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On the cover—
Photomicrograph of Saddle Mountain Granite

The photomicrograph on the front cover is a crossed-nicols view of the
Saddle Mountain granite (specimen W055) from the Wichita Granite Group
of Middle Cambrian age (NE¥4 SWVs sec. 1, T. 4 N., R. 15 W.). Photo
width approximates 1.7 mm in the thin section. The Saddle Mountain is a
fascinating unit because it changes character continuously from an extru-
sive rock (spherulitic rhyolite} in the north to an intrusive rock (granophyr-
ic granite) in the south. This sample has textures appropriate to its tran-
sitional character.

Approximately centered in the photomicrograph is a pseudophenocryst
of “granophyre,” co-precipitated quartz (single crystal) and alkali feldspar
(single crystal). The “crystal’s” morphology is determined by the alkali
feldspar. Several growth stages can be discerned, with the later additions
of more quartz and feldspar continuing the interpenetrating web of the two
original single crystals. The pseudophenocryst probably grew initially close
to the solidus, as the body quenched rapidly, with later growth from sur-
rounding glass (now completely devitrified). Feldspar is at extinction, form-
ing the black areas in the center of the photo, while quartz forms the white
areas. Surrounding the pseudophenocryst are other granophyric growths
and quartz phenocrysts.

See the article by Myers, Gilbert, and Loiselle in this issue for more in-
formation.

M. C. Gilbert

Oklahoma Geology Notes

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

Oklahoma Geology Notes is published bimonthly by the Oklahoma Geological Sur-
vey. It contains short technical articles, mineral-industry and petroleum news and
statistics, reviews, and announcements of general pertinence to Oklahoma geology.
Single copies, $1; yearly subscription, $4. All subscription orders should be sent to
the Survey at 830 Van Vleet Oval, Room 163, Norman, Oklahoma 73019.

Short articles on aspects of Oklahoma geology are welcome from contributors. A
set of guidelines will be forwarded on request.




VOL. 41, NO. 6 DECEMBER 1981

OKLAFTOMA
TFOLO@ KO

OKLAHOMA GEOLOGICAL SURVEY, THE UNIVERSITY OF OKLAHOMA,

Contents

170 Photomicrograph of Saddle Mountain Granite

172 Geochemistry of the Cambrian Wichita Granite Group
and Revisions of its Lithostratigraphy
J. D. Myers, M. C. Gilbert, and M. C. Loiselle

196 Statistics in Oklahoma’s Petroleum Industry, 1980
M. Lynn Prater

208 Markey Named Director of New Liaison Office

209 Rose Elected to AESE Post

210 Abstracts—AAPG-SEPM-EMD Annual Meeting, San
Francisco, California, May 31-June 3, 1981

211 Abstracts—University of Oklahoma

212 Abstracts—AAPG Research Conference on Temperature
Environment of Oil and Gas, Santa Fe, New Mexico,
September 13-17, 1981

213 OGS Issues Geologic Map of Southwest Davis Zinc
Field

214 OGS Releases Bibliography

215 OGS Geologists Attend Annual GSA Meetings

216 Index

This publication, printed by University Printing Services, Norman, Oklahoma, is
issued by the Oklahoma Geological Survey as authorized by Title 70, Oklahcma
Statutes 1971, Section 3310, and Title 74, Oklahoma Statutes 1971, Sections 231-238.
1,800 copies have been prepared for distribution at a cost to the taxpayers of the
State of Oklahoma of $2,770.




GEOCHEMISTRY OF THE CAMBRIAN
WICHITA GRANITE GROUP

AND REVISIONS OF

ITS LITHOSTRATIGRAPHY

J. D. Myers,' M. C. Gilbert,” and M. C. Loiselle?

Abstract—The formations within the Wichita Granite Group are provisionally re-
vised from five units—Mount Scott, Headquarters, Reformatory, Lugert, and
Quanah—to a new total of 10, with acceptance of these previously used names:
Saddle Mountain, Medicine Park, and Cache in the east, and Cooperton and Long
Mountain in the west. Field studies and a detailed consideration of their individual
chemical compositions led to this assignment. New bulk-rock analyses, by X-ray
fluorescence, including determination of Rb and Sr, when combined with previous-
ly completed wet chemical analyses, provide characterization of each unit. Com-
parison of the newer analyses with the older shows good agreement, so that the
total data set can be used with some confidence. Wichita granites can be divided
into three chemical classes: Mount Scott, Reformatory, and Mountain Park, with
possible significance as to source. All these granites belong to the A type of Loiselle
and Wones (1979).

Introduction

The Wichita Mountains of southwestern Oklahoma are the surface ex-
pression of a larger basement of intrusive and extrusive, mafic to silicic
igneous rocks. The province is anomalous because at least the silicic rocks
are Middle Cambrian in age, the youngest basement known between the
Appalachians and the Rockies. Within the Wichitas there are three pro-
found unconformities. The oldest truncates the gabbros and is the surface
on which the rhyolites poured out and along which the granites intruded.
Estimates of the duration of this interval range from 10 m.y. to 900 m.y.
The second unconformity truncates the rhyolites and is the surface upon
which a discontinuous sedimentary sequence of Upper Cambrian through
Mississippian units was deposited. The final major unconformity repre-
sents Pennsylvanian uplift, significant erosion exposing units as low as the
substrate gabbros, and final covering by Permian sediments eroded from
the Ouachita Mountains. Figure 1 is a simplified, diagrammatic picture of
the igneous relations in the Wichitas. The earliest unconformity runs
approximately through the middle of the figure, separating gabbros from
granites and rhyolites, while the second is the land surface. The purpose of

! Department of Geology, University of Wyoming, Laramie, WY 82070.

? Visiting Geologist, Oklahoma Geological Survey; Department of Geological Sciences, Virginia
Polytechnic Institute and State University, Blacksburg, VA 24061.

3 Maine Geological Survey, State House Station 22, Augusta, ME 04333.
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Figure 1. Diagrammatic presentation of igneous relations at close of Middle
Cambrian volcanism. Raggedy Mountain Gabbro Group of uncertain age is repre-
sented by older Glen Mountains Layered Complex and younger intrusive
Roosevelt Gabbros (of which Mount Sheridan Gabbro is a member). These units
were beveled by an unconformity onto which Carlton Rhyolite Group lavas were
extruded. The same liquid(s) formed granite sills of Wichita Granite Group. Three
of these are shown: older Mount Scott Granite; Saddle Mountain Granite with its
extrusive “rhyolite” end; and Quanah Granite, also intruding Mount Scott. Hale
Springs pegmatite is shown as an offshoot of Quanah into Mount Scott, but
pegmatites also cut Sandy Creek Gabbro (Roosevelt Gabbros}. Basal Mount Scott
commonly has a zone of higher C.I. next to gabbros. Hybrid zones (e.g., leuco-
granogabbro) always occur along granite—gabbro contact. Diabase dikes cutting
granites and rhyolites represent youngest igneous event.

this report is to discuss the chemistry of the Wichita Granite Group, repre-
sented in the figure by the Mount Scott and Quanah units, and to note
nomenclature existing in the literature found useful in further discriminat-
ing the granitic units.

This effort is part of a larger program by Gilbert to compile a new geo-
logic map of the Wichita Mountains for the Oklahoma Geological Survey
(OGS). The lithostratigraphy of the major igneous groups was laid out by
Ham and others in OGS Bulletin 95 in 1964. Revision of this stratigraphy,
with special reference to the mafic rocks of the Raggedy Mountain Gabbro
Group, was published recently by Powell and others (1980). The units ex-
posed at the surface are shown in table 1. Because work was in progress at
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TABLE 1.—LITHOSTRATIGRAPHIC CLASSIFICATION OF EXPOSED BASEMENT ROCKS
OF WICHITA PROVINCE, OKLAHOMA!

Formation

Member

General lithology

Fine-grained diabase
cutting Wichita Gran-
ite Group

514+107?

Cold Springs
Breccia

Dark-gray micro-
diorite blocks in ma-
trix of pink leuco-
granite; locally
medium-gray quartz
monzodiorite blocks
in light gray grano-
diorite matrix

Wichita
Granite
Group

2Quanah Granite
Lugert Granite
Reformatory Granite
Headquarters
Granite

Mount Scott Granite

Group typified by
medium- to fine-
grained alkali feld-
spar granites; gran-
ophyric texture spo-
radically distributed
within the group

..................................................................................................................

Rhyolitic lavas inter-
bedded with minor
tuffs and agglomer-
ates

Otter Creek Micro-
diorite

Fine-grained diorite
and quartz diorite

514-527
+= 10

500-530
* 30

Roosevelt Gabbros

174

Glen Creek
Gabbro

Sandy Creek
Gabbro

Mount Sher-
idan Gabbro

Medium-grained
biotite-amphibole-
bearing olivine
gabbro
Medium-grained
bictite amphibole-
bearing gabbro +
olivine
Medium-grained
biotite gabbro locally
fractionated to ferro-
granodiorite



TABLE 1.—Continued

................................................

Raggedy M Zone Anorthosite, anor-
Mountain thositic gabbro, and
Gabbro Group troctolite with cumu-

lus plagioclase au-
gite, olivine
509-730 Glen Mountains L Zone Anorthositic gabbro
1,300-1,500 Layered Complex with minor troctolite;
coarse-ophitic augite;
cumulus plagioclase,
and olivine
K Zone Alternating bands of
anorthosite and troc-
tolite; cumulus pla-
gioclase, olivine
G Zone Troctolite and olivine
gabbro; medium
grained; cumulus
plagioclase olivine

..................................................................................................................

? Tillman Meers Metaquartzite with
Metasedimen- Quartzite microcline and silli-
tary Group manite; inclusions in

rocks of Raggedy
Mountain Gabbro
Group and Wichita
Granite Group

! Relative ages shown with oldest unit at bottom. Uncertainties in relative and absolute ages
are discussed in Powell and others (1980).
? Formations of Wichita Granite Group—currently being revised.

the time of this last report, no changes were made in the silicic intrusive
rocks of the Wichita Granite Group. The granite lithostratigraphy employed
here will be formalized in a later publication.

Besides field relations and petrographic characteristics, the current study
includes examination of the chemical composition of the granitic rocks.
Owing to limited outcrops and overall gross similarity of many of the gran-
ites, chemical data were required to clarify the named units and to aid in
understanding granite petrogenesis. These new data, combined with
selected older, high-quality analyses, have yielded interesting and useful
results. Because the chemical differences between and among the granitic
units are small, analyses of high precision are required. Therefore, this re-
port reviews sample selection as well as preparation and analytical proce-
dures. These new analyses were generated by X-ray-fluorescence (XRF)
methods.
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An additional objective of this report is to compare the new data to older
analyses of Wichita granites. The older analyses used for comparison were
those: (1) supplied by C. A. Merritt, done by classical wet chemical
methods and partly presented in Ham and others (1964), Merritt (1965),
and Merritt (1958); (2) retrieved from the files of G. W. Chase, Oklahoma
Geological Survey, also done by wet chemical methods and partly repre-
sented in the references above; (3) taken from Hamilton (1959), which were
done in the laboratories of the U.S5. Geological Survey, Denver; (4) pro-
vided by Gilbert, which were performed by David Foster in 1978 in the
laboratory of the Oklahoma Geological Survey; and (5) taken from a few
published sources of the early 1900’s. These were utilized because they
meet high standards of analysis, were generally well characterized, and
could be closely located. Since data on granites and rhyolites from Adams
(1977) and Hanson (1977), which were summarized in Hanson and Al-
Shaieb (1980), are reconnaissance in nature, they are not used here.

