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Structural Geology and Tectonic History of the Palo Duro Basin,
Texas Panhandle

Roy T. Budnik

ABSTRACT

The Palo Duro Basin is a broad, sfructural low that occupies the southern
part of the Texas Panhandle. It is separated from the Anadarko Basin to the
north by a complex zoné of horsts and grabens which includes the Amarillo
Uplift. The Matadbr Arch, an east-west trehding series of en echelon fault
b]otks, defines the southern margin of the Palo Duro Basin. Intrabasinal
structures consist‘of small, isolated basement highs.

The northwest-southeast structural grain of the region originated during
the Precambrian or Early Paleozoic. Major defdrmation of the southern Texas
Panhandle and formation of a depositional basin occurred ih response to the
Ancestral Rocky Mountain orogeny in the Pennsylvanian. Structural relief was
reduced during the early Permian, as the entire region subsided to form the
Permian Basin. Pennsylvanian and o]dervstructures continued to subtly influ-
ence deposition during the Permian, Triassic, Cretaceous, and Tertiary.

This report examines the’effects of Early Pennsylvanian and o]der struc-
tures on the geometry and debositfona] patterns of Phanerozoic strata preserved
in the basin. The structural and stratigraphic data are then.used to document

the tectonic history of the basin.

INTRODUCTION

A thorough understanding of the structural geology and tectonic history of

~a region is critical in the assessment of potential sites for the’disposal of



high-Tevel nuclear waste. Faults and fractures associated with geologic struc-
tures could affect engineering and hydrologic characteristics of the host rock
in the viCinity of a nuclear waste repository. Knowledge of the long-term
stability of.a site is important in determining an appropriate design for a
repository. '

A specific objective of the West Texas Waste Isolation Project has been to
assess the structural geology and long-term tectonic stability of the Palo Duro
Basin. The relative paucity of structural data, especially relating to the
configuration of the basement surface, has dictated the use of an integrated
approach in the assessment of the structural geology and tectonic history of
the basin. Analysis of depositional patterns in the basin fill, combined with
structure contour and isopach maps has allowed the development of a coherent,
although incomplete, picture of the evolution of structures in the basin.
Individual structures were identified through structural mapping: the history.
of the development of these structures was interpreted through the use of
pubTished and unpublished Tithofacies, isopach, and structure contour maps.
Many of these structures, although recqgnized by other workers in the area,
have never been formally named. The names used in this report come from
published and unpublished sources or are derived from nearby geographic or
cultural features.

The Palo Duro Basin is a shallow, intracratonic structural basin located
in the southefn part of the Texas Panhandle (fig. 1). The present configura-
tion of the basin is the result of episodic subsidence, which began in the
Early Paleozoic. The southern Panhandle was the site of a carbonate platform
during the Early Ordovician and again in the Mississippian (fig. 2). Rapid
subsidence of the area produced a depositional basin which was filled with

approximately 5,000 ft (1,500 m) of marine clastics and carbonates during the



" Pennsylvanian and Early Permian. Regional subsidence, associated with the
larger Permian Basin, began in tHe Early Permian and continued through the end
of the Paleozoic. During this time about 4,000 ft (1,200 m) of eQaporites,'red
beds, and shallow water carbohates were deposited at or very near sea level.
Minor subsidence in the Late Triassic and again in the Late Tertiary allowed
the accumulation of up to 1,500 ft (450 m) of cohtihental clastics in the Pa]o.
Duro Basin area. |

The Palo Duro Basin has undergone episodic deformation during the Phanero-
zoic. Basement uplifts, formed in part along older structural trends, were
produced in the Penhéylvanian aS'a.result of the Ancéstra] Rocky Mouhtain
orogeny. Intermittent rejuvenation of structures since the Pennsylvanian has
influenced Tlater deposition. Structural changes produced by the dissolution of
Middle and Upper Permian salt beds (Gustavson and others, 1980) have compli-
cated the understanding of the structural development of the Palo Duro Basin.
The dissolution, and collapse of overlying strata, has been most extensive at
the margins of the basin, but has occurred to some degree throughout the region

(fig. 3; Hovorka, in preparation; Gustavson and Budnik, 1984).

METHODOLOGY

The primary sources of structural data from the Palo Duro Basin include
petroleum exploration wells, seismic reflection sﬁrveys, énd outcrop>studies.
However, each source is somewhat limited. The Palo Duro Basin has been only
sparsely drilled. In some counties within the basin, well density is less than
one well per 80 square miles. The density of wells that reach basement is even
lower. Within hydrocarbbn fields, which are almost exclusively limited td the

margins of the basin, well density ranges from one to 64 wells per square mile.



In the central part of the basin, a total of 625 miles of seismic reflec-
tion data wére available for study (Fig.4). These data consist primarily of
24-fold, vibroseis, CDP stacked data, acquired during 1982 and 1983. Included
were 145 miles of non-proprietary data; the remainder were proprietary.

Cenozoic deposits, which underlie the Southern High Plains, cover the
central portion of the basin (fig. 5). Outcrops of Triassic and Upper Permian
rocks are confined to the margins of the basin. Structural studies of the out-
crops were used to help determine the nature of late stage deformation in. the
area.

The comparison of the effects of a single structure on several consecutive
horizons is sometimes difficult, as the same amount of control is not always
available for each horizon. Surface topography is determined using thousands
of data points. Control for the map of the base of the Ogallala Formation
includes hundreds of data points per county. On the other hand, the structure
contour map on the top of the basement is based on only 10 to 20 wells per
county. It is not always possible, therefore, to match structures seen on one
horizon with those seen on another. Only those structures with sufficient
control at a number of different horizons were studied.

The structural and depositional patterns of the Ogallala Formation were
studied in order to determine the effects of Cenozoic deformation on the re-
gion. The primary sources of information on the Ogallala Formation came from
Seni (1980), Knowles and others (1981, 1982a, 1982b). Additional data have
been gathered from the study of surface exposures. Structure contour maps on
the erosional base of the Ogallala Formation (Knowles, 1981, 1982b) and surface
structufa] mapping of the Ogallala Formation were used to determine the nature
of deformation of the unit. Gustavson and others (1980) and Seni (1980) noted
that a structure contour map on the base of the Ogallala Formation is primarily

a paleotopographic map on the pre-Ogallala surface. Preexisting structures may



have been exumed during pre-Ogallala erosion, and thus be reflected in the
structure contour map of the base of the Ogallala Formation. However, where
observed locally, bedding within the Ogallala appears to parallel that in
underlying units (fig. 6) suggesting that the Ogallala was deformed in places
along with the older strata. Although there is afegiona] erosional contact
between the Ogallala and underlying units, the contact is used in this report
as an indicator of local post-Mesozoic deformation.

The evidence for the folding of a horizon is usually unambiguous and based
on structure contour maps, seismic data, or surface exposures. Evidence of a
hofizon being faulted, however, is much more subjective, even at the surface or
on seismic. For the purposes of this paper, a fault was interpreted to 1lie
between any two wells if the slope between the wells on the basement surface
was greater than 250 ft/1 mi (75 m/1.6 km) or greater than approximately 150
ft/1 mi (45 m/1.6 km) for higher horizons. In the absence of additional data,
faults in the sedimentary section were assumed to extend down to the basement
surface.

The recognition of faults on seismic data was based on the criteria pre-
sented by Sheriff (1982). These include (1) abrupt termination of reflections,
especially after migration; (2) diffractions associated with fault termina-
tions; (3) changes in dip in the vicinity of a fault; (4) displacement of
correlations across the fault; (5) fault-plane reflections; and (6) misties of
an event around a seismic grid.

A structural comparison of horizons below and above the salt-bearing
interval was made for each structure studied in order to separate the effects
of salt dissolution from changes produced as a result of tectonic deformation.
In the absence of dissolution, tectonically-produced structures in the salt-

bearing and post-salt horizons should have amplitudes or displacements not



greater than those in the pre-salt units. Preexisting structures may enhance
disso]utioh processes; structures producéd as a result of salt dissolution may
or may not overlie structures in pre-saTt units. The removal of salt may
produce structural reversals in overlying units or an UpWard increase in dié-
placement along faults that extend above the salt-bearing section. In areas
where salt has been uniformly removed by dissolution, the parallelism of forma-
tion contacts appears to be preserved (fig. 7). ‘Large-scale structures in
strata ovef]ying zones of uniform salt dfsso]ution, where similar to structures
in underlying pre-salt units, were probably tectonically produced (fig. 8).
Collins (in press) was able to distinguiSh between tectonic and dissolution-
related structures in outcrop, on the basié of structural style. Subparallel,
cy]indrita] anticlines and synclines were interpreted to be tectonic in origin;
conical depressions, breccia pipes, and sinkholes were formed by dissolution

collapse.

REGIONAL SETTING

The Palo Duro Basin is a shallow, asymmetric,'structura] basin that occu-
pies the southern part of the Texas Panhandle (fig. 1). The present configura-
tion of the basin is the result of recurrent subsidence, primarily in the Late
Paleozoic and the Triassic. The Palo Duro Basin existed as a distinct deposi-
tional basin only during the Late Pennsylvanian and Early Permian, when well-
defined, carbonate shelf margins bordered a relatively deep, northwést-south-
east trending shale basin (figs. 9 and 10)."

The Palo Duro Basin is separated from other basins iq the region by a
seriés of basement uplifts (fig. 9). The Amarillo Uplift, one of a series of

Ancestral Rocky Mountain uplifts that extends from central Colorado to southern



Oklahoma (ver Wiebe, 1930), is the most prominent of these in the Texas Panhan-
dle. The Amarillo Uplift, together with the wichita Uplift to the southeast,
forms the southern mafgin of the Anadarko Basin. The Amarillo Uplift includes
a number of smaller, en echelon basement uplifts and several small, deep closed
basins (fig. 9). _

‘The Palo Duro Basin is bounded on the north by the herein named 01dham-
Harmon trend (includes thé Oldham-Hall Axis of Soderstrom, 1968). The O0ldham-
Harmon trend consists of a series}of small, en echelon basement uplifts that
extend from easternmost New Mexico across.the Texas Panhand1e to southwestern
Oklahoma (fig. 9). Named uplifts along this trend include the Bravo Dome
(Gould, 1920; also known as the Oldham Nose, Nicholson, 1960),‘the éush and
Tuck-Trigg Domes (Gould, 1920), the Armstrong, Donley, and Hall positives
(Birsa, 1977; the Ha11 Couhty anticline of Totten, 1956), the Childress anti-
cline (Totteh, 1956), and the Harmon anticline. The Hall positive is also
known informally as the Memphis or Plaska structure; the latter name is used in
this report. The Childress anticline is also informally called the Hollis
anticline by some workers. Uplifts along the Oldham-Harmon trend formed bar-
riers to the movement of clastic sediments}eroded from the Amarillo Uplift
during the Pennsylvanian and Early Permian (fig. 11).

A discontinuous structural 16w consiSting of the Whittenburg Trodgh
(Soderstrom, 1968) and the Ho]lis Basin (fig. 9) lies between 01dham-Harmon
trend and the Amarillo Uplift. The Dalhart Basin is separated from the Whit-
tenburg Trough by a narrow basement uplift (fig. 9).

