalline, and gray to brown.
Lower Morrowan limestones coﬁtain 2% glauconite, Bn the
average (Barrett, 1964,(p. 4). Deposition of the sediments
was across the truncated Chesteran terrain (Swanson, 1979,

p. 117-118; Cornish, 1982, p. 74).

"Upper Morrow" Sequence

The Upper Morrowan section is bounded on the bottom by
the same sandstone/limestone - shale contact that marks the
upper boundary of the Lower Morrow (Figure 3). The top is
defined as the base of the Thirteen Finger Limestone
(Figure 3) (Swanson, 1979, p. 119; Dobervich and Parker,

1958, p. 9) (see also Appendix D).
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The Upper Morrowan interval is the record of sediments
deposited primarily within a fluvial setting (Benton, 1972,
p. 3). Parker (with Dobervich, 1958, p. 9) stated that in
the central part of the nortﬁern Texas Panhandle, Upper
Morrowan -rocks are similar over a large region. The rock
is a section of fissile, gray togdark gray shales
interbedded with few lenticular sandstones and a few

discontinuous limestones.

Sandstones. Sandstones of the Upper Morrow generally

are coarser grained than those of the Lower Morrow. They
are nonfossiliferous and arkosic, and range from fine
grained to graﬁulér. At maﬁy places the sandstone is
poorly sorted, locally is conglomeratic, and at some places
the rock contains ffagments of carbonized wood or other
carbonaceous debris (Kasino and Davies, 1979, p. 173). The
sandstone units fine upward: from very coarse
grained/granular to medium grained and fine grained

(Swanson, 1979, p. 122).

Shales. At many places, the shales are fossiliferous,
carbonaceous and pyritic; locally they are rich in

glauconite and calcareous cement (Barrett, 1964, p. 4).

Limestones. Limestones in the Upper Morrow are less

extensive, finer grained and more sandy than limestones in

the Lower Morrow (Curtis and Ostergard, 1980, p. 118).
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Atokan Series

Thirteen Finger Limestone

The Atokan Thirteen Finger Limestone generally is dark
brown to gray but at some places it ranges from white to
black. Interbedded with strata of limestone are black,
splintery, bituminous shales. The Thirteen Finger
Limestone is crystalline to chalky and dolomitic; locally
is contains fossil fragments and chert (Munsoﬁ, 1989, p. 5;

Benton 1972, p. 4).



CHAPTER VIII
DIAGENESIS
Introduction

The prihcipal reason for analysis of thin éections was
to gather information for interpretation of depositional
environments of the Upper and Lower Morrowan sandstones, as
well as to interpret the diagengtic history of the
sandstones. Also examined were thin sections of shales and
limestones that bound the sandstones. Descriptions of all

thin sections are included in Appendices B and C.

In the discussion that follows, photomicrographs show
exemplary constituents of Morrowan rocks. Photomicrographs
are in pairs; the upper one was made under plane-polarized
light, the lower under crossed nicols. Also, a code
follows the caption of each photomicrograph. This code
denotes which thin section is shown: ST4 signifies Cities
Service No. 4 Stonebraker "AN", ST101 is the code for
Cities Service No. 101 Stonebraker "A", FF signifies Shell
No. 1-13 Finfrock, and KY is the code for Gulf No. 1 C. C.
Kelly. The number following the code is the index number
of the thin section, the description of which is in

Appendices B, C, and D.
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Upper Morrowan Rocks

Cities Service No. 4 Stonebraker "AN"

Upper Morrowan rocks in the core from the No. 4
Stonebraker "AN" mostly are subarkoses and
sublithchertwackes; sublitharenites, sublithwackes, and

quartz arenites are minor components.

Detrital Coﬁstituents

The major constituents are monocrystalline quartz and
clay matrix (Figure 8). Minor detrital constituents
(generally less than 5% of the total rock) include
polycrystalline quartz, feldspars, chert and other rock
fragments, muscovite and zircon. Except for feldspar and
chert, minor detrital constituents were recorded in trace
amounts.

On the average, monocrystalline quartz is the most
common detrital constituent; it makes up approximately 60%
of the rock. Grains generally are poorly sorted and
subrounded to subangular. Extinction of grains commonly is
straight, but a few grains show slight undulose extinction,
suggesting that the rocks have been compacted strongly by
faulting or folding (Al-Shaieb, 1992). Some grains have

pressure-solution features at grain boundaries (Figure 9).
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Figure 8. Abundant quartz grains and detrital clays (CL)
(ST4-8).
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Figure 9. Undulose extinction (U) of quartz grains and
pressure features (P) at grain boundaries.
Kaolinite (K) with internal microporosity (m)

in upper left of figure (ST4-9).
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Detrital matrix is the second most common constituent;
it averages 12.8% overall. Dominantly the material is
pseudomatrix of compacted clay particles; the pseudomatrix

occludes much of the original pore spaéé.

Authigenic Constituents

Authigenic constituents predominantly are cements,
clays, and slight amounts of pyrite and’organic material.

Siliceous cement, as syntaxial overgrowths, makes up at
least 2% of the rock. Overgrowths generally are detectable
by dust rims, which outline the original grains (Figure
10). Of the carbonate cements, calcite is dominant (4.3%
on the average); dolomite is minor (average 0.5%) (Figure
11) .

Authigenic clays include kaolinite, illite and
chlorite. Kaolinite is most abundant (average: 3%).
Kaolinite (Figure 9) and illite are pore-filling. Chlorite
is present only as pore-lihing traces.

Organic matter is abundant in the thin sections. It is
in stylolitic laminae, residual from pressure dissolution

of inorganic material (Figure 12).

Porosity

Total average recorded porosity is only 2%; however
some parts of the rock have porosity of as much as 10%.
Porosity is mostly secondary, in the forms of enlarged

intergranular pores and micropores within
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0.20mm
Figure 10. Photomicrographs show quartz grains with well
developed overgrowths (0), as shown by dust
rims; also chert fragment (C) and some
primary (intergranular) porosity (I) (ST4-
17).



dominated cement; also wisps of organic
material (Or) (ST4-16).
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Figure 12. Organic material (Or) in a stylolite, and
enlarged intergranular pores (EP) (ST4-4).
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authigenic clays (Figures 12 and 9 respectively). Primary

porosity is intergranular and quite sparse (Figure 10).

Cities Service No. 101 Stonebraker "“A"

Upper Morrowan sandstones in the core from the No. 101
Stonebraker "A" are subarkose, subarkosic wacke,

feldspathic lithwacke, quartz wacke and sublitharenite.