Procedures

Sample selection.—Samples were selected on the basis of three criteria: re-
gional importance, representative character, and freshness. The granitic
outcrops of the Wichita Mountains consist of knobs projecting through Per-
mian conglomerates and shales. Consequently, stratigraphic continuity
does not exist over most of the region. Attempts to define and map granit-
ic units on petrographic characteristics alone have met with limited suc-
cess. To aid mapping and petrogenetic study, all major outcrop areas as
well as outcrops that have figured prominently in the literature have been
sampled. When samples were collected, care was taken to determine the
degree of homogeneity of the exposure. Where two or more granitic types
were recognizable, material representative of each variant was collected.
Although road cuts, quarries, and prospect pits provided excellent oppor-
tunities to obtain unweathered samples, the granites are commonly reddish
from pervasively disseminated, secondary hematite (Taylor, 1915). Despite
this alteration, samples were chosen to minimize recent weathering effects.

Distinctly unusual rock compositions exist in the Wichitas (e.g., Huang,
1955) as well as zones where two clearly different rock chemistries have
partially to wholly mixed (e.g., Cold Springs Breccia; see Powell and
others, 1980). Many of these special occurrences are found at the regional
gabbro-granite contact that crops out along the length of the mountains.
Consequently, sampling near this contact and these special rock types
must be selective if the primary igneous liquids are to be characterized.

As mentioned earlier, samples also were collected from outcrops that
had been sampled and analyzed by earlier workers. Localities chosen for

resampling had to meet the following criteria: (1) the locality described in
the literature had to be easily identifiable, (2) analyses had to be of high
quality, (3) a general petrographic description of the analyzed rock had to
be available, and (4) an abundant supply of fresh sample could be col-
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lected. Localities meeting these requirements were used to provide com-
parison between the older analytical data and the new data described here.

Sample preparation.—Samples ranged in weight from 2 to 40 kg but aver-
aged between 10 and 20 kg. Since crystal sizes were always <1 cm and
generally 1-5 mm, this size was adequate to provide a representative sam-
ple. The material was broken into fist-sized chunks by sledge, and pieces
with weathered surfaces removed. Further sample-size reduction was
obtained by passing the rock through a steel-jaw crusher (~1-1%2 inches).
This coarse material was passed through a Ys-inch screen to remove fines
and minimize the possibility of iron contamination. A 100-g split was pow-
dered in a tungsten carbide shatterbox. To eliminate possible contamina-
tion, this powder was discarded. A final powder was obtained by grinding
200-500 g of coarse material in the precontaminated shatterbox for 10 tc 15
minutes. On other samples checked, more than 98 percent (by weight) of
this final powder passed —200 mesh (M. C. Loiselle, oral communication,
1981).

Glass disks for major element analysis (except Na,O) were prepared fol-
lowing the technique described by Norrish and Hutton (1969) and modified
by Harvey and others (1973). (For a detailed description of the procedure,
see Loiselle, 1980.) Approximately 1 g of sample was fused with 5 g of
spectroflux 105 (a commercial flux described in Harvey and others, 1973)
and 0.1 g of LiNO; (as an oxidant) in platinum crucibles for 10 to 40 min-
utes. Longer fusion times were required for the more siliceous samples.
The molten liquid was cast in a 40-mm aluminum mold. The same proce-
dure was followed for the calibration standards PCC-1, BCR-1, AGV-1,
GSP-1, and G-2 (Flanagan, 1976), and a disk of 100 percent spectroscopical-
ly pure SiO..

Pressed powder pellets for Na,O and trace-element analysis were made
of 3 g of rock powder and 0.3 g of impalpable boric acid (as an internal
binder). The powder and boric acid were weighed out, mixed using a cli-
amonite mortar and pestle, and pressed at 10 tons’ pressure into a 25-mm
pellet with a granular boric-acid backing. The same procedure was fol-
lowed for standards.

Sample analysis.—Major-element analysis (except for Na,O) of the fused
glass disks followed the procedure for matrix corrections described by Nor-
rish and Hutton (1969) and Harvey and others (1973). By using the same
ratio of sample to flux as Norrish and Hutton (1969), matrix-correction fac-
tors in Norrish and Chappell (1977) could be used directly. Table 2 lists the
operating conditions and estimates of accuracy (obtained from the standard
calibration lines) and precision (based on duplicate analyses) for the proce-
dure. Na,O content was analyzed directly on pressed powders with ne
matrix corrections applied. Precision and accuracy (both ~3 percent) were
within acceptable limits.

Rb and Sr content was analyzed on pressed powders. The 3-g sample
size was selected to ensure that the pellet was sufficiently thick to be able

to apply matrix-absorption corrections, using the technique of Reynolds
(1963).
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TABLE 2.—INSTRUMENTAL CONDITIONS AND ESTIMATES OF ACCURACY AND
PRECISION FOR MAJOR ELEMENT ANALYSIS

Analyzing Background Estimated Estimated

Element crystal kV mA Peak position (25)  offsets (25)!  accuracy (%)* precision (%)*

5i0, PET 50 45 109.21 0.3 0.1

TiO; LIF200 40 20 86.14 1.9 +0.01

AlL,O, PET 50 45 145.13 0.7 0.5

Fe 05 LIF200 50 20 57.52 1.2 1.0

*MnO LIF200 50 30 62.97 1.9 +0.01

MgO TLAP 50 45 45.17 +1.9 3.6 10-15
-1.1

CaQ LIF200 40 20 113.09 0.4 1.1
+1.7

“Na,O TLAP 50 45 55.10 -1.7 3.0 3.0

KO LIF200 40 30 136.69 2.1 0.3
+0.4

P,0s PET 50 45 89.57 -0.5 1.9 =0.01

Sr LIF200 90 30 Mo X-ray tube +0.5 2.0 2.0

25.15 -0.5

Rb LIF200 90 30 37.99 +0.7 2.0 2.0

-1.1

K. lines for all elements used. Flow proportional counter was used for all determinations.

' Direct measurements of backgrounds were made for Na,O, MgQ, and P,Os. Background corrections for
remaining elements were made during reduction of the raw data.

? Based on regression of USGS standards PCC-1, BCR-1, AGV-1, GSP-1, and G-2, and a disk of 100 percent
spectroscopically pure SiO,.

3 Calculated from replicate analyses for SiO,, Al,Os, Fe,03 MgO, CaO, and K,; for TiO,, MnO, and P,O;
at these concentration levels, the precision is =0.01 weight percent absoclute. For Na,0, see note 4.

# Na,O analyzed on pressed powder pellets with no matrix corrections applied. Estimates of precision and
accuracy from independent data (M. C. Loiselle, oral communication, 1981).

* Owing to the low concentration and count rate, the precision of the MgQO analyses is poor and not well
constrained.

® With an Al O; filter between the tube and sample to reduce Cr tube line interference.
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Comparison with selected older data.—G. W. Chase, in the early 1950’s, and
C. A. Merritt, in the late 1950’s, had a number of samples chemically ana-
lyzed at the then active Rock Analysis Laboratory, University of Minneso-
ta, under the direction of S. S. Goldich. This laboratory was known for the
high standards set in silicate-rock analysis. In addition, W. E. Hamilton se-
cured four more analyses in the late 1950's from the U.S. Geological Survey
analytical laboratories using rapid-rock methods. Although the samples
from which these sets of analyses were obtained are not available, the lo-
calities from which the samples came are reasonably well described. Table
3 lists four of our XRF results (5Q, W936C, W743, W9108) alongside four
corresponding wet chemical analyses (three of Merritt's, M-1, M-9, M-10;
one of Hamilton’s, WM-1). Although XRF data are known for precision for
many elements over a considerable range of concentrations, extra effort is
necessary to ensure accuracy of such data, or at least its comparability with
data generated by other means. Thus, the comparison in table 3 serves two
purposes: it tests rock homogeneity on the outcrop scale and, if the first is
satisfied, ability of the XRF data to report concentrations compatible with
the classic methods. Within these constraints, the two data sets are in good
agreement.

TABLE 3.—COMPARISON OF ANALYSES

Wichita Granite Group

Wt% SQ*  M-1 W936C*™ M-9 W743" WM-1 W9108* M-10
Si0, 7293 7278 7526 7643 76.78  77.58 76.08  77.64
TiO, 41 45 15 15 .13 14 13 10
ALO; 12.26 1244 1164 11.82 1167 1175 11.25  11.69
Fe,0; 3.65 231 200 1.8 1.71 90 156 93
FeO — 153 — 25 — 07— 49
MnO 07 09 .03 02 .00 01 .03 .02
MgO Al 31 .15 18 .00 06 .14 .02
CaO 1.19 129 .29 30 .34 29 34 29
Na,O 4.17 381 370 3.8 370 334 397 371
K,O 4.31 432 443 467 503 532 467 475
P,0s .08 08 .00 00 .00 01 .01 .00
H,O(+) 16 11 20 .03
H,O(-) .00 .06 .07 03
CO, 06 12 .03 ND
F 18

LOI 21 36 47 46

No symbol = wet chemical analysis.
+ = XRF analysis (VP1 & SU); all iron is reported as FE,O;.
ND = no data.
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Discussion of Results and Revised
Lithostratigraphy of the Granites

Introduction

The Wichita igneous province, for data reporting and mapping purposes,
can be subdivided into eastern and western provinces. Oklahoma Highway
54 is taken as the approximate north-south dividing line. Although the
eastern province contains the largest expanse of igneous outcrop, most of
the previously existing nomenclature originated in the far western parts of
the mountains—e.g., Headquarters, Reformatory, and Lugert, where expo-
sures are more scattered. Only the Quanah of Taylor’s (1915) units was de-
fined in the east. Merritt (1965) split the Mount Scott from the Lugert on
the basis of comparison of petrographic characteristics between eastern and
western outcrops. Other workers (Hoffman, 1930; Green, 1952; Hull, 1951;
Hessa, 1964; Polk, 1948) introduced names that have been used informally
but have not received wide acceptance. On the basis of these studies—plus
Gilbert’s new mapping that incorporates the unpublished work of Chase
and of R. E. Denison, all for the Oklahoma Geological Survey—new units
are being introduced and will be described more fully at a later date. A
preliminary outline of these units by province, with a summary of the
pertinent chemical data, is given in the brief discussion following (tables
4-7; fig. 2).