To’the'southeast of the Palo Duro Basin lies the Hardeman Basih, a small,
' fau]t-bbunded graben (Montgomery, 1984) which is separated from the former by a
low structural divide in Cottle County (fig. 12). Although probably continuous |

with the Palo Duro depositional basin during the Late Pennsylvanian (Dutton,



1980, fig. 33), the Hardeman Basin may be more c]osely related tectonically to
the Whittenburg Trough and Hollis Basin (Soderstrom, 1968).

The Palo Duro Basin is separated from the Midland Basin by the Matador
Arch (Matador Archipelago, Totten, 1956), part of an east-west trending struc-
tural zone that includes Roosevelt Positive (Krisle, 1959; also knowh as the
Milnesand Dome; Nicholson, 1960) to the west and the Electra-Red River Arch to
the east (fig. 9). The Matador Arch consists of a series of isolated, fault-
“bounded blocks that have up to 4,000 ft (1,200 m) of structural relief across
them (fig. 12).

The western margin of the Palo Duro Basin is poorly defined, because of a
Tack of drilling in the area. A small basement uplift in Curry and Quay
Countiés, New Mexico (San Jon High; Krisle, 1959) separates the Palo Duro and
Tucumcari Basins (fig. 12). The San Jon High appears to be bounded on the west
by a normal fault (the Bonita Fault); seismic data indicate thét it is bounded
on the east by a reverse fault (fig. 12).

THe regional structural trend in the area is generally northwest-southeast
with a Tess prominent northeast-southwest trend (fig. 12; Budnik and Smith,
1982; Gustavson and Budnik, 1984). The Matador Arch trends east-west and seems
to terminate a northeast-southwest structural trend present in the northwestern

shelf of the Midland Basin (fig. 12).

STRUCTURES MARGINAL TO THE PALO DURO BASIN

Selected structures that 1ie at the margins of the Palo Duro Basin, for
which there are sufficient available data, have been studied to better under-
stand the tectonic history of the region. These include structures along the

Amarillo Uplift, the Oldham-Harmon trend, and the Matador Arch. The Bonita and



Alamosa Creek faults in eastern New Mexico have also been studied, as have

surface exposures along the eastern margin of the basin.
Amarillo Uplift

Extensive drilling in the Panhandle field has delineated a series of west-
northwest-trending anticlines on the western Amarillo Uplift that are ex-
pressed as domes at the surface (fig. 9; Gould, 1920). These include the
Channing Dome (here named for a town in Hartley County), the Indian Creek Dome
(here named for a tributary to the Canadian River), the Excell Dome (also
spelled X-L; Rogatz, 1939), and the John Ray Dome (Gould, 1920). The Ogallala
Formation has been eroded from the axes of the Channing and Indian Creek Domes,
where the Triassic Dockum is exposed at the surface (fig. 13). The Permian
Quartermaster Formation is exposed over much of the John Ray Dome.

Along the Canadian River in Potter County, the Ogallala Formation, Dockum
Group, and Quartermaster Formation dip up to 10° off the south and southwestern
flanks of the John Ray Dome (fig. 6; Patton, 1923). Locally, bedding within
the Ogallala Formation appears‘to parallel the contact between the Ogallala and
underlying units (figs. 6 and 8). Locally, there is an angular unconformity
between the Ogallala Formation and older units, as evidenced by the truncation
of the Dockum Group by the Ogallala on the flanks of the dome (fig. 14; Barnes,
1969). The southwest flank of the dome is truncated by a surface fault fhat
juxtaposes the Dockum Group against the Quartermaster Formation (fig. 14;
Barnes, 1969). The offset is down to the south, but the dip of the fault is
unknown.

The Channing Dome in Hartley and Oldham Counties (fig. 9) is expressed at
the surface by south dips of the Dockum Group and Ogallala Formation (fig.
15). These are best exposed along U.S. Highway 385, south of Channing.
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The Potter County fault (Rogatz, 1939), or fault zone, separates the
series of domes from the Whittenburg Trough to the southeast (fig. 12). The
- surface fault that lies along the southwest side of the John Ray Dome (Barnes,
1969) directly overlies a portion of the Potter County fault (figs. 12 and 13)
and juxtaposes the Déckum Group against the Quartermaster Formation. The
Ogallala is indicated as overlying the fault (Barnes, 1969); however, field
relations suggest that it may be offset along a branch of the fault (fig. 17).
The Potter County fault does not appear to be exposed at the surface along the
fest of its length, although the area has not been studied in detail. The
youngest unit offset along the remainder of the fault is unknown.

The Amarillo Uplift has had a subt]é,but recognizable influence on deposi-
tional patterns since the Early Pennsylvanian. In general, the Pennsylvanian
is absent from the Amarillo Uplift (fig. 19a), but may be represehted by some
of the arkosic clastics in deep, iﬁtra-up]ift grabens, such as the Carsdn, Déep
Lake and LeFors Basins (fig. 9). The WOlfcémp Series thins over the uplift
(fig. 19b), as does the lower part of the evaporite sequence (fig. 19c). The
non-salt part of the San Andres thins over the John Ray and Excell Domes (M.
Fracasso, personal commdnication, 1984), indicating that theAdomes‘formed
slightly positive features in the Middle Permian. The Ogallala formation
contains a lower percentage of sand and gravel over the uplift compared with
basins to the north and south, suggesting that the Amarillo Uplift was a slight

topographié high in the Late Tertiary.
. Whittenburg Trough

The Whittenburg Trough (fig. 9; Soderstrom, 1968) is a narrow, deep fault-

bounded graben that Ties along the southern flank of the Amarillo Uplift, and

separates the uplift from the 01dham-Harmon trend to the south. The exact
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configuration of the basin is not known, as it has been only sparsely drilled,
but it appears to consist of two smaller, trapezoid-shaped subbasins.

The northwestern subbasin (herein named the Tascosa Basin from a town site
in northeastern O1dham County) contains 13,000 ft (400 m) of Mississippian
through Tertiary strata at its deepest known point in northeastern Oldham
County. It is approximately 10 mi (16 km) wide and 50 mi (80 km) long (fig.
12). The Tascosa Basin is bounded on the north by the Potter County fault
(Rogatz, 1939). Seismic reflection data indicate that the basin is bounded on
the south by a reverse fault.

The Tascosa Basin developed as a result of differential subsidence along a
sefies of faults in the Late Mississippian/Early Pennsylvanian. Depocenters
appear to have shifted through time within the basin (fig. 19) as indicated by
changing isopachous trends. Mississippian strata are preserved beneath the
Pennsylvanian in the deepest part of the Tascosa Basin and across an intrabasin
fault to the north. The Pennsylvanian is thickest along the Potter County
Fault (fig. 19a), but the thickest Wolfcamp and Leonard strata are along the
south-bounding fault (figs. 19b and 19c). Dissolution of Middle and Upper
Permian salt from the region (fig. 3) has obscured thickness trends in that
interval. |

The southeasternmost basin of the Whittenburg Trough (the Carson Basin;
Rogatz, 1939), is larger and more irregular in shape than the Tascosa Basin
(fig. 12). Although basement has not been reached in the deepest part of the
Carson Basin, it probably contains in excess of 9,500 ft (3,000 m) of Late
Paleozoic strata. The Carson Basin is bounded on the north by the Carson
County fault (Rogatz, 1939). A narrow graben, herein called the White Deer
graben from a town in east-central Carson County, extends from the Carson Basin
eastward into the Amarillo Uplift (fig. 12). The White Deer graben appears to

lie along an east-west trending fault zone that also bounds the north side of
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the LeFors Basin (Rogatz, 1939) in central Gray County. Proprietary seismic
data across the White Deer graben indicate that it is 2.5 mi (4 km) wide and
approximately 3,000 ft (0.9 km) deep.

The early history of the Carson Basin is unknown. The oldest rocks pene-
trated in the basin are middle Pennsylvanian arkosic clastics, which are in
excess of 3,200 ft (1,000 m) thick (fig. 19a). Equivalent age strata are
absent from the adjoining Amarillo Uplift. Subsidence in the basin appears to
have occurred during the Permian and in the Tertiary. Permian evaporite and
pre-evaporite intervals thicken into the basin from the adjoining uplifts
(figs. 19b, 19c, and 20). Upper Permian salt is absent from the northern part
of the county, including the White Deer graben and the Amarillo Uplift (fig.
21), probably as a result of dissolution (fig. 23; Gustavson and others, 1980).
The salt appears to have been uniformly removed from the uplift and northern
part of the basin without disrupting the continuity of the strata (fig. 22).

A prominent 1sopachoﬁs thick in the Ogallala Formation overlies the north-
ern part of the basin, including the White Deer graben (figs. 20 and 22),
suggesting that salt dissolution and/or tectonic deformation coincided with

deposition of the Ogallala.
O0ldham-Harmon Trend

A subsurface study of several of the Uplifts along the Oldham-Harmon trend
(fig. 9) has been made to determine the timing of its development. ‘These
include the Bravo Dome, the Bush Dome, the Donley positive element, and the

Plaska structure (fig. 12).
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Bravo Dome

The Bravo Dome lies at the western end of the Oldham-Harmon trend (fig. 9)
éTbng the southwest edge of the Dalhart Basin. The Whittenburg Trough sepa-
rates the Bravo Dome from the Amarillo Uplift. The highest areas of the dome
" have only been sparsely drilled; the southwest and northwest f]anks are essen-
tially undrilled.

The Bravo Dome appears to have influenced deposition in the Late Paleo-
zoic. Pennsylvanian strata onlap basement on the flanks of the Bravo Dome
(Panhandle Geo]dgita1 Society, 1958; Frezon and Dixon, 1975); the W61fcamp
Series Ties directly on basement on the highest part of the dome (fig. 10).
The Glorieta sandstone thins onto the Bravo Dome (fig. 25), suggesting that the
dome affected depositional patterns at least as late as mid-Permian.

The Tubb formation (fig.; 23), the Alibates formation (fig. 24), and the
Ogallala Formation‘(fig. 58) have been folded over the Bravo Dome; erosion has

exposed Triassic and Permian strata on the crest of the structure.
Bush Dome

The Bush Dome consists of a northwest-trending series of sma11 domes in
central Potter County (fig. 12), a]though Tade (1967) restricts the term to the
largest of the domes in the Cliffside Field whicﬁ overlies the structures. A
satellite dome to the northeast, the Tuck-Trigg Dome (fig. 9; Gould, 1920) is
occupied by the Pedrosa Field (Nationa]lPetroleum Bibliography, 1965). The Tubb
formation (fig. 23) and Alibates formation (fig. 24) have been folded over the
Bush Dome. Patton (1923) indicates about 400 ft (120 m) of relief on the top
of the Triassic Dockum Group from the Whittenburg Trough to the Bush Dome. The

Ogallala Formation has been eroded from most of the dome. The Bush Dome is
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separated from the Whittenburg Trough to the north by a fault or series of
faults with a total basement offset of about 3,000 to 4,000 ft (900 to 1,200_m)
on the basement (fig. 12).

