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Cover Picture

INTERBEDDED SANDSTONES AND SHALES,
Lower WILDHORSE MOUNTAIN FORMATION

The Wildhorse Mountain Formation (Late Mississippian) of the
Jackfork Group attains thicknesses greater than 3,500 feet in the central
and southern Ouachita Mountains and is composed of interbedded
shales and sandstones. The sequence pictured is in the lower part of
the Wildhorse Mountain Formation along Big Cedar-Octavia road on
the north face of Kiamichi Mountain, LeFlore County.

The shales are laminated and dark gray to black, alternating with
sandstones that vary in composition from white, firmly cemented, very
fine-grained orthoquartzites to gray, poorly sorted, massive graywackes.
The graywackes vange from a few inches to about 20 feet in thickness,
whereas the orthoquartzites are generally a few inches thick.

Most sandstone-shale contacts are sharp, though some sandstones
appear gradational into overlying shales. Soles of the sandstones bear
abundant, well-preserved flute, groove, bounce, prod, and load casts.
Convolute bedding and other evidences of soft-sediment deformation
are also common within these units.

The photograph is from Oklahoma Geological Survey Bulletin 85,
Stratigraphy of the Late Paleozoic Rocks of the Ouachita Mountains,
Oklahoma, by L. M. Cline.

—P. W. W.





THE MINERAL INDUSTRY OF OKLAHOMA IN 1967*
(Preliminary)

RoserT B. McDoUGALT

Value of Oklahoma’s mineral production in 1967 reached $1.1 bil-
lion, nearly 6 percent greater than that of the previous record year of
1966, the Area IV Mineral Resource Office of the Bureau of Mines, U.
S. Department of the Interior reported. Demarid for petroleum was
strong throughout the year, although production was stimulated the
last half year as a result of the Middle East crisis in June. A general
lag in construction activities affected nonmetallic minerals and com-
modities such as cement, sand and gravel, and stone. Significant gains
were reported in value of lime, natural gas, natural-gas liquids, and
petroleum. Substantial losses in value were reported in bentonite, coal,
helium, lead, sand and gravel, silver, stone, tripoli, volcanic ash, and
zine.

MINERAL FUELS

Coal.—OQutput of coal decreased more than 5 percent from the
previous year’s production. Unit-train operation resulting in reduced
costs began in January from the Peabody Coal Company operation
near Chelsea to a power-generating plant in Kansas City, Missouri.
Howe Coal Company, subsidiary of Garland Coal Company, began
developing a slope mine near Howe 1o supply six Japanese steel {irms
with coal. The coal will be carried by unit train to Port Arthur, Texas,
for shipment to Japan. In August, Kerr-McGee Corporation reported
that work would begin immediately on a 1,380-foot mine shaft south-
east of Stigler. The company announced plans to construct 50 coke
ovens for production of metallurgical-grade coke.

Natural gas—Marketed output of natural gas was 7 percent higher
in 1967.

Natural-gas liquids.—-Condensable liquids extracted from natural
gas at 73 natural-gasoline plants and 5 cycling plants reached a new
record of 1,605 million gallons. Service Gas Products Company began
operating its 15-million-cubic-foot-per-day refrigerated-absorption Aline
plant in Alfalfa County. National Fuels Corporation increased its
Madill plant propane capacity by 4,000 gallons per day. Shell Qil
Company announced plans to build a 75-million-cubic-foot-per-day re-
frigerated-absorption plant in Dewey County to produce 42,000 gallons
of propane per day and 49,000 gallons of gasoline per day. Scheduled
completion date is May 1968.

Yearend storage capacity for LP gases totaled 2,616,000 barrels
at 15 underground sites in seven counties.

Petroleum —Output of 232 million barrels of crude petroleum was

* This report, U. S. Bureau of Mines Mineral Industry Surveys Area Report
IV.215, was prepared December 6, 1967.

+ Geologist, U. S. Bureau of Mines, Area IV Mineral Resource Office, Bar-
tlesville, Okla.





TapLe I—MINERAL PRODUCTION IN OKLAHOMA'®

1966 1967
(PRELIMINARY)

VALUE VALUE
MINERAL QUANTITY (THOU- QUANTITY (THOU -
SANDS) SANDS)
Clays® (thousand short tons) 745 8 754 745 3 754
Coal (bituminous)

(thousand short tons) 843 4,935 800 8
Gypsum (thousand short tons) 785 2,212 745 2,245
Helium .

(thousand cubic feet) 352,400 12,333 310,000 10,436
Lead (recoverable content of

ores, etc.) (short tons) 2,999 907 2,530 708
Natural gas (million

cubic feet) 1,351,225 189,172 1,421,000 203,203
Natural-gas liquids:

Natural gasoline and

cycle products
(thousand gallons) 576,124 35,715 577,700 36,395
LP gases (thousand
gallons) 986,254 44,381 1,027,800 49,334
Petroleum (crude) (thousand

42-gallon barrels) 224,839 654,281 231,600 694,710
Salt (thousand short tons) : ¢ 11 79
Sand and gravel (thousand

short tons) 6,040 7,565 5,980 7,414
Stone (thousand short tons) 15,334 17,393 14,947 16,983
Zinc (recoverable content of

ores, etc.) (short tons) 11,237 3.259 11,500 3,197
Value of items that cannot

be disclosed: bentonite,

cement, copper, lime,

silver, tripoli, volcanic

ash, and value indicated

by footnote 3 . 24,484 el 27,036

Total . $997,391 ... 81,052,494

' Production as measured by mine shipments, sales, or marketable produc-
tion (including consumption by producer).

‘ Excludes bentonite; included with “Value of items that cannot be disclosed.”
* Included with “Value of items that cannot be disclosed.”

reported in 1967, a gain of 6 percent over that of the previous year.
Midwest refinery demand for Oklahoma crude oil was responsible for
the increase during the first part of 1967, and shortages created by the
Middle East crisis caused additional demand in the latter part of the
yvear. The daily petroleum allowable production was retained at 50
percent of the basic depth-acreage formula through March by the
Oklahoma Corporation Commission; the April rate was reduced to 46
percent then reduced to 42 percent for May and June. The allowable
was raised to 50 percent for July; however, at a special meeting in





July, it was raised to 54 percent retroactive to July 1 and remained
at that level the remainder of the year.

The price per barrel of crude oil was raised 3 to 8 cents by most
purchasers in Oklahoma during the year. Gther purchasers eliminated
the high-gravity penalty for crude oil bought in the Oklahoma Pan-
handle.

The AAPG Committee on Statistics of Drilling reported in The
Oil and Gas Journal that 360 exploration wells were drilled in the
first 10 months of 1967—off 11 percent from the same period in 1966.
Total wells drilled in 1967 were 2,720—17 percent below the corre-
sponding 10 months in 1966.

Thirteen operating refineries had a total daily operating capacity
of 425,500 barrels of crude oil and 218,610 barrels of cracked gasoline
per day on January 1, 1967, up from a year earlier. Apco Oil Corpora-
tion completed a 1,645-barrel-per-day hydrofluoric acid alkylation unit
at its Cyril refinery. Catalytic reforming capacity was increased to
41,500 barrels per stream day by Sunray DX Oil Company at its Tulsa
refinery.

HELIUM

Marketable production and value of helium extracted from natural
gas at the Federal Bureau of Mines Keyes plant was 15 percent below
that of 1966.

NONMETALS

Estimated value of nonmetals—cement, clays and bentonite,
gypsum, lime, salt, sand and gravel, stone, tripoli, and volcanic ash—
produced in 1967 totaled $48 million, down 5 percent from 1966.

According to the Bureau of Business Research, The University of
Oklahoma, total construction outlay in Oklahoma in the first 10 months
of 1967 was about 15 percent below that of the corresponding period in
1966. The national decline was 1 percent.

Cement shipments in Oklahoma were about 5.3 million barrels,
down slightly from 5.4 million barrels in 1966.

METALS

Eagle-Picher Industries, Inc., strip-mined copper ore from the
Permian redbeds near Creta in Jackson County. Silver was recovered
as a coproduct.

Output of lead in Ottawa County declined 16 percent and the
value 22 percent in 1967 from 1966; zinc output decreased 7 percent
in quantity and 2 percent in value as compared with 1966. The price
of lead at New York remained at 14 cents per pound throughout the
year, or one-half cent below the price at which payment is made under
the Lead-Zin¢ Mining Stabilization Program. Zinc prices were 14.5
cents per pound through April 28. The price dropped during May and
June, then stabilized at 13.5 cents per pound. Zinc was then eligible
for subsidy payment under the Stabilization Program.

Three horizontal-retort zinc plants were operated in 1967. They





were American Metal Climax, Inc., at Blackwell, Eagle-Picher Indus-
tries, Inc., at Henryetta, and National Zinc Company at Bartlesville.

Tri-State district.—Nearly three-fourths of the lead concentrates
and zinc concentrates were produced in the Oklahoma portion of the
Tri-State district. The remaining lead and zinc concentrates were pro-
duced from ores mined in Missouri and Kansas.

In other developments, Kerr-McGee Corporation announced plans
to build a $25-million uranium-conversion plant west of Sallisaw in
Sequoyah County. Uranium 308 (U,,) from domestic and foreign
mills will be converted to uranium hexafluoride (UF.) in a process
by which the refined uranium will first be hydrofluorinated with
anhydrous hydrofluoric acid, then fluorinated with elemental fluorine.
The plant will be designed to process 5,000 to 10,000 tons of U,, an-
nually.

New Theses Added to O. U. Geology Library

The following Master of Science theses and doctoral dissertations
were added to The University of Oklahoma Geology Library in Novem-
ber and December 1967:

Master of Science Theses

Geophysical investigation of basement relief conditions in south-
western McClain County, Oklahoma, by John L. Bedwell.

Pleistocene geology of Salt Fork and North Fork of Red River,
southwestern Oklahoma, by Philip Jan Cannon.

Geology of eastern Choctaw County, Oklahoma, by Andrew
Duarte.

Palynology of the Ozan Formation (Cretaceous), McCurtain
County, Oklahoma, by Ralph Archie Morgan.

Petrology of the Hennessey Shale (Permian), Wichita Mountain
area, Oklahoma, by David Allen Stith.

Doctoral Dissertations

Brachiopod biostratigraphy of the Viola and “Fernvale” Forma-
tions (Ordovician), Arbuckle Mountains, south-central Oklahoma, by
Leonard P. Alberstadt.

Micropaleontology of the Fernvale Formation of Tennessee and
Oklahoma, by Kenneth V. Bordeau.

—L. F.





OKLAHOMA ABSTRACTS

GSA ANNUAL MEETING, NEW ORLEANS, LOUISIANA
November 20-22, 1967

The following are abstracts of papers related to Oklahoma geology
presented at the 1967 Annual Meeting of the Geological Society of
America and Associated Societies. They are reproduced photograph-
ically from the program of the meetings and the permission of the
authors and of R. C. Becker, executive secretary of the Geological
Society of America, to reproduce these abstracts is gratefully acknow-
ledged.

Oklahoma Geology Notes should not be given as the primary source
in citations of or quotes from the abstracts. The correct citation is
Geol. Soc. America and Assoe. Socs., 1967 Ann. Mtgs., Program, p. _ ..
Page numbers are given in brackets at the lower right of each abstract.

Carbon-13 Variations among Hydrocarbons in the Ponca City Crude Oil
FERGUSON, WILLIAM 8., Marathon Oil Co., P. O. Box 269, Littleton, Colo, 80120

We determined carbon-13 values (8C') for samples of n-hexane, benzene, n-decane, trans-
decalin, tetralin, naphthalene, 1-methyl-3-propylbenzene, and n-tetracosane, which were all
isolated from their Ponca City reference petroleum by API Research Project 6 personnel. In
kecping with previous reports on naturzlly occurring hydrocarbon mixtures, we found
aromatic concentrates from the Ponca City oil to be 1-2 per mil carbon-13 enriched relative
to saturated mixtures. This consistency did not extend to single hydrocarbon compounds:
trans-decalin, a saturated molecule, was the most carbon-13 enriched compound measured
(+9.9 per mil zersus the NBS #22 oil standard); tetralin, an aromatic, was the least carbon-13
enriched (—4.0); and naphthalene, another aromatic, was intermediate (—0.4).

These three compounds have carbon atom skeletons which can be interrelated formally by
hydrogenation-dehydrogenation reactions alone; but, because carbon-13 variation is so large
among trans-decalin, tetralin, and naphthalene in the Ponca City oil, we suspect these sam-
ples are genetically more distant than a hydrogenation-dehydrogenation relationship. The
three compounds possibly are derived from quite different carbon atom source materials con-
taining different levels of carbon-13.

Normal paraffins were among the least carbon-13 enriched compounds measured. Further,
they showed a small progressive increase in carbon.13 content from —3.1 per mil for n-hexane
to —1.2 per mil for n-tetracosane. In contrast to the speculation for trans-decalin, tetralin,
and naphthalene, the source material for normal paraffins in petroleum in the Cg to Cg4 range
evidently contains an almost uniform level of carbon-13. {64]

Curvature of Marginal Folded Belts Flanking Major Mountain Ranges:
Accentuated or Caused by Lateral Translation of Epidermal Stratified Cover?

GWINN, VINTON, School of Geology, Louisiana State University, Baton Rouge, La. 70803

Arcuate fold belts convex to the craton form the margins of many major orogens. Possible
causes of the curvature, among others, are: (1) failure of anisotropic basement during shorten-





ing along inherited tectonic trends; (2) differential basement shortening along strike; (3)
bending of formerly straighter fold belts by oroctination (Carey, 1958); and (4) differential
shortening along strike of a detached sedimentary cover.

The viability of (1), (2), and (3) in generating fold arcs in regions where deep drilling and
geophysics demonstrate nonconcordant, essentially undeformed basement is questioned. Dif-
ferential longitudinal shortening of the cover, detached along bedding-parallel sole thrust
zones, must contribute to the production of typical arcuate kinematic patterns.

Considering an originally straight thin-skinned fold tract, curvature would be generated
by subsequent differential shortening and translation along strike above the detachment zone.
Salients convex in the transport direction would be approximately bisected by nearly radial
zones of culmination along which maximum shortening had occurred above the flat thrusts.
Plunge depressions in recesses would mark zones of relative retardation of outward translation
and shortening. The curvature, culminations, and depressions bounding the arcs would be
generated simultaneously.

Regional attitudes of the detachment zone imposed by patterns of pretectonic basement
subsidence would moderately influence the kinematic patterns, as would limited undetected
basement involvement.

Application of the dermal shortening hypothesis is permitted by observed patterns of
curvature, culmination, and depressions in thin-skinned parts of the Central Appalachian,
Quachita, and the Wyoming-Idaho fold arcs. [87]

Structural Review of the Frontal Quachita Mountains, Arkansas
MORRIS, ROBERT C., Geology Div., Northern Illinois University, DeKalb, Il. 60115

Current field mapping along an 80-mile strip of the frontal Ouachita Mountains of Arkansas
permits a preliminary tectonic appraisal. Not surprisingly there are considerable similarities
with the frontal areas of Alberta, the southern Appalachians, and of course, the Oklahoma
Ouachitas, The study area consists of east-west-trending ““peel” thrusts and folds which con-
nect with mapped structures in Oklahoma. Open, simple folds have developed in Jackfork
and Atoka rocks while complicated, often disharmonic folds are present in Stanley and Johns
Valley shales. The rocks are cut by numerous high-angle, east-west-trending thrust faults
which presumably flatten out to become bedding-plane faults in the incompetent Stanley
shales. Two fenster faults, the larger more than 35 miles long, indicate folding of occasional
inner (southernmost) bedding-plane faults. A structural comparison of Stanley-Atoka with
pre-Stanley rocks may mean that they have been subjected to entirely different forces, sug-
gesting that the former are rootless (allochthonous) and separated from the older by a major
décollement. Pre-Stanley racks display tight, isoclinal folding and high-angle faulting, possi-
bly originating {n the basement, and thus suffered lictle crustal shortening.

The Ouachita Orogeny is postulated to have been triggered by vertical uplift south of the
present fold belt. Plates of Stanley-Atoka rocks slid northward along décollements, piling
against or overriding blocks of similar age along the frontal Ouachitas. Bedding-plane faults
sometimes became folded along the inner margin of the frontal belt. High-angle thrusts de-
veloped subsequently on the backs of these folded, bedding-plane thrusts. [156]

Calcispongea (Sphinctozoa) from the Pennsylvanian (Desmoinesian)
Pawnee Limestone of Northeastern Oklahoma

TOOMEY, DONALD FRANCIS, Pan American Petroleum Corp., Research Center, Tulsa,
Okla. 74102

The wavy-bedded lower 6 feet of the Pennsylvanian (Desmoinesian) Coal City Member
(=Laberdie) of the Pawnee Limestone, exposed in Nowata County, northeastern Oklahoma,





contains abundant calcisponges referred to as Cystauletes mammilosus King. The Pawnee
specimens are large (up to 12 inches in length) and may be straight, bent, or branching; both
calcified and silicified specimens are common. The sponge is cylindrical and is traversed by a
relatively large smooth central retrosiphonate spongocoel which appears to have remained
open during life. The osculum is polytholosiid, and the filling structures are in part vesicular;
no spicules were seen. The wall is perforate and the arrangement of the chambers is glomerate,
imparting to the sponge an over-all nodular appearance. Occurring with the cystauletids are
a few girtyocoelid-type calcisponges.

Petrologically, the sponge host rock is an algal bound stone primarily composed of crusts of
the red alga Archacolithophyllum. Fistuliporid bryozoans, polychaete worm tubes (Spirordis),
and cncrusting agglutinated and calcareous smaller foraminifers (Hedrastes, Plummerinella?,
Tuberitina, Polytaxis, Tetrataxis, Ammovertella, and Minammodytes) are conspicuously
ephiphytic on the surfaces of this alga. A relatively diverse silicified megafauna has also been
derived from this interval (rugose corals, prismoporid-fenestellid-ramose bryozoans, and
productoid brachiopods). The brachiopod Crurithyris is the dominant megafaunal component.
Agglutinated hyperamminid foraminifers are also abundant. Significantly, no fusulinids and
only rarc calcareous mobile-type smaller foraminifers have been found within the sponge

horizon. [222-223]

Northern Structural Rim of the Gulf Basin
WOODS, R. D., Humble Qil and Refining Co., P. O. Box 2180, Houston, Tex. 77001

The northern rim of the Gulf Basin was initially shaped by Precambrian events that set the
pattern for the Llanoria geosyncline, one of three great Paleozoic geosynclines of North Amer-
ica. An Upper Paleozoic orogeny within this geosyncline created a mountain system extending
1300 miles from Alabama to West Texas. Its connection with the Appalachians is conjectural,
and its trend in northern Mexico is obscure. Most of the system is now buried beneath 2000
feet or more of post-Paleozoic sediments; only three uplifts, the Ouachita, Marathon, and
Solitario, expose 275 miles of the margin. The influence of this structural rim on post-Paleo-
zoic structural trends and sedimentation within the Gulf Basin has been significant. Exten-
sive research in the exposed areas has illuminated many of the stratigraphic problems, but
structural interpretations, such as the magnitude of thrusting, are still controversial. The
buried part is least known. About one well per hundred square miles has penetrated a few
tens or hundreds of feet into the structure. Few fossils other than palynomorphs have been
found in the unmetamorphosed sediments. A first approximation of the trend and complexity
of the buried elements has been provided by an analysis of the metamorphic facies patterns.
These patterns and regional gravity suggest that the Choctaw anticlinorium may be near the
principal axis of deformation. Geophysical and limited well data indicate that widespread
Paleozoic sediments are beneath Mesozoic sediments, toward the Gulf from this axis. [241]

OKLAHOMA ACADEMY OF SCIENCE, 56TH ANNUAL MEETING
OrraHoMA CIty, OKLAHOMA

December 1-2, 1967

The following are abstracts of papers related to Oklahoma geology
presented at the 56th Annual Meeting of the Oklahoma Academy of
Science. Permission of the authors and of Tommy B. Thompson, vice-
chairman of Section B (Geology) of the Academy, to print these
abstracts is gratefully acknowledged.





Paleoecology of Pennsylvanian Coal Swamps in Oklahoma
WILSON, L. R. School of Geology and Geophysics, The University of

Oklahoma, and Oklahoma Geological Survey, Norman, Oklahoma

73069

Coal is one of the three important fuels in Oklahoma and strati-
graphic recognition of the seams is important in exploration. A paleo-
ecological understanding of the coal swamps in which the coal was
formed is an aid to their stratigraphic identification. Associated with
the plant remains that formed the coal are fossil spores and pollen
that were derived from them. Because these microfossils are abundant
and diagnostic they can be used to determine the history of coal
swamps. Certain species of the parent plants that produced the spores
and pollen are stratigraphically restricted in the forty or more distinct
coal seams of Oklahoma. Therefore certain fossil spores and pollen
can be used to identify particular coal seams. Studies show that various
microfossil species are also restricted within the seams and occur in
definite sequences. They indicate that coal swamps developed through
at least three recognizable successional stages. Numerous seams in
Oklahoma cover thousands of square miles on the surface or are buried
at various depths. All seams differ in thickness over their areal range
and commonly certain parts of the normal spore and pollen succes-
sional stages are different or are absent at one place or another. These
variations from the normal order indicate that geographic and local
succession factors also existed during the development of the coal
swamps. Evidence from plant fossils indicates that the paleoecology of
the Oklahoma Pennsylvanian coal swamps was more closely related
to the geomorphic rather than the climatic history of the region.

Preliminary Studies of Opaline Phytoliths from Selected Oklahoma Soils
YECK, RONALD D, and GRAY, FENTON Department of Agronomy,

Oklahoma State University, Stillwater, Oklahoma 74074

A study was conducted to determine characteristics of opaline
phytoliths in Oklahoma soils, on which vegetation varied as a factor
of soil genesis.

Opaline phytoliths are amorphous silica deposited in and around
plant cells. They accumulate in soils when plants decay. Grasses ac-
cumulate opaline phytoliths in greater quantities than do other plants.

In the present study, opaline was extracted from the 2-5 u, 5-20 g,
and 20-50 u fractions of the “A” horizons of soils with tallgrass prairie,
shortgrass prairie, and forest vegetation. Opaline was also extracted
from roots and tops of various native grasses and trees.

The grass leaves contained 2.22 to 6.27 percent opaline and the
tree leaves contained 0.34 to 1.20 percent. Tree and grass roots con-
tained similar quantities.

The largest quantities of opaline from all soils occurred in the
5-20 w fraction. These quantities were approximately six times as large
as those in the 20-50 u fraction. In other parts of the United States,
workers have reported the 20-50 u fraction to be about equal to that
of the 5-20 u fraction in opaline content, with the 2-5 u fraction having
the least amount.

Among the soils, the largest percent (5.92) occurred in the tall-
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grass prairie soil “A” horizon. The forest soil contained 3.98 percent,
and the shortgrass prairie soil 2.89 percent. The indication of larger
quantities of opaline phytoliths in the forest soil relative to the short-
grass prairie soil may be due to incomplete study of the soil profile;
otherwise, it suggests that the forest soil was once covered with prairie
vegetation.

Microscopic studies of opaline revealed that opaline in soils is
indicative of the general type of vegetation, based on opaline shapes
observed in plant extracts.

This investigation indicates that opaline in Oklahoma is similar
to, although smaller than, that encountered by other workers. Opaline
promises to be a valuable tool in the study of soil genesis.

Geology of the Miami-Picher Lead-Zinc Field, Northeastern Oklahoma and

Southeastern Kansas
UNDERWOOD, ROGER Department of Geology and Geography, Okla-

homa State University, Stillwater, Oklahoma 74074

The area has yielded a large part of the $850 million total produc-
tion of the Tri-State district. The Mississippian Boone Formation, the
major ore-bearing formation exposed, is unconformably overlain by
the Pennsylvanian Cherokee Shale on the flank of the Ozark dome.

Sixteen beds in the Boone are designated by letters of the alphabet;
of these, six are mineralized to a major degree. The area contains
several major faults and disturbed zones. Depositional control is mainly
structural, with some stratigraphic control where conditions have
been favorable. The most favorable structures are wide and intensely
shattered shear zones. Others are openings along bedding planes, crests
of anticlines, bottoms of synclines, and circular slumps. The major
structural features are the Miami and Bendelari troughs, or grabens,
which intersect each other in this area.

The three rock types associated with alteration in this area, dolo-
mite, chert, and jasperoid, are thought to be epigenetic. Fifty-one
primary and several secondary minerals are recognized, principally
calcite, chalcopyrite, dolomite, galena, marcasite, pyrite, and sphalerite.
Sphalerite and galena are the most important. Studies of vacuoles by
others have shown the range of temperature of formation to be 52 to
120°C, with a correction of +10°C for pressurc. Higher temperatures
of mineral deposition are found near the Miami trough, with a decrease
as the distance from the trough increases. The greater part of the
economic mineralization is concentrated at the intersection of the
Miami and Bendelari troughs. This fact and the variation of tempera-
ture of formation indicates that the mineralizing solutions were trans-
ported along these zones.

Two major hypotheses of source of ore fluids are ground water
and hydrothermal origins. The author favors the hydrothermal theory
because: (1) the trace elements present, silver, cadmium, copper,
barium, arsenic, germanium, gallium, and indium, are typical of hydro-
thermal deposits; (2) several stages (two in this area) are a charac-
teristic of epithermal deposits; (3) enargite, a copper arsenic sulfide
found with some of the district ores, is distinctive of hydrothermal
deposits. The main objection to the hydrothermal theory is the absence
of a likely parent igneous body in the general area.
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NEw ToroGraPHIC Maps IN OKLAHOMA

CarL C. BransoN

Modern topographic maps are not only useful but are necessary to
highway planners, geologists, irrigation- and drainage-project engineers,
tax assessors, pipeline and transmission-line surveyors, and many
others. The 1:24,000 scale is currently the adequate form in 7%4-minute
quadrangles. Complete coverage of the State would require 1,213 sheets.
Of this number 277 are now available in published form, 32 issued
since July 1967. Two hundred twenty-four quadrangles are in prepara-
tion, and 44 are authorized. The 545 quadrangles would add to the
equivalent of 321 7%4-minute quadrangles already published at the
1:62,500 scale.

A new service is now available: interim revision, in which changes
in culture are shown in purple without otherwise modifying the map.
The new type of map will help to keep reasonably current in expanding
metropolitan areas.

The Geological Survey prefers to issue reports in county unils
and would like to use topographic bases. The Custer County report
will be on a 1:62,500 scale on such a bhase. Other counties with available
1:62,500 bases are Beckham, Washita, Caddo, Comanche, and Cotton.
Counties with complete coverage at 1:24,000 are Oklahoma, Cleveland,
and Tulsa. When the maps currently being prepared are published,
other counties completely covered at 1:24,000 will be Grant, Kay, Mc-
Clain, Pontotoc, Coal, and Johnston. Topographic maps issued since
July 1967 are listed below; number refers to location on the index map,

opposite page.

1. Durham 25. Avant

2. Crawford 26. Muldrow

3. Roll 27. Piedmont

4. Roll SE 28. Bethany NE
5. Antelope Hills 29. Edmond

6. Antelope Hills NE 30. Arcadia

7. Roll NW 31. Luther

8. Roll NE 32. Wellston

9. Chapel Hill (Ark.) 33. Bethany

10. DeQueen NW (Ark.) 34. Luther SE
11. Leflore 35. Union City
12. Summerfield 36. Minco NE
13. Blackjack Ridge 37. Mustang

14. Leflore SE 38. Minco

15. Whitesboro 39. Tuttle

16. Muse 40. Oklahoma City SW
17. Honobia 41. Pocasset

18. Ludlow 42. Chickasha NE
19. Hominy 43. Chickasha
20. Cleveland 44, Tabler

21. Hominy NE 45, Bradley

22. New Prue 46. Criner

23. Avant NW 47. Lindsay SW
24. Avant SW 48. Lindsay
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TracE ELEMENTS IN
CARBONATES OF THE FORAKER FORMATION (LOWER PERMIAN)
IN NORTH-CENTRAL OKLAHOMA

ATtaoLAH MOGHARABI*

INTRODUCTION

The trace-element study of the Foraker Formation in north-central
Oklahoma (fig. 1) was part of a study of the petrology of this forma-
tion I made in 1963-1966. The purposes of trace-element analysis of
the carbonate rocks were (1) to determine the abundance of some
commonly occurring trace elements, (2) to see if these elements pro-
vide any information for fuller understanding of the depositional
environment, and (3) to determine the relationship of selected trace
elements, especially strontium, to the diagenesis of carbonates.

Trace-element analyses were run on 30 carbonate samples of the
Foraker Formation from north-central Oklahoma, where seven strati-
graphic sections were measured in Osage and Pawnee Counties (fig.
1). The Foraker Formation in these counties consists of limestones
interbedded with shales, fine-grained sandstones, and in places, thin
beds or nodules of chert. This formation includes the strata above the
Admire Shale and below the Johnson Shale. The thickness of the
Foraker ranges from 47 feet in northwestern Osage County (sample
location 1) to 65 feet in southeastern Pawnee County (sample location
7). The Foraker Formation changes facies southward from limestone
to sandstone. This facies change is evidenced by comparing sample
location 7, where sandstone is the most prominent rock type, to sample
location 1, where limestone predominates.

Trace-element analyses were run according to the semiquantitative
spectrochemical methods outlined by Mitteldorf (1957), which permit
an accuracy of =30 percent. The analyses were performed by Kenneth
Sargent, graduate student at The University of Oklahoma.

Powdered rock samples (less than 80 mesh) were diluted and
thoroughly mixed with spectrographic-grade graphite at a ratio of 1:9
by weight. Five-milligram charges were loaded into a graphite elec-
trode and burned completely in a 5-amp DC arc. Comparisons were
made with G standards that were diluted and burned in the same man-
ner as the samples. The instrument used was a Jarrell-Ash, 1.5-meter
Wadsworth-grating spectrograph. The spectra were recorded on 35-mm
film and compared on a Jarrell-Ash microphotometer.

The trace elements selected for analysis were strontium, zirconium,
copper, manganese, vanadium, and titanium; the results are listed in
table I. Concentrations of copper, vanadium, and titanium are not
discussed because the data did not appear significant.

MANGANESE
The manganese content of the 30 carbonate samples ranged from

* Midwestern University, Wichita Falls, Texas.
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50 to 800 ppm, averaging 240 ppm. An extensive study by Ronov and
Ermishkina (1959) on the manganese content of sedimentary rocks
demonstrates the significance of this element as a palecclimate indi-
cator. They reported that the manganese content is greater in carbon-
ate rocks formed in humid climates than in those formed in arid cli-
mates. The average manganese content of 3,967 carbonate rock samples
thought to have been formed in humid climates was 810 ppm, and the
average for more than 6,000 samples from arid climates was 320 ppm.
They concluded that manganese would migrate farther and that the
migration would last longer in the acid solutions rich in organic matter
characteristic of humid climates. Extensive erosion of a manganese-rich

TABLE I.—TRACE-ELEMENT CONCENTRATIONS IN
CARBONATES OF THE FORAKER FORMATION

SAMPLE CONCENTRATION?
NUMBER* (PPM)
Ti v Mn Cu Zr Sr

1-1 75 50 200 75 nd 200
1-2 50 nd 200 1 nd 400
1-3 50 nd 75 75 nd 400
1-4% 100 nd 350 7% nd 600
1-5% 200 <5 300 75 nd 900
1-6* 25 nd 75 <1 nd 200
1-7* 25 25 75 1 nd 300
1-9* 100 <5 250 50 nd 300
1-.10 100 nd 75 1 200 100
1-13* 75 <5 150 1 nd 200
1-14 25 <5 75 <1 nd 200
1-17 10 nd 50 10 nd 300
1-18 75 <5 100 50 nd 700
1-19 100 <5 75 1 nd 400
1-24 50 nd 75 <1 nd 400
1-26 25 10 50 <1 nd 200
1-27 25 25 75 1 nd 300
2-4 100 nd 300 50 100 400
2-5% 75 nd 350 <1 nd 200
3-2 75 nd 100 <1 10 300
3-3* 75 nd 350 1 10 200
4-1 50 nd 200 <1 nd 500
4-3* 50 nd 100 <1 nd 400
5-2 50 nd 75 <1 nd 200
5-5 75 nd 350 1 nd 500
6-1 75 nd 700 1 10 100
6-4 100 nd 400 <1 nd 100
7-4* 50 nd 400 10 nd 100
7-5% 50 10 800 <1 nd 400
7-6* 75 25 800 1 ad 50

* Sample containing some dolomite.

" First part of sample number is sample location (fig. 1); second part indi-
cates stratigraphic position, increasing numerically upward.

*nd = not detected.
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source area could result in the migration of great amounts of fresh
bivalent manganese, which would be precipitated on contact with
the higher pH of sea water. A large influx of fresh water would change
the pH of sea water quite a distance from shore; consequently, man-
ganese would be precipitated onto the seafloor sediments quite a
distance from shore. In an arid climate, however, sparse vegetation,
low discharge of streams, and slow weathering would result in oxida-
tion of bivalent manganese and conversion to immobile manganese in
a higher valence state (Mn*). Consequently, there would be less
migration of manganese in an arid climate, and it would be precipitated
near shore.

The average manganese content of the 30 Foraker samples was
240 ppm, slightly below the average obtained by Ronov and Ermish-
kina for carbonate rocks of an arid climate. Allowing for the limited
number of samples analyzed, this figure may be considered near
enough to the average for arid-climate carbonates to indicate an arid
paleoclimate during Foraker deposition.

The maximum manganese concentration (800 ppm) was found
in two dolomite-rich samples. It is important to determine whether the
manganese is an impurity in the rock or whether it is incorporated
into the calcite or dolomite structures. Solid solution in the system
CaC0,-MnCQ0, is extensive and many examples of manganoan calcites
and calcian rhodochrosites are known (Goldsmith, 1959). Goldsmith
(p. 340) has shown complete solid solution between 0 to 50 mole per-
cent MnCO, at temperatures to approximately 400°C, demonstrating
that manganoan calcites may be formed at moderately low tempera-
tures. -

In the binary system MgCO,-MnCO,, although Mg™ and Mn™
cations differ in radius, solid solution is extensive, MnCO, tends to
take up more MgCQO, than vice versa (Palache, Berman, and Frondel,
1951) because the radius of Mn™ (0.92 A) is larger than that of
Mg (0.78 A), and the smaller ion substitutes for the larger more
readily.

Frondel and Bauer (1955, p. 758) reported that an ordered com-
pound of the dolomite type between magnesium and manganese would
appear as likely as that between calcium and manganese, because the
difference in ionic radii in the two situations in identical.

Although it was not within the scope of this study to determine
the nature of occurrence of manganese in the dolomitic samples, the
manganese is probably partly incorporated into the systems MgCO,-
MnCO, and MnCQ,-CaCO, and partly associated with impurities in
the rock.

STRONTIUM

The strontium content of 30 carbonate samples ranged from 50
to 900 ppm. A significant correlation exists between the strontium and
dolomite contents of the samples. Twelve samples (table I) contained
different amounts of dolomite (determined by x-ray diffraction), and
eight of the twelve dolomitized samples contained 50 to 200 ppm stron-
tium, which is less than the average strontium content of nondolo-
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mitized samples (350 ppm). The lowest strontium content was found
in sample 7-6, which is approximately 90 percent dolomite. These data
indicate a loss of strontium during dolomitization, a conclusion which
agrees with Stout’s (1941) analysis of Ohio dolomites, showing bimodal
strontium distribution. He found that low-strontium dolomites are free
of celestite, but that high-strontium samples contain measurable per-
centages. Graf (1960) also suggested that the strontium content of
dolomite may be either less or more than that of limestone, depending
upon whether celestite is present. No celestite was found in the dolomi-
tized carbonate samples of the Foraker Formation.

Most strontium introduced into carbonate sediments substitutes
for calcium in the aragonite structure and to a lesser extent in calcite.
The orthorhombic aragonite structure accepts the larger cations more
readily than does the rhombohedral calcite structure; this tendency
may be reflected in a higher strontium content for aragonite. Cork
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Figure 2. Relationship between insoluble-residue content and zirconium
concentration.
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and Gerhard (1931) demonstrated a complete solid solution of stron-
tium into the orthorhombic structure.

On evidence from recent carbonate sediments that aragonite is
precipitated in preference to calcite (Cloud, 1960, in Kahle, 1965),
many investigators (Cloud and Barnes, 1957; Ross and Oana, 1961;
Brown, 1959, p. 265; Campbell, 1962, p. 495; Bergenback and Terriere,
1953, p. 1022) contend that aragonite is the primary precipitate and
that it is altered diagenetically to calcite or dolomite. Thus, the original
carbonate sediment may have had a higher strontium content and,
during alteration from aragonite to calcite, some strontium may have
been liberated (Stehli and Hower, 1961; Turekian and Armstrong,
1961, p. 1818).

The average strontium content of aragonite and calcite samples
shows more strontium in association with aragonitic materials (Kahle,
1965, p. 847).

ZIRCONIUM

Zirconium was detected in only five samples, ranging in concen-
tration from 10 to 200 ppm. There is a positive relationship between
the insoluble residues of carbonate rocks and their zirconium contents
(fig. 2); the percentage of zirconium increases with an increase in the
insoluble-residue content. The insoluble residues for these samples are
similar—essentially quartz, clay minerals (montmorillonite, illite,
chlorite), and minor amounts of feldspars. Adams and Weaver (1958)
demonstrated a linear relationship between the zirconium and in-
soluble-residue contents, and Degenhardt (1957, in Graf. 1960, p. 39)
suggested that the entire zirconium content of carbonate rocks may be
in the insoluble residues.

The zirconium in the Foraker carbonates may be associated with
clay minerals as a minor lattice component and with the heavy
minerals in trace quantities.

CONCLUSIONS

The trace-element contents of the carbonate rocks of the Foraker
Formation show no consistent pattern, but some elements, such as
manganese and strontium, provide information on their paleoclimatic
and diagenetic history. The average manganese content is near the
value obtained by Ronov and Ermishkina (1959) for carbonate rocks
of an arid climate. It is thus probable that the paleoclimate during the
deposition of the Foraker Formation was arid.

The strontium content of the dolomitized samples was commonly
lower than that of the nondolomitized samples, indicating a loss of
strontium during dolomitization. No systematic relationship was found
between the strontium content of the rocks and the degree of recrystal-
lization.

The zirconium content of the Foraker Formation shows a positive
correlation with the insoluble residue of the carbonate rocks. It is
believed that the zirconium is in part incorporated into the lattices of
the clay minerals and in part is found with the heavy minerals as a
trace of zircon.
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SUMMARIES OF SYMPOSIUM PAPERS

Austin, TExas; NovEMBER 16-17, 1967

“Limitations of the Earth- A Compelling Focus for Geology” was
the theme of a symposium held in connection with the dedication of
the new geology building at The University of Texas at Austin (Nov-
ember 16-17, 1967). The talks presented dealt with problems of vital
interest to all geologists, but particularly to those in mineral resource-
related fields. Summaries of several of these talks appear on the follow-
ing pages and are reproduced from the dedication program with the
kind permission of the authors and of P. T. Flawn, director of the
Texas Bureau of Economic Geology. The assistance of S. E. Clabaugh
in obtaining this permission is also gratefully acknowledged.

All of the talks will be published in whole in the Texas Quarterly,
probably in the summer or fall of 1968. In addition to those sum-
marized here, The Role of Geological Concepts in Man’s Intellectual
Development by James Gilluly, U. S. Geological Survey; Geological
Information for Managing the Environment by John C. Frye, Chief,
Illinois Geological Survey; Energy Resources by Charles F. Jones,
President, Humble Oil & Refining Company; Raw Materials Unlimited
by Alvin M. Weinberg, Director, Oak Ridge National Laboratory; and
Searching Out Resource Limits by William T. Pecora, Director, U. S.
Geological Survey, will be included in that issue of the Quarterly.

Realities of Mineral Distribution
PRESTON E. CLOUD, JR., University of California, Los Angeles

Minerals and other raw materials are not distributed equally over the
earth. Neither do they occur in a continuous spectrum of grades that
makes their availability a simple function of energy input, economics, or
technology—powerful though such factors are. In spite of all that can
be achieved with sufficient application of power, intellect, and popula-
tion control, the world and its resources are finite and thus eventually
impose limits both on population and on rates of consumption. The re-
sources of the sea may well prove to be large, but they are at present not
known in detail, are almost certainly overestimated by advocates, and
will require much effort and ingenuity to exploit. Extraterrestrial re-
sources for earthly use exist only in science fiction,

The concept of unlimited mineral resources denies the restraints and
belittles the difficulties. It is based on five main premises, none of which
can be taken without reservation, and some of which are less support-
able than cthers. Wide uncritical acceptance of these soothing premises
contributes to a dangerous complacency toward problems that call not
only for intensive, wide-ranging, and persistent scientific and engineer-
ing investigation, but also for new social patterns and wise legislation.

The realization of premise I, the promise of essentially inexhaustible
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cheap useful energy, involves the perfection of a workable breeder re-
actor within time limits that will not unduly strain reserves either of the
fossil “fuels” or of naturally fissionable U233, It also assumes the solu-
tion of as yet unsolved problems in the application of nuclear energy to
the exploitation of low-grade sources of minerals and attributes a primacy
to energy per se that is by no means established. In the very long range,
of course, fusion must be invoked. The fossil “fuels” should be reserved
for petro-chemicals, polymers, essential liquid propellants, and other
special purposes not served by nuclear fuels.

Premise II, the thesis that economics is the sole factor governing
availability of useful minerals and metals, can be justified only for
selected items such as Fe, Al, and Cu and, for them, only on the assump-
tion of an indefinite continuance of current trends and access to foreign
deposits. Economic indexes, moreover, minimize the vitamin-like quality
for the economy as a whole of the raw materials whose enhancement in
value through beneficiation, fabrication, and exchange accounts for a
large part of the material assets of society.