Detrital Constituents

The main detrital constituents of sandstone in the No.
101 Stonebraker "A" are monocrystalline quartz and clay
matrix. Minor detrital constituents generally are less than
2 to 3% of the total rock; they are polycrystalline quartz,
feldspars, chert and other rock fragments, muscovite,
zircon, traces of glauconite, and traces of collophane
(phosphate), which commonly is cement in fragments of
siltstone.

On the average, monocrystalline quartz composes 50% of
the sandstone. Grains are poorly to very poorly sorted and
subrounded to subangular.

Detrital matrix is the second most common constituent
of the sandstone, 11.3% on the average. Mostly it is
pseudomatrix of compacted particles of clay.

The trace amounts of glauconite are accompanied by

traces of collophane.
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Authigenic Constituents

Authigénic‘constituents predominantly are cements and
clays, with pyrite and organic material.

Siliceous cement as syntaxial overgrowths makes up at
least 1% of the rock; it is revealed by dust rims in the
original grains (Figure 13). Poikilétopic calcite cement
is 20% of the rock, on the average; primarily it is owing
to dissolufion of érains and replacement by calcite, as
well as being partiy initial calcite cement, precipitated
early in diagenesis. Some grains are almost completely
replaced by célcite (Figure 13). Dolomite cement is only
in very slight amounts.:

Authigenic clays mostly are kaolinite and illite, which
commonly are pore-filling.

Organic matter is present only in trace amounts.

Porosity

Total average porosity is only 0.7% with a maximum of
1.4%. Porosity mostly is\secdndéry, as enlarged primary
porosity (Figure 13), and to a lesser degree, microporosity

within authigenic clays.
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Figure 13. Quartz (Q), plagioclase feldspar (Pf),
muscovite (M), detrital illite, enlarged
intergranular porosity (EP), quartz
overgrowths, and poikilotopic calcite cement
(PC). Note the undulose (U) extinction of
some of the quartz grains (ST101-27),
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Lower Morrowan Rocks

Shell 0il No. 1-13 Finfrock

Lower Morrowan rocks in the core from the No. 1-13
Finfrock mostly are sublitharenites and quartz arenites;

however, two thin-section samples were wackes.

Detrital Constituents

Most detrital constituents are monocrystalline quartz,
glauconite and fossil fragments. . Minor detrital
constituents (generally less than 2 to 3% of the rock)
include muscovite, chert and other rock fragments,
feldspars, collophane-cemented pebbles, and zircon.

Monocrystalline quartz, the most common detrital
constituent, makes up more than 50% of the rock, on the
average, ranging from 31% to 71%. Grains are poorly to
moderately sorted and rounded to subangﬁlar (grains in two
samples are well sorted). The grains show straight to
slightly undulose extinction (Figure 14).

Glauconite is abundant, 5% of this rock on the average,
ranging from less than 1% to more than 12% (Figure 15).
Glauconite characteristically is bright green, with some.
having been partially dissolved (Figure 15). The
glauconite grains are mostly rounded or slightly oval;
similar grains, in the Cromwell Sandstone of southern
Oklahoma have been interpreted as being in situ fecal

pellets (Stout, 1991, p. 97).
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Figure 14. Dominant quartz (Q), which has straight to
slightly undulose extinction, with glauconite
(G) and phosphatic clay (PH) in poikilotopic
calcite cement (PC) (FF-46).
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Figure 15. Abundant glauconite (G) (some of which is
partially dissolved) in predominantly calcite

cement (PC) (slight amount of dolomite (D) in
far left) (FF-37).
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Fossil fragments are also in most samples. They
‘average 3% of the rock, and in one sample compose 22% of
the rock. Fossil fragments chiefly are echinoderm-plate

fragments (Figure 16) and fragments of bryozoa (Figure 17).

Authiqenic Constituents

Authigenic cbnstitgeﬁté mosfly are cements and clays;
pyrite and traces of organic material are minor components.

Siliceous(cement as syhfaxial overgrowths makes up at
least 2% of thé rock; it is marked by dust rims that show
boundaries of the original grains (Figure 18). Much
angularity of grains is due to quarté overgrowths, which
crystallized around host grains (Figure 18). Poikilotopic
calcite cement is ‘dominant (Figures 14, 15, and 16), about
20% on the average.and maximélly 45%. Dolomite cement is
in small amounts (Figure 15).

Authigenic clays mostly are kaolinite and illite, with
small amounts of chlorite. . Kaolinite (Figure 18) and
illite are primarily pore-filling. Kaolinite\and illite
average 5% and 2% per sampie, respectively. Chlorite is
spérsé; and has been suggested as being due to replacement -
of’glaudonite (Ostergren, 1992).

Organic matter is present only as traces, preserved as

stylolites in areas of pressure dissolution.
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Porosity

Total average porosity is 3.7%, with a maximum of 18%.
Porosity mostly is secondary, as enlarged primary porosity,
partly or completely dissolved grains, shrunken detrital

glauconite, microporosity within authigenic clays, and

microporosity preserved in the cements (Figure 19).

,,,,,

Figure 16. Glauconite (G) and crinoid-plate fossil
fragment (Cr) in poikilotopic calcite cement
(FF-41).
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;—ﬁ: ¥ : - ==x -
Figure 17. Large bryozoan fragment (Br) and collophane

pebble (Co) in a fine grained sandstone (FF-
48).
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P i i

Figure 18. Large quartz grains (Q) with prominent
overgrowths (O) upon dust rims. Also a

collophane pebble (Co), authigenic pore-

filling kaolinite (K) and microporosity (m)

in kaolinite, and partly dissolved grains
(Pd) (FF-40).
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; 23 ; aBe L -
Figure 19. A sample showing slight primary porosity (IP)

and abundant secondary porosity. Secondary
porosity shown is mostly microporosity (m)
and space created by shrinkage (s) (FF-47).



48

Gulf 0il No. 1 C. C. Kelly

Thin-section samples of Lower Morrowan rocks in the
core from the No. 1 C. C. Kelly are quartz arenites, except

for one phyllitharenite.

Detrital Constituents

Most detrital material is monocrystalline quartz,
glauconite and fossil fragments. Minor constituents
generally compose less than 2 to 3% of the total rock;
they are muscovite, chert and other rock fragments
(collophane-cemented fragments of siltstone (Figure 20),
feldspars, and zircon.

Monocrystalline quartz is the most common detrital
mineral. It ranges from 39% to 76% of the total rock; on
the average it is 62% of the rock. Grains are poorly
sorted to moderately sorted and rounded to subangular.
They show straight to slightly undulose extinction.

Glauconite and fossil fragments are not as abundant as
in samples from the Shell 0il No. 1-13 Finfrock. They
average 1.5% and 1.3% respectively. Fossils are chiefly

fragments of echinoderm plates and bryozoa.

