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CHAPTER I
ABSTRACT

The Laverty-Hoover Sandstone of Virgilian
(Pennsylvanian) age is a fluvial-deltaic complex with
fluvial sandstones in the eastern part of the study area
and deltaic deposits in the western part. Clastic deposi-
tion was initiated by a regressive episode which allowed
the clastic material to be transported from the Ouachita
source area, westward into the Anadarko Basin. Minor wave
action appéars to have reworked the delta fronts, and the
delta can best be classified as a high-constructive lobate
delta. This delta has produced large amounts of gas from a
northern, updip, stratigraphic trap.

Most of the sandstones within the Laverty-Hoover are
classified as sublitharenites. The sandstone typically is
dominated by quartz, contains small amounts of feldspar,
and 1is fairly abundant in low rank metamorphic rock
fragments.

Authigenic cements are present in the Laverty-Hoover
Sandstone and include calcite, siderite, and minor amounts
of dolomite. Authigenic clays include kaolinite, illite,
and chlorite which probably were derived primarily from the

dissolution of feldspar grains. Other diagenetic constit-



uents are quartz overgrowths, pyrite, and hematite.

Primary intergranular porosity is of minor importance
in the Laverty-Hoover Sandstone. Secondary porosity is
very abundant; dissolution of calcite cement and feldspar

grains are considered to have created most of the secondary

porosity.



CHAPTER 1II
INTRODUCTION
Location

The study area is located on the northern shelf of the
Anadarko Basin in northwestern Oklahoma and includes small
portions of the Texas and Oklahoma panhandles (Figure
1). It includes approximately 2160 square miles consisting
of 36 townships (T.22-27 N., R.21-26W.) in Harper, Ellis,
and Woodward Counties, Oklahoma, and 16 townships (T.1-4
N., R.25-28 E.C.M.) in Beaver County, Oklahoma. The study
area also includes the northeastern corner of Lipscomb
County, Texas. The Laverty-Hoover Sandstone is the primary
unit of interest in this study; it is within the Wabaunsee

Group, Virgilian Series, Pennsylvanian System.
Production Characteristics

The Laverty-Hoover Sandstone produces gas from an
updip, stratigraphic trap in the Laverne gas area of Beaver
and Harper Counties, Oklahoma. This producing zone was
discovered in 1955 and by 1962 there were 154 wells

producing from an average depth of 4,250 feet below ground
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level. Recovery efficiency of the Laverty-Hoover gas 1is
80%, and the average well has an estimated total production
of 10.56 billion cubic feet of gas. These wells have an
estimated total proved reserve of 1,626 billion feet of gas

in the Laverty-Hoover reservoir (Pate, 1962).
Objectives

The primary objectives of this study are: (1) to
provide an interpretation concerning the depositional
environment of the Laverty-Hoover Sandstone; (2) to define
the overall geometry of the Laverty-Hoover sand body; (3)
to show the average petrologic composition of the Laverty-
Hoover Sandstone; (4) to determine the diagenetic events
that have effected the Laverty-Hoover Sandstone since its
burial and the relative time frame in which these events
took place; and (5) to determine porosity types and their

abundances in the Laverty-Hoover Sandstone.
Methods of Investigation

A search of literature was conducted in order to find
material written about the thesis area or thesis topic that
might benefit the study.

Selected electric well 1logs were wused in the
preparation of eight stratigraphic cross sections, which
established a grid network throughout the study area. The
Wabaunsee Group was divided into format units and these
units were correlated. The format unit containing the

Laverty-Hoover Sandstone was assigned the name of



Pennsylvanian Virgilian Upper 4 (P.V.U. 4) by Rascoe
(1978).

Lithologic and structural data were wused in this
study; they were obtained through examination of more than
1200 electric well logs. Data sheets were used to record
the parameters for mapping within P.V.U. 4, such as depth
of sandstone (top), thickness of P.V.U. 4, sandstone iso-
lith, percentage of sandstone, limestone isolith,
percentage of limestone, shale isolith, and percentage of
shale. A sandstone-isolith map was constructed to
describe the trends, boundaries, and thicknesses of the
Laverty-Hoover sandstone. An isopach map of P.V.U. 4 was
constructed to estimate the paleotopographic surface and
the basin configuration ﬁhat were present during deposition
of the Laverty-Hoover Sandstone. A structural contour map
of the top of the Laverty-Hoover Sandstone was constructed
in order to illustrate the present day structural setting
of the sand body. A lithofacies map showed the different
facies and their boundaries within genetic unit P.V.U. 4
and aided in the environmental interpretation of the wunit.
A log signature map of the Laverty-Hoover Sandstone
illustrated thickness of the sand and aided in interpreta-
tion of depositional environments by illustrating the spon-
taneous potential-resistivity characteristics.