Premise 111, the fallacy of uninterrupted variation from ore to average
crustal abundance, which is inherent in premise II, is simply not so for
many critical materials. Sharp discontinuities exist in the abundances of
mercury, helium, tin, nickel, molybdenum, manganese, and the precious
metals, for example. A comprehensive geochemical census, in the frame-
work of goad supporting geological field work, and advances in many
aspects of theoretical and experimental geology, geophysics, and extrac-
tive metallurgy is needed to find and delimit the sources and define the
grade-levels of host rock that can produce needed substances. This is
also necessary for analysis of economic adjustments that would be re-
quired to assure particular rates of supply—as well as to permit relative
availability of a wide range of substances of varying physical properties
to be considered at early stages in the formulation of industrial and
engineering requirements,

Premise IV, the crucial assumption of population control, expresses
a hope that well-informed, open-minded, humanitarian people every-
where must share; for without the stabilization of world populations at
some supportable level, probably not far beyond 7 billion, the rising
expectations of the poor are doomed and the affluent can remain
affluent only by maintaining existing shameful discrepancies. Much
greater progress than is as yet visible, however, must take place over
much larger parts of the world before optimism on the prospects of
voluntary global population control can be justified.

Premise V, the notion of the technological fix, carries the seeds of
complacency and dehumanization, as well as hope. It is an anesthetic,
not a panacea. The flow of science and technology has always been fit-

22





ful, and population control is a central limiting factor in what can be
achieved, It will require much creative insight, hard work, public en-
lightenment, and good fortune to bring about the advances in discovery
and analysis, recovery and fabrication, use and conservation of materials,
management and recovery of wastes, and substitution and synthesis that
will be needed to keep the affluent comfortable and bring the deprived
to tolerable levels. It will probably also take some revision of criteria
for self-esteem, achievement, and pleasure if the gap is to be narrowed
and demand for raw materials kept within bounds that will permit man
to enjoy a future as long as his past and under conditions that would be
widely accepted as agreeable.

In some instances the technological fix, like a good anesthetic, may
buy time to seek better solutions or to solve a problem permanently.
But sooner or later man must come to terms with his environment and
its limitations. The sooner the better. The year 2038 is only as far from
the present as the invention of the airplane and the discovery of radio-
activity. In the absence of control or catastrophe there could be 15 bil-
lion people on earth by then! Much that is difficult to anticipate can
happen in the meanwhile, and to place faith in a profit-motivated tech-
nology and refuse to look beyond a brief “foreseeable future” is one of
the choices available. Against this we must weigh the consequences of
error or thoughtless inaction and the prospects of identifying alterna-
tives for deliberate courses of action (or inaction) that will atfect favor-
ably the long range future. To do nothing is equally to make a choice.

Geologists and other environmental scientists now living face a great
and growing challenge to intensify the research needed to ascertain and
evaluate the facts governing availability of raw material resources, to
integrate their results, to formulate better predictive models, and to in-
form the public. For only a cognizant public can generate the actions and
exercise the restraints that will assure a tolerable life and a flexibility of
options for posterity. The situation calls neither for gloomy foreboding
nor facile optimism, but for unremitting effort, inspired research, and a
political and social climate conducive to these things.

The realities of mineral distribution are that it is neither inconsider-
able nor limitless, and that we just don’t know yet in the detail required
for considerable weighing of rational long range alternatives where or
how the critical lithophilic elements are concentrated. Coal and other
stratigraphically controlled substances we can comprehend and estimate
within reasonable limits of error. Reserves, grades, locations, and re-
covery of most metals, on the other hand, are effected by a much larger
number of variables. One of these—geography—may be shifting its
favors from depleting North America to virgin Siberia.

Institutions like the one whose dedication we celebrate are central to
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the problem of sustaining a healthy industrial society. Only they can
produce the intellectual resources that can learn the things such a society
needs to know about material resources. The essential supplements are
adequate support and a vision of the problem: that sweeps and probes
all aspects of the environmental sciences.
Population, Food and Environment: Is the Battle Lost?

PAUL R. EHRLICH, Professor of Biology, Stanford University

The facts of population growth are simple. Any population will con-
tinue to grow as long as individuals are being added to it more rapidly
than individuals are being subtracted from it. In a closed population, one
in which immigration and emigration do not occur, the situation can be
summed up a little differently. A closed population will continue to grow
as long as birth rate exceeds death rate. The human population of the
earth is closed, and its birth rate exceeds its death rate. No population
can become infinite. Sooner or later, then, there must be a decrease in
the birth rate of the human population, or the death rate will inevitably
increase. A corollary of this is that anyone or any organization opposing
reduction in the birth rate is automatically an agent for eventually in-
creasing the death rate.

The simple arithmetic of population dynamics confronts mankind
with a vast array of complex biological and socio-political problems. The
most pressing involves a search for a global consensus on the size of an
optimum population for this planet. We must view the earth as a space
ship of limited carrying capacity. If we are to design environmental sys-
tems which will sustain the human crew of the ship in an optimum state,
we must first determine the size of the crew. Most difficult, of course, is
the problem of defining “optimum state”—especially since opinion will
vary among cultures. Nonetheless, we have no choice except to attempt
to solve the problem.

What is the state of the environment now? Food production is falling
behind population growth at a distressing rate. Our exposure to poisons
in air, water, and food is increasing. Alteration of delicately balanced
ecological systems (ecosystems) has in many areas produced deleterious
and often irreversible changes. Planned technological “advances” prom-
ise a further acceleration of this process. Perhaps our “psychic environ-
ment” has deteriorated even more than we realize. Unhappily our un-
derstanding of the subtle relationships between the psychological needs
of people and their environment is in its infancy. And it may not sur-
vive to adolescence, for the danger of a thermonuclear holocaust in-
creases with increasing population pressure.

If there is to be any chance of avoiding catastrophe we must move
rapidly to stabilize the population of the United States and then to
turn our national attention to the problem of reducing the total number
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of Homo sapiens to a predetermined level. Some biologists feel that
compulsory family regulation will be necessary to retard population
growth. It is a dismal prospect—except when viewed as an alternative
to Armageddon. I would like to suggest four less drastic steps which
might do the job in the United States. I suggest them in the full knowl-
edge that they are socially unpalatable and politically unrealistic.

First, establish a Federal Population Commission with a large budget
for propaganda supporting reproductive responsibility.

Second, change our tax laws so that they discourage rather than en-
courage reproduction.

Third, pass Federal laws which make instruction in birth control
methods mandatory in all public schools.

Fourth, change the pattern of Federal support of biomedical research
so that the majority goes into the broad areas of population regulation,
environmental sciences, behavioral sciences, and so forth, rather than
into short-sighted programs on death control.

Once this country is on the road to population stability the full weight
of our power and prestige should be placed behind an international pro-
gram of population control. Until our own house is in order our motives
arc certain to be questioned. Having moved toward stabilizing our popu-
lation we will be in a position to apply pressure on other countries to do
likewise. In particular we can attach “strings” to our aid to countries
with burgeoning populations. Every dollar’s worth of food or other aid
would have to be paid for in effort toward population control.

Above all, we must fight any trend toward symptomatic treatment
of the population problem—increased food production and environ-
mental manipulation do nothing te cure the cancer of population growth.

Like many other cancers, the longer it is untreated, the greater is the
chance it will become fatal.

Consequences of Man’s Alteration of Natural Systems
ROBERT F. LEGGET, Director, Division of Building Research,
National Research Council, Canada

The term “solid earth” must have misled all too many non-scientists
into misconceptions about the way in which the earth reacts to the
stresses that are induced in it by man’s activities. Geologists know better
than to be so misled, their own studies of the natural forces which have
led to existing geological structures vividly illustrating the fact that the
materials in the crust of the earth can be stressed and strained in exactly
the same way as all other solid materials.

Despite this recognition of the effect of natural forces on the grand
scale in geological processes, it may be sometimes forgotten that even
the activities of man—through engineering works—can have local effects
on the materials that make up the crust of the earth that may be serious.
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It is here that the consequences of man’s activities on natural systems are
most vividly to be seen. Even interference with the operation of natural
processes, without inducing any additional stress in the earth’s crust, can
cause troubles and show quite remarkable consequences.

A small but vivid example of this from Australia, with geological
overtones, will provide a good start for the case histories that will be
reviewed briefly in illustrating some of the ways in which man’s activities
on the earth have resulted in serious consequences. The serious effects of
some ancient maritime works in the Mediterranean region are well
known to students of history but it is not always realized that the same
sort of thing has been happening in more recent years.

The scale of such effects makes them unusually difficult to predict but
already some results of the construction of the Suez Canal, for example,
linking two oceans, can be measured. It is, on the other hand, yet too
early to see whether the blocking off of the Strait of Canso between the
mainland of Canada and Cape Breton Island is having any serious effect
on the natural environment.

The works of man on land, such as excavation, or blasting, are rela-
tively puny as compared to geological phenomena, in so far as the
stressing of solid material is concerned. When, however, ground-water
conditions are interfered with, this may affect such a large volume of the
upper part of the crust that quite unusual forces can be set in motion
with consequences that may be serious and are sometimes surprising.

On such an occasion as this, the serious land subsidence in the Hous-
ton area, due to pumping, must naturally be mentioned. Even more
serious have been the effects of pumping in some areas of California,
notable in the vicinity of Long Beach. In Japan there may be found even
more serious consequences of interference with natural ground-water
conditions, Other examples could be given from other parts of the
world, all demonstrating how the extraction of fluids from the voids in
the upper portion of the earth’s crust can seriously affect the conditions
at the ground surface.

The process can be reversed. There is a good example from one of the
cities of Germany which shows how the control of ground water can
assist with the control of ground subsidence, and therefore of the
settling of buildings. One area in France, fertile through irrigation, was
seriously interfered with when a large run-of-stream hydroelectric
plant was constructed. This involved a major rehabilitation project
which has proved to be quite successful.

Quite the most serious consequence of man’s activities in relation to
ground water that the writer has been privileged to see is the sudden
increase in the development of sinkholes in the West Rand mining area
near Johannesburg. The development of new mines has necessitated a
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great deal of deep pumping. This appears to be related, in some way, to
a sudden increase in the catastrophic development of sinkholes in the
surface above the mines. Lives have been lost in these suddenly formed
craters which measure up to 300 feet in diameter and 200 feet deep.
They have a geological interest all their own, man-made Karst topog-
raphy being a disturbing thing to see.

All the cases described are serious in themselves. Their significance is
the more serious when considered in relation to the current development
in construction operations throughout the world. Because of the present
“population explosion”, and making every possible allowance for modi-
fying factors, it seems certain that well before the end of this century
the population of the world will be doubled, at least. This means that the
world has got to build in the next 30 years as many structures of all sorts
as exist on the surface of the earth today. The consequences of this
activity provide much food for thought and confirm the eminent de-
sirability of focusing attention on this aspect of the “limitations of the
earth”, together with the other phases considered in other papers.

Future Metal Supplies, The Problem of Capability
THOMAS S. LOVERING, U. S. Geological Survey

Future mineral resources depend on cost of supplying market places,
and this is a function of relative locations, cost per unit of mine out-
put, market price, and any institutional incentives or restrictions placed
on operations.

Current economic doctrine assumes unrestricted access of market to
all deposits, and a continuous geometric increase in reserves with lessen-
ing grade, and, as a corollary of these assumptions, unlimited supplies
for a gradual rise in price. It is also assumed that improved technology
will continue to fower costs per unit output into the foreseeable future
or provide satisfactory substitutes at lower costs. These assumptions are
supposed to hold for all minerals.

All these assumptions are debatable and may lead to a state of lethal
complacency. The unrestricted access principle does not hold between
many Communist and non-Communist countries, or between areas
where cartels or mineral monopolies allow capricious control of major
sources of supply.

The doctrine of geometric increase of tonnage with arithmetic de-
crease in grade (the G/A ratio) can hold for only a few ores. In general
the closer ore grade approaches the clarke of the element, the better does
this empirical rule apply. There is no known geologic reason why it
should be true for most types of geologic processes. It best approximates
relations in sedimentary ores, certain types of residual ores, and for
disseminated ores. It does not hold for most veins, replacement deposits
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in carbonate rocks, nor even for magmatic segregations.

Iron and aluminum ores may well follow the G/A ratio rule. Many
porphyry copper deposits show the G/A ratio from ore grade to mar-
ginal grade as pointed out by Laskey, but even these best examples fail
both in the ranges of low submarginal ore and high grade ore. The prod-
uct of grade times price gives an index which over a period of time
clearly reflects the trend of technology in reducing costs per unit of out-
put. For copper this index fell steadily till about 1950 and since then
has been nearly constant. Using tonnage-grade relations and assuming
a grade times price index equals a constant, one can derive an empirical
tonnage-price relation to estimate reserves at various prices. This is the
basis of a Bureau of Mines computerized procedure that gives figures
for reserves of mercury in the U. S. Even these figures provide little
comfort for the long term outlook; when U. S. mines are exploiting ore
carrying 1%2 lbs. per ton, the value of mercury should equal the
present value of silver—3$1.35 an ounce.

Of the many other metals that are essential vitamins for industrial
giants, acute supply problems loom ahead if present trends in demand
and supply continue, and several of these metals are discussed briefly.

The consumption of metals in the U. S. is increasing at about double
the rate of population growth. Elsewhere it is generally less, and is less
than the fertility rate in some underdéveloped countries. The present
rapidly increasing disparity between the per capita incomes of the U. S.
and under-developed countries will persist until birth rates in such
countries fall notably. Some demographers believe this will happen very
soon. When it does the demand for metals will increase exponentially.
Before this happens governments of industrial nations must take suitable
institutional action to provide equitable access to sources of supply; it is
essential that they also provide lead time and funds for appraisal and the
technological development appropriate to the 21st century.

Earth’s Tolerance for Wastes
P. H. McGAUHEY, Director, Sanitary Engineering Research Labora-
tory, University of California, Berkeley

As a prelude to a consideration of the capacity of the earth to recover
from insult, some basic concepts should be recalled. First, wastes are
essentially the residues of man’s use of the earth’s resources, not just the
tailings of production but, eventually, the product itself. This is to say
that any matter becomes a “waste” whenever its owner loses interest in
ownership and no longer wants it in his sight—or in his garage.

Next, the indestructability of matter dictates that it must go along with
the earth in its journey around the sun. “Into the air, into the water, or
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into the land as gases, liquids or solids™ defines the entire spectrum of
possibilities for handling wastes. To be sure, we have added “into orbit”
and “into space” as the possible destiny of matter, but I am not imagi-
native enough to accept these as feasible alternatives. Should 1 be mis-
taken, the end of earth's tolerance for wastes will come when the cocoon
of debris beyond the atmosphere shuts out solar radiation, initiates
a new ice age, and Al Capp’s “Upper Slobbovia” becomes a reality.

The earth’s atmosphere and flowing water must be considered as
transport systems of limited reservoir capacity which distribute wastes
widely over land and ocean by what I shall call the “beer can” system
of wastes disposal. The land and ocean represent lakes into which wastes
ultimately migrate cither by natural or man-made transport systems.

Finally, the earth is accustomed to dealing with a vast segment of
wastes which derive from the life processes of living creatures, and from
man’s extractive industries. But not all of man’s industry is extractive
in nature. In fact, his most economically rewarding activities lead to
synthetic materials for which no ecological system has any appetite; or
to toxic refractory compounds which may likewise take ages to degrade.

Limited as it may be, the reservoir capacity of the atmosphere ex-
ceeds man’s ability to tolerate pollutants in his envelope of air. Never-
theless, he is willing to explore the boundary conditions rather than pay
the cost of eliminating much of the products of inefficient burning of
fuels and of industrial processes. To this end we have identified levels of
air pollution where adverse effects are evident; scrious alteration of
bodily function and chronic disease are likely; and air emergency sit-
uations foretell disasters such as the Donora, Pennsylvania incident.
Typical of the concentrations of various substances which may damage
man or plants severely are the following:

1. A combination of ozone, nitrogen oxide, hydrocarbons or aerosols
at a concentration of more than 0.15 ppm for one hour.

2. Ozone at 2 ppm for one hour.

3. Nitrogen oxide at 5 ppm for one hour.

4. Sulfuric acid mist at 5 mg/M?3 for a few minutes.

5. Carbon monoxide at 120 ppm for one hour.

Obviously various combinations of pollutants in the atmosphere, con-
ditions of exposure, and natures of exposed population are involved in
the effects of any incident; nevertheless, values such as the foregoing
might be said to define the tolerance of the earth’s atmosphere.

Because man is not constantly in contact with water, the tolerance of
the earth’s fresh water system is less critical than that of the air. From
the standpoint of aquatic life the tolerance for natural organic matter
is defined in terms of oxygen to sustain life, and settleable solids which
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may obliterate food supply or spawning areas, and floating material
which may shut out sunlight. To this end such “standards” as 5.0 mg/1
minimum dissolved oxygen; 20 mg/1 maximum suspended solids; ab-
sence or extremely low concentrations of toxic metals and exotic
organics such as pesticides.

Man protects himself by standards for drinking water quality, too ex-
tensive to catalog here, which place limits on bacteria, metal ions, and
compounds which produce tastes and odors. Such “standards” as man
sets to protect himself and aquatic life, however, are generally intended
to overcome the hazards of life associated with water rather than to de-
fine the tolerance of water itself or of creatures which live dangerously.
Thus if a stream is treated as a beast of burden, its capacity to transport
wastes is vastly greater than the tolerance of aquatic life, albeit not of
men who may get their water supply elsewhere. On the other hand, if
national objectives of “clean water,” “pure water,” “maintenance of
habitat,” etc., are taken too literally, tolerance becomes measured by
sentiment and aesthetics and may well approach zero.

From a longer viewpoint, the tolerance of fresh water may be
measured in terms of the concentration of dissolved solids resulting from
storing water and using it in agriculture, industry, and municipal activi-
ties. Although man can learn to drink water with 3,000 mg/1 dissolved
solids, 1,500 mg/1 is a good measure of tolerance. Animals may survive
on 7,000-10,000 mg/1, but above 2,000 mg/1 the type of crop which
may be grown is restricted. Intensive use is rapidly increasing the salts
in water. For example, single domestic use adds some 300 mg/1 salts,
Evaporation from reservoirs may be up to 10 feet per year, leaving be-
hind the saits. Evaporation of plants concentrates salts at the root zone
which must be leached away by irrigation in many areas, and returned
to the water resource.

Therefore, if we consider that the limits of tolerance of water for
wastes are to be measured by the effect of wastes on the dynamic equi-
libria which presently confronts living organisms, it must be concluded
that the earth's tolerance for wastes in the fresh estuarine waters is quite
limited. The tolerance of the ocean has, of course, long been considered
as infinite. For nature’s wastes, this may well be true. For man’s wastes,
no parameters have been set beyond the beaches and shallow shelf areas.

Considering that the atmosphere and fresh waters are at best transport
systems with limited reservoir capacity, and an even more limited toler-
ance for wastes, and that much of our population lives inland from the
oceans, the land must be the sink which accepts man’s wastes.

Waste water spread on the land will infiltrate at a long-term rate of
some 0.5 ft. of water per day. It may be injected underground at up to
7.5 gal/min/ft. of aquifer, or in deep strata at perhaps 0.5 gal/min/ ft.
of stratum penetrated. Bacteria and virus will be removed by soil, organic
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solids will be decomposed in the biologically active zone, but most stable
compounds except phosphates move along with water to increase the
solids in it. Metal ions and many industrial wastes (phenols, etc.) move
with percolating water. Such ions must be considered minimal. Phenols
and other industrial wastes move with water and so reduce its quality
that man'’s tolerance becomes near zero.

Chemical and oil field brines have been injected into deep connate
strata. The amount which the earth will accept is enormous in com-
parison to the amount produced by man. A rate of 0.5 gal/min per foot
depth of stratum penetrated even at say, 1,000 psi, is a typical value.
Waste water injected directly into water-bearing formations has been
accomplished at rates up to a maximum of 7.5 gal/min per foot of
aquifer penetrated. The tolerance of earth for such injections depends
upon the volume and drainage of the ground-water basin—a job for
both geologists and engineers to resolve in any specific case.

The fate of soluble constituents in soil gives a clue to what must be
done with solid wastes. The estimated production of solid wastes in the
U.S. today is of the order of 6-8 lbs/person per day. This consists of
municipal refuse, agricultural residues, industrial wastes, animal
manures, demolition debris, old automobiles and junk—with all the
variety of chemical compounds, forms, shapes, sights and smells imagin-
able. Placed in a single compacted Jandfill this would cover 50 square
miles to a depth of 10 feet annually. Of all this material the earth is
tolerant—too tolerant in the case of plastics and glass.

Animal manures are worthy of special attention. In California alone
some 20 million cubic yards of such wastes are produced at the point
of impact between urban and rural areas in dairies, animal feed lots, and
poultry and egg production installations. When it is considered that
droppings from one cow in one day have the potential to produce 200,-
000 flies, along with man’s intolerance of flies, it must be concluded that
the earth’s tolerance of this material along a human scale is quite limited.

From the viewpoint of the earth’s capacity to accept solid wastes
there are no particular physical limitations. A fill, however, may repre-
sent a pocket of infection on the land which in the long run will be
picked up and carted off to the ocean by natural processes. To maintain
it as a pocket man must give it all but eternal attention, protecting it
from washouts, from infiltering water, from fire and erosion From this
viewpoint we might say that the land tolerates solid wastes only as long
as man looks after them, or perhaps, to the same extent it tolerates man.

Perhaps the limit of tolerance of earth for solid wastes is set by man
himself. Even though the total production each year is impressive, it is
a problem only because it is concentrated by man in limited space.
Collected from the ends of the earth on 3-5 percent of the land, it con-
fronts man with the prospect of long distance export (which he is un-

31





willing to pay for), or living with his own wastes (which he is likewise
unwilling to do), or recycling in his industry (which is a denial of his
heritage of waste) or reduction in amount (which would be catastrophic
to the national economy).

While he contemplates what combination of these alternatives he will

accept, it well behooves him to inquire how great indeed is the earth’s
tolerance for wastes.

ContrIBUTION OF S. W. LowMaN 1o OkraHoma GEOLOGY

Carr C. BrRANSON

Shepard Wetmore Lowman died at Troy, New York, on August
21, 1967, at age 68. Shep as a young man was one of the group of Tulsa
geologists who formed the Tulsa Stratigraphic Society and unselfishly
gave of their spare time in establishing a stratigraphic section in the
area. Shep was president in 1929. He waded the small creeks in Rogers,
Mayes, Wagoner, and Muskogee Counties searching for thin limestone
marker beds, often finding them when he painfully stubbed his toes.

He was the finder and namer of the Tiawah Limestone (1932),
the Spaniard Limestone (1938), the Sam Creek Limestone (in Wilson,
1935, p. 510, quoted from unpublished manuscript), the Inola Lime-
stone (1932), the Enterprise sandstone member of the Boggy Forma-
tion (1932; a preoccupied name for Bluejacket Sandstone; type locality
to be visited by A. A. P. G. April field trip led by Glenn Visher) ; the
Red Oak Member of the Atoka Formation (1936; a name not used and
not to be confused with the Red Oak pay sand of the Wilburton gas
area). When my students and I were mapping in northeastern Okla-
homa, R. H. Dott provided Shep’s marked 30-minute maps, and we
were able to find all but one of his localities.

Lowman’s years in Oklahoma were 1928-1929 with Skelly Oil
Company and 1929-1936 with Mid-Continent Petroleurn Corporation.
He was with Shell in Houston from 1936 to 1950 and was professor
at Rensselaer Polytechnic Institute from 1950 until his death.

The brevity of Lowman’s Oklahoma bibliography, given below,
belies the magnitude of his contribution to the Pennsylvanian strati-
graphy of the State.

1932 Lower and Middle Pennsylvanian stratigraphy of Oklahoma
east of the Meridian and north of the Arbuckle Mountains:
Tulsa Geol. Soc., Summaries and Abstracts of Technical Papers
[Digest, vol. 11, unnumbered pages 36-39.

1933 Cherokee structural history in Oklahoma: Tulsa Geol. Soc.,
Digest [vol. 2], p. 31-34.

1936 Correlation [chart] of units of Cherokee Formation, in Con-
ference on Pennsylvanian of Oklahoma, Kansas and North
Texas: Sigma Gamma Epsilon, p. 7.
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Paracromyocrinus marquisi FROM THE SAVANNA
ForMATION, OKLAHOMA

Harrerr L. STrIMPLE®

The genus Paracromyocrinus Strimple, 1966, was proposed with
Parulocrinus vetulus Lane and Webster, from the Bird Spring Forma-
tion (Morrowan?) of Nevada, as the type species.

The species Parulocrinus marquisi Moore and Plummer, 1950
(= Paracromyocrinus marquisi), is based on a monotype (a crown
with ten biserial arms) reportedly obtained from the banks of the Llano
River above Mason, Mason County, Texas. Moore and Plummer (1940,
p, 376) stated, “The stratigraphic horizon from which it came is not
known, but judging by the occurrence of closely related forms in
Kansas, it is probable that P. marquisi is a form of the Canyon Group
(Missouri series) . . ..” Apparently the comparison was based on
dorsal cups because they had remarked previously (p. 376), “. . . and
another species that shows nearly identical characters of the arms is
found in lower Pennsylvanian rocks of New Mexico, but P. marquisi
is not very similar to any crinoid that is already described.”

Specimens considered to be closely related have been collected by
members of the Tulsa Rock and Mineral Society from the Sam Creek
Member of the Savanna Formation (Krebs Group, Desmoinesian)
north of Muskogee, Wagoner County, Oklahoma, and thus join with
the undescribed form from New Mexico and the type of the genus (P.
vetulus) from Nevada in suggesting a Middle or Lower Pennsylvanian
age for P. marquisi. Rocks of Atokan age (Smithwick or Big Salinc
Formation) are known in the vicinity of Mason, Mason County, Texas,
so no real obstacle is incurred in such an age determination.

Paracromyocrinus marquisi (Moore and Plummer, 1940)
Figures 1-2

Dorsal cup low, wide, mildly constricted at summit and with a
broad, shallow basal concavity. Five basals are large plates that form
the basal plane and the sides of the basal concavity and are recurved to
participate in the lateral walls of the dorsal cup. Five radial plates
are wide; proximal ends do not reach the basal plane and a subhori-
zontal shelf is formed to the fore of the ligamental areas. Two large
anal plates are present. Anal X may be in contact with the posterior
basal or may be separated from it by extension of the radianal plate
into a posterior position.

The entire surface of the dorsal cup is marked by small pustules
and granules.

The arms are long, of equal width for most of their length, and
they bear long pinnules. Each secundibrach bears a horizontal ridge
and is marked by granules. Measurements (in millimeters) of specimen
OU 5241 are as follows:

Length of crown 75
Height of cup 11.6
Width of cup 27.5

* University of Iowa, Iowa City, Iowa.
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Figure 1. Paracromyocrinus marquisi (Moore and Plummer),
hypotype OU 5241, x1.2; crown viewed from posterior.





The stem is composed of alternately expanded columnals, with
five to a series. The two end ones are the largest and those adjacent
are the smallest.

One specimen of Paracromyocrinus marquisi (OU 5665) has
several arms that were broken off and regenerated about 11 mm above
the summit of the dorsal cup, as illustratled by figure 2b. Evidently the
new growth started near the original food groove, which is confluent
with the new groove and gradually spreads toward the outer surface
of the arm. It is doubtful that the full size of the original arm was ever
attained.

Figure 2. Paracromyocrinus marquisi {Moore and Plummer)
a. Hypotype QU 5664, x2.4; partial crown viewed from lef{ posterior.
b. Hypotype OU 5665, x1.8; partial crown with regenerated arms
viewed from posterior.





Remarks.—The form of the base of the dorsal cup of the holotype
of P. marquisi is not known but is inferred to be similar to that found
in the material at hand.

Typical Aglaocrinus magnus (Strimple) from the Pumpkin Creek
Limestone is somewhat more ornate than the Savanna specimens and
the arms are not known. Specimens of A. magnus from the younger
Holdenville Formation are less ornate than the Savanna specimens and
have sixteen arms. Exact a.ffm.lty, if any other than general appearance,
with Paracromyocrinus marquisi is obscure.

Material studied.—One complete crown, OU 5241, collected by
E. J. Gibbon, one partial crown with regenerated arms, OU 5665, and
one partial crown, OU 5664, collected by S. Grace Hower.

Occurrence—Sam Creek Member, Savanna Formation, Krebs
Group, Desmoinesian; SWY; NWY, NW1} sec. 16, T. 17 N, R. 17 E,
Wagoner County, Oklahoma.
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Cover Picture
AAPG-SEPM ANNUAL CONVENTION
Oklahoma City, April 22-25, 1968

The 53rd Annual Meeting of the American Association of Petro-
leum Geologists and the 42nd Annual Meeting of the Society of
Economic Paleotologists and Mineralogists will be held jointly at
Oklahoma City this month. The general chairman is Edwin P. Kerr,
Jr., Mobil Oil Corporation. The Oklahoma City Geological Society
is host.

The principal theme for the convention is “Geology of the Giants.”
The site and theme of the meeting are most appropriate, for Oklahoma
has about a score of giant oil fields (among them the venerable Okla-
homa City field), and it is the birthplace and headquarters of both the
AAPG and the SEPM. The appropriateness of the occasion is further
enhanced by the fact that the welcoming speech at the AAPG-SEPM
joint session will be given by Governor Dewey F. Barlett, himself a
geologist and a 20-year member of the Association. The keynote ad-
dress will be delivered by Dean A. McGee, Kerr-McGee Corporation,
and the introduction to the theme will be given by Michel T. Hal-
bouty, consulting geologist and Past-President of the AAPG.

In addition to the principal theme, the technical program includes
symposia, panel discussions, a colloquium, and field trips, covering a
remarkably wide range of subjects, with ‘‘something for everybody.” Of
the 128 addresses and papers to be given by the two.organizations, 12
are related to Oklahoma geology (see abstracts on pages 84-91).

The AAPG Technical Program will focus on the more famous
multimillion-barrel oil fields and giant gas fields of the world. Many
noted speakers will present valuable insight into the geologic phe-
nomena that produced these giants. Among the .38 papers to be pre-
" sented, 5 are on Oklahoma fields.

The: AAPG Fuels Symposium. is a new and . significant addition
to the-technical program.” Authorities will dlscuss the outlook for the
varlous geologic sources of energy.

" The AAPG' Research’ Committee Symposwm will have as its
theme “The Role of Evaporites in Petroleum Exploration.” The sym-
posium- will be complemented by a subsequent panel discussion.

The SEPM Technical Program will comprise two concurrent pro-
grams, each consisting of five half-day sessions. Two sessions will be
devoted to the theme “Fossil Populations—Their Relation to Strati-
graphy and Sedimentary Environment.” The various other session
topics include ancient and recent carbonates, sedimentary processes,
mineralogy, geochemistry, stratigraphy, and paleontology. An infortnal
-meeting .of fusulinid specialists is also scheduled. Fifty-three papers
will be presented at the technical sessions; five of them are on Okla-
homa.

The SEPM Research Symposium topic is “Environmental Aspects
of Clay Minerals,” with emphasis on the origin and distribution of
representative clay minerals and the effects of such factors as source

(Continued on page 91)
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Grégoire
Butcher Pen area, Lake Texoma, delta, Ganser
Buttram, Frank, memorial, Branson (a)
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Carboniferous, amphibian, McGinnis
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light oils in coals, Walters, Griugiio, and Glaenzer
sulfur in coals, Walker and Hartner
tars in coals, Walters, Ortuglio, and Glaenzer
trace elements in coals, Branson (f), Zubovic, Sheffey, and
Stadnichenko
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Cold Springs Granite, Wichita Mountains, Merritt (b)
Comanchean, Cretaceous, north Texas, stratigraphy, paleozoology,
Hendricks
core catalog, Roberts (a)
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Alfalfa: iodide in oil-field brines, Collins and FEgleson; Wakita
trend, Red Fork sand, Withrow
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Carter, thermal recovery, waterflooding, Johnston and Baskett
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Coal: coals, trace-element analyses, Zubouvic, Sheffey, and Stadni-
chenko; type locality, Cordania falcata, Graffham
Comanche, soil survey, Mobley und Brinlee
Craig, coals, trace-element analyses, Zubovic, Sheffey, and Stadni-
chenko
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Garfield: iodide in oil-field brines, Collins and Egleson; soil sur-
vey, Swafford
Garvin, thermal recovery, waterflooding, Johnston and Baskett
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Grant, Wakita trend, Red Fork sand, Withrow
Greer, soil survey, Frie, Brinlee, and Graft
Harper, Pleistocene and Pliocene deposits, Schemel (b)
Haskell, coals, trace-element analyses, Zubouvic, Sheffey, and
Stadnichenko
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Jefferson, vertebrates, Olson
Kay: soil survey, Culver, Bain, and Baggett; vertebrates, Olson
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Latimer, coals, trace-element analyses, Zubovic, Sheffey, and
Stadnichenko
Le Flore, coals, trace-element analyses, Zubouvic, Sheffey, and
Stadnichenko
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Major, iodide in oil-field brines, Collins and Egleson
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McClain: East Washington-West Goldsby-Osborn trend, Weber;
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Mclntosh: coals, trace-element analyses, Zubovic, Sheffey, and

Stadnichenko; geology, mineral resources, Oakes; petroleum,
Koontz

Noble, vertebrates, Olson
Okmulgee, coals, trace-element analyses, Zubovic, Sheffey, and

Stadnichenko

Pittsburg, coals, trace-element analyses, Zubovic, Sheffey, and
Stadnichenko

Rogers, coals, trace-element analyses, Zubovic, Sheffey, and
Stadnichenko
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Sequoyah, coals, trace-element analyses, Zubovic, Sheffey, and
Stadnichenko
Stephens: iodide in oil-field brines, Collins and Egleson; thermal
recovery, waterflooding, Johnston and Baskett
Texas, ground water, Wood and Hart
Tillman, vertebrates, Olson
Tulsa: Dawson coal, Wilson and Venkatachala; microspores, Cof-
feyville Formation, Upshaw and Hedlund
Woods, Oskdale Red Fork sand field, Thalman
Woodward, iodide in oil-field brines, Collins and Egleson
CRETACEQUS:
Comanchean, north Texas, stratigraphy, paleozoology, Hendricks
Gulfian, Cheilostomata, Shaw
nomenclature, Fisher and Rodda
sands, southern Oklahoma, Fisher and Rodda
cross-bedding, carbonate unit, Moorefield Formation, Swinchatt
cross section, Paleozoic, Oklahoma, Edwards and Downey / Smith
crustal structure, seismic-refraction measurements, Tryggvason and
Qualls
Dawson coal, Tulsa County, spores, Wilson and Venkatachala
delta, Lake Texoma, Ganser
depositional-basin correlation, acid residues, Foraminifera, Ireland
DEVONIAN:
brachiopod, Chonchidium, Amsden., Boucot, and Johnson
conodonts, Turkey Creek inlier, Marshall County, Klapper and
Ziegler
depositional-basin correlation, acid residues, Foraminifera, Ireland
Hunton Group, Chimneyhill Limestone sequence revised, Amsden
(a); oil and gas, Kunsman [/ Logsdon and Brown
Kansas, stratigraphy, correlation with Qklahoma, Hilpman
New Mexico, stratigraphy, correlation with Oklahoma, Bowsher /
McGlasson
ostracodes, stratigraphy, Haragan Formation, Lundin
sedimentary rocks, Appalachian Province, Boucot and Johnson (a)
Silurian and Devonian strata, discussion, Amsden (b); maps and
cross sections, Amsden and Rowland (a); subsurface résumé,
Amsden and Rowland (b); Ozark uplift, Koenig; Hunton
Group, oil and gas, Kunsman / Logsdon and Brown; New
Mexico, West Texas, McGlasson; Ouachita Mountains,
Sellars; northern Arkansas, Wise and Caplan
diatoms, lake deposits, volcanic ash, Schemel (b)
differential thermal analysis, pickeringite, Kerns (a)
differentiation indices, granites, rhyolites, Wichita Mountains, Merritt

Duncan Sandstene, vertebrates, Olson

engineering classification, geologic materials, soils, Hayes

epeirogeny, orogeny, Paleozoic, central U. S., Ham and Wilson

flysch facies, Ouachita Mountains, Cline / Tucker

Forsythe coal, trace elements, Zubouvic, Sheffey, and Stadnichenko
Fort Riley Limestone, Lower Permian, scolecodont carriers, Gafford
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fossil names, stratigraphic nomenclature, Keroher

Garber Formation, vertebrates, Olson

geologic materials, soils, engineering classification, Hayes

GEOLOGY:

Meclntosh County, Qakes

QOakdale Red Fork sand field, Thalman

Oklahoma, Jordan

Ouachita Mountains, Arkansas, Sterling, Stone, and Holbrook /
Stone /| Walthall and Bowsher

geophysics: paleomagnetism, Wichita Mountains, basement rocks, Ku
et al; seismic refraction, Tryggvason and Qualls; gravity, Mid-
continent high, Coons, Woollard, and Hershey

ground water: levels, south-central U. S, U. S. Geological Survey;
Texas County, Wood and Hart

growth faulting, McAlester basin, Koinm and Dickey

Haragan Formation: Cordania falcata, Coal County, Graffham; ostra-
codes, stratigraphy, Lundin

Hartshorne coal beds (upper and lower), trace elements, Zubovic,
Sheffey, and Stadnichenko

Headquarters Microgranite, Wichita Mountains, Merritt (b)

Hennessey Formation, vertebrates, Olson

Henryetta coal: palynology, Meyers; trace elements, Zubouvic, Sheffey,
and Stadnichenko

Henryhouse Formation: trilobites, Campbell (a) (b); ostracodes,
stratigraphy, Lundin; correlation with Kansas, Ireland

Hollis basin, paleotectonic investigation, Permian System, MacLachlan

Hugoton embayment, trend analysis, pre-Morrow surface, Schramm

Hunton Group: Chimneyhill Limestone sequence revised, Amsden (a);
oil and gas, Kunsman / Logsdon and Brown; stratigraphy, Hilp-
man [ Ireland

IeneOUS Rocks
basement, Ham / Muehlberger, Denison, and Lidiak
Mt. Scott Granite, Wichita Mountains, Merritt (a) (b)

Raggedy Mountain Gabbro Group, Wichita Mountains, Hunter /
Merritt (b)
Wichita Mountains, structure, Ham

Jones Creek coal, trace elements, Zubovic, Sheffey, and Stadnichenko

Jordan, Louise: memorial, Nicholson; bibliography, Oklahoma Geo-
logical Survey (b)

Kansas: crude-oil correlation, Barbat; new petroleum activity,
Buchanan; stratigraphy, Devonian, correlation with Oklahoma,
Hilpman

Lake Texoma, Butcher Pen area, delta, Ganser

Laverne Formation, type locality, Schemel (a) (b)

Lindsey Bridge Member, Moorefield Formation, Swinchatt

Lugert Granite, Wichita Mountains, Merritt (b)