Authigenic Constituents

Major authigenic constituents are cements and clays.
As much as 5% of the some thin sections is pyrite with

traces of organic material.
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Figure 20. Rock fragments: chert (C(left)) and collophane-
cemented siltstone (CRF(right)) are some of
the pebble-sized clasts in Lower Morrowan
sandstones (KY-54).
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Siliceous syntaxial overgrowths make up about 1% of the
rock. On the average, calcite cement is only about 3% of
the rock but dolomite cement is about 18% (Figure 21).
Hematite cement is in only one sample (4735.9 ft.), but it
makes up 16.1% of the entire sample, indicating an
oxidizing environment common during subaerial exposure.

Kaolinite and illite are pore-filling authigenic clays.
They average 4.5% and 1.4%, respectively. Kaolinite formed
mostly (and perhaps entirely) by replacement of feldspars.
Chlorite is visible only as pore-lining material. Trace

amounts of organic material were recorded.

Porosity

Total average porosity is 4.0% with a maximum of 8.0%.
Porosity mostly is secondary, as enlarged intergranular
pores (Figure 21), partly or completely dissolved grains or
clays, shrunken glauconite, and micropores in authigenic
clays. Primary intergranular porosity averages about 0.5%

of the rock.



Figure 21. Dolomite cement (D) and enlarged pores (EP)
(KY-52).
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Paragenetic Sequence

The probable paragenetic sequence of Morrowan sandstone

includes at least six increments.

Upper Morrowah Sandstones

1) Pyrite formgd in organic material; sediment was
compacted. p r
2) Quartz and unstable‘feldspars wefe partly dissolved;
burial and éompaction were accompanied by increase in pH
and pressure‘dissolution.
3) Overgrow%hs of quartz developed, due partly to
pressure-solution then reprécipitation. Burial continued.
4) Unstable grains were dissolved and silica was partly
dissolved. Feldspars were altered to clays and calcite was
precipitated as cement.
| 5) Secondary porosity resulted from dissolution and
partial dissolution of siliéa and unstable grains.
/ 6) Secondary porosity was occluded by clay, developed
froﬁ alteration of unstablelgrains, and by cementation with
calcite and dolomite.

7)?Formation of pyrite.

Lower Morrowan Sandstones

1) Cementation)by calcite and dolomite, deposition of
glauconite, and possible formation of pyrite in organic
material. Perhaps the development of clay on surfaces of

quartz grains accounts for dust rims (Walker, 1979, p. 45).
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2) Quartz and unstable feldspars were dissolved partly,
owing to burial, increase in pH, and pressure solution.

3) Overgrowth of quartz on grains of quartz, as burial
continued.

4) Unstable grains were dissolved and quartz was partly
dissolved. Feldspars were altered to clay. Calcite was
precipitated aswcement.

5) Secondary porositygwas occluded by clay developed
from alteration of unstable grains. »

7) Formation of pyrite.



CHAPTER IX
- DEPOSTTIONAL ENVIRONMENTS
Lowér Morrowan Rocks

During the Late Mississippian, the study area was a
shallow marinefghelf of Euramerica (Figure 22). Rocks
deposited on this shelf were primafily shallow marine
shales and shelf to marine limestones (Curtis and
Ostergard, 1980;Xp. 116). Global régression toward the
close of the Mississippian (Figure 23) (Clark and Stearn
1968, p. 171; Ross and Ross, 1988, p. 243) subjected late
Mississippian marine strata to erosion.

Deposition of Lower Morrowan sandstones has been
interpreted in many fashions: fluvio-deltaic (Godard,
1981, p. 43), beach, ba;rier bar, and transgressive
shallow-marine sheet sapds (Forgotson et al., 1966, p.
532). Another possible interpretation is alluvial valley
£ill. “

Lower Morrowan sandstones seem to havé been channeled
into underlying strata (Plates XII—XIX). AHowever, 1
characteristics of a fluvial deltaic environment include
(1) large variancé in grain sizes (pebble to sil;) (Lower
Morrowan sandstones grains vary little in size.); (2)

fluvially deposited sandstones are not laterally
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continuous in four primary directions (upper contact of
Lower Morrowan sandstones can be correlated across most of
the study area; see Figure 24); (3) fluvial deltaic
environments generally are void of fossils and/or
glauconite (Lower Morrowan sandstones contain an abundance
of both.)

Barrier bars (1) generally trend parallel to
depositional strike (Busch and Link, 1985, p. 207). (The
thicker of Lower Morrowan sandstones do not trend parallel
to the east-southeasterly striking paleocoastline outlined
by Curtis and Ostergard (1980, p. 123), which explains the
pre-Morrowan surface, near the study area, as having had a
southwesterly slope; this is also supported by thickening
of the Lower Morrowan interval (Plate VI). (2) Under
trangressive conditions barrier bars tend to build upward
and toward land (Lower Morrowan sandstones "cut" into
underlying strata.) (3) Barrier bars generally have
gradational lateral contacts (Shelton, 1973, enclosure).
(Contacts of Lower Morrowan sandstone and bounding rocks
are rather abrupt.)

Sands in alluvial valleys have sharp basal and lateral
contacts, much as Lower Morrowan sandstones do. However,
(1) alluvial-valley sands show massive bedding as well as
large and medium scale crossbedding (Lower Morrowan
sandstones contain mostly medium scale crossbeds and
planar crossbeds); (2) large pebbles and gravels are

common in alluvial strata (Such clasts are rare in Lower



57

13 =
ST T e s
=h ¢ PR & M p= AEFRNNNEEY |
e e - Wi et T et 31 R
WMH _nﬁmm - uﬂwnﬁu A= s MMu 34 =ury i ..f; ) vl | _
i HH R S e t + | Prope —1 |
T o b R EEERARAEEES T LR B U/ B !
st : L = ) o 3 = i
ol T _ TR TR [T m
= = THHANTHE S T ke 1M¥I1$JWM1
v = S —H e = } T wimu N T - - [T
=at FE e S5 SEZSVURNLEN:am il
i - TR FErT T : 2 Naly uil t
s _% sEnsENERREECY J = [ !
—F =T A = K ! R - o :
5 = 1 ; jha-d L3R gean [ o |
: 5 ¥ - v E LR 3 e _
e toe . b RER Y - h .
ht ~+F T B Ts ! = | s |
== | PR e T 7 : i
] = T S5 . |M9: ST L . M.
e ' e dnl ! I > v
S S e e e ) L= xuw»n - A } A EIH e {]
s TEEY ma T . .u -l i | H
s 1 . K.mmn » Y = 4 R T
T "SR NATTTTTT LT PR 145 n STITTTT
=5 SR PR T THa gEscsazs i
3 T A“lhw 1 = THTES M wrl.,ﬂ MJN } |L« '
Poeamnauanss : o 3 =565 4 ! 1
Is T = L P L A 3 ] |
e e T Wm|| ¢ tH k; | -
Remmaan: 1 B THE SRERR=S g - L | '
0062 o= ; i =TT _ﬁ ' RE 1 ’ w !
WNLYA —SF 1t T T AR = RRREEE=2 o
IN/MS/O IS/MS 3S/3N/AN 3N/3N

