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CHAPTER 1

INTRODUCTION

The Anadarko Basin trends northwestward and covers much of the central west
half of Oklahoma and the east half of the Texas Panhandle. Bounding the basin to the
north is the Northern Oklahoma Platform. Confining the basin to the east are the Central
Oklahoma Platform, Hunton-Pauls Valley Uplift, and the Arbuckle Uplift. The southemn
portion is bounded by the Wichita-Criner Uplift (Figure 1). In addition to the high-relief
bounding features, a long and complex growth history has produced a sedimentary basin
in which accumulated sedimentary rocks have attained great thickness. In some wells
drilled to 25,000 feet (7.6 km), basement rock has not been reached.

In Late Proterozoic, rifting of the area formed extensional lows on which the
basin formed. A long period of subsidence, from Late Cambrian to Mississippian,
allowed accommodation space needed to accumulate thousands of feet of sedimentary
rocks.

In the Pennsylvanian, the collision of North and South America produced severe
east-west compressional stresses that formed large shear or wrench-fault systems
throughout southern Oklahoma. From this, many strike-slip faults and en-echelon folds
were formed by reactivation of formed normal faults that controlied sedimentation in the

Southern Oklahoma Aulacogen from Pennsylvanian to Permian. Faults and folds,



combined with thick sections of sedimentary rocks, make the Anadarko Basin one of the
most prolific oil and gas producers in the United States. Exploration for hydrocarbons in
the basin began in the early 1900’s. It has continued to increase since that time with the
introduction of new technologies such as seismic, gravity, and magnetic data, Even with
the maturity of the Anadarko, new discoveries are being made every day.

The Carter-Knox structure formed during the Pennsyivanian. It is eleven miles
long and two miles wide. Itis partially a subsurface feature of the Anadarko Basin. It
trends northwestward. To date, the Carter-Knox oil and gas field has produced 404
trillion cubic feet of gas and 86 mullion barrels of oil. The producing formations are
Pennsylvanian sandstones, Mississippian limestones, Devonian limestones and

dolostones, and Ordovician limestones, dolostones, and sandstones.

STATEMENT OF PURPOSE

The study area lies within Grady County, Oklahoma. This includes the following
townships: T3N, R5W; T3N, R6W; T4N, R5W; and T4N, R6W. The main purpose of
this study was to determine the structural geometry and evolution of the northern half of
the Carter-Knox structure. It focuses on timing and type of deformation. Specific
objectives were to determine:

1. locations and types of major faults that are in the subsurface within the study

area.

2. the dip separation on each of the faulits.

3. the subsurface structural geometry of the northern Carter-Knox structure.

(8]



LOCATION OF THE STUDY AREA

The study area is the northem half of the Carter-Knox structure. In its entirety,
the structure is an eleven-mile long and two-mile wide oil field in the southeastern part of
the Anadarko Basin (Figure 1). The area is within Grady County, Oklahoma and
includes all of T.4N., R.6W., the northeastern portion of T.3N., R.6W., the northwestern

portion of T.3N., R.SW., and the southwestern portion of T.4AN., R.SW. (Figures 2 and 3).

METHODS OF INVESTIGATION

The objectives of this investigation were met by examining available data about

subsurface geology of the study area. The data examined were:

1. 181 electric logs obtained from the Oklahoma City Geological Society Well
Log Library and Marathon Oil Company were used to locate the tops of
specific marker beds, in order to prepare structural geologic cross-sections.
These marker beds, from youngest to oldest, are the Springer Shale, Hutson
sandstone, a marker bed known as the “boat marker”, Caney Shale, Sycamore
Limestone, Woodford Shale, Hunton Group, Sylvan Shale, and Viola
Limestone; (Figure 8)

2. four 2-D seismic profiles provided by Marathon Oil Company, as well as a
supervised examination of a 3-D profile, conducted tn the Oklahoma City
office of Marathon Oil Company.

These data were used to construct six structural cross-sections and two structural

contour maps. The structural cross-sections were constructed by mapping the

tops of the Hutson sandstone, “boat marker”, Caney Shale, Woodford Shale,
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Hunton Group, Sylvan Shale, and Viola Limestone. Marker bed tops were correlated
across the study area. Repetition of marker beds on well logs indicates reverse
separation. These repetitions are common in wells penetrating the southwest flank of the
structure, Two structural contour maps were constructed, of the tops of the Hutson

sandstone and the Hunton Group.

