


On the cover—

New Report Describes Copper Deposits
in Oklahoma Panhandle

The cover photo of the Wiggins no. 5 prospect is one of the illustrations includ-
ed in a new circular issued recently by the Oklahoma Geological Survey. The
photo, looking south on the south side of a creek, shows a 40-ft inclined adit in
the Sheep Pen Sandstone near C SE SE SW sec. 30, T6N, R1IECM, Cimarron
County, Oklahoma. The photograph can be found on page 13 of Circular 86.

This publication locates and describes some of the historic copper prospects
that have been discovered in the Oklahoma Panhandle and nearby areas of Colo-
rado and New Mexico. The author of the volume is OGS geologist Robert O.
Fay.

A geologic map in color showing Triassic formations in the area and the copper
deposits is included with the circular. The scale of the map is 1:31,680 (1 inch
equals ¥z mile).

Copper mineralization in the Sheep Pen Sandstone is lenticular and occurs in
veins and pods distributed along bedding planes, joints, and fractures or is dis-
seminated in the sandstone. In places it is found in vertical clastic plugs of the
sandstone that can be more than 200 ft deep. The ore is chalcocite, malachite, and
azurite and is associated with hematite.

There are, according to the author, 210 known prospects in the entire tri-state
area, all in the Sheep Pen Sandstone. Fay's current work, however, offers the first
detailed descriptions of the prospects and analyses of the ores.

In addition to the large map, which comes folded into a pocket attached to the
back cover of the book, the circular contains five small maps, a table giving re-
sults of chemical analyses of the ores, and 17 photos, some of which are in color.

Oklahoma Geological Survey Circular 86, Copper Deposits in Sheep Pen
Sandstone (Triassic) in Cimarron County, Oklahoma, and Adjacent Parts of Col-
orado and New Mexico, can be ordered from the Oklahoma Geological Survey at
the address given inside the front cover. The price is $12 for hardback and $8 for
paperback copies.

Oklahoma Geology Notes

" Editor: Connie Smith
Editorial Staff: Elizabeth A. Ham, William D. Rose

Oklahoma Geology Notes, ISSN 0030-1736, is published bimonthly by the Okla-
homa Geological Survey. It contains short technical articles, mineral-industry and
petroleum news and statistics, reviews, and announcements of general pertinence

to Oklahoma geology. Single copies, §1.50; yearly subscription, §6, All subscrip-

tion orders should be sent to the Survey at 830 Van Vleet Oval, Room 163, Nor-
man, Oklahoma 73019.

Short articles on aspects of Oklahoma geology are welcome from contributors.
A set of guidelines will be forwarded on request.
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POSSIBLE QUATERNARY MOVEMENT
ON THE MEERS FAULT
SOUTHWESTERN OKLAHOMA

R. Nowell Donoi/an,1 M. Charles Gilbert,?.Kenneth V. Luza,’
David Marchini,*and David Sanderson*

Abstract—The surface Meers Fault of southwestern Oklahoma appears to be Quater-
nary. This fault is principally down to the south with a left-lateral component. The re-
lation between this surface break and the large subsurface offsets of the frontal fault
zone of the Wichita Uplift is problematical. The surface break could have been associ-
ated with a large-magnitude earthquake.

Introduction

The Meers Fault, a profound structural dislocation in southwestern Okla-
homa, forms the southern margin of the Wichita frontal fault zone between
the Wichita Uplift to the south and the Anadarko Basin to the north (Harlton,
1951; Harlton, 1963) (fig. 1). Major movement in Pennsylvanian to early
Permian time resulted in vertical stratigraphic displacement (downthrown to
the north) of several kilometers; at depth the fault appears to be a reverse
structure (Brewer, 1982). In addition, left-lateral strike-slip movement in a
transpressive stress regime is clearly expressed by the style and orientation of
minor structures to the north of the fault (Donovan, 1982; Donovan and oth-
ers, 1982).

Most of the movement along the frontal fault zone had concluded by Perm-
ian time, as the zone is overlain by the Pontotoc Group on the north and the
Post Oak Conglomerate-Hennessey Shale on the south. However, a distinct
fault trace cuts the Permian conglomerate and shale for at least 26 km from
near Saddle Mountain to Cache Creek. The characteristics of this fault trace,
in sum, are so unusual for the Midcontinent as to warrant specific mention
and analysis.