WO3¥id ‘NEL ‘6 %8s
WV H3MVYYE3NOLS 4L ON

09 1o mm.w>mmw S3AILO

WO3viY ‘NEL ‘6 98s
WNV. H3NVHE3INOLS S ON

‘00 o mnww>mm_w S3AILO

WO3vIY ‘NEL '8 %8S

WNV. HIXVHEINOLS € ON

02 1o mw"_m>mmw S3AILO

WO3viY ‘NelL ‘L 98s
WV H3XVHE3INOLS 101 ON

(oo l0) mmw>mmm S3AILIO

inuity of

ty of Upper Morrowan

Lower Morrowan sandstone (L) as well as
inui

Figure 24. Cross section showing lateral cont
lateral discont

sandstones (U).



58

Morrowan cores.); and (3) wood fragments and plant debris
are common (These sediments are rare in Lower Morrowan
rocks.). Lower Morrowan shallow marine claystones,
sandstones, limestones, and sandy limestones were
deposited probably by a t;ansgressing sea over an eroded,
irregular surface (Swansop; 1979, p. 117; Webster, 1983,
p- 2072).‘ Tectonic elements and local fdpography
influenced depdsitional patterns during’Eatly'Morrowan
time (Moore, 1979, p. 6, 7). Thick accumulations of
sediments were in élluvial valleys where Lower Morrowan
transgressive/marine units were deposited (Khaiwka, 1973,
"p. 187; Arro, 1965, p. 22). Lower Morrowan (Keyes)
sandstones probably were shallow marine sands deposited
under near-shore processes such as waves, tidal currents,
and possibly longshore drift (Figure 25). As the low-
lying areas became filled sands were spread laterally
(Figure 25).

Evidence to support marine deposition is: (1)
Fragments of brachiopods, bryozoans, and crinoids,
vertical burrows, filaments of carbonized plant material,
gléuconite, and calcareous cement are abundant.
Sedimentary structures recorded from cores include medium
scale planar crossbeds. Thin conglomerates may indicate
minor regressions. (This line of evidence recorded in
Appendix A.) Cores from No. 1-13 Finfrock:and No. 1 C.C.
Kelly have similar characteristics. The Kelly core

contains more wavy laminations and crossbeds; the



Figure 25. Interpretation of general pattern of
deposition of Lower Morrowan sandstones:

(A) pre-Pennsylvanian topography, (B)
initial deposition in low-lying areas, (C)
spreading of sands laterally, with near-
burial of eroded surface.

59



60

Finfrock core contains more glauconite and relatively
common vertical burrows. Similar differences have been
interpreted as indicating closer-to-shore, higher energy
conditions (Adams, 1954, p. 1568) during deposition of
less glauconitic, less‘burrowed, and more crossbedded and
cross laminated ééndstones.ﬁ

The No. 14i3 Finfrock éore‘is a possible example of a
"more seaward" facies than the interval preserﬁed within
the No. 1 C.‘C. Kelly core  (see Appendices A, B, and C for
descriptions). 7

2) Thin seééions from both cores. contain rare rock
fragments or feldspafs but fossil fragments and glauconite
are abundant. However, thin sections from the No. 1 C. C.
Kelly core contain less glauconite and fossil fragments
than thin sections from the No. 1-13 Finfrock core.
Carbonate cements are abundant.ﬂSandstones in the Kelly
core usually are quartz arenites, whereas sandstones in
the Finfrock core ére a"mixture of quartz arenite and
sublitharenites. |

3) Spoﬁtaneous potential and gamma ray log signatures
of‘thé Lower Morrowan sandstbneé generally have blocky to
slightly funnel shapes (Figure 26). Deep, medium, and
shallow resistivity logs show a highly resistive basal
contact with steady upward decrease in rgsistivity across
the lower part of the interval and an increase in the
resistivity across the upper part. The general log

signatures might suggest (1) coarsening
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upward, (2) increasing porosity upward, or (3) decreasing
clay content upward across the lower part of the sandstone
and a possible increase in clay, decrease in porosity and
decrease in‘grain size across the upper part. Funnel-
shaped log signétures are common responses to sandstones
deposited in shallow marine environments. Low bulk-
density peaks such as those recorded at 6836, 6838, and
6840 (Figure 26) in some instances, have corresponded to
levels richer in glauconite and siderite (Serra, 1985, p.
192).

4) Isopach maps illustrate thicker units filling the
low-lying areas (Plates V-VII). Most prominent is the
thick sandstoneywhich lies to the west side of T2N,
R14ECM. This sandstone was deposited when transgressive
sands filled a previously active alluvial valley. The
structural contour map of the base of the Morrowan
interval (Plate II) illustfates the position of the valley
before transgression of Morrowan seas. 'Structure maps
also support the hypothesis that paleodrainage was at
least influenced by Late Mississippian/Early Pennsylvanian
faulting. The selected position of the lower marker may
allow for a small amount of error in estimation of pre-
Morrowan topographic relief; however, many whole

Archimedes and abundant fronds in underlying shales

support this selection as the base of the Morrowan

interval (see Appendix D).
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5) Examination of cross sections illustrates that
thicker units are located in what were low-lying areas,
similar to the circumstances depicted in Figure 25. This
further supports inferences drawn from isopach maps. In
addition to the thickest interval being in the probable
pre-Morrowan low areas, the cross sections also illustrate
evidence of a marine transgfessive environment with a
thinner but more laterally consistent sandstone
immediately overlying the "fill" units. These sands are
more blanket-like in geometry and are continuous across
most of the étudy area. In Figure 7, the unit above
marker "D" can be correlated across the fault as well as
across most of the study area. The continuity of this
unit may indicate more consistent, widespread sedimént
distribution.

In the Morrowan section are many thin, discontinuous
limestones and sandstonés; .Strata deposited after Lower
Morrowan sandstones and prior to Upper Morrowan sandstones
were mostly shales with many limestone and some sandstone
interbeds. The thick‘interval of shales could indicate a
period of relative tectonic guiescence (Benton, 1972, P.
9). (The interbedded units could represent minor téctonic
events or global fluctuations of sea level during the
relative calm deposition. Many sea level fluctuations
occurred during Morrowan time (Figure 23) (Ross and Ross,

1988, p. 243).



