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Cover Picture

DEeviLs KitcHEN CONGLOMERATE

Tllustrated on the cover is the exposure of the Devils Kitchen
Member of the Millsap Lake Formation (Deese Group, Desmoinesian.)
upon which stands the Tucker Tower Museum at Lake Murray, south
of Ardmore, Oklahoma. The location is SW14 SEY, NWY/ and NWY,
NEl; SWY, sec. 10, T. 6 S, R. 2 E,, Love County.

The Devils Kitchen Member in the Lake Murray area consists of
about 200 feet of sandstone with a 50-foot section of chert-pebble con-
glomerate near the middle. The conglomerate section is the portion ex-
posed at Tucker Tower and in the spillway of the Lake Murray dam
nearby. The rocks of the area are highly deformed; the dip of the strata
at this location is about 60° toward the northeast.

(Photograph by K. J. Petrauskas; courtesy of Oklahoma Industrial
Development and Park Department)
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Louise Jordan
1908-1966

Dr. Louise Jordan died on November 22, 1966, at Mercy Hospital
in Oklahoma City, after a long and painful illness. The funeral service
was conducted by Dr. E. Kenneth Feaver at the First Presbyterian
Church in Norman, Oklahoma, November 25; burial was in the family
plot at Youngstown, Ohio. She is suwrvived by her brother, Allen E.
Jordan, Brecksville, Ohio, and a cousin, Mrs. Frank Carlisle, Cotter,
Arkansas.

Louise came to the Oklahoma Geological Survey April 15, 1955,
as petroleum geologist; it was to be her last position in a varied profes-
sional career that spanned 36 years.

She was born in Joplin, Missouri, January 3, 1908, to Fred A. and
Anna Jordan. Fred Jordan was a successful mining engineer who
traveled widely in the practice of his profession. Thus Louise was
exposed from her earliest childhood to the lure of both geology and
travel, which shaped the course of her life.

Louise was graduated from high school at Port Henry, New York,
in 1925 and received her Bachelor of Arts degree in geology and chem-
istry from Wellesley College in 1929, She went on to graduate work at
the Massachusetts Institute of Technology and earned her Master of
Science degree in 1931, thereupon taking a position at the American
College for Girls, Istanbul, Turkey, where she taught physics until 1933.





She then returned to the United States and was part-time in-
structor in geology and geography at Mt. Holyoke College while she
worked on her Doctor of Philosophy dissertation during the period
1934-1935. In 1935 she returned to Turkey as stratigrapher and micro-
paleontologist for the Maden Tetkik ve Arama Enstitiisii (Minerals
Research and Exploration Institute) of the Turkish Government at
Ankara. This was her last overseas professional employment. From
1938 to 1941 she was a geologist with the Anzac Oil Company at Cole-
man, Texas. She received her Doctor of Philosophy degree from the
Massachusetts Institute of Technology in 1939; her dissertation was
titled A study of the Miocene Foraminifera from Jamaica, the Dom-
inican Republic, the Republics of Panama, Costa Rica and Haiti.

In 1941 Louise joined the staff of the Sun Oil Company as micro-
paleontologist and stratigrapher and worked for the company in Dallas
and Amarillo, Texas, and Tallahassee, Florida, until 1950. During the
period 1950-1951 she worked as a geologist for the Florida Geological
Survey, and then was a consulting geologist, working primarily in the
southeastern and western states, until she joined the Survey staff in
1955.

Louise’s work with the Survey resulted in more than 80 publica-
tions* on a wide variety of geologic subjects. Her interests were wide-
ranging, but her principal goal was the dissemination of basic geologic
information among the working petroleum geologists of Oklahoma. In
this task she succeeded most admirably. She encouraged and helped
many oil-company and consulting geologists to write for publication
by the Survey and other organizations; she directed the work of more
than a score of graduate students in subsurface geology at The Univer-
sity of Oklahoma; she compiled or supervised the compilation of
numerous summary publications, such as the Subsurface Siratigraphic
Names of Oklahoma, the pipeline maps of Oklahoma, the geologic maps
of the pre-Woodford and pre-Pennsylvanian subsurface horizons of
Oklahoma, and the geologic index maps of Oklahoma, and, as its super-
visor, she made a major contribution to the development of the Core
and Sample Library at the University.