Two Laverty-Hoover cores were examined in detail for
variations in grain size, lithologic variations, and

sedimentary structures. Fifty thin sections were made from



the Shell 0il Company, Bedell No. 1-20 (sec. 20, T.3N.,
R.28 E.C.M.), and the Gulf 0il Company, R. GC. McClung No. 1
(sec. 23, T.26N., R.25W.).

The thin sections were examined by making a standard
300-point count for each sample to determine mineral-
constituent percentages, average grain sizes of the total
rock, porosity types and percentages, cement types and
percentages, and an estimate of the types and percentages
of clays that are present in the rock. Thin sections
were re-examined to determine average grain sizes of indi-
vidual mineral constituents, to determine the diagenetic
events that effe;ted the rock, and to estimate the relative
time frame in which these changes todk place.

Eighf samples were érepared and viewed in the scanning
electron microscope in order to determine the presence of
authigenic clays and their positions within the pore
spaces. This technique also aided the study concerning the
diagenetic events that effected the Laverty-Hoover and the
relative time frame in which these events took place.

X-ray diffraction analyses were made of 24 samples
from the two cores. The untreated samples were run from 2
to 60 theta in order to determine the mineral constituents.
Clay was extracted from the samples and natural, heated,
and glycolated runs were made from 2 to 30 theta. These
data provided information concerning the presence and rela-
tive abundance of detrital and authigenic clays that are in

the Laverty-Hoover Sandstone.



CHAPTER IITI
GEOLOGIC SETTING
Introduction

During the Pennsylvanian Period, the Mid-continent
region was affected by two major episodes of tectonism.
Prior to the Pennsylvanian Period, a widespread wuplift
centered around the Transcontinental Arch gave rise to the
Central Kansas Uplift. From late Morrowan through early
Desmoinesian, the Wichita orogeny took place, which is
believed to be responsible for several tectonic features in
Oklahoma. Arbuckle orogeny took place in the late
Pennsylvanian, however, it was confined to the Ardmore
Basin and adjacent features. Figure 2 shows the major
tectonic features of the Mid-continent region. The
following discussion is based primarily on the work of
Frezon and Dixon (1975), Stewart (1975), and Rascoe and

Adler (1983).
Regional Tectonics

Shortly before Morrowan time, a widespread cratonic

emergence centering around the Transcontinental Arch
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occurred, resulting in the formation of the Central Kansas
Uplift, which bounds the Anadarko Basin to the northeast
(Figure 2). This epeirogenic movement caused the erosion
of Mississippian and older rocks from part of Kansas and
Upper Mississippian rocks from the northern shelf areas
bordering the Anadarko and Arkoma Basins in Oklahoma. This
erosion created the pre-Pennsylvanian unconformity onto
which Morrowan through Missourian rocks onlapped rocks
ranging from Precambrian to Upper Mississippian in age in
the Mid-continent region. The Central Kansas Uplift was
rejuvenated during Missourian time to form a large shelf
platform throughout Kansas.

From late Morrowan through early Desmoinesian time, a
collision took place between the North American plate and
Gondwanaland. This collision is thought to be responsible
for the folding and faulting of the Ouachita Foldbelt, the
drastic subsidence of the Arkoma Basin, the emergence of
the Amarillo-Wichita, Apishipa, and Nemaha Uplifts, and the
uplift of the Cimarron Arch and small structures along the
Las Animas Arch (Figure 2).

The Ouachita Foldbelt lies to the southeast of the
northern shelf area of the Anadarko Basin (Figure 2). It
does mnot bound the basin directly; however, it was an
important tectonic feature during Late Pennsylvanian.
Rascoe (1978) concluded that the Ouachita Mountains
provided the main supply of clastic material to the

Anadarko Basin during Missourian and Virgilian time.
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The Amarillo-Wichita uplift bounds the study area to
the south - southwest (Figure 2). As the North American
Plate and Gondwanaland collided near the end of early
Pennsylvanian time, the Amarillo-Wichita Mountains were
uplifted and eroded. The eroded material was deposited on
the flanks of the Amarillo-Wichita uplift in the form of
large clastic wedges composed of arkosic sand, granite
wash, and related clastics from pre-Desmoinesian through
Virgilian time (Totten, 1956).