Upper Morrowan Rocks

64

The Upper Morrow sandstones were probably deposited in

a fluvial environment. The Morrow of the Hugoton
Embayment has been interpreted as being deposited on a
middle deltaic distributary plain (Figure 27) (Cornish,
1982, p. 75; Swanson, 1979, p. 155-157).

Evidence for a middle deltaic distributary channel
environment is:

1) Sandstones in the No. 4 Stonebraker "AN“ core are

generally medium to coarse grained, and fine upward within

individual units from very coarse to medium. The units
have medium scale crossbeds with each graded interval
approximately 1 inch thick. Contacts within the core are
abrupt at most places; they may be channel scours. The
contacts have been described as festoon crossbeds from
within the middle ﬁart of a point bar sequence (Swanson,
1979, p. 122). Abundant carbonized plant fragments and
wisps of organic matefial (plant roots?) are in the core.
There is no evidence of burrowing, no fossil fragments,
and very little carbonate material in the No. 4
Stonebraker "AN" core.

2) Primary constituents of rocks in the No. 4
Stonebraker "AN" are quartz and some clay matrix, with
some feldspars and rock fragments. Organic material is
common in the form of stylolites; glauconite and fossil
fragments are absent and carbonate cements are rare in

comparison to other cores.
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Figure 27. Probable settings during deposition of Upper
Morrowan sandstone (modified from
Serra, 1985, p. 160).

3) Spontaneous-potential log signatures of Upper
Morrowan sandstones generally have overall bell shapes
(possibly associated with a fining upward sequence in
grain size) (Figure 28). Gamma-ray log signatures are
similar but have serrate profiles, which could indicate
thin shale intervals or variations in abundance of clay
particles. Resistivity-log signature deflections

generally increase upward across the upper part of the

examined interval. The increase could be due to decrease
in grain size, increase in cementation, and/or occurrence

of gas or oil (Figure 28). Sonic-log signatures show an
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overall upward decrease of interval transit time, possibly
a result of (1) upward porosity decrease or (2) upward
density increase. Bulk density log signatures increase
upward across the interval which could support the
hypothesis of upWard porosity decrease. Abrupt leftward
deflections of caliper log signaéures are common at the
bases of Upper Morrowan sandstones, indicating sharp lower
contacts. Generally, caliper log responses gradually
return to full diameter or greater toward the top of
intervals, which could indicate fining upward of grains in
this part of the interval.

4) The genéral trends of Upper Morrowan sandstone
bodies are east-southeast (Plate IX). The sandstone
bodies arergenerally a few miles in width, 10-20 ft.
thick, and oblate to elongate in plan view. The preserved
sandstones form a somewhat beaded appearance, due to local
areas of thick sandstone concentrations along the length
of the trend.

5) Upper Morrowan sandstones generally are not wider
than 1-2 mi. in cross sections and tend to thin laterally
into encasing‘shales. At some locations, particularly at
the lower parts of sections, resistivity deflections
increase upward for short distances (Figure 29) and gamma-
ray deflections are very low (leftwéra) which could
indicate a clean, channel scour gravel. The highly
resistive, low gamma-radiation intervél could be the

leading edge ("toe") of a point bar (Figure 29). As a
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point bar migrates laterally, clay rip-up clasts are
covered with coarse grained sands and possibly gravels.
Highly resistive units are common at the tops of Upper
Morrowan sandstones. Higher than normal gamma-ray
responses k>150 API) commonly correlate with the more
resistive intervals (Figure 29 (B)). Such responses may
indicate radioactive, organic-rich, shale or silty
sediments that might have trailed the lateral migration of
point bars (Figure 29).

Shales above the Upper Morrowan sandstones ksee
Appendix B, No. 4 Stonebraker "AN" core) contain abundant
disarticulated brachiopods and are highly calcareous.
These shales were probably deposited in a marine
environment during a transgression toward the close of the

Morrow.
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CHAPTER X
SUMMARY

(1) The Morrowan stratigraphic interval thickens
westward acrosé the study area.

(2) The Lower Morrowan interval varies more in
thickness than does the Upper Morrowan.

(3) Lower Morrowan strata filled low areas in pre-
Pennsylvanian topography; sandstones in the upper part of
the Lower Morrowan section were spread extensively.

(4) Upper Morrowan sandstones probably formed as
distributary-channel point bars and channel-fill sands.

(5) Variation in thickness of the Morrowan section is
due partly to syndepositonal_faulting.

(6) Most marker beds do not extend throughout the
study area. Marker bedslthat can be correlated across the
study area can be used to infer relative-time depositional
packages.

(7) The contact with the Morrowan strata and the

overlying Atokan Thirteen Finger Limestone is not
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sandstone and Chesteran limestone. The post-
Mississippian, pre-Morrowan unconformity may be within
this section.

(9) Coreé of LQwer Morrowan saﬁdstones contain
fragmenté of marihe:fOSSils, glauconite, collophane, and
burrows.

(10)'éores of Uppef Morrowan sandétone contain
abundant medium scale‘crossbéds; graded\beds; granules to
medium sized gréins‘and carbonaceous woody‘métérial.

Grain size gehérally coarsens upward.

(11) Thin sections of Lower Morrowan sandstones
contain abundant fragments of marine fossils and
glauconite, which support the interpretation of deposition
of the sand in marine enviroments.

(12) Thin sections of prer Morrowan sandstone contain
no fossil fragments and tafe‘samples contain glauconite.

(13) The shales, from‘the cores, below the Lower
Morrowan sandstones contain abundant fragments of marine
fossils (Archimedes andfcrinoid stems) and carbonate
cement. Shales above Mississippian sandstones and
carbénaté rocks contain abundant disarticulated
brachiopods and carbonate cement.

(14) Most shales betweeﬁ thelUﬁpgr and Lower Morrowan
sandstbnes are rarely calcareous; no fossils were recorded

from these shales.
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(15) Shales directly overlying Upper Morrowan
sandstones are noncalcareous, laminated, silty, and void
of fossils.

(16) Thé stratigraphically highest shales cored
overlie the Upper Morrowan Sandstbnés and the
noncalcareous shales in the No. 4 Stoneﬂfaker core. These
shales are highly calcareoué with abundant fragments of
marine fossils, indicating probable transgressipn during
late Morrowan time;‘

(17) Log signatures of Lower Morrowan sandétqnes tend
to support little variance in grainrsize; Log signatures
generally are funnel-shaped (coarsening upward) across the
lower part of the interval with a more abrupt bell shape
across the upper part.