Brief Review of Meers Fault Nomenclature

The Meers Fault was first formally described by Harlton in 1951 as the
Thomas Fault, although the field work leading to this designation had begun

'Oklahoma State University, Stillwater.

*Texas A&M University, College Station, Texas.
*Oklahoma Geological Survey.

*Queen'’s University, Belfast, Northern Ireland.
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Figure 1. Regional fault system associated with the Wichita Uplift. The frontal
fault zone is the complex of south-dipping faults separating the Anadarko Basin
on the north from the Wichita Mountains on the south. These faults are Pennsyl-
vanian in age and are buried by younger Permian strata. Only the Meers Faultis
thought to have a distinct surface trace.

in the late 1930's. Harlton recognized the necessity for a large structural offset
between the surface outcrops of the Wichita Mountains igneous complex of
rocks on the south and the stratigraphically overlying Timbered Hills and Ar-
buckle Groups on the north. He further recognized a distinct lineament tran-
secting the countryside and apparently assumed this was the trace of the
structural offset. Interestingly, although he originally described the fault as
down to the south (Harlton, 1951}, his later, more comprehensive, paper
(Harlton, 1963) showed it as down to the north. Harlton (1963) also previded
further regional and subsurface data documenting the existence of a major
fault in the vicinity of the surface Meers Fault and its linkage with the Penn-
sylvanian frontal fault zone. Relevant basement data are found in Ham and
others (1964).

Miser (1954) used the designation “Meers Valley” Fault on the geologic
map of Oklahoma. “Meers (Thomas)" appears on the more recent Lawton
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1:250,000 sheet (Havens, 1977) and reflects the fact that “Meers” is the com-
monly accepted designation now.

Here we note that no definite evidence exists as to whether or not the sur-
face trace is precisely on the line of the subsurface Pennsylvanian-age fault.
By analogy to the Blue Creek Canyon Fault (the only exposed major fault in
the area cutting basement and the lower Paleozoic sedimentary section), the
subsurface Meers Fault is probably a zone of dislocation rather than a single
plane (Donovan, 1982).

Description of the Meers Fault Trace

For most of its 26-km length, the fault is a single plane of movement that
trends N60°W (300°). To the northwest, two or three minor braided
branches are present, and at its termination in this direction a faint parallel
offset can be detected on aerial photographs. To the southeast, the broad
flood plain of Cache Creek seems to terminate the trace. Regardless of relief,
the fault trace is straight. To the northwest, rocks cut by the fault are lime-
stone-pebble conglomerates (Post Oak), whereas to the southeast they are
sandstones and calcrete-bearing shales (Hennessey). Regardless of lithology,
there is a consistent topographic downthrow to the south (figs. 2, 3), reaching
a maximum of 3 to 5 m near the trace’s center in the vicinity of State Highway
58. Modern drainage appears to have been locally controlled by the fault
scarp, which interrupts otherwise smooth topographic profiles on both shale
and conglomerate (fig. 4).

Fractures associated with the surface fault plane show no slickensides, cut
individual pebbles (fig. 5), and are vertical and unmineralized. Orientation of
these fractures is shown in figure 6 and can be interpreted either as Riedel
shears or as en-echelon tension joints.

Sense of Movement and Dip of Fault

A major element of movement was a clearly expressed downthrow to the
south. In addition, left-lateral strike-slip displacement is indicated by the ori-
entation of minor fractures and by the sense of displacement of pebbles cut by
fractures parallel to the fault (fig. 5). Furthermore, the straight fault trace im-
plies a vertical fault plane, as is expected with offsets having strike-slip com-
ponents. We note that left-lateral displacement is in accord with the Pennsyl-

[T

that expected.

The vertical attitude of the surface fault plane is not in accord with known
shallower dips in the frontal fault zone (fig. 7). Both Harlton (1963) and Tak-
ken (1968) showed 40°-45° dips to the south on the subsurface Mountain
View Fault. Brewer (1982) interpreted both the Meers and the Mountain View
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Figure 2. Areal geologic map along the Meers Fauit trace west of State Highway
58. Relative topographic relief along trace is indicated as: high side, +; low
side, -.