The northward-trending Nemaha Uplift bounds the
Anadarko Basin to the east (Figure 2). Morrowan and Atokan
rocks are absent from the crest of this structure, indica-
ting that it probably was a positive tectonic feature
during this time. Desmoinesian through Virgilian rocks
unconformably overlie pre-Pennsylvanian rocks near the
crest of this structure.

The study area is bounded by the Cimarron Arch-Keyes
Dome, the Apishapa Uplift, and the Las Animas Arch to the
west and northwest (Figure 2). The Cimarron Arch-Keyes
Dome began rising near the end of the Mississippian and was
strongly uplifted near the end of Desmoinesian time,
recorded by the appreciable amounts of sediments that were
spread from it. On the Apishipa uplift, located in south-
eastern Colorado, redbeds of probable late Pennsylvanian
age unconformably overlie Precambrian through Ordovician
rocks. The Las Animas Arch is located in East-central

Colorado. Desmoinesian rocks unconformably overlie
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Morrowan rocks on several anticlinal features of this
uplifted area indicating the structures are Atokan in age.

The Ozark Dome is located to the east of the study
area 1in Northeastern Oklahoma, Northern Arkansas and
Missouri. In late Pennsylvanian time, the Ozark Dome was
probably a broad, low-lying land area which may have
supplied minor amounts of clastic material to the Anadarko
Basin (Huffman, 1958).

Sediments that had accumulated in the Ardmore Basin
were subjected to deformation near the close of
Pennsylvanian time. This orogenic event created the
Arbuckle Mountains which are located to the southeast of

the study area.
Regional Structural Setting

The area of study is located on the northern shelf
of the Anadarko Basin (Figure 3). This is a relatively
stable platform area in which Pennsylvanian sediments dip
southerly into the deep Anadarko Basin. Figure 4 shows the
structure of the Haskell Limestone throughout the northern
shelf area. The Haskell Limestone is a regionally
persistent thin marker bed that directly overlies the
Tonkawa Sandstone of the Missourian Series. The structure
on top of this 1limestone shows generally a southerly
Homoclinal dip of approximately 30 feet per mile and very

little faulting.
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Local Structural Geology

The top of the Laverty-Hoover Sandstone was contoured
to determine the present structural setting of the sand
body (Plate IV). The sand shows a homoclinal, southerly
dip of about 20 feet per mile. In the study area, the top
of the sand ranges from 1950 feet below sea level in the
north, to 2800 feet below sea level in the south. A few
minor structural anticlines and synclines are evident,

however, no faulting of the sand body was recognized.



CHAPTER IV
STRATIGRAPHIC FRAMEWORK
Introduction

In the Mid-continent region, the Pennsylvanian System
is divided into Morrowan, Atokan, Desmoinesian, Missourian,
and Virgilian Series in ascending order (Figure 5).
The primary unit of investigation in this study is the
Laverty-Hoover Sandstone which is included in format wunit
P.V.U. 4 of the Wabaunsee Group, Virgilian Series,
Pennsylvanian Systemn. The Laverty-Hoover Sandstone was
first discovered in 1955 by An-Son Petroleum Corporation
No. 1 Laverty (sec. 26, T.26N., R.25W.). This sandstone
was miscorrelated and mistakenly identified as being
equivalent to the Hoover Sandstone of the Shawnee Group,
which is predominantly in north-central Oklahoma. After
its discovery, the sandstone was first called the

Laverty-Hoover by Jordan, Pate, and Williamson (1959).
Regional Stratigraphy of the Virgilian Series

The Virgilian Series is the uppermost series of the

Pennsylvanian System of the Mid-continent region; it

16
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includes rocks between the top of the Missourian Series and
the base of the Permian System. Rocks of the Virgilian
Series are divided into the Douglas, Shawnee, and Wabaunsee
Groups.