(18) Log signatures of Upper Morrowan sandstones are
generally bell-shaped, which may indicate a fining upward
sequence. Across some short Vértical intervals, of only a
few feet, the log signatures are funnel-shaped which may
indicate thin coarseningrupwardVsequences. The thin
coarsening-upward intervals might assist in mabping‘if
interpreted as the Léad edges of point bars.

(19) Some log signatures of Upper Morrowan sandstones
show evidence of‘highly resistive,yhighly radioactive
intervals. These units might also be used to assist in
mapping and exploration, if intefpreted as evidence of

the trailing edges of point bars.



(20) 0il and gas in Upper Morrowan sandstones are
generally trapped stratigraphically.

(21) Upper Morrowan production is generally from
channel—fill sandstones, such as poiﬁt—bar deposits.

(22) '0il and gas in Lower Morrowan sandstones are
generally trapéed structuraily;

(23) Most productive Lo&er Morrowan reservoirs are

blanket sands on the updip sides of fault blocks.
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Introduction

Cores examined are from (1) Cities Service 0il Company

No. 4 Stonebraker "AN", Sec. 9, T3N, R14ECM; (2) Cities
T

Service Oil Company No. 101 Stonebraker "aA", Sec. 7, T3N,

R14ECM; (3) Shell 0Oil Company No. 1-13 Finfrock, Sec. 13,

T4AN, R16ECM; and (4) Gulf 0il Company No. 1 C. C. Kelly,

Sec. 1, T4N, R10ECM (Figure 4).

Cores from thé Stonebraker wells are from the Upper
Morrow "zone". Cores from the Finfrock No. 1-13 and the C.
C. Kelly No. 1 are from the Lower Morrow Keyes sandstone.

The coreé were described using two grain-size
standards. The standards used are Wentworth’s 1922 grain-
size classification chart of clastic sediments (Berg, 1986,
p. 8) (Table 1), and a comparison chart that has size-
comparisons for very fine through very coarse grains
(Figure 30).

The size-comparison chart was distributed by Amstrat

(American/Canadian Stratigraphic Co.).



82

TABLE I
WENTWORTH’S GRAIN-SIZE CLASSIFICATION .
Diameter (mm) Modal class Sediment Rock
Boulders
256
Cobbles
64 Gravel Conglomerate
Pebbles
4
. Granules
2
Very coarse
1
Coarse
0.50
Medium Sand Sandstone
0.25
Fine
0.125
Very fine
0.062
Coarse
0.031
Medium
0.015 Silt Siltstone
Fine
0.007
Very fine
0.004
<0.004 Clay Clay Claystone
*from Berg, 1986, p. 8.
ARRIALLL AL ALY LA AR AL AR A LA AR LA A LA A
mm 1 2 3 4 5 6 7 8
vclU = 1410-200014=-05--10¢
vcl =1000-1410u= 00--0.5¢
cU= 710-1000u= 0.5- 0.0¢
& cL= 500~ 710u= 1.0- 069
mU= 350~ 500u= 1.5- 1.08
AMERICAN /CANADIAN [ mL = 250- 350u= 2.0- 1.5¢
STRATIGRAPHIC U= 177- 250uM= 2.5- 2.09
L= 125- 177M= 3.0- 2.5¢
DENVER  CALGARY [ViU= 88- 1254= 3.5- 3.09
viL= 62- 88M= 4.0- 35¢
Angular Subangular Subrounded Rounded Well Rounded
L $av OV i avn/ /%00 000
Figure 30. Grain-size comparison chart used for

description of cores (from American/Canadian

Stratigraphic

Co.).
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Cores of Upper Morrowan Strata

Cities Service 0il Co. No. 4 Stonebraker "AN"

Depths marked on the core of the No. 4 Stonebraker are
4.5 ft. shallower than depths recorded on logs (Plate XX).
The core is a sample of 72 ft. of Upper Morrowan sandstone;

the core is fairly complete.

6297-6295.9 ft.: Shale: dark gray to black; fissile;

noncalcareous.

6295.4-6281.5 ft.: Sandstone: light grayish tan to

tan; medium to coarse grained with some granules and
pebbles; noncalcareous; oil-stained; relatively few
potassium feldspars (approximately 1 grain/sg. in.) at
6294.6-6283.8 ft;; carbonized plant material (6293 ft.);
texture of interval fines upward from very coarse to medium
grains; crossbedded (mediumiscale, planar, (some medium
scale herring-bone? crossbedding at 6283.5-6283 ft.)), dip
as much as 30 degrees, but generally 15-20 degrees from
horizontal; each 1-in. to 0.5-in. crossbed set includes
interbedded coarse grained strata overlain by medium
grained strata; pattern is consistent throughout the
interval, but is most prominent from 6285-6282.5 ft.
(Figure 31); coarse grained saﬁdstone overlies very fine to
fine grained sandstone with abrupt contact at 6282.5 ft.

(Figure 32).



Figure 31. Medium scale cross bedding in Upper Morrowan
sandstone. Cities Service No. 4 Stonebraker
“"AN," 6283-6283.6 ft.
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Figure 32. Abrupt contact of coarse grained (C) to
granular sandstone and fine to very fine
grained (VF) sandstone. The very fine to
fine grained sandstone overlies a medium to
coarse grained sandstone (M) (contact at
arrow). The very fine to fine grained
unit is at 6282.6 ft. Cities Service No. 4
Stonebraker "AN," 6282.4-6282.9 ft.
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6281.3-6280.2 ft.: Sandstone: dark gray; very fine

grained; micaceous; interbedded with light gray sandstone;
soft-sediment deformation and microfaulting, possibly due
to slumping soon after deposition; small-scale crossbeds;
ripple laminations?; contacts between the interbedded units

are rather abrupt (Figure 33).

6280.2-6273.1 ft.: Sandstone: dark gray; very fine to

coarse silt; noncalcareous; micaceous; horizontally bedded;
interval has the appearancé of dark gray shalef close
inspection shows that it is very fine grained sandstone to

siltstone.

6273.1-6272 ft.: Sandstone: 1light gray to tan; medium

to coarse grained; noncalcareous; micaceous; carbonized
plant-remains at 6272.8 ft. (Figure 34); crossbedded,
medium scale from 6272.8-6272.5 ft. (Figure 35);

gradational into overlying finer grained sandstone.

6272-6268.7 ft.: Sandstone: 1light tan to tan; medium

grained; noncalcareous; predominantly massively bedded;
crossbedded (medium scale, tfough? at 6270.8 ft.);
gradational contact with overlying sandstone; uppermost“
three inéhes fines upward from medium to fine grained

sandstone, with increase upward of clay.
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Figure 33. Dark to medium gray Upper Morrowan sandstone
interbedded with light gray to white
sandstone showing ripple laminations, soft-
sediment deformation and some microfaults.
Cities Service No. 4 Stonebraker "AN",
6280.1-6280.7 ft.