Donley Positive

The Donley positive fn»southern Donley County is one of three uplifts that
make up the Hall axis of Birsa (1977; fig. 9), part of the Oldham-Harmon trend.
There is about 2,000 ft (600 m) of relief on the top of the basement (fig. 12).
The Donley positive exhibits about 200 ft (60 m) of closure on the top of the
WOlfcamp’Séries (fig. 26) and about 100 ft (30 m) on the top of the Tubb
formation (fig. 23; Smith, 1983).

Smith (1983) noted that the Ellenburger Group (Ordovician) thins over the
positive, probably as a result of pre-Mississippian erosion. Mississippian
strata were thinned by erosion during the Late Mississippian or Early Pennsyl-
vanian. The positive acted as a barrier to arkosic clastics eroded from the
Amarillo Up]ift during the Pennsylvanian and Early Permian (fig. 11; Smith,
1983). The Donley positi?e appears to have influenced depositional patterns at
least as late as the Middle Permian; salt dissolution has obscured relations in

the upper part of the section (Smith, 1983).
Plaska Structure

The Plaska Structure (Hall positive) lies at the southern end of the Hall
axis (Birsa, 1977) in northeastern Hall County (fig. 9). There appear to be
about 2,000 ft (600 m) of basement relief across it (fig. 12),‘a1though there
is 1Tittle well control to the southwest. Proprietary seismic data indicate
that the stfucture is fault-bounded on the éast and west and that the faults

extend upward to at least the top of the Red Cave formation. Mississippian
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strata are absent from the structure due to Late Mississippian td Early Penn-
sylvanian erosion (Ruppel, 1982). There are about 250 ft (75 m)'of closure on
the top of the Wolfcamp (fig. 26). At the surface, the Blaine Formation (San
Andres equivalent) is exposea along the axis of the structure, surrounded by

strata of the younger Whitehorse Group (Barnes, 1968).
Matador Arch

The Matador Arch is an enigmatic feature separating the Palo Duro and
Midland Basins. It is not a single large anticlinal structure, but consists of
a narrow, east-west trending series of en echelon, fault-bounded blocks, sepa-
rated by basement Tows (fig. 9). Basement relief across'and along the trend of
the afch is on the order of 4,000 ft (1,200 m; fig. 12). |

The Matador Arch marks a hinge line between the Palo Duro and‘MidTand
Basins that has been episodically reactivated. The Ellenburger Group (Ordo-
‘vician) thins northward from the Midland Basin toward the arch, and then thick-
ens again into the western Palo Duro Basin (fig. 27) possibly as a result of
differentia] pre-Mississippian ekosion. Fault blocks a]ong'the arch were loci
of carbonate development during the Pennsy1vanién and Early Permian (fjg. 28;
Budnik and Smith, 1982; Dutton, 1982). Pre-iate Wolfcampian erosion apparently
removed older strata from the Anton-Irish Block, as upper Wolfcamp carbonates
rest directly on basement (fig. 28).

‘The influence of the Matador Arch on deposition continued at least uhfi]
the end of the Paleozoic. The entire Permian section, including fhe upper,
evaporite-bearing interval, thins over individual fault blocks (figs. 29 and
-30).  Although studies of every formation have not been completed, available
data indicéte that individual fault blocks must have been topographically

higher than the surrounding areas during deposition of at least some of the
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units. For exemple, Ramondetfa (1982) noted that the San Andres Formation
fhins (fig. 31) over the Anton-Irish Block and becomeslless anhydritic.
Post-Permian structural changes appear to have affected the Matador Arch.
The Alibates fofmation has been folded over individual fault blocks (as defined
on'the top of the wolfcamp Series; fig. 32). Cretaceous strata are absent over
the Anton-Irish and Petersburg’B]ocks‘but are preserved in the structural Tow
between them (fig. 33). The blocks may have been high standing during‘deposi-
tion of the Cretaceous or uplifted and eroded prior to the deposition of,the’

overlying Ogallala in the Late Tertiary.
Faults in East-Central New Mexico

The Alamosa Creek qu]t in Roosevelt County and the Bonita Fault in Curfy
| County (fig. 12) are northeast-trending surface faults that affect post-Paleo-
zoic strata in eastern New Mexico. At the surface the Alamosa Creek Fault
Juxtaposes the Ogallala Formation against Lower Cretaceous strata (fig. 34),
although Barnes (1977) does not inquafe the presence of Cretaceous in the
vicinity of the fault. A cross section across the fault (fig. 40) indieates
approximately 200 ft (60 m) of offset on the top‘of the Alibates formation,
based on well prejections. Surface offset could be on the order of 100 ft (30
m)‘based on mapped outcrop patferns (Lovelace, 1972). Deeper structural rela-
tionships along the fault (below the Glorieta Formation) arebunknown due to a
Tack of deep well control.

The Bonita Fault (figs. 12 and 35) has normal offset with a dip of 55 to
60 degrees to the West and 500 to 700 ft (150‘to 200 m) of displacement at the
surface (Stearns, 1972) where it offsets Cretaceous strata against Triassic
(fig.35; Berkstress and Mourant, 1966; Love]aée, 1972; Barnes; 1977). Love-

Tace (1972) indicates that the Ogallala Formation has been faulted, whereas



Y,
Barnes (1977) indicates that it is unfaulted. Both Lovelace (1972) and Barnes
(1977) dindicate that Quaternary sediments have béen faulted along a portion of |
the fault. Gustavson and others (1980) suggest that surface displacements
along the Alamosa Creek and Bonita‘Faults are the result of salt dissolution
and co]]apse;

A proprietary seismic line across northern Curry Couhty (fig. 4) revealed
the presence of a reverse fault apprdximately 10 mi (16 km) east of the Bonita
Fault. There are about 750 ft (225 m) of basement relief, down to the east,
across the fault. There is no well control in the area and only one available
“seismic ljné, so that the strike of the fault is indeterminate. It is depicted
on the basement structure map (fig; 12) with a northeast trend, parallel to the

Bonita and Alamosa Creek Faults.

STRUCTURES WITHIN THE PALO DURO BASIN

The Palo Duro Basin is a shallow structural basin with gently dipping
northern, eastern; and western f]énks (fig. 12). The Matador Arch forms a
discontinuous southern margin. The deepest part of the basin is just north of
the Matador Arch in Floyd and Motley Counties. Subsurface control is great
enough in only a few areas within the basin to define local structures. These
areas include Castro, eastern and squthwestern Deaf Smith, central Randall, and
south-central Lamb Counties. 0utsidé of these areas, well control is too

widely spaced to enable the recognition of individual structures.
Castro County

Subsurface structure of Castro County is dominated by the Castro Trough, a
northwest-southeast-trending structural Tow that extends from Swisher County to

~ Deaf Smith County (fig. 1; Birsa, 1977; Budnik, 1983). The trough is bounded
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on the northeast by the Arney Block (Budnik, 1983; the Castro-Swisher positive
of Birsa, 1977). The southwest flank of the trough is poorly defined, but in-
cludes several smaller highs. Structural relief from the highest part of the
Arney Block to the deepest part of the trough is on the order of 1,600 ft (500
m) at fhe Tevel of the top of the basement (fig. 12). Proprietary seismic
reflection data (fig. 4) suggest the presence of an axial horst within the
trough with approximately 800 ft (250 m) of relief (fig. 12).

Pre-Pennsylvanian strata are absent on the Arney Block, but are present
within the Castro Trough (fig. 36; Budnik, 1983). The Ordovician Ellenburger
Group is projected beneath Mississippian strata in the deepest part of the
trough, but is absent from the surrounding uplifts (fig. 37). The Mississip-
pian System thins over the uplifts to the southwest and is absent over the
Arney Block (figs. 36 and 37) probably as a result of Late Mississippian or
Early Pennsylvanian erosion.

The Castro Trough influenced depositional facies in both Pennsylvanian and
Permian strata. During the Pennsylvanian and Early Permian, the Castro Trough
formed a subbasin to the northwest of the primary Palo Duro Basin (fig. 10).
Lower Pennsylvanian strata thicken into the trough from the adjoining highs
(fig. 38e). During the late Pennsylvanian a carbonate shelf margin developed
on the Arney Block (fig. 28). Influence of the Castro Trough continued into
the Middle and Upper Permian, as evidenced by the thickening of the Permian
evaporite sequence into the trough from the surrounding uplifts (fig. 30).
Individual units within the evaporite sequence also show evidence of structural
influence. For example, the Wichita Group is more clastic-rich in the trough
than in adjoining areas (fig. 38f). Also, Presley and McGillis (1982, p. 44)
showed that in the Glorieta Formation, mudstone and salt accumulation was
thicker in the trough than over the Arney Block or the other structures in the

southwestern part of the county. Lithofacies in the overlying San Andres
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Formation exhibit a similar trend with the thickest salt in the lower part of
the unit occurring in the trough (fig. 38d). Clastics in the Upper Permian
Salado/Tansi1l Formations thicken into the Castro Trough, as well (McGillis and
Presley, 1981, p. 13). )

The influence of the Castro Trough extended into the post-Paleozoic. The
Triassic Dockum Group is thickest in the trough and thins over the highs to the
northéast and southwest (fig. 38b). A]so, the percent sand in the lower Dockum
is higher in the trough (fig. 38c), indicating that the Castro Trdugh was a
topographic 1ow during the late Triassic.

It appears that the Castro Trough was a structural and topographic Tow
during the Late Tertiary. Therelis a thicker accumulation of sand in the
overlying Ogallalé Formation fn the Castro Trough than over the Arney Block
(fig. 39a). Seni (1980) interpreted this and other thick areas of sand accumu-
lation (fig. 39a) as representing deposition in major distributary channel
systems on alluvial fans (fig. 39b). Areas of thin sand, such as over the

Arney Block, were ihterpreted as interchannel areas by Seni (1980).
Eastern Deaf Smith County

The Castro Trough extends into southeastern Deaf Smith County where it
bifurcates into east-west and northeast-southwest trending lows (fig. 12). The
east-west trending low is broad and, based on limited control, does not appear
to be fault-bounded. Proprietary seismic data indicate that the northeast-
trending Tow is bounded by faults. The northeast—trending low is paralleled on
the north by a minor basement high with approximately 200-300 ft (60-90 m) of
structural relief. Another northeast-trending»1ow-extends into northeastern

Deaf Smith County.



20

Mississippian-age strata are preserved within the nortﬁwest and northeast
extensions of the Castro Trough, but are absent elsewhere in the cdunty (fig.
36). Pennsylvanian strata are thickest in the structural lows and thin ovér

‘the high in the east-central part of the county.
| - Gustavson and Budnik (1984) noted that, although the deeper units thicken
into the northéast-trending Tow (fig. 10), salt in the Seven RiVers Formation
thins in the same area (fig. 40). A series of closed topographic basins oh the
base of fhe Ogallala overlie this area (fig. 41). Gustavson and Budnik (1984)
suggest that the salt was dissolved from the Seven Rivers as a result of the

movement of ground water along fractures related to the northeast-trending

faults.
Southwestern Deaf Smith County

Southwestern Deaf Smith Codnty and northeastern Curry County are occupied
by the Garcia Lake high (fig. 9), here named for Garcia Lake which lies at the
southeastern edge of the structure in Deaf Smith County. Krisle (1959) in-
cluded this structure in the San Jon high to the west, but proprietéry seismic
data indicate that the two are separated by a basement Tow (fig. 12). Well and
seismic data suggest that the Garcia Lake high is fault-bounded on the south-
east and northwest.