M bed limestone, Mississippian, Tri-State district, solution thinning,
Ilagni and Desai

maps: index to geologic mapping, surface, subsurface, Branson, Jordan,
and Roberts; Sherman quadrangle, Texas, Barnes; Silurian-Lower
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Devonian maps, cross sections, Amsden and Rowland (a); topo-
graphic maps, Branson (e); Midcontinent geological highway
map, Oetking, Feray, and Renfro; maps in U. S. Geological Survey
open files, Weld, Griffin, and Brett
McAlester basin, growth faulting, Atokan, Koinm and Dickey
McAlester-Stigler coal. trace elements, Zubovic, Sheffey, and Stadni-
chenko
memorials: Buttram, Frank, Branson (a); Jordan, Louise, Nicholson
MIDCONTINENT:
basement rocks, Muehlberger, Denison, and Lidiak
geological highway map, Oetking, Feray, and Renfro
gravity high, Coons, Woollard, and Hershey
sedimentary structures, clay fabric, Pennsylvanian, Odom
MiINERAL/ MINERALOGY:
pickeringite, Cimarron County, Kerns (a)
soils, Brunizemic, Stahnke and Gray
uranium minerals, Finch
mineral industry, statistics, McDougal /| McDougal and Ham | Padgett
mineral resources: McIntosh County, Oakes; titanium, Peterson
MISSISIPPIAN:
amphibian, osteology, McGinnis
Chesterian, stratigraphic traps, Anadarko basin, Klinger and Ash
conodonts, type Morrowan region, Lane
crinoids, Strimple
M bed limestone, Hagni and Desai
Moorefield Formation, Lindsey Bridge Member, Swinchatt
oil-field brines, Collins and Egleson
Stanley Group, sandstones, petrology, provenance, Guachita Moun-
tains, Hill
stratigraphy, structure, Ouachita Mountains, Walthall
Moorefield Formation, Lindsey Bridge Member, Swinchatt
Morrowan, conodonts, type region, Lane
Mt. Scott Granite, Wichita Mountains, Merritt (a) (b)
natural-gas analyses, Moore and Shrewsbury | Moore, Miller, and
Shrewsbury
New Mexico: Devonian stratigraphy, Bowsher; Silurian-Devonian
stratigraphy, correlation with Oklahoma, McGlasson
open file, U. S. Geological Survey, Weld, Griffin, and Brett
ORDOVICIAN:
Arbuckle limestone, Barbat
brachiopod, Amsden, Boucot, and Johnson
Bromide Formation, Bryozoa, Merida and Boardman
mound-building organism, Pulchrilamina, Toomey and Ham
Simpson Group, Barbat
orogeny, epeirogeny, Paleozoic, central U. S., Ham and Wilson
osteology, amphibian, McGinnis
OuvacHITA MOUNTAINS:
Arkansas, correlation with Oklahoma, Sterling, Stone, and Hol-
brook | Walthall | Walthall and Bowsher
basement rocks, Paleozoic, Muehlberger, Denison, and Lidiak
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flysch facies, Cline / Tucker
frontal, Arkansas, Stone
paleocurrents, sediment source areas, Briggs and Cline
relation to Tishmingo uplift, Ardmore basin, Harlton / Tarr
Silurian-Devonian strata, Sellars
Stanley Group, Mississippian, sandstones, petrology, provenance,
Hill
stratigraphy, Walthall
structure, Viele /| Walthall
Ozark uplift, stratigraphy, Hilpman / Ireland / Koening
PALEOBOTANY:
Circlettisporites, synonym of Leschikisporis, Wilson and Venka-
tachala
Coffeyville Formation, microspores, Upshaw and Hedlund
electron microscopy, Quisquilites, Tasmanites, Wilson and
Skvarla
Henryetta coal, palynological correlation, Meyers
Leschikisporis, Circlettisporites, synonyms, Wilson and Venka-
tachala
microspores, Coffeyville Formation, Upshaw and Hedlund
new nomenclature published in Oklahoma Geology Notes 1966,
Oklahoma Geological Survey (a)
Quisquilites, wall structure, Wilson and Skvarla
Springer Formation, southern QOklahoma, Felix and Burbridge
synonymy, Circlettisporites and Leschikisporis, Wilson and Ven-
katachala
Tasmanites, wall structure, Wilson and Skvarla
paleocurrents, source areas for Late Paleozoic sediments of Ouachitas,
Briggs and Cline
paleomagnetism, basement rocks, Wichita Mountains, Ku et al.
PaLrozoic:
basement rocks, Wichita Mountains, structure, Ham
cross section, Edwards and Downey [ Smith
epeirogeny, orogeny, Ham and Wilson
PALEOZOOLOGY:
algal (?) mound builder, Pulchrilamina, Toomey and Ham
ammonoids, Pennsylvanian, Buckhorn Asphalt, Grégoire
amphibian, Phlegethontia, osteology, McGinnis
annelids, scolecodont carriers, Gafford
Aphelecrinidae, Strimple
brachiopods, Amsden, Boucot, and Johnson / Boucot and Johnson
(b)
Bryozoa, Bromide Formation, Merida and Boardman
Caryocaris removed from faunal list Branson (b)
cephalopods, Buckhorn Asphalt, Pennsylvanian, Grégoire
Cheilostomata, Cretaceous, Shaw
chitinozoans, photography of, Miller
coelenterate (?), Pulchrilamina, Toomey and Ham
Coelospira, species and distribution, Boucot and Johnson (b)
Comanchean, Cretaceous, stratigraphy, north Texas, Hendricks
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Conchidium, Ordovician to Devonian, Amsden, Boucot, and John-
son

conodonts: Icriodus latericrescens huddlei, Marshall County, Klap-
per and Ziegler; Mississippian and Pennsylvanian from type
Morrowan region, Lane

Cordania falcata, trilobite, Haragan Formation, type locality,
Graffham

crinoids, Branson (b) (¢) | Strimple

echinoids, ophiuroids, Permian, Hattin

Foraminifera, arenaceous, Silurian-Bevonian, Ireland

fresh-water sponges, Branson (d)

Icriodus latericrescens huddlei, Devonian, Marshall County, Klap-
per and Ziegler

nautiloids, Pennsylvanian, Buckhorn Asphalt, Grégoire

new nomenclature published in Oklahoma Geology Notes 1966
Oklahoma Geological Survey (a)

Oklahomacrinus, distribution, Branson (¢)

ophiuroids, echinoids, Permian, Hattin

ostracodes, Silurian-Devonian, Henryhouse and Haragan Forma-
tions, Lundin

Pentamerinae, Amsden, Boucot, and Johnson

Phlegethontia, amphibian, osteclogy, McGinnis

Porifera, Branson (d)

Protozoa, chitinozoans, Miller

Pulchrilaming spinose, Toomey and Ham

scolecodont carriers, Gafford

sponges, fresh-water, Branson (d)

trace fossils, Branson (g)

trilobites, Henryhouse Formation, Campbell (a) (b); Haragan
Formation, Cordania falcata, Graffham

Paluxy Sand, epigenetic uranium minerals, Finch
PENNSYLVANIAN:

amphibian, osteology, McGinnis

Cherokee Group, subsurface, stratigraphy, Creek County, Hanke

conodonts, type Morrowan region, Arkansas, Lane

Henryetta coal, palynology, Meyers

Missourian microspores, Upshaw and Hedlund

Morrowan: stratigraphic traps, Anadarko basin, Klinger and Ash;
conodonts, Lane

cil-field brines, Collins and Egleson

sedimentary structures, clay fabric, Odom

Springer Formation, palynology, Felix and Burbridge

stratigraphy, structure, Quachita Mountains, Walthall
PrERMIAN:

amphibian, osteology, McGinnis

ophiuroids, echinoids, Hattin

paleotectonic investigation, MacLachlan

scolecodont carriers, Gafford

vertebrates, Olson
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PETROLEUM:

Anadarko basin, oil-field brines, Collins and Egleson; stratigraphic
traps, Klinger and Ash; deep tests, Kornfeld (b) / Redding,
DeGreer, and Huber [ Wroblewski; production, Swanson;
gas, Anadarko basin, World Oil

Apache field, Barbat

Bowlegs field, Barbat

Cement field, West, gas-cap-reservoir recovery, Weaver and Ander-
son

Chitwood pool, Grady County, Riley

core catalog, Roberts (a)

conservation practices, gas-cap-reservoir recovery, Weaver and
Anderson

crude oils: sulfur content, McKinney and Shelton; correlations,
Barbat

Cumberland field, Barbat

deep tests, Anadarko basin, Kornfeld (b) / Redding, DeGreer, and
Huber | Wroblewski; Chitwood pool, Riley

Edmond field, North, Barbat

gas-cap reservoirs, recovery, Weaver and Anderson

giant gas strike, Anadarko basin, World Oil

Glennpool field, Barbat

Hunton Group, oil and gas, Kunsman [/ Logsdon and Brown

iodide in oil-field brines, Collins and Egleson

Kansas, southwestern, Buchanan

Lucien field, Barbat

MecIntosh County, Koontz

Qszkdale field, Red Fork sand, Thalman

oil-field brines, iodide, Collins and Egleson

Oklahoma City field, crude-oil migration, Barbat

Panhandle, Buchanan

production, Anadarko basin, Swanson

Red Fork sand: Oakdale field, Thalman; Wakita trend, Withrow

shallow exploration, Taylor

statistics: Atkins; waterflood, Fronjcsa and Menzie; sulfur in crude
oils, McKinney and Shelton; production, Mesnard | Roberts
(b) / Stiles; natural-gas analyses, Moore and Shrewsbury [
Moore, Miller, and Shrewsbury; exploration, Summers

stratigraphic traps, Anadarko basin, Klinger and Ash

Stroud field, Barbat

sulfur content, crude oils, McKinney and Shelton

thermal recovery, Carter, Garvin, Stephens Counties, Johnston
and Baskell

Wakita trend, Red Fork sand, Withrow

Washington ficld, East-Goldsby field, West-Osborn field trend,
McClain County, Weber

waterflooding, Carter, Garvin, Stephens Counties, Johnston and
Baskett

well-cuttings, Bryozoa, use in subsurface stratigraphy, Merida and
Boardman
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petrology, Stanley Group, Mississippian, sandstones, Ouachita Moun-
tains, Hill
photography of chitinozoans, Miller
pickeringite, differential thermal analysis, Kerns (a)
PrioceNe: Laverne Formation, Schemel (a)
PRECAMBRIAN:
geologic history, Muehlberger, Denison, and Lidiak
map on Precambrian basement rocks, eastern and central U. S.,
Flawn et al.
Tishomingo uplift, relation to Ardmore basin, Quachita Mountains,
Hartlon | Tarr
Quanah Granite, Wichita Mountains, Merritt (b)
Quartermaster Formation, epigenetic uranium minerals, Finch
Raggedy Mountain Gabbro Group, structure, igneous rocks, Wichita
Mountains, Hunter / Merritt (b)
Red Fork sand: Oakdale field, Thalman; Wakita trend, Withrow
Red River area, nomenclature of Cretaceous rocks, Fisher and Rodda
Reformatory Granite, Wichita Mountains, Merritt (b)
reports, U. S. Geological Survey open file, Weld, Griffin, and Brett
Rush Springs Sandstone, epigenetic uranium minerals, Finch
St. Clair Limestone, Silurian, correlation with Kansas, Ireland
Secor coal, trace elements, Zubouvic, Sheffey, and Stadnichenko
sedimentary structures, clay fabric, Odom
seismic-refraction measurements, Tryggvason and Qualls
SILURIAN:
brachiopod, Amsden, Boucot, and Johnson
depositional basins, correlations using acid residues and Foramini-
fera, Ireland
Henryhouse Formation, trilobites, Campbell (a) (b)
Hunton Group: Chimneyhill Limestone sequence revised, Amsden
(a); oil and gas, Kunsman [ Logsdon and Brown
New Mexico, stratigraphy, correlation with Oklahoma, McGlasson
ostracodes, stratigraphy, Henryhouse Formation, Lundin
Silurian and Devonian strata: discussion, Amsden (b); maps and
cross sections, Amsden and Rowland (a); subsurface résumé,
Amsden and Rowland (b); Ozark uplift, Koenig; Hunton
Group, oil and gas, Kunsman / Logsdon and Brown; ostra-
codes, stratigraphy, Haragan and Henryhouse Formations,
Lundin; New Mexico, West Texas, correlation with Okla-
homa, Bowsher / McGlasson; Quachita Mountains, Sellars;
northern Arkansas, Wise and Caplan
Simpson Group, Barbat
soil surveys: Comanche County, Mobley and Briniee; Garfield County,
Swafford; Greer County, Frie, Brinlee, and Graft; Kay County,
Culver, Bain, and Baggett
soils, engineering classification, Hayes
solution thinning, M bed limestone, Mississippian, Tri-State district,
Hagni and Desai
Springer Formation, palynology, Felix and Burbridge
Stanley Group, Mississippian, sandstones, petrology, provenance,
Ouachita Mountains, Hjll
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stratigraphic nomenclature, fossil names, Keroher
STRATIGRAPHY:

Arkansas, correlation with Oklahoma, Sterling, Stone, and Hol-
brook | Walthall | Walthall and Bowsher | Wise and Caplan

Cherokee Group, Pennsylvanian, subsurface, Creek County, Hanke

Comanchean, Cretaceous, north Texas, paleozoology, Hendricks

cross section, Paleozoic strata, Oklahoma, Edwards and Downey /
Smith

Devonian, Haragan Formation, ostracodes, Lundin

fossil names used in evolving Midcontinent nomenclature, Keroher

Haragan Formation, Devonian, ostracodes, Lundin

Henryetta coal, palynological correlation, Meyers

Henryhouse Formation, Silurian, ostracodes, Lundin

New Mexico, Silurian-Devonian, correlation with Oklahoma, Bow-
sher | McGlasson

Quachita Mountains, Arkansas, correlation with Oklahoma, Sterl-
ing, Stone, and Holbrook [ Walthall

Ozark uplift, Silurian-Devonian, Koenig

Silurian, Henryhouse Formation, Campbell (a); ostracodes,
Lundin

Silurian and Devonian rocks, Oklahoma and environs, T'oomey

subsurface, using bryozoans from well-cuttings, Merida and Board-
man

trend analysis, pre-Morrow surface, Hugoton embayment,
Schramm

unconformity analysis, Chenoweth

strip-mining area, terrain problems, Arkoma basin, Kornfeld (a)
STRUCTURE:
basement rocks: Muehlberger, Denison, and Lidiak; Wichita
Mountains, structural evolution, Ham
crustal, seismic-refraction measurements, Trygguvason and Qualls
growth faulting, Atokan, McAlester basin, Koinm and Dickey
McAlester basin, growth faulting, Koinm and Dickey

Midcontinent gravity high, structural significance, Coons, Wool-
lard, and Hershey

Mt. Scott Granite, Wichita Mountains, Merritt (a) (b)

QOuachita Mountains, Arkansas, correlation with Oklahoma, Viele
/ Walthall

Raggedy Mountain Gabbro Group, Wichita Mountains, Hunter

structural control of Canadian River, Brown

structure contour map on Precambrian surface, eastern and central
U. S, Flawn et al.

Washita Valley fault, wrench faulting, Tanner
Wichita Mountains, igneous rocks, Stone

wrench faulting, Washita Valley fault, Arbuckle Mountains area,
Tanner

SUBSURFACE:
geologic mapping, index, Branson, Jordan, and Roberts

stratigraphic analysis, Cherokee Group, Creek County, Hanke
stratigraphy, Bryozoa, Merida and Boardman
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surface geologic mapping, index, Branson, Jordan, and Roberts

surface-water data, U. S. Geological Survey (c)

terrain problems, strip-mining area, Arkoma basin, Kornfeld (a)

Texas, Cretaceous, Comanchean, stratigraphy, palececology, Hendricks

Tillman Group, Wichita Mountains, basement rocks, Muehlberger,
Denison, and Lidiak

Tishmingo uplift, relation to Ardmore basin and Ouachita Mountains,
Harlton [/ Tarr

titanium resources, Peterson

topographic mapping, progress, Branson (e)

trace elements, coals (review), Branson (f)

trace-fossil names, protest, Branson (g)

trend analysis, pre-Morrow surface, Hugoton embayment,
Schramm

Tri-State district, M bed limestone, Mississippian, solution thinning,
Hagni and Desai

Turkey Creek inlier, Devonian, Marshall County, Klapper and
Ziegler

unconformity analysis, Chenoweth

uranium, epigenetic, in Oklahoma sandstones, Finch

Verdigris River valley, analog model, Tanaka

vertebrates: Permian, Olson; amphibian, McGinnis

Wakita trend, Grant and Alfalfa Counties, Withrow

Washita Valley fault, Arbuckle Mountains area, Tanner

water resources, Oklahoma Water Resources Board | U. S. Geological
Survey (a) (b) (c¢); Texas County, Wood and Hart

waterflood statistics, Fronjosa and Menzie

Wellington Formation, vertebrates, Olson

West Texas, Silurian-Devonian stratigraphy, correlation with Okla-
homa, McGlasson

Wichita Formation, epigenetic uranium minerals, Finch

WicHITA MOUNTAINS:
basement rocks: structure, Ham / Muehlberger, Denison, and

Lidiak; paleomagnetism, Ku et al.

granites, rhyolites, ages, Merritt (b)
Mt. Scott Granite, Cambrian, Merritt (a) (b); age, Merritt (b)
Raggedy Mountain Gabbro Group, Cambrian, structure, Hunter
structure, igneous rocks, Stone

wrench faulting, Washita Valley fault, Arbuckle Mountains area,
Tanner

x-ray diffractometry, pickeringite, Kerns (a)

x-ray-fluorescence spectroscopy: pickeringite, Kerns (a); chemical
analyses, Beaver’s Bend illite, Kerns (b)
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DIFFERENTIATION OF BEACH, RIVER, AND
InLanp DunNE SaNDS BY WHOLE-PHI TEXTURAL PARAMETERS

R. J. Morora*, B. J. PHILLIPS*, AND DANIEL WEISER*

Recent studies by Friedman (1961, 1967) and Moiola and Weiser
{1968) have demonstrated that certain combinations of textural para-
meters (e. g., mean diameter vs. standard deviation) are environment-
ally sensitive and can be used effectively to differentiate between
modern beach, river, and inland dune sands. Although best results
are obtained when quarter-phi grain-size analyses are used to calculate
the parameters, the data of Moiocla and Weiser (1968) indicate that
meaningful differentiation can also be obtained with parameters cal-
culated from whole-phi data. The purpose of this study is to document
the effectiveness of whole-phi textural parameters in differentiating
between modern beach and river, between beach and inland dune, and
between river and inland dune sands.

A total of 593 published and unpublished whole-phi grain-size
analyses of modern beach, inland dune, and river sands from various

* Mobil Research and Development Corporation, Field Research Laboratory,
Dallas, Texas.
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Figure 1. Plot of skewness versus mean diameter, using

whole-phi data, for 229 beach-sand samples and 188 in-
land dune-sand samples.
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parts of the world were selected for the study. Using the formulas of
Folk and Ward (1957), textural parameters (mean diameter, standard
deviation, skewness, kurtosis) were computed and all possible combina-
tions of parameters were plotted to evaluate the effectiveness of whole-
phi parameters in differentiating the sands. Results of the study are
summarized in figures 1-3. Only the most effective combination of
textural parameters is presented for each case. The boundaries between
the fields of the varicus sands are delineated by straight lines, and all
boundary lines are placed so that as many samples as possible fall
within their proper fields.

The data illustrate, as shown by Moiola and Weiser (1968), that:
(1) textural parameters calculated from whole-phi data are useful in

45-
40~
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Figure 3. Plot of mean diameter versus standard deviation,
using whole-phi data, for 176 river-sand samples and 188 dune-

sand samples.
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differentiating among beach, inland dune, and river sands, (2) the
combination of mean diameter verses skewness is most effective in dif-
ferentiating between beach and inland dune sands, and (3) the com-
bination of mean diameter versus standard deviation is most effective
in differentiating between beach and river and between river and in-
land dune sands.

Figure 1 (beach vs. inland dune sands) demonstrates that the
combination of mean diameter versus skewness effectively differentiates
between beach and inland dune sands. Out of a total of 417 samples
only 42 fall outside their proper fields. Eight beach sands fall within
the dune field and 34 dune sands are in the beach field. The combina-
tion successfully classifies 90 percent of the samples.

Figure 2 (beach vs. river sands) demonstrates that the combina-
tion of mean diameter versus standard deviation is effective in dif-
ferentiating between beach and river sands. Sixteen beach sands fall
within the river field and 21 river sands fall within the beach field.
The combination correctly classifies 91 percent of the samples, with
only 37 cut of a total of 405 falling outside their proper fields.

Figure 3 (river vs. inland dune sands) shows that the combination
of mean diameter versus standard deviation can be used to differentiate
between river and inland dune sands. Twenty-one dune sands fall
within the river field and 36 river sands fall within the dune field.
The combination correctly classifies 84 percent of the samples, with
57 out of a total of 364 falling outside their proper fields.

These results indicate that whole-phi textural parameters are
genetically meaningful and, if properly applied, can be useful in inter-
preting the depositional environments of ancient sands.

References Cited
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PALEOMAGENTISM OF BASEMENT GRANITES OF SOUTHERN
Oxranoma anp Its ImpricaTions; Progress Report*

HeENRY SpALLT

INTRODUCTION

Direct information on the Earth’s magnetic field is available to
us from observatory data taken over the past few hundred years, and
spherical harmonic analysis of these data has revealed several funda-
mental properties of the present magnetic field. Two of these properties
are important for rock magnetism: (1) the Earth’s magnetic field can
best be represented by a geocentric dipole, (2) at the present time this
dipole is inclined at 11° to the geographic axis. Good evidence indi-
cates that, averaged over thousands of years, the dipole is in fact axial,
approximating the geographic axis (Irving, 1964).

In the study of rock magnetism, the main assumption is that a
rock can preserve a stable record of the geomagnetic field as it existed
at the time the rock was formed. This fossil magnetism is called the
natural remanent magnetization (NRM). Rock magnetism therefore
gives us indirect information on the Earth’s ancient field.

To interpret this information we must relate it to a model. In so
doing, it is convenient to use the uniformitarian argument, as it allows
us to use the observed characteristics of the present field in interpret-
ing paleomagnetic observations in terms of a magnetic field in the
geologic past.

Most igneous rocks acquire a thermoremanent magnetization
(TRM) as the rock forms and cools through the Curie temperature
of the magnetizable components (e. g., magnetite ca. 578°C, hematite
ca. 675°C). At a later stage, this initial, or primary, magnetization
may be destroyed or partially replaced by a secondary magnetization
formed by a variety of geologic processes. Most common is the forma-
tion of new magnetic phases at temperatures below the Curie point,
either by alteration (deuteric or metasomatic), oxidation, or exsolu-
tion. The term chemical remanent magnetization (CRM) is used for
this and other magnetizations acquired by the formation of new
minerals at temperatures below the Curie point. Viscous remanent
magnetization (VRM) can be developed under various physical con-
ditions, all of which involve changes in the magnetization due to
thermal agitation. Most commonly, VRM is acquired as an isothermal
magnetization (IRM) at low temperatures as a soft (easily removed)
magnetization simply by the rock being subjected to a magnetic field
for a long period of time. VRM can also form at higher temperatures
(by being near an igneous body or by deep burial) so that a part of

* Contribution 60 of the Geosciences Division, Southwest Center for Ad-
vanced Studies, Dallas, Texas. Paper presented at First Annual Meeting,
Geological Society of America, South-Central Section, Norman, Oklahoma,
March 31, 1967.

T Department of Geological Sciences, Southern Methodist University,
Dallas, Texas.
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the primary magnetization is replaced by a secondary magnetization
(partial TRM) that reflects the direction of the geomagnetic field at
the time of reheating.

GEOLOGIC SETTING

As part of a regional paleomagnetic survey of basement rocks in
the southwestern United States, collections have been made in the
Wichita and Arbuckle Mountains of Oklahoma (fig. 1). All the major
rock types have been sampled in both areas but, because the study is
not yet complete, only data from the granites will be presented here.

Two methods of collecting were used. Wherever possible, cores
were drilled in situ by means of a portable, water-cooled drill (Helsley,
1967a). Otherwise. hand specimens were marked and oriented with a
tripod fitted with a plate, and the blocks were subsequently cored in
the laboratory. About 300 cores were obtained from a number of sites
at 15 locations in both areas.

The radiometric and stratigraphic ages of these basement rocks
are given in table I. Ham, Denison, and Merritt (1964) placed the
rhyolites and granites as the youngest rocks in the Wichita Province,
dated at 525=+25 million years (m.y.). The Wichita granites are con-
sidered to be the intrusive equivalents of the extrusive Carlton rhyolite.
Intrusive and extrusive basic rocks represent slightly older Cambrian
events.

In the Eastern Arbuckle Province the basement rocks are princi-
pally coarse-grained, mesozonal granites, forming part of a deeply
eroded continental craton (Ham, Denison, and Merritt, 1964). Radio-
metric age determinations from the granites indicate that they are
distinetly Precambrian and suggest that several periods of intrusion
may be represented by the different igneous phases.

The spread of radiometric ages and their standard deviations are
important considerations in rock magnetism. The Tishomingo granite

TABLE I.—RADIOMETRIC AND STRATIGRAPHIC AGES oF BASEMENT Rocks
N SOUTHERN OKLAHOMA

Wichita Mountains*

Middle Carlton Rhyolite Group .
Cambrian Wichita Granite Group 52525 m.y.
Lower 7 Navajoe Mountaiﬁ Basalt-Spilite N
Cambrian Group 53530 m.y.
Raggedy Mounta@g Gabbro _(Tf_gup
Precambrian Tillman Metasedimentary Group > 550 m.y.
Arbu::kle Moﬁntains

. Tishomingo granite (Pb/Pb)* 1320-1400 m.y.

Precambrian Troy granite (Rb/Sr)® 1360 m.y.

' From Ham, Denison, and Merritt, 1964.
* From Tilton, Wetherill, and Davis, 1962.
: From Muehlberger et al., 1966.
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gives Pb/Pb ages on zircon of 1320-1400 m.y. (without consideration
of errors in the decay constants, or the mechanism of lead loss) ; biotite
ages are 1250 m.y. (K/Ar) and 1350 m.y. (Rb/Sr) (Tilton, Wetherill,
and Davis, 1962). The Troy granite yields a feldspar age of 1360 m.y.
(Rb/Sr) (Muehlberger et al.,, 1966). Subsurface granite and diorite
cores give consistently younger ages (1050-1160 m.y.), but these may
be related to cataclastic structures (Muehlberger et al., 1966).

The available paleomagnetic data from North American Cambrian
and younger rocks suggest movement of the magnetic pole at an
average rate of about 1° in 5 m.y. (Irving, 1964). For a radiometrically
dated rock, a spread in ages of 100 m.y. thus makes an uncertainty in
its paleomagnetic pole of 20°, which is well outside the experimental
error of the magnetic method. A large uncertainty in radiometric age
thus diminishes the relevance of the paleomagnetic data.

The range of the ages of the granites of the Eastern Arbuckle Pro-
vince shows a possible time span of 1050-1400 m.y. This spread over-
laps both the St. Francois (1200-1350 m.y.) and Nemaha (1350-1450
m.y.) periods of major igneous activity which have been suggested
by a recent survey of basement geochronology (Muehlberger et al.,,
1966). More radiometric determinations are obviously needed; at
present, an age of 1350 m.y. for the Arbuckle granites must be con-
sidered to be near the maximum.

It should be remembered that both the magnetic and radiometric
methods are dating fossil events. The magnetization of an igneous
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Figure 2. Initial directions of magnetization of site means
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rock records the time (and temperature) at which a magnetization was
finally frozen in. The radiometric age records the time at which dif-
fusion in the rock became negligible. Ncither magnetic nor radiometric
age need represent the age of formation. Likewise, the two ages need
not necessarily represnt formation at equivalent moments in geologic
time.

MAGNETIC MEASUREMENTS: WICHITA MOUNTAINS

Although material was collected from all the main rock types in
the Wichita Mountains, data will be presented only for the granites.
These represent about 120 cores from a number of sites in the Wichita
Granite Group. The direction and intensity of the NRM were
measured on a 270-cps spinner magnetometer designed and built by
C. E. Helsley (Helsley, 1967b, 1967c). The 18 site means of these
initial directions are plotted in figure 2. The present field, that of
an inclined geocentric dipole, is also plotted. The array suggests a
great circle (plotted by eye on a stereonet) passing through these
site means and the present field. This streaking along an approxima-
tion of a great circle is a common effect for rocks that have soft
magnetic components of secondary VRM that are aligned along the
present field, so that the directions of measured NRM include com-
ponents of VRM and true NRM.

As a necessary test of stability, alternating-current (AC) and
thermal demagnetization techniques were applied to about half of the
cores. Two different patterns emerged on demagnetization. Figure 3
shows the response to the AC method. Each specimen was demagne-
tized in progressively higher AC fields up to 2,800 oersteds. For each
AC field value, an over-all mean was computed for all the site means.
The path of demagnetization proceeds smoothly into the southeast
quadrant. A measure of the agreement of the site means is given in
figure 4, where k is an estimate of Fisher’s precision parameter K,
which determines the dispersion of points distributed on a sphere
(Fisher, 1953). For £ = 3 the points are, in effect, randomly distribut-
ed; for large values of %, the points are confined to a small part of the
sphere near the true mean. Fisher showed that the true mean of a popu-
lation of N points lies within a cone whose axis is the estimated mean
and whose semiangle (a«) at the 95% level of confidence is given by:

140
A N =3
. i ( )

From figure 4, the precision parameter reaches a maximum (an-
gular deviation from the mean is thus at a minimum) at 700 oersteds.
All the cores behaved in this fashion on AC demagnetization.

The response to thermal demagnetization is shown in figure 5.
Each core was heated by steps in a noninductive furnace to progres-
sively higher temperatures as far as the Curie temperature. The direc-
tion of NRM remaining after each step was measured at room
temperature (after cooling the core in a field-free space) and the
means were plotted (fig. 5). At high temperatures both normal and
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reversed directions of magnetization are present, but only the set
leading to a reversed direction has been plotted. This combined de-
magnetization path resembles the “streaking” path observed in the
initial directions of magnetization, suggesting the presence of unstable
VEM at low temperatures, which is removed by heating.

The precision of the means computed for each temperature is
given in figure 6. For both normal and reversed sets the precision
reaches a peak at 200°C. Above this temperature the precision de-
creases, although it is obvious that components of magnetization are
still being removed. At 500°C the precision increases again, and is
still increasing at 550°C, at which temperature most of the unwanted
secondary magnetization is considered to have been removed.

The different responses to demagnetization can be explained by
consideration of the paleomagnetic poles for undemagnetized and de-
magnetized specimens (fig. 7; table II). These pole positions have
been computed with the assumptions that the ancient field of the
Earth was a geocentric dipole and that the Wichita block is in its
original attitude (i. e., no tilting has occurred since its formation).
Although the initial directions of NRM do seem to lie along a great
circle, their mean yields a pole which does not relate to the mean
magnetic pole path for North American rocks (Irving, 1964). The pole
after AC demagnetization to 700 oersteds is near the Carboniferous-
Permian part of the North American path. In fact, it represents a
reversed geomagnetic pole because the north-seeking paleomagnetic
pole on AC demagnetization moves into the southern hemisphere.
This fact is significant because it has been found that the Earth’s field
was reversed throughout the Upper Carboniferous and Permian Periods
(Irving, 1964; McMahon and Strangway, 1967).

The pole computed for rocks thermally demagnetized to 550°C
is closer to a Cambrian position on the North American path of polar
wandering, although the poles available for other Cambrian rocks are
few and widely scattered (Helsley and Spall, 1966).

These alternate patterns of behaviour on demagnetization are
interpreted as indicating two major magnetic phases in the Wichita
granites. One phase has a high coercive force, since it persists during
AC demagnetization but is not dominant at high temperatures. This

TaBLE II.—PALEOMAGNETIC PorLEs FOrR WICHITA GRANITES
(99.0¢W, 34.89N)

SEMIAXESY
PosITION p dm
Undemagnetized 171°W, 385°N 9o 16°
After AC
demagnetization 118°E, 34°N 40 70
After thermal
demagnetization 147°E, 20N 6° 90

* sp and om are the radial and transverse semiaxes of the oval of 95% con-
fidence.
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phase is considered to be hematite, which yields a palecmagnetic pole
suggesting that it was magnetized during the Late Carboniferous or
Early Permian.

The other phase has a low coercive force, as it is destroyed by
progressively higher AC fields. However, it persists at high tempera-
tures, yielding a palesmagnetic pole near other North American Cam-
brian poles. It is believed that this phase is a form of titanomagnetite,
which crystallized as a primary mineral when the granites were in-
truded. It therefore reflects a Cambrian pole position. Because of its
low coercive force, this phase easily acquired secondary VRMs that
are responsible for the streaking of NRM directions through the pres-
ent field. Because of its high specific magnetic moment, titanomagne-
tite will always be dominant over hematite, unless its effect is removed

by demagnetization.
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At first sight, it is tempting to suggest that, because the hematite
reflects a Carboniferous-Permian magnetization, it was formed at that
time, either as an oxidation product of titanomagnetite or as a weather-
ing product. Ku et al. have suggested that low-temperature alteration
of the primary iron oxide took place during the Late Paleozoic and
that this secondary hematite acquired a magnetization of chemical type
(CRM). For three reasons it is considered that this is an over-
simplified solution, and that the magnetic history of the Wichita
granites may indeed bec more complex.

1) In some cases during thermal demagnetization, a remanence
could be measured above the Curie point of magnetite (578°C) that
still reflected the Cambrian position, inferring the presence of primary
Cambrian hematite.

2) R. E. Denison (personal communication) has observed petro-
graphically that hematite exists in samples taken throughout the
Frankfort Oil 1 Sparks Ranch well (total depth, 12,884 feet; C SEY,
SELY; sec. 32, T. 1 S, R. 1 W, Murray County). The thickness pene-
trated included:

Cambrian sediments 6,830 feet
Carlton Rhyolite 4,525 feet
Wichita Granite 1,529 feet

During the Late Paleozoic these samples were thus at least 12,000
feet below the surface. It is unlikcly that this hematite can be as-
sociated with a weathering process, again indicating a primary origin.
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Figure 8. Initial directions of magnetization of sample
means for Arbuckle granites. Equal-area projection.
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3) Opaque petrography is being undertaken to try to resolve the
magnetic history of the granites. At least three forms of hematite are
present:

a. Small discrete grains.

b. Long “stringers” produced by the breakdown of silicate minerals.
These stringers are associated with an over-all reddish color dis-
seminated throughout the rock.

c. A product of completely oxidized, host titanomagnetite.

The possibility thus cannot be discounted that the Carboniferous-
Permian direction represents a partial thermoremanence (TRM) in
primary (Cambrian) hematite. This was associated with the periods
of uplift of the Wichita block in Late Carboniferous time and the
culmination of the Arbuckle orogeny (Ham, Denison, and Merritt,
1964; Ham and Wilson, 1967). It is possible to suggest a maximum
temperaturc to which the granite may have been reheated, because
during thermal demagnetization the minimum dispersion of directions
of magnetization occurred at 200°C (fig. 6). Above this temperature
the dispersion was greater even after secondary magnetizations were
removed. This temperature value accords with the absence of meta-
morphic effects from the Late Paleozoic orogeny in southern Oklahoma.
If a geothermal gradient of 30°C/km is assumed, it indicates an over-
burden of at least 20,00 feet during the Paleozoic.

MAGNETIC MEASUREMENTS: ARBUCKLE MOUNTAINS

More than 100 cores have been cut from samples collected from
the Arbuckle region, and the initial directions of 33 sample means are
shown in figure 8. The over-all mean is also shown, but it is of little
significance because of the high dispersion (@, = 36°). The response
to AC demagnetization does not always seem to be meaningful (fig. 9).
Some specimens show erratic movement, others show little movement,
even after being subjected to high AC fields. This varied response is
interpreted as being due to the coarse grain size and thus the associated
spectrum of coercive forces present in the magnetic constituents
(Graham, 1953). Three criteria were therefore used in selecting the
most reliable direction of magnetization after secondary components
had been removed.

1) A useful parameter in rock magnetism is the Koenigsberger
ratio Q (Koenigsberger, 1938), defined as:

Q= Intensity of NRM
" Bulk susceptibility X Strength of inducing field

Without the necessity of assuming a value for the inducing field, the
modified ratio Q' can be substituted, which is simply the ratio of
intensity of NRM and bulk susceptibility. Q” values of about 1 or
more are associated with stable rocks; values below 0.1 usually indicate
the presence of substantial unstable components (Irving, 1964). Thus
only those specimens with Q’ ratios near unity were considered.

2) Only specimens that had nonerratic demagnetization paths
were chosen.

3) After each demagnetization stage (i. e., each AC field value)
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TABLE ITT.—PALEOMAGNETIC POLES FOR ARBUCKLE (GRANITES
(96.7°W, 34.3°N)

SEMIAXES¥
eosiTioN ép dm
No tilting 142°W, 26°N 8¢ 130
Tilting 150°W, 17°N 7° 110

*8p and om are the radial and transverse semiaxes of the oval of 95%, con-
fidence.

means were computed. The over-all mean was chosen at that field
value for which the maximum precision parameter (best grouping)
was obtained (fig. 10). This occurred in the 700-cersted field. Figure
11 shows the sample mean directions after this stage, and the circle of
95-percent confidence of the over-all mean.

Paleomagnetic poles have been computed from the mean direction
assuming (1) tilting and (2) nontilting of the Arbuckle block (fig. 12;
table ITI). The Arbuckle craton is considered to have been a stable
element from the time of its formation (Ham, Denison, and Merritt,
1964). However, above the granites on their western flank a dip of
about 12° to the west can be observed in the overlying Cambrian
Reagan Sandstone. This dip may represent either a depositional slope
or one due to tilting.

The only other paleomagnetic data available from material of
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Figure 11. Sample means for Arbuckle granites after AC
demagnetization to 700 oersteds. Equal-area projection.
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Figure 12. Paleomagnetic poles for Arbuckle granites.

comparable age, radiometrically dated at 1200-1350 m.y., is from the
St. Francois Mountains, Missouri (Muehlberger et al., 1966; Hays
and Scharon, 1966). Much more data are required before the position
of the Earth’s magnetic pole can be determined for this period of the
Precambrian. Nevertheless, better agreement of the pole positions from
these two igneous rocks is obtained by assuming that the dip of the
Reagan Sandstone overlying the granites reflects tilting of the Arbuckle
block.

CONCLUSIONS

1. The most reliable paleomagnetic data from the Wichita Moun-
tains, Oklahoma, are obtained from the Wichita Granite Group
(52525 m.y.).

2. The directions of NRM from the Wichita granites show a
streaked distribution through the present field.

3. After thermal demagnetization of the granites, a paleomagnetic
pole is obtained near other Cambrian poles from North American
rocks. This is considered to reflect primary titanomagnetite formed
when the granites were intruded.

4. After AC demagnetization of the granites, a reversed paleo-
magnetic pole is obtained near the mean Carboniferous and Permian
poles for North America. This is.interpreted as a magnetization acquir-
ed by hematite during the period of uplift of the Wichita block in Late
Carboniferous time.

5. Hematite is found in well cores which were at least 12,000 feet
below the Paleozoic surface. The ‘“Late Carboniferous” hematite
therefore cannot be a product of surface weathering.
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6. The presence of primary hematite is indicated, in some cases,
by the persistence of a “Cambrian” remanence above 600°C.

7. The Late Carboniferous direction may therefore be a partial
TRM developed in primary (Cambrian) hematite at 200°C. It may
in part be a CRM developed at that time by complete oxidation of
host titanomagnetite.

8. Directions of NRM from granites (1320-1400 m.y.) in the
Arbuckle Mountains, Oklahoma, show considerable dispersion. This
is reduced by AC demagnetization, and a paleomagnetic pole for the
granites is located near the pole for 1200-1350-m.y. rocks from Missourl.
A better agreement of these two poles is obtained by assuming that
the dip of the Reagan Sandstone overlying the granites reflects tilting
of the Arbuckle block.
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'OKLAHOMA ABSTRACTS -

The following are abstracts of papers related to Oklahoma geology
presented at the meeting of the Southwestern Section of the American
Association of Petroleum Geologists and at the annual meeting of the
American Association of Petroleum Geologists—Society of Economic
Paleontologists and Mineralogists.

The Southwestern Section AAPG abstracts are reprinted from
the January issue and the annual meeting abstracts from the March
issue of the AAPG Bulletin (1968, vol. 52), with the kind permission
of the authors and of A. A. Meyerhoff, managing editor. The AAPG
Bulletin, not the Oklahoma Geology Notes, should be given as the
primary source for citations of or quotations from the abstracts; page
numbers are in brackets at the end of each abstract.

AAPG SOUTHWESIERN SECTION MEETING,
WicHITA FALLs, TEXAS
February 7-9, 1968

Stratigraphy of Deeper Marietta Basin in Oklahoma and Texas
BRADFIELD, H. H., Independent Geologist, Dallas, Texas

The Marietta basin is in southern Oklahoma between the Muen-
ster arch on the southwest and the Criner Hills uplift on the north-
east; it extends from Love County, Oklahoma, southeastward through
Cooke and Grayson Counties, Texas, the deepest part being known
as the Gordonville trough.

The folded and faulted buried ridge (mid-basin ridge) on which
the Southeast Marietta field is located has a more southward strike

OKLAHOMA ABSTRACTS is intended to present abstracts of recent
unpublished papers on Qklahoma geology. The editors are therefore inter-
ested in obtaining abstracts of formally presented or approved documents,
such as dissertations, theses, and papers presented al professional meetings,
that have not yet been published.
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than the present basin axis, and divides the basin into two paris. The
thickest sections of Atcka and older sediments were deposited north
of the ridge.

The Gordonville trough developed in Late Mississippian or Early
Pennsylvanian time from a gentle downwarp into a deep, relatively
narrow trough with steep, commonly faulted sides, growing progres-
sively as it received up to 5,000 feet or more of sediments of Atcka,
Morrow, and possibly Springer (Goddard?) ages.

The Atoka and Morrow boundaries are indefinite on the basis
of present knowledge. Some geologists place the top of the Atoka at
the base of the Davis Sand (Grayson County, Texas). The writer has
placed the top at an odlitic limestone (Lester?) midway between the
Baker and Davis Sands. Westheimer believes the “micacecus sand”
in the Ardmore basin Dornick Hills correlates with the micaceous
Hartshorne Sandstone of the Arkoma basin and the Davis Sand of
Grayson County. The sandstone correlated as Davis or “micaceous”
inn the Southeast Marietta field is several hundred feet higher strati-
graphically than the Davis Sand of Grayson County.

A thick section of pre-Atckan appears northward as well as east-
ward from the mid-basin ridge. This is believed to be mostly Morrowan-
lower Dornick Hills, Springer (Goddard?), and Caney. The boundaries
are indefinite and based on electric-log characteristics, related to
early sample work. More qualified determinations are necessary in
samples from later wells.

Post-Atokan Dornick Hills also thickens eastward and northward
in Grayson County, but thins and disappears southwestward against
the lower faulted margin of the Mucnster uplift. The same components
may be noted in the Des Moines or Strawn (Deese), alithough the
thickening here may be more related to the development of the present
Gordonville trough by foundering and filling during erosional destruc-
tion of the Cuachitas.

More intense folding and thrust faulting, even deep within the
basin, complicate considerably the development of structure and strati-
graphy because of the loss of section (a loss which is not the result
of depositionai factors). [193-184]

Recent Developments in MMarietta Basin
HENRY, GARY E.. Independent Geologist, Wichita Falls, Texas

During the past 10 years, a new search for significant reserves
swept the Texas part of the Marielta basin and resulted in several
Important discoveries. The Ordovician 0il Creek Sandstone and
numerous Strawn sandstones of Pennsylvanian age were the primary
objectives.

The Marietta is primarily a Pennsylvanian basin, and oil occur-
rence is related closely to sedimentation and orogenies during this
pericd. The presence of the southeast extension of the southem Okla-
homa Criner Hills trend caused much deep exploration for Qil Cresk
gas-condensate production. The New Mag field was a significant result
of this play. Much exploration remains to be done for ficlds of this
type.
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The 20-vear-old Handy field, also on the Criner trend, was ex-
tended considerably and new pay zones were found in this multipay
Strawn field. Reserves were increased several times.