Figure 34. Carbonized plant remains in Upper Morrowan
sandstone. Cities Service No. 4 Stonebraker

"AN", 6272.8 ft.
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Figure 35. Medium scale crossbeds in Upper Morrowan
sandstone. Cities Service No. 4 Stonebraker
“"AN," 6272.5-6272.8 ft.

6268.7-6258 ft.: Sandstone: 1light to medium gray;

very fine to medium grained; noncalcareous; micaceous;
horizontal and wavy laminations, soft-sediment deformation;
shale rip-up clasts and flaser beds? (6266.1-6265.2 ft.)
(Figure 36), interlaminated with dark gray, fine grained,
noncalcareous sandstone (Figure 37); rock showing upper
contact is missing from core; many contacts within interval

are abrupt (e.g. at 6268.3 ft.).
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6258-6249 ft.: This section of core missing.

Figure 36. Fine grained sandstone with wavy laminations
(W) toward top and flaser? bedding (F) toward
base. Upper Morrowan sandstone, Cities
Service No. 4 Stonebraker "AN," 6265.8-6266.2
ft.
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Figure 37. Dark and light interbedded units typical of
interval from 6258 to 6268.7 ft. Upper
Morrowan sandstone, Cities Service No. 4
Stonebraker "AN," 6268.1-6268.4 ft.
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6249-6247.4 ft.: Sandstone: 1light to medium gray;

very fine grained; noncalcareous; micaceous; horizontally
bedded; interval has appearance of shale, but is very fine

grained silty sandstone.

6247.4-6238.5 ft.: Sandstone: light to medium gray;
very fine grained; noncalcareeus; micaceous; hematite and
pyrite (6246, 6244.5, 6240.4 and 6235.5 ft.); with lenses
of shale; mostly‘horizontaliy bedded; crossbedded from 6244
to 6243.5 ft. (medium scale, planar, ‘dipping as much as 15
degrees from horizontal); slump structures, interlaminated
withidark gray, fine grained, noncalcareous sandstone

(Figure 38).

6238.5-6237 ft.: Sandstone: gray to dark gray; very
fine grained; noncalcareous; micaceous; horizontally
bedded; rock has appearance of shale, but is very fine

grained sandstone to coarse siltstone.

6237-6230 ft.: Shale: black; fissile; noncalcareous;

only three feet of rock-.in.core. (Consistent signature on
log supports inference that probably all of shale was black

and fissile.)

6230-6225 ft.: Shale: black; fissile; calcareous;

with abundant fragments of articulate brachiopods and

crinoids (Figure 39).



Figure 38. Pyrite (P) and hematite (H) nodules, fairly
common in Upper Morrowan sandstone in Cities
Service No. 4 Stonebraker "AN," from 6238.5-
6347.4 ft. Depth of sample, 6246 ft.
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Figure 39. Black fossiliferous shale about 11 ft. above
Upper Morrowan sandstone. Cities Service No.
4 Stonebraker "AN," 6226 ft.
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CITIES SERVICE OIL COMPANY
STONEBRAKER "AN" NO. 4
TEXAS CO., OKLAHOMA

SEC. 9 T3N R14ECM

C NE Sw

NORTH GUYMON FIELD

Figure 40. Photographs of core, Cities Service 0il Co. No.
4 Stonebraker "AN."
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Figure 40. Photographs of core, Cities Service
4 Stonebraker "AN" (cont’d).
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Figure 40. Photographs of core,
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Cities Service 0il Co.
4 Stonebraker "AN" (cont’d).

No.
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Figure 40. Photographs of core, Cities Service 0il Co. No.
4 Stonebraker "AN" (cont’d).
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0il Co. No.

Cities Service
(cont’d).

L1} AN "

Photographs of core,
4 Stonebraker

Figure 40.
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Cities Service 0il Co. No. 101 Stonebraker "AY

Depths marked on the core of No. 101 Stonebraker are
14.5 ft. shallower than depths on logs (Plate XXI). The
core is a sample of 42 ft. of the Upper Morrow

stratigraphic section; the core is not complete.

6207.1-6207 ft.: Shale: dark brown; thinly laminated;

\

noncalcareous.

6207-6206 ft.: Sandstone: gray to tan; coarse -
grained; calcareous; with glauconite, hematite stain, and

carbonized plant fragments. (Figure 41).

6206-6205.9. ft.: Shale: black; fissile in lower one-

half inch; "massive" at top; calcareous; with fragments of

brachiopod shells.

6205.9-6189.2 ft.: This section of core missing.

6189.2-6186.6 ft.: Limestone: gray and tan;

predominantly mottlédf‘nodular; perhaps caliche at 6187.7-

6187 ft. (Figure 42) (Al-Shaieb, 1992).

6186.6-6180.3 ft.: This section of core missing.

6180.3-6180 ft.: Conglomerate: matrix: sandstone;
dark gray to brown; coarse grained; carbonate-cemented.
Clasts: carbonate mudstone; dark brown and gray; as pebbles

and cobbles (Figure 43).
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Figure 41. Upper Morrowan sandstone. Cities Service No.
101 Stonebraker "A," 6206.5-6206.7 ft.
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Figure 42. Tan to light gray Upper Morrowan limestone with
possible caliche (CN). Cities Service No.
101 Stonebraker "A," (6187.3-6187.6).
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Figure 43. Large carbonate mudstone clast with fragment of
sandstone matrix (M) at lower right position.
Upper Morrowan section, Cities Service No.
101 Stonebraker "A," 6180 ft..
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6179.2-6178.2 ft.: Sandstone: medium gray; very fine

to fine grained; noncalcareous; micaceous; with slightly
lighter gray, calcareous, wavy laminations at various
locations in the interval;vdisrupted beds as results of
slumping (6179.2-6179 ft.),‘ Four carbonate-rich strata of
sandstone at 6178.9 and 6173;6 ft., and two between 6178.4-

6178.3 ft..

6178.2-6176 ft.: Sandstone: interbedded medium gray
and red—brown} fine grained; with calcareous cement (gray
zones) and nonqalcareous (phosphatic) éement (red zones);
micaceous; gréy zones contain abundant phosphate-coated
grains; red-brown sandstone is slightly the coarser of the
sandstones; crossbedded (medium scale, planar, dipping

about 25 degrees from horizonﬁal) (Figure 44).

6176-6173.5 ft.: Sandstone: overall medium gray to
dark gray; very fine to fine grained; noncalcareous; near
base, horizontal to wavy continuous laminations; sandstone
grades upward into crossbedded laminations (medium scale,

planar, dipping about 15 degrees from horizontai).