A thinned Pennsylvanian section overlies basement on the Garcia Lake high,
whereas Mississippian strata are present in wells 1mmediate1y to the east (fig.
43). The entire Upper Paleozoic section appears to have been deformed over the
high, including the Wolfcamp Series (fig. 42a), the Tubb formation (fig. 23),
the San Andres Formation (fig. 42b), and the Alibates formation (fig. 24). The

Ogallala Formation may have been folded as well (figs. 42 and 43).
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Central Randall County

The Arney Block extends into the southwestern part of Randall County and
separates the northeast4trending basement Tow in eastern Deaf Smith County from
a north to northwest-trehding Tow in southeastern Randall County (fig. 12).
The Arney B]bck is Sepafated from the central Randall high (new name) by the
northwest-trending low (fig. 12). Seismic data (figs. 4 and 44) indicate thét
the central Randall high is bounded by northeast- and northwest- trend1ng faults
(f1g 12).

A thinned section of Mississippian is present on the central Randall high
(fig. 36) A carbonate bu11dup developed on the centra] Randall high during
the Late Pennsy]van1an and Early Permian (figs. 28 and 44). The mid- to Upper
Permian evaporite sequence thins over the structure (fig. 30). Seismic reflec-
tion data (fig. 44) indicate that the Alibates has been folded over the}centra]

Randall high.
Palo Duro Canyon

Evidence of post-Permian tectonic deformation in Randall County has been
described by Collins (in press) in Palo Duro Canyon, approximately 10 mi (16
km) to the east of the central Randall high (fig. 45). The Cloud Chief Gypsum
(Alibates equivalent) and overlying Permian Quartérmaster Formationvhave been .
folded into a series of low amp]itudé, northeast- and northwest-trending folds.
The Triassic Dockum Grdup lies conformably on the Permian Quartermaster Forma-
tion' in the axes of the synclines, but an angular unconformity separates
Permian and Triassic strata on the flanks of the anticlines (fig. 46). Syn-
clinal depressions probably caused by disso]ution-induced col1apse are superim-

posed upon the tectonic folds (Co]]ins, in press).
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Caprock Canyons, Briscoe County

The style of deformation caused by the diséo]ution of Permian evaporites,
has been described by Go]dsteih and Collins (1984) in Caprock Canyons State
Park, at the edge of the Sodthern High Plains (fig. 47). The’fo]ding is
chaotic and primarily consists of closed sync]iha] depressions. The depres-
sions are up toiﬂs km long and(L75ykm wide. Superimposed on the synclinal
depreéSions are smaller, conical anticlines and synclines that plunge toward
the centers_df‘the depressions. The amplitudes of the subsidiary folds is less

than 15 m.
Lamb County

The structural configuration of the southwestern part of the Palo Duro
Basin is not well known because of a lack of deep cdntro] in the area. In Lamb
County, at therLittlefield and I1lusion Lake oil fields, the San Andres Forma-
tion has been folded into a northeast-southwest trending monocline (fig. 48).
The monocline appears to 1ie en echelon to a sihi]ar monoclinal trend to the
south which defines the northern shelf of the Midland Basin (Ramondetta, 1982).
Ramondetta (1982) noted that the latter trend overlies an older, Wolfcampian,
sheif margin. | |

The configuration of the basement surface below the monocline in central
Lamb County is unknown. Elsewhere in the area,}for example in the Anton-Irish
field in southeastern Lamb County and along the southern edge of the Roosevelt
positive in southern Roosevelt County, New Mexico, the structural éonfiguration
of the top of the San Andres Formation reflects that of the top of the basement
(compare figs. 48 and 12). A similar relationship between basement and San
Andres structure probably exists in central Lamb County, With the Littlefield

and I1lusion Lake fields overlying anortheastftrending basement structure.
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The basement structure map (fig. 12) was contoured in Lamb County to reflect

this‘possible relationship.

Structure in centra1‘Lamb County influenced dépositiona].patterns duking
the‘Permian. The WOlfcampiaﬁ shelf margin followed the northeast-trending
structure through Lamb County. Up to,1,406 ft (425 m) of porous carbonate
accumulated along this trend (Dutton, 1982). Ramondetta (1982) demonstrated
that structure influenced the thickness and distribution of porosity in the San

Andres at I1lusion Lake and Littlefield, as well as on the Anton-Irish Block

‘and other structures to the southwest. The San Andres thins over these struc-

tures (fig. 31) and porosity decreases updip.

The style of folding in Central Lamb County changes upward in the section
from essential]y}monoclina1 at the level of the San Andres Formation to anti-
clinal at the top of the Alibates (fig. 49). This change is caused by thinning
in the Sa]ado/Tansi]] interval, probably as a result of salt disso]ution‘

(Gustavson and others, 1980).

SUMMARY OF STRUCTURAL GEOLOGY

The Palo Duro Basin is a broad, shallow structural low that occupies the
southern part of the Texas Panhandle. A complex zone of basement horsts and
grabens separates the Palo Duro Basin from the Anadarko Basin to the north.
This zone includes the Amarillo Uplift, the Whittenburg Trough and Hollis
Basin, and the 01dham-Harmon structural trend. The southern margih is defined
by the Matador Arch.

~Basement stfuctura] highs within and adjoining the Palo Duro Basin are
genera]]yvsmall, i$o1ated, fault-bounded, and oriented in a northwest-southeast
direction. Pennsylvanian strata exhibit the greatest deﬁositiona] and struc-

tural effects of these basement features. Post-Pennsylvanian strata show
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subtle influence of the structures. There has been significant post-Permian'
deformation in the region. The Alibates formation has been folded over many
structures within the surrounding Palo Duro Basin. The Ogallala Formation
appears to have been folded over structures in the northern part of the area.
Deformation resulting from the dissolution of Permian evaporites has been
recognized within the Palo Duro Basin as well as to the east and north of the
basin. Large-scale, dissolution-related folding is identified by anomalous
thinning of the underlying ha]ite-bearihg interval. Small-scale folding pro-
duced by dissolution and co]]apsé is chaotic in contrast with the parallel

nature of tectonic folds.

TECTONIC HISTORY

The development of the Palo Duro Basin in the Late Paleozoic was»c]osé]y
related to the formatiqn of two major regional tectonic features: the Pennsyl-
vanian Ancestral Rocky Mountains and the Permian basin (fig. 1). Many of the
structures that 1nf1uéncéd debositioha] patterns during the Late Paleozoic
appear to have been formed during the Precambrian or Early Paleozoic. The

structures continued to influence depositional processes into the Cenozoic.
Precambrian

The crystalline basement of the southern Texas Panhandle consists largely
of virtually undeformed rhyolite of the Panhandle volcanic terrane; surrounded
and presumably underlain by the Chaves granitic and granitic gneiss terrane
(fig. 50; F]éwn, 1956, Muehlberger and others, 1967). These are part of é very
large, epizonal, granite-rhyb]ite terrane that extends from eastern New Mexico
tovcentral Wisconsin (Vvan Schmus and Bickford, 1981). Initial K/Ar isotopic

~studies indicated that in the Panhandle the rhyolites were approximately 1,100
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- to 1,200 m.y. old (Muehlberger and others, 1966). However, recent U/Pb dating

of zircons from the terrane suggests that the rhyolites may be 1,350 to 1,400
m.y. old (Thomas and others, 1984). Seismic reflection évidence indicates that
the rhyo]ifes'are in excess of 30,000 ft thick (Budnik, in preparation). The
tectoﬁic setting of the region‘at the time of formation of the granite-rhyolite
terrane is unknown, but its Tinear geometry and position between older rocks fo
the north and younger rocks to the south suggest that it may have formed at a
continental margin (Van Schmus and Bickford, 1981). 7
The central part of the Palo Duro Basin, the rhyolite, is overlain by a
relatively thin sheet of mafic rocks belonging to the Swisher diabasic terrane
(fig. 50). This terrane consists of gabbroic and diabasic rocks that are
intercalated with ca]careous‘metasediments (F]éwn, 1956). The age of the
Swisher terrane is in dispute; a K/Ar date of 1,200 m.y. was obtained from a
low potassium pyroxene in a diabase (Muehlberger and others, 1966). Roth
(1960), however, described the pkesence of Palebzofc microfossils from meta-
sediments within the Swisher terrane. The téctonic significance of the Swisher
diabasic terrane is not known. '
 There appears to be a coincidence between the geometry of the Palo Duro
Basin and the distribution of Precambrian terranes in the underlying basement
(fig. 50). 1In general, the structurally low areas are underlain by volcanics,
whereas the high areas are underlain by granitics. Most of the Palo Duro
Basin, the Dalhart Basin, and thé Whittenburg Trough are uﬁder]aih by rhyolite.
The eastern part of the Palo Duro Basin, the Bravo Dome, and most of the

Amarillo Uplift are underlain by granitic rocks. The deepest parts of the Palo

- Duro Basin in_Mot]ey‘and southern Floyd Counties are interpreted to be under-

lain by granitic rocks, (fig. 50) by Mueh]bergér and others (1967). However,

Flawn (1956) infers the presence'of metasedimentary rocks in the same location.
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In several instances (for example, aTong the norfheast side of the Bravo Dome),
contacts between the basement terranes coincide with faults Tocated on the
basis of structural mapping. Volcanics may have once covered the entire region
and been eroded off the high areas prior to the Paleozoic. If this is the
case, then the majqr'structural elements of the region formed prior to deposi-

- tion of the Ellenburger Group in the Ordovician.
Late Precambrian-Early Paleozoic

Southwestern Oklahoma, northeast of the Palo Duro Basin underwent a major
rifting event in the latest Precambrian to Early Cambrian, culminating in the
formation of the southern Oklahoma aulacogen 550-600 m.y.a. A large volume of
bimodal volcanics now exposed in the present Wichita Mountains of Oklahoma were
produced at that time.

Evidence for coeval deformation within the Palo Duro Basin is tenuous. An
arkosic sandstone occurs beneath basa] Cambrian(?) quartzose sandstone in a few
wells witﬁin}the basin (fig. 51). This arkose is generally considered on
sample logs to be weathered basement. }However, Roth (1960) described the unit
in the Sun 011 Company No. 1 Herring well in Castro County (fig. 51) as con-
sisting of slightly metamorphosed arkosic sandstone and interbedded pyroclas-
tics.. Thisunit, which lies on diabase of the Swisher terrane in the Sun Qi1
well, is probabiy‘preserved in the deepest part of the Castro Trough (fig. 51).
The arkose may have been derived from erosion of rhyolite from the Arney Block,
and thé pyroclastics may be related to the rhyolites of the Wichita Mountains.
These pre-Cambrian (?) sediments were preserved in the Castro Trough as a
result of pre-Ordovician deformation.