Faults as deep thrusts, maintaining 30°-40° dips to the south to a depth of
20-24 km. It is also clear that most of the frontal faults are truncated by a pre-
Pontotoc unconformity, whereas the surface Meers is cutting much younger
Hennessey-Post Oak beds.

Dating the Movement

Dating of movement on the Meers Fault depends on whether the topo-
graphic displacement across the fault is interpreted as a fault-line scarp or as a
true fault scarp (Gilbert, 1983a). If the former interpretation is preferred, then
the most likely date of movement would be Permian—that is, a last adjust-
ment between the Anadarko Basin on the north and the Wichita Uplift on the
south (albeit with a downthrow in the “wrong” direction). If the fault trace is
regarded as a true fault scarp, then movement took place recently.

The argument for recent movement is most strongly supported by the con-
sistent continuation of the fault trace across areas where the Permian units
consist of shales. Where the fault cuts conglomerates, it can be argued that
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Figure 3. Photograph of Meers Fault scarp looking northwest. Downthrow is to
the right (south). Geologist is walking along the scarp in the near ground. The
scarp in the far ground is directly along the projection from the viewer through
the geologist.
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Figure 4. Topographic profile across view of figure 3.



Figure 5. Photograph of cobble along the Meers Fault trace, showing down-
dropped slices to the south. Lens cap at the top of the picture (on the north) is 6
cm in diameter.

the trace is exhumed— that softer rocks overlying the conglomerate have been
removed on both sides of the fault by erosion or that different degrees of ce-
mentation on opposite sides of the fault have caused unequal erosion. How-
ever, in areas underlain by shales, relief is unlikely to have survived from
Permian time. Unfortunately, close inspection of the shales shows that cal-
crete horizons occur on both sides of the fault; these pedogenic carbonates re-
sist weathering and have exerted a small but definite control on elevation.
Thus the “exhumation” argument cannot be completely dismissed.

Nevertheless, there are other supporting arguments in favor of recent
movement. For example, stream-valley profiles that have eroded along the
fault line are more “youthful” than those developed elsewhere. In addition,
open joints associated with the fault are not mineralized, despite the fact that
they cut the Post Oak, which is a limestone conglomerate well cemented by
calcsparite. While the argument is not definitive, we feel that the weight of
evidence is in favor of recent movement.

Consequences of Quaternary Movement

The authors are not aware of any examples of Quaternary fault movements
that affect bedrock in Oklahoma. Knechtel and Rothrock (1935) suggested
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Figure 6. Orientation of minor fractures associated with the Meers Fault that cut

the Post Oak Conglomerate. The major mode can be interpreted either as Riedel
shears or as en-echelon tension joints. (R= Riedel fractures, N 73° W: Ri = con-
jugate Riedel fractures, S 60° W: 126 readings.) Both interpretations are consis-

tent with left-lateral movement.

that there may be active strike-slip faulting along a ridge in the western part
of the town of Atoka, Oklahoma. Their argument was supported by a linear

trend of water- and sewer-main breaks along the slope of a ridge on the west

side of town. However a 1976 study by Shannon & Wilson, Inc., for Black &
Veatch, consulting engineers working on a proposed nuclear-power-plant site
east of Tulsa, Oklahoma, concluded that the surficial disturbances resulted
from mass-wasting processes and expansive clays.

If the 26-km-long Meers fault-surface break and accompanying 3-5m
offset occurred at one time, an earthquake of considerable magnitude could
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Figure 7. Schematic cross section showing attitudes of the surface Meers Fault
and the subsurface frontal faults.

have resulted (Gilbert, 1983b). A review of earthquake data from 1897 to
1982 clearly indicates that the Wichita Mountains are historically very quiet
(fig. 8). Because the Wichita Uplift consists of older layered gabbros, pinned
by later gabbros, and overlain by granite sheets, perhaps the rigidity of the
uplift may be greater than surrounding regions. Thus, stress could be built up
to higher levels without release in the Wichitas compared to, say, Canadian
County or Carter County, areas locally quite seismically active. When the
stress in the Wichita Mountain area is relieved, as by a substantial break and
its concomitant large earthquake, it would be expected that the crust in this
region would then experience very low activity for considerable time. Cf
course, the existence of seismic gap for this region remains very speculative.