PREVIOUS INVESTIGATIONS

Anadarko Basin

The Anadarko Basin formed as a portion of the Southern Oklahoma Aulacogen,
in three recognized stages (Figure 4). These stages began with an initial rifting phase of a
tnple junction in Middle Cambrian, followed by a penod of subsidence from Late
Cambrian to Mississippian, and concluded by the deformation of strata in the
Penunsylvanian to Permian,

The first stage to occur in formation of the Anadarko Basin was related to rifting
of the Southern Oklahoma Aulacogen (Hoftman, Dewey, and Burke, 1974) (Figure 5).
Formation of a hot spot caused the crust to bulge and crack. Three rifts formed as a result
of the expanding lithosphere. These rifts radiated from a common center point. Igneous
activity exhibited as extrusive and shallow intrusive rocks continued to force apart two of
the rifts while the third eventually failed to open. The Carlton Rhyolite is evidence of
extension because it is 500-550 million years old (Brown and others, 1985). A narrow
deep basin formed in this abandoned rift and was filled by thick accumulations of

sediments. Based on the age of the Carlton Rhyolite and the overlying Cambrian Reagan
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Figure 1. Tectonic provinces of Oklahoma.
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Sandstone of the Timbered Hills Group of the Arbuckle Mountains to the east, the nfting
stage of the Southern Oklahoma Aulacogen occurred in the Late Proterozoic to Late
Cambrian.

The next phase to affect the basin was the subsidence of the Southern Oklahoma
Aulacogen. During this episode the basin subsided rapidly and was infilled by thick
layers of sediment from a marine transgression, which further added to the subsidence.
Wickham (1978) indicated that the clastics of the Upper Cambrian Reagan Formation
were evidence for the onset of subsidence. This subsidence was followed by the
accumulation of thick carbonates formed on a passive shelf (Brown and others, 1985).
This started in the Late Cambrian and lasted until Mississtppian.

The Southern Oklahoma Aulacogen was subjected to orogenic forces durning its
deformation stage. The deformation stage was a result of a colfision between North
America and South America, or some other microplate (Perry, 1989) which produced the
Ouachita fold-thrust belt of southern Oklahoma and western Arkansas. During this stage,
many structures formed during the Cambrian rifting were reactivated as strike-slip faults
(structural inversion). The Collings Ranch conglomerate was deposited in a pull-apart
basin suggesting the presence of strike-slip faulting in the Pennsylvanian (Pybas, Cemen,
and Al-Shieb, 1995). This deformation occurred from Pennsylvanian to Permian.

McBee (1995) suggested that the formation of the Anadarko Basin resulted from
the formation of a megashear in the Southern Oklahoma Aulacogen. He stated that the
Oklahoma Megashear formed as a result of east-west compressional shear stresses
brought about by several orogenic events that lasted throughout the formation of the

aulacogen. The main orogenic event to influence the Southern Oklahoma Aulacogen was



called “Alleghenian” occurred in Early Pennsylvanian and refers to east-west stresses

brought about by the collision of the North American (Laurentia) and South American

plates.

Carter-Knox Structure

Although there are many technical reports provided by the oil company geologists
working in the area, the only published material on the Carter-Knox structure is by Reedy
and Sykes (1958). They interpreted the Carter-Knox as “three different traps formed at
three different periods.” (Figure 7). The first structure occurred in the Permian. Tt
consists of two normal faults dying out at depth and paralieling the thrust faults. The
second structure occurred in Pennsylvanian and consists of a northwestward trending fold
that is faulted by several thrust faults. The final structure occurred in pre-Pennsylvanian.
It also is an anticlinal fold but 1 mile west of the Pennsylvanian structure. No faults
affect this structure.

Perkins (1997), studied the structural evolution of the southern half of the Carter-
Knox structure. He concluded that the southern half of the Carter-Knox oil and gas field
conststed of a wrench fault related structure. Perkins called it a “squeeze up” structure. It
formed in the Pennsylvanian along a restraining bend of a strike-slip fault zone. Perkins’
(1997) terminology was kept in this investigation to maintain continuity of names for the
structures in both areas. The “squeeze up” structure included the Knox and Brickle faults
and the Goddard Detachment (Figure 6). The Knox fault was interpreted to be a master

fault extending the length of the structure. The Brickle is interpreted as being a splay of

the Knox fault.
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Figure 3. Location of Carnter-Knox oil field (from Reedy and Sykes, 1958).
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Figure 4. Diagrams showing the evolution of an aulacogen (from Burke and Dewey, 1973).
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The increased thickness of shale in the core of the “squeeze up” structure is attributed to
the Goddard Detachment. Another structure that may be associated with the Carter-Knox
is the Baker Anticline. Thinning of the Hunton on top of the anticline suggests a post
Hunton unconformity. This may be an older anticlinal feature formed during the Silurian
or pre-Woodford deposition. It was little affected by “squeeze up”. This contradicts
Reedy and Sykes (1958) hypothesis of 3 different structures that were formed at 3
different periods.