She took a serious interest in the affairs of the professional societies
to which she belonged. She was a member of the Oklahoma City, Tulsa,
and Ardmore Geological Societies. She became a member of the Okla-
homa City Geological Society in 1955, served on the editorial board of
the Shale Shaker for 10 years, and was one of the society’s district
representatives to the American Association of Petroleum Geologists
(1962-1964). The society elected her to honorary membership in
July 1966; she was the 14th recipient of the honor. Louise became an
associate member of the Society of Economic Paleontologists and
Mineralogists in 1937 and a member in 1941. At the time of her death
she was technical program chairman for the 42nd annual meeting of
the SEPM, which will be held in Oklahoma City in 1968. She became
a member of the American Association of Petroleum Geologists in

* A complete bibliography will be published in an early issue of Oklahoma
Geology Notes.





1941 and had served as a member of its Committee for Publications
since 1964.

In 1963 Louise became a charter member of the American Insti-
tute of Professional Geologists and of the Oklahoma Section of the
National Association of Geology Teachers; she served as editor of the
latter organization until her death. She was chairman of the Eighth
and Ninth Biennial Geological Symposia held at The University of
Oklahoma in 1963 and 1966.

In addition to attendance at regional and national meetings of the
societies to which she belonged, Louise attended a number of interna-
tional meetings. In 1959 she attended the Fifth World Petroleum Con-
gress at New York, and she was the delegate of the Oklahoma Geolog-
ical Survey to the last three International Geological Congresses: the
20th at Mexico City (1956), the 21st at Copenhagen (1960), and the
22nd at New Delhi (1964).

It was at the New Delhi congress that she became a founding
member of what was her favorite professional society, the Chinar Circle.
The Chinar Circle evolved from the misadventures of a pre-congress
excursion to Srinagar, Kashmir. The group, including 35 geologists
from 23 countries, was snowed in at Srinagar and was prevented from
returning to New Delhi until after the close of the congress. However,
the 10 snow-bound days were filled with a technical program that
rivaled in quality the one presented at New Delhi, and the meeting
was marked by an intimacy rarely achieved at an international con-
clave. For Louise it was the perfect mixture of geology and sociality,
and she enjoyed the experience with great relish.

A recital of Louise’s professional history falls far short of record-
ing her contribution to the profession, for she made her contribution
not merely as a professional but equally well as a person. Her influence
on her colleagues and friends was as fruitful as was her work.

My first meeting with Louise was seven years ago, when I ap-
peared before a committee which was to interview me for my present
position. I approached this group of strangers with the apprehension
of a prisoner brought to judgment for a capital offense. Much to my
relief, my interrogators were most cordial, except for a rather impres-
sive steely-eyed woman about midway down the conference table who
insisted upon asking the damndest questions, all of them directly de-
livered and too searching and pertinent to be answered easily. Each
time she spoke I saw my chances for employment diminish. It was my
understanding that this was the Dr. Jordan with whom I would have
to work most closely during my first days on the job — if I got it —
and the prospect made me wonder why I was there at all.

It is no surprise to those who knew Louise that my first day on
the job was a most pleasant one; that steely-eyed woman had somehow
miraculously transformed herself into a gracious, warm, considerate
lady. But, more than that, from the first moment she treated me as an
equal and as a colleague whose advice was worth seeking.

I give this bit of personal history as an example of the apparent
contradiction, the mixture of tenderness and sternness, that was
Louise’s personality. She was gentle and sensitive. She was thoroughly





feminine, and even carried with her a faint aura of girlishness. But she
was not soft. She possessed an unbridled curiosity. She held firmly
rooted convictions that were never compromised. But her devotion to
objectivity was such that she could not deny merited respect, and even
affection, to some who held the most contrary views. Despite her
gentility, she always insisted upon calling a spade a spade. She hated
error and despised falseness, and, because of this, she was often “hard
to live with.” For she strove ceaselessly to determine the accuracy and
correctness of not only all her work but also of the work of her col-
leagues, her students, and her friends. In such matters she was stub-
born and determined, and to her it mattered not whether an item was
of great significance; the fact that it was unchecked, unproved, or in-
correct made the tiniest mote important to her.

Louise abhorred procrastination and her attitude on the subject
frequently made even the most industrious of her colleagues feel like
drones. The most considered and unanswerable explanation of why
something had not been done usually left her unsatisfied.

To the uninitiated, her directness of manner may have appeared
as tactlessness. It was a deceptive impression, for she was incapable
of malice — or indifference. Although blunt and direct in her language,
she never spoke without sincere concern for all those with whom she
came into contact. But she rarely avoided a discomfiting remark when
she felt that it was a