On the southwest side of the basin, the Bob K field in Cooke
County was an important find. A combination of structural and strati-
graphic entrapment created this very prolific multipay Strawn field.

Histories of development and geological interpretations of these
and other areas are presented. [196]

Geologic Development of Anadarko Basin and Its Deposits of Hydrocarbons
SWANSON, DONALD C., Esso Production Research Co., Houston,
Texas

In the Anadarko basin, economic deposits of oil and gas are found
in strata which range in age from Cambrian-Ordovician through Per-
mian. The reservoirs range in composition from siltstone to dolomite
and represent environmental facies as diverse as alluvial-stream de-
posits and shallow-marine carbonate banks.

A progressive analysis—through time—of the depositional and
structural events which formed and filled the basin demonstrate the
major factors controlling the occurrence of hydrocarbon deposiis and
how these deposits relate both to regional geologic phenomena and to
local environmental events.

Comparisons made with the Anadarko basin could help explora-
tion and exploitation in similar basins throughout the world. [198]

Critical Evaluation of Hardeman Basin and Its Environs
THORNTON, JOHN E., Geological Engineer, Wichita Falls, Texas

Geologically the Hardeman basin is the easternmost extension
of the elongate, east-west-trending geologic province known as the
Palo Duro basin. Although the Hardeman basin apparently has not
been subjected to the same violent structural unrest as other parts of
North Texas (therefore, almost no structure is related to faulting), it
is an area of prolific oil fields having traps of a peculiar type. Except
for Conley, the largest Hardeman County oil field, oil traps here have
almost no primary porosity. They seem to be either erosion remnants
or small biohermal reefs with 100-200 ft of relief which have been
vigorously and effectively leached by dolomitizing waters, leaving the
limestone with secondary porosity values ranging from pin-point
vugular to cavernous.

Since the 1959 discovery of Conley, it and 14 smaller fields have
produced almost 10 million bbl of oil. This added to the 20 million bbl
of oil produced from the Fargo and Odell fields of northwest Wilbarger
County, raise the total for the Hardeman basin to 30 million bbl.

Seismic methods still provide the most reliable evidence of struc-
ture in the Hardeman basin, though increased drilling continually
adds to the possiblity of subsurface geological leads. As more fields
are discovered, and more is understood of their structural form, there
seems an increased demand for greater seismic accuracy which, because
of the stratigraphic nature of the upper beds in the basin, is beyond
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the capacity of seismic tools. Most fields in the basin before discovery
appeared on seismic maps as small low-relief closures or noses on
positive structural trends. Many more such features are known, and
must be explored.

Economically the Hardeman basin offers the highest return on
investment of any area in North Texas. Because individual wells from
various fields yield engineering reserve estimates as great as 1 million
bbl of recoverable oil, a return as great as 30:1 is a reality. Such high
returns normally are found, or anticipated, only in Gulf Coast explora-
tion.

Though exploration costs are high in order to test the commonly
cavernous Lower Mississippian “lime” at 8,500 ft (this is the prolific
oil producer of Hardeman County), the Hardeman basin has a multi-
plepay stratigraphic section to that depth, as shown by the presence of
producing reservoirs in the Cisco-Canyon section (beginning at 3,900
ft), the Canyon limestones (normally Palo Pinto) below 5,000 ft,
the Des Moines (Strawn) section of sandstone and conglomerate (from
6,000-7,300 ft), the Mississippian conglomerate (Holmes Sand) at
7,700 ft, the Mississippian limestones (Chappel and Osage) from 8,000
to 8,500 ft, and the Ellenberger dolomite below 8,500 ft (now producing
only at Conley).

Exploration in the past has been aided by acreage and “dry-hole”
support from major companies which control large blocks of leases. It
is hoped this support will continue, but even without it exploration
will continue in the Hardeman basin and westward into the Palo
Duro basin, because positive exploration results in the Hardeman basin
are already too great, and the promise for future successful exploration
too strong, to discourage those men of vision who search for new oil.

[196]

Surface Evidence of Deep Structure in Anadarko Basin
TROLLINGER, WILLIAM V., Consulting Geologist, Denver, Colorado

Surface geology has been neglected largely in the search for oil
and gas in the Anadarko basin. This is understandable because the
surface is composed essentially of Upper Permian strata laid down
after the major mountain-building activitics in the region. In places
the Permian rocks are mantled by moderately indurated Tertiary con-
tinental beds and unconsolidated Quaternary deposits.

A recently completed detailed photogeologic-geomorphic evaluation
study revealed considerable evidence that the surface offers numerous
clues to subsurface geologic conditions. The study involved compre-
hensive stratigraphic and structural mapping by conventional photo-
geologic techniques supplemented by detailed geomorphic structural
analysis.

This phase, or “applied geomorphology,” deals with determining
the degree of influence that structure and lithology have had on the
morphologic development of the region. Basic geologic-geomorphic
relations are established and “interruptions” to the regional geo-
morphic ‘“norm” are interpreted commonly as diagnostic clues to
anomalous subsurface geologic conditions. The results in the Anadarko
basin indicate that many deep-seated structural anomalies are reflected
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at the surface in the drainage, landform, erosional, photo-tonal, and
(or) fracture patterns.

The study was enhanced by the use of special-purpose aerial
photography, taken with the Wild RC-9 camera. This photography has
many advantages over conventional aerial photography and is espe-
cially well suited to low-dip areas. As a result of its 6.5 X exaggeration
factor, an actual dip of 1° is exaggerated in the stereoscopic view to
about 6.5°. This permitted reliable mapping of very low-relief features
in the Anadarko basin, where the dip exceeds 1° in very few places.

Four producing areas, with subsurface control used for compara-
tive purposes, are examined as examples of surface reflections of deep
structure. These are the (1) Cement, (2) Apache, (3) Gageby Creek,
and (4) Washita Creek fields.

The close correlations between surface and subsurface structure
in these and several other areas reviewed indicate that the surface
should no longer be ignored as a source for clues to potential oil/gas
traps. [197-198]

AAPG-SEPM ANNuUAL MEETING, OKLAHOMA CITY,
OKLAHOMA
April 22-25, 1968

Lower Devonian Brachiopod Faunas in Oklahoma
AMSDEN, THOMAS W., Oklahoma Geological Survey, Norman,
Oklahoma

Three brachiopod faunas have been described from Lower Devon-
ian strata in Oklahoma: Haragan-Bois d’Arc Formations of Helder-
bergian (Gedinnian) age, Frisco Formation of Deerparkian (Siegen-
ian) age, and the Sallisaw Formation of early Onesquethawan (Ems-
ian) age. Beds with the Haragan-Bois d’Arc fauna are confined to
south-central Oklahoma, and those with the Sallisaw fauna to eastern
Oklahoma. The Frisco fauna is distributed more widely, being present
in strata which crop out in the Arbuckle Mountains of south-central
Oklahoma and the Ozark region of eastern Oklahoma, and in the sub-
surface of central and southwestern Oklahoma. Cores from the central
part of the state show Frisco strata with a well-developed Decrparkian
brachiopod fauna resting on the Upper Silurian Henryhouse Formation
bearing a fauna of pentamerid brachiopods. These two faunas make
it possible to define the Silurian-Devonian contact with precision
through a substantial area in the central part of the state. Frisco
brachiopods also have been recovered from a core in southwestern
Oklahoma where the Frisco rests on Ordovician strata. Oil production
from the Devonian of central Oklahoma, notably the West Edmond
field, is believed to be largely from the Frisco Formation. [517]
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Sho-Vel-Tum Oil Field, Oklahoma
BECKER, ROBERT M., Consulting Geologist, Oklahoma City,
Oklahoma

Prolific oil and gas production is obtained in the Sho-Vel-Tum
area of eastern Stephens and western Carter Counties, Oklahoma,
from rocks of Permian, Pennsylvanian, Mississippian, Siluro-Devonian,
and Ordovician ages. This large, complexly folded and faulted area is
in the northwest part of the Ardmore basin between the Arbuckle
Mountains on the east and Wichita Mountains on the west. The first
production was discovered in July 1914 from Permian rocks at a
depth of 400 ft in sec. 21, T. 3 S., R. 2 W. The area has had two periods
of major structural movement: post-Morrow, pre-Deese; and post-
Hoxbar, pre-Cisco. Production is from stratigraphic traps, fault closures,
anticlines, and combinations of these. Geologically this is one of the
most interesting areas of the world, and economically it has produced
742,835,000 bbl of 0il with an estimated reserve of 158,288,000 bbl. The
area is still active and new reserves are being found. [520]

Anatomy of a Giant—Oklahoma City Field
GATEWOOD, LLOYD E., Consulting Geologist, Oklahoma City,
Oklahoma

Oklahoma City field, Oklahoma County, Oklahoma, was dis-
covered in 1928, by the drilling of a wildcat well on a mapped 100-ft
surface closure. Today this field ranks among the largest 10 oil fields
in the United States. Its structural growth is allied closely to the stages
of evolution of the Anadarko basin. Growth probably commenced in
Cambrian time, and definitely took place from Ordovician through
Early Pennsylvanian time as a result of subsidence in the Anadarko
basin. This subsidence caused faulting and compressional folding; the
most pronounced of which took place near the northeast rim of the
basin. In that area, folds and faults in the Anadarko basin intersected
the southern end of a buried mobile basement feature, the Nemaha
ridge. The presence of this ridge not only influenced the position of the
Oklahoma City field structure, but also its size, shape, and structural
complexity.

The structure was folded, faulted, and truncated more or less con-
temporaneously. Approximately 2,000 ft of Ordovician-Pennsylvanian
sediments was removed from the top; Pennsylvanian sediments above
the unconformity overlie rocks as old as Ordovician. The trap is big
—12 mi long, and having 1,000 ft of closure. A 2,000-ft, down-to-the-
east fault prevented lateral migration of oil from the fold. The Penn-
sylvanian above the unconformity allowed only limited upward migra-
tion. Relief was so prominent and growth so continuous, even after
truncation and burial, that the fold provided an ideal environment for
developinent and trapping of oil and gas in the numerous shallow Penn-
sylvanian sandstones on the irregular surface of the fold. Traps within
the Pennsylvanian sandstones include pinchouts, fault traps, and
channel deposits.

The discovery well produced from Ordovician Arbuckle dolomite,
the oldest pre-Pennsylvanian rocks on the crest of the structure beneath

85





the unconformity. The most prolific production has been from the:
Wilcox sand (basal Simpson) on the lowest part of the structure along
the west flank, nearest the common water table. More than 20 different
zones are productive from Ordovician Arbuckle to Late Pennsylvanian.
Arbuckle and lower Simpson oil zones have a water drive.

Production from the Wilcox sand was 350 million bbl of oil and
820 Bef of gas through 1939, at which time the pressure in the Wilcox
zone was reduced to atmospheric. Since 1939 the natural water drive
has not been effective and natural gravity drainage has resulted in the
production of an additional 186,370,000 bbl.of oil. Estimated Wilcox oil
in place is 1,072,000,000 bbl.

This field is uniqle in that it has been for 40 years a model and
proving ground for exploration techniques and producing technology;
for modern proration rules and laws; for drilling and testing techniques
in deep rotary wells; and for establishing the standards for formation
evaluation and reserve estimates. Developments within a major city
furnished the excitement caused by many “wild” wells like “Wild
Mary Sudik,” but joy accrued to the economic infusion which came
during the worst days of the depression.

It is a billion-barrel field, having already produced more than that
amount of oil and oil-equivalent gas. Of additional importance is the
influence which this field has had in the finding and development of
great quantities of oil and gas in adjacent areas of Oklahoma and
throughout the world. [528]

Burbank Field, Oklahoma—A Giant Grows
LARGENT, B. C., Phillips Petroleum Co., Bartlesville, Oklahoma

The Burbank field of Osage and Kay Counties, Oklahoma, a
“giant” oil field by any standard, has dominated oil activity in north-
eastern Oklahoma since its discovery in the 1920’s.

The major producing formation in the field is the Burbank sand-
stone which is in the Desmoinesian Cherokee Shale of Middle Penn-
sylvanian age. Several lenticular and semiblanket sandstone bodies
comprise the Burbank sandstone whose maximum aggregate thickness
is about 70 feet. The Burbank sandstone was deposited on a tectonically
stable shelf bordering the Arkoma basin on the south; evidence suggests
that the sand was deposited in a shallow marine environment.

The productive limits of the Burbank field are controlled by an
updip facies change from sandstone to shale toward the east and a
tilted oil-water contact on the downdip margin toward the west. These
conditions have combined to form a stratigraphic trap of about 50,000
acres, covering all or parts of 12 townships. At present, more than
1,600 wells are producing approximately 26,000 bbl of oil per day, of
which 76 percent is by waterflood. Cumulative production from the
Burbank field is in excess of 500,000,000 bbl of oil.

During the past 40 years recurring cycles of field extensions and
development followed by periods of relative inactivity have enlarged
the Burbank field to what appears to be its complete areal extent. In-
tensive and imaginative geological investigation of more recently dis-
covered stratigraphic-trap accumulations of oil and gas could reveal
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additional productive acreage that will put these fields in the “giant”
category. [537-5381

Petroleum Geology of Healdton Field, Carter County, Oklahoma
LATHAM, J. W., Sinclair Oil and Gas Co., Ardmore, Oklahoma

The Healdton field, in western Carter County, Oklahoma, is con-
fined largely to the northeast half of T. 4 S., R. 3 W,, but extends into
adjacent townships. The townsite of Healdton is within the field’s
limits. Oil production is principally from the Hoxbar Group (Missour-
ian) of Pennsylvanian age and the Arbuckle Group (Canadian) of
Ordovician age.

Production was established first in 1913 with subsequent field
development resulting in oil production from four shallow Penusylvan-
ian sandstones. These are the Healdton sandstones. All can be recog-
nized across most of the field although local discontinuities exist. Ap-
proximately 2,600 wells had been drilled by 1955, covering a productive
area of more than 7,100 acres..

Several of the earlier development wells were drilled into the pre-
Pennsylvanian section where Ordovician oil was found in minor
amounts.

In 1960, the discovery of a commercial reservoir within the Ar-
buckle brought renewed importance to this already prolific field. The
new production is from three dolomite zones: Wade, Bray, and Brown.
These zones are restricted to the upper 1,600 ft of a 5,000-ft carbonate
section. The Brown zone is the lowermost unit and has proved to be
the only zone of significance. It is a crystalline dolomite approximately
600 ft thick with good intercrystalline porosity and excellent perme-
ability caused by a highly developed fracture system. The Arbuckle
produces from 43 wells within an area of 1,800 acres.

Entrapment of hydrocarbons is attributed to a northwest-south-
east structural trend which originated in Early Pennsylvanian time
and was activated again during the Late Pennsylvanian. The Healdton
area was subjected to intense uplift and faulting in Morrowan time by
the Wichita orogeny. Associated high-angle faulting with a displace-
ment of 10,000 ft placed Pennsylvanian shale and sandstone in juxta-
position with Ordovician carbonates. These younger sediments are be-
lieved to be the source and means of migration for the majority of, if
not all, Arbuckle oil in the Healdton structure. Following an extensive
period of erosion, Hoxbar sandstone and shale were laid down over
truncated pre-Pennsylvanian rocks and later folded during the Ar-
buckle orogeny.

Because of the magnitude of stresses affecting pre-Pennsylvanian
strata, the Arbuckle producing structure has closure in excess of 1,500
ft, whereas the overlying Pennsylvanian closure is approximately 500
ft.

Hoxbar sandstones, from an average depth of 1,000 ft, have yielded
approximately 250,000,000 bbl of oil, and secondary-recovery methods
are now being employed. The Arbuckle produces from an average depth
of 4,000 ft and has a cumulative production in excess of 2,000,000 bbl.

[538]
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Paleontology and Paleoecology of Wann Formation, Northeastern Oklahoma
McCOY, SCOTT, JR., Phillips Petroleum Co., Bartlesville, Oklahoma

The Wann Formation (Missourian) of northeastern Oklahoma is
primarily a regressive marine sequence of calcareous shale, shale, and
sandstone with a characteristic molluscan fauna traceable along much
of the outcrop. The replacement of a crinoid-brachiopod fauna by the
molluscan fauna in Washington County reflects the change from
deeper water to a nearshore marine environment. This environmental
change was caused by the northward expansion of a deltaic area which
generally was on the south. The deltaic sediments are well developed
in the southern outcrops of the Wann.

The rich molluscan fauna, a “Drum-type assemblage,” is similar
to those found in other Middle and Upper Pennsylvanian formations
in Oklahoma indicating a repetition of eunvironments. Trepospira,
Worthena, Euphemites, and Glabrocingulum are the predominant ele-
ments of the fauna although other gastropods and pelecypods are pro-
minent locally. The relative abundance of a species at any location
within the assemblage zone appears to be depth controlled.  [540-541]

Giant Oil Fields of North America
MOODY, J. D, and SPIVAK, J., Mobil Oil Corp., New York, New
York

A group of 45 oil fields in North America, each with reserves in
excess .of 500 million bbl, have been analyzed to determine their char-
acteristics as an entity. The fields include 18 in the continental interior,
11 in California, 11 in the Gulf Coast area, 3 in Canada, and 2 in
Mexico. They contain a total of 46 billion bbl of ultimate reserves,
which is about 35 percent of the present total for the continent. The
historical implications and future potential are discussed.. [542]

Petrology and Sedimentation of Jackfork Sandstones, Arkansas
MORRIS, ROBERT C., Geology Division, Northern Illinois University,
DeKalb, Illinois

A detailed field investigation along the intricately folded and
faulted frontal Ouachitas for the first time permits accurate sampling
of sandstones encompassing the entire Jackfork section. The resulting
petrographic information supplements paleocurrent studies and sedi-
mentary structures in postulating a provenance and dispersal system.
Rocks of the frontal Quachitas consist approximately 30 percent of
sandstone deposited by mass flow or turbidity currents and 70 percent
of shale, mostly controlled by downslope movement after deposition.
Exposures along a southern belt consist of 75 percent of sandstone;
only negligible amounts of gravity-deformed. argillaceous rocks are
present in this southern belt.

Approximately 200 thin sections were analyzed from measured
sections and isolated areas. Along the frontal Ouachitas, the sandstone
is predominantly fine-grained quartz arenite and wacke (range 0.07 to
0.31 mm; average 0.14 mm), high in polycrystalline quartz, and having
less than 1 percent feldspar, 2.5 percent unstable rock fragments, a
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stable heavy-mineral suite, and varying amounts of matrix. These rocks
are moderately sorted to moderately well sorted although pressure
solution has masked and altered the original texture. Stylolites along
bedding planes and sutured, interlocking grain contacts indicate con-
siderable removal of silica by postdepositional means, a small amount
remaining as quartz overgrowths.

The more argillaceous wacke shows highly corroded quartz grains
due to local increases in pH but with little grain interpenetration.
Dominantly friable sandstone along the southern belt has comparable
grain sizes but a marked increase in matrix and decreased postdepo-
sitional changes. The matrix probably reduced the flow of silica-re-
moving waters, also forming a cushion that would reduce number of
point contacts. Feldspar content may approach 10 percent but remains
lower than that of the Stanley sandstone.

Basinal filling was mainly from the end (east), aided by sediment
bypassing through the Illinois basin. A voleanic archipelago (Llanoria)
probably contributed .the feldspar. Rocks throughout the frontal
Ouachitas apparently were deposited along a steep, .south-dipping,
unstable slope. West-flowing, bottom-hugging turbidity. currents.con-
centrated the sand in the deepest part of the east-west trending
QOuachita trough which today is exposed as the rocks of the southern
belt. Care must be taken when interpreting sandstone-shale ratios in
flysch basins where the greatest sand content is along the basin axis.

[542]

Panhandle-Hugoton Field, “First Fifty Years”
PIPPIN L., Exploration Geologist, Amarillo, Texas

A detailed study of the geometry and an understanding of the
mechanics of entrapment are essential to unravel the complexities of
the Panhandle-Hugoton field.

The reservoir in the Panhandle-Hugoton field is usually con-
sidered to be rocks of Wolfcamp age. Gas and oil appear to have
migrated from Pennsylvanian marine shales in the Anadarko basin
through granite wash into the Panhandle field.

The trap is primarily structural in the Panhandle field, and strati-
graphic in the Hugoton field, with a hydrodynamic component in both.

Red Cave reservoirs above the Wolfcamp and  Pennsylvanian
reservoirs below the Wolfcamp usually are not considered to be a part
of the Panhandle-Hugoton field pay. It is the writer’s opinion, however,
that these reservoirs could be considered to be Panhandle-Hugoton
field pays, because they appear to have had the same source areas,
initial pressure, and similar water contacts. [545]

Anomalous Morrowan-Chesterian Correlations in Western Anadarko Basin
SWANSON, DONALD C., Esso Production Research Co., Houston,
Texas, and WEST, RONALD R., School of Geology and Geophysics,
University of Oklahoma, Norman, Oklahoma

Fossils recovered from cores of a thin lignitic shale and a coal in
two widely separated wells in the western Anadarko basin show that
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the shale and coal beds are time-equivalent. Spore-pollen assemblages
from the two intervals are identical and indicate a late Morrowan age.

Coal from one well in the western Oklahoma Panhandle is from
an interval generally considered as late Morrowan; the lignitic shale
from a well near Liberal, Kansas, however, is from rocks widely ac-
cepted as early Chesterian—almost Meramecian.

Considering that there is a span of several million years between
early Chesterian and late Morrowan, two possible interpretations are
presented. Either (1) identical spore-pollen assemblages are not suffi-
cient evidence to distinguish between early Chestrian and late Mor-
rowan or (2) some rocks currently accepted as of Chesterian age in
the western Anadarke basin actually are limestone-shale facies of the
Morrow Formation, and the relation between Morrowan sandstone-
shale and “Chester” limestone-shale would not be one of onlap on an
unconformable surface but, instead, a major facies change. In the two
wells the interval between the Meramecian St. Genevieve Limestone
and the Atokan “Thirteen-Finger” limestone is nearly equal and
analysis of the geologic history of this interval lends support to the
facies interpretation. Either interpretation is provocative and could
have economic consequences. [551]

Clay-Mineral Diagenesis in Atoka (Pennsylvanian) Sandstone, Crawford
County, Arkansas
TRIPLEHORN, DON M., Sinclair Oil and Gas Co., Tulsa Research
Center, Tulsa, Oklahoma

Chemical and mineralogic evidence indicates significant clay-
mineral diagenesis in a shallow (237 ft) core of Atoka (Pennsylvanian)
sandstone from Crawford County, Arkansas. This core spanned a com-
plex sequence of interbedded sandstone and shale that is at least partly
marine.

Clay shales are dominated by illite with significant amounts of
kaolinite and minor amounts of chlorite. Increasingly sandy shales
contain progressively more chlorite and less kaolinite; illite remains
the dominant clay-mineral component. The clay fractions (<2u) of
sandstones are dominated by chlorite with lesser amounts of illite and
no kaolinite.

The strong contrast between the clay-mineral contents of these
closely interbedded sandstones and shales suggests a diagenetic change
that occurred primarily in the sandstones because of their greater per-
meability. The chlorite of the sandstones most likely has been formed
authigenically with concurrent destruction of kaolinite.

Elimination of kaolinite from sandstones by differential sedimen-
tation seems unlikely because (1) it is doubtful that natural mechan-
ical processes could produce the perfect separation of kaolinite found
in these rocks, and (2) numerous studies of recent and ancient sedi-
ments .indicate that kaolinite commonly is concentrated in sandstones
rather than eliminated from them.

Clay-mineralogical changes in the sandstone may be part of an
overall pattern of diagenesis in an alkaline, reducing environment that
also includes the formation of siderite rhombohedra and significant
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solution of silica (as indicated by straight or embayed contacts of
quartz grains).

Much of the discussion on the origin of clayey sediments in
modern deposits has been devoted to the relative importance of pro-
venance versus environmental alteration or segregation. With respect
to ancient deposits, however, approaches confined to these factors are
inadequate where diagenesis of clay minerals has occurred, as it ap-
parently has in the Atoka sandstone and sandy shale. [553]

Palynological Stratigraphy and Succession of Oklahoma Pennsylvanian
Coal Seams
WILSON, L. R., School of Geology and Geophysics, University of Okla-
homa, Norman, Oklahoma

Palynomorphs occur abundantly in Pennsylvanian coals of Okla-
homa and are usable as stratigraphic indices and indicators of eco-
logical conditions which existed in the coal swamps during their ac-
cumulation. Climatic conditions during Pennsylvanian time in Okla-
homa appear from several lines of evidence to have been remarkably
uniform but certain genera and species of palynomorphs have restricted
stratigraphic ranges which appear not to have been entirely ecologi-
cally controlled. Certain genera, Knoxisporites, Densosporites, Savi-
trisporites, and others, are more abundant in the Upper Mississippian
strata than in Pennsylvanian and do not extend higher than the Mor-
row or Des Moines Series. The Missouri and Virgil Series are char-
acterized by genera and species of saccate palynomorphs. Certain
specific coals are characterized by suites of fossils, by paleoecological
assemblages, and/or by stages of palynomorph succession. The last
factor is based on at least three stages of palynomorph abundance
which may be interpreted as representing stages in the paleoecological
development of coal swamps. These successive abundance levels as
high as the Mineral coal in the Des Moines Series are (1) Laeviga-
tosporites-Lycospora, (2) Calamospora-Florinites-Endosporites, and
(3) Densosporites. Above the Mineral coal the Densosporites stage is
absent or is replaced by a stage dominated by saccate genera. In the
Missouri and Virgil Series Lycospora is absent and Laevigatosporites
commonly represents the first stage of palynological succession. All
areal parts of most coal seams do not contain the complete series of
stages or an abundance of specific assemblages. There is evidence that
this variation is a function of geographic distribution of the particular
coal seam and its geomorphic development. When factors of succession
are combined with stratigraphic ranges of palynomorphs, greater know-
ledge of Pennsylvanian coal-swamp ecology is attainable. [555]

(Continued from page 38)

area and environment. The program comprises 10 papers (one on
Oklahoma), and will terminate with a panel discussion.

Two pre-convention and one post-convention field trips are sched-
uled:

April 20-21—Bartlesville-Bluejacket Sand. The Bartlesville sand
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is one of the more prolific oil reservoirs in the world. The field trip
will consist of visits to excellent outcrops of the unit, where lateral and
vertical variations in textures, sedimentary structures, bedding rela-
tions, and depositional environments can be seen.

April 20-21—Geology of Western Ouachita Mountains and
Western Arkoma Basin. The trip will cover a 22,000-foot-thick sequence
of Upper Mississippian and Lower Pennsylvanian shales and sand-
stones that exhibit diagnostic characteristics of a flysch facies.

April 26-27—Arbuckle Mountains. The Arbuckle Mountains are
composed of Paleozoic rocks ranging from Late Cambrian through
Mississippian in age. The area is structurally complex and numerous
carbonate reservoirs can be examined at the surface.

The staff of the Oklahoma Geological Survey and the faculty of
the School of Geology and Geophysics of The University of Oklahoma
are represented at all levels in the convention. Charles J. Mankin is
chairman of the SEPM Research Symposium. William E. Ham is
Vice-Chairman for SEPM on the Coordinating Committee and will
lead the Arbuckle Mountains field trip. Patrick K. Sutherland is chair-
man for paleontology on the SEPM Technical Program Committee
and will preside over one of the fossil-populations sessions. Thomas W.
Amsden will present a paper and also preside over one of the SEPM
paleontology sessions. L. R. Wilson will present a paper and Carl C.
Branson will be one of the leaders of the Bartlesville sand field trip.

George G. Huffman is project director for the Educational Exhibits
Committee, which is sponsoring a display of publications of affiliated
societies.

In addition, the School and Survey will sponsor a joint exhibit,
prepared by John F. Roberts.

It is 29 years since the convention was last held in Oklahoma City,
which is too long a separation for old friends, The Survey is gratified
to be able to welcome the out-of-state members and wishes them a
wonderful time. The Oklahoma City Geological Society is due high
praise for undertaking this complex project and for providing a first-
class program.
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Cover Picture

DuNES oF PLEISTOCENE SAND ALONG CIMARRON RIVER

The Little Sahara Recreation Area is one of active dunes built
up of sands deposited by the Cimarron River system. Deposits of
Pleistocene gravels, sands, silts, and clays form three, perhaps more,
terrace levels on the northeast side of the river, the same side on which
the prevailing southwesterly winds of the area have developed dune
fields. Southwest of the present river course lies a silt- and clay-
veneered flood plain, and the 30- to 50-foot-thick sand and gravel
deposits beneath the veneer are thought to have been accwmulating
along the Cimarron and its tributaries since early Wisconsin time.

The dune pictured is in the Little Sahara Recreation Area in
Woods County, roughly 3 miles south of Waynoka and west of U. S.
Highway 281 (SWl; SEY} sec. 23, T. 24 N, R. 16 W.). The photo-
graph is from Oklahoma Geological Survey Bulletin 106, Geology and
Mineral Resources of Woods County, Oklahoma, by R. O. Fay, and
was taken by Bob Taylor of Cordell, Oklahoma.

—P. W. W.

94





GEOLOGY OF THE NORTH MUSTANG AND SoutH YUKON
Fieps, T. 11 N, R. 5 W., CanapiaN CounTy, OKLAHOMA

JorNn T. Babo*

Gas production was established in T. 11 N., R. 5 W., Canadian
County, Oklahoma, with the completion of the Phillips 1-A Mosteller
well (C NEV, SEY, sec. 22) on May 11, 1956; this one-well field is
designated the North Mustang field. Production is from the Lower
Pennsylvanian Prue sand, with the top of the sand at 7,880 feet and
the base at 7,900 feet. Perforations were made between 7,884 and
7,896 feet; initial gas production was gauged at 316,000 cfd.

First recorded withdrawal of gas was in May 1958, when the shut-
in pressure of the reservoir was indicated to be 1,940 psi. The latest
reported shut-in pressure was 1,209 psi in April 1967. Total cumula-

* Gulf Oil Corporation, Oklahoma City, Oklahoma.
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Figure 1. Structure map of shallow porous Permian sand, T. 11 N, R. 5 W.,
Canadian County, Oklahoma. Contour interval: 10 feet; datum: sea level.
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tive production from May 1958 to April 1967 was 278,386 Mcf, with
5,760 barrels of condensate.

Production is from a thin, porous section of the Prue sand, which
is a gray to light-brown, fine- to medium-grained, micaceous, slightly
carbonaceous, slightly shaly sandstone with spotted to light oil stain.
Figures 2 and 3 are structure and porosity isopach maps of the Prue
sand unit.

No further production was found in T. 11 N., R. 5 W, until April
1965, when Union of California completed its 1-21 Semtner well (C
NEY4, NWi4 sec. 21) as the discovery well of the South Yukon field.
The well flowed 177 barrels of oil per day from rocks of thec Hunton
Group (Silurian-Devonian). The top of the Hunton was called at
8,450 feet and production was established through perforations between
8,460 and 8,484 feet.

In September 1965, Union of California confirmed production with
its 1-21 Purdin well (C SW14 NE; sec. 21). The Hunton was found

A

N\3'e—NORTH MUSTANG
W T |

! N | SEPT 1967

Figure 2. Structure map of top of Prue sand, T. 11 N., R. 5 W., Canadian
County, Oklahoma. Contour interval: 20 feet; datum: sea level.
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at 8,421 feet and the zone from 8,429 to 8,450 feet was perforated;
initial production of 282 bpd was indicated.

Subsequently, the Union of California 1-20 Mitchell well (NEL/
NEY; sec. 20) was drilled as a dry hole with a total depth of 8,620
feet in the Hunton Group.

Total production from the two wells in the South Yukon field
was reported to be 46,970 barrels through June 30, 1967.

Georocic Discussion

Surface outcrops in the North Mustang and South Yukon fields
are of the Flowerpot Shale of the Permian El Reno Group. A porous
sandstone of Permian age (fig. 1) was drill-stem tested from 1,642 to
1,652 feet in the Duncan 1 Borelli well (C SEY, SW1} sec. 4), and
flowed 6 barrels of salt water per hour with a reported 250,000 cubic
feet of gas in 3 hours.

The division between the Permian and Pennsylvanian beds is
called at 3,464 feet. Pennsylvanian beds of the Virgil Series (Wabaun-
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Figure 3. Isopach map of Prue sand porosity, T. 11 N., R. 5 W., Canadian
County, Oklahoma. Contour interval: 2 feet.
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see, Shawnee, and Douglas) are present to a depth of 5,930 feet. The
Pennsylvanian Missouri Series (Ochelata and Skiatook) is present
to a depth of 7,375 feet.
The Des Moines Series, which includes the Marmaton, Oswego,
Prue, Skinner, and Red Fork zones, is present to 8,140 feet.
A veneer of Atoka beds is present to 8,200 feet. It is underlain by
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the Mississippian limes to 8,240 feet and the Woodford shales to 8,370
feet.

Immediately underlying the Woodford shales are the Silurian-
Devonian limestones and dolomites of the Hunton Group. The Hunton
beds are found from a depth of 8,066 feet in the eastern part of the
township to a depth of 8,765 feet in the western part.

The typical electric-log section of the South Yukon field (fig. 4)
indicates that the Ordovician rocks (Sylvan, Viola, First Wilcox,
Second Wilcox, Tulip Creek, McLish, Qil Creek, Joins, and Arbuckle)
are present from a depth of 8,780 feet to below 10,100 feet. A full pene-
tration of the Arbuckle rocks has not becn made in this township.

The Hunton ranges in thickness from 282 to 405 feet in the town-
ship, becoming progressively thicker westward. Figure 5 is an electric-
log correlation of the Hunton Group across the western part of the
township and is an attempt to explain the presence of production in
the South Yukon field. The production established within the Hunton
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Figure 6. Structure map of base of Woodford Formation, T. 11 N,, R. 5 W,
Canadian County, Oklahoma. Contour interval: 20 feet; datum: sea level.
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Group is assigned to the Haragan-Henryhouse unit, which is divided
into units B, C, and D. Most of the production found in the West
Edmond field and adjacent producing areas is from unit A of the Bois
d’Arc section of the Hunton Group.* Production in the South Yukon
field is from the unit B of the Haragan-Henryhouse section and appears
to be from a stratigraphic trap. Figure 7 is an isopach map of the
Hunton unit B zone (Haragan-Henryhouse). Unit A has been removed
by truncation and is absent in the South Yukon field area. Although
unit B is present in the western part of the township, it is nonporous.
However, as it thins eastward it becomes porous and is the producing
reservoir, possibly as a result of secondary sclution.

* Recent work by Amsden and Rowland (1967) suggests that unit A of the
Hunton Group in the Anderson-Pritchard 1 Replogle well (fig. 5) may
include some Frisco strata. In their interpretation of the Hunton of the
West Edmond field, they have indicated that what is called Bois d’Arc
(unit A) in that area is entirely Frisco.
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Figure 7. Isopach map of the Hunton B zone, T. 11 N,, R. 5 W,, Canadian
County, Oklahoma. Contour interval: 10 feet.
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Unit B is a pink, tan, light-gray, fragmental to coarse-crystalline
to chalky limestone, with slight shows of live oil stain and fluorescence
in the samples. Porosity and permeability are difficult to evaluate by
visual examination.

CONCLUSIONS

Variations in porosity and permeability have confined the develop-
ment of the Haragan-Henryhouse reservoir to a relatively small area.

Evidence for possible oil production is present in the Viola Lime-
stone of Ordovician age. The Union Oil of California 1-21 Semtner
well flowed 86 barrels of oil in 8 hours through perforations in the
Viola Limestone from 9,090 to 9,140 feet.

The Prue sand of Pcnnsylvanian age appcars to have a limited
areal distribution and productive capabilities. In other areas nearby,
the Prue sand approaches a thickness of 530 feet and offers worthwhiie
reserves.

One of the more promising zones of possible production is present
in the Bois d’Arc unit of the Hunton Group. To date, production has
not been found in this zone in the township. The porosity and perme-
ability characteristics, plus evidence of hydrocarbon shows in the im-
mediate area, suggest further testing may be warranted. Both structural
and stratigraphically controlled entrapment possibilities appear to be
present.

Table I is a summary of the drilling and development history of
T. 11 N, R. 5 W., Canadian County, Oklahoma.

Reference Cited

Amsden, T. W., and Rowland, T L., 1967, Geologic maps and stratigraphic
cross sections of Silurian strata and Lower Devonian formations in
Oklahoma: Okla. Geol. Survey, Map GM-14, scale, 1:750,000.

Patricia Wood Moves to AGI

Patricia W. Wood has resigned her associate editorship with the
Oklahoma Geological Survey to accept the position of assistant editor
of translation journals with the American Geological Institute, Wash-
ington, D. C. Her appointment to the new position became effective
at the beginning of this month.

During her all too brief tenure with the Survey Miss Wood has
contributed substantially to the improvement of the editorial effort.
She has been responsible for adding diversity to the content of the
Notes and has spent much time is assisting Patrick K. Sutherland in
his editorship of the Paleontological Society’s new Memoir series, the
first number of which is to appear this month.

The staff of the Survey wishes her well in her new position and
continued good fortune for her future.
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EartH Science INstrucTION IN OxraHOoMA HIGH SCHOOLS

Epwarp C. Storver, Jr.

Surprisingly, in a state owing so much to its mineral resources,
the widespread inclusion of earth science courses in the curricula
of Oklahoma high schools is a relatively recent phenomenon. However,
a survey just completed demonstrates that the growth of earth science
course offerings as an integral part of the education of all future
citizens has not only been occurring steadily in the State in recent
vears, but is rapidly accelerating.

Earth science as taught in the secondary schools may be defined
as “The science which considers the earth, its materials, processes,
history, and environment in space” (ESCP* Newsletter, no. 1, 19683,
p. 1), and as such includes elements of astronomy, geology, meteorology
and climatology, oceanography, and physical geography. It is most
commonly taught in the junior high school at the eighth- or ninth-grade
level, where it replaces the traditional general science course and is
commonly required of all students. Indeed, it is the terminal science
course for a significant number of high school students.

A state-wide survey made in the 1962-1963 school year (Stoever
and Trask, 1964, p. 38) revealed 18 schools in Oklahoma that offered
an earth science course. The survey made this year (1967-1968)
showed that earth science is being taught as a separale course in 85
schools in the State, more than twice the number of the previous year
(table I, fig. 1).

Most of this growth has occurred within the past three years as at-
tested to by the years of earth science teaching experience reported
(table II). This growth may well be correlated in large part with two
events that occurred in 1965: the establishment of the Oklahoma City
Earth Science Curriculum Project Test Center and the development
at The University of Oklahoma of both Academic Year and Summer
Institute Earth Science Teacher Preparation Programs; supported by
the National Science Foundation. More recently, in 1967, Oklahoma
State University initiated a National Science Foundation College-
School Program in ESCP Earth Science, involving a Summer Sequen-
tial Institute, which is also stimulating interest in this field.

Equally dramatic is the response concerning future interest in
earth science teaching. A questionnaire was mailed to 870 Oklahoma
teachers listed in the 1966 National Science Teachers Association
Registry as either general science or earth science teachers. There
were 193 responses (22% of the mailing), which is probably a fair
reflection of the current interest of Qklahoma teachers in earth science.
These teachers represent 162 different schools. Of the schools represent-
ed, 85 are now offering at least one earth science course. Eighteen
schools will definitely add the course next year (1968-1969) and 25
other schools either have definite plans or hope to add the course by
1970-1971. Certainly these plans are tentative to a degree, but, consider-

* BEarth Science Curricddlum Project.
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Tapre L—GrOWTH OoF FARTH SCIENCE ProGraMS FrOM 1866-1967
10 1967-1968 ScHOOL YEARS

1966 18€7- PERCENT
1967t 1968 INCREASE
Number of schools 40 85 112
Number of teachers 78 96 23
Number of classes 182 315 73
Number of students 5224 9476 81
Averages:
Number of students per class 28.7 300 5
Number of classes per feacher 2.33 3.28 41

1 1966-1967 figures from Oklahoma State Department of Education Research
Bureau.

ing the increase over the past year alone, these figures could be reliably
considered as minimums. The questionnaire responses do not reflect,
for instance, the fact that the Oklahoma City school system has
recently moved to adopt the Earth Science Curriculum Project course
throughout its system in 1968-1969, adding 12 more new schools to
the list of those who will be teacking earth science next year for the
first time.

The figures cited above also do not indicate the even more rapid
rise to be expected in the number of students taking an earth science
course by 1970-1971. Teacher and student response is commonly
extremely enthusiastic, and the typical pattern is for enrollment to
increase greatly after one or two years of pilot development of the
course. A dramatic example of this is one school in Norman, Oklahoma,
where the course went from one class involving approximately 30
students in 1965-1966 to twelve classes involving more than 300 stu-
dents during the current year. This pattern is shown in table I, wnere
it will be noted that, although the number of schools and nurcber of
students have approximately doubled this year, the number of teachers
has increased by only 23 percent. Considering that approximately 45
schools in Oklahoma are teaching earth science for the first time this
year, the percentage growth by 1970 in numbers of students can reason-

Tasre I —Years oF Earte ScieNCE TEACHING
HEXPERIENCE

(Data through 1867-1968 school year)

NUMBER NUMBER OF
OF YEARS TEACHERS

1 37

2 27

3 15

4 4

8 3

§ 4

712 8
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ably be expected to surpass the percentage growth in numbers of
schools.