An isopach map of the Virgilian Series throughout the
western Mid-continent region shows a line in which the
series shows abrupt thickening (Figure 6). This is the
Virgilian '"hinge 1line" which marks the division between
sedimentary shelf and basin. On the shelf, the Virgilian
thickens at about six feet per mile toward the axis of the
Anadarko Basin. Basinward from the hinge line, the rocks
thicken towards the axis at approximately 22 feet per mile
(Rascoe, 1962).

According to Gibbons (1962, p. 85),

Virgilian rocks grade from granite and

carbonate wash at the Wichita Mountain front north-

ward to limestones and shales. Northwestward

towards Beaver County, Oklahoma, Virgilian rocks

grade to an increasingly high percentage of

carbonates, with an attendant decrease in the

percentage of shales. Northeastward, toward

Garfield County, Oklahoma, Virgilian rocks are

essentially shales with thin limestones. East-

ward from the Wichita Mountains, and extending

northward along the west flank of the Nemaha ridge,

Virgilian rocks are essentially shales and
sandstones.

Douglas Group

The Douglas Group includes rocks from a disconformity
at the base of the Virgilian Series wup to the base of the
Toronto Limestone member (Pate, 1962). A regionally-corre-
latable shale was deposited over the disconformity at the

base of the Virgilian Series and was overlain by the
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Lovell Limestone. Throughout much of Western Oklahoma, a
fluvial sandstone, the Endicott Sandstone directly overlies
the Lovell Limestone.

Shallow water conditions probably prevailed in the
Anadarko Basin during deposition of the Douglas Group
(Rascoe, 1978). The individual formations of the Douglas
Group show very little lateral variation, possibly
indicating that subsidence was negligible in the 'Anadarko

Basin during deposition of the group.

Shawnee Group

Rascoe (1978) divided the Shawnee Group into two
format units. Pennsylvanian Virgilian Middle 1 and 2
(P.V.M. 1 and 2) were designated to correlate through
facies changes in the Shawnee Group from shelf to basinal
areas (Figure 7). P.V.M. 1 was defined by the Elgin Lime-
stone below to the top of the Topeka Limestone. P.V.M. 2
is the format bounded by the Heebner Shale below and the

Elgin Limestone above.

Wabaunsee Group

Rascoe recognized 11 cycles of sedimentation in the
Wabaunsee Group of the Anadarko Basin, which were defined
as Pennsylvanian Virgilian Upper 1 through 11 (P.V.U. 1-
11) (Figure 7). Each format consists of a transgressive
and regressive phase of deposition. The transgressive

phase contains a shallow marine shelf limestone-shale
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system, and a shelf-edge carbonate-bank system. The
regressive phase contains a deltaic shale-sandstone system.

As many as nine of these Wabaunsee cycles were
recognized on cross-sections A-A' through H-H' (Plates VII
through XIV) located within the study area. The Laverty-
Hoover Sandstone is located within format unit P.V.U. 4,
and the remainder of this chapter will focus on the strati-

graphic boundaries and facies of this unit.
Genetic Units

For detailed regional stratigraphic work, as in this
study, it is necessary to map laterally continuous rocks
through facies changes. This can be accomplished in the
subsurface by defining the tops and bottoms of these units
on the basis of electric-log markers that are laterally
persistent through facies changes. The term format was
defined by Forgotson (1957) as "marker defined operational
units that are segregrations of strata sandwiched between
markers which can be traced through facies changes
effecting the enclosed strata". He also stated that the
isopach and lithofacies pattern shown by this type of unit
are the most significant factors to be considered in the
interpretation of the paleogeography, the tectonic frame-
work, and the regional environmental pattern which existed
during the deposition of the unit.

Busch (1971, p. 1137) defined the term "Genetic

Increment of Strata (G.I.S.)" as
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a vertical sequence of strata in which each
lithologic component is related to all others. It

is defined at the top by a time lithologic marker bed,

and at the base by an unconformity, or a facies change

from marine to nonmmarine beds. In defining the G.I.S.

the lithologic time marker bed is critical because

it represents contemporaneity of deposition. The

most commonly used marker beds are a thin lime-

stone or bentonite bed (Figure 8).

Rascoe (personal communication, 1984) explained
that boundaries of genetic units are not the marker beds
themselves, but the depositional surfaces associated with
those beds. The critical factor in determining the signi-
ficance of the marker bed whatever its lithology, depends
on whether the upper or lower boundary (or both), represent
a continuous depositional surface. He also stated that
"thin" marker beds are not a prerequisite to delineation of
genetic units, making it possible to recognize genetic
units 1in areas where thin marker beds are not present at
all.