Eastern Province

Mount Scott Granite.—In 1965, Merritt formally named the Mount Scott
by redesignation of those rocks in the eastern Wichitas formerly called
Lugert. Analyses from two locations, one from atop Mount Scott (acquired
from Chase) and one from the Ira Smith Quarry along Oklahoma Highway
49, were used in the definition. Texturally, these rocks are quite different;
the Mount Scott sample contains approximately 70 percent granophyre,
whereas the Ira Smith sample is non-micrographic. Despite this difference,
these rocks have similar major-element chemistry. Another sample from
Mount Scott (WM9, Hamilton, 1959) as well as one collected west of Mount
Sheridan by Iddings (Clarke, 1910; Taylor, 1915) are chemically similar. In
addition to sample SQ discussed earlier, we have analyzed five more rocks
petrographically identified as the Mount Scott. All of these samples have
chemistries similar to that originally defined as the Mount Scott (tables 4,
5). With these new data, we have more closely defined the areal extent of
the Mount Scott granite (fig. 2). Although some outcrops have been reas-
signed, our results confirm Merritt's basic nomenclature.

This unit has two facies: facies A, which is the typical rock of variable
granophyre content exposed widely over a distance of 55 km, from near
the intersection of Oklahoma Highway 49 and U.S. Highway 177 on the
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TABLE 5.—BULK-ROCK CHEMISTRY—WICHITA GRANITE GROUP—FEASTERN
PROVINCE, WICHITA MOUNTAINS, OKLAHOMA

Mount Saddle Medicine

Wt (%) Scott (10)*  Mountain (2) Park (1) Cache (2) Quanah (4)

A A
Si0, 72.3 (1.3-.6)"  74.2(.2) 75.5 77.2 (.4) 76.2 (.9-.5)
TiO, .44 (.05-.03) .41 (.02) .24 14 (.01) .16 (.05-.04)
Al O, 12.3 (.4-.3) 12.6 (.25) 11.7 11.7 (.05) 11.8 (.2-.1)
*Fe; O3 3.9 (.4-.3) 3.0 (.25) 2.4 1.3 (.4) 2.4 (.6)
MnO .08 (.02-.08) .04 (.01) .00 .01 (.01) .02 (.01
MgO 31 (.22-.31) .31 (.06) .05 .03 (.03) .03 (.06-.03)
CaO 1.2 (.2-.2) .76 (.17) .37 .32 (.03) 23 (.12-.15)
Na,O 3.8 (.4&-.7) 3.7 (.2) 2.9 3.5(.2) 4.0 (.4-.6)
K,O 4.3 (.05-.07) 4.43 (.03) 4.6 5.18 (.15) 4.75 (.3—.4)
P>,Os5 .08 (.06-.02) .07 (.01) .01 .01 (.01) .01 (.01
H,O/LOI* 34 (.3-.2) .57 (.03) 28 34 (\14) .56 (1.0-.4)
TOTAL 99.06 100.09 98.05 99.73 100.16
Sr, ppm 91 (9-7) [6]* ND 35 [1] 7 [1] 9 (4) [2]
Rb, ppm 127 (8-11) ND 140 231 169 (8)

# Number of analyses averaged.

" Range of values is average; if two values, first is positive variation, second is negative.
* Total Fe as Fe,Os.

*Hy0O + from the wet chemical analysis has been averaged with /loss on ignition” from
the XRF data. These are not strictly comparable.

Analysis list

Mount Scott: SQ, W78, W738, W7248A, W992, W998, C196, M1, WM9, IMS.
Saddle Mountain: W7125, C246.

Medicine Park: W017.

Cache: W743, WM1.

Quanah: W984, W986, C193, C464.

east to the vicinity of Tom Steed Reservoir on the west; and facies B, less
typical but underlying facies A in the vicinity of Mount Scott itself.
Whether facies B is an early phase of the Mount Scott and later intruded
by facies A, or whether B is a younger phase that intruded beneath the
main mass (A), is still problematic. It may, in fact, eventually be correlated
with some of the other finer grained granites. No chemistry is available for
this unit.

The main phase, facies A, is remarkable for its consistent chemistry over
the entire region. This is particularly evident in the SiO,, TiO,, CaO, and
P>0Os5 contents. The Mount Scott is the only Wichita granite whose primary
CaO content is greater than 1 wt percent. Petrographically, it is distin-
guished from the other Wichita granites by: (1) a higher color index (4-6
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percent); (2) gray, ovoid feldspars; (3) primary plagioclase; and (4) a mafic
assemblage of hornblende and oxides.

Saddle Mountain.—This unit is being expanded somewhat beyond the
original definition of Hoffman (1930). He applied the name to a peculiar
spherulitic porphyry, bearing hornblende as the chief mafic mineral, whose
typical outcrop was the W sec. 31, T. 5N., R. 14 W, and sec. 36, T. 5
N., R. 15 W. Most workers have placed this in the Carlton Rhyolite Group.
However, this unit can be traced in the field from one with extrusive pet-
rographic characteristics gradually into one with intrusive character very
similar to the Mount Scott itself. The analyses of table 5 show a TiO; con-
tent greater than 0.4 wt percent, also very much like the Mount Scott.
Comparison of CaO and P,Os contents among the granites suggests their
close tie with the Mount Scott. It appears to be a differentiated arm of the
Mount Scott that partially extruded up through the sill roof. It can be
mapped as far south as sec. 7, T. 4 N., R. 14 W.

Medicine Park.—Denison (Johnson and Denison, 1973) informally referred
to a granite finer grained than the Mount Scott in the Medicine Park area.
Earlier mapping of W. E. Ham and Denison in 1959 (R. E. Denison, written
communication, 1977) had shown its existence. The unit generally has a :
distinct purplish cast but a low color index (C.L). Although the rock is rep-
resented only by one new analysis (table 5), it is sufficiently distinctive (the
only member of the Wichita Granite Group with more than 1 percent
normative corundum) to warrant report. Clear and detailed contact rela-
tions with the Mount Scott have not been seen. However, it is interpreted
to intrude the Mount Scott, because the latter is commonly highly fractured
near the contact.

Cache.—Green (1952) originally called the fine-grained granite in contact
with the Quanah around the old Craterville Park area northeast of Cache
the Cache granite. This unit did not seem sufficiently distinct to Merritt to
warrant special designation. Our new analysis, plus that of Hamilton
(1959), and Gilbert's mapping, confirm the Cache as a separate unit from
the Mount Scott with which it had previously been lumped. The type area
is in secs. 6-9, T. 2 N., R. 14 W., and especially along the approximately
north—south Quanah—Cache contact across the hill whose altitude is 1,545
feet, (SEVaSEVa sec. 12, T. 2 N., R. 14 W.). This is one of the most siliceous
of the Wichita granites, also having a very low TiO, content and, along
with the Medicine Park, having normative or exceeding ab.

As the Cache only contacts the Quanah, relations with the Mount Scott
or the Medicine Park are problematic.

Quanah Granite.—Taylor (1915) was the first to recognize this unit in the
southwestern part of the Wichita Mountains Wildlife Refuge. Facies A is
the “normal’” Quanah referred to in most previously published references.
This unit is areally the most extensive and the only one for which we have
good chemical data. Petrographically, the Quanah is similar to the Re-
formatory. Quanah alkali feldspars (~10 mm) are only slightly smaller and
lie in a rough approximation to closest packing with the smaller quartz dis-
tributed in the interstices. Characteristic mafic phases are an alkali amphi-
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bole, generally called riebeckite, but better termed arfvedsonite, and (or) a
sodic pyroxene, acmite. The occurrence of albite in this unit was noted by
Merritt (1966) rimming the perthitic alkali feldspars. This is clearly sub-
solidus feldspar unmixing. Interestingly, while others have chosen to focus
on the peralkalinity of this unit and to emphasize its differences from other
Wichita granites, its fundamental chemistry is the same as most of the
others. Its somewhat distinctive mineralogy is determined by the condi-
tions of crystallization rather than chemistry. Over a 17-km exposure, this
facies is rather homogeneous, as demonstrated in table 5. Huang (1958)
also reported a few fayalite-bearing samples.

Facies B is sporadically distributed along the center trend of the overall
outcrop. It may be a quenched, aplitic phase of facies A.

Facies C, where found, is near contacts with the Mount Scott and (or)
Glen Mountains Layered Complex. Whether some contamination of the
Quanah liquid by these other, preexisting units can account for this facies
has not been determined. One analysis of Chase’s reported in Ham and
others (1964, table 10, GW(C428) appears to be either of facies C or a mixed
rock and is not included here. Merritt (1967) also chose not to include it in
his characterization of the Quanah.

Western Province

Mount Scott.—This sill has the largest known extent of any of the Wichita
granites. Facies A has a very distinctive chemistry and petrography, so that
its characterization in the eastern province is also applicable in the west, at
least as far as the Tom Steed Reservoir area. Facies B has not been identi-
fied, as yet, in the west. Contact relations, as first determined by Denison
(1959, unpub.) and reported by Merritt (1967), show that the Mount Scott
is intruded by at least one facies of the Lugert and probably also by the
Long Mountain as well. This establishes the Mount Scott as one of the ear-
lier granites throughout the Wichitas. Clearly, it also has the most distinc-
tive and different chemistry of all the granites noted earlier, being specifi-
cally the lowest in SiO, content (~72 wt percent), and highest in TiO,, Fe,
MnO, MgO, P,0s, and CaO content (tables 5, 7).

Headquarters Granite.—This granite, occurring around the town of Granite
in the far northwestern part of the Wichitas, was named the Headquarters
(Taylor, 1915). The granite is characterized by grain sizes of ~3 mm, and
biotite plus magnetite as mafic phases. Where porphyritic, the feldspars
stand out in relief. Our analysis, plus the only previous analysis of the
Headquarters (Wasteneys, 1962), is presented in table 7.

Taylor (1915), Merritt (1958, 1967), and Wasteneys (1962) showed that the
Headquarters was intruded by the Reformatory. Many examples of the
Headquarters engulfed in the Reformatory have been reported near the
contact. However, inclusions of what appear to be Headquarters are found
as far to the southeast as Snyder.

Chemically, this unit is interesting for having the highest normative an
content (~2 percent) outside of the Mount Scott and the Saddle Mountain.
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It is also very low in Fe content. These attributes, plus its characteristic
biotite and uniform finer grain size, set it off from the other granites.

Reformatory Granite.—This granite, originally named by Taylor (1915), is
the coarsest found in the Wichitas (10-15 mm alkali feldspars) and contains
numerous, diverse inclusions. The observed inclusions consist of (1) Head-
quarters Granite, (2) Carlton rhyolite, (3) metasediments, and (4) mafic
rocks. Gibson (1981) studied the metasedimentary inclusions from one
quarry. The extent of the Reformatory was expanded by Merritt (1958) over
that originally shown by Taylor.