A stable éhelf occupied the area of the Palo Duro Basin during the Late
Cambrian to Early Ordovician (Ruppe], 1982). Someﬁime between the mid-Ordo-

vician and the Early Mississippian, a northwest-trending area in the central
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Panhandle was uplifted to form the Texas Arch (fig. 27; Adams, 1954). The east
side of the arch, in Armstrohg, Briscoe, Hall, and Motley Counties, coincides
with the boundary between‘vo]cahic and plutonic basement terranes (compare
figs. 27 and 50), suggesting a reactivation of pre-Ordovician structures.
Ellenburger (Ordovfcian) carbonates and Cambrian (?) clastics were eroded from
the crestlof the arch, except where preserved in downfaulted blocks, such as
the Castro Trough. To the northeast and southwest of the Panhand]e,'Silurian
and Devonian sediments are present on the flanks, but are absent from the crest
of the arch due to erosion or nondeposition. Precise timing of uplift and
' éCCompanying faulting is unknown. However, on the eastern f]ankrof the arch in
the Hollis Basin, units as young as Early Devohian (Hunton group) are truncated
below Upper Devonian and Lower Mississippian strata (Tarr and others, 1965),‘
suggesting a mid-Devonian age of deformation (Eddleman, 1961; Ham and Wilson,
1967).

During the Mississfppian, the southern Panhandle was the site of a shal-
Tow, carbonate platform (Ruppel, 1982) with shallow water dolomite deposited on
the Texas Arch and relatively deeper water limestone being deposited on the:’
f]énks of the arch (S. C. Ruppel, personal communication). Carbonate deposi-
tion was interrupted briefly during the Late Mississippian by an 1nf1ux_of“
clastics (Totten, 1956; Ruppel, 1982), possibly in response to initial uplift
of the Ancestral Rocky Mouhtains (Budnik and Smith, 1982).

Pennsylvanian

The formation of a depositional basin in the southern Texas Panhandle
began‘in the Late Mississippian/Early Pennsylvanian when older basement struc-
tures were reactivated in response to the interaction of the North and South

American plates (Kluth and Coney, 1981). During the Pennsylvanian period the
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Palo Duro Basin underwent three pulses of deformation (Ham and Wilson, 1967).
Initially, the Mississippian-age-carbonate shelf was tilted to the south.
Mississippian and older strata were eroded off a wide, east-west-trending band
to the horth,of the present structural basin (fig. 52). Lower Pennsylvanian
(Morrowan) sediments were deposited primarily in the southern part of the
basin, and in the Hardeman Basin to the east (fig. 53; Budhik and Smith, 1982).

The main period of deformation occurred during the mid-Pennsylvanian
(Desmoinesian; Dutton, 1982; Goldstein, 1982). During this time, the 0Oldham-
Harmon trend and the Whittenburg Trough developed. Most of the arkosic debris
that was shed off the Amari]]oAUplift was trapped in the trough and in the
Hollis Basin, although some of the clastics reached the Palo Duro Basin through
lTows in the 01dham-Harmon trend (fig. 11). Intrabasinal structures, such as
the Castro Trough, probably reached their greatest relief at this time. By the
end of the Desmoinesian, structura] relief had been reduced; a carbonate shelf
covered most of the area (fig. 54; Dutton, 1982; Handford and others, 1981).

In the Late Pennsylvanian, the region was differentiated into a well-
defined basin and shelf-margin complex (Dutton, 1982) as a result of renewed
deformation. Carbonate buildups were localized on structUra]]y high blocks
within the basin, such as the central Randa]l structure, and along the Oldham-
Harmon trend and the Matador Arch (fig. 28; Handfbrd and others, 1981; Budnik
and Smith, 1982). Episodic movement on basement structures throughout the Late
Pennsylvanian and Wolfcampian maintained these high-standing areas. This phase
of deformation culminated With the erosion or nondeposition of Upper Pennsyl-
vanian (Cisco Series) from structures in the southweétern part of the basin
(Budnik and Smith, 1982) and probable erosion of sediments from the Amarillo
Uplift and the Anton-Irish Strucfure, before deposition of the Wolfcamp Series
(fig. 28). The pre-Permian isopach map (fig. 10) delineates a strdng north-

west-southeast trend to the axis of the basin at the end of the Pennsylvanian.
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Permian

Structuré1 trends established in the Pénnsy]vanian continued into the
Early Permian as the basin filled. The normal-marine phase of sedimentation
ended following the development of a widespread carbonate shelf (fig.54).in
the léteVWOlfcampian.

Deposition during the remainder of the Permian,'primarily of evaporifes
and red beds, was controlled by regional subsidence associated with the larger
Permian Basin (fig. 1). Thé diStfnction between the Palo Duro and surrbunding

basins was reduééd as a result of subsidence of the intervening uplifts (Gold-
stein, 1984). |

Older, Pennsylvanian structureé continued to subtly influence depositional
patterns in the‘Middle and Upper Permian. These'deposits thicken into struc-
tural Tows (for example, the Castro Trough) and thin over structural highs in

‘the basin (central Randall high, the Arney Block, and the I1lusion Lake struc-
ture) and along the Matador Arch and the Oidham-Harmon trend (fig. 30). A
correspondence has been noted between basement Tows and areas of thick c]astics
in the Glorieta Formation by Presley and McGillis (1982) and in the Salado/Tan-
sill Formations by McGillis ahd Presley (1981). Structural influence continued
through the end of the Permian, as suggested by the thinning of the Alibates
formation over the Arney B]ock’and the Littlefield and I1lusion Lake structures
(fig. 55).

The relationship between thickness of Permian strata and basement struc-
ture is probably the result of recurrent movement on the older structures and
not merely the effects of différehtia] compacfion. The best evidence of this
is the episodic'influence of structures on depositional patterns.vFor example,

the Tower and upper sa]t-bearing'parts of the San Andres Formation thin over
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structural highs, whereas the middle non-salt-bearing part shows no correspon- ‘
dence between structure and thickness (Fracasso and Hovorka, 1984).

Episodes of defd;mation continued after the end of Permian depbsition
throughout the region, as indicated'by the folding of the Alibates formation
over structures within the basin, and to the north ahd south of the basin (fig.
24). Folding of the Alibates at Palo Duro Canyon took place prior to deposi-
tion of the Dockum GroUp in the LatebTriassic (Collins, in press). In éomé
areas (for examp]e,‘over:the John Ray Dome), the Alibates appears to have been

folded since deposition of the Dockum Group in the Late Triassic (fig. 14).
Triassic Period

| Debositiona] patterns in the Late Triassic were influenced by the same
basement structures that affected Permian deposition. For example, the Castro
Trough appears to have controlled the distribution of sand in the lower Dockum
Group (fig. 38). Johns (in preparation) noted that thick accumulations of sand
occupy structura]]y low areas along thé Matador Arch. Patton (1923) described
the presente of intraformational angu]ar unconformities within the Dockum Group
on’the north flank of the Bush Domé, suggesting that the dome was being folded
during Late Triassic deposition. | ’ |
. Present distribution of the Dockum Group closely corresponds to the loca-
tion of the Permian Basih, 1ndfcating that regional subsidence continued to be
a dominant structural influence into the Triassic. Large-scale positive Pa]ed—
zoic structurél elements such‘as the Amarillo Uplift also continued to exert
some influence on deposition during the Late Triéssic (MCGowen and others,

1979).
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Cretaceous Period

Cretaceous strata ere absent from all but the southernmost part of the
Palo Duro Basin (fig. 33)‘as a result of erosion on non-deposition. Lower
Cretaceous units are preserved beneath the Ogallala in the axis of the Palo
Duro Basin in Hale and Floyd Counties and‘in the structural Tow between the
Anton-Irish and West Petersburg Blocks on the Matedor Arch (fig. 33).

The distribution of Cretaceous strata in the area may be due, in part, to
tobographic relief at the fime of deposition. Regionally, Lower Cretaceous
strataonlap o]der units northwestward from the Gulf Coast toward the Texas
Pahhand]e, suggesting that the Panhandle was topographically higher than areas
to the southeast. Locally, in Lamb County, Lower Cretaceous carbonates thin
northward (fig. 56) also suggesting a southward topographic slope at that time.
The structural highs along the Matador Arch may have been‘topographic highs
during the Early Cretaceous or they may have been uplifted and the Cretaceous

strata eroded prior to deposition of the Ogallala Formation.
Cenozoic Era

Pa]eqzoic structures have had a subtle, but recognizable, effect on Ceno-
zoit strata in the Palo Duro Basin. These effects have been masked, in part,
by erosion and by Late Cenozoic salt dissolution, both of which have been most
actiVe along the margins and to a lesser exteht in the interior of the basin.

Regionally, isopachous and lithofacies trends‘in the Ogallala Formation
follow large-scale basement structures. The unit is thickest in the axes of
the Palo Duro and Anadarko Basins and thins over fhe Amarillo Uplift (fig. 22).
The highest percentage of sand in the formation is in the centers of the basins
(fig. 39a), indicating that the structures had enough topographic expression in

~the Neogene to control drainage patterns. Baker (1932) also recognized that
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the Ojallaia Formation'was thickest in the axis of the Anadarko Basin and
thinned oVer the Amarillo Uplift. He attributed this change in thickness to
folding during the Neogene.
| The influence of smaller structures is also reflected in the depositional
 trends of the Ogallala. Structural highs within the basin, such as the Arney
Block and Garcia Lake high Were areas of interchannel deposition, whereas
structural lows, like the Castro Trough, were océupied by major channel systems
(fig. 57). | |

Deformation of the region continued after deposition of the Ogallala
Formation. Structures along the western Amarillo Uplift, including the John
Ray dee, were reactivated. The Ogallala and underlying units were folded in
the Late Tertiary or Quaternary (figs. 13, 14, and 15). Historic seismicity
appears to be concentrated along the Amarillo Uplift (fig. 57), suggesting that
some faults in that area may still bé active.' |

Elsewhere in the region, evidence from the structural configuration of the
base of the Ogallala suggests thét the unit has been folded over the Bravo Dome
and the Garcia Lake high, and possibly the Bush dee and Arney Block (fig. 58).

The extent of Cenozoic faulting in the region is not well documented,
except to the west of the Palo Duro Basin in New Mexico. Barnes (1977) indi-
cates that the A1amosa Fault in Roosevé]t County, New Mexico, displaces the
Ogallala Formation. Lovelace (1972) and Barnes (1983) indicate that the Bonita
Fault in Quay County, New Mexico, offsets Quatérnary deposits.) Finch and
Wright (1970) suggest post-Ogallala deformation in the southwestern part of the
basjn; based on the offset of toqographic contours in the area.