In this study, the term '"format" applies to a complete
transgressive-regressive cycle. The base of format wunit
P.V.U. 4 1is recognized by a thin limestone marker bed
throughout the deep sedimentary basin. In the shallower
parts of the basin, fluvial channels have created an
unconformable surface which marks the base of the unit. In
the clastic filled basin, the top of the unit is recognized
by the depositional surface between clastic shales of
P.V.U. 4 and the persistent shelf limestone-shale system of
P.V.U. 3. In the shelf limestone-shale and shelf edge

carbonate bank systems within P.V.U. 4, depositional
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Figure 8. Diagrammatic Illustrations of Genetic Increment of
Strata (After Busch, 1971, p. 1138).
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surfaces can be recognized which mark the top and base of
the unit. These depositional surfaces were created during
regressive phases at a time in which no carbonate

deposition took place.

Facies and Stratigraphic Boundaries

of P.V.U. 4

Cross section A-A' (Plate VII) shows the
relationships between shelf limestone-shale, shelf edge
carbonate bank, and basinal deltaic sandstone-shale
systems within P.V.U. 4. Shelf limestones are represented
in wells 12 and 13 where the unit is about 90 feet thick,
and contains interbedded shales and thin, tight limestones.
The unit thickens to about 160 ft. in well 11, and contains
a highly porous limestone. Wells 9 through 11 mark the
transition zone between limestone shelf edge and
sedimentary basin which consists primarily of a fill of
sandstones and shales. In the basin, the base of P.V.U. 4
is delineated by a very thin (3-10') limestone marker bed
that 1is persistent throughout the basin. The top of the
unit was overlain by the shelf limestone-shale system of
P.V.U. 3.

P.V.U. 4 contains both sandstones of fluvial origin
and the more distal deltaic deposits, in cross section B-B'
(Plate VIII). Fluvial sandstones are represented in wells
22 through 26, where an erosive contact exists between

P.V.U. 4 and the underlying format units. The fluvial
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sandstones appear to have replaced the shelf limestone
systems within the unit and cut into the underlying P.V.U.
5, partially removing the unit. In well 25, P.V.U. 5 was
completely removed by the downcutting fluvial channel. The
erosive Dbasal contact is replaced by the limestone marker
bed of the basin between wells 21 and 22. This transition
zone marks the boundary between fluvial and deltaic
environments of the Laverty-Hoover Sandstone. P.V.U. 4 is
about 250 feet thick in the fluvial dominated area of this
cross section, and thickens to a maximum of about 580 feet
in the basin.

Cross section C-C' (Plate IX) is similar to cross
section A-A' 1in the respect that both show the complete
transition of P.V.U. 4 from limestone shelf to sedimentary
basin. In well 39, the unit is only about 50 feet thick
and is ©believed to represent the shelf limestone-shale
system. The unit thickens to almost 100 feet in well 38,
to a porous limestone representing a shelf edge carbonate
bank deposit. The transition between shelf and basin can
be seen between wells 37 and 38. In this cross section,
the basinal area during the deposition of P.V.U. 4 consists
primarily of shale. Only wells 30, 33, and 34 contain
deltaic sandstone deposits in P.V.U. 4. The base of the
unit in the basin is bounded by the thin limestone marker
bed and P.V.U. 4 is overlain by shelf limestones of P.V.U.
3. In cross section C-C', the unit reaches a maximum

thickness of about 600 feet in the basin.



27

Cross section D-D' (Plate X) shows the deep basinal
area during the deposition of P.V.U. 4. The wunit is
consistently 550 to 600 feet thick throughout the cross
section and consists primarily of shales. The base of the
unit lies just below the limestone marker format and the
top is overlain by limestones of P.V.U. 3. Sandstones are
present only in wells 3, 41, and 45 within P.V.U. 4 in
cross section D-D'.

Cross section E-E' (Plate XI) intersects the basinal
area that was established during the deposition of P.V.U.
4, However, the wells in this cross section are closer to
the clastic source, and there is a much greater percentage
of deltaic sand in the unit. The sandstone body pinches
out to the north and south, and is completely enclosed by
shale. P.V.U. 4 1is consistently about 500 feet thick
throughout this cross section, and is bounded by the lime-
stone marker bed below, and shelf limestones of P.V.U. 3
above.