We recognize two facies of this formation: facies A, near the town of
Granite, is the typical coarse-grained member as defined originally by
Taylor (1915); facies B is that rock labeled Flat Top granite by Polk (1948)
and placed in the Reformatory by Merritt (1958). Both chemistry and pe-
trography require some separate designation. Facies A is somewhat richer
in Fe, Mg, and Ca, while facies B has 0.5 normative corundum. Facies A
bears hornblende plus a lesser amount of biotite, while facies B carries
alkali amphibole plus hornblende. Because facies A and B are not in con-
tact, relative time relationships are unknown, except that the Lugert cuts
both.

Long Mountain.—Hessa (1964) used this name informally for the granite
found in and around Long Mountain, 4 miles west of Snyder (sec. 18, T. 2
N, R. 17 W., and sec. 13, T. 2 N., R. 18 W.). This unit is highly granophy-
ric and is clearly cut by another granite, assumed to be the Lugert (e.g., in
the Youngman Quarry of Navajoe Mountain), leading Merritt to believe it
was actually a variant of the Mount Scott. Chemical analysis now shows
this to be incorrect (tables 5, 7). The Long Mountain can be recognized as a
petrographic (thus mappable) type extending from near the intersection of
U.S. Highway 62 and Oklahoma Highway 54 west to the Navajoe Moun-
tain area. Some aspects are similar to the Cooperton Granite, except that
hornblende is typical for the Long Mountain and biotite for the Cooperton.

Cooperton.—Hull (1951) applied this name to granite composing the hills
west of Cooperton. Taylor (1915) had placed these rocks with the Lugert,
but Merritt (1965) felt they were more similar to the' Mount Scott. No con-
tacts between this unit and other granites have yet been identified. Again,
both chemistry and petrography require a separate designation. These
rocks are typified by biotite, while the Lugert (A) and the Mount Scott both
contain hornblende. Four geographically separated XRF analyses gave simi-
lar results for Si0,, AlL,O;, TiO,, and Fe,Oj3, but variable results for CaO,
Na,O, and K,O (table 7).

Lugert Granite.—Taylor (1915) named this granite from outcrops near the
original town of Lugert, which is now covered by Lake Altus. With time,
this unit has been successively restricted in size. The original Mount Scott
Granite was defined essentially as the Lugert east of U.S. Highway 183
(Merritt, 1965). Polk’s (1948) Flat Top granite was taken from the former
Lugert and added to the Reformatory by Merritt (1958). Merritt’s (1958) de-
scription of the Lugert in the western Wichitas indicated that it was a
heterogeneous unit consisting of a variety of petrographic types. This is
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best seen in the mafic-phase assemblages: magnetite plus either horn-
blende or biotite (Merritt, 1958). Our chemical work confirms this heter-
ogeneity and provides a basis for further separation. Two facies are cur-
rently recognized: facies A, which is the “normal” Lugert as described by
Merritt (1958), and facies B, which is generally the more granophyric but
older. Both types can be seen in the road cut south of Quartz Mountain
Lodge (SW¥% sec. 15, T. 5 N., R. 20 W.). The chemical variability of facies
A is about a factor of two larger than any of the other named units. Mafic
and sedimentary inclusions are common, so that differing amounts of mix-
ing may be the cause. Consequently, meaningful characterization of the
primary igneous liquid may be precluded.

It is particularly important that local field relations are evaluated when
sampling the Lugert. For example, in the Quartz Mountain State Park
highway exposure noted above, nominal Lugert contains two granitic
facies. A published analysis and an unpublished analysis available for this
locality do not agree. Our new analyses (of both facies) indicate that each
of the earlier analyses was taken from a different facies.

Other Granitoid Rocks

Not all granitoid rocks of the Wichita Mountains are being included in
this discussion of the Wichita Granite Group. Specifically, the following
units will be treated separately: (1) Cold Springs Breccia, (2) coarse-grained
intermediate rocks of the type called leucogranogabbro, and (3) contami-
nated rocks of the Wichita Granite Group. Since the purpose of this report
is to characterize the pristine granite types, detailed discussion of these
rocks is not warranted here. The presence of such rock types requires care-
ful sample selection.

The Cold Springs Breccia was raised to formation rank by Powell and
others (1980) and removed from the Wichita Granite Group. Stratigraphi-
cally, the breccia intrudes the Raggedy Mountain Gabbro Group and is
never in contact with the granites. The Otter Creek Microdiorite is the
mafic component of the Cold Springs Breccia (table 1). Compositionally,
the breccia varies continuously from the microdiorite (basaltic in composi-
tion) to an ill-defined granitic component. This granitic component may or
may not be related to the Wichita Granite Group.

Because the intermediate rocks (Huang, 1955) occur along the contact
(unconformity) between the Wichita Granite Group and the Raggedy
Mountain Gabbro Group, they are probably related to the Wichita Granite
Group. Although of limited extent, these rocks can be mapped separately.
This unusual group of rocks may be the result of interaction of the high-
temperature granitic liquids (Gilbert, 1978) with the gabbroic saprolite
along the unconformity. Consequently, their bulk composition is not of a
primary igneous origin.

Contaminated rocks are really variants of the intermediate ones, except
that they clearly belong to the granites. A number of localities yield out-
crops of granitoids with a much higher C.I. and silica contents of around
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67 wt percent. This is particularly true of the Mount Scott and Lugert
Granites. In all cases, these outcrops can be shown to be near the base of
the local granite unit and near the gabbroic substrate. The interpretation
seems straightforward that such rocks were not crystallized directly from
the primary granitic liquids forming the bulk of the defined units.

Chemical Classes

Myers and Gilbert (1980), in plotting variation diagrams, found that the
granitic compositions fell into three natural SiO, groupings. These group-
ings not only are separated by gaps in 5iO, content but are characterized
by consistent internal chemistry and between two groups are offset in
some oxide concentrations. Three chemical classes, summarized in table 8,
were defined: (1) Mount Scott, (2) Reformatory, and (3) Mountain Park. A
direct correlation between mapped unit and class exists for the Mount
Scott, but the other classes contain several units mapped as different gran-
ite types. The Reformatory class includes facies A of the Reformatory Gran-
ite as well as other mapped granite types. The Mountain Park class, named
for the small town in the south-central part of the Wichitas, includes gran-
ite rocks from such diverse units as the Headquarters and Quanah Granites
as defined by earlier workers. These chemical classes are believed to be
likely representatives of primary silicate liquids. Interestingly, this cluster-
ing can be seen in the earlier, limited data of Ham and others (1964, fig.
11). Comparison of CaO content from these older data with the present
data set is shown in figure 3.

Myers and Gilbert (1980) noted a significant geographic control: the
Mount Scott class is concentrated in the eastern Wichitas, the Reformatory

TABLE 8.—CHEMICAL SIGNATURE OF GRANITE CLASSES,
WICHITA GRANITE GROUP

Oxide

wt (%)/Class Mount Scott Reformatory Mountain Park
Si0; 71.0-73.6 73.8-74.7 75.0-77.6
TiO, >0.4 0.2-0.3 1-.25
Fe,0; (total Fe) >3.5 1.8-2.7 1.2-2.6
MnO >.07 0.02-0.05 0.00-0.04
CaO 1.0-1.5 0.3-0.7 0.1-0.6
KO ~4.3 4.2-5.3 4.1-5.5
P,0s .08 .00-.02 .00-.01
‘Rb (ppm) 127 127 174

Sr (ppm) 91 41 22

"Rb and Sr data revised from Gilbert and Myers (1981).
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CHEMICAL CLASS
WICHITA GRANITE GROUP
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Figure 3. Harker variation diagram of CaO vs. SiO,, illustrating three chemical
classes found in Wichita Granite Group. Solid circles are new XRF analyses dis-
cussed in text. Open circles are older, high-quality wet-chemical analyses plotted
in OGS Bulletin 95 (Ham and others, 1964, fig. 11).

class in the western, and the Mountain Park class along the whole length
of exposures. Since rocks of presumably different relative age are included
in these types, the magmatic-source regions must have been tapped
periodically during emplacement.

Classification As A-Type Granites

Loiselle and Wones (1979) proposed the addition of A-type granites to
the I and S granite-source classification of Chappell and White (1974). A-
type granites, which are anhydrous, alkaline, and anorogenic, occur in
crustal blocks with prior melting histories and commonly are associated
with some form of alkalic basaltic volcanism. The Wichita Granite Group is
marked by A-type characteristics (table 9), similar to granites of the Pikes
Peak Batholith in Colorado (Barker and others, 1975) and the Wolf River
Batholith of Wisconsin (Anderson and Cullers, 1978). The Wichita granites

are also chemically and petrographically similar to the St. Francois Moun-
tains granite suite og soutl\eastern M{ssour{. TLe 61<‘a110ma rocLs are clls—

tinguished from these granites by their anomalous age—Middle Cam-
brian—and the special tectonic setting. Recognition of the Wichita granites
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TABLE 9.—CHARACTERISTICS OF A-TYPE GRANITES

Index Wichita Granite Group’
Low CaO <0.5; <15 wt%
Low Ale3 11.6-13.0 wt %

High Fe/(Fe + Mg)

High K,O/Na,O

High K,O

Generally low fi;0

High HF/H,0

Enriched incompatible trace elements
(REE, except Eu; Zr, Nb, Ta)

Low in mafic trace elements
(Co; Sc; Cr; Ni)

Low in “feldspar” trace elements
(Ba, Sr, Eu)

Initial 8Sr/*¢Sr 0.703-0.712

.92-.98 (by wt)

1.1-1.5 (by wt)

4.2-53 wt %

estimated <1 wt % H;O in magma
F-bearing alkali amphiboles

negative Eu-anomaly: Zircon-rich
pegmatites; Zr, .03 wt %

Co, Sc: <.0005 wt %
Sr: 22-91 ppm

0.707 = .001
(Johnson and Denison, 1973)

Most common abundances.

as A-type leads to further intriguing implications to be dealt with more ful-

ly in later publications.
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STATISTICS IN OKLAHOMA'’S
PETROLEUM INDUSTRY, 1980

M. Lynn Prater!

Information for some of the figures has been taken from a new source.
This has resulted in a few discrepancies that should be noted when using
the figures.

Drilling activity in 1980 was the best in the history of the State of Okla-
homa (table 1; fig. 1). Exploratory-test completions numbered 508 (up 5
percent), and development-well completions, 9,041 (up 42 percent). The
completion-success ratio for both categories increased 41 percent for ex-
ploratory and 77 percent for development wells. The average development
well in Oklahoma reached 4,498 feet (313 feet shallower than in 1979),
whereas the average exploratory test was more than 500 feet deeper (7,886
feet) than in 1979.