The current enrollment in earth science in Oklahoma represents
19 percent of the current total ninth-grade enrollment (47,943). The
Earth Science Curriculum Project has predicted that at least one-third
of the nation-wide ninth-grade enrollment will be taking an earth
science course by 1970 (ESCP Newsletter, no. 10, 1966, p. 2). Figures
obtained from the Oklahoma State Department of Education predict
a ninth-grade enrollment in Oklahoma for 1970 of 49,692 students.
Based on the ESCP prediction, this would suggest that at least 16,564
Oklahoma students would be taking an earth science course by 1970.
However, considering the growth during the past year alone, during
which the number of students taking an earth science course almost
doubled, it would appear that the growth in Oklahoma by 1970 would
greatly exceed that predicted by the ESCP.

A particularly significant aspect of the growth of earth science
instruction in Oklahoma has been the parallel growth of interest in
the new earth science course developed by the Earth Science Cur-
riculum Project. This is a massive course-content improvement program
sponsored by the American Geological Institute and supported by the
National Science Foundation. Initiated in 1963, the development by
ESCP of a laboratory-centered, inquiry-oriented, interdisciplinary
course in earth science, cumulating in the production of a hard-cover
version of their textbook, “Investigating the Earth,” (Houghton-Mif-
flin and Company, 1967), has further stimulated the already establish-
ed trend toward integrating an earth science course into the junior high
school science curriculum.

The ESCP course itself is receiving enthusiastic acceptance from
Oklahoma teachers and students. Eight schools in the state are cur-
rently teaching “Investigating the Earth.” Seventy-one schools are
definitely planning to add the course by 1970 (38 of them in 1968-
1969), and 44 additional schools have tentative plans to adopt the
course at some time within the next few years. In other words, by the
1970-1971 school year, there may be as many as 125 schools in Okla-
homa teaching the ESCP course. This response is particularly encour-
aging in that the Houghton-Mifflin book is not yet on the state-adopted
textbook list, which at present is revised only once every four years.
Although efforts are being made to alter this procedure, it is probable
that the revised list will not be made effective until the 1970-1971
school year, at which time Oklahoma can hopefully anticipate a renew-
ed upsurge of interest in the ESCP.

Two major effects of this increasingly rapid rise in high school
earth science teaching on the geological profession warrant emphasis.
First, an ever-increasing number of future citizens are going to be
aware of earth science, including geology, and its relationship to man’s
social, economic, and political activities. As voting citizens, they can
be expected to have a better awareness of air and water pollution pro-
blems, man’s exploration in space, attempts at weather modification,
the exploitation of natural resources, and the exploration and utiliza-
tion of the ocean floor, in short, ail of the many ways in which the
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study of the Earth is related to man’s activities. Along with this in-
creased awareness there will be, of course, the stimulation of interest
in the geological profession as a career on the part of many college-
bound students, an effect already being noted in many geology depart-
ments throughout the nation. The improved backgrounds of these stu-
dents are already exerting considerable pressure toward revision of the
traditional college geology curricula.

A second major effect is in the additional employment opportunity
for professional geologists as members of the secondary school earth
science teaching corps. The rapid rate at which earth science has been
added to high school curricula has caught the geological profession
asleep, and there now exists a critical shortage of adequately qualified
earth science teachers. It has been estimated that by 1970 at least
12,000 new earth science teachers will be needed throughout the nation
(ESCP Newsletter, no. 10, 1966); the anticipated production of
teachers by university and college pre-service and in-service training
programs cannot meet this need.

Not only will more qualified teachers be needed, but these teachers
will need all of the support that they can obtain from the geologic
profession. Many individuals and local geological societies in Oklahoma
have in the past provided much such support in the form of in-service
short courses and lecture series, resource assistance, tours, field-trip
guidance, etc., and these activities are continuing. Much, much more
will need to be done in the future, in view of the rapid increase in the
teaching of earth science in Oklahoma high schools. A splendid op-
portunity for rewarding service, both to the public and to the profes-
sion. exists.

Reference Cited
Stoever, E. C., Jr., and Trask, Juel, 1964, Earth science: Oklahoma Teacher,
vol. 45, no. 9, p. 38-39.

New Theses Added to OU Geology Library

The following master’s theses and doctoral dissertations have been
added to The University of Oklahoma Geology Library recently:

Master of Science Theses

Stratigraphy and areal geology of southwestern Bryan County,
Oklahoma, by John D. Currier.

Alteration of igneous rocks in the Lugert area, Kiowa County,
QOklahoma, by Clayton Ralph Nichols.

Palynology of the Bostwick Member of the Lake Murray Forma-
tion (Pennsylvanian), of southern Oklahoma, by Muhammad Abdur
Rashid.

Doctoral Dissertations
Quantitative study of the Cherokee-Marmaton Groups, west flank
of the Nemaha ridge, north-ceniral Oklahoma, by Orville Roger Berg.
Petrology of the Upper Permian Cloud Chief Formation of western
Oklahoma, by Gerald Guy Nalewaik.
—L. F.
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Everett Carpenter
1884-1968

Everett Zenith Carpenter, a geologist who played a large part in oil
and gas development in QCklahoma and Kansas, died suddenly on
February 23, 1968, at his home in Oklahoma City. He was born in
Holton, Kansas, on May 24, 1884. Carpenter attended the University
of Oklahoma and earned a B. A. degree in geology in 1911, The title
of his bachelor’s thesis was The Siratigraphy and Structural Geology
of the Pawhuska Quadrongle. While at the University he met and
later married Neva Merle Swan, whose older sister Nina had married
C. N. Gould in 1903.

During the summer of 1908 he was in an Oklahoma Geological
Survey party led by H. A. Everest in the Ponca City area. During the
1909 field season he assisted in Ohern’s field party near Pawhuska,
then worked with a Federal field group. In 1910 he was with a State-
Federal cooperative field project in the Bartlesville-Nowata area, after
which he was with the U. S. Geological Survey from June 5, 1911, to
July 23, 1913. His work resulted in the publication of Water-Supply
Papers 333 and 365.

In 1913 Everett worked for both the Quapaw Gas Company as
chief geclogist and for the Wichita Natural Gas Company and, with
Gould (then a consultant), discovered the Augusta oil field. Gould
stated that it was the first geologically surveyed oil field. With company
reorganization, Wichita Natural Gas Company became Empire Gas and
Fuel Company, with Carpenter as chief geclogist. In 1915 he discovered
the Eldorade oil field. The company then let him build the geological
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staff to about 200 men, years before other oil-company management
recognized the need for geologic work. L. C. Snider supervised the
training school, and Carpenter expanded exploration into several addi-
tional states, placing Alex W. McCoy in charge.

He left Empire and was at times associated with Emerald Oil
Company, Mississippi Valley Oil Company, Panhandle Eastern Pipe
Line Company, and Watchorn Oil and Gas Company. He joined
Porter Oil and Gas Company and was chief geologist and vice-president
until his retirement. He wrote articles on the geology of Washington
County and on Morrison oil ficld for the Oklahoma Geological Survey.

Everett was made honorary life member of the Oklahoma City
Geological Society in 1958 and wrote the fine article As I Remember It
for the society’s journal in June 1957. He was a founder of the Ameri-
can Association of Petroleum Geologists and was elected honorary
member in 1958. His widow and three sons survive him.

Carpenter’s influence on oil exploration was extensive. In 1924
he wrote to Gould, “I do not regard anticlines as the only controlling
factor in the accumulation of oil. There are other factors equally im-
portant. To my mind, Petroleum Geology is a study of the rocks in
their relation to the accumulation of oil and gas. Anticlines furnish
only one condition under which oil and gas may accumulate. Other
conditions equally important are furnished by Sand Lenses, Faults,
Shoe-string Sands, etc.”

In these thoughts he was years ahead of others and made his
companies highly successful. —Carl C. Branson

Sources
Aurin, F. L., 1959, Everett Carpenter, honorary member: Amer. Assoc.
Petroleum Geologists, Bull., vol. 43, p. 1744-1747.
Branson, C. C,, 1957, Petroleum notes from the twenties: Okla. Geol. Survey,
Okla. Geology Notes, vol. 17, p. 93-94.
McMurtry, W. E., 1958, Everett Carpenter elected to honorary life mem-
bership: Oklahoma City Geol. Soc., Shale Shaker, vol. 8, no. 8, p. 4-5.

Water Resources of Cleveland
and Oklahoma Counties

Oklahoma Geological Survey Circular 71, Ground-Water Resources
in Cleveland and Oklahoma Counties, Oklahoma, was published on
April 8, 1968. The report, written by P. R. Woad and L. . Burton,
both of the U. S. Geological Survey, is the culmination of a long-term
study undertaken as a cooperative project beiween the U. S. Geological
Survey and the Oklahoma Geological Survey. It comprises 75 pages,
8 figures, 9 tables, and 2 plates. Plate I is a colored geologic map of
Cleveland and Oklahoma Counties, compiled by L. C. Burton and
C. L. Jacobsen, at an approximate scale of 3 inch = 1 mile. In addi-
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tion to the geology, the map shows the locations of several hundred
water wells, for which data are presented in the text. The principal
source of water in the two-county area is the Garber and Wellington
Formations, which together constitute a single aquifer.

The book may be purchased from the Oklahoma Geological Survey
for $3.75 (paper bound only). An abridged abstract follows.

ABSTRACT

Rocks exposed at the surface are Permian and Quaternary in age.
The Permian rocks include the Wellington Formation, Garber Sand-
stone, Hennessey Shale, Duncan Sandstone, and Chickasha Formation.
The Quaternary rocks include terrace deposits at one or more levels
along the valleys of the principal streams, alluvium, and dune sand.

The terrace deposits and alluvium supply ground water for do-
mestic and stock use at many places in the two counties, yielding up
to 200 or more gallons of water per minute to properly developed wells.
The Chickasha Formation, Duncan Sandstone, and Hennessey Shale
yield small quantities of hard water to wells.

The principal sources of ground water used for municipal and in-
dustrial purposes are the Garber Sandstone and the Wellington Forma-
tion. The two formations were deposited under similar conditions, and
both consist of lenticular beds of sandstone alternating with shale.

At variable depths below the land surface the Garber and Welling-
ton contain water too highly mineralized for most uses. Hence, the
depth to which wells may be drilled in search of potable water supplies
is largely determined by the depth at which salt water is encountered.
In southeastern Cleveland County salt water occurs about 100 feet
below land surface. In eastern Cleveland and Oklahoma Counties salt
water occurs at depths ranging from 200 to 660 feet below land surface.
In the Oklahoma City, Lake Hefner, and Edmond areas salt water is
700 to 800 feet below land surface; in the Midwest City area, more than
1,000 feet; at Norman, 700 feet; and at Noble, 400 feet.

The depths of municipal, institutional, or industrial wells per-
forated or screened in the Garber and Wellington range from 300 to
about 1,000 feet. Yields range from 50 to 450 gallons per minute and
average 240. Pumping drawdowns range from 50 to 430 feet and aver-
age 200 feet. Coefficients of transmissibility, determined from pumping
tests, range from 3,000 to 7,000 gallons per day per foot and average
5,000. The coefficients of storage average 2.0X10~". Specific capacities
range from 0.6 to 3 gallons per minute per foot of drawdown, and aver-
age 1.3.

Throughout most of the area water levels in the Garber and Well-
ington have changed little since the 1940’s. but they have declined
substantially in the Norman and Midwest City areas.

Recharge is estimated to be about 5 percent of the precipitation,
or 90 acre-feet per square mile for the outcrop area. Annual recharge
averages about 72,000 acre-feet.

Ground-water withdrawals from the Garber and Wellington for
all purposes through 1959 are estimated to have been 280.000 acre-feet.
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Ground-water withdrawals for municipal, institutional, and industrial
use during 1963 are estimated to have been 25,000 acre-feet.

Water from the Garber and Wellington is suitable for drinking,
but locally is high in sulfate, chloride, or other mineral constituents.
At most places it is suitable for irrigation, but locally it has an exces-
sive amount of sodium.

The Garber and Wellington Formations in the two counties are
estimated to contain 50 million acre-feet of fresh water, of which about
34 million is available for development. Thus additional supplies are
available through development, but wells should be properly spaced
to minimize interference between wells.

Speleological Society Field Trip in Major County

The National Speleological Society is sponsoring a preconvention
field trip in Oklahoma as a prelude to its national meeting at Spring-
ficld, Missouri, August 18-24, 1968. The field trip, scheduled for August
17, will be a visit to a newly mapped gypsum cave in Major County.
The Oklahoma event is being conducted by the Central Oklahoma
Grotto of the Society, which extends an invitation to all, members and
nonmembers alike. Full information may be obtained from:

Mr. Jerry Fogleman

Central Oklahoma Grotto
National Speleological Society
1101 Berwyck Drive

Moore, Oklahoma 73060

The national convention of the Society will be held at Southwest
Missouri State College and is being cosponsored by the Missouri Geo-
logical Survey and Water Resources and the Missouri Speleological
Survey, Inc. Information on the Springfield meeting can be obtained
from:

Mr. J. D. Vineyard
Missouri Geological Survey
Box 250

Rolla, Missouri 65401
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New Oklahoma Core Catalog Issued

The University of Oklahoma Core and Sample Library has issued
its new Core Catalog 2, February 1968, which supersedes all earlier
lists. The catalog is a direct reproduction of the readout from the punch
cards that constitute the accession file of the library. The listing is in
the order of township, range, and section for the entire holdings. The
catalog is available upon request from The University of Oklahoma
Core and Sample Library, School of Geology and Geophysics, The
University of Oklahoma, Norman, Oklahoma 73069,

Since the issue of Core Catalog 1 in February 1967, cores from
152 wells have been added to the library. Many of these are from
wells drilled recently but some are from older wells. Cities Service
Oil Company contributed cores (mostly chips) from a number of wells
drilled in the Oklahoma City field during its early development. The
Oliphant interests donated a substantial number of cores from wells
in Kay and Osage Counties. Cores from several older wells drilled by
the Atlantic Refining Company were properly identified and shelved.

The Core and Sample Library is in building 139, Jenkins Ave.
south of Constitution St., South Campus of The University of Okla-
homa, Norman. It now has on file more than 75,500 feet of core from
920 wells. Well-cutting samples from approximately 28,000 wells are
also on file, but only those not obtainable through commercial libraries
are available for examination.

Mr. Wilbur E. Dragoo is manager of the library, which is open
8:00 a.M. to 12:00 noon and 1:00 p.m. to 5:00 p.M., Monday through
Friday. His phone is area code 405, 325-4386. For any additional in-
formation communicate with John F. Roberts, Oklahoma Geological
Survey, room 161 Gould Hall, phone area code 405, 325-3031.

Cores may be examined at the library for a service charge of $1.00
per box. Cores will be shipped to borrower, who pays all shipping
charges, for a service charge of $1.50 per box for 21 days. Permission
to use in excess of 21 days should be obtained; otherwise, a charge of
$1.50 per box will be made for each additional 21 days or portion
thereof.

Cores are added to the library through automatic contribution by
numerous operators as the cores become available. Other operators,
particularly those with storage problems, are urged to avail themselves
of the storage facilities of the library (where the cores will be readily
accessible) through donation of their Oklahoma cores. As the library
is a nonprofit organization, assumption of the delivery costs by the
donor would benefit both the donor and the library. In the cases of
large donations, financial aid for the cost of shelving would also be
mutually beneficial.
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OKLAHOMA ABSTRACTS

GSA SouTH-CeNTRAL SECTION MEETING, DALLAS, TEXAS
March 29-31, 1968

The South-Central Section GSA abstracts are reproduced photo-
graphically from the program of the meeting, and the permission of
the authors and of Jo Fogelberg, managing editor, is gratefully acknow-
ledged. The proper citation for these abstracts is Geol. Soc. America,
South-Central Sec., 2nd Ann. Mtg., Program, p. . _. Page numbers are
in brackets at the end of each abstract.

Atoka Series of the Oklahoma Region

BRaNSON, CARL C., Oklahoma Geological Survey, University of Oklahoma,
Norman, Okla.

The Atoka Formation as a rock-stratigraphic unit is defined as those rocks
overlying the Morrowan rocks (Wapanucka, Bloyd) in the Arkoma Basin and
vicinity. The biostratigraphic unit is the Zone of Fusulinella, excepting the
highest part. The time-stratigraphic unit is the Atokan Series, which underlies
rocks of Desmoinesian age and overlies rocks of Morrowan age. {121

Geology of the Lynn Mountain Syncline, Quachita Mountains,
LeFlore County, Oklahoma

BRIGGS, GARRETT, Dept. Geology, Tulane University, New Orleans, La.

The Lynn Mountain syncline in southern LeFlore County is an east-west-trending
fold which plunges gently westward from its nose on the Oklahoma-Arkansas
line. The Upper Mississippian and Lower Pennsylvanian rocks of the syncline
comprise approximately 22,000 feet of alternating thin layers of sandstone and
shale. The predominance of sandstone layers in the synclinal sequence causes
the syncline to stand out in bold relief above the predominantly shale sequence of
the valleys to the north and south. The northern limb of the syncline exhibits
an almost complete and undisturbed section of, from oldest to youngest, the
upper part of the Stanley Group, the Jackfork Group, the Johns Valley Formation,
and the lower part of the Atoka Formation. Few of the dark siliceous shales used
to subdivide the Stanley and Jackfork groups to the west in the Ouachita Moun-
tains extend into the area. The rocks of the southern limb of the syncline
were dragged northward and overturned by thrusting along the Octavia fauit
which bounds the syncline on the south. The marker beds used to correlate the

OKLAHOMA ABSTRACTS is intended to present abstracts of recent
unpublished papers on Oklahoma geology. The editors are therefore inter-
ested in obtaining abstracts of formally presented or approved documents,
such as dissertations, theses, and papers presented at professional meetings,
that have not yet been published.
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rocks of the northern limb are buried beneath the overturned rocks of the
southern limb. A large splinter of undifferentiated Jackfork has been dragged up
along one of the bifurcations of the Octavia fault and now parallels the southern
edge of the syncline as a prominent ridge which stands out in relief above the
Stanley Shale which surrounds it. (Presented with the permission of the Director
of the Oklahoma Geological Survey.) [12]

Zonal Ammonoids of the Atokan Stage
FurNisH, W. M., Dept. Geology, University of lowa, lowa City, la.

Certain Pennsylvanian ammonoid groups can be arranged into phylogenetic se-
quences, with those of the Atokan Stage constituting a significant step of
equal Importance to others recognized. Those goniatites evolving most spec-
tacularly so as to provide key evolutionary links of generic importance occur
in the Schistoceratidae. The subfamilial group including the type genus can be
visualized as a relatively simple trend. This single lineage, involving the Atokan
Paralegoceras, displays progressive changes in sutural complexity and proportion,
shell sculpture, and conch form. Earlier genera, Branneroceras and Diaboloceras,
characterize rocks in the upper Morrowan Stage, and two more advanced rep-
resentatives of the subfamily, Eoschistoceras and Schistoceras, occur in later
Desmoinesian and Missourian-Virgilian rocks, respectively. A parallel develop-
ment in the Welleritnae is represented in the Atokan Stage by Winslowoceras
and Eowellerites.

Initially, Lower and Middle Pennsylvanian ammonoid taxa were founded on
isolated specimens. The earlier designations can generally be defined, but recog-
nition is complicated by intraspecific variation and gradational differences in
abundant newer collections. There is, therefore, some practical problem in as-
signing a definition of the Atokan Stage on a strictly faunal basis. Such a diffi-
culty is believed to be inherent, and it can be solved arbitrarily. [21]

Paleomagnetism of Cretaceous Rocks from North America

HEersLEY, CHARLES E., Southwest Center for Advanced Studies, 2400 N.
Armstrong Parkway, Dallas, Texas

Paleomagnetic studies of rocks from e¢leven widely separated localities in North
America have provided additional evidence for the position of the Cretaceous
paleomagnetic pole. These data, when combined with the published data from
other localities in North America, give a virtual pole position in the Arctic
Ocean at 72°N 178°W with an ass of 6°. All of the poles from structurally un-
complicated areas are highly consistent, thus strongly supporting the assumption
of a dipolar field during most, if not all, of Cretaceous time. The polarity
of all samples of Cretaceous rocks is normal except for those whose age is
given as Cretaceous-Jurassic or Cretaceous-Paleocene. This suggests that the
Cretaceous period was characterized by a field of uniform normal polarity
in contrast to the Permian when the field was generally of reversed polarity.

An analysis of all available Cretaceous data from North America in terms
of Upper Cretaceous and Lower Cretaceous, using the best available age criteria,
provides two pole positions seven degrees apart each having an a,; of 6°. Although
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this difference may not be significant, it suggests that the pole did move during
Cretaceous time. The movement of the pole is from south to north along
approximately 180°W. This direction and rate of movement connects smoothly
with the results from Tertiary rocks of North America. Thus, if the polar
wandering is interpreted as drifting of North America, the drift has been in a
constant direction and appears to have been more or less continuous since early
in the Cretaceous. [24]

Microfossils and Integrated Faunal and Sedimentary Cycles in the Atoka
Series (Pennsylvanian) near Winslow, Arkansas

HeneestT, Lroyp G., U. S. Geological Survey, East 116, U. S. National
Museum, Washington, D. C.

Species of Komia, Millerella, Fusulinella, and of a few other microfossils occur
at two horizons roughly 150 and 1500 feet above the base of the Winslow Forma-
tion as mapped by Purdue, 1907, in its type area in the Boston Mountains,
Arkansas. These fossils support the cephalopod evidence in indicating an early
Middle Pennsylvanian age for these rocks in the Atoka Series.

An orderly, cyclic repetition in the succession of sediments is recognizable
in the Winslow rocks. An orderly zonation in the faunal and environmental
succession is integrated with the sedimentary sequence. The lateral extent and
continuity of these cyclical units in the shelf zone to the east and the relation
of these cyclothems to the channeloid quartz-gravel-bearing sandstones of the
same age in the northern and eastern parts of the Boston Mountains have not been
determined, but the cyclical features provide a means of identifying and mapping
the rock bodies, of inferring environments of deposition, and of locating the
most favorable horizons for fossils.

Shallow water sedimentary structures and “normal” marine faunas are inter-
bedded with the Scalarituba-“Arthrophycus” assemblage zone, showing that such
problematica are not necessarily indicators of an abyssal environment. The scarcity,
more apparent than real, of “normal” marine fossils resulted partly from an un-
favorable substrate of mud and sand in a high energy environment and from
subsequent decp-seated lcaching of carbonates by sulfurous acid derived from oxi-
dized pyrite. The leaching leaves characteristic features that aid in locating
fossiliferous zones. The growing fossil record and the critical location of the
Winslow Formation enhance the use of the Winslow as a standard of reference
for lower Middle Pennsylvanian stratigraphy. (Publication authorized by Di-
rector, U. §. Geological Survey). [24-25]

The Atoka Problem
QuINN, JAMES H., Dept. Geology, Univ. of Arkansas, Fayetteville, Ark.

The Atoka problem is concerned with acceptable application of the term Atoka
as a formational name and as a stage or series name, and with whatever
segment of the geological column and the scale of geological time the formation
and series may represent or include. Meaningful solution rests on acceptance
of a type locality and some elucidation of the range of the unit. It must be
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understood that rype locality is merely a point of reference and not a “unit
of measurement” in the sense of “typical” locality. A beginning has been
made by suggestion of a type section and locality by Branson and Elias. The
base of the Atcka section should not include Morrowan rocks, which we can
now distinguish paleontologically in most places.

The areal extent of the formation ought to be clarified. The practicality
of spreading the formational name over much of Arkansas and northeastern
Oklahoma is questionable. There is no advantage in the term, “Boston Mountain
Atoka” over Winslow Formation, or “Arkansas Valley Atoka” versus the “Okla-
homa Atoka” Rocks in the Muskogee-Braggs Mountain area are doubtless a
western extension of the Boston Mountain section; they probably should not
be confused with the Atoka proper.

Should the Atoka Formation be restricted to the rocks in the Atoka,
QOklahoma, area, and should an Atokan Stage be recognized; or shall the Atoka
Series be accepted, and if so. shall it be considered lower Middle Pennsylvanian
or upper Lower Pennsylvanian? [33]

Biostratigraphy of the Atokan Stage
STRIMPLE, HARRELL L., Dept. Geology, Univ. of lowa, lowa City, lowa

The term “Atokan Stage” is widely accepted and well established. The Atokan
has a distinctive fauna and is a useful time-stratigraphic unit. Since the type
Atoka Formation is apparently barren, the fossiliferous equivalent of Coal
County (between the Wapanucka Formation below and the Hartshorne Sand-
stone above) serves as a satisfactory reference. Profusulinella and Fusulinella,
which are present in the lower Atoka Formation of Coal County, are representa-
tive of an Atokan Age (especially in the absence of Fusulina spp.). Ammonoids
at Barnett Hill in Coal County (in the zone of Fusulinella) are similar to those
found at Winslow, Arkansas, in the “Winslow” Formation.

Synerocrinus cf. S. farislhi Laudon, Paradelocrinus atoka Strimple, and
Synarmocrinus fundundus Strimple are known to occur in the Atokan of Coal
County (in the zone of Profusulinella) together with several undescribed species
of crinoids.

Correlation of Atokan equivalents over widespread areas is possible through
comparison of known fusulinids and ammonoids. Current studies of crinoids
and conodonts substantiate information previously acquired. [87-38]

Palynology of the Drywood and Bluejacket Coals (Pennsylvanian)
of Oklahoma

URBaN, LoGaN L., 242 F. P. B., Phillips Petroleum Company, Bartlesville,
Okla.

The Bluejacket coal occurs in the Boggy Formation, and the Drywood coal
is the topmost coal of the Savanna Formation. Both are included in the Krebs
Group of the Des Moines Series.

The spore and pollen assemblage in one section of Drywood coal and
two sections of Bluejacket coal contain 33 genera and 70 species. Endosporites
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angulatus appears as a facies fossil in the Bluejacket coal, and the high relative
percentage of this form (10 percent of the total assemblage) may be a diagnostic
feature of the Bluejacket coal. Relative percentages of 19 of the more common
genera indicate that plant succession occurred in the Bluejacket coal in Craig
County, but that the same succession did not develop in the marginal deposit
at Inola Mound. [39-40]

Palynological Evidence for the Age of the Bostwick Member of the
Dornick Hills Group (Pennsylvanian) of Oklahoma

WiLsoN, L. R., and MUHAMMAD A. RASHID, School of Geology, Univ. of
Oklahoma, Norman, Okla.

The Bostwick Member consists of conglomerate, sandstone, shale, coal, and
limestone beds. It is stratigraphically placed in the middle portion of the Dor-
nick Hills Group which includes Morrow, Atoka, and the lower half of the
Des Moines Series. The Bostwick sediments, deposited contemporaneously with
the uplift of the nearby Criner Hills, contain a varied assemblage of palyno-
morphs. The youngest forms are Des Moines species, which suggests that the
Bostwick Member is essentially Desmoinesian in age, and thus raises the ques-
tion about the validity of an Atoka Series in the area. [40]

AAPG-SEPM ANNUAL MEETING, OKLAHOMA CITY,
OKLAHOMA

April 22-25, 1968

The following abstract is of a paper presented at the SEPM
Research Symposium of the SEPM annual meeting. The paper was
added to the program at a late date and therefore was not included
among the published abstracts of that meeting (AAPG Bulletin, March
1968; Oklahoma Geology Notes, April 1968).

Control of the “Microenvironment” on the Clay Mineralogy of an Alteration
Sequence

NICHOLS, CLAYTON R., School of Geology and Geophysics, Univer-
sity of Oklahoma, Norman, Oklahoma.

The alteration of diabase dikes at King Mountain, Kiowa County,
Oklahoma, illustrates the diversity of clay-mineral alteration products
that may result from local variations in the ‘“microenvironment.”
Three diabase dikes exhibiting various degrees of argillation are ex-
posed in a 100-foot-deep railroad cut. The diabase and its alteration
products were examined by means of petrographic microscopy,
x-ray diffractometry, and electron microscopy. Chemical analyses were
obtained by x-ray fluorescence, differential thermal analysis, and ef-
fluent-gas analysis. Diabase from the center of the railroad cut contains
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529, labradorite (Ans) and 319, chlorite. The chlorite is interpreted
as a deuteric alteration product of the original pyroxene. As a weather-
ing surface is approached at the east end of the railroad cut, the
relatively fresh labradorite, chlorite, and magnetite are replaced by
goethite, interstratified illite-montmorillonite, and kaolin. The oxi-
dization and leaching have been accomplished by the downward per-
colation of ground water along a steeply dipping dike. The same dia-
base dike contains interstratified chlorite-montmorillonite where relief
is low and alkaline conditions persist. The clay mineralogy, clay-
mineral distribution, and chemical data all indicate that the argillation
is the result of weathering. The diversity of clay minerals has resulted
from local, relief-controlled variations in the chemical environment.

Board on Geographic Names Decision

Hauani Creek has been adopted as the name for a stream that
heads about six miles northwest of Madill in Marshall County and
flows into Lake Texoma east of Lebanon. Hauani (not Haiyona,
Hiayona, or Houani) Creek is about twelve miles long and terminates
at 33959700’ north latitude and 96°54’10"’ west longitude.
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Cover Picture

DirrERENTIAL WEATHERING IN MORROWAN SANDSTONES

Rocks of Morrowan (Early Pennsylvanian) age crop out in num-
ercus narrow exposures on the southwest flank of the Ozark Mountains
in northeastern Oklahoma. In this area, they rest unconformably on
rocks of Mississippian age, most commonly on the Pitkin Formation.
They have been subdivided in Arkansas into the Hale (below) and
Bloyd Formations, but, because of marked facies changes, these names
are not easily applied to many exposures of the Morrowan in north-
eastern Oklahoma. The greatest variation in lithology and thickness is
at the base of the section, apparently as a result of variation in deposi-
tional patterns arising from the irregularity of the Mississippian
erosional surface.

The cover photograph shows an outerop where the basal “Hale”
sandstones are particularly well developed and form a distinct cliff
about 25 feet high. The marked irregularity of the cliff profile is due
to differential weathering caused by the variation in the percentage of
calcareous cement. This cliff is exposed in a power-line cut on the
southeast side of Jackson Mountain, in SE4 SEY sec. 17, T. 15 N,
R. 24 E., western Adair County.

—Patrick K. Sutherland and Thomas W. Henry
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OKLAHOMA GEOLOGICAL SURVEY
ANNUAL REPORT

July 1, 1967-June 30, 1968

INTRODUCTION

ESTABLISHMENT AND PURPQSE OF THE SURVEY

Awareness of the potential mineral wealth of the State led the
framers of Oklahoma’s Constitution to the foresighted act of providing
for the establishment of a geological survey. Article V, Section 38, of
the State Constitution reads, “The Legislature shall provide for the
establishment of a State Geological and Economic Survey.” The Okla-
homa Geological Survey is thus the only one of the 47 state geological
surveys to be established in this manner.

The Survey began operation on July 25, 1908, under an enabling
act of the First Legislature that defined its responsibilities:

First. A study of the geological formations of the State, with

special reference to its mineral deposits, including coal,
oil, gas, asphalt, gypsum, salt, cement, stone, clay, lead,
zinc, iron, sand, road-building material, water resources,
and all other mineral resources.

Second. The preparation and publication of bulletins and reports,
accompanied with necessary illustrations and maps, in-
cluding both general and detailed descriptions of the
geological structure and mineral resources of the State.

Third. The consideration of such other scientific and economic
questions as, in the judgment of the commission, shall be
deemed of value to the people.

ADMINISTRATIVE STRUCTURE

The Oklahoma Geological Survey is on The University of Okla-
homa campus and is under the direction and supervision of the Board
of Regents of The University of Oklahoma. The Board, on September
10, 1958, established the following administrative relationships for
the Oklahoma Geological Survey:

In the administration of the Survey, the Director shall bear the
same relation to the President of the University as the Deans of
the several schools and colleges in the University. The general
administrative officers of the University, such as the Vice-Presi-
dents, the Director of Purchasing, the Controller, the Accounting
Office, the Bursar, the Physical Plant Department, and other
officers of general administration have the same relation to the
Survey that they have with other departments, colleges, or
divisions of the University.

The Survey staff comprises two categories, professional (per-
manent and part-time) and technical. The professional category in-
cludes those personnel involved in geologic mapping (both surface
and subsurface), mineral-resources investigations, and technical in-
formation and assistance. The technical category includes those per-
sons involved in the support of the professional staff members. The

123





technical areas include: analytical chemistry, core and sample library,
drafting, editing, and secretarial and maintenance services.

SUMMARY AND HIGHLIGHTS OF PROGRAM

During the past fiscal year, the Survey engaged in a variety of
activities, ranging from basic geologic investigations to public services.
Ten geclogic mapping programs and five State and Federal coopera-
tive projects were either continued or initiated. Increased emphasis
was placed on mineral-resources investigations and public information
and assistance.

Internally, the Survey expanded its technical-service activities
with the employment of additional staff and expansion of research
facilities. The completion, at a cost of more than $50,000, of the 3rd
floor addition to the Survey building provided four additional office-
laboratories for professional staff members. Other building modifica-
tions included a vacuum-frame room for the drafting section, remodel-
ing of the analytical chemistry laboratory, and reorganization of the
secretarial section.

In addition to their professional and public-service activities,
many staff members participated in the organization and operation
of the 1968 Annual Meetings of the American Association of Petro-
leum Geologists—Society of Economic Paleontologists and Mineralo-
gists in Oklahoma City. Dr. Ham served as vice-chairman for the
SEPM and led a field trip to the Arbuckle Mountains. Dr. Branson
served as a field-trip coleader on an excursion to northeastern Okla-
homa to cxamine stratigraphic relations and sedimentary structures
of the Bartlesville-Bluejacket Sandstone. Dr. Mankin served as chair-
man of the SEPM Research Committee and organized the research
symposium on Environmental Aspects of Clay Minerals. Mr. Roberts
prepared and supervised the joint display by the School of Geology
and Geophysics and the Oklahoma Geological Survey.

Several Survey staff members presented papers at national meet-
ings (appendix C) and published reports in national journals (ap-
pendix B). These activities, together with the countless hours of
professional consultation with individuals and companies, provided
an active and rewarding year.

Forecast For 1968-1969 FiscaL YEAR

During the coming fiscal year, the Oklahoma Geological Survey
will continue to expand its activities in mineral-resources investiga-
tions. In addition, an expansion of cooperative projects will enable
the Survey to develop a more diversified geological program. A co-
operative research program with the U. S. Bureau of Mines will
involve examination of selected samples of clays and shales for their
potential in the manufacture of vitrified clay pipe, lightweight ex-
panded aggregate, and structural ceramic materials. Additional in-
vestigation of gypsum reserves, added copper production potential,
and other nonmetallic and metallic resources will be conducted in an
effort to provide opportunities for the expansion of mineral-oriented
industries in Oklahoma.
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Enlargement of the water-resources program with the U. S.
Geological Survey and closer coordination of this activity with the
Oklahoma Water Resources Board will be undertaken during the
coming fiscal year. A thorough knowledge of the water-resource poten-
éial is vital to the future industrial growth and development of the

tate.

Feasibility studies will be made during the coming fiscal year
for future comprehensive investigations into urban geology. Such
investigations are long overdue, and their need is becoming more
critical each day. However, because of the shortage of qualified in-
vestigators and financial resources, they cannot be pursued at this
time.

Under the wise leadership of its several former directors, the
Oklahoma Geological Survey has built a reputation on integrity and
response to areas of concern in the earth sciences. This policy of
dedication to the wise utilization and controlled development of our
natural resources will continue to be the central theme of this organi-
zation.

Program During FISCAL 1967-1968

BASIC GEOLOGIC MAPPING

A thorough evaluation and subsequent utilization of the mineral
resources of the State cannot be accomplished without a continuing
and vigorous basic mapping program. During the fiscal year, nine sur-
face and one subsurface mapping projects were actively conducted.
Five involved the Survey staff and five were under the direction of
part-time investigators. The projects are in all parts of the State (fig.
1) and involve stratigraphic units ranging from Ordovician to Holo-
cene in age. When completed, each map will be accompanied by a de-
tailed description of the geology and mineral resources of the area
covered, and it is anticipated that all will be published as bulletins of
the Oklahoma Geological Survey.

Project priorities are governed primarily by the potential yield of
geologic information needed for further investigation and development
of the mineral resources of an area. Among the projects listed below,
for example, those concerning the Blaine Formation, the evaporites in
Cimarron and Texas Counties, and the Antlers Sand in Choctaw
County are worthy of note. The Blaine Formation contains huge quan-
tities of gypsum that should prove to be of great economic importance
as the development of the Midcontinent and the Southwest progresses.
Also, the underlying Flowerpot Shale may contain additional reserves
of copper, a possibility that cannot be confirmed without prior detailed
surface mapping. The salt deposits underlying Cimarron and Texas
Counties represent both a potential mineral resource and a water-pol-
lution hazard; knowledge of the exact nature and distribution of these
subsurface deposits will enable future investigators to evaluate both
aspects. The Antlers Sand is a potentially significant ground-water
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reservoir and may contain buff-burning clay, a mineral commodity for
which there is high demand and short supply.

The mapping projects are summarized below; the numbers indi-
cate areas shown in figure 1.

1. Blaine Formation and associated strata, southwestern Okla-
homa. Drs. Ham and Johnson have essentially completed the mapping,
and the manuscript is nearing completion. The report is scheduled for
publication as Survey Bulletin 110. The report will be a detailed strati-
graphic description of the Lower Permian strata exposed on the north
and west sides of the Wichita Mountains.

2. Custer County. Dr. Fay has completed the geologic map of the
county, and the manuscript is in the final stages of preparation.

3. Muskogee County. Mr. QOakes is compiling a geologic map of
the county from previously gathered information. The manuscript map
is approximately 75 percent complete.

4. Rogers County. Dr. Branson has completed a geologic map of
the. county, and it is in the final stages of drafting. The written report
is approximately 80 percent complete.

5. Lincoln County. Dr. Branson undertook supervision and field
checking of the geologic mapping of the county during the fiscal year.
This project should be completed during the 1968-1969 fiscal year.

6. Pushmataha County. Dr. L. M. Cline, the University of Wis-
consin, and Dr. W. D. Pitt, Eastern New Mexico University, have been
involved in the geologic mapping of this county on a part-time basis for
several years. Dr. Cline is currently compiling the final map and ex-
pects to begin preparing the manuscript at an early date.

7. Choctaw County. Dr. G. G. Huffman, The University of Okla-
homa, is preparing a geologic map and report on the county as an out-
growth of his supervision of graduate students’ mapping projects
along the edge of the Gulf Coastal Plain in southeastern Oklahoma.
This project is scheduled for completion during the 1968-1969 fiscal
year.

8. Noble County. Dr. J. W. Shelton, Oklahoma State University,
has completed the geologic map of the county and is now preparing the
written report. The map and report should be published during the
1968-1969 fiscal year.

9. Lynn Mountain syncline, Ouachita Mountains. A special map-
ping project in the Ouachita Mountains of southeastern Oklahoma is
being completed by Dr. Garrett Briggs, the University of Tennessee.
Specifically, the area is the eastern end of the Lynn Mountain syn-
cline in Rs. 23-27 E., from the north border of T. 2 N. to the south bor-
der of T. 1 S., McCurtain and Le Flore Counties. Field work has been
completed, and preparation of the map and report is in progress.

10. Evaporite deposits, Cimarron and Texas Counties. Dr. D. L.
Vosburg, Arkansas State University, has been working for the past
two summers on an investigation of the subsurface evaporite deposits
of the two western Panhandle counties. Mapping has been completed
and the manuscript is being written, with publication scheduled for
the 1968-1969 fiscal year.
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COOPERATIVE PROGRAMS

Because of the overlapping of interests and functions among
various Federal and State agencies, much of the activity of the Okla-
homa Geological Survey is devoted to cooperative projects that elimi-
nate duplication of effort and enable more efficient utilization of
professional skills and available funds. Such cooperation is achieved
through formally defined projects and through informal consultation
and assistance. During the fiscal year, the Survey participated in five
cooperative projects with three Federal and two State agencies. The
Survey also cooperated informally with many other agencies.

Water Resources Division, U. S. Geological Survey. A significant
area of cooperation is the annual water-resources-investigation pro-
gram, carried out with the Water Resources Division of the U. S.
Geological Survey on a matching-fund basis. The most recent product
of this cooperative effort is the publication by the Oklahoma Survey
of the report of ground-water resources of Cleveland and Oklahoma
Counties.

Because of the ever-increasing need for basic hydrologic data for
economic planning and development, the current objective of the
program is to make a water-resources inventory of the State. The
results of this inventory will be published by the Oklahoma Survey
as a series of nine Hydrologic Atlases (fig. 2), each comprising four
sheets. Three of the sheets will be maps at a scale of 1:250,000, show-
ing the geology, availability of ground water, and chemical quality of
ground water for the area covered by each atlas; the fourth sheet will
display precipitation and surface-water data. The nine atlases will
cover all of the State exclusive of the Panhandle, which is being in-
vestigated as a cooperative project of the Oklahoma Water Resources
Board and the U. S. Geological Survey. Field work has been com-
pleted on the Fort Smith quadrangle, intended for publication within
the 1968-1969 fiscal year. Field work is progressing on the Tulsa and
Ardmore sheets, with the expectation that these investigations will
be completed within the next 15 months.

These atlases should provide an accurate assessment of the water
resources of the State and thus enable municipal, agricultural, and
industrial planners to utilize these resources more effectively. They
will also provide a much needed basis for detailed investigations of
special hydrologic problems.

Oklahoma Water Resources Board. A similar, but differently
oriented, program is being conducted in cooperation with the Okla-
homa Water Resources Board. The Board is preparing a series of
publications designed to furnish information on the total economic
and natural-resource environment of each of the drainage basins
of the State, and the Survey is providing the geologic and mineral-
resources information for the series. The geology and ground-water
sections of these publications are intended as interim appraisals to
be used until more comprehensive analyses become available through
other sources.