Gable and Hatton (1983) projected 300 to 3,000 ft (100 to 1,000 m) of
epeirogenic uplift of the western Great Plains, including the Texas Panhandle
over the'past 10 million years. The effect of this regional uplift on 1océl

structures is unknown.
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SUMMARY OF TECTONIC HISTORY

The Pé]o Duro Basin and surrounding region have had a long history of
tectonic deformation, beginning in the Late Prqterozoic. The Palo Duro Basin
was the site of a tremendous outpouring of rhyolite flows from unknown volcanic
centers. The area was deformed in the Latest Protekozoic/Ear]iest Paleozoic
~during the‘rifting of the southern Oklahoma aulacogen. Arkosic sandstone and
interbedded tuff may have been'deposited in the Palo Duro Basin that time.

The ET1lenburger Group was deposfted on a carbonate shelf in4the Early
Ordovician. Uplift of the Texas Arch, probably in the Devonién, occurred along
preexisting faults. A carbonate shelf was reestablished in the:Mississippian
with shallow water carbdnatesxdeposited along the axis of the Texas Arch and
deeper water sediments formed along the flanks.

The area Qnderwent major deformation in‘the Late Pa]eoZoic, beginning with
a southward tilting of the carbonate shelf in the Late Mississippian/Early
Pennsylvanian. Recurrent deformation in the Pennsylvanian and Early Permian
maintained high-stahding basement blocks. Subsidence, re]atedvto the develop-
ment of the larger Permian basin, and subtle deformation continued episodical-
1y to the end of the Paleozoic. Older structures, reactivated during the
Triassic and Cenozoic, influenced depositional patterns in the Dockum Group and
Ogallala Formation, respectively. Tectonic deformation continued into the Late

Cenozoic.
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FIGURES

'Figure 1. Tectonic e1ement§ of West Texas and adjacent states. Outline of
Permian Basin (heavy dashed 1iné) based‘on the present distribution of halite-
bearing rocks in Permian Systemr(McKee and Oriel,}1967). Originél distribution
of halite was probably somewhat greéter. Pennsy]vanian basins}(verfical rul-
ing) and uplifts (horizontal ruling) based on isopach‘of the Pennsylvanian
System (McKee; Crosby, and others, 1975; Dutton, 1980). The Amarillo-Wichita,
Sierra Grande, Pedernal, Diablo, and Central Basin up]ifts were elements of the
Ancestral Rocky Mountains. ‘

- Figure 2. Sfratigraphic co]umn and general 1ithoiogies_1n the Palo Duro Basin'
(Budnik and Smith, 1982). | |
Figure 3. Sa]t‘diésolufﬁon zones marginal to the Palo Duro Basin (Gustavson
and dthers, in preparation). The location of each dissolution zone is definedv
primarily on the present distribution of sa]f; salt dissolution is inferred in
areas where the salt is absent (Gustavéon and others, 1980). Location of cross
section in figure 7 1is indicated. | S

Figure 4. Location of seismic lines in the Pa]O Duro Basin.

Figure 5. Surface geology of the Texas Panhandle and surrounding region (Oet-
king and others; 1967; Renfro and others, 1973). Cenozoic deposits coVer most
of the Pé]o ﬁuro Basin. Triassic and Permian deposits are exposed along the
‘eastern margin of the basin, and to the north (along the Canadian River), and
west of the basin. Cenozoic = C, Mesozdié = M, Permian = Pm. |

“Figure 6. Photograph of outcrop of Ogallala Formation (Tertiary), Dockum Group
(Triassic), and Alibates formation (Permian) dipping southward off the John Ray'
Dome. Exposuré is along the west side of Bonita Creek, néar its confluence

with the Canadian River, in Potter'County.



- Figure 7; East-west cross section through dissolution zone in Rolling Plains
(Gustavson and others, 1980). Parallelism of‘formation contacts is maintained
after salt has been dissolved. Zones of salt dissolution interpreted from
gamma ray logs. 'deation shown in figure 3.

Figure 8. Northwest-southeast cross section of the southern flank of the John
Ray Dome. The base of thevOga11a1a Formation is dipping southward, as are all
of the underTying units. The simiiarity of structureFOn the pre-salt strata
(Red Cave formation) and post-salt strata (Alibates and Oga]]a1a formations)
suggest a tectonic origin to the folding. The position of the photograph in
figure 6 is indicated. o

Figure 9. Structuré] elements of the Texés Panhandle. The present structural
basiné (vertical ruling) and up]ifts (horizontal ruling) are the result of
episodic}deformation throughout the Phanerozoic. The Palo Duro Basin existed
as a distfnct depositional basin only during the Late Pennsylvanian and Early
Permian when well-defined carbonate shelf margins bordered a relatively deep
shale basin. The axis of Pennsylvanian deposition is derived form an isopach
of Pennsy]vanian strata (Dutton, 1980). The present axis of the basin is based
on the structure contour map on tob of crystalline basement (fig. 12);

The Pa]o’Duro Basin is separated from the Anadarko Basih to the north by a
compléx structural zone which includes the Ol1dham-Harmon trend, the Whittenburg
Trough and Hollis Basin, and the Amarillo Uplift. The Amarillo Uplift is made
up of a number of smaller structures including (1) Channing; (2) Indian,Creek;
(3) Excell; (4) John Ray; (5) Pantex; (6) 6666; (7) Taylor; (8) LeFors; and (9)
Lela Domes, and the (10) Deahl; (11) Deeb Lake;‘(12) and LeFors Basins. The

Tuck-Trigg Dome (13) is a subsidiary structure to the Bush Dome.



Figure 10. Pre-Pérmian isopach map of the Palo Duro Basin. Depicts the con-
figuration of basement structdre prior to Permian subsidence. The pre-Permian
structura]raxis coincides with the position of the Pennsy]Vénian depositional
| basin. S | _ | : |
Figure 11. Isolith map of Pennsy]van1an and Wolfcamp arkos1c c]ast1cs From
Dutton (1982) The clastics were derived primarily from the Amarillo Uplift
and trapped in the Whittenburg Trough and other deep bas1ns bordering the
| uplift. Some of the c]astics‘reachéd the Pé]o Duro Basin through lows along
the 01dham-Harmon trend. |
Figure 12. - Structure contour map on the top of crysta]]inevbasemént. Based on-
fndicéted well cbntro]land on éeismic 1ihes shown in figure 4. A
Figdre 13. Structure cohtour mab on the basefof‘the‘Oga11a1a Formation, west-
ern Amari]lo Uplift (Know]es and others, 1982a).  Contours dashed where pro-
Jected across areas from which the unit has been eroded. Surface geology from
Barnes (1969 and 1983). Outcrop area of Perm1an~Quartermaster Formation indi-
‘cated by Pq. Outcrop area of Triassic Dockum Group indicatéd by Trd. Fault
_ separates Permian and Tr1ass1c strata at the surface. Locations of figures 14,
15, and 18 are 1nd1cated | | | |
Figure 14. South-north crbss section B;BF across northérn Potteerounty.
Location shown in figure 13. Triassic Dockum Group = Trd; Tertiary»OQéllala
Formation = Tog. | | | »
Figure 15. South-north cfoss sectibn A-A' across Channing Dome.  Location
shown in figure 13. Triaésit’Dockum Group = Trd; Tertiary Ogallala Formation =
Tog. | | | ‘
Figure 16. Structure cohtour map on the top of the infcamp Series, Westefn
Amarillo Up11ft From Pierce and others (1964). The Potter County fault is

here dep1cted as a series of en eche]on faults.



?igure 17. Structuré contour map on‘the top of the Tubb formation, western
 Amarillo Uplift.

Figure 18. West-east cross section across the south flank of the John Ray
Dome. Field relations suggest’that,the Ogallala Formation is offset along a
fault to the west of the Potter County fault; Location shown in figure 13.
Figure 19. Isopach maps showing the Whittenburg Trough and the western
Amarillo Uplift. 19;) PennsyTvanian System; 19b) WOlfcamp‘Series; 19¢) Leonard
Series. -

Figure 20. South-north cross section and étructure cohtour map on the base of
the Ogallala Formation in Carson County. The Alibates formation and Dockum
Group (Trd) are absent beneafh'the Ogallala Formation on the Amarillo Uplift,
but are preserved in the White Deerbgrabén and to the south of the‘uplift. The
Ogallala Formation thickens into the graben; faults that bound the graben may
of fset the‘base of the Ogallala. |

Figure 21. 1Isopach map of the Middle and Upper Permian, southernkCarson Coun-
ty. Interval from top of Tubb formation to top of Alibates formation. Salt is
absent from San Andres and yduﬁger formations outside indicated area.

Figure 22. Isopach map of'the’0ga11a1a Formation, Texas’Panhand1e. From Seni
(1980). |

Figure 23. Structure cohtour map on the top of the Tubb formation, Palo Durp
Basin. o

Figure 24. Structure contour map on the top of the Alibates formation, Palo
Duro Basin. _

Figure 25. Net sandstone in the Glorieta Formation (Presley and McGillis,
1982)." The sandstone thins against the Bravo Dome, suggesting that the dome

“was a topographic high durfng the late Leonardian.



Figure 26, ‘Structure_contour map on the top of the Wolfcamp Series, Hall and
Don]ey‘Counfies. Seismic data indicate that‘the Wolfcamp Series is offset
along faults (not shown) that bound the Plaska structure.

Figure 27,' Isopach map of Ellenburger Group, Palo Duro Basin (modified from
Ruppel, 1982).

Figure 28. ‘Percent carbonate in the Upper PennSy]vanian, Palo Duro Basin
(after Dutton, 1980). » |

FigUre 29. Isopach of the Permian System,‘Palo Duro Basin. Interval mapped is
from the top of the Pennsylvanian System to the top of the Alibates formation.
Figure.30. Isopach of the mid- and_Uppér Permian, Palo Duro Basin., Interval
mapped is from the top of the Tubb formatf?n to the top of the Alibates forma-
tion. | |

Figure 31. Isopach’maps of the San Andres Formation, Lamb and Hock]ey‘Counties
(Ramondetta, 1982). a) upper part of San Andres; b) lTower part of San Andres.
The San Andres Formatioﬁ thins over the Anton-Irish and other structural highs
along the western Matador Arch.

Figure 32. Structure contour maps of the western Matador Arch: a) on the top
of the Wolfcamp Series; b) top of the A]ibates formation. Structures in the
deeper horizons are reflected in the shallower horizons.

Figure 33. Subcrop map of the Ogallala Formation (Knowles and others, 1982b).
Locétion of oil fields along the Matador Arch are indicated; 1) Anton-Irish;
2) Petersburg; 3) Arick; 4) Floydada; 5) Roaring Springs. The Cretaceous is

preserved in the structural]y Tow areas in Hale and Floyd Counties.



Figure 34. Alamosa Creek fault, Roosevelt County, New Mexico. a) Surface
geoiogy in vicinity of Alamosa Creek fault, Roosevelt County, New Mexico (Love-
lace, 1972). Tr = Triassic (diagonally ruled), Tog = Tertiary Ogallala Forma-
tion (vertically ruled), K = Cretaceous (+++), Q = Quaternary (unpatternedk
b)‘west to east cross section of the Alamosa Creek fault. Thé Cretaceous
strata are preserved in a graben along the fault.