Once again, Grady County, with 10 gas and three oil discoveries, had
the best exploration record in the State. Pittsburg County, with 10 gas dis-
coveries, was second in exploratory success. Seven counties, which had a
total of 24 exploratory wells, had a most remarkable 100-percent explora-
tion success ratio. These counties, with their total oil and gas exploratory

TABLE 1.—DRILLING ACTIVITY IN OKLAHOMA, 1980
(Source: OU Energy Resources Center and World Oil, v, 192, no. 3, Feb. 15, 1981)

1980 1979
Oil Gas Dry Total Total
All wells
Number of wells 4,692 2,063 2,286 9,041 6,347
Total footage 42,387,671 31,771,376
Average footage 4,688 5,006
Exploratory wells
Number of completions 92 114 302 508 484
Percentage of completions 41 37
Total tootage 4,006,094 3,567,157
Average footage 7,886 7,370
Development wells
Number of completions 4,600 1,949 1,984 8,533 5,863
Percentage of completions 77 73
Total footage 38,381,577 28,204,219
Average footage 4,498 4,811

! Geologist, Oklahoma Geological Survey.

196



| TOTAL EXPLORATORY WELLS

J (HUNDREDS)
\ J
v “‘
\ a ,r'\‘ 4
ﬁ\/ ‘ /A‘\ "" ‘\\ ;" \“- /,"- -
TOTAL Y N .

AN B
NP /|

THOUSAND WELLS
W
L K\\ -""'
\ K

! GAS S~
[
_——\_/"—_.
O_T_‘l_—l—__l_— 1 [ 1 1 ] L [ L 1 1 1 'l i L 1 L L L L i
7o) o wn (@] vy [
3 3 3 8 5 8

Figure 1. Graph showing total wells drilled, oil wells completed, and gas wells
completed in Oklahoma, 1950-80. (Source: OU Energy Resources Center.)

completions, are Blaine (three), Canadian (seven), Craig (one), Hughes
(four), Kingfisher (seven), Latimer (one), and Major (one). Canadian Coun-
ty exceeded all other counties in footage drilled, closing the year with a
total of 3,631,048 feet (an increase of 1,262,708 feet from 1979). Kingfisher
County was second in total footage drilled, with 3,033,754 feet (an amazing
increase of 1,727,853 feet). Nine other counties attained totals greater than
1 million feet. As seen in table 2, 10 tests were drilled deeper than 20,000
feet. More than half of the tests (61 percent) were drilled to less than 5,000
feet, and 91 percent penetrated to less than 10,000 feet.

Figure 2 depicts the maximum 1980 drilling depths, by county, for either
development or exploratory tests in Oklahoma. The deepest drilling oc-
curred in the west-central part of the State. The shallowest drilling oc-
curred in the northeastern and southeastern corners of the State.

Figure 3 indicates the amount of oil produced in each county of Oklaho-
ma. The south-central part of the State once again produced the greatest
amount. Stephens and Carter Counties produced more than 15 million bar-
rels of oil each in 1980.

Figure 4 shows, by county, the distribution of natural-gas production for
the State. As in 1979, the Panhandle and the west-central part of Oklaho-
ma produced the most natural gas during 1980. Texas County led the State
again, having produced more than 155 billion cubic feet of natural gas.

World Oil (v. 192, no. 3, Feb. 15, 1981) attributed 93 percent of Oklaho-
ma’s 1980 wells to independent operators, as compared to 86.6 percent
nationwide. Oklahoma was fourth highest in 1980 in independent-operator
activity in states averaging more than 2,000 wells.
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TABLE 2.—COMPLETION DATA AND DEPTH INFORMATION FOR WELLS
DRILLED IN OKLAHOMA DURING 1980
{Source: OU Energy Resources Center)

Total Percent Number of wells drilled

Number Completions completions in following total-depth ranges (in feet) !
County of wells  Oil Gas  (Oil and 1- 5000 10,000 15,000 20,000
drilled Gas) 5000 10,000 15,000 20,000
Adair 1 0 0 0 1 — — — —
Alfalfa 76 45 14 78 10 66 — — —
Atoka 3 0 1 33 2 — 1 —_ —
Beaver 184 32 93 68 3 179 1 — —
Beckham 43 2 29 72 10 2 6 24 1
Blaine 89 23 39 70 1 42 45 — —
Bryan 5 1 1 40 1 4 — — —
Caddo 96 19 51 73 21 2 62 9 1
Canadian 372 201 153 95 — 198 171 — —
Carter 140 109 3 80 73 50 7 1 —
Cherokee — — — — - — — — —
Choctaw 1 0 0 0 1 — —_ — —
Cimarron 40 9 14 58 28 12 — — —
Cleveland 57 31 — 54 — 53 2 — —
Coal 15 1 3 27 9 6 — — —
Comanche 107 70 14 79 103 3 — — 1
Cotton 51 31 2 65 50 1 — — —
Craig 69 9 20 42 69 — — — —
Creek 366 237 30 73 364 — — — —
Custer 61 8 35 70 — — 49 10 1
Dewey 100 33 40 73 — 57 41 2 —
Ellis 74 9 49 78 — 38 35 1 —
Garfield 302 219 49 89 36 265 — — —
Garvin 152 96 11 70 74 66 11 — —
Grady 139 38 68 76 26 17 81 11 —
Grant 63 15 10 40 27 36 —_ — —
Greer 14 0 0 0 14 — — — —
Harmon 3 0 0 0 1 2 — — —
Harper 112 15 46 54 4 107 — — —
Haskell 55 0 32 58 9 42 4 — —
Hughes 167 73 42 69 160 6 — — —
Jackson 6 2 0 33 4 2 — — —
Jefferson 29 16 1 59 23 6 — — —
Johnston 4 0 0 0 4 — — — —
Kay 299 40 207 83 298 1 — — —
Kingfisher 365 295 63 98 2 342 18 — —
Kiowa 41 19 3 54 38 2 — — —
Latimer 19 0 9 47 5 5 9 — —
Le Flore 38 0 25 66 1 30 6 1 —
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TABLE 2.—Continued

Lincoln 214 94 32 59 172 39 — — —
Logan 266 154 22 78 10 212 — — —_
Love 48 44 1 94 14 28 — — —
McClain 56 33 0 59 9 36 9 — —
McCurtain — — — — —_ — — — —_
Mclntosh 84 0 40 48 83 1 — — —
Major 230 160 60 96 1 212 15 — —
Marshall 23 10 5 65 7 14 — 1 —
Mayes 44 19 3 50 44 — — — —
Murray 18 2 0 11 15 3 — — —_
Muskogee 124 58 18 61 124 — — — —
Noble 179 121 13 75 103 72 — — —
Nowata 402 291 79 92 401 — — — —
Okfuskee 144 48 32 56 144 — — —_ —
Oklahoma 40 13 4 43 — 40 —_ — —
Okmulgee 440 247 90 77 438 — — — —
Osage 750 516 23 72 747 — — — —_
Pawnee 172 116 6 71 171 — — — —
Payne 205 155 7 79 170 33 — — —
Pittsburg 89 0 60 67 39 41 9 — —
Pontotoc 185 146 13 86 184 — —_— — —
Pottawatomie 133 71 4 56 75 55 — — —
Pushmataha 1 0 0 0 1 — — — —
Roger Mills 92 3 63 72 — 7 41 43 —
Rogers 163 71 54 77 162 1 — — —
Seminole 134 80 8 66 131 3 —_ — —
Sequoyah 11 0 3 27 2 9 — —_ —
Stephens 285 196 23 77 241 41 — 1 —
Texas 122 18 56 61 29 93 — — —
Tillman 14 5 0 36 3 11 — — —
Tulsa 141 95 16 79 141 — — — —
Wagoner 41 18 3 51 41 — — — —
Washington 265 177 63 91 265 — — — —
Washita 28 2 17 68 — 3 6 12 7
Woods 86 13 36 57 — 84 — — —
Woodward 94 17 44 65 — 79 15 — —
Totals 9,041 4,692 2,063 57.9 5,439 2,759 644 116 11
(Avg.) (61%) (31%) (7%) (1%) (0.15%)

"List does not include re-entry wells that have been drilled deeper.

Figure 5 illustrates the historical behavior of exploratory drilling and hy-
drocarbon wellhead prices in Oklahoma from 1955 through 1980. The drill-
ing and discovery data are expressed as 5-year moving averages. Wellhead

prices have been converted to 1967 dollars.
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Figure 5. Graphs of exploratory activities and hydrocarbon prices in Oklahoma,
1955-80. Curves in graph 1 are 5-year moving-average trend lines; exploration
curve related to scale on left; discovery curves related to scale on right.
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gas continued the sharp

The upward trend that was established in 1975 continues with the in-

creases of 1980. The 1980 wellhead price of oil and
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Figure 6. Graph showing statistics for estimated proved natural-gas reserves in
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the data came from the American Petroleum Institute’s and the American
Gas Association’s Reserves of Crude Qil, Natural Gas Liquids, and Natural Gas
in the United States and Canada. The U.S. Department of Energy now pub-
lishes this information in its U.S. Crude Oil, Natural Gas, and Natural Gas
Liquids 1980 Annual Report. Since several differences exist in the reports, no
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comparison of 1980’s data with previous years will be attempted. The in-
formation from 1979 to 1980 in total liquid hydrocarbons (fig. 7) does show
less of a decrease than in previous years.

The historical listing of Oklahoma’s annual production and marketing
value of hydrocarbons from 1955 through 1980 is given in table 3. The for-

TABLE 3.—CUMULATIVE (THROUGH 1955) AND YEARLY (1956-80) MARKETED
PRODUCTION AND VALUE OF PETROLEUM, NATURAL GAS, AND
LIQUEFIED NATURAL GAS IN OKLAHOMA!

Petroleum Natural gas Liquefied natural pas?
Year Volume Value Volume Value Volume Value
through (1,000 bbls) ($1,000) (MMcf) ($1,000) (1,000 bbls) ($1,000)

1955 7,230,010 11,443,269 12,977,332 1,378,370 430,806 1,010,826

1956 215,862 600,096 678,603 54,288 25,454 49,970
1957 214,661 650,423 719,794 59,743 24,947 47,153
1958 200,699 594,069 696,504 70,347 26,141 51,851
1959 198,090 578,423 811,508 81,151 26,767 56,513
1960 192,913 563,306 824,266 98,088 30,816 65,483
1961 193,081 561,866 892,697 108,016 31,865 63,499
1962 202,732 591,977 1,060,717 135,772 33,136 60,987
1963 201,962 587,709 1,233,883 160,405 32,532 64,112
1964 202,524 587,320 1,323,390 166,747 34,163 62,066
1965 203,441 587,944 1,320,995 182,297 34,876 66,769
1966 224,839 654,281 1,351,225 189,172 36,771 80,046
1967 230,749 676,095 1,412,952 202,052 37,489 85,122
1968 223,623 668,202 1,390,884 197,506 39,402 78,349
1969 224,729 701,155 1,523,715 223,128 41,925 73,334
1970 223,574 712,419 1,594,943 248,811 42,842 92,908
1971 213,312 725,610 1,684,260 273,945 41,727 97,588
1972 207,633 709,033 1,806,887 294,523 41,707 99,810
1973 191,204 723,273 1,770,980 334,110 43,718 144,334
1974 177,785 1,277,076 1,638,492 458,904 43,812 251,099
1975 163,123 1,389,164 1,605,410 513,731 40,025 203,535
1976 161,426 1,484,297 1,726,513 866,710 42,514 254,018
1977 151,390 1,504,817 1,824,710 1,452,683 42,350 317,625
1978 150,456 1,640,595 1,773,582 1,599,771 44,369 488,059(e)
1979 143,641 2,158,526 1,845,389 2,062,868 50,752 762,662(¢e)

1980 150,140 ~ 4,110,515 1,902,157 2,856,467 70,000 1,917,000(e)

Totals 12,093,599 36,481,460 47,391,788 14,269,605 1,390,906 6,544,718

'Oklahoma Tax Commission.
Preliminary figures for 1980 from U.S. Department of Eneray.