U. S. Bureau of Mines. Because of the vital importance of such
information, the Oklahoma Geological Survey participates in a co-

129





operative program with the U. S. Bureau of Mines for the compila-
tion of mineral statistics. These statistics are needed in order to
forecast mineral development, judiciously plan mineral investigations,
and promote the industrial development of the State. For example,
the gross mineral production of the State in calendar 1968 was $1.02
billion. Of this amount, approximately 95 percent came from oil, gas,
and petroleum products. However, examination of the statistics
reveals that the nonmetallic and metallic minerals, which constitute
the remaining 5 percent, are showing a substantial and significant
increase in dollar value. Current exploration and development activ-
ities will expand the contribution of these mineral commodities to
the income of the State.

Oklechoma Economic Development Foundation. The industrial
expansion of the State is enhanced by the wide variety of natural
resources available. To aid those agencies that are promoting such
expansion, the Survey cooperated with the Oklahoma Economic
Development Foundation in the preparation of a directory of mineral
producers of the State. The directory, which will be revised annually,
lists all nonmetallic and metallic mineral producers by commodity
and geographic location.

U. S. Bureau of Public Roads. The immediate economic benefit
of the highway-building program in the State is accompanied by an
indirect benefit that can be of equal long-range value. Excavations
for Interstate Highway 35 through the Arbuckle Mountains make
available to geologists information that would otherwise be impossible
or prohibitively expensive to obtain. To take full advantage of this
opportunity, the Survey is engaged in a two-year program with the
U. S. Bureau of Public Roads to make a comprehensive geologic and
paleontologic analysis of the rocks exposed along the right-of-way.
During the first year of the program, a large quantity of lithologic
and paleontologic material has been collected. This material will
undoubtedly yield biostratigraphic and lithostratigraphic information
of incalculable value and help solve some of the more complex pro-
blems of Oklahoma geology.

Informal Cooperation. The Survey cooperates with the Oklahoma
State Department of Highways by providing geologic information for
road construction and maintenance. The U. S. Department of Agricul-
ture receives geologic information from the Survey for its soils-
mapping program. The Survey assists the Topographic Branch of
the U. S. Geological Survey by providing information for and review
of new topographic maps of the State. Among the numerous other
State and Federal agencies that use the information and skills avail-
able at the Oklahoma Geological Survey are the U. S. Bureau of
Reclamation and the U. S. Army Corps of Engineers.

MINERAL-RESOURCES INVESTIGATIONS

More than sixty years ago, Dr. Charles N. Gould, the first state
geologist of Oklahoma, emphasized the vast undeveloped mineral
resources of the State. The diversity of these resources should be a
significant factor in the industrial expansion of the State. Yet, despite
the extensive development of oil and gas resources, few of the non-
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metallic and metallic deposits have been adequately investigated or
exploited. For this reason, an increasing proportion of the Survey’s
budget is being given to the investigation of these fallow natural
resources.

In recent years, members of the Survey staff have helped develop
new mineral industries or expand existing ones. Notable examples
of this work are the efforts by Drs. Ham and Johnson in the develop-
ment of copper mining in southwestern Oklahoma; by Dr. Kerns
and others in the more effective utilization of ceramic raw materials;
and by Drs. Branson, Wilson, and others in providing stratigraphic
information needed for the current expansion of the coal industry.

Several mineral-resources projects were initiated during the fiscal
year and more are planned for the 1968-1969 fiscal year.

PROFESSIONAL INFORMATION AND CONSULTATION

Most staff members of the Oklahoma Geological Survey devote
a large portion of their time to providing information to and consulting
with individuals and companies. Such information ranges from data
on drilling activities in the Anadarko basin to opinions about the
possibility of rare-earth elements in Oklahoma. All open-file informa-
tion and all information collected in the public domain by staff mem-
bers of the Survey are readily and freely provided upon request. All
conversations are given thorough consideration and are deemed con-
fidential, unless declared otherwise by the party involved. It is through
this exchange of information that the Survey is able to keep abreast
of the varied developments taking place in the mineral industry of the
State.

The current policy of the Survey is that staff members may not
engage in private consulting within the State of Oklahoma. They may
engage in consulting activities outside the State, providing (1) they
receive prior approval from the director of the Survey and (2) such
consultation is done on leave without pay.

PUBLIC INFORMATION AND ASSISTANCE

As a public agency, the ultimate obligation of the Oklahoma
Geological Survey is to the people of the State. Although this obliga-
tion is fulfilled primarily in an indirect manner through the other
activities described in this report, the Survey does offer a variety of
services directly to the general public. The Survey provides, upon re-
quest, rock, mineral, and fossil specimens to public-school children;
more than 500 such specimens were distributed during the fiscal year.
Field trips are conducted for public-school and civic groups by mem-
bers of the Survey staff. During the past spring, 830 students from
junior high schools in Oklahoma City, Edmond, Midwest City, and
Chickasha were taken on one-day field trips to the Arbuckle and Wich-
ita Mountains. Throughout the year staff members give public lec-
tures to civic and school groups in all parts of the State. Innumerable
requests by land owners or lessees for specific information concerning
the geology of their property are answered each year. Of equal impor-
tance is the assistance the Survey gives to out-of-state visitors who in-
quire about scenic and geologic areas of interest.
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CORE AND SAMPLE LIBRARY

The Oklahoma Geological Survey, jointly with the School of
Geology and Geophysics of The University of Oklahoma, maintains a
permanent core and sample library on the South Campus. The library
is under the supervision of Mr. Roberts and is maintained by two full-
time Survey staff members assisted by part-time employees provided
by the school.

During the fiscal year, several oil companies contributed cores
from more than 100 wells and donated approximately 14,000 boxes of
samples. The library now contains more than 75,000 boxes of samples
and 25,000 boxes of cores. The cores are from 920 wells, representing
approximately 75,500 feet of hole. Core Catalog 2 was issued in Feb-
ruary 1968.

Because of the importance of the library, the Survey is preparing
a proposal for the construction of a nmew facility that will house not
only the present collection and its anticipated additions but also the
electric logs, scout tickets, and other data now in the collection of the
Oil Information Center on the North Campus. The incorporation of
these two activities will bring together under one roof the most com-
prehensive documentation of subsurface geologic information avail-
able for the State.

BASIC RESEARCH

The eventual applications of basic research are rarely predictable,
but the benefits of such work are so obvious that few organizations
involved in the practical problems of a modern economy can ignore
research without impairing their effectiveness. For this reason, the
Survey maintains a small but active research program that involves
most professional staff members for a portion of their time. The infor-
mation thus acquired can prove invaluable in helping the Survey make
significant contributions to the future development of the State’s
mineral resources.

One example of such an outcome is the work of Dr. Amsden, who
has spent several years on a biostratigraphic and lithostratigraphic
study of the Devonian and Silurian rocks exposed in the Arbuckle
Mountains and east-central Oklahoma. His intimate knowledge of
these rocks enabled him to compile a map (Survey Map GM-14)
showing their stratigraphic subdivision and distribution in the subsur-
face. His map differs markedly from earlier interpretations, which
were based primarily upon electric-log data. Dr. Amsden’s interpreta-
tion is based upon application of his surface studies to a detailed exam-
ination of cores, most of which are stored in the Core and Sample
Library. In view of the exploration activity current in the Anadarko
basin, the publication of his map is most timely.

PUBLICATIONS ISSUED

The information obtained from detailed geologic investigations
is of little value unless it is made easily available to those best qualified
to apply it to mineral-resource problems of the State. The dissemina-
tion of such information is accomplished in many ways, but the most
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fruitful is the publication of Survey reports and maps that can be
made available to the public at reasonable cost and can be referred to
in libraries throughout the world. An example of the value of such
documents is the impetus given to the Oklahoma coal industry by the
recent decision of several Japanese firms to purchase coal from the
State. Their interest in Oklahoma coal arose from reviews of the geo-
logic reports of both the United States and Oklahoma Geological Sur-
veys. Some of these reports are old and, consequently, outdated. Never-
theless, the information they contain was sufficient to stimulate fur-
ther investigation into the possibilities of exporting coal from Okla-
homa to Japan.

During the fiscal year, the Survey published eight documents and
nine issues of Oklahoma Geology Notes. The documents comprise two
bulletins, two circulars, two maps, and two miscellaneous items (ap-
pendix A). In addition, Maps GM-10 through GM-13, which consti-
tute the general series Pipelines and Oil and Gas Fields of Okla-
homa, 1965, were reprinted because the original edition was depleted.
Educational Series Map 3, Mineral Map of Oklahoma, was also re-
printed because of short supply.

The new publications issued are listed in appendix A. The circu-
lars and bulletins represent approximately 800 manuscript pages and
include colored geologic maps of Mclntosh (area 11, fig. 1) and Okla-
homa and Cleveland Counties (area 12, fig. 1). The subjects covered
are trilobites of the Henryhouse Formation; Permian vertebrates; geol-
ogy, mineral resources, and petroleum in McIntosh County; and
ground-water resources in Oklahoma and Cleveland Counties.

Circular 71, which details the ground-water resources of the Okla-
homa City metropolitan area (Oklahoma and Cleveland Counties),
and Map GM-14, which shows the distribution and subdivision of the
Hunton Group throughout most of the State, are particularly pertin-
ent at this time.

In addition to issuing its own publications, the Survey cooperates
informally in the publication of the Memoir series of the Paleontologi-
cal Saciety, under the editorship of Dr. P. K. Sutherland of The Uni-
versity of Oklahoma. The editorial staff assisted Dr. Sutherland in
the preparation of Memoirs 1 and 2 during the fiscal year. Memoir 1,
Articulate brachiopods of the St. Clair Limestone (Silurian), Arkansas,
and the Clarita Formation (Silurian), Oklahoma, was written by Dr.
Amsden and was published in July 1968.

As part of its contribution to the 1968 annual meetings of the
American Association of Petroleumn Geologists and the Society of Ec-
onomic Paleontologists and Mineralogists, the Survey produced a limit-
ed edition of a guidebook for a postconvention field trip to the Ar-
buckle Mountains. The book, Regional Geology of the Arbuckle Moun-
tains, was written by Dr. Ham and will be published by the Survey
as Guide Book XVII within the fiscal year.

oAl Tk

Charles J. Mankin, Director
July 19, 1968
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APPENDIX A

List of Survey Publications Issued, 1967-1968 Fiscal Year

Bulletin 111.—Geology and petroleum of Mclntosh County, Ok-
lahoma; Part 1, Geology and mineral resources of MecIntosh County,
by Malcolm C. Osakes and others; Part II, Petroleum geology of Mc-
Intosh County, by Terry Koontz. 88 pages, 13 figures, 4 plates (includ-
ing geologic map) . Issued July 20, 1967.

Bulletin 115.—T'rilobites of the Henryhouse Formation (Silurian)
in Oklahoma, by K. 8. W. Campbell. 68 pages, 7 text-figures, 19 plates.
Issued November 16, 1967.

Circular 71.—Ground-water resources in Cleveland and Oklahoma
Counties, Oklahoma, by P. R. Wood and L. C. Burton. 75 pages, 8
figures, 2 plates (including geologic map). Issued April 8, 1968.

Circular 74.—Early Permian vertebrates of Oklahoma, by Everett
C. Olson. 111 pages, 12 figures, 3 plates. Issued December 29, 1967.

Map GM-14.—Geologic maps and stratigraphic cross sections of
Silurian strata and Lower Devonian formations in Oklahoma, by
Thomas W. Amsden and T. L. Rowland. Scales: one map at 1:750,000
and six maps at 1 inch = 64 miles, all on one sheet. Issued November
14, 1967.

Index Map.—Index to geologic mapping in Oklahoma—Supplement
2, by Carl C. Branson, Louise Jordan, and John F. Roberts. Two index
maps with bibliographic keys: surface mapping, 1901-1966, and sub-
surface and geophysical mapping, 1964-1966. Issued November 8, 1967.

Directory —Mineral producers in Oklahoma, 1967. Prepared by
the Oklahoma Geological Survey for the Center for Economic Develop-
ment—State of Oklahoma and the Oklahoma Economic Development
Foundation. 42 pages (multilith). Issued November 1, 1967.

Catalog.—Core catalog 2. Complete list of cores acquired by the
University of Oklahoma Core and Sample Library through February
1968. 29 pages (multilith).

Oklahoma Geology Notes. Nine issues (six monthly, July-Decem-
ber 1967; three bimonthly, February, April, June 1968) containing
244 pages.

APPENDIX B
Publications by Survey Staff, 1967-1968 Fiscal Year

TaoMas W. AMSDEN

Silurian and Devonian strata in Oklahoma: Tulsa Geol. Soc.,
Digest, vol. 35, p. 25-34.

Conchidium and its separation from the subfamily Pentamerinae:
Jour. Paleontology, vol. 41, p. 861-867 (with A. J. Boucot and
J. G. Johnson).

Geologic maps and stratigraphic cross sections of Silurian strata
and Lower Devonian formations in Oklahoma: Okla. Geol.
Survey, Map GM-14 (with T. L. Rowland).

Résumé of Silurian and Devonian strata in the subsurface of Ok-
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lahoma: Tulsa Geol. Soc., Digest, vol. 35, p. 22-24 (with T.
L. Rowland).

Lower Devonian limestone of post-Hunton age, Turkey Creek in-
lier, Marshall County, south-central Oklahoma: Amer. Assoc.
Petroleum Geologists, Bull., vol. 52, p. 162-166 (with Gilbert
Klapper and A. R. Ormiston).

Devonian of the southern Midcontinent area, United States, in
International symposium on the Devonian System, vol. 1: Cal-
gary, Alberta Soc. Petroleum Geologists, p. 913-932 (with
W. M. Caplan, P. L. Hilpman, E. H. McGlasson, T. L. Row-
land, and O. A. Wise, Jr.).

Silurian-Devonian relationship in Oklahoma, in International sym-
posium on the Devonian System, vol. 2: Calgary, Alberta
Soc. Petroleum Geologists, p. 949-959 (with T. L. Rowland).

CarL C. BRANSON

Surface mapping, 1901-1966, Map I-B of Index to geologic map-
ping in Oklahoma—Supplement 2: Okla. Geol. Survey.

Progress in topographic mapping in Oklahoma: Okla. Geology
Notes, vol. 27, p. 131-134.

Trace elements in Oklahoma coals [review]: Okla. Geology Notes,
vol. 27, p. 150.

Protest against names for trace fossils: Okla. Geology Notes, vol.
27, p. 151.

Geologic publications by Oklahoma organizations: Okla. Geology
Notes, vol. 27, p. 195-200.

Contribution of S. W. Lowman to Oklahoma geology: Okla. Geol-
ogy Notes, vol. 28, p. 32.

Everett Carpenter, 1884-1968 [memorial]: Okla. Geology Notes,
vol. 28, p. 110-111.

New topographic maps in Oklahoma: Okla. Geology Notes, vol.
28, p. 12-13.

The Cherokee Group, in Geology of the Bluejacket-Bartlesville
Sandstone, Oklahoma: Oklahoma City Geol. Soc., Guidebook
(AAPG-SEPM Ann. Mtg.), p. 26-31.

Road log—Bluejacket-Bartlesville field trip, in Geology of the
Bluejacket-Bartlesville Sandstone, Oklahoma: Oklahoma City
Geol. Soc., Guidebook (AAPG-SEPM Mtg.), p. 4-25 (with
G. S. Visher and R. M. Berry).

RoBert O. Fay

Geology of region II, in Appraisal of the water and related land
resources of Oklahoma—Region II, 1968: Okla. Water Re-
sources Board, Pub. 19, p. 16-19.

Edrioblastoids, in Echinodermata 1, pt. S of Treatise on inverte-
brate paleontology: New York, Geol. Soc. America and Univ.
Kansas Press, vol. 1, p. 289-292.

Parablastoids, in Echinodermata 1, pt. S of Treatise on inverte-
brate paleontology: New York, Geol. Soc. America and Univ.
Kansas Press, vol. 1, p. 293-296.

Blastoids, in Echinodermata 1, pt. S of Treatise on invertebrate
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paleontology: New York, Geol. Soc. America and Univ. Kan-
sas Press, vol. 2, p. 298-445 (with H. H. Beaver, D. B. Macur-
da, Jr., R. C. Moore, and Johannes Wanner).

Wirriam E. Ham

Paleozoic epeirogeny and orogeny in the central United States:
Amer. Jour. Science, vol. 265, p. 332-407 (with J. L. Wilson).

The mineral industry of Oklahoma, in Minerals yearbook 1965,
vol. 3, Area reports: Domestic: U. S. Bur. Mines, p. 641-664
(with R. B. McDougal).

Pulchrilamina, a new mound-building organism from Lower Or-
dovician rocks of West Texas and southern Oklahoma: Jour.
Paleontology, vol. 41, 981-987 (with D. F. Toomey).

CuaRLES J. MANKIN
Structural charge site influence on the interlayer hydration of
expandable three-sheet clay minerals: Clays and Clay Min-
erals, vol. 16, p. 73-81 (with R. L. Kerns, Jr.).

Marcorm C. OAKES
Geology and mineral resources of MclIntosh County, pt. I of Geol-
ogy and petroleum of McIntosh County: Okla. Geol. Survey,
Bull. 111, p. 5-49, 68-85.

JonN F. ROBERTS
Statistics of Oklahoma's petroleum industry, 1966: Okla. Geology
Notes, vol. 27, p. 123-130.
Subsurface mapping, 1964-1966, map VII of Index to geologic
mapping in Oklahoma—Supplement 2: Okla. Geol. Survey.

Patricia W. Woon
Bibliography and index of Oklahoma geology, 1967: Okla. Geology
Notes, vol. 28, p. 39-60.

APPENDIX C

Papers Presented by Survey Staff at National
and International Meetings, 1967-1968 Fiscal Year

Clay Minerals Society, Annual Meeting (16th Clay Minerals Conference)
Denver, Colorado, August 28-31, 1967
CHARLES J. MANKIN
Structural charge site influence on the interlayer hydration of
expandable three-layer clay minerals (with R. L. Kerns, Jr.).

Alberta Society of Petroleum Geologists, International Symposium on the
Devonian System
Calgary, Alberta, Canada, September 6-8, 1967
TroMAs W. AMSDEN
Devonian strata in the southern Midcontinent area, United States
(with W. M. Caplan, P. L. Hilpman, E. H. McGlasson, T. L.
Rowland, and O. A, Wise, Jr.).
Silurian-Devonian relationship in Oklahoma (with T. L. Row-
land).

136





Geological Society of America, South-Central Section Annual Meeting

Dallas, Texas, March 29-21, 1968

Cary C. BransoN

Atoka Series of the Oklahoma region.

L. R. WiisoN

Palynological evidence for the age of the Bostwick Member of
the Dornick Hills Group (Pennsylvanian) of Oklahoma (with

M. A. Rashid).

American Association of Petroleum Geologists—-Society of Economic Pa-

leontologists and Mineralogists, Annual Meeting
QOklahoma City, Oklahoma, April 22.25, 1968

Tuomas W. AMSDEN

Tower Devonian brachiopod faunas in Cklahoma.

L. R. WrsoN

Palynological stratigraphy and succession of Oklahoma Pennsyl

vanian coal seams.

APPENDIX D

Survey Staff, 1967-1968 Fiscal Year

Professional

Thomas W. Amsden
Carl C. Branson
Robert O. Fay
William E., Ham
Kenneth S. Johnson
Charles J. Mankin
Malecolm C. Qakes
John F. Roberts
Leonard R. Wilson

Part-Time Professional

Garrett Briggs

(University of Tennessee)
Lewis M. Cline

(University of Wisconsin)
George G. Huffman

(The University of Oklahoma)
John A. E. Norden

(The University of Oklahoma)
John W. Shelton

(Oklahoma State University)
George T. Stone

(The University of Oklahoma)
Patrick K. Sutherland

(The University of Oklahoma)
David L. Vosburg .

(Arkansas State University)

‘Appointed June 1968.
"Resigned May 1968.

Technical

Editorial
Alex. Nicholson
Carol R. Patrick’
Patricia W. Wood’

Drafting

Marion E. Clark
Roy D. Davis
David M. Deering®

Secretarial and Maintenance

Odus M. Abbott

Helen D. Brown
Candelas M. DeLuca
Pamela J. McCoy
Gwendolyn C. Williamson

Core and Sample Library

Wilbur E. Dragoo
Jerry F. Prescher

Analytical Chemistry
Kenneth A, Sargent’

‘Resigned October 1967,
‘Part time.
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StaTisTics oF OKLAHOMA’S PeTROLEUM INDUSTRY, 1967

JouN F. ROBERTS

Exploratory drilling during 1967 declined as did most activity
in the petroleum industry except production. Sixty-six counties were
explored for new reservoirs (fig. 1). The state-wide success ratio was
23 percent. The northwestern portion of the State experienced the most
extensive activity as the search continued for discoveries on the north
flank of and down into the Anadarko basin; the success ratio, as in
1966, was 40 percent. The most significant discoveries were in car-
bonate reservoirs of Mississippian, Hunton, and Viola units. New
sandstone reserves were found in numerous Pennsylvanian and Ordo-
vician formations.

The first Ordovician production in the Panhandle was established
in Beaver County, sec. 26, T. 4 N., R. 20 ECM, in James F. Smith’s
1 Pyle “J,” which produced gas from the Viola at the rate of 9.172 mil-
lion cubic feet per day.

A new depth record for production was set by the Chevron 0il
Company in its 1 R. 8. U,, sec. 8, T. 3 N, R. 7 W., Grady County. The
well had a calculated open-flow potential of 7.8 million cubic feet of gas

TaABLE I.—GiaNT Om. FieLps or OkrLAHOMA, 1967

1967 CUMULATIVE ESTIMATED

PRODUCTION PRODUCTION RESERVES NUMBER

FIELD (1,000 BBLS) (1,000 BBLS) (1,000 BBLS) OF WELLS
Allen 2,773 102,187 17,813 1,493
Avant 194 105,372 1,629 581
Bowlegs 847 147,538 12,462 170
Burbank 8,795 466,676 33,324 1,295
Cement 2,609 123,274 11,726 1,520
Cushing 3,978 434,933 20,067 1,831
Earlsboro 559 139,089 5,591 176
Edmond West 1,417 118,911 11,089 582
Elk City 287 59,342 40,658 276
Eola-Robberson 4,492 75,287 49,713 483
Fitts 1,654 124,048 2,952 609
Glenn Pool 3,838 291,302 28,698 1,203
Golden Trend 12,952 323,252 171,748 1,667
Healdton 3,386 256,961 23,039 2,158
Hewitt 4,072 182,626 22,374 1,434
Little River 394 132,935 2,065 116
Oklahoma City 1,941 731,743 38,257 442
Seminole 1,025 170,892 16,108 266
Sho-Vel-Tum 32,232 775,067 126,056 7,933
Sooner Trend 16,753 67,892 32,751 2,119
St. Louis 1,467 201,346 8,654 647
Tonkawa 356 125,687 3,644 190

Source: Qil and Gas Journal, vol. 66, no. 6, February 5, 1968.
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Figure 2. Graph showing total wells drilled, oil wells completed, and gas
wells completed in Oklahoma, 1946-1967. Source: Qil and Gas Journal.

per day from perforations opposite Springer sands to a depth of 18,643
feet.

The 22 giant fields in Oklahoma are listed in table I. A giant field
is one that has an estimated ultimate recovery of more than 100 million
barrels of oil. These giants produced 46 percent of Oklahoma’s oil dur-
ing 1967; they account for 52 percent of the State’s estimated ultimate
yield and contain 45 percent of the remaining reserves.

Table II summarizes drilling activity during 1967. Fewer wells
were drilled in all categories than in 1966; the only increase forecast
for 1968 by the Oil and Gas Journal is in the number of exploratory
wells.

Table III lists cumulative and vearly production and value of all
petroleum products to January 1, 1968. Total value of these items is
$23.3 billion.

Table IV compares petroleum production of the past two years.
Production of all items increased during 1967 due to increased allow-
ables occasioned by restriction of imports, which afforded the oppor-
tunity to test Oklahoma’s productive capacity.

The American Petroleum Institute’s Committee on Reserves and
Productive Capacity issued an initial report on the United States
crude-oil productive capacity, as of January 1, 1968. This report re-
sulted from a series of meetings extending over a period of 18 months.
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Figure 3. Graph showing statistics on estimated proved reserves of natural
gas in Oklahoma, 1946-1967. Estimated production is plotted in reverse
direction (increasing downward) to indicate subtraction from reserves.

Source: American Gas Association, annual reports.
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TABLE IV.—HYDROCAREON PRODUCTION IN OKLAHOMA

1966 1967

Crude oil and lease condensate

Total annual production (1,000 bbls)® 224,839 231,600

Value ($1,000)* 654,281 694,710

Cumulative production 1891-year (1,000 bbls) 9,480,814 9,712,414

Daily production (bbls)*® 615,997 634,521

Total number of producing wells? 81,477 80,971

Daily average per well (bbls) 7.6 7.8

Oil wells on artificial lift (estimated)?® 77477 76,971
Natural gas

Total annual marketed production (MMCF)* 1,351,225 1,421,000

Value ($1,000)! 189,172 203,203

Total number of gas and gas-condensate wells® 7,841 7,726
Natural-gas liquids

Total annual marketed production (1,000 gals)* 1,562,378 1,604,500

Value ($1,000)* 80,096 85,729

Ttem for 1966 is U. S. Bureau of Mines final figure. Item for 1967 is U. S.
Burecau of Mines preliminary figure.

*World Oil, annual forecast and review issue, vol. 166, no. 3, February 15,
1968.

Estimated “90-day” productive capacity of crude oil was established
for each state under the following definition.

The crude oil productive capacity is the maximum daily crude
production rate at the point of custody transfer that could be
achieved in ninety days with existing wells, well equipment and
surface facilities—plus work and changes that can be reasonably ac-
complished within the time period using present service capabilities
and personnel—and with productivity declining as it would under
capacity operation. It is assumed that there would be no change in
crude oil prices or costs of materials, equipment and/or labor, no
statutory restrictions on production rates (but no relief from sur-
face regulations on gas and/or water production), no restrictions on
storage or transportation beyond the point of custody transfer, and
no marketing constraints.

The estimated daily average capacity for the United States was
12,289,473 bbls; for Oklahoma, 619,000 bbls, or 5 percent.

The same API committee estimated ultimate recoveries accord-
ing to reservoir lithology and type of entrapment. Oklahoma estimates
are as follows.

RESERVOIR LITHOLOGY TYPE ENTRAPMENT
ESTIMATED
ULTIMATE SANDSTONE CARBONATE STRATIGRAPHIC STRUCTURAL
RECOVERY (%) (%) (%) (%)
Crude oil 11,071,160 93 7 52 48
(1,000 bbls)
Natural gas 48,695,459 76 24 70 30
(MMCF)

Oklahoma continues to rank third in the nation in production and
estimated reserves of natural gas and fourth in crude oil.
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TaxoNomic Crisis IN Pre-PLEISTOCENE PALYNOLOGY

Geruarp O. W. Kremp* anxp J. G. METHVIN®

At the 9th International Botanical Congress in Montreal in 1959,
it was impressive and informative to learn of the tremendous amount
of palynological research publication that was being done in
Russia. L. A. Kupriyanova reported that in 1953 there were 70
palynologic laboratories in the U. S. S. R., with 350 working palynolo-
gists, and that in 1959 the science had grown to 150 laboratories, with
1,000 palynologists. The non-Russian delegates questioned these figures
but were forced to accept them when, in 1961, Kupriyanova prepared a
directory that listed 480 accredited Soviet palynologists and gave their
full academic backgrounds. At that time the United States had only
200 palynologists, most of whom were employed by the petroleum in-
dustry.

A comparison of Neyshtadt’s bibliographies (1952, 1961) with
the listings in our reference materials showed that about 67 percent of
the Russian literature published during the period 1952-1957 had been
overlooked by all the otherwise thorough non-Russian reference ser-
vices. It seems probable that the Russian literature in pre-Pleistocene
palynology is about 50 percent of the world output (compared with 4%
produced by the United States), based upon references available for

1961-1964 (fig. 1).
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Figure 1. Distribution of publications on pre-Pleistocene
palynology, issued during 1961-1964, according to language.

Numbers are percent. Shaded portion at base of second bar
represents American publications (4%).

According to our calculation, world palynology produced a total
of 4,200 publications through 1966 and is now speeding ahead at the
rate of about 330 papers a year (fig. 2). These figures are based on
the references of Erdtman (1927-1957), Neyshtadt (1952, 1960), Roger
(1952-1966), van Campo (1959, 1964), and other accessible sources.

Figure 3, the cumulative curve of the number of new descriptions
of fossil pollen and spores named and validly published during the per-

e

* University of Arizona, Tucson.
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iod 1930-1966, is based on new information regarding Russian litera-
ture and all other information available.

A preliminary study had indicated that, at the end of 1957, there
were about 4,300 newly published species names contained in 738 publi-
cations. Only 40 percent of this literature was actually available to us
and counted for our calculations. Forty-two percent was strictly strati-
graphic in content, as indicated by the absence of reference to illustra-
tions in the listings. The number of new names in the remaining 18
percent was roughly estimated by means of the number of pages, plates,
and text-figures. We later found that two-thirds of the Russian litera-
ture was not listed in any Western reference service. It was necessary
to estimate the missing Russian figures on the basis of the one-third
that was available. All these calculations together indicate that at the
end of 1957 we probably had, not 4,300, but more nearly 6,600 new
descriptions. By extrapolating our figures to 1966, we arrived at a total
of about 14,300 new species in the literature.

With this many newly described species already published, we can
forecast that, at the present rate of production, a cumulative total of
20,000 new species descriptions will have been published by 1975.

Two questions present themselves: (1) Would this 20,000 rep-
resent the total? (2) Can the human mind work with such a total?

As shown by table I, there are more than 380,000 living plant
species with recorded botanical names, grouped under more than 17,000
genera. Many of the phyla are recognized among the fossil palyno-
morphs, but some produce spores too delicate to be preserved or, if
preserved, to be extracted with present techniques.

Since Darwin’s time we have known that no static picture of
species, genera, and families adequately describes the rolling waves
of invasion of new forms, with old forms being left behind to become
the objects of paleontologic study. Living species probably consti-
tute no more than 1 percent of the total number of species, past and
present. With today’s new concept of chronological development,
which is being constantly refined by new findings, more precise facts
are available.

Rensch (1966, table 3) made a thorough study of the different
phyla in the anima! kingdom, in which the species and the genera are
more easily recognized than in the plant kingdom. His conclusion
was that the life spans of species range from a few hundred thousand
years to a few million years, depending upon the phylum.

Any such calculation for the plant kingdom is subject to numerous
objections, particularly because palynologists are limited to working
with organ-genera only. Thomson and Pflug (1953) assumed that
what is commonly recognized as an organ-species of fossil pollen or
spores can be interpreted as the pollen or spores of a whole genus
existing at that time. In some cases the classification cannot be reduced
to a real genus, and the organ-species must be regarded as evidence of
a taxonomic group as large as or larger than a family, as in the Gram-
ineae and Compositae.

It would be interesting to estimate the number of genera represent-
ed by organ-species of fossil pollen and spores that may have existed
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in the higher plants during Earth history, taking into account the
number of living genera and a rough approximation of the life spans
of the various orders of plants in millions of years. Based on Rensch’s
findings, it is here tentatively assumed, for this rough approximation,
that the life span of the genera of pteridophytes is 50 million years;
of the genera of the gymnosperms, 35 million years; and of the genera
of the angiosperms, 15 million years (table II).

By adapting Rensch’s technique to the plant kingdom, we attempt-
ed to estimate the number of organ-genera of fossil pollen or spores
that actually existed in the history of plant life and might eventually
be found in the fossil record. The calculation yielded a figure of about
34,000 genera or organ-species of fossil pollen and spores. Whatever
may be the flaws of this method, the total number of genera must be
more than 20,000.

This same number proved decisive in the fate of diatom research
a century ago, and such a fate threatens palymological research as
well. Although burdened with the handicap of inferior tools, work on
diatoms flourished until about 20,000 species were described in the
literature (Matthes, 1956). Then interest waned and few new re-
searchers were attracted to the field.
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Figure 2. Cumulative curve for the number of papers on pre-Pleistocene
palynology published during 1940-1966.
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Today many enthusiastic students who begin the study of diatoms
soon transfer their attention to other problems. The more frequent
reasons given are the excessive number of fossil species described, the
unavailability of much of the literature, the age and poor physical
condition of much of the older literature, and the excessive time con-
sumed by taxonomic complexities.

The diatom information is contained in old volumes. The pictures
were made with inferior microscopes and cameras and, in many cases,
lack sufficient morphologic detail. However, the species names are
fixed, and most of the species with which we now work have already
been named according to the old nomenclature. The result is that the
interested student becomes stuck in a taxonomic bog.

Despite such difficulties and contrary to popular opinion, diatom
research is capable of effectively solving a number of stratigraphic
problems. Excellent recent examples of what can be accomplished are
the works of Benda (1965) and Zhuze (1960).

Had the workers of the last century been able to use the mag-
netic-tape memory and data-retrieval systems available today, had
they catalogued their findings and worked constantly to refine the
descriptions of their species and type specimens, and had they kept
their information on type localities up to date, we could now make
fruitful use of the information they labored to accumulate.

If pre-Pleistocene palynology follows the same taxonomic pattern,
the number of described species will become so great that young stu-
dents will find the study too time-consuming for the results achieved.
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Figure 3. Cumulative curve for the number of new descriptions
of fossil pollen and spores validly published during 1930-1966.

149





TaBLE I—NUMBER OF LIVING SPECIES AND GENERA OF THE
Prant KiNeDoM

NUMBER OF NUMBER OF
LIVING LIVING
PHYLUM SPECIES GENERA sPoRrest
Angiospermae 250,000 11,000 +
Gymnospermae 700 57 +
Pteridophyta 10,600 315 +
Bryophyta 22,700 500 +
Chlorophyta 5,700 256 +
Euglenophyta 400 25 ?
Chrysophyta 10,000 300 +
Pyrrophyta 1,100 150 +
Phaeophyta 1,500 240 ?
Rhodophyta 4,000 500 ?
Glaucophyta 12 6 ?
Lichenes 20,000 400 +
Eumycophyta 56,000 3,300 +
Myxomycophyta 500 60 ?
Cyanophyta 1,400 160 ?
Protophyta 1,600 150 -
Total 386,212 17,419

'+, produces identifiable palynomorphs.
?, spores too delicate for extraction by present techniques.

Eventually, only those currently in the field will remain. With no new
blood coming into the palynologic group, the number of researchers
will decline, and the study will become moribund. Pre-Pleistocene
palynologists can realistically expect their taxonomic jungle to be-
come impenetrable by the year 1975, and by the year 2075 they will
be confronted with the same situation that faces today’s students in re-
gard to diatom literature.

These are inescapable facts. Many of the pioneer descriptions in
our pollen and spore work are no longer adequate and will be impos-
sible to work with a hundred years from now. The slides we prepare
now will be useless by then. The tremendous advances in photo-
micrography are making the first descriptions and illustrations of our
work obsolete, but, if new workers can be attracted to the field, they
can apply themselves to replacing inadequate illustrations of type
specimens with better photographs. Geological information can be
refined. However, if palynology is neglected, much of the work, includ-
ing that being done now, will be judged inaccurate and inadequate
within a few decades.

Few people are now able to penetrate the chaotic regions that
house the diatom information and to find such useful stratigraphic
applications as those of Zhuze and Benda. It is interesting, however,
to imagine how problems concerning the geologic history of Antarctica
could be solved and how oil exploration in Alaska could be implemen-
ted with information gained from an easily accessible literature of dia-
tom research. Only a few workers have had hardihood enough to pen-
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TaBLE II.—EstiMaTED NUMBER OF GENERA OF LiviNg AND Fossin
Hicuer Lanp Prants

o
= L = 4 <
RS B2y Zuigs <327
Sus a>Z ou®s =0
fe~ Zde Eiu™ By
o< g o -0 ]

CLASS OR < < °

PHYLUM ORDER

Angiospermae Dicotyledoneae 120 9,500 15 27,000
Monocotyledoneae 1207 2,000 4,000
Gymnospermae  Cycadopsida 850 4 35 320
Coniferopsida 370 53 710
Pteridophyta Pteropsida 390 308 50 1,000
Sphenopsida 380 1 180
Lycopsida 405 4 700
Psilotopsida ? 2 5
Psilophytopsida 50 - 30
Total 11,872 33,945

etrate this diatom jungle. Significantly, only one paper was given on
fossil diatoms al the 2nd International Conference on Palynology
(Utrecht, 1966), despite the expectation that diatom workers would
be well represented at such a meeting.

Perhaps in a hundred years there will be a number of phenomena
in palynology of the sterling quality of Ruth Patrick, who at present
contributes so much to diatom literature. But how terrible it is to be
almost the only worker in the field, even for one so fruitful, if nobody
can evaluate your work or, what is worse, if nobody is interested in it!

Hutchinson (1964, p. 3) expressed the wish that a “super-botanist”
might arise, who would be able to grasp many branches of knowledge
at once: palynology, cytology, genetics, pollen morphology, taxonomy,
nomenclature, and phylogeny. Hutchinson’s “super-botanist” is al-
ready with us in the form of electronic computer mechanisms.

Sokol (1966) correctly stated that

Automatic data retrieval processing will revolutionize the
storage and retrieval of taxonomic information for museums,
catalogs, etc. The approaches of numerical taxonomy have al-
ready done much to de-emphasize the legalistic, sterile ¥spects
of naming organisms. It is likely that developments in automatic
data processing will rapidly relegate problems of nomenclature to
the position of relative unimportance which they merit. Some of
the birth pangs of automation will be felt in taxonomy as in other
fields, and traditionally many workers will presumably resist the
changes. The controversy about numerical taxonomy will doubtless
continue for some time to come until a new synthetic theory of
taxonomy accepting what is found from various schools becomes
commonplace. The revolution the computer has brought in taxon-
omy has only just begun.
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All who attended the taxonomic sessions of the Imternational
Committee on the Microflora of the Paleozoic at the Utrecht Con-
ference are probably aware of how far taxonomic confusion has ad-
vanced, of how much time must be wasted by the best palynologists
to straighten out only a few of the mistakes. Electronic data-pro-
cessing systems could take all these descriptions and release them in
an organized way. These systems are not restricted to binomial names,
but can compare hundreds of morphologic characters in a split second.

An immediate objection is that few of us know how to develop a
computer program. However, it is something to be learned. With the
present rate of educational progress, computer programming will prob-
ably be in the curriculum of the 8th grade in our lifetime.

We have the best machines available. We can try different
methods and find the one best adapted to our problem. The program
could start in many centers at once, because none of the computed
facts need be lost. Once they are on tape, they can be reshuffled at
will. The need to pool our efforts in order to compile all available in-
formation from the literature of stratigraphic palynology seems man-
datory. Of particular value will be the recording of Russian palynol-
ogy as the publications become available.

By thus accumulating and organizing our data, analysis will be
easier, and we can move on to synthesis, the goal of scientific re-
search—synthesis which can add to the store of general knowledge.
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New Theses Added to O.U. Geology Library

The following Master of Science theses were recently added to
The University of Oklahoma Geology Library:

Subsurface geology of Wheatland area, Cleveland, McClain,
Grady, Canadian and Oklahoma Counties, Oklahoma, by Mir Ahmed-
uddin.

Areal geology and petrology of the igneous rocks, Santa Ana quad-
rangle, Sonora, Mexico, by Guillermo Armando Salas.

Geology of the Cumberland area, Bryan, Johnston, and Marshall
Counties, Oklahoma, by Robert W. Ganser.

Geology of the Ada area, Pontotoc County, Oklahoma, by Ken-
neth Lance Lowe.

Mississippian rocks of northeastern Osage County, Oklahoma, by
Ray William Rhoads.
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OKLAHOMA ABSTRACTS

THE UNIVERSITY OF OKLAHOMA

Quantitative Study of the Cherokee-Marmaton Groups, West Flank of the
Nemaha Ridge, North-Central Oklahoma

BERG, ORVILLE ROGER, The University of Oklahoma, Ph.D. dis-
sertation, 1968.

Cherokee-Marmaton (Desmoinesian) rocks of a portion of north-
central Oklahoma have been studied in subsurface. The area of investi-
gation included approximately 7,000 square miles; information from
820 mechanical logs and 30 sample logs was utilized. Electric well logs
were incorporated into a series of intercorrelated cross sections which
formed a network of control across the entire area.

Utilizing marker beds which were readily traceable throughout
the area, the rock sequence was subdivided into “genetic increments”
of strata. Each increment was isopached to portray over-all thickness
relations. Isopach maps revealed rapid southwestward thickening
toward the Anadarko basin, minor southeastward thickening toward
the Arkoma basin, local thinning along the Nemaha ridge, and north-
ward thinning onto the shelf. Isoliths of genetic increments within the
Cherokee Group show the nature and distribution of sandstone bodies;
these are confined largely to the eastern side and appear to have a
northern or northeasterly source.

Isoliths of lower Marmaton (Oswego, Labette, and Big Lime)
reveal major limestone-bank developments (undaform-edge banks)
along the northeastern hinge line of the Anadarko basin. These ‘“‘shale-
out” southwestward into the basin and their frontal margins regress
northward with time toward the shelf. Isoliths of upper Marmaton
(Seminole increment) reveal a major east-west trending sand body
crossing the middle part of the area, irregular bodies of sandstone
(Cleveland) throughout the northern part of the area, and thin
wedges of sandstone in the southern portion.

Shelfward migration of Marmaton limestone ‘“banks” and dis-
tribution pattern of sand bodies in the upper Marmaton suggest a

southerly source of clastics during part of Marmaton time.
(Reprinted from Dissertation Abstracts, Pt. B.,
vol. 28, no. 9, p. 3748-B)

OKLAHOMA ABSTRACTS is intended to present abstracts of recent
unpublished papers on Oklahoma geology. The editors are therefore inter-
ested in obtaining abstracts of formally presented or approved documents,
such as dissertations, theses, and papers presented at professional meetings,
that have not yet been published.
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Palynology of a Portion of the El Reno Group (Permian), Southwest Ok-
lahoma

MORGAN, BILL EUGENE, The University of Oklahoma, Ph.D.
dissertation, 1967.