Figure 35. Bonita fault, Quay County, New Mexico. a)Surface geo1ogy'in the
vicinity of the Bonita Fault, Quay County, New Mexico (Lovelace, 1972). Tr =
Triassic (b]atk), KfJ = Cretaceous and Jurassic (batterned), T+Q = Tertiary and
Quaternary (unpatterned). b) West-east cross section of the anita Fault.
Modified from unpublished section by E. Collins. Based on surface and subsur-
face geology.

Figure 36. Isopach map of the Mississippian System, Palo Duro Basin (modified-
from Ruppel, 1982). |

Figure 37.> Cross Sections, Castro Trough, Castro County. a) Fente diagram of
: hortheastern Castro County. b) Restored southwest-northeast cross section of
the Castro Trough, datum: top of the Wolfcamp Series (Budnik, 1983).
Figure'38. Subsurface maps, Castro Trbugh; Castro County. Paleozoic, Mesozoic
and Cenozoic strata exhibit influence of the Castro Trough: a) net sand map of
the Tertiary Ogallala Formation (Knowles and others, 1982b); b) isopach map of
the Triassic Dockum Group; c) percent sand map of the DockumFGroup (from
unpublished data of J. MCGowen); d) net salt map of the cycle 4, lower San
Andres Formation; e) isopach map of the lower Pennsylvanian System; f) litho-
facies map of the Wichita Groub (from unpublished data of M.’HerronL

Figure 39. Depositional facies within the Tertiary Ogallaja Formation in the
Texas Panhandle: a) distribution of sand and gravel (Seni, 1980); b) depoéi-

tional patterns (modified from Seni, 1980).



Figure 40. Net salt, Se?en Rivers Formation, Deaf Smith and ajoining counties
(Gustavson and Budnik, 1984). | ’
Figure 41. Structure contour map on the base of the Ogallala Formation, Deaf
'Smith and adjoining counties (Gustavson and Budnik, 1984).

Figure 42. Structure contour méps, Garcia Lake high, Deaf Smith County:
a) top of Wolfcamp Series; b) top of San Andres Formation; c) base of Ogallala
Formation (Knowles and others, 1981).

Figure 43. West-east cross section of the Garcia Lake high showing thinning of
stratigraphic. section onto structure. | |
Figure 44. Seismic reflection profile J, central Randall high. Location also
shown in figuré 28.

Figure 45. Map of surface structures in Palo Dufo Canyon State Park, RandaT]
County‘(Collins, in press). Location of photograph in figure‘46 is indicated.
Closed collapse depressions produced by the dissolution of under]ying salt are
superimposed on northwest and northeast-trending tectonic folds. Compare with
the style of folding shown in figure 47.

Figure 46. Photograph of slight angular unconformity between the Permian and
Triassic at Capital Peak, Palo Duro Canyon State Park, Randall County. Photo-
graph taken by E. Collins. Unconformity is indiéated between arrows. Location
shown in figure 45, |

Figure 47. Map of surface structures in Caprock Canyons State Park, Briscoe
County (Goldstein and Collins, 1984). Closed structures were produced by the
dissolution of Permian salt and collapse of overlying strata. Compare with the
style of folding shown in figure 45. | |
Figure 48; Structure contour map on the top of the San Aﬁdres Formation,

northwest shelf of the Midland Basin (Ramondetta, 1982).



Figure 49. West-east cfoss section across structural Tow in southern Lamb
County. Dissolution of salt in the Salado Formation west of the I1lusion Lake
field has produced a structural Tow (at well #78) on the top of the Alibates
formation (fig. 32a).

Figure 50. Basement lithologic provinces in the Texas Panhandle (modified from
Goldstein, 1982b).

Figure 51. Distribution of basal clastics, Texas Panhandle. Quartzose: hori-
zontally ruled (Ruppel, in preparation). Arkosic clastics overlying basement
invertically ruled areas. In the Sun 0il #1 Herring we]],:the arkosic clas-
tics 6verlie diabase of the Swisher terrane, and, in turn, are overlain by
Cambrian (?) quartzose sandstone (Roth, 1960).

Figure 52. Pennsy]vanian‘subcrop map, Texas Panhandle. From Nicholson (1960).
Lower Paleozoic strata present in vertically ruled area. Pennsylvanian strata
lie on crystalline basement elsewhere. Pennsylvanian strata absent in diago-
nally ruled area.

Figure 53. [Isopach map of the Morrow (Towest Pennsy]vaﬁian),‘Texas Panhandle
(McKee, Crosby, and others, 1975).

Figure 54, Block diagrams of paleogeographic evolution of Palo Duro Basin
during Pennsylvanian and Wolfcampian tfme (Handford and Dutton, 1982).

Figdre 55. Isopach map of the Alibates formation, Texas Panhandle (McGillis
and Presley, 1981).

Figure 56. West-east cross section of Cretaceous strata, Lamb County. A1
logs are gamma ray.

Figure 57. Present seismicity, Texas Panhandle (Reagor and others, 1982).
Figure 58. Structure contour map on the base of the Ogallala Formation, Texas

Panhandle (Seni, 1980).
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Figure 1. Tectonic elements of West Texas and adjacent states. Outline of -
Permian Basin (heavy dashed 1ine) based on the present distribution of halite-
bearing rocks in Permian System (McKee and Oriel, 1967). Original distribu-
tion of halite was probably somewhat greater. Pennsylvanian basins (vertical
ruling) and uplifts (horizontal ruling) based on isopach of the Pennsylvanian
System (McKee, Crosby, and others, 1975; Dutton, 1980). The Amarillo-
Wichita, Sierra Grande, Pedernal, Diablo, and Central Basin uplifts were
elements of the Ancestral Rocky Mountains.
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Duro Basin (Budnik and Smith, 1982).
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Figure 3. Salt dissolution zones marginal to the Palo Duro Basin (Gustavson
and others, in preparation). The location of each dissolution zone is defined
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section in figure 7 is indicated.
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Figure 5. Surface geology of the Texas Panhandle and surrounding region
(Oetking and others, 1967; Renfro and others, 1973). Cenozoic deposits

cover most of the Palo Duro Basin. Triassic and Permian deposits are
exposed along the eastern margin of the basin, and to the north (along the
Canadian River), and west of the basin. Cenozoic=C. Mesozoic=M. Permian=Pm.



"A3Un0) U33304 UL “UBALY URLPRUR) 3YJ YILM 3DUBN|JUOD SIL URBU ©Y3ad)
B}LUOG JO Bpls 3Sam 3y} buoje si aunsodx3j -swoq Aey uyop ayj} 440 paemynos buiddip (uetwJaad) uoLjew.o 4
S93eqly pue ‘(dLsseLd]) dnoug wnyd0Q °(AueLjua]) uoLjewuoq ejejjeby 40 doudino 4o ydeabojoyq -9 aunbi4

BN JORRRRNOLIE T W YV N\ oR S
g (]

wp

y.



"€ 84nbLy ul uMmoys uoLieso] *sbo| Aeu-euwweb wouj pazaaduajut
uoLIn|ossLp 3[es JO SIUOZ °PIA[OSSLP UI3]Q SeY 3| eS 43340 paulejuLew SL S30PJUO0D UOLJPWUO4 JO WSL[D|[eUed
*(0861 fS43yjo pue uosAelsng) suie(d bul||oy ul 3uoz uoLIN|OSSLP Y6NOUY] UOLFIBS SSOUD 3seM-3se3  */ aunbLy

$b0y Aos 9...5. 00 sboy iy 19A®% 03S : NN 1YO .
- N P L S PI0JpoIg 1H
uolnjossip 11og _M. .I.M_ QUOISPNUW/ U0 SPUDS M wyoE G202 O O § 0 1130808
: |
. = $196poy 14 : - ] B
Hiweted ﬁ PaIONuBIO PN D)sSOIL m youoy promory 1# %0 Tie T L
A ) 02 110 318WNH ) \_ P mn »
apphuuy [ PI01UBI8) ) 1pun 157 nopy 14 1 B T A W04 103)) 002- -
wekwy Armussiony puo Asowsey ¥IAVIM TM 0 F— h&: ° - 008
A8 U9 V-1-G w.\ e H
1os EE@ NOLLYNV X3 or 10 00vx3L _ s . 1L =
yavoy sime oy, > =
A029W X3V B INI VYD m\zaﬂ ﬁ\n “ s L T =
osnopy |4 W1 Y pa i 1 e D309
QOoYdd 37N9 Svx3l C =5 118 e ¢ . 0--0 s
. SUYUNK I# P A1l ,_ T
: 3dd3N 3 — S i
¥098/) youor 4
SMIINIONI. SdHOD iU U c
HoU1'W 14 - i 1 ; . . g2 A SelPuv uos |G o
RE L e T - =L 13m0 ht
I T ] 1 % . . x ooz | 79?
o T k N
dnosg. yi04 E o 1@
103|) 19ddn IS SaJpuy uog W |
, BB e o s : | 1addp b
o D Saaa T 0021
dnoig sany Kooy - oob-
0 ¥ meeope = A0 -
9s09d Jamo] $- EmemEEEEERE ouuwow_co
SI9AlY Uanag —
13m0
o — 008!
- 1] + H y] AD! i
NHOS NMOL 900 Ivyd> 9 SREET e e e oot TR © oa._mq%m S 609-]
- e Sy e o T it “ filiii s :
o HINHI IR Dy 15001 -5pofES -
. T T e st L s sioee P E gt $9j0q!1y
YINY T34 FUL1T - Ntz T EOCXAP = ..-........-,m.....”.ﬂ;,..uhl..m,w —00b2
O A T = == T
S e 2 |
N e D ET S I TR eTE dnosg 74 =
ST, TS T eeTE wmoeg | » -
EAY S e . o _ |-ooog
: \ : m. 0001
s 13M0
0_ ¥3342 3n1 ucom.m 2 m ..m B
X 3
£ e 0j0}|06Q I _ 009
& | \ _ SE .
30 _ _ ! _ <
> . _ _ |
.
00 NOWMVH | 00 SS3HATIHI) _ OU TIVH | 02 300siya _ 00 H3IHSIMS _ 0D 041SVD
1503 . ) o : . IsoMm
-8 h



NW :
., John Ray Dome

_ _NEW MEXICO

P . . . se
' - A5 Canadjan River *
3 — Valley , : 104
- ~ photo 275 - oA
oo - ; ‘)50 -
— ‘ . ) v , gallala
. - 'x-.\ - . X
r | e Triassic
R Top of San Andres Finf™—__ | Alibates
> . - :
- . R -
o . .
[%] . .
2000 - -
o™l | -
- e |
i | f Top of Tubb ““"“‘---‘\;
_g ‘T“-—-—-__“ - Interval
D : ’ Top o — ‘ .
g T ——1—Red Cave InterET""‘-\\\\\\\\ ‘ =
[g , Top oF‘_“f“‘-———-* ,
oes - ~Wichita Group \\$5\\\\\\\ ’ v
o , [~
S e
‘ Y r T T-‘\ , . -";4., ! : . ~
Jc\""a > l »
| P 2o N
! lne A ‘
, ; Sectim l *
INDEX MAP- TEXAS PANHANDLE o ' -
[Catiem- , 7 [Shmon Tromstord !o:amm Lipscomo | '
Wartiey .y Moore kn«@m Rooerts . Hememil §
.En'an«_ Potrer Carvon | Grey wheens 13
 ‘marillo g
Oeaf Smith Rondall ) Armetrong IOauoy Cllings= 1O
[ Y- L oy ok
N | o
Parmer [Castre !s-mm Briscoe . i-ml M\ )
L] . \
| ~

Figure 8. Northwest-southeast cross section of the southern flank of the
John Ray Dome. The base of the Ogallala Formation is dipping southward,
~as are all of the underlying units. The similarity of structure on the
pre-salt strata (Red Cave Formation) and post-salt strata (Alibates and
Ogallala Formations) suggest a tectonic origin to the folding. The

position of the photograph in figure 6 is indicated.
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‘Figure 9. Structural elements of the Texas Panhandle. The present structural
basins (vertical ruling) and uplifts (horizontal ruling) are the result of epi-
sodic deformation throughout the Phanerozoic. The Palo Duro Basin existed as a

- distinct depositional basin only during the Late Pennsulvanian and Early Permian
when well-defined carbonate shelf margins bordered a relatively deep shale basin.
The axis of Pennsylvanian deposition is derived from an isopach of Pennsylvanian
strata (Dutton, 1980). The present axis of the basin is based on the structure
contour map on top of crystalline basement (fig. 12).