The transition zone between shallow sedimentary basin
and adjacent carbonate shelf edge, which bounds the basin
to the north and south, is illustrated in cross section F-
F' (Plate XII). To the north, the shelf edge facies is
represented in wells 54 and 55, where P.V.U. 4 1is
approximately 100 feet thick, and in the south this facies
is represented by well 62, in which the wunit is about
130 feet thick. The transition between shelf edge

and sedimentary basin is shown in the north by wells 55,
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10, and 56, and in the south by wells 61 and 62. In cross
section F-F', the deepest part of the basin is about 350
feet thick. The base of the basin is marked by the
limestone marker bed and the format unit here was
overlain by shelf limestones. The Laverty-Hoover reaches a
maximum thickness of about 190 feet in well 21 of this
cross section, and pinches out in well 56 to the north and
well 60 to the south.

Cross section G-G' (Plate XIII) is similar to F-F' in
the respect that it shows the complete transition of P.V.U.
4 from shelf limestone to shallow sedimentary basin, both
in the north and south. However, in this cross section,
the northern half of the basin was dominated by fluvial
systems which cut through underlying rocks, creating an
unconformable surface. Fluvial sandstones are recognized
in wells 66, 23, and 67. The basal limestone marker bed
was not removed by fluvial channels in the southern half of
the basin and can be seen in wells 68, 70, 71, and 36. To
the north, the carbonate shelf area is recognized by wells
2, 63, and 64, and in the south by well 72. A thick,
porous limestone is seen in well 64, which 1is interpreted
as a carbonate bank deposit.

Cross section H-H' (Plate XIV) shows the relationship
between the shelf limestone-shale system and the fluvial
dominated system of P.V.U. 4 located in wells 76, 25, 77,
and 78. These fluvial channels replaced the preceding

limestone-shale system of P.V.U. 4 and cut into the
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underlying wunits, creating an unconformable surface that
marks the base of the unit in wells 76, 25, 77, and 78.
The shelf limestone-shale system is about 50 feet thick in
the north and is represented by wells 73, 74, and 75. This
system is only about 40 feet thick in the south, and can be
seen in wells 79, 80, and 39.

Throughout the basin near the top of P.V.U. 4, there
is a thin limestone unit which was overlain by shale. This
is considered to represent a minor transgressive-regressive
cycle. However, the basal limestone is not laterally
persistent and the interval can not be delineated as a

gentic unit.



CHAPTER V
DEPOSITIONAL ENVIRONMENT
Introduction

In the study area, P.V.U. 4 shows the transition from
limestone shelf to sedimentary basin. This area of
transition has been called the hinge line and has proved
to be a prolific hydrocarbon producing zone in many areas.
Therefore, an wunderstanding of the common relationships
that can be expected in these areas is essential to the
petroleum geologist. This chapter will provide a
depositional model for P.V.U. 4, describing the facies that
are present along with the factors that controlled their
deposition.

Cyclic sedimentation has been recognized in the
Pennsylvanian Period in many areas of the Mid-continent
region. According to Wilson (1975, p. 202),

the persistence of platforms situated just at

sea level, the tectonic activity which provided

periodic incursions of clastics, and the enhanced

possibilities of eustatic sea level fluctuations

(either glacially or tectonically induced) all concided

to make this time in earth history favorable for

cyclic sedimentation.

P.V.U. 4 shows one complete transgressive-regressive cycle

of sedimentation. As sea level rose, conditions were

30
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favorable for the deposition of limestones on the shelf
area, and as sea level fell, fluvial-deltaic clastics

prograded into the basin.

Transgressive Phase

Shelf Limestone-Shale System

In the Northeast and Southeast corners of the study
area, and further to the east, P.V.U. 4 thins to about 50
feet thick (see Plate II). In these areas, the unit is
dominated by relatively thin 1imestoﬁes interbedded with
shales. Figure 9 shows the typical electric log character-
istics associated with the shelf limestone-shale system.

These sediments are thought to have been deposited on
a stable shelf platform in a shallow marine environment.
Rascoe (1978, p. 159) stated that,

the shelf carbonates are generally limestones
that are often oolitic and commonly fossiliferrous

with fusilinids, brachiopods, crinoid fragments,
bryozoans, and algal remains.