Palynology of the El Reno Group (Permian) of southwestern
Oklahoma is described. The El Reno Group comprises, in ascending
order, the Flowerpot Shale, Blaine Formation, and Dog Creek Shale.
Cores of portions of the El Reno Group from Blaine, Greer, and Har-
mon Counties yielded 14 well-preserved palynomorph assemblages.
The spore and pollen assemblages consist of 55 genera containing 105
species. Ten new genera and 69 new species are described but are not
assigned binomial names. In addition, one species of Fungi imper-
fectae and one species of Acritarch are identified. Relative percentages
of 8 different species have been plotted as histograms and show that
the floral assemblage may be used to differentiate the several forma-
tions of the El Reno Group.

The following conclusions are drawn from the palynological in-
vestigation of the El Reno Group:

1. The spore and pollen assemblage is predominantly composed
of bisaccate pollen, monosaccate pollen, and rare spores. An age of
Guadelupean Stage of the Permian is supported by the spore and
pollen flora.

2. Four major palynological assemblages characterize the El Reno
Group:

A. Sirotersporites assemblage of the Flowerpot Shale.

B. Lueckisporites assemblage of the Lower Blaine Forma-
tion.

C. Psophosphaera assemblage of the Blaine Formation.

D. Striatites physema assemblage of the Dog Creek Shale
and Van Vacter Gypsum Member.

3. The depositional environment of the Flowerpot and Dog Creek
Shales was nearshore, probably marine to brackish, while the Blaine
Formation was largely marine as interpreted from the palynologic
content.

(Reprinted from Dissertation Abstracts, Pt. B,
vol. 28, no. 7, p. 2902-B)

Palynological Investigation of Desmoinesian and Missourian Strata, Elk
City Area, Oklahoma

SANDERS, ROBERT BRUCE, The University of Oklahoma, Ph.D.
dissertation, 1967.

Palynological analyses were made of 141 samples from a thick
Desmoines and Missouri “granite and carbonate wash” wedge of the
subsurface of the Anadarko basin. This deposit is interpreted as a
fluxoturbidite caused by intermittent movements along the flank of
the Amarillo-Wichita uplift during Pennsylvanian time. The samples
were from well cuttings and cores from a 576-square-mile area centered
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about Elk City, Oklahoma. The principal objectives of the study were
the location of the Desmoinesian-Missourian unconformity and the
intra-Desmoinesian unconformity observed in seismic data.

Samples from throughout the Desmoines and Missouri Series
are palynologically characterized by the dominance of well-preserved
Chester recycled palynomorphs and highly corroded and pyritized
endemic palynomorphs. The poor preservation of the Desmoines and
Missouri palynomorphs is attributed to unfavorably low oxidation-
reduction potential and high sulfide concentration in the environment
of deposition.

Desmoinesian index palynomorphs, especially Cabaniss forms,
were in both the Desmoines and Missouri strata, indicating the pres-
ence of Desmoines exposures in the provenance area (Amarillo-
Wichita uplift) during Desmoinesian time. An unconformity of late
Desmoinesian or early Missourian age is indicated in the provenance
area, but there is no evidence that this unconformity is present in the
Anadarko basin proper. It is believed to be a local feature due to
growth faulting along the North Carter and Meers thrusts, among
others.

The combination of Missourian recycling of Desmoines palyno-
morphs and well-caving contamination made stratigraphic zonation
impossible in the 127 samples based on well cuttings. Four of the
samples from core material were geologically dated, but the remaining
13 such samples were barren of diagnostic forms. The intra-Des-
moinesian unconformity is not palynologically reflected.

Fault zones and anticlinal axes were located by application of the
principles of tectonically induced palynomorph carbonization. Tec-
tonically induced carbonization was differentiated from the similar
effects of unfavorable depositional environmental factors by the car-
bonization of recycled as well as autocthonous palynomorphs in the

samples.
(Reprinted from Dissertation Abstracts, Pt. B,
vol. 28, no. 7, p. 2906-B)

UNIVERSITY OF WISCONSIN

Sandstone Petrology and Stratigraphy of the Stanley Group (Mississip-
pian), Southern Quachita Mountains, Oklahoma

HILL, JOHN GILMORE, University of Wisconsin, Ph.D. dissertation,
1967.

The purpose of the study was to determine the provenance of the
sandstones in the Stanley Group by petrographic analysis. If the
nature of the source rocks for the sandstones could be deter-
mined, a probable location for the source area could then be establish-
ed. The petrologic samples were stratigraphically controlled by meas-
uring and sampling partial stratigraphic sections of the Stanley Group.
Selected samples were subsequently analyzed in thin section.
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The study was mainly confined to McCurtain and southern Le
Flore Counties, Oklahoma. Here the Stanley Group consists of about
11,000 feet of dark shale and interbedded argillaceous sandstone and
siltstone. It is the lower portion of about 20,000 feet of flysch sedi-
ments of Mississippian-Pennsylvanian age. The sandstones of the
Stanley Group are mostly turbidite sands, deposited in a deep, marine
geosyncline. Thickness and stratigraphic relationships of the basal
Stanley and the Hatton Tuff Lentil suggest that structural features of
sufficient magnitude to influence sedimentation were present within
the geosyncline by the beginning of Stanley deposition.

The Stanley sandstones are mostly very fine-grained, are poorly
sorted, and have very high matrix contents. Most are wackes (greater
than 10 percent matrix) ; only a small percentage of the samples exam-
ined were arenites (less than 10 percent matrix). The high matrix
contents indicate that no significant amount of reworking occurred
after the sands were deposited.

Mineralogically, the sandstones are mostly feldspathic wackes
and quartz wackes. Some arkosic wackes are found. Five main types
of quartz were identified. Most of these have no definite source-rock
significance, but some of the quartz can be attributed to a quartzite
source. Most of the quartz grains in the sandstones are angular, but
about 31 percent are subrounded and rounded, indicating preexisting
sediments in the source area.

Feldspar is common in sandstones from all parts of the Stanley
Group, except the Chickasaw Creek Formation. Most of the feldspar
is too badly altered for definite identification. However, both fresh
plagioclase and untwinned feldspars are found. Estimated composition
of the plagioclase varies from An. to An.. This is identical to the
plagioclase composition in the Stanley tuff beds. The similarity of
plagioclase in the sandstones and tuffs and the presence of tuffs
throughout the Stanley Group indicate the existence of volcanic ac-
tivity in the source area.

Rock fragments are rare in the sandstones. Those found consist
of metamorphic, volcanic, and sedimentary lithologies. The metamor-
phics are fine-grained mica-schists and quartz mica-schists, slates, and
phyllites. Volcanic fragments consist of fine-grained plagioclase laths in
a dark, cryptocrystalline matrix. They were probably derived from
volcanic flows. Sedimentary rock fragments are mainly shale chips and
have no provenance significance.

The source area for Stanley sandstones is believed to have been a
complex association of sedimentary, volcanic, and metamorphic rocks.
It probably lay to the south of the present-day Ouachita Mountains in
an area now covered by sediments of the Gulf Coastal Plain. Volcanic
and metamorphic rocks of Paleozoic age in the subsurface along the
Luling overthrust front in Texas are lithologically similar to rock frag-
ments found in the Stanley sandstones. This buried sequence was prob-
ably a part of the Stanley source area.

The source area probably consisted of a series of volcanic and
tectonic islands forming within the Ouachita geosyncline. Sediments
from the uplifted areas accumulated in the shallow water surrounding
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the islands. Periodic slumping generated subaqueous mass flows and

turbidity currents which carried sands far into the environment of dark-

mud accumulation, thus producing the typical flysch lithology of the
Stanley Group.

(Reprinted from Dissertation Abstracts, Pt. B,

vol. 28, no. 8, p. 3339-B)

Petrography and Provenance of the Johns Valley Boulders, Ouachita
Mountains, Southeastern Oklahoma and Southwestern Arkansas

SHIDELER, GERALD LEE, University of Wisconsin, Ph.D., disser-
tation, 1968.

The boulder-bearing Johns Valley Formation constitutes a wild-
flysch subfacies of the Late Paleozoic flysch scquence indigenous to
the central Ouachita Mountain province. Enclosed clasts exhibit a
complete size gradation, ranging from sand detritus to boulders exceed-
ing tens of feet in diameter. Clasts are disseminated throughout the
entire formation, where they occur in diverse sedimentary deposits
which include structureless and laminated paraconglomerates, ortho-
conglomerates, and exotic sandstone beds.

Petrographically, the Johns Valley boulders are highly diversified,
with carbonate specimens comprising 75 percent of the boulders. The
majority of carbonate boulders are dolomitic limestones, which consist
of several petrographic varieties. Siliceous specimens comprise 18 per-
cent of the boulders, the majority of which are chert nodules; clastic
specimens account for only 7 percent of the boulders, with arenites
being most abundant.

Boulders range in age from Croixan through Morrowan, with Or-
dovician specimens being dominant. The clasts were derived from
several stratigraphic units indigenous to the Arbuckle and Ozark facies
of the foreland province, as well as from units indigenous to the tran-
sitional and geosynclinal facies of the frontal and central Ouachita
Mountain provinces, respectively. The sourceland was a single linear
element composed predominantly of foreland carbonate strata, but
which also contained subordinate quantities of transitional and geo-
synelinal lithologies. Its paleogeographic location was immediately
north of the transitional zone along the flexure which separated the
foreland and geosynclinal tectonic provinces. Structurally, the source-
land was manifested as a rising, fault-bounded geanticlinal ridge,
which became the locus of an emergent archipelago; the archipelago
was composed of at least four prominent islands which functioned as
major boulder-dispersal centers during Johns Valley time. Sourceland
uplift, accompanied by normal tensional faulting along the south flank,
commenced in mid-Chesterian time. Uplift resulted largely from iso-
static compensation along the hinge-line flexure, necessitated by deep
and rapid subsidence of the Ouachita trough during Stanley-Jackfork
deposition. The sourceland reached its culminating stage of develop-
ment during Johns Valley time and was essentially peneplaned by

late Morrowan time.
Throughout Johns Valley deposition, steep and unstable marginal
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paleoslopes were maintained along the geanticlinal ridge by periodic
tectonism and subaqueous erosional processes. Boulders were derived
by both subaerial erosion of the archipelago under warm and humid
climatic conditions and by submarine erosion of a marginal escarp-
ment and wave-cut terrace. Boulders were transported primarily south-
ward over short distances by a combination of mass-movement media,
which were active along the unstable marginal paleoslopes. The pro-
lific introduction of boulders into the Ouachita geosyncline during
Johns Valley time resulted in the development of a wildflysch subfacies
indigenous to the northern margin of the trough, as contrasted with the
turbidite flysch facies of the trough interior. Following deposition of
overlying Atoka sediments, the Ouachita facies was compressed and
thrust-faulted northward over the denuded geanticlinal ridge, the
probable paleogeographic location of which is approximately coincident
with the present Ouachita frontal belt.

The paleotectonic significance of the Johns Valley boulders is
their indication of subjacent foreland strata beneath the transitional
facies of the Quachita frontal belt, thus substantiating significant north-
ward displacement of the Ouachita facies. In addition, their presence
provides testimony to the initial orogenic tendencies of the Ouachita
mobile belt, tendencies which were a prelude to major orogenesis in
later Pennsylvanian time.

THE UNIvERSITY oF KANSsAS

Paleontology and paleoecology of the Kiowa Formation (Lower Creta-
ceous) in Kansas

SCOTT, ROBERT W., The University of Kansas, Ph.D. dissertation,
1967.

The Comanchean Kiowa Formation in most places in central and
southern Kansas overlies Permian rocks unconformably and underlies
the Dakota Formation with apparent unconformity. Three local fossil
zones, Oxytropidoceras assemblage zone, Engonoceras belvidersense
range zone, and Inoceramus bellvuensis range zone, verify correlation
of the lower Kiowa with the medial Albian Kiamichi Formation in
Texas and the upper Kiowa with the late Albian Duck Creek Forma-
tion. Six lithofacies contain fossils: dark-gray shale, tan claystone,
thin-laminated sandstone, thin-bedded sandstone, mottled sandstone,
and shell conglomerate.

Kiowa fossil assemblages are preserved in place or in the neighbor-
hood where the fossils lived or as transported assemblages. Mixed
assemblages contain species representing several substrates.

Relative-abundance data, accurate stratigraphic and geographic
distribution data, and the Jaccard coefficient define 10 recurring
associations of abundant or unique species. The fossil associations
are: Nuculana, Corbula?-Breviarca, Trachycardium-Turritella, Pteriid-
Mytilid, Gryphaea, Cyprimeria, Crassostrea, Lopha quadriplicaia,
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Brachidontes, and trace-fossil associations. These associations consist of
species having similar feeding and dwelling habits and substrate pref-
erences. Because the fossil associations have paleoecologic consistency,
they represent parts of ancient communities and can be compared with
modern marine benthic communities. Interspecific relationships of
predation, trophic levels, competition, and commensalism were not
unlike those of present-day marine communities. The climate during
transgression and regression of the Kiowa sea was humid, tropical to
subtropical. The sea in the nearshore central Kansas area was shallow-
er and less saline than in the offshore southern Kansas region.

(Reprinted from Dissertation Abstracts, Pt. B,
vol. 28, no. 8, p. 3344-B)

Carol Patrick Joins Survey Staff

The Oklahoma Geological Survey is pleased to announce the ap-
pointment of Mrs. Carol R. Patrick to the position of associate editor.
Mrs. Patrick, who has a B.A. degree from Purdue University, held a
University of Oklahoma Press Editorial Fellowship during the pre-
ceding academic year and brings to her new position skill and knowl-
edge that will contribute materially to the further improvement of
Survey publications. :

Mis. Patrick, a native of Indiana, is married to geologist David
M. Patrick, who is working toward his Ph.D. degree at the Univer-
sity of Oklahoma. While working toward a degree in European history,
she found time to include nine hours of geology, a fortunate occurrence
from which the Survey should benefit. The Patricks, who have been
married for five years, resided in Indiana, Missouri, and West Ger-
many before coming to Norman.
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SaND-BARITE ROSETTE—OKLAHOMA’S STATE RoCK

Oklahoma’s sand-barite rosettes, also popularly known as ‘“barite
roses” or “rose rocks,” consist of reddish-brown sandy crystals of barite
(BaS0,) in petal-like clusters that resemble a rose in full bloom. These
distinctive concretions, common in central Oklahoma, were designated
the official State rock on April 8 1968, when Governor Dewey I
Bartlett signed House Bill 1277. Most rosettes are 0.5 to 4.0 inches in
diameter and have 5 to 20 radiating plates, although the largest one
known is 17 inches across and 10 inches high and weighs 125 pounds.

The Oklahoma rosettes occur primarily in the Permian Garber
Sandstone and are concentrated in a narrow belt that extends 80 miles
through central Oklahoma between Pauls Valley and Guthrie. Barite
was precipitated in interconnccted voids, probably from barium-rich
marine waters that covered the sand during or shortly after its deposi-
tion, and the concretions incorporated quartz sand grains, thus acquir-
ing the red color of the host rock. Because they are more highly ce-
mented than the host rock, the rosettes weather into positive relief on
outcrops or are found scattered in a residual sandy soil.

Barite roses are also reported from California, Kansas, and Egypt,
but they are probably more abundant in Oklahoma than elsewhere in
the world.

This description is taken mainly from Oklahoma Geological
Survey Circular 238, Barite in Oklahoma, by W. E. Ham and C. A.
Merritt.

—Kenneth S. Johnson

(Photograph by T. W. Amsden)
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MeTteEOROLOGIC AND HYDROLOGIC RELATIONSHIPS
ON THE GREAT SALT Prains or OKLAHOMA

JounNIE L. Davis*

In an investigation of the conditions affecting the growth of
“hourglass” selenite crystals on the Great Salt Plains in Alfalfa County,
Oklahoma, I collected basic field data during the period June 17-30,
1968. As crystal growth is a precipitation phenomenon, the investiga-
tion included the measurement of the various factors that would enter
into such a process—ground-water levels; salinity, temperature, and
acidity of the ground water: and temperature and relative humidity
of the atmosphere. The period of the field work was too brief to yield
sufficient data for the primary objective of the investigation. Never-
theless, data collected on ground-water levels and on temperature and
relative humidity of the atmosphere display interesting and apparently
correlative diurnal patterns that may be significant.

The Great Salt Plains covers an area of 14,000 acres in Tps. 26,
27 N, Rs. 9, 10 W., along the south side of the Salt Fork of the
Arkansas River. Average annual precipitation is approximately 26
inches, and the potential annual evaporation is 80 inches. The plains
is a deltaic river deposit of varied and intertonguing layers of clay,
sand, and gravel. The maximum known thickness of this deposit is
27.5 feet. The southeastern part of the original plains is inundated by
by the Great Salt Plains Reservoir, which is impounded by & dam on
the Salt Fork in sec. 11, T. 26 N, R. 9 W. The surface of the plains
slopes downward toward the east from an elevation of 1,140 feet to
1,125 feet, with gradients of 4 to 7 feet per mile. The bedrock beneath
the plains deposits appears to have an average gradient of between 1.5
and 2 feet per mile.

The ground water of the Great Salt Plains is highly mineralized,
containing concentrations of chloride, sulfate, calcium, and sodium
that approach or exceed saturation. Evidently much of the ground
water comes from deeper formations in the Permian bedrock, where
salt and gypsum beds provide the contaminants. Because of the high
dissolved-solids content of the water, salt and gypsum crystals are
being actively precipitated on and just below the surface of the plains.
Rainfall runoff, which dissolves these crystals, and ground-water move-
ment transmit large quantities of dissolved solids to the water of the
Salt Fork and create a serious natural pollution hazard that is carried
to the Arkansas River. For this reason, the hydrology and geology of
the Great Salt Plains are being investigated by the U. S. Army Corps
of Engineers, with the Oklahoma Geological Survey cooperating in the
stratigraphic aspects of the study.

The data-collecting sites were in T. 26 N, R. 10 W,, in the south-
western part of the plains where the selenite crystals seem to be most
abundant (fig. 1). The area includes the selenite-collecting locality,

* Oklahoma Panhandle State College of Agriculture and Applied Science,
Goodwell.
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the only place on the plains where excavation for crystals is permitted.
The three sites pertinent to this report are listed helow; observation
times were on Central Daylight Savings time.

Site A. Water-level measurements; NEV, NWY, NWL, sec. 27.
Data recorded June 17-30, 1968 (fig. 2). A 6-foot length of 1l4-inch
(ID) pipe with an 18-inch sandpoini was driven 68 inches into the
ground, with 2114 inches exposed above ground. The pipe was slotted
with a lg-inch opening to a depth of 3 feet below land surface and
gravel-packed throughout this interval to allow rapid movement of
water into and out of the pipe. Measurements were made with a
Lo-inch-diameter calibrated dowl at irregular time intervals.

Site B. Temperature-humidity measurements; SW cor. NW,
NWY, NW1, sec. 23. Data recorded continuously June 24-30, 1968,
on a 176-hour Friez recording hygrothermograph (fig. 3). Site was
on the plains near the selenite-collecting locality, approximately 1.2
miles from the edge of the plains.
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Figure 1. Map showing locations of data-collecting sites on the Great Salt
Plains. Water-level measurements were made at site A. Hygrothermograph
recordings were made at sites B and C.
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Site C. Temperature-humidity measurements; NE cor. SEl, sec.
33. Data recorded continuously June 24-30, on a 176-hour Friez record-
ing hygrothermograph (fig. 3). Site was southwest of the plains, ap-
proximately 0.4 mile [rom its edge and 2.6 miles south-southwest of
site. B.

Ground-water levels in the Great Salt Plains range from 0 to 5
feet below land surface. At site A, the maximum depth to water re-
corded during the period of observation was nearly 15 inches. Figure
2 is a hydrograph constructed from the water-level measurements.
Except for the curves of June 19, 25, and 30, the daily curves show a
typical pattern, with water-level fluctuations of 3 to 4 inches. Greatest
depth of water occurred between 8 am and 10 am and the least between
6 pMm and 8 pm or 7 pM and 9 pm. The curves for June 19 and 25 show
the effect of heavy rainfall directly on the plains; that for June 30
was apparently affected by a passing thunderstorm, but other unknown
factors may have contributed to its anomalous shape.

The traces of the two hygrothermographs at sites B and C are
superimposed on one chart in figure 3. The black lines are for site C,
in the area off the plains, and the brown lines are for site B, the area
on the plains. The temperature traces closely parallel each other, with
the temperatures recorded on the plains ranging from 4° to 15°F higher
than those off the plains. The relative-humidity traces show a contrary
pattern and cross each other percdically; brown shading between the
humidity traces denotes periods when the relative humidity on the
plains was lower than that off the plains.

The “crossovers” of the humidity traces show that some interest-
ing and not fully understood conditions exist on the plains. When the
air over the plains is drier than the air moving in from the surround-
ing area (the time periods indicated by the brown shading), moisture
is being removed from the air, probably by deliquescence of the highly
soluble salt on the surface of the plains. When the reverse is true,
evaporation on the plains is adding moisture to the air. These alternat-
ing periods of dehumidification and evaporation show an anomalous
pattern. Dehumidification occurs generally between noon and mid-
night, at times when the air temperature is high and the relative
humidity is low; conversely evaporation cccurs at low temperatures
and high humidity. These relationships are directly contrary to what
should be expected and are not fully understood at this time.

Reversals in water-level trends appear to correlate directly with
the periods of evaporation and dehumidification, indicating that these
are the principal agents that produce or are otherwise intimately related
to diurnal water-level changes. However, the reversals precede the
humidity crossovers by a few hours; the water level begins to rise about
2 hours before the inception of dehumidification and begins to decline
about 3 hours before the inception of evaporation. This precession
phenomenon is evidently a result of recharge and discharge by the
lateral movement of the ground water. Toward the end of the evapora-
tion cycle, the discharge by evaporation is lower than the recharge by
lateral movement, causing the water level to begin rising before de-
humidification begins. Similarly, toward the end of the dehumidifica-
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tion cycle, recharge by dehumidification is lower than discharge by
lateral movement, and the water level begins to decline.

More data and a much longer period of observation are needed to
verify the observations made in this report. However, it is noteworthy
that such a small quantity of data can yield patterns and relationships
that are so strongly evident. For this reason, a more detailed investiga-
tion will undoubtedly yield significant results.

I am indebted to W Farrin Hoover, East Texas State University,
who supervised the selenite study from which this report is abstracted;
to Tom Gay and Gene Gilbert, U. S. Army Corps of Engineers, Tulsa
District, who provided hydrologic and geclogic information used freely
herein; and to Herbert R. Smith, project engineer, Great Salt Plains
Dam. who provided climatological and other data. This study was
done with the approval of the Oklahoma Bureau of Sport Fisheries and
Wildlife.

Revision of Quarternary Nomenclature

The term Holocene has officially replaced Recent in nomenclature
usage of the U. 8. Geological Survey. The term was adopted following
a recommendation by the Geologic Names Committee, which met in
January to discuss Quaternary names. It has also been formally ac-
cepted by the Association of American State Geologists during their
annual meeting in May.

Holocene means “wholly recent” and refers to the percentage of
living organisms. Originally proposed as a stage following the Pleisto-
cene by the Portuguese committee to the Third International Congress
of 1885, it has been widely used in Europe in preference to Recent.
Objections to the formal term Recent have been raised by many
American geologists, who have found it ambiguous when referring to
Recent or recent time.

The term Recent was first used by Lyell in 1833 as a part of the
Pleistocene. However, the Pleistocene was restricted to exclude the
Recent by Forbes in 1846 and by Lyell in 1873.

In adopting Holocene, the Survey has given it a series rank equal
to Pleistocene “because both vertebrate and invertchbrate faunas reflect
marked changes between Pleistocene and Holocene Epochs, and the
archeological record provides means for subdividing Holocene deposits.”

Petrochemical Plants in Oklahoma, 1968

Petrochemicals are the chemicals derived from petroleum, natural
gas, and natural-gas liquids. They are obtained by various cracking
and re-forming processes, by chemical synthesis, and by efficient
methods of fractional distillation in refining. Byproducts of many
refining processes provide the raw materials used to produce petro-
chemicals. Some of the principal petrochemicals are polyethylene,
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ethylene, ethyl alcchol, benzene, toluene, and xylene. Inorganic
chemicals derived from petroleum and natural gas include ammonia,
carbon black, and sulphur.

Ten petrochemical plants, listed below, are currently operating
in northeastern, north-central, and south-central Oklahoma; they pro-
duce benzene, ammonia, propylene tetramer, toluene, acids, sulphur,
carbon black, and other products. The number of active plants in Okla-
homa has more than tripled in the past nine years, and the prospects
are bright for continued growth of the State’s petrochemical industry.

Bareco Wax Division (Petrolite Corp.), Barnsdall
Feed: petroleum hydrocarbons and chemicals
Products: microcrystalline waxes

Cherokee Nitrogen Co., Pryor
Feed: natural gas, urea
Products: ammonia (160 t/d), nitric acid (180 t/d),
ammonium nitrate (150 t/d), and urea-ammonium
nitrate solutions (240 t/d)

Contine}xtal Carbon Co., Ponca City
Product: carbon black

Continental Oil Co., Ponca City ‘
Feed: benzene, naphtha fraction, propylene
Products: benzene (350 b/d). cyclohexane (40,000,000 gal/v),
propylene tetramer, and toluene-xylenes mix (1,200 b/d)

National Fuels Corp., Madill*
Feed: H,S
Product: sulfur (8 lt/d)

Nipak, Inc., Pryor
Feed: natural gas
Products: ammonia and urea (feed and fertilizer grade)

Nipak, Inc., West Tulsa
Products: ammonia and di-ammonium phosphates

Sinclair Petrochemicals, Inc., Sand Springs
Feed: petroleum fractions
Products: demulsifying agents, corrosion inhibitors,
actd-layer-type petroleum sulfonate (sodium salt),
and oil-layer-type petroleum sulfonate (sodium salt)

Sunray DX 0il Co., Duncan
Feed: refinery gases
Product: propylene tetramer (700 b/d)

Sunray DX 0il Co., Tulsa
Feed: light Platformate
Products: benzene (1,700 b/d), and toluene (captive)

Abbreviations used:

t/d = short tons per day b/d = barrels per day
1t/d — long tons per day gal/y — gallons per year

' Plant formerly operated by National Sulphur Co.
Source: Oil and Gas Journal, vol. 86, no. 36, September 2, 1968, p. 105-135.
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RecENTLY Pusrisuep OkranoMa TOPOGRAPHIC MAPS

CarL C. BraNsON

New Oklahoma topographic maps have recently been issued by
the U. S. Geological Survey; all are 7V4-minute quadrangles at a
1:24,000 scale, with 5- or 10-foot contour intervals. The maps pub-
Jished since February are listed below in alphabetical order, with
county locations in parentheses; number refers to location on the
index map, opposite page.
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Asher (Pottawatomie, McClain, Pontotoc)
Boley (Okfuskee, Seminole)

Clearview (Okfuskee)

Connerville SE (Johnston)

Cromwell (Seminole, Okfuskee, Hughes)
Dustin (Okfuskee, Hughcs)

Earlsboro (Pottawatomie, Seminole)

Fort Coffee (Sequoyah, Le Flore)

Harden City (Pontotoc, Coal)

Keota (Haskell, Sequoyah)

Lake Carl Blackwell (Payne, Noble)
Milburn (Johnston, Marshall)

Muldrow SW (Sequoyah, Le Flore)
Okemah (Okfuskee)

Okemah SE (Okfuskee, Hughes)

Pharoah (Okmulgee, Okfuskee)

Prague (Pottawatomie, Lincoln, Seminole)
Prague SE (Seminole)

Prague SW (Seminole)

Robert S. Kerr Dam (Le Flore, Haskell, Seminole)
Sallisaw (Sequoyah)

Shawnee (Pottawatomie)

Stillwater SW (Payne)

Straight (Texas)

Straight NE (Texas)

Tupelo (Coal)

Vian (Sequoyah, Haskell)

Twenty-two additional maps are at the advance-proof stage and can
be expected to be published soon. An index map of topographic maps
of Oklahoma dated April 1968 is available from the Oklahoma Geo-
logical Survey free of charge.
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PENNSYLVANIAN Synbathocrinus FRoM OKLAHOMA

HagrgreLr L. StrimpLE* aND MELBA L. STRIMPLE

The species Synbathocrinus melbat Strimple has been represented
by a single specimen (the montoype) found by the junior author in
a crinoid zone of the Wann Formation, exposed in the northeast flank
of the hill called “Bartlesville Mound” on the Osage-Washington
county line at the western edge of Bartlesville, Oklahoma. The point
of collection is in Osage County in an outcrop that was temporarily
exposed by a pipeline excavation. The original description was pub-
lished privately by the senior author in 1938 and reprinted with the
addition of camera lucida drawings in 1959.

Most species of Synbathocrinus are found in Mississippian rocks
of North America and Europe, but a few occur in the Devonian and
some come from the Permian of Timor. The monotype of S. melba has
been the only specimen of the genus described from rocks of Penn-
sylvanian age in North America. Because of the rarity of the form,
a second specimen, recovered from a shale above the Torpedo Sand-
stone Member of the Wann Formation, is figured herein, even though
it is incomplete.

The new specimen was found in washed residue from shale col-
lected on the bluffs above Sand Creek in SWY; NEY, SW1j sec. 7,
T. 26 N, R. 12 E., Osage County, about 3 miles west of Bartlesville.
The exposure was discovered by T. A. Tarr and comprises a calcareous,
fossiliferous shale and an underlying thin limestone (locally no more
than 3 inches thick) just above the massive bluff-forming Torpedo
Sandstone.

* University of Iowa, Towa City.
+ Not “melbus,” as given by Kesling and Smith (1963, p. 187). The name
is derived from the coauthor’s first name.

B

Figure 1. Synbathocrinus melba Strimple, SUI 32233,
approximately x10; unretouched photographs.

A. Side view.

B. View from opposite side with
distal edge of basal -circlet,
radial plates, and two first pri-
mibrachs exposed (two radiai
plates are missing).
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As mapped by Oakes (1940), the stratigraphic position of the
collection site is the lower part of the Barnsdall Formation, which he
mapped with the Birch Creek Limestone at the base. However, we
have reason to believe that the limestone at this locality is not the
Birch Creek but one lower in the section within the Wann Formation,
probably at the stratigraphic level assigned to the Panther Creek lime-
stone by Beckwith (1928).

The specimen is smaller than the holotype and consists of a
fused basal circlet, three radial plates, and two primibrachials (fig. 1).
The radial plates are not uniform in size, one having a short proximal
edge. Each primibrach is sharply tapered so that the distal edge is
less than half as wide as the proximal edge. The distal end is rounded
and marked on the inner side by the narrow ambulacral groove.

The specimen is in the repository at the University of Iowa, SUI
32233.

As a matter of information, a monotypic species reported from the
Carboniferous of Russia (Taidon River, Kuznetsk Basin) as Taido-
crinus poljenowi by Tolmachev (1924, 1931) may belong to Synbatho-
crinus. The specimen illustrated by Tolmachev (pl. 21, figs. 1-3),
although slightly damaged on one side, looks like a typical Synbatho-
crinus.
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OKLAHOMA ‘ABSTRACTS

Tue UNIvERSITY OF OKLAHOMA

Petrology of the Upper Permian Cloud Chief Formation of Western
Oklahoma

NALEWAIK, GERALD GUY, The University of Oklahoma, Ph.D.
dissertation, 1968.

The Cloud Chief Formation in the Anadarko basin is primarily
composed of redbeds with gypsum and dolomite. Interbedding with
nonpersistent lateral facies produces many repetitious and irregular
sequences which are not correlative over wide areas. There is an up-
ward decrease of the quantity of evaporites in the stratigraphic section
and a lateral increase of coarser detrital constituents to the north-north-
west. More than three-fourths of the clastic rocks are feldspathic sub-
graywackes and orthoquartzites. Shales and mudstones are common.
Subarkoses are present, and the most abundant feldspar species are
orthoclase and plagioclase (oligoclase-andesine).

The terrigenous grains have undergone multicyclic development,
with contributions from granitic, metamorphic, and sedimentary ter-
ranes being most important. Voleanic materials may also have provided
detritus to these rocks. Some of the reworked grains were derived from
preexisting redbeds. Postulated source areas include the ancestral
Rocky Mountains of .Colorado and New Mexico and the Quachita
structural belt to the south and southcast of the Anadarko basin.
Because the formation contains some reworked sediments, the Wichita
Mountains may have indirectly provided material to these rocks.

The elay-mineral assemblage is compositionally uniform and con-
sists of trioctahedral montmorillonite, illite, chlorite, and interstratified
mixtures of these minerals. Kaolinite is absent. An arid to semiarid
climate with poor ground-water circulation and concomitant retention
of the soluble ions is indicated by the immature weathering of the clay
minerals. The trioctahedral montmorillonite may be the weathering
product of 10-angstrom mica-type minerals. Minor modifications due
to recent weathering are observable in the interstratified clay minerals.
Significant authigenic effects have not developed in the clay minerals.

The site of deposition involved quiet-water conditions, but sporadic
turbulent conditions produced anomalous, bimodal size distributions
and irregular influxes of sand-bar, aeolian, and flood-plain material.
Isolated basins of evaporation must have existed for development of
the many lenses of gypsum present. A marine, tidal-flat environment
is postulated. This would have been principally a quiet-water, low-
energy environment, susceptible to marginal marine fluctuations and

OKLAHOMA ABSTRACTS is intended to present abstracts of recent
unpublished papers on Oklahoma geology. The editors are therefore inter-
ested in obtaining abstracts of formally presented or approved documents,
such as dissertations, theses, and papers presented at professional meetings,
that have not yet been published.
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tidal influences with attendant turbulent conditions. Restricted shallow
estuaries developed the supersaline basins which produced the thick
evaporite deposits present in the Cloud Chief Formation.

(Reprinted from Dissertation Abstracts,
Pt. B., vol. 28, no. 11, p. 4626-B)

UNIVERSITY OF ILLINOIS

Boron Sorption and Fixation by Illites

COUCH, ELTON LEROY, University of Illinois, Ph.D, dissertation,
1967.

Samples of Beavers Bend, Fithian, and Marblehead illites were
treated in solutions containing boric acid (H,BOQ,) in concentrations
ranging from 10— to 1 molar along with a chloride salt in concentra-
tions ranging from 10~ to 3 molar at temperatures ranging from 25¢
to 215° C and for periods ranging from 12 hours to 210 days.

The data indicate that, for the illites studied, sorption of boron is
enhanced by increasing boron concentration, salt concentration, tem-
perature, and time of treatment. The amount of boron which is sorbed
is also dependent on the type of illite treated—being controlled primar-
ily by the specific surface area and secondarily by the crystallinity
and/or polymorphic composition of the illite, and being largely in-
dependent of the original boron content of the clay.

A two-step mechanism is proposed for boron sorption by illite,
consisting of rapid chemical adsorption of the tetrahedral B(QH) -
anion at the “frayed edge” of the illite, followed by much slower diffu-
sion of boron into the tetrahedral part of the structure. Crystal defects
probably provide thé routes for this diffusion.

The dependence of boron sorption on boron concentration and on
salt concentration is demonstrated and supports the contention that,
with certain reservations and restrictions, the boron content of illites
may be used as a paleosalinity index.

(Reprinted from Dissertation Abstracts,
Pt. B, vol. 28, no. 8, p. 3336-B)

Stratigraphy of the Permian Blaine Formation and Associated Strata in
Southwestern Oklahoma

JOHNSON, KENNETH SUTHERLAND, University of Illinois, Ph.D.
dissertation, 1967.

Surface and shallow subsurface investigation of 700 feet of lower
Guadalupean Permian redbeds and evaporites have permitted regional
analysis of the lithostratigraphy of the Blaine Formation and as-
sociated strata in 5,000 square miles of southwestern Oklahoma. The
writer has been able to correlate beds in this area with those in the
type area of the Blaine Formation in northwestern Oklahoma.

Formations studied include the Duncan Sandstone, Flowerpot
Shale, Blaine Formation, and Dog Creek Shale, each commonly 100
to 250 feet thick; they constitute the El Reno Group, which is under-
lain by the Hennessey Shale and is overlain by the Whitehorse Group.
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These strata were deposited in the eastern part of a broad, slowly sub-
siding epicontinental sea which in Oklahoma covered portions of three
tectonic provinces: the Anadarko basin, the Hollis basin, and the more
slowly subsiding Wichita uplift between them.

The Duncan consists of interbedded sandstone and shale deposited
as a delta bordering the sea on the west; the delta receded and re-
mained in the southeast as younger marine beds of the El Reno were
deposited in the study area. The Flowerpot and Dog Creek Formations
are mostly reddish-brown shale and contain persistent thin beds of
dolomite and gypsum as well as 200-foot-thick sequences of salt and
shale in the subsurface. They are separated by the Blaine Formation,
which comprises 200 feet of interbedded gypsum, shale, dolomite, and
salt (locally); nine principal beds of gypsum, each with dolomite
below and shale above, are grouped into the newly designated Elm
Fork and Van Vacter Members. Beds of gypsum or anhydrite, mostly
97 to 99 percent pure, are 5 to 25 feet thick; dolomite beds are 1 to 4
feet thick; and shale units are 1 to 50 feet thick. Salt units just above
gypsum beds are 15 to 40 feet thick and are limited to the subsurface.

As sea water transgressed from the southwest it was partly evapo-
rated and was successively concentrated with respect to carbonates,
sulfates, and chlorides, thereby producing contemporaneous deposits
of these types of rocks; toward the shore, fresh water draining the land
diluted the concentrated brine and carried in fine clastic material
which was deposited as shale. With regression of environments to the
west, a succession of dolomite, gypsum, salt, and shale was deposited
at each place. This vertical succession of strata is repeated cyclically
and is characteristic of the Blaine and associated formations in south-
western Oklahoma.

(Reprinted from Dissertation Abstracts,
Pt. B., vol. 28, no. 12, p. 5081-B)

Tug UNIVERSITY OF WISCONSIN

Conodont Biostratigraphy of the Mississippian-Pennsylvanian Boundary
and Morrowan Series in Western United States

DUNN, DAVID LAWRENCE, The University of Wisconsin, Ph.D.
dissertation, 1967.

Conodont samples from thirteen sections in Texas, Oklahoma,
Utah, and Nevada were processed and their conodonts studied in con-
junction with a biostratigraphic study of the Mississippian-Pennsyl-
vanian boundary and the Morrowan Series (Lower Pennsylvanian) in
western United States. Formations sampled include the Upper Missis-
sippian (Chesterian) Barnett Shale and Lower Pennsylvanian (Mor-
rowan) Marble Falls Limestone from two locations in the Llano area
of central Texas; the Pitkin Limestone (Chesterian) and Hale and
Blovd Formations {Morrowan) from Muskogee County, Oklahoma;
the Kessler Member of the Bloyd Formation (Morrowan), Sequoyah
County, Oklahoma; the Soapstone (Chesterian) and Round Valley
(Morrowan) Formations, Wasatch County, Utah; the Chainman For-
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mation (Chesterian) and Ely Limestone (Morrowan) from several
localities in Millard County, Utah, and White Pine County, Nevada;
the Indian Springs (Chesterian) and Bird Spring Formation (Mor-
rowan) from the Spring Mountains near Lee Canyon, Clark County,
Nevada; and the Moleen Formation (Morrowan), Elko County,
Nevada.

All conodont zones previously established in the Upper Missis-
sippian Chester Series of the Mississippi Valley can be recognized in
the western United States material. Also, two of three Morrowan zones
established by Lane (1966, ms.) are recognized. In addition, four new
Morrowan zones-—the Rhachistognathus primus-Adetognathus murica-
tus zone, the Streptognathodus expansus-S. suberectus zone, the Idio-
gnathodus humerus-I. sinuosis zone, and the Streptognathodus parvus-
Adetognathus spathus zone—have been determined to be persistent
over a widespread area. Modification of the definition and name of one
previously proposed zone is in order. The continual geosynclinal sec-
tions in Nevada contain conodonts which apparently span a post-
Chesterian — pre-Morrowan time interval, but this is not a major
break. These observaticns suggest that the “Springer Series” of the
Midcontinent region represents a relatively insignificant geologic time
span, and it is recommended that “Springeran” be dropped as a series
term.

Although conodonts are not abundant in most Great Basin ma-
terial studied, Mississippian and Pennsylvanian strata could always
be differentiated. Most Great Basin samples studied yielded between
5.5 and 63.2 conodonts per kilogram.

Phylogenetic studies based primarily on a well-displayed evolu-
tionary sequence of conodonts in the Indian Springs and lower part
of the Bird Spring Formaticns suggest that all Pennsylvanian plat-
form conodonts evolved from two main Late Mississippian stocks: (1)
The Gnathodus girtyi stock, which gave rise to the genera Declinogna-
thodus, Idiognathodus, Idiognathoides, Neognathodus, and Strepto-
gnathodus and (2) the Adetognathus unicornis stock, which gave rise
to several species of that genus as well as the genus Rhachistognathus.