(e) = estimated.
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mat of this listing conforms to data categories provided by the U.S. Depart-

ment of Energy.

Table 4 explains in some detail the State’s 1980 production and market-
ing activities. The production of total hydrocarbons increased, as did the
marketed value of products. Crude-oil prices for the year averaged $27.38
per barrel (up from $15.03 per barrel in 1979). In 1980, 1,958 producing
wells were added, although the average daily production per well dropped

from 5.2 to 5.1 barrels.

Table 5 lists 10 of the giant fields in Oklahoma (a giant field is one that
has more than 100 million barrels of estimated recoverable oil or equivalent
gas). Total oil production for 1980 was 56,541,000 barrels from these giant
fields. This was a 19-percent increase from the 47,504,000 barrels of oil pro-

duced in 1979.

In 1980, Oklahoma again ranked third in natural-gas and fifth in crude-

oil production.

TABLE 4.—HYDROCARBON PRODUCTION IN OKLAHOMA

Crude oil and lease condensate
Total annual production (1,000 bbls)!
Value ($1,000)"
Cumulative production 1891-1980 (1,000 bbls)
Daily production (bbls)?
Total number of producing wells?
Daily average per well (bbls)?
Oil wells on artificial lift (estimated)?

Natural gas
Total annual marketed production (MMcf)!
Value ($1,000)!
Total number of gas or gas-condensate wells?

Natural-gas liquids
Total annual marketed production (1,000 bbls)2
Value ($1,000)

l0klahoma Tax Commission.
2World Qil, v. 192, no. 3, Feb. 15, 1981.
(e) = estimated.

1979
144,623
2,158,526
11,943,459
396,220
76,505
5.2
72,160

1,845,389
2,062,868
14,062

50,752

762,662(e)

1980
150,140
4,110,515
12,093,599
403,500
78,463
5.1
74,131

1,902,157
2,856,467
15,245

70,000

1,917,000(e)

207



TABLE 5.—GIANT OIL FIELDS OF OKLAHOMA, 1980
(Source: Oil & Gas Journal, v. 79, no. 4, Jan. 26, 1981)

1980 Cumulative Estimated
production production reserves’ Number of

Field (1,000 bbls) (1,000 bbls) (1,000 bbls) wells
Burbank 2,398 520,223 22,180 1,032
Eola—Robberson 1,837 122,606 17,369 546
Fitts 3,902 167,921 20,310 632
Golden Trend 3,988 423,007 41,006 1,081
Healdton 2,458 324,552 25,336 1,396
Hewitt 3,162 251,146 35,074 1,251
Oklahoma City 7,096 737,927 10,841 213
Postle 2,758 92,789 27,044 331
Sho-Vel-Tum 21,472 1,164,601 165,399 8,499
Sooner Trend 7,470 236,088 59,000 4,005
Totals 56,541 4,040,860 423,559 18,986

'Percentage of remaining reserves (est.): 9.94 percent.

MARKEY NAMED DIRECTOR
OF NEW LIAISON OFFICE

Robert L. Markey is one of thirteen career federal employees who have
been chosen to head the state liaison offices under the reorganized U.S.
Office of Surface Mining (OSM), James R. Harris, OSM’s director, has
announced.

Markey will head the Tulsa office that will cover the states of Oklahoma,
Texas, Louisiana, and Arkansas.

Harris said that each liaison office will be established once that indi-
vidual state attains primacy on the regulation of coal mining. The first
offices to open will be in Albuquerque, New Mexico, Casper, Wyoming,
Charleston, West Virginia, Kansas City, Missouri, and Tulsa, Oklahoma.
These offices are expected to be in operation before the first of the year.

Harris has also named Richard E. Dawes as deputy director of the Tech-
nical Center that will also serve states and Indian tribes west of the Missis-
sippi River. Dawes began his career with the U.S. Bureau of Mines in 1962,
and has been OSM’s assistant regional director for technical services and
research in Kansas City, Missouri, since November 1978.

Under OSM's reorganization plan, the technical centers will provide sup-
port services now located in the five regional offices. The new structure
will enable OSM to give the technical support necessary to assist the states,
thereby eliminating the duplication of services now rendered in each re-
gional office.
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ROSE ELECTED TO AESE POST

At the annual meeting of the Association of Earth Science Editors, held
in Denver October 4-7, president Michael Latremouille announced that
William D. Rose has been elected vice-president and president-elect of the
association for the coming year and that Orrin H. Pilkey would begin his
first year of a 3-year term as a newly elected member of the board of direc-
tors.

Rose, geologist/editor for the Oklahoma Geological Survey, is a charter
member of AESE and served as secretary-treasurer from 1968 to 1971. Pil-
key is on the geology faculty of Duke University and is also editor of the
Journal of Sedimentary Petrology, a quarterly published by the Society of Eco-
nomic Paleontologists and Mineralogists.

Also, Latremouille presented the AESE Award for Outstanding Editorial
or Publishing Contributions to Robert L. Bates, vice-president and presi-
dent-elect of the association and professor emeritus of geology at Ohio
State University.

Perhaps Bob Bates is best known for a column he has written since 1955
for Geotimes, the American Geological Institute’s monthly periodical, but at
least as important as this column are his major contributions in other areas

View at Stop 4 of the AESE field trip in the greater Denver area. Ripple-marked
sandstone bed in the Laramie Formation (Upper Cretaceous), as seen in the area of
the old Eagle Mine, where the Laramie coal was worked underground at a shal-
low depth prior to 1937. This area, southeast of Boulder near Marshall, is marked
by roof-collapse features, strikingly visible from the air, that depict clearly the
pattern of the mining method used, the room-and-pillar method.
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of earth science, specifically in editing, publishing research, and teaching.

Bates’ Geotimes column assumed its present form about 1966, when it be-
came known as “The Geologic Column.” Peter N. Webb, Bates’ colleague
at Ohio State, said that this column “has become the geologic communica-
tor’s conscience through its humorous and invariably readable comments
on the use or misuse of the English language by geologists, engineers, and
governmental agencies. There is no doubt but that 'The Geologic Column’
is the most widely read part of Geotimes, and probably the most widely
read of any contribution to the geologic literature.”

The overall theme of this year's AESE meeting, communicating better
with a larger public, was faced directly by James F. Davis, state geologist of
California, in his keynote address to the participants. He said that scientific
communication to the public will have to be greatly improved and ex-
panded to address the four most pressing problems to be dealt with during
the remainder of this century: (1) radioactive-waste disposal, (2) the de-
velopment of mineral resources with respect to increasing economic and
environmental constraints, (3) expansion of nuclear-energy facilities, and
(4) the related question of public safety.

The 300-member AESE was established in 1967 to Improve communica-
tion, foster education, and promote effective publication in the earth sci-
ences. For its membership the group draws mainly from the North Amer-
ican continent, although several persons from the continents of South
America, Europe, Asia, and Australia also are members.

OKLAHOMA ABSTRACTS

AAPG-SEPM-EMD Annual Meeting
San Francisco, California, May 31-June 3, 1981

The following abstracts are reprinted from the May 1981 issue, v. 65, no.
5, of the Bulletin of The American Association of Petroleum Geologists.
Page numbers are given in brackets below each abstract. Permission of the
authors and of Myron K. Horn, AAPG editor, to reproduce the abstracts is
gratefully acknowledged.

OKLAHOMA ABSTRACTS is intended to present abstracts of recent un-
published papers relating to the geology of Oklahoma and adjacent areas
of interest. The editors are therefore interested in obtaining abstracts of for-
mally presented or approved documents, such as dissertations, theses, and

papers presented at professional meetings, that have not yet been pub-
lished.
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Oil Recovery from Aquifer Beneath Refinery
JONATHAN P. SNELL, The University of Oklahoma, Norman, OK

The Sun Qil Co. refinery on the Arkansas River in Tulsa, Oklahoma, is
underlain by a pool of hydrocarbons up to 6 ft (2 m) thick that is floating
on the ground water and has an estimated volume of over 600,000 bbl.
These oils have an API gravity range of 20 to 60°. The source is thought to
be leaks and spills during the 50+ years of refinery operation.

An active recovery system is now in operation using a two-pump-per-
well system in which one pump removes water, creating a cone of depres-
sion which brings the floating hydrocarbons to the well. From there it is
removed by the second pump.

This paper describes the alluvial aquifer, oil detection techniques, recov-
ery methods, and the flow of oil and water through the alluvium, [1016]

Deltaic Cherokee Sandstones of Central Oklahoma
MICHAEL USSEGLIO, The University of Oklahoma, Norman, OK

Exploration for delta reservoir sandstones on the Mid-Continent craton
can be enhanced by a better understanding of facies character, depositional
environments/processes, and factors that controlled their distribution.
Appreciation of the dynamic nature of deltaic sedimentation permits the
geologist to predict more precisely the stratigraphic relations and sandstone
geometry. It also enables the explorationist to predict areas or trends that
may previously have been overlooked.

A detailed, subsurface stratigraphic study of the Cherokee sandstones
(early Desmoinesian) in central Oklahoma (including parts of Lincoln,
Logan, Oklahoma, Cleveland, and Pottawatomie Counties) gives insight
into the processes of deltaic sedimentation which should provide help in
local exploration and development operations, and in regional exploration
in similar rocks encountered throughout the world. Interpretations will be
based on core analyses, examination of well cuttings, study of regional and
detailed stratigraphic cross sections, and analysis of structure, paleotopo-
graphic/paleodrainage, paleogeologic (subcrop), and isolith maps of several
key horizons. [1016]

The University of Oklahoma

Calcareous Foraminifers and Algae from the Type Morrowan (Lower
Pennsylvanian) Region of Northwestern Arkansas and Northeastern Okla-
homa

JOHN R. GROVES, Department of Geology, the University of Iowa,
Iowa City, IA 52242

Type Morrowan (Lower Pennsylvanian) calcareous foraminifers and
algae, here described in detail for the first time, provide a basis for recog-
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nizing the Mississippian-Pennsylvanian boundary in the type Morrowan
region. Type Morrowan rocks are distinguished from underlying late
Chesterian strata (Pitkin Formation) by the presence of the foraminifers
Millerella pressa, M. marblensis, Monotaxinoides transitorius, Planoendothyra
spirilliniformis, and P. evoluta and the algae Cuniephycus texana and Genus A
species A n. gen. n. sp. Of these taxa, Millerella pressa, M. marblensis, and
Monotaxinoides transitorius may prove to be reliable indices at the Mississip-
pian-Pennsylvanian boundary across North America.