McCaskill (1998) conducted a facies and stratigraphic analysis on the strata
surrounding the Eola fault at the southern end of the Carter-Knox field. From the data, he
concluded that there were dramatic changes in the facies and stratigraphic thickness
across the Eola fault in Devonian and older rocks. These changes occurred within a
relatively short distance of .25 mile. Similar thickness of strata could be correlated to
each other across the fault. However, there is approximately 16 miles of displacement
between the areas of similar deposition and thickness. This large amount of separation
and narrow band of deformation eliminated normal faults as being the cause of the
separation. The only reasonable interpretation according to McCaskill could, therefore,
be a left-lateral strike-slip fault. Perkins’ (1997) interpretation of the strike-slip origin of
the compressional structures along the southern part of the Carter-Knox structure is in

full agreement with the interpretation of McCaskill (1998).
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CHAPTER [1

STRATIGRAPHY OF THE ANADARKO BASIN

This paper deals only with rocks of Ordovician to Pennsylvanian age. Therefore
pre-Ordovician rock units will be discussed very briefly. The Ordovician to
Pennsylvanian rock units will be discussed in more detail, although not in depth since
stratigraphy is not the main focus of this study. A list of references written on the
stratigraphy of Paleozoic rock units of the Anadarko Basin ts immense. For a more
detailed description of Paleozoic rock units of the Anadarko Basin dealt with in this
paper, the reader is referred, but not limited to Tomlinson (1959), Branson (1962),
Kopaska-Merkel (1989), Lambert (1993), Harlton (1960), Maxwell (1959), and Shannon
(1962).

PRE-ORDOVICIAN ROCK UNITS

The pre-Ordovician rock units refer to the Carlton Rhyolite and the Reagan
sandstone of the Timbered Hills Group. No wells penetrate these strata in the study area
and so will only be mentioned briefly. The Carlton Rhyolite is believed to be a remnant
of igneous intrusives during the rifting stage of the Southem Oklahoma Aulacogen. It is
dated 500-550 million years old (Brown and others, 1985). Immediately overlying the

Carlton Rhyolite is the Reagan sandstone dated to the late-Cambrian,
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MIDDLE ORDOVICIAN-PENNSYLVANIAN ROCK UNITS

There are no outcrops of formations used in the study in the immediate area.
Therefore, lithologic descriptions of the rock units were compiled from other resources,
especially Reedy and Sykes (1958) (Figure 8). The type log chosen for subsurface
identification of various Ordovician to Pennsylvanian units is of the American Natural
Gas Producing Company well Brown “A” No. 1. The well is in the center of the NW/4
of Sec. 12, T.4N_, R.6W. It is used because of its location away from the structure, where
the formations have not been deformed. Accurate thickness’ and stratigraphic sequence
orders were determined from this well (Figure 8).

The oldest formation that is concerned in this study is the Viola Limestone. It is
Middle Ordovician and consists of 650 feet (198 meters) of gray crystalline [imestone in
the type log. Type log characteristics used to identify the Viola are: (1) low gamma ray,
(2) high deep induction resistance, and (3) low conductivity (Figure 8).

Conformably overlying the Viola Limestone is the Upper Ordovician Sylvan
Shale. The lower portion is a 60-80 feet (18-24 meters) brown, finely crystalline
argillaceous dolomite. The upper portion is 290 feet (88 meters) of greenish gray, pyritic
shale. Type log characteristics for the Sylvan Shale are: (1) high gamma ray, (2) low
deep induction resistance, and (3) low conductivity (Figure 9).

The Hunton Group represents the Devonian and Silurian. It lies conformably
over the Sylvan Shale. From the data, variations in stratigraphic thickness are interpreted
across the study area due to the unconformity between the Hunton Group and the
overlying Woodford Shale, but in most places in the study area it is about 280 feet (85

meters) thick. It is gray limestone that contains chert.

16

































































































































































































































	Thesis-PLATES-2001-h699g.pdf
	Thesis-400-2001-h699g-Plate1
	Thesis-400-2001-h699g-Plate2
	Thesis-400-2001-h699g-Plate3
	Thesis-400-2001-h699g-Plate4
	Thesis-400-2001-h699g-Plate5
	Thesis-400-2001-h699g-Plate6
	Thesis-400-2001-h699g-Plate7
	Thesis-400-2001-h699g-Plate8
	Thesis-400-2001-h699g-Plate9
	plates10-18.pdf
	Thesis-PLATES-2001-h699g 2
	Thesis-PLATES-2001-h699g 3
	Thesis-PLATES-2001-h699g 4
	Thesis-PLATES-2001-h699g 5
	Thesis-PLATES-2001-h699g 6
	Thesis-PLATES-2001-h699g 7
	Thesis-PLATES-2001-h699g 8
	Thesis-PLATES-2001-h699g 9