Phylogenetic studies, moreover, indicate that the genus Gnathodus
does not range much above the Mississippian-Pennsylvanian boundary;
Pennsylvanian species heretofore assigned to Gnathodus are now re-
ferred to the new genus Neognathodus. Sixty-eight species are re-
cognized which include eight of the genus Adetognathus, six of Cavus-
gnathus, three of Declinognathodus, one of Geniculatus, eight of Gna-
thodus, two of Hibbardella, one of Hindeodella, four of Idiognathodus,
four of Idiognathoides, one of Lambdagnathus?, one of Ligonodina,
one of Lonchodina, one of Lonchodus, one of Metalonchodina, two of
Neognathodus, n. gen., six of Neoprioniodus, six of Ozarkodina, one of
Rhachistognathus, three of Spathognathodus, six of Streptognathodus,
and two of Synprioniodina. Four new species—Adetognathus inflexus,
Declinognathodus implexus, Idiognathoides scrobus. and Ozarkodina
spatula—have been recognized.

(Reprinted from Dissertation Abstracts,
Pt. B, vol. 28, no. 11, p. 4621-B, 4622-B)
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Arthur Curtis Shead
1891-1968

Dr. Arthur Curtis Shead, associate professor emeritus of chemistry
at The University of Oklahoma, died June 17, 1968, at his home in
Norman. Shead, who had been ill for several months, was a member
of the faculty from 1924 until his retirement in 1957.

Born February 14, 1891, in New Madrid, Missouri, he was gradu-
ated from high school in Oklahoma City in 1909. He received a Bach-
elor of Science degree in 1919 and a Master of Science degree in 1923
from The University of Oklahoma, and in 1931 he was awarded the
Doctor of Philosophy degree from the University of Illinois.

While working toward his degrees at The University of Okla-
homa, Shead was chemist for the Oklahoma Geological Survey from
1918 to 1923. During this period, he investigated the chemical com-
positions of numerous mineral substances and published his findings
in the Proceedings of the Oklahoma Academy of Science. He also
assembled sall the available information on the chemical composition
of Oklahoma mineral raw materials. The result of this compilation is
Oklahoma Geological Survey Bulletin 14, Chemical Analyses of Ok-
lahoma Raw Materials, first published in 1928 as University of Okla-
homa Bulletin 423 (new series). The bulletin contains 1,465 chemical
analyses taken from 75 published and unpublished sources, including
his own work. The analyses cover samples from all areas of the State
and from a wide range of geologic materials—igneous and sedimentary
rocks, minerals and ores, hydrocarbons, ground and surface waters,
and even meteorites. Many of these analyses are still the only ones
available for a particular Oklahoma locality or substance.

Shead’s subsequent work was devoted primarily to investigations
into high-precision analytical chemistry and the development of useful
chemical products from noneconomic vegetation, such as blackjack oak
and Johnson grass.

Despite his retirement, he remained active and even published a
paper on phosphate nodules as recently as 1964. He is survived by his
wife, the former Elizabeth Blanche Belt, sons Arthur A. and Carleton
G., and daughter Mrs. Robert L. Holt.
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Water for Oklahoma

Water is the lifeblood of Oklahoma, and its development and con-
servation is of the utmost importance to every Oklahoman. In Water
for Oklahoma, published by the U. S. Geological Survey as Water-
Supply Paper 1890, the facts about State water resources and uses are
clearly described.

The State as a whole and each of the State’s geographic sections
—the High Plains, the central and eastern plains, the Ozark Plateaus,
and western and southeastern Oklahoma—are discussed in depth, with
their present water supplies and future potentials thoroughly outlined.
Such a look at the State shows that the average annual rainfall in-
creases from a scanty 16 inches in the western Panhandle to approxi-
mately 30 inches in the central area and to 58 inches in parts of south-
eastern Oklahoma, making a State average of 33 inches annually.

The authors of this report, T. B. Dover, A. R. Leonard, and L. L.
Laine, point out that the average annual rainfall provides approxi-
mately 40 thousand billion gallons of water, 34 thousand billion gal-
lons of which is lost by evaporation. This leaves an annual average of
6 thousand billion gallons (approximately 17 billion gallons per day)
of potentially manageable water. Of this remaining precipitation, half
falls on 17 percent of the State where only 12 percent of the people
live.

Seasonal uses of water create a fluctuating strain on the available
water resources, but the biggest danger comes from the threat of
drought, with its accompanying water rationing and loss of plant and
animal life. In each dry period to date, the State has been caught with
its “water buckets empty.” To prevent a recurrence of such problems,
the authors emphasize a “be prepared” policy for Oklahoma.

The trend toward urbanization and industrialization has further
affected the State’s water requirements, causing considerable strain
on some water supplys. In assessing this problem, the paper studies
the principal urban centers in Oklahoma. In Oklahoma City, for
example, water has been taken primarily from the North Canadian
River and stored in two reservoirs, Lakes Overholser and Hefner.
Because flows from the North Canadian River cannot fill the lakes
sufficiently, the city has had to develop additional resources, drawing
water from as far as 100 miles away. Growing population and industrial
development will cause additional deplction of the city’s supply, and
careful planning for the future is a necessity.

Water resources for the population centers of Ada, Altus, Ardmore,
Bartlesville, Chickasha, Duncan, Enid, Lawton, McAlester, Muskogee,
Norman, Okmulgee, Ponca City, Shawnee, Stillwater, and Tulsa are
also discussed.

The report describes, in terms understandable to both layman
and expert, the development, conservation, and future prospects of
Oklahoma’s water supply. Included is a fold-out map, scale 1:1,000,000,
that shows the water and physiographic features of the State. This
timely information on our most important and necessary natural re-
source should be of great interest to everyone in Oklahoma. The 107-
page bulletin is available from the Superintendent of Documents, U. S.
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Government Printing Office, Washington, D. C. 20402, and the Okla-
homa Geological Survey, 830 South Oval, Room 163, Norman, Okla-

homa 73069, at a cost of $1.25.
—Carol R. Patrick

U. S. Board on Geographic Names Decisions

Canadian Sandy Creek (not Big Sandy, Sandy, or Spring Brook
Creek) has been adopted as the name for a stream approximately 35
miles long that heads 2 miles north of Roff in Pontotoc County and
flows northeast to the Canadian River 6 miles north of Ada in secs.
31and 32, T.5N,,R.6 E.

Douthat (not Century or Decuthat) has been adopted as the name
for a village 1.5 miles south of Picher in Ottawa County.

Little Canadian Sandy Creek (not Big Sandy, Little Sandy, or
Sandy Creek) has been adopted as the name for a stream approxi-
mately 7 miles long in Garvin and Pontotoc Counties. The stream
heads in sec. 11, T. 2 N.,, R. 3 E., and flows northeast to Canadian
Sandy Creek, 13 miles west-southwest of Ada, at sec. 17, T. 3 N, R.
4 E.

Spring Brook Creek (not Spring Creek) has been adopted as the
name for a stream approximately 21 miles long in Pontotoc and Garvin
Counties. The stream heads at 34°50/00” N., 96°59/08” W., and flows
east-southeast to Canadian Sandy Creek, 2 miles west of Ada, in sec.
36, T.4N,R.5E.
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INFRARED PHOTOGRAPH OF TURNER FALLS

The U. S. Geological Survey is currently engaged in a program
of rernote-sensor application studies to develop instruments for orbit-
ing satellites and space probes. Various remote-sensing techniques,
some long established, some new, give promise of being able to yield
much new information about the Earth, as well as about the moon
and planets. As part of the program, various experiments being con-
ducted in the Arbuckle Mountains include interpretation of infrared
photography, an example of which is on this month’s cover.

The photograph is of Turner Falls and was taken on June 19,
1968, at 11:15 a.m. The film was Kodak Ektachrome infrared aero-
film, type 8443. This is a false-color-reversal film sensitive to the
visible and near-infrared segment of the electromagnetic spectrum.
Normally, the blue portion of the visible region is cut out with a
yellow filter, in this case a Wratten 15 Kodak filter.

Near-infrared reflectivity is especially sensitive to variations in
vegetation. Thus, for example, healthy deciduous green foliage appears
red, whereas diseased foliage appears green or blue. Evergreens, like
the cedars in the photograph, appear dark maroon, oaks and elms
deep red. The delineation of vegetation types by this method can be
a useful tool in many geological investigations.

—P. Jan Cannon

(Photograph courtesy of the U. 8. Geological Survey)
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PLEISTOCENE STREAM PIrRACY
IN SOUTHWESTERN OXKLAHOMA

B, Jan CannNoN

Recent work on the terrace deposits associated with the major
streams in southwestern Oklahoma indicates that the Salt Fork of Red
River was once a tributary of the North Fork of Red River. This pi-
racy of a North Fork tributary is evidenced by the distribution of
terrace deposits and fluted, or grooved, granite outcrops.

The North Fork and Salt Fork of the Red River drain a 3,800-
square-mile area in southwestern Oklahoma (fig. 1). Three major
levels of Pleistocene fluvial deposits occur within these drainage basins
(Cannon, 1967); deposits of the highest level were formed first and
consequently are the oldest; those of the lowest level were formed last.

The deposits of high-terrace material occur as isolated outliers on
the drainage divide between the North Fork and the Washita River,
well removed from the deposits of the two lower terraces. Their loca-
tion and physical characteristics indicate that they are not related to
the North Fork of Red River.

The middle-terrace level is more extensive; it discontinuously
parallels the North Fork, Elm Fork, and northern part of the Salt
Fork of Red River. Deposits of the middle-terrace level consist of
light-red and reddish-brown sands and varicolored quartzite and quartz
gravels. Along the North Fork south of Lake Altus, the deposits also
contain arkosic material derived from the igneous rock of the Wichita
Mountains.

On the Salt Fork, the middle-terrace deposits extend from Okla-
homa’s western border with Texas to Mangum in Greer County, where
they coalesce with the middle-terrace deposits of the Elm Fork. South
of Mangum the Salt Fork is devoid of middle-terrace deposits, which
indicates that stream piracy occurred after emplacement of the de-
posits. Thus, between middle- and lower-terrace times, the southern-
most major tributary of the North Fork was pirated by a subsequent
stream that eroded northward (fig. 1).

In cases of stream piracy, the pirating stream has a steeper gradi-
ent than the pirated one (fig. 2). Before piracy, base level for the
eastward-flowing segment of the Salt Fork was the North Fork; after
piracy, base level was the Red River. This lowering of base level by
piracy resulted in rejuvenation of the pirated segment of the Salt Fork.
Evidence of rejuvenation is seen in altitudes of middle-terrace surfaces
along the Salt Fork: 180 feet above the North Fork flood plain, 160
feet above the Elm Fork flood plain, and 190 feet above the Salt Fork
flood plain. Near Mangum the surfaces of the middle-terrace deposits
are at the same elevation on both the Elm and Salt Forks, but the flood
plain of the Salt Fork is 30 fcet lower than that of the Elm Fork.

Capture of the Salt Fork must have reduced the discharge of the
North Fork substantially. Evidence for such a change between middle-
and lower-terrace times may have been found. Horizontal flutings cut
into the sides of granite hills face the North Fork at several locations
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Figure 1. Map of southwestern Oklahoma showing distribution of Pleis-
tocene terraces along the North, Elm, and Salt Forks of Red River. The
colored dashed lines show probable limits of the major stream system, as
indicated by the distribution of middle-terrace deposits. The present-day

stream system is much as it was in low-terrace time.

184





near Lake Altus (fig. 1). These were first mentioned by G. G. Shu-
mard (in Marcy, 1854), who thought that they were cut by stream
action. Taylor (1915), Evans (1929), Tanner (1954), and Merritt
(1958) concluded that they were benches cut by waves during the
Permian. Two types of fluting are present in the western end of the
Wichita Mceuntains near the North Fork. One type (fig. 3), typically
3 to 5 feet high with a concave surface less than 8 inches deep, is ex-
tensive and completely encircles the hills. This fluting is commonly

STREAM LENGTH IN OKLAHOMA
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Figure 2. Gradients of the North, Elm, and Salt Forks of Red River in
Oklahoma. The steeper gradient of the Salt Fork was brought about by
rejuvenation due to stream piracy.

Figure 3. Fluting in the granite hills of the Wichita Moun-
tains east of Lake Altus. This type of fluting appears to
have been cut by waves.
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associated with broad rock platforms, pocked with potholes, that are
being exhumed from Permian redbeds. It appears to have been cut
by waves. The other type (figs. 4, 5) is 2 to 13 inches high, 2 to 6
inches deep, and discontinuous. This type is found in areas that face
the North Fork or are covered with middle-terrace material. It occurs
on subfresh granite promentaries that are not found more than 180
feet above the North Fork; many have polished surfaces. Along the
the North Fork or are covered with middle-terrace material. Tt occurs
North Fork, large boulders are circumsecribed with this second type of
fluting (fig. 5). The boulders are asymmetrical, with a gently sloping
side in the upstream direction of the North Fork and a blunt side
facing downstream.

The writer concludes that the second type of fluting is not char-
acteristic of wave-cut benches and, on the basis of location, association,
and physical appearance, that these flutings are stream-cut grooves of
Pleistocene age, cut by the North Fork during middle-terrace time
when its discharge was greater.

The lowest of the three terrace deposits parallels the present chan-
nels of North Fork, Elm Fork, and Salt Fork for most of their lengths.
The low-terrace surface is 60 feet above the North Fork flood plain,
55 feet above the Elm Fork flood plain, and 80 feet above the Salt Fork
flood plain. The greater height above the Salt Fork flood plain is due
to rejuvenation caused by stream piracy.

Figure 4. Fluting in granite rocks east of the North Fork
of Red River. This type of fluting appears to have been
cut by the North Fork during middle-terrace time.
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Figure 5. Fluted granite boulder on north side of the

North Fork of Red River near Lake Altus. The circum-

scribed grooves are similar to those shown in figure 4 and

are stream cut. The North Fork, in the background, flows

from right to left; the boulder has a gently sloping up-
stream end and a blunt downstream end.

The process of stream piracy continues to be an active element
in the geological evolution of this area. A small northward-eroding
tributary of the Salt Fork in the Mangum area could behead the Elm
Fork within a short time, geologically speaking.
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Procress oF TopocrarHIC MAPPING IN OKLAHOMA

Carr C. BRANSON

The U. 8. Geological Survey continues to publish 7%4-minute
topographic maps at a rapid rate. All maps since 1964 have been on
a scale of 1:24,000. The latest Index to Topographic Maps of Okla-
homa is dated April 1968 and shows 310 published 7Y%-minute sheets
agd the equivalent of 295 7l4-minute sheets published as 15-minute
sheets.

Present information shows 239 sheets in progress, of which 33
are in advance proof and can be expected to be published within a few
months, most of them probably by the time this article appears. Two
of the scheduled 13 revised sheets (Bixby and Broken Arrow) have
been issued as ‘“photorevised.” On these maps the changes in culture
and drainage since the original survey are shown by purple overprint,
The current rapid rate of urban, highway, and artificial-lake construc-
tion makes many maps partially out of date within a few years. The
new type of map should be of great use to city planners in particular.

New OrRLAHOMA TOPOGRAPHIC QUADRANGLES

(Numbers refer to map, opposite page.
County names are in parentheses.)

Quadrangles Published Since September 1968

1. Adamson (Pittsburg) 6. Roff N (Pontotoc)
2. Fittstown (Pontotoc) 7. Roff S (Pontotoc, Murray)
3. Hooker (Texas) 8. Straight SW (Texas)
4. Optima (Texas) 9. Stratford (Garvin, Pontotoc,
5. Prague NE (Okfuskee, McClain)
Seminole) 10. Weleetka (Okfuskee, Hughes)
Quadrangles in Advance Proof
11. Ahloso (Pontotoc) 27. McAlester (Pittsburg)
12. Allen (Hughes, Pontotoc, 28. McAlester SW (Pittsburg)
Seminole) 29. Non (Hughes, Coal)
13. Ashland (Pittsburg, Hughes, 30. Parker (Coal)
Coal) 31. Pittsburg (Pittsburg)
14. Calvin E (Hughes) 32. Pond Creck (Grant)
15. Calvin W (Hughes) 33. Reagan (Johnston)
16. Connerville (Johnston) 34. Renfrow (Grant)
17. Fort Reno SW (Canadian) 35. Savanna (Pittsbhurg)
18. Gerty (Hughes, Coal) 36. Stillwater N (Payne, Noble)
19. Hart (Garvin, Pontotoc, 37. Stillwater S (Payne)
Murray) 38. Stuart (Pittsburg, Hughes)
20. Hartshorne (Pittsburg, Latimer) 39. Sulphur N (Murray, Pontotoc)
21. Hartshorne SW (Pittsburg) 40. Tishomingo (Johnston,
22. Haywood (Pittsburg) Marshall)
23. Hooker NW (Texas) 41. Tyrone {Texas)
24, Hooker SE (Texas) 42. Vanoss (Pontotoc)
25. Keota (Pittsburg, Atoka) 43. Wardville (Coal, Pittsburg,
26. Krebs (Pittsburg) Atoka)
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No maps are scheduled or planned for parts of the State com-
prising in area the equivalent of 316 7l4-minute sheets. Along the
Missouri border the four shared 7l4-minute quadrangles are published.
Along the Arkansas border 16 of the quadrangles are published, of
which two are in the 15-minute format; the remaining three are in
progress. Along the Red River on the border with Texas, 24 of the
7Y%-minute quadrangles are published (two date from 1915), 14 are
in progress, and 40 appear on 15-minute sheets. With completion of
the maps in progress, the entire southern border area will then be
mapped.

Of the 40 maps needed along the Texas Panhandle border, two
have appeared in a 15-minute quadrangle, eight have been issued on
the 7Y%-minute scale, and 6 are in progress. None of the four maps
on the New Mexico border nor any of the eight in Colorado have ap-
peared. Quadrangles along the Kansas border number 60, and, of these,
22 are published at 1:24,000, five at 1:62,500.

When the maps in progress are published, complete topographic
coverage at 1:24,000 will be available for Rogers, Kay, Grant, Okla-
homa, Cleveland, Haskell, McClain, Pontotoc, Johnston, Coal, and
Murray Counties.

The outdated 30-minute (1:125,000) quadrangles are all more
than 50 years old and are only of historical interest. Most of these
have been superseded or will be shortly. Those to be replaced soon
are Montague, Gainesville, Tishomingo, Atoka, Stonewall, Coalgate,
and Pauls Valley. Others for which no replacement is currently plan-
ned are Nowata, Vinita, Pryor, Siloam Springs, Tahlequah, Okmulgee,
Nuyaka, Tuskahoma, and Alikchi; only parts of some of these have
been or will be remapped.

The citizen, in ordering topographic maps, has an increasing
choice. For many years one has had a choice of maps with or without
a green woodland overprint. For six years maps that are essentially
base maps have been available without contours. Two published and
11 in-progress sheets are “photorevised” to show changes in culture
and drainage in the relatively few years since the topographic survey.
One 15-minute sheet (Bethel) is available in shaded relief.

All TY%-minute and 15-minute maps retail for fifty cents a map,
with a 20-percent discount on orders of $20 or more, 40 percent on
orders of $100 or more. The Oklzhoma Geological Survey is an agent
and can supply Oklahoma maps promptly.
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Dolese Quarry Among Largest in Nation

The large limestone-quarry operation of the Dolese Brothers Com-
pany, about 12 miles north of Lawton, Comanche County, is the largest
in Oklahoma and among the largest in the nation, according to the
trade journal, Rock Products.

An article published in the October 1968 issue of Rock Products
describes the 100 largest quarries in the United States. The largest
quarry by far is the captive plant of the United States Steel Company
at Rogers City, Michigan; it produces 14.0-million tons of crushed
limestone per vear, which is double the production of the second-rank-
ed quarry. The third-ranked quarry produces about 5.25-million tons
per year.

With an annual production of about 2.25-million tons, the Dolese
Brothers quarry is the 23rd largest in the country. The description of
the operation is reprinted below, with the permission of the editor of
Rock Products.

Excavation of stone from Dolese Brothers Company quarry at
Richards Spur, Oklahoma, began in 1907 from a domelike pecak of
limestone ranging in height up to 212 feet. The quarry floor is now
about 70 feet below the base of this former dome structure.

Material from 2l4-inch maximum down to 200 mesh is pro-
duced, although 6-inch aggregate has been supplied for special ap-
plications. Annual production of crushed stone is about 2.25-million
tons. Plant design capacity for dry stone is 750 tons per hour.
About 400 tons per hour of the product is washed.

Richards Spur is about 90 miles southwest of Oklahoma City
and is located on a spur line of the Rock Island Railroad. The
plant services areas in a 100-mile radius, including Oklahoma City,
Wichita Falls (Texas), North Texas, and the nearby Texas Pan-
handle. About 40 percent of shipments are made by rail and the
other 60 percent by truck.

Processing facilities at the plant are composed of the following
production areas: primary crushing station, washing station, lime-
stone-sand installation, secondary-crushing building, screening and
blending plant. Most operations are controlled from a central con-
trol room.

The quarry deposit is of the Arbuckle limestone . . . and gives
a hard, durable limestone of about 90 percent calcium carbonate
equivalent. End-dump 30-ton capacity trucks, loaded by a 4- or 6-
cubic-yard electric shovel, haul the load to the primary crusher at
the plant.

The primary crusher is a 42-inch gyratory unit. There are
seven secondary crushers: two 5l4-foot standard cones, three 4-foot
standard cones, one 5l4-foot Shorthead cone, and one 4-foot Short-
head cone. The screening system contains 14 vibrating screens: two
5%x10Y4-foot triple-deck and twelve 5x14-foot double-deck units.

Three screens, two rotary scrubbers, and a surge bin are in-
stalled in the wash-plant section. The limestone-sand section con-
tains a 6x16-foot triple-deck screen, two spiral classifiers, and a
scalping-classifying tank.

—W. E. H.

191





CHESTER A. REEDS
OKLAHOMA (GEOLOGIST

Chester Albert Reeds, a pioneer in Oklahoma geology, died on
October 4, 1968, at Ghent, New York, at the age of 86. Reeds was a
member of the Oklahoma Geological Survey when it was established
in 1908 under C. N. Gould and was one of the four assistant geologists
in 1910, his last of four field seasons in the Arbuckle Mountains. His
report on resources of the Arbuckle Mountains is a 69-page book is-
sued in 1910 as Oklahoma Geological Survey Bulletin 3. In that report
he first described the Lawrence uplift and the Franks graben and sum-
marized the mineral resources of the area.

Reeds’ doctoral dissertation resulted in part from his Survey work
and was published in 1911. It was a remarkably fine study of the
Hunton Group, until then little known. In the 1911 publication he
named and described the Haragan ‘“‘shale,” the Bois d’Arc Limestone,
the Henryhouse “shale,” and the Chimneyhill Limestone, the principal
units recognized today. He recognized and described, but did not
name, three members of the Chimneyhill. In a 1927 article he named
and described the Frisco Limestone. T. W. Amsden has pointed out
the high quality of the stratigraphic work and the extensive fossil
identifications.

Reeds was born in La Cygne, Kansas, on July 20, 1882. The
family moved in 1885 to & ranch near Silver City in the Chickasaw
Nation and made the run in 1889 to settle near present Wheatland.
In 1898 they moved to Norman, where the four boys starred on The
University of Oklahoma football teams of 1898 to 1911.

Chester Reeds graduated in geology (19053) from The University
of Oklahoma and received his master’s (1907) and doctor’s (1910)
degrees from Yale. After leaving Oklahoma he taught at Bryn Mawr
and then went to the staff of the American Museum of Natural History
for 25 years, where he held several curatorial positions and wrote about
glacial deposits, meteorites, and earthquakes. He retired in 1938 and
became a consultant in later years.
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Reeds was a fellow of the Geological Society of America and the
Paleontological Society; a member of the Seismological Society, Ameri-
can Geographic Society, and New York Academy of Science; and an
honorary member of Societé de Geographie de Colombia.

—Carl C. Branson

Geologic Publications by C. A. Reeds

(with I. Bowman), Water resources of the East St. Louis distriet: Ill
State Geol. Survey, Bull. 5, 128 p., 1907.

A report on the geological and mineral resources of the Arbuckle
Mountains, Oklahoma: Okla. Geol. Survey, Bull. 3, 69 p., 1910.

The Hunton Formation of Oklahoma: Amer. Jour. Science, vol. 182,
p. 256-268, 1911,

Graphic projection of Pleistocene climatic oscillations: Science, new
ser., vol. 41, p. 510-512, 1915.

Collections of meteorites in the American Museum: Amer. Mus. Jour,,
vol. 17, p. 28-31, 1917.

Recent movements of Swiss and Alaskan glaciers: Nat. History, vol.
21, p. 269-271, 1921.

(with H. F. Osborn), Old and new standards of Pleistocene division
in relation to the prehistory of man in Europe: Geol. Soc. Amer-
ica, Bull., vol. 33, p. 411-490, 1922.

(with H. F. Osborn), Recent discoveries on the antiquity of man: Natl.
Acad. Science, Proc., vol. 8, p. 246-247, 1922,

Geology of New York and its vicinity: Nat. History, vol. 22, p. 431-
445, 1922. Also as Guide Leaflet Series, no. 56, 15 p., 1925.

Seasonal records of geologic time as noted in annual rings of trees,
banded glacial clays, and certain deposits made during periods of
arid climate: Nat. History, vol. 23, p. 371-380, 1923.

The Arbuckle Mountains of Oklahoma: Nat. History, vol. 26, p. 463-
474, 1926. Reprinted as Okla. Geol. Survey, Circ. 14, 15 p.

The varved clays at Little Ferry, New Jersey: Amer. Mus. Nat. His-
tory,-Novitates, no. 209, 16 p., 1926.

The Natural Bridge of Virginia and its environs: Nomad Pub. Co.,
New York, 62 p., 1927.

Glacial lakes and clays near New York City: Nat. History, vol. 27, p.
55-64, 1927.

James Furman Kemp, 1859-1926: Nat. History, vol. 27, p. 105-107,
1927.

Desert landscapes of northwestern Nevada: Nat. History, vol. 27, p.
449-461, 1927.

Rivers that flow underground: Nat. History, vol. 28, p. 131-146, 1928,

Volcanoes in action: Nat. History, vol. 28, p. 302-317, 1928.

Living glaciers: Nat. History, vol. 28, p. 379-383, 1928.

Weather and glaciation: Geol. Soc. America, Bull., vol. 40, p. 597-629,
1929.

Land erosion: Nat. History, vol. 30, p. 131-149, 1930.

The earth; our ever changing planet: The University Series, New York,
120 p., 1931L.
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How old is the Earth?: Nat. History, vol. 31, p. 129-146, 1931,

The varved clays and other glacial features in the vicinity of New
York City: 16th Internat. Geol. Cong., Guidebook 9, p. 52-63,
1933.

The volcano museum on Mont Pelée: Nat. History, vol. 33, p. 31-40,
1933.

Comets, meteors, and meteorites: Nat. History, vol. 33, p. 311-324,
1933.

The Long Beach, California, earthquake: Nat. History, vol. 33, p. 340-
341, 1933.

A 25-year map of major earthquakes: Nat. History, vol. 33, p. 450-451,
1933.

New piers for giant ships: Nat. History, vol. 34, p. 161-175, 1934.

Earthquakes: Nat. Hstory, vol. 34, p. 733-747, 1934.

Catalogue of the meteorites in the American Museum of Natural
History as of October 1, 1935: Amer. Mus. Nat. History, Bull,,
vol. 73, p. 577-673, 1937.

Memorial to Carlotta Joaquina Maury [1874-1938]: Geol. Soc. Ameri-
ca, Proc. 1938, p. 157-168, 1939.

' OKLAHOMA ABSTRACTS

GSA Annual Meeting, Mexico City, Mexico
November 11-13, 1968

The following are abstracts of papers related to Oklahoma geology
presented at the 1968 Annual Meeting of the Geological Society of
America and Associated Societies; they are reproduced photographie-
ally from the program of the meeting., Permission of the authors and
of Jo Fogelberg, managing editor of the Geological Society of America,
to reproduce these abstracts is gratefully acknowledged.

Oklahoma Geology Notes should not be given as the primary
source in citations of or quotes from the abstracts. The correct citation
is Geol. Soc. America and Assoc. Socs., 1968 Ann. Mtg., Program, P.
-.. Page numbers are given in brackets at the lower right of each ab-
stract.

OKLAHOMA ABSTRACTS is intended to present abstracts of recent
unpublished papers on Oklahoma geology. The editors are therefore inter-
ested in obtaining abstracts of formally presented or approved documents,
such as dissertations, theses, and papers presented at professional meetings,
that have not yet been published.
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Paleoecologic Inferences From Pollen Distribution in the
Flowerpot Formation (Permian) of Oklahoma

Crarnam, WentwortH B., Jr., Department of Geology, Case Western Reserve Uni-
versity, Cleveland, Ohio 44106

Pollen and spores have been recovered from the topmost 10 to 35 feet of the Flowerpot
Formation (lower Guadelupian) over its entire outcrop in Oklahoma. Of 71 species of
palynomorphs recognized, 46 are pollenites and 25 are sporites.

The distribution of these taxa gives an indication not only of the distribution of
floras around the Anadarko Basin but also of the nature of these floras. There are two
distinct pollen assemblages. One is the normal upper Permian assemblage dominated by
Lueckisporites virkkiae, it is found at several levels and in most samples. The other as-
semblage is rich in cryptogamic spores, both triletes and monoletes, and is found in a
single dark horizon which can be followed over a great distance in both the north-
central and southwestern portions of the state. The former is probably derived from the
flora inhabiting the uplands; the latter seems to represent a salt-marsh or swamp flora
which developed as the result of a widespread but rather minor regression.

A factor analysis was performed on the generic counts to determine the nature of
these two floras. The upland flora consisted of conifers producing bisaccate pollen and
existed continuously over the broad upland surface. The lowland flora, on the other hand,
was dominated by gymnosperms of several types, but also includes a significant pro-
portion of cryptogams. It was restricted to sea-margin, flood-plain, and other wet en-
vironments during periods of transgression but expanded during periods of regression to
contribute a significant portion of the total spore assemblage. [54]

Sedimentary Model for Pennsylvanian Missourian Rocks of the Midcontinent

Cocke, J. M., State Geological Survey, The University of Karisas, Lawrence, Kansas
66044

A sedimentary model based on southerly subsidence and differential sediment supply
offers reasonable explanation for repetitive sequences and regional facies patterns in
Pennsylvanian Missourian rocks of the midcontinent. The model requires acceptance of
several conditions: (1) Beds are diachronous along the outcrop. (2) Widespread trans-
gressions and regressions, resulting from eustatic changes or tectonic forces, are not
necessary to explain repetitive beds: seas probably remained on the Kansas shelf through-
out Missourian deposition, although shorelines migrated. (3) Regional unconformities
are unlikely, although local channeling was common near shorelines. (4) The southerly
slope of the basin was modified by advancing clastics, producing sea-floor slopes of
differing directions.

Clastics, originating to the south and east, migrated northward and westward across
the subsiding basin and impinged on the Kansas shelf carbonates. Sediment migration as
fluvial and deltaic complexes was sporadic and controlled by subsidence rates and sedi-
ment supply. Fluctuation in sediment supply resulted mainly from shift of fluvial sys-
tems. Algal-mound complexes formed southern boundaries to thin shelf limestones and
perhaps were temporary barriers to clastics. Thick unfossiliferous clastics that occur
between the thin limestones are predominantly marine units formed in a prodelta
environment, Carbonate sedimentation on the Kansas platform was continuous, and
basic facies control was slope of basin floor as reflccted by water depth. Along the northern
margin of the platform, varicolored shales, derived in part from western or northern
sources, and supratidal calcilutites reflect persistently shallow water. [57-58]
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Geochemistry of Some Iodide-Rich Anadarko Basin Brines

CovLLiNs, A. GENE, Bartlesville Petroleum Research Center, Bureau of Mines, U. §. De-
partment of Interior, Bartlesville, Oklahoma 74003

This study was made to determine the geochemical relationships between the subsurface
fluids and some of the geologic strata in the Anadarko Basin. Samples of brines, cores,
and petroleums from sediments of Pennsylvanian and Mississippian age were obtained.
The brines were analyzed to determine their pH, EA, their concentrations of organic
acids, oxygen-18, and deuterium. They were also analyzed for these ions: lithium, sodium,
potassium, rubidium, cesium, magnesium, calcium, strontium, barium, ferrous iron,
ferric iron, boron, ammonium, bicarbonate, sulfide, sulfite, thiosulfate, sulfate, chloride,
bromide, and iodide. The oils were analyzed for sulfur, nitrogen, gasoline, naphtha,
distillates, residuum, and iodide. The cores were analyzed to determine mineral type,
micropaleontology, and concentrations of these elements: iodine, silver, copper, silicon,
aluminum, iron, manganese, calcium, magnesium, and sodium. The resultant data were
interpreted in reference to the geologic environment from which the samples were taken.
The iodide concentrations were 1400 mg/l in some of the brines, 30 ppm in some of
the cores, and less than 0.05 mg/1 in the oils. It was concluded that the high concentra-
tions of iodide in the brines were related to an abundant shallow-water ancient biota
which was preserved by rapid sedimentation. [58-59]

Environment of Deposition of a Pennsylvanian *‘Black Shale”
(Heebner) in Kansas and Adjacent States

Evans, Joun K., Pan American Petroleum Corporation, 444 7th Ave., S. W., Calgary
2, Alberta, Canada

Evidence derived from an investigation of certain aspects of the stratigraphy, petrology,
paleontology, and geochemistry of the Heebner Shale Member is not compatible with
the paludal origin which has been suggested for this thin but extensive stratum.

The limited depth of water implied by a marine-swamp origin makes it difficult to
account for the continuous existence of such a milieu throughout an area of nearly
150,000 square miles. Examination of the contact between the Heebner Shale and the
underlying marine limestone reveals that this limestone was not subjected to pre-Heebner
erosion, effectively precluding a major regression prior to the deposition of the Heebner
Member.

In northern Oklahoma, stratigraphic and faunal evidence indicate that the “black
shale” passes southward into normal marine shales which are replaced, in turn, by conti-
nental deposits. Such a distribution of facies is difficult to reconcile with a paludal origin.

The presence of numerous very thin phosphate partings, which appear to be primary
sedimentary features, suggests that the substrate was not dxsrupted by a well-developed
root system or any attached forms of vegetation.

Regional variations in organic content, oil yield ratio, and radioactivity have been
related to lateral differences in the redox level of the environment, which can be explained
most easily in terms of progressive shoreward shallowing of a restricted marine basin.

[92-93]

Basic Facies Pattern of Outcropping Upper Pennsylvanian
Limestones in the Midcontinent

Hecker, Puriiie Hi, Kansas Geological Survey, The University of Kansas, Lawrence,
Kansas 66044
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Most Missourian (lower Upper Pennsylvanian) limestone units exhibit the same regional
facies pattern along the Midcontinent outerop from Iowa to Oklahoma. Repetition of
this pattern vertically in successive limestone units defines 4 major facies belts or restricted
geographic areas of similar facies composition.

(1) In the central region of outcrop around northeastern Kansas most limestones con-
sist mainly of skeletal calcilutite, with local calcarenitic shell concentrations. Fossils
constitute a diverse assemblage of invertebrates reflecting the normal open marine
cenvironment,

(2) Northward in Jowa and Nebraska the marine facies is less dominant as Osagia
calcarenite and barren laminated dolomitic calcilutite become significant. Both represent
more restricted conditions, and the laminated dolomitic calcilutite indicates intertidal
to supratidal environments.

(3) Southward from the open marine facies belt most limestone units thicken into
phylloid algal-mound complexes centered largely in southeastern Kansas. Mounds arc
quasibiohermal developments consisting mainly of phylloid algae-dominated calcilutite.
Many mounds are capped by skeletal calcarenite or o6lite representing turbulent environ-
ments associated with the mounds.

(4) Algal-mound complexes thin abruptly southward into brachiopod-, crinoid-, and
calcisponge-rich impure calcilutite, calcarenite, and odlite interbedded with greatly
thickened clastic units in a clastic facies belt in the Kansas-Oklahoma border region.

Carbonate environments ranged from very shallow water and supratidal in the north
through open marine to biohermal and finally clastic-dominated on the south. The same
environmental pattern was established repeatedly during Late Pennsylvanian carbonate
deposition in roughly the same location, although with some lateral shifting, in the Mid-
continent outcrop region. {132]

Clay Mineralogy of Cottonwood Limestone

Twiss, P. C., Department of Geology, Kansas State University, Manhatian, Kansas
66502, and HertBERT STINDL, Department of Geology, Unwersity of Illinois, Urbana,
Ilinots 61801

Vertical and lateral distributions of clay mineral assemblages in the Cottonwood Lime-
stone (Permian) from southern Nebraska to northern Oklahoma support the paleogeo-
graphic model proposed by Imbrie and others (1959). The clay fraction was concen‘trated
by partial dissolution of carbonate for several hours in 0.3-molar acetic acid. Clay minerals
were identified by X-ray diffraction of random powder and oriented mouats that were
glycolated, heated, and treated with 6N HCL. .

Two clay mineral facies occur along the 240-mile belt of this thin (5 to 7 feet) and
laterally persistent member of the Beattie Limestone. The northern facies, from southera
Nebraska to central Kansas, has a constant ratio of 3:1 of illite to randomly interstratified
chlorite and vermiculite. The southern facies, from central Kansas to northern Oklahoma,
contains an assemblage of illite, chlorite, randomly interstratified illitc-montmorﬂlqnitc",
regularly interstratified clay minerals, and, near the south, kaolinite. Although illite is
dominant in both facies, two types were recognized by comparing intensities of first- and
second-order basal reflections. Type 1 illite of the northern facies has a (001):(002) ratio
that is larger than 2; type 2 illite of the southern facies has a ratio smaller than 2.

The northern clay-mineral facies coincides with the fusuline and bioclastic facies of
Laporte (1962); the southern clay-mineral facies occurs with the p}aty algal, shelly, and
Osagia facies. Clay-mineral assemblages of the Cottonwood Limestone are mainly
products of source area and depositional environment. {301]
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Conodonts and Biostratigraphy of the Lower Arbuckle Group
(Ordovician), Arbuckle Mountains, Oklahoma

Mounp, Micuaer C., Chevron Oil Company, 670 First National Building, Oklahoma
City, Oklahoma 73102

Lower Arbuckle strata (McKenzie Hill, Cool Creek) have yielded a moderately large
conodont fauna (over 2000 identifiable specimens). The various elements have been
assigned to 55 species distributed among 17 genera.

Conodonts from the McKenzie Hill comprise an unusual grouping of highly dis-
tinctive and apparently locally restricted forms. Individual faunal elements are small in
size and occur in stable proportions below the contact with the Cool Creek Formation.
Faunal compositions are in sharp contrast between the two Arbuckle formations. Mc-
Kenzie Hill conodonts show no dominant group but contain a significant assortment of
species, including Chosonodina herfuthi Miiller, Loxodus bransoni Furnish, and Tri-
chonodella n. sp. Cool Creek conodonts are dominated by an overwhelming number (60
percent of the total Arbuckle fauna) of scolopodids. These include, in order of importance,
S. quadraplicatus Branson and Mehl, S. sriangularis Ethington and Clark, S. triplicatus
Echingten and Clark, and S. filosus Ethington and Clark, The predominance of these
species strongly suggests partial faunal equivalence of Cool Creek beds with the El
Paso Formation of western "l'exas; three of the most abundant scolopodid species were
first described from the latter formation. [211]

Recognizing Ancient Deltaic Deposits

Visuer, Grenn S., Department of Earth Science, The University of Tulsa, 600 S.
College, Tulsa, Oklahoma 7+10%

Modern sedimentation studies suggest that a majority of all clastic sediments were laid
down as deltas. Very few ancient deltas have been fully described, and the physical
criteria for the recognition of deltaic deposits need to be determined. The Bartlesville-
Bluejacket Sandstone of northeastern Oklahoma is a particularly good example of an
ancient deltaic complex, and it exhibits many characteristics which can be used to develop
a general deltaic model.

Closely spaced outcrop and subsurface control in the Bartlesville-Bluejacket delta
provides an opportunity to relate paleocurrent data and sedimentary structures as well as
textural, mineralogical, and petrophysical data to vertical and areal depositional patterns.
Criteria useful in recognizing specific environments within the deltaic complex can thus
be determined. Meander-belt sand units can be identified by their sedimentary structures
and textural sequences, barrier bars by their bedding sequences and textural variations,
and the main distributaries within the deltaic plain by their textural changes and their
vertical and lateral relationships. Clay mineral variations provide an approximate in-
dicator of the salinity, and the shapes of the grain-size distributions distinguish the
different transportation mechanisms involved in the deposition of single sand units.

Integration of several independent physical criteria provides the basis for identifica-
tion of delta complexes and the interpretation of local environments within the delta.
A single well or outcrop section may sometimes provide enough of these criteria to
recognize a deltaic sand body. [304-305]
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Earth Science Editors Meet in Norman

The Second Annual Meeting of the Association of Earth Science
Editors was hosted by the Oklahoma Geological Survey and held Oct-
ober 14-15 at the Oklahoma Center for Continuing Education. The
conference was attended by 47 editors (13 from state surveys), re-
presenting 34 publications.

Moderator Howard A. Meverhoff, of the Committee to Investigate
Copyright Problems, opened the initial panel discussion, which ex-
amined “The Copyright Problem.” Of great concern to all publishers,
this problem involves the new copyright bill, still pending in Congress,
and the definition of “free use” of copyrighted material. Panelists
included Williamm M. Passano, president of Williams & Wilkins Com-
pany; A. F. Spilhaus, Jr., of the American Geophysical Urion; and
Carl H. Savit, editor for the Society of Exploration Geophysicists.

Concurrent discussion groups were held on current policies and
practices, publication economics, and style manual needs. Each dis-
cussion group later presented resolutions concerning their findings.

“Procedure and Problems in Editing,” the last panel topic, was
moderated by Gerald Friedman from the Journal of Sedimentary
Petrology. Panel members were E. B. Eckel from the Geological
Society of America, W. D. Rose from the Kentucky Geological Survey,
and Melba W. Murray from Esso Production Research Company.
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