6173.5-6171.6 ft.: Sandstone: mostly light to medium

gray (with red-brown (phosphatic cément) interval at 6173-
6172.5 ft.); very fine to fine grained; calcareous
(abundance of calcium carbonate cement decreases upward);

richest
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Figure 44. Crossbedded Upper Morrowan sandstone with dark
red-brown zones where cement is phosphatic
(P) material. Cities Service No. 101
Stonebraker "A," 6178 ft.
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in calcium carbonate at 6173.5-6173 ft.); micaceous;
crossbedded (medium scale, planar, dipping as much as 32

degrees from horizontal) (Figure 45).

6171.6-6170.7 ft.: This section of core missing.

6170.7-6169.2 ft.: Sandstone: gray; very fine to fine

grained; ﬁicaceous;\interlamiﬁated with darker gray,
laminated silty sandstone; crossbedded (medium scale,

planar, dipbing\as much as 25 degrees from horizontal).

6169.2-6165.2 ft.: Sandstone: gray to dark gray,

(red-brown from 6167.9-6167 ft.); very fine to fine
grained; noncalcarebus (except for three intervals: a
relatively thick "band" (6169-6168.2 ft.), a 2-in. band
(6167.5 ft.), and a 0.5-in. band (6166.6 ft.). The
calcareous bands areylighter gray than surrounding areas
and have a green-gray tinf when wet; micaceous; with black-
shale rip-up clasts af 6167.8 and 6166.6 ft.; ripple?
laminated 6168-6167.8 ft.; wavy bedding 6167.5 ft.; soft-
sediment flowage structures at 6167.4-6167 ft.; flaser?

bedding at 6166.6-6166.5 ft. (Figure 46).

6165.2-6165 ft.: Carbonate mudstone: dark gray, (some

red-brown areas); hematite-stained; with light gray

mudstone clasts and small pyrite nodules (Figure 47).



106

O
e

T
b
=
¢
[
L
Ao

e
%

JariatE

Figure 45. Upper Morrowan sandstone with high angle medium
scale crossbeds and calcitic (C) and
phosphatic (P) cements. Calcite cement is
concentrated within the lighter colored
zones. Cities Service No. 101 Stonebraker
“"A," 6171.6-6173.5 ft.
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Figure 46. Upper Morrowan sandstone. Soft-sediment
flowage structures (FS) near base and a
highly calcareous (C) zone from the top of
the flowage structures to the base of the
horizontal wavy (W) laminations near top of
sample. Cities Service No. 101 Stonebraker
"A," 6167.4-6167.7 ft.
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Figure 47. Carbonate mudstone that is selectively
hematite-stained (H); also present are small
nodules of pyrite (P). Cities Service No.
101 Stonebraker "A," 6165-6165.2 ft. Upper
Morrowan section.
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Figure 48. Photographs of core, Cities Service 0il Co. No.
101 Stonebraker "A" (cont’d).
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Cores of Lower Morrowan Strata

Shell 0il Co. No. 1-13 Finfrock

Depths marked on the core of the No. 1-13 Finfrock are
1 ft. shallower than depths recorded on logs (Plate XXII).
The core is a sample of 50 ft. of Lower Morrowan (Keyes)

sandstone; the core is fairly complete.

6550-6544 ft.: Shale: greenish gray; rather friable;

slightly calcareous; abundantly fossiliferous with crinoid

stems, articulate brachiopods, and Archimedes; abrupt upper

contact. (Figure 49.)

6544-6541.8 ft.: Sandstone: medium gray; very fine to
fine grained; wavy aﬁd disrﬁpted, discontinuous bedding;
calcareous; with thin bands (0.1-0.5 in.) and small lenses
of dark gréy to black, calcareous, fossiliferous shale

containing fronds of Archimedes? (Figure 50.)

6541.8-6540.8 ft.: Sandstone: 1light gray; fine to

medium grained; calcareous, q1auconitic, with filaments of
carbonized plant material; medium scale, planar
crossbedding (lower 2 in.; dip 10 degrees from horizontal); .

massively bedded in upper 10 in.; abrupt upper contact.

6540.8-6540.6 ft.: Conglomerate: two zones (1) lower

one inch: matrix: "siltstone; dark gray;
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Figure 49. Greenish gray fossil-rich shale located near
the Lower Pennsylvanian/Upper Mississippian
contact: (a) crinoid stem at 6549.5 ft. (b)
Archimedes bryozoa at 6544.5 ft. Shell 0il
No. 1-13 Finfrock.
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Figure 50. Photograph representative of Lower Morrowan
sandstone, Shell 0il No. 1-13 Finfrock,
6541.3 to 6544 ft.
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calcareous, with clasts of carbonate mudstone and of very
fine grained, light gray sandstone; (2) upper one inch:
matrix: sandstone; light gray; very fine grained;
calcareous; withiclasts of carbonate mudstone, light and.

dark gray, pebble-sized; abrupt'upper contact. (Figure 51.)

6540.2-6530.9 ft.: ' Sandstone: lighf greenish gray;
fine to medium grained; slightly calcareous; very abundant
glauconite}\abundant "vertical" burrows (Figure 52) (one at
least 8 in. long); moderately abundant organic materiai as
filaments of carbonized plant material; medium scale,
planar crossbeds, dipping 15 deérees from horizontal

throughout 6540.2-6538 ft.

6530.9-6527 ft.: Sandsﬁ¢ne: light gray; fine to
coarse grained;vslightly calcareous; with moderately
abundant clasts of clay, thin disrupted lenses of
micaceous, black shale;‘sand-sized fossil fragments, and
abundant glauconite; crossbedded (medium scale, planar,
dipping in opposite directions, the upper set at 10 degrees
from horizontal, the lower at 25 degrees (6528 ft.)); upper

contact gradational with overlying sandstone.

6527-6525.7 ft.: Sandstone: 1light gray; fine to
medium grained; massively bedded; calcareous, glauconitic,

with black-shale partings.
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Figure 51. Conglomerate with clasts of carbonate clay
pebbles (c) at 6540.6-6540.8 ft. in Lower
Morrowan section of Shell 0Oil No. 1-13
Finfrock.
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Figure 52. "Vertical" burrow cut by stylolites (ST) and
bounded by abundant glauconite (dark specks).
Lower Morrowan sandstone, Shell 0il No. 1-13
Finfrock, 6532 ft.
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6525.7-6524 ft.: Sandstone: 1light to medium gray;

medium to coarse grained; noncalcareous; with many
discontinuous lenses of slightly micaceous, black clay
(wavy appearance, due to soft-sediment deforma<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>