Shelf-Edge Carbonate Bank System

The thin limestones and shales of the shelf platform
thicken to more than 100 feet near the shelf edge, which is
dominated by limestones. The shelf-edge carbonate bank
system 1is represented primarily by lithology A on the
lithofacies map of P.V.U. 4 (see Plate I). Figure 9 shows
some typical electric-log responses for the shelf-edge

carbonate bank system.
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Very few frame-building organisms were present during
the Late Paleozoic, and shelf margin buildups consisted of
abundant algal plates along with foraminifera, sponges, and
stromatoporoids (Wilson, 1975). Rascoe (1978) noted the
banks contain many tens of feet of oolites which indicates
the banks were deposited in a high energy environment in
shallow, warm waters which were bordered by deeper, cooler,
waters Dbasinward. The tremendous porosity that developed
in the thick shelf edge carbonates of the unit probably
resulted from vadose diagenesis which was created by

meteoric waters during the following regressive phase.

Basinal Limestone System

On the basin floor, a thin (3-10'), silty limestone
was deposited. The fine grained carbonate material within
this bed was probably deposited below wave base in the
deep, quiet waters of the basin. It is persistent through-
out the basin, and serves as the lower boundary for P.V.U.

4.

Depositional Model for the

Transgressive Phase

During the transgressive phase of deposition, the
shelf-edge carbonate bank system extended across the study
area (Figure 10). In the northeast and southeast corners
of the study area, thin limestones and shales were

deposited in a shallow-marine environment. Small submarine
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canyons probably were on the shelf slope, which allowed a
thin layer of carbonaceous siltstone to be deposited in

the deep basin.

Regressive Phase

Source of Clastic Material

The Laverty-Hoover sand body is oriented in a east-
west fashion, with fluvial sandstones on the shelf to the
east and deltaic sands in the basin to the west, indicating
an eastern source for the clastic material. The Laverty-
Hoover Sandstone contains abundant mica flakes and meta-
morphic rock fragments which provides evidence for a meta-
- morphic source area for the sand. Rascoe (1978) concluded
that the Ouachita foldbelt was the principal source of the
clastic material for the Anadarko Basin during Missourian

and Virgilian time.

Sand Trends, Boundaries,

and Thickness

The Laverty-Hoover sand body is generally oriented in
an east-west direction, and this corresponds to the major
channel direction during deposition (see Plate III). To the
east, the sand body is as narrow as one mile and widens to
the west to a maximum of about 20 miles. The sand body has
a maximum length of about 50 miles. The southern limit of
sand in the study area is T.23N. in Ellis County, except

for a thin, elongate sand body in Lipscomb County, Texas.



36

The northern limit of sand is T.27N. in Harper County. The
sand reaches a maximum thickness of about 230 feet in
section 26, T.26N., R.25W. of Harper County. The major
sand body is lenticular in form, and sands appear to be

interconnected.

Interpretation of Electric Log

Characteristics

By comparing electric;log signatures of the Laverty-
Hoover Sandstone with examples proposed from previous
authors, along with determining the position of each well
within the fluvial-deltaic complex, individual facies may
be recognized. An SP-Resistivity Map of the Laverty-Hoover

Sandstone was constructed for this reason (Plate V).

Fluvial Facies

Fluvial sandstones are present in the eastern part of
the study area, primarily in T.25N., R.21 and 22W. These
sands are thought to have been deposited by a fine grain
meanderbelt system, in which channel fill, point bar, and
flood plain deposits can be recognized by 1log signatures
(Figure 11). The channels are multistoried, and as many

as three individual channel units can be seen in one well.

Deltaic Facies

Deltaic sandstones and shales are dominant throughout

the basin within the study area. Several deltaic facies
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have been interpreted from electric-log characteristics of
the Laverty-Hoover Sandstone (Figure 11). The basal marker
bed of P.V.U. 4 was overlain by rocks which show poor SP-
resistivity development. These rocks are believed to
represent pro-delta shales deposited distally to the delta
front. The base of the Laverty-Hoover Sandstone throughout
most of the basin contains a coarsening upward sequence
which 1is believed to represent the delta front. This 1is
overlain by a distributary mouth bar and channel complex
which contains the cleanest sand accumulation. On the
southern and northern flanks of the delta, delta fringe
sands are recognized which contain thin, <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>