Analysis of the stratigraphic distribution of foraminifers within the type
Morrowan demonstrates that an informal, local two-fold chronostratigraph-
ic subdivision of the Morrowan Series is possible based on the appearance
of Hemigordius harltoni in the upper Brentwood Limestone Member of the
Bloyd Formation at the base of the Brewer Bend Limestone Member of the
Sausbee Formation in northwestern Arkansas and northeastern Oklahoma,
respectively. The appearance of H. harltoni closely coincides with the base
of the Idiognathodus sinuosus Conodont Zone, and falls within the Branner-
oceras branneri Ammonoid Zone and the Plicochonetes? arkansanus
Brachiopod Zone.

The primitive fusulinids Eoschubertella, Pseudostaffella and Profusulinella
were not recovered from type Morrowan rocks. Thus, there is no local evi-
dence supporting a Morrowan age for any portion of the ranges of those
taxa. Use of the appearances of Eoschubertella and Pseudostaffella by many
workers to indicate the base of the Atokan Series is consistent with present
knowledge of the type Morrowan foraminiferal succession.

AAPG Research Conference on Temperature Environment
of Qil and Gas

Santa Fe, New Mexico, September 13-17, 1981

The following abstract is reprinted from the July 1981 issue, v. 65, no. 7,
of the Bulletin of The American Association of Petroleum Geologists. The
page number is given in brackets below the abstract. Permission of the au-
thor and of Myron K. Horn, AAPG editor, to reproduce the abstract is
gratefully acknowledged.

Stability of Natural Gas at High Temperatures in Deep Subsurface

COLIN BARKER and MARWIN K. KEMP, University of Tulsa, Tulsa,
OK

The components of natural gas are reactive in the deep subsurface and
may not survive under all conditions. The stability of natural gas in reser-
voirs of various lithologies is studied using a combined theoretical and ex-
perimental approach.

A computer program uses real gas data to calculate equilibrium in multi-
component (up to 50), multiphase (up to 30) systems simulating subsurface
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conditions to 12 km. This program predicts the stability of hydrocarbons in
sandstone reservoirs by first considering clean sands and then sequentially
adding feldspars and clays, carbonate cements, and iron oxides. All
equilibrium compositions have been computed for low, average, and high
geothermal gradients; hydrostatic and lithostatic pressures; and with and
without graphite. Graphite is present when deep gases are generated by
the cracking of oil but is absent in reservoirs originally filled with dry gas.
Similar calculations have also been made for limestone and dolomite res-
ervoirs with various combinations of clays, iron minerals, anhydrite, and
sulfur, again with and without graphite. Natural gas shows considerable
stability in sandstone reservoirs under most conditions, but its concentra-
tion in deep carbonates is more variable and tends to a hydrogen sulfide—
carbon dioxide mixture except when an appreciable concentration of iron is
present. Hydrogen is present at the 1 to 2 percent level for most litholo-
gies.

A multicolumn gas chromatograph is used to analyze inorganic and
organic gases released by crushing rock samples in a Teflon ball-mill. Sam-
ples from deep wells in the Anadarko basin and southern Louisiana have
been analyzed and the gas compositions compared with those predicted
from the computer program. [1359]

OGS ISSUES GEOLOGIC MAP
OF SOUTHWEST DAVIS ZINC FIELD

A Geologic Map of Southwest Davis ~ and smithsonite (zinc carbonate).
Zinc Field, Arbuckle Mountains, Okla-  Some lead, iron, copper, and cad-

homa, compiled by Robert O. Fay, mium minerals are associated. The
has been released by the Oklahoma  ore bodies occur as disseminated
Geological Survey. deposits or as veins.

The Southwest Davis Zinc Field is The large (3.5- x 4-foot), colorful
located in south-central Oklahoma geologic map was printed at a scale

at the northern and eastern edges of of 1:7920 (8 inches = 1 mile) over a
the West Timbered Hills in Murray  topographic base and covers an area
County. The main ore bodies are in  of almost 23 square miles. The de-
the Lower Ordovician Butterly scriptive color-coded geologic sec-
Dolomite and the Upper Cambrian  tion ranges from rocks of Middle
Royer Dolomite—two formations of Cambrian age through Late Penn-
the Arbuckle Group—and most of sylvanian, with Quaternary allu-

the mines are along the Washita vium following the streams.
Valley Fault Zone on the north Fay compiled his map from Wil-
flank of the Arbuckles. Principal liam E. Ham's original geologic

minerals are sphalerite (zinc sulfide) mapping of the area. Many strati-
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graphic, lithologic, and paleontolo-
gic notations from Ham's field notes
have been incorporated in the map.

Included with the map is a 16-
page illustrated booklet, also pre-
pared by Fay, in which he discusses
the geology of the mineralized area,
the mineralogy of the ores, and
chemical analyses of ore samples.
Several mines and prospect pits are
described in detail.

Fay, an authority on the history
of mining exploration and opera-
tions in Oklahoma, has incorpo-

rated many interesting background
facts on the development of the ore
bodies, plus a biography of Ger-
trude Sober Field, “Queen of the
Arbuckles,” a 1933 OU geology
graduate who discovered the zinc
deposits in 1909. He has included
several historic photos.

Oklahoma Geological Survey Map
GM-20 (with booklet) can be
obtained from the Survey at the
address given inside the front cover
of this issue. The price is $7.

OGS RELEASES BIBLIOGRAPHY

The Oklahoma Geological Survey has published a two-volume annotated
bibliography of more than 5,000 references to all phases of Oklahoma geol-
ogy, with entries covering the years 1955 through 1979. The publication
should prove valuable to those seeking information on the geology of
Oklahoma and Oklahoma’s earth resources. Interrelated disciplines are in-

cluded.

Since 1956, a geological bibliography—indexed since 1958—has been
issued annually in Oklahoma Geology Notes, or in its predecessor The Hopper,
as an auxiliary source of information for researchers, students, industry
personnel, and others who are concerned with developments in the re-
sources and production of mineral commodities or in Oklahoma’s geology
or physical environment. Entries have been assembled from local, national,
and international publications and include, for recent years, abstracts, un-
published theses and dissertations, and open-file reports. Each bibliogra-
phy lists material issued during the preceding year.

The present set was compiled by Elizabeth A. Ham, associate editor for
the Survey, and Christine D. Gay, former Survey proofreader. The com-
pilation incorporates the past bibliographies into two convenient, spiral-
bound volumes on a year-to-year basis.

Indexing, focused toward the user seeking specific information, has be-
come increasingly detailed and is organized by localities, time periods,
mineral resources, and geological provinces, as well as by subdisciplines of
the geological sciences, such as stratigraphy, structural geology, environ-
mental geology, sedimentology, paleontology, geophysics, and hydrology.
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The two-volume set, Combined Bibliographies of Oklahoma Geology, covering
the period 1955-79, was issued as Special Publication 81-5. It can be
obtained from the Oklahoma Geological Survey at the address given inside
the front cover. The publication, available only as a set, is priced at $8.

OGS GEOLOGISTS ATTEND
ANNUAL GSA MEETINGS

Six Oklahoma Geological Survey
staff members recently attended the
annual convention of The Geologi-
cal Society of America (GSA) and its
divisions in Cincinnati, Ohio.

Representing the Survey at the
meetings were Charles J. Mankin,
director; Kenneth S. Johnson,
associate director; Thomas W.
Amsden, biostratigrapher and
lithostratigrapher; Samuel A. Fried-
man, senior coal geologist; Salman
Bloch, uranium and base-metals
geologist; and Brian J. Cardott,
organic petrographer.

Mankin served as master of cere-
monies for the annual convention
banquet and also attended a break-
fast business meeting of the Asso-
ciation' of American State Geolo-
gists. He reports that specific ques-
tions addressed at the breakfast
meeting included development of
cooperative agreements between the
U.S. Geological Survey and State
surveys when working in areas of
mutual interest.

In addition, Mankin met at the
convention with representatives of
the American Geological Institute to
discuss publication of “Compte
Rendu,” the proceedings volumes
of the Ninth International Congress

of Carboniferous Stratigraphy and
Geology. He served as a member of
the national organizing committee
for the congress, which met in 1979
in Urbana, Illinois, and he has been
instrumental in securing publication
funding,.

Mankin also met with representa-
tives of the National Academy of
Sciences’ Continental Scientific Drill-
ing Committee.

Johnson participated in a field trip
that covered the hydrogeology and
karst development in the Mammoth
Cave area and examined related
pollution problems in central Ken-
tucky. He explained that conditions
encountered in Kentucky “relate to
potential problems that may arise in
Oklahoma'’s limestone and gypsum
terrain.”

Johnson also presented a report
on plans and programs for the 1982
meeting of the South-Central Sec-
tion of GSA, which will be held in
Norman March 29-30.

Amsden delivered a paper at the
meeting during a short course
offered by the Paleontological Socie-
ty, which met in conjunction with
GSA. He presented an expanded
version of his paper, “Biostrati-
graphic and Paleoenvironmental Re-
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lations: A Late Silurian Example,’” at
a colloquium at Oklahoma State
University November 12.

Amsden joined in a field trip
taken to examine the stratigraphy
and paleoecology of the Cincinna-
tian Series (Upper Ordovician) in
the vicinity of Cincinnati. The trip
covered rocks of the same geologic
age as rocks he has studied inten-
sively in Oklahoma.

Friedman, former chairman of
GSA’s Coal Geology Division and
current chairman of the division’s
publication committee, presented a
report on publication of nine articles
on estimation of coal resources in
the United States and the tech-
niques of estimating, exploring for,
recovering, and managing these re-
sources. He also proposed the

INDEX!
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AAPG Research Conference on Temperature Environment of Oil and Gas

AAPG-SEPM-EMD annual meeting
GSA annual meeting
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Oklahoma State University
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scheduling of a conference to dis-
cuss the establishment of uniform
standards on coal resources.

Friedman was appointed a dele-
gate to the convention committee of
The American Association of Petro-
leum Geologists by the councilors of
AAPG’s Energy Minerals Division,
who held their mid-year meeting at
the GSA convention.