One consequence for Quaternary geologists and geomorphologists is that
an earthquake of such magnitude could have affected many landforms in the
region. For example, in the locally steep-relief landscape of the Wichita
Mountains, toppled tors and landslides which have occurred since remaval of
Permian shale should be sought.

Another consequence for regional structural geologists is that the surface
Meers trace may not directly reflect, in either position or character, the sub-
surface older fault. Further studies, such as several seismic-reflection profiles
and closely spaced core-holes, would substantially enhance our knowledge of
this fault zone.
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UPDATE ON OGIRS: THE OKLAHOMA
GEOGRAPHIC INFORMATION RETRIEVAL SYSTEM

W. Anthony Blanchard'and Stephen J. Walsh?

Abstract—The Oklahoma Geographic Information Retrieval System (OGIRS) is a
minicomputer-based geographic-information system developed at the Center for Ap-
plications of Remote Sensing (CARS) at Oklahoma State University. The second gen-
eration of the OGIRS software now has added capabilities and improved operating
efficiencies.

Introduction

The Oklahoma Geographic Information Retrieval System (OGIRS) was de-
veloped at the Center for Applications of Remote Sensing (CARS) at Oklaho-
ma State University in an effort to provide an efficient data-management tool
for remotely sensed map and other collateral information (Blanchard and
Walsh, 1982). The system requirements were defined by several external con-
ditions as well as by the needs of the user community. In general, the basic
framework of the system required a method of converting tabular, map, and
digital-image data formats into a spatial context and a common digital format
for efficient mass-media storage. In addition, data-display and integration-
manipulation functions were needed.

The first generation of OGIRS satisfied the above requirements, although
many of the data entry, storage, and retrieval techniques were not space or
time efficient-(Blanchard, 1982). The data entry, storage, and retrieval sub-
systems were redesigned to remedy the problems, but the overall concept and
system capabilities have not been altered (fig. 1).

Data Entry

Data input into OGIRS still requires the use of an on- or off-line graphics
digitizer, a remote terminal, or a digital image product. Two important im-
provements have been made to facilitate the data-entry process: (1) a new

'Research associate, Center for Applications of Remote Sensing, Oklahoma State
University, Stillwater.

®Associate professor of geography; director, Center for Applications of Remote Sens-
ing, Oklahoma State University.









mal or enlarged modes. In addition, color tables may be constructed over the
full 256-value range, brightness to contrast ratio (b/c) functions may be built,
and multiple channels may be displayed simultaneously. Other features in-
clude value highlighting and nonlinear b/c function control for image
enhancement.

Conclusion

The Oklahoma Geographic Information Retrieval System is evolving into a
sophisticated minicomputer-based spatial-information and image-analysis
system. New functions include better data entry and storage, arithmetic func-
tions, and a color-image display capability. Previously, these functions either
were not available or were available only through other software systems.
These and future improvements will increase the user’s ability to manage
large, complex, spatially oriented data bases with efficient algorithms and
data-handling software.
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OGS ISSUES NEW INDEXES
TO GEOLOGIC MAPPING IN OKLAHOMA

A new set of map indexes delineating surface and subsurface areas mapped
in Oklahoma from 1977 through 1979 has been released by the Oklahoma
Geological Survey. Issued as OGS Map GM-26, Indexes to Surface and Sub-
surface Geologic Mapping in Oklahoma, 1977~ 79 the indexes provide a
convenient source of information to anyone interested in the geology of the
State. The maps were compiled by Kenneth V. Luza, engineering geologist
with the Survey, Elizabeth A. Ham, associate editor with the Survey, and
Philip R. Sanders, former assistant to Luza; assistance was given by George
A. Laguros and Rosann E. Rayome.

The set consists of two plates, one showing surface areas mapped during
the time period covered, and the other designating subsurface areas. Areas
outlined on each map are numbered, with numbers corresponding to biblio-
graphic references listed on each plate. Eighty-one references to map sources
that were used in the compilations are included.

GM-26 represents an updating through 1979 of previous indexes to geolog-
ic mapping that have been published by the Oklahoma Geological Survey,
the first of which was issued in 1961. OGS Map GM-21, issued in 1981, cov-
ers the period from 1901 through 1976 for surface mapping; GM-22, also is-
sued in 1981, shows subsurface mapping for 1967 through 1976.

These maps are available from the Oklahoma Geological Survey, 830 Van
Vleet Oval, Norman, OK 73019 (phone: 405-325-3031). The price for GM-26
is $4; GM-21 is $4; GM-22 is $5.

BARTLESVILLE ENERGY CENTER
OFFICIALLY CHANGES HANDS

The former Bartlesville Energy Technology Center, opened 65 years ago, is
now the National Institute for Petroleum and Energy Research (NIPER). The

facility changed hands officially in a ceremony held in late September of this
year.

The Illinois Institute of Technology Research took over the center mm ‘ﬂﬂﬂ

formerly operated by the U.S. Department of Energy. The new institute will
perform research for state and local agencies, for private industry and, under
a cooperative arrangement with the Energy Department, for the federal
government.

The technology center has been the leading federal laboratory for research
in developing petroleum technology.















NOTES ON NEW PUBLICATIONS

Oil and Gas Fields Bibliography

The Information Services Division of the University of Tulsa, producer of
Petroleum Abstracts and the TULSA Database, has announced the availabil-
ity of a portion of its new Oil and Gas Fields Bibliography, containing pre-
1965 information on oil and gas fields throughout the world.

The entire bibliography contains nearly 4,600 citations to exploration and
production information on oil and gas fields and dates from the early 20th
century to 1965. The portion now available covers oil and gas fields world-
wide, except for North America, and is one-third of the final bibliography;
the remaining two-thirds, scheduled for completion later this year, will cover
oil fields in the United States, Canada, and Mexico. The bibliography is in-
dexed by geographical location, field name, and producing formation.

The Qil and Gas Fields Bibliography is a subfile of the TULSA Database, a
computerized file of more than 300,000 bibliographic references to technical
literature and patents on petroleum exploration and production. This data-
base can be accessed only through the SDC Information Services’ ORBIT
Search System, which is an online database service. The special feature of the
Oil and Gas Fields Bibliography is that while TULSA currently contains refer-
ences only as far back as 1965, this bibliography provides historical oil-field
information dated prior to 1965 that is available from no other source.

For further information, contact: Sherry Reese, University of Tulsa, Infor-
mation Services Division, 600 S. College, Harwell 1st flocr, Tulsa, OK 74104
(telephone: 918-592-6000, ext. 3005).

Development and Distribution of Rift Systems (1983)

Kevin Burke presented this 1-hour-and-52-minute slide-tape program as
part of the 1982-83 AAPG Distinguished Lecture series. He discusses the ori-
gin and development of rifts and rift systems.

Order from: AAPG, P.O. Box 979, Tulsa, OK 74101. Catalog no. 919 con-
sists of 70 slides and 4 tapes and requires 1 projector. The price is $175 in the
U.S., $275 outside the U.S.

Principal Structural Features of Oklahoma

PennWell's new eight-color map of Oklahoma incorporates major geologic
and geographic features into one 40- by 50-in. map at a scale of 1:500,000.

The map includes basins, mountain ranges, major anticlinal and synclinal
trends, thrust faults, wrench or strike-slip faults, and other major faults. The
inner margin of the Gulf Coastal Plain is also identified, as well as State and
county boundaries, county seats, other city and town locations, and town-
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change in structural style with the other northeast-dipping thrust continuing
southeastward to the East Durant oil field.

The Ravia nappe is interpreted to have been originally the southwest over-
turned limb of the Tishomingo uplift. Prior to the major thrusting on the Ra-
via thrust, but after compressional folding and uplift of the Tishomingo
mountains, a breakaway fault formed across the most intensely folded beds.
This breakaway fault undercut the overturned southwestern limb of the Tish-
omingo uplift in a concave-upward fault surface. Gravitational forces caused
the Ravia nappe Mississippian Caney rocks to Cambrian-Ordovician Ar-
buckle rocks to slide rotationally southwestward 2.5 mi (4 km). Topographic
relief prior to the slide may have been as much as 9,000 ft (2,700 m). The slide
occurred sometime during late Morrowan to early Desmoinesian.

Analogs of this type of deformation are present in the Owl Creek Moun-
tains, central Wyoming; Front Range, northern Colorado; Qal’eh Raisi,
southwestern Iran; and Belton anticline and Sulphur syncline, Oklahoma.
These analogous structures and the Ravia nappe, show three common ele-
ments: (1) they are competent, erosion-resistant units which slide off the
flanks of folded anticlines across softer shaly units; (2) the heel portion of the
slide surface is a bedding plane fault; and (3) the driving mechanism is the
gravitational force associated with tectonic uplift. [1325]

“Simpson” Reservoirs in Arkoma Basin and Quachita Mountains, Oklahoma
and Arkansas

RAYMOND W. SUHM, Texas Exploration Corp., Oklahoma City, OK

The Simpson Group and its equivalents are shown to have reservoir poten-
tial in the Arkoma basin and Ouachita overthrust region of Oklahoma and
Arkansas.

The Simpson in Oklahoma, the Everton/St. Peter in Arkansas, and the
Crystal Mountain/Mazarn/Blakely of the Ouachitas were studied in out-
crop, and from well cuttings and logs to derive an understanding of (1) their
stratigraphic relationships, (2) the nature and distribution of “Simpson” res-
ervoir sands, (3) depositional and source environments, and (4) geologic
history.

[t was determined that sandstones of the Calico Rock, Newton, and St.
Peter of Arkansas are equivalent to the Oil Creek, McLish (Burgen), and Bro-
mide sandstones of Oklahoma, respectively. Further, the Crystal Mountain,
lower Blakely, and upper Blakely sandstones of the Ouachitas are
stratigraphically equivalent to the Oil Creek (Calico Rock), McLish (New-
ton), and Bromide (St. Peter), respectively.

The Everton/St. Peter is a mixed sandstone-carbonate association
throughout most of the Arkoma but changes facies to carbonates in the east-
ern Arkoma basin and Mississippi embayment and is dominantly sandstone
and shale in the southern and southwestern portions of the Arkoma basin in
Arkansas. Similarly, the Simpson is a mixed sandstone-carbonate association
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in the Arkoma basin of Oklahoma, but is dominantly shale in the southern
and southwestern portions of Oklahoma.,

Sandstones of the Simpson and Everton/St. Peter were derived from a
source to the north and were deposited in shifting strandline and shelf envi-
ronments. Crystal Mountain and Blakely sands also were derived probably
from the north but were deposited in deeper water fanlike environments via
chutes on the downthrown sides of growth faults at the Arkoma basin (shelf)
geosyncline transition. Substantial amounts of clay, however, were derived
from a source to the south.

Regional cross sections, sand distribution maps, and paleogeographic maps
are used to illustrate these ideas and to point out areas favorable for oil and
gas exploration. [1327-1328]

Shallow Gas in Arkoma Basin—Pine Hollow and South Ashland Fields
JOHN WONCIK, Consultant, Tulsa, OK

The Pine Hollow and South Ashland fields located in Pittsburg and Coal
Counties, Oklahoma, established a combined reserve exceeding 200 bcf of
gas. The Hartshorne Sandstone of early Desmoinesian (Pennsylvanian) age is
the producing zone at a depth of 4,000 ft (1,200 m). Gas, probably of biogenic
origin, migrated into the reservoir shortly after deposition. Subsequent fold-
ing and faulting of the Ashland anticline resulted in repositioning of the gas in
a downthrown fault trap. The upthrown anticline portion of the Hartshorne
is water-bearing. Moderate well costs and high individual reserves have re-
sulted in excellent economics. Competitive bidding on federal leases has re-
sulted in a high bid exceeding $1 million for one tract in the South Ashland
field. [1328]

Red Fork Sandstones (Lower Pennsylvanian) in Deeper Parts of Anadarko
Basin, Oklahoma

PHILIP H. WHITING and STEVEN D. LEVINE, Tenneco Exploration &
Production Co., Denver, CO

Red Fork sandstones in the deeper part of the Anadarko basin are the
downdip equivalents of fluvial and deltaic sandstones in the Cherokee
Group. The sandstones have repetitive, ordered sequences of sedimentary
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gradational tops, and contorted bedding. The characteristics indicate these
basinal sandstones were deposited by turbidity currents.

The sandstones occur as narrow, linear constructional channels that are
dip-trending. The lateral change from channel-fill to overbank facies takes
place abruptly. Channel sandstones display incomplete “AE” bedsets up to