The Palo Duro Basin is separated from the Anadarko Basin to the north
by a complex structural zone which includes the Oldham-Harmon trend, the Whitten-
burg Trough and Hollis Basin, and the Amarillo Uplift. The Amarillo Uplift is
made up of a number of smaller structures including: 1) Channing, 2) Indian Creek,
3) Excell, 4) John Ray, 5) Pantex, 6) 6666, 7) Taylor, 8) LeFors, and 9) Lela
Domes; and the 10) Deahl, 11) Deep Lake, and 12) Lefors Basins. The Tuck-Trigg
Dome (13) is a subsidiary structure to the Bush Dome.



Figure 10
See oversized plate for this figure
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Figure 12
See oversized plate for this figure
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faults

Figure 16. Structure contour map on the top of the Wolfcamp Series,
western Amarillo Uplift (from Pierce and others, 1964). The Potter
County fault is here depicted as a series of -en echelon faults.
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above sea level (feet)

Elevation



ueLueA[Asuusd “34L1dn of[LJewy U4d31SdM dY3 pue ybnou] HanqualllyMm ayr buimoys sdew yosedost
wy 3 0 _
- v “
N\!\u\\n.\.‘ é“\ . Q.l\mm _ Qk © u° 1oy
- . 0y % N wo X -
- o ¥ L - Ve
[} » W ) o .0 Vo Vo _ ) b A o o I
ot [\ a Yo & @ o °© ¥
(¢ : o " fe st R e I
! M_ x .U NES .r.. X s @: & - £ " & == = e
- " _ .
g = oy o — .
N No gg"g
[}
AFINOO . ONOULISWHY TIvonvy | '

°u

Nﬂ'
a8
%
o5
o™
A
; - %15 e m.
.q.wr, . Maf /._ ! W iE _oe e ¢
o . i Uy / JK 4\\~ o\. o
<80 o : ‘ ' § -~ -
I AT o » /\.... [ R K '

. o
s .» o 3!
ob-. o _2
w.._.mem 1 ohh
Qﬂh

“ E.w en (R
«° 9 m. ;¢

W3 SAS

*epT unbL4



*S9LJUdS dwedy oM 34L1dn O [LJBWY UJLIISAM BY] pue ybnou| bunqualiLym syz butmoys dew yoedosy g6 o;:mwm

J

< abr.&_,. _i_.....
RE]

~Y ol 0
—_ : olasz
"'~ ol [ ..m
,m.lull‘ any
7cless Y™ v e
. d . oy ° J.ro _ Ly . -ve esmen!  Simeny
- Jous* s50/ . g » e ' ° .
’ ! ~ ol y® ) ez 2 Yo o N 'l Ve " jewsessy | sesweno) payoven | somng) * g
' ,
orire ’ s TONVHNVA SVX3L -dVW X30NI
]
I .
, °o( N..V N
s .
" : ] ‘e
A3TINDO L
—- - - - “Ivanvy : -
-
4 N
On ' o4 !® ™ —
...ﬂ rw.
] owu. °
o <
"l
. "
. L2,
o g SR
© o o
ﬂ- ‘ﬁo °

- ©
518 ¥

“ © SO awl Wy om
.

° a0 WS
L i
-~ . v
.—._n..a. ol ..c ° ﬁo Th, °
1, ® con
-
L) H °
i P .
7 . b to
(
~8Cy ..uo
el LAl -
o0t st ailb N 9
A eao(len |- © ©e on
v v L) .
etio o S99
e e lwl g ol . olg
PRGN .éxmm et
~ ot ot T0 o
3
R S ML) W ? w “n7°
o n.v.. o .tﬂ.o: *
AVYS | o e, Moo of o
- - o e <!
PR aalh oy Segt o
A | ° t7 o ot &
15 25/ - -
29 ...m °
- S52Puts
75° o5
1 v ®



"S3LUSS PARUODT "34L[dN O[| LAWY ULDISOM BY3 pue ybnod] 64nquallLym ay3 Buimoys dew yoedosy LumH 3unbL 4

% ol ~. — o :
" ! -Q j d — —
) ) = seavyigl seuspas !.dto_ sy
0l 0 QJ i =
' | ot HA powen wws ool X
; Al N
\2..“!:1 . 1N
’
L) D - v\\\- m.lu....ﬁ o TN AT ) m
. o N 1]
- oo ) H\Nnv ., 0l N Jan — 4o . R
- / . s L » Y \ NnSwoy} simasy oom Aoisomn
! 4 . " At r’ola..o Wwo Yo 2
- Fo -8 o, o ewsseny owseus) ‘g
°d 1 ® o 31ONVHNVd SVX3L -dVW X3ONI

TIVanvy

.wo o?. n!
©
#° i
o5




Sowth

D : s M TS , v
. . ’ Desn :
, Eragen ’ - 0’
. F\r/l‘ ) = \éw U faice
;  Ogadl IRR . 1
: i : 7| Gare 03"%\'_ = 3oee
—— B> el “ ' T T | Barf —
= ! ‘ ‘ W 7
A= ] ; j Wi '.:’\J ‘
= ! V /s z \
Y0 e ; R \\ A NN = ) r——-
. . . ’ <11 8 S "
: | e of Y700 l e Ty 4 L
! W/ | 7% =i5®
— / ¢ mett ‘
o RS o -
Tes o¥ | ¢conrern "'<"\>-f
. ‘ N |
. ot ; > - 200
/J/" ; ! ’ /‘(c\‘ 2 \'_-h . :
. ; > '
i ' T a1 P L T
: : ~—~—t— Tor & Tk | : ‘e o : ' =
g i - ., : /M/ﬂ%-\‘-‘ ‘/J'oo\Q-
- : N i i {
i S e
: - ' Py ) -~ T e 2
‘ ; ‘ T Ter ¢P Cave | z - P _; b
. . /o008
/'/, - Tep +f ionim A o ’f\
A= ; i RN e —
. " JERE "J\N l/ 1of : .
N> LL—1" [ Tr 7T | “eifeamy T » ' =00
| e SR N '
: vy e - S mila
. 5 am
¥
~ L

Structure on base of Ogallala
Formation (after Knowles and
others, 1982a) :
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Figure 20. South-north cross section and structure contour map on the base
of the Ogallala Formation in Carson County. The Alibates formation and
Dockum Group (Trd) are absent beneath the Ogallala Formation on the Amarillo
Uplift, but are preserved in the White Deer graben and to the south of the
uplift. The Ogallala Formation thickens into the graben; faults that bound
the graben may offset the base of the Ogallala.
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Figure 21. Isopach map of the Middle and Upper Permian, southern Carson
County. Interval from top of Tubb Formation to top of Alibates Formation.
Salt is absent from San Andres and younger formations outside indicated area.
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Figure 22. Isopach map of the Ogallala Formation, Texas Panhandle (from
Seni, 1980). '



Figure 23
See oversized plate for this figure



Figure 24
See oversized plate for this figure
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Figure 25. Net sandstone in the Glorieta Formation (Presley and McGillis,
1982).  The sandstone thins against the Bravo Dome, suggesting that the
dome was a topographic high during the late Leonardian.
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Figures 26. Structure contour map on the top of the Wolfcamp Series,
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Series is offset along faults (not shown) that bound the Plaska struc-
ture.
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Figure 29
See oversized plate for this figure



Figure 30
See oversized plate for this figure
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Figure 34a. Alamosa Creek fault, Roosevelt County, New Mexico. Surface
geology in the vicinity of Alamosa Creek fault, Roosevelt County, New Mex-
ico (Lovelace, 1972). Tr = Triassic (diagonally ruled); Tog = Tertiary
Ogallala Formation (vertically ruled); K = Cretaceous (+++); Q = Quaternary
(unpatterned). i '
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Ogallala Formation (Knowles and others, 1981).
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Figure 44. Seismic reflection profile J, central Réndall high. Location
also shown in figure 28.
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Figure 45. Map of surface structures in Palo Duro Canyon State Park,
Randall County (Collins, in press). Location of photograph in figure
46 is indicated. Closed collapse depressions produced by the dissolution
of underlying salt are superimposed on northwest and northeast-trending
tectonic folds. Compare with the style of folding shown in figure 47.
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Figure 46. Photograph of slight angular unconformity between the Permian
and Triassic at Capital Peak, Palo Duro Canyon State Park, Randall County.
Photograph taken by E. Collins. Unconformity is indicated between arrows.
Location shown in figure 45.
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Figure 49. West-east cross section across structural low in southern
Lamb County. Dissolution of salt in the Salado Formation west of the

ITlusion Lake field has produced a structural Tow (at well #78) on the
top of the Alibates formation (figure 32a).
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Basement lithologic provinces in the Texas

Panhandle
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Figure 51. Distribution of basal clastics, Texas Panhandle. Quartzose:
horizontally-ruled (Ruppel, in preparation). Arkosic clastics overlying
basement in vertically-ruled areas. In the Sun 0il #1 Herring well, the
arkosic clastics overlie diabase of the Swisher terrane, and, in turn,
are overlain by Cambrian (?) quartzose sandstone (Roth, 19605.
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Figure 52. Pennsylvanian subcrop map, Texas Panhandle (from Nicholson,
1960). Lower Palezoic strata present in vertically-ruled area. Penn-
sylvanian strata 1ie on crystalline basement e]sewhere Pennsylvanian

strata absent in d1agona]]y ruled area.
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Figure 53. Isopach map of the Morrow (lowest Pennsylvanian), Texas
Panhandle (McKee, Crosby, and others, 1975).
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Figure 57. Present seismicity, Texas Panhandle (Reagor and others, 1982).
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Figure 58. ‘Structure Contour map_on the base of the Ogallala Formatioh,
Texas Panhandle (Seni, 1980). v '
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