Cardott, who has been conduct-
ing investigations in coal petrology
for the Survey, attended symposia
and technical sessions and partici-
pated in the luncheon meeting of
the Coal Geology Division. He con-
ferred with representatives of micro-
scope manufacturers on equipment,
and with coal petrologists on labora-
tory techniques.

Bloch attended technical sessions.
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American Institute of Professional Geologists, new officers 30

Amsden, Thomas W., co-author of OGS Circular 83 48
Anadarko Basin
carbonates in deep wells, diagenesis of 36
Marchand sands 67
stability of natural gases from deep wells 212
Arbuckle Mountains
Dougherty Dome 60
Fitzhugh Member of Clarita Formation 48
Mill Creek Syncline 94
Mississippian and Lower Pennsylvanian rocks 3
Ardmore Basin, Mississippian and Lower Pennsylvanian rocks 3
Arkoma Basin
Morrowan rocks, Arkansas 91
Spiro Sandstone 96
structural framework 160
Arndt, Robert H., joins OGS staff 29
named new director of OMMRRI 29
Association of Earth Science Editors, annual meeting 132, 209
Association of Engineering Geologists, annual meeting 81

Babael, Abdolali—The Structural Geology of Part of the Limestone

Hills in the Wichita Mountains, Caddo and Comanche

Counties, Oklahoma [abs.] 62
Baesemann, J. F., and Lane, H. R.—Conodont- and Ammonoid-Based

Correlations of the Mississippian—Pennsylvanian

Boundary in North America with the Namurian of Europe [abs.] 158
Barker, Colin, and Kemp, M. K.—Stability of natural gas at high

temperatures in deep subsurface [abs.] 212
Barrick, James E., co-author of OGS Circular 83 48
Bates, Robert L., receives AESE award 209

Bickford, M. E., see Van Schmus, W. R., Bickford, M. E., and Hoppe, W. i.
Blatt, Harvey, and Totten, Matthew W.—Distance from Shoreline
in Unfossiliferous Marine Mudrocks [abs.] 34
Bloch, Janina R., see Bloch, Salman, Curiale, Joseph A., and Bloch, Janina R.
Bloch, Salman—Different Modes of Formation of Anomalously High
Radioactivity in Qil-Field Brines: Possible Applications in Exploration

for Hidden Uranium Mineralization in Petroliferous Areas [abs.] 35
Thucholite Nodule, Hennessey Group, Kiowa County, Oklahoma
[cover-photo description] 2
Bloch, Salman, Curiale, Joseph A., and Bloch, Janina R.—Uraniferous
Pyrobitumens from Southwestern Oklahoma [abs. ] 162

Bloch, Salman, Gay, Christine D., and Dunbar, Debra E.—Uranium,

Chromium, and Selenium Concentrations in Water from

Garber-Wellington Aquifer (Permian), Central Oklahoma [abs.] 72
Boardman, Darwin R., 1I, see Pabian, Roger K., Boardman, Darwin R., I,

and Strimple, H. L.
Brenner, Robert L.—Integrated Analyses and Preliminary Interpretations

of Uppermost Cherokee Rocks (Desmoinesian) in Eastern

Kansas [abs.] 159
Brewer, Jon A., Steiner, David, Brown, Larry D., Oliver, Jack E.,

and Kaufman, Sidney—The Layered Nature of the Upper

Precambrian Crust South of the Wichita Mountains,

Oklahoma, Revealed by COCORP Deep Seismic Profiling [abs.] 35
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Broadhead, Thomas W., see McComb, Ronald, and Broadhead, Thomas W.
Brown, Larry D., see Brewer, Jon A., Steiner, David, Brown, Larry D.,
Oliver, Jack E., and Kaufman, Sidney
Bunker, Bill J.—The Tectonic History of the Transcontinental Arch
and Nemaha Uplift and Their Relationship to the Cretaceous

Rocks of the Central Midcontinent Region [abs.] 159
Butler, Rachel C., co-compiler of OGS Special Publication 81-2 57
Cambrian
Carlton Rhyolite Group 172
Cold Springs Breccia 134, 172
Otter Creek Microdiorite 172
Roosevelt gabbros 172
Wichita Granite Group 92, 98, 172
Cardott, Brian J., joins OGS staff 129
Clark, James Alan—The Petrology and Depositional Environment
of the Grayhorse Limestone in North-Central Oklahoma [abs.] 62
coal ,
Bibliography of Abandoned Coal-Mine Lands in Oklahoma 57
directory of coal-related offices 126
geochemistry 166
Pennsylvanian coal swamps, stratigraphy 39

Comer, J. B., and Hinch, H. H.—Petrologic Factors Controlling Internal
Migration and Expulsion of Petroleum from Source Rocks:

Woodford-Chattanooga of Oklahoma and Arkansas fabs.] 163
counties

all counties
earthquakes, 1980 140
Caddo

Limestone Hills 62
Canadian

El Reno Field 167
Cherokee

Mississippian-Pennsyivanian unconformity 95
Cleveland

Cherokee sandstones 211
Comanche

Limestone Hills 62
Craig

Cherokee rocks 159

fossil crinoid 44

heavy-oil report 119
Custer

Oswego Limestone 66
Dewey

Oswego Limestone 66
Ellis

Ogallala Formation, volcanic ash 122
Garfield
Kiowa

thucholite nodule, Hennessey Group 2
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Lincoln
Cherokee sandstones
Foraker Limestone
Logan
Cherokee sandstones
Wellington Formation
Muskogee
Mississippian-Pennsylvanian unconformity
Noble
Wellington Formation
QOklahoma
Cherokee sandstone
Osage
Foraker Limestone
Ottawa
chat industry
heavy-oil report
lead-zinc mining
zinc-mine-water report
Pawnee
Foraker Limestone
Payne
Foraker Limestone
Pontotoc
crinoids
Pottawatomie
Cherokee sandstones
Sequoyah
Mississippian-Pennsylvanian unconformity
Cretaceous
Antlers aquifer, OGS Circular 81
Denton Shale, OGS Bulletin 130
Curiale, Joseph A.—Origin and Geochemical Correlation of Near-Surface
Oil and Asphaltite Deposits of Southeastern Oklahoma [abs.]
Curiale, Joseph A., see Bloch, Salman, Curiale, Joseph A., and Bloch,
Janina R.
Dalziel, Mary C., see Donovan, Terrence ]., Roberts, Alan A., and
Dalziel, Mary C.
Davis, Robert E., co-author of OGS Circular 81
co-author of OGS Circular 82
Davis, Roy D., retires
Dawes, Richard E., named deputy director of OSM Technical Center
Demaris, Philip J., see Phillips, Tom L., Shepard, John L., and Demaris,
Philip J.
Devonian
Frisco Formation
Silurian~Devonian boundary
Woodford-Chattanooga rocks
directory, earth-science agencies
Donovan, Terrence J., Roberts, Alan A., and Dalziel, Mary C.—
Epigenetic Zoning in Surface and Near-Surface Rocks Resulting
from Seepage-Induced Redox Gradients, Velma Oil Field,
Oklahoma [abs.]
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Dunbar, Debra E., see Bloch, Salman, Gay, Christine D., and Dunbar, Debra E.

earthquake recordings, Oklahoma, 1980 140
Elrod, Dennis Dean—A Geochemical and Petrographic Survey of the
Wellington Formation, North Central Oklahoma [abs.] 63
environmental geology
Garber-Wellington aquifer, U, Cr, Se contamination 72
Landsat identification of water-pollution sources 64
lead—zinc-mining impact, Tri-State district 24, 28
USGS flood-prone area maps issued 151
USGS irrigated-cropland maps available 152
zinc-mine-water-quality report, OGS Circular 82 157
Fay, Robert O., co-author of updated geologic map of Woodward
Quadrangle 23
Ferguson, Jerry D.—Formation of Diagenetic Alteration Zones by Leaking
Reservoir Hydrocarbons over Three Oil Fields in Oklahoma [abs.] 165
Fernandez, Louis A., se¢ Vidrine, Dana M., Grant, Sheldon K., and Fernandez,
Louis A.
Fleming, William Jeffrey—Identification of Gypsum Using Near-Infrared
Photography and Digital Landsat Imagery [abs.] 64
Foshee, Ronald R., and Zachry, Doy L.—Morrowan Strata in the Arkoma
Basin of West-Central Arkansas [abs.] 91
Friedman, Gerald M., and Reeckmann, S. Anne—Deep Burial Diagenesis
of Carbonates in the World's Deepest Wells [abs.] 36

Fritts, John Raymond—Fauna, Stratigraphy, and Paleoecology of the
Foraker Limestone: Osage, Pawnee, Payne, and Lincoln

Counties, Oklahoma [abs.] 64
Furr, Wayne T., receives supervision-management certificate 131
Gay, Christine D., see Bloch, Salman, Gay, Christine D., and Dunbar,
Debra E.
Geological Society of America, The
annual meetings 34, 59
section meetings 91, 134, 158
Gilbert, M. Charles, and Myers, J. D.-—Aspects of the Trace Element
Geochemistry of Wichita Granites [abs. ] 92

Gilbert, M. C., see Myers, J. D., Gilbert, M. C., and Loiselle, M. C.
Goldstein, Arthur G.—Laramide-Style Basement Deformation in the
Ouachita—Marathon Foreland [abs.] 93
Grant, Sheldon K., see Vidrine, Dana M., Grant, Sheldon K., and
Fernandez, Louis A.
Grayson, Robert C., Jr.—Distribution and Significance of Allocthonous
Conodonts in Early Pennsylvanian Rocks of Eastern
Oklahoma [abs.] 160
Groves, ]. R.—Calcareous foraminifers and algae from the type
Morrowan (Lower Pennsylvanian) region of northwestern Arkansas
and northeastern Oklahoma [abs.] 211
Groves, John R.—Foraminiferal/Algal Microfacies in Type Morrowan
(Lower Pennsylvanian) Rocks, Northwest Arkansas and Northeast
Oklahoma [abs.] 93

Grubbs, R. Kent—Pennsylvanian Stratigraphy and Conodont Biostratigraphy

of the Mill Creek Syncline, Central Arbuckle Mountains,
Oklahoma [abs.] 94
Guild, Philip W.—Metallogenic Map of North America [abs.] 37
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Haley, Boyd R., and Stone, Charles G.—Structural Framework of the

Quachita Mountains, Oklahoma [abs.] 95
Haley, Boyd R., see Stone, Charles G., and Haley, Boyd R.
Ham, Elizabeth A.—Report on Antlers Aquifer (Cretaceous) Published

by OGS [cover-photo description] 42
Harrison, William E., co-author of OGS Special Publication 81-4 119
co-compiler of OGS Special Publication 81-1 57
co-investigator of North African oil-shale research project 26
named chairman of SEPM research group 72
Harrison, William E., see Curiale, Joseph A., and Harrison, Wilham E.
Hart, Donald L., Jr., co-author of OGS Circular 81 42

Hatch, Joseph R., and Leventhal, Joel S.—Geochemistry of Organic-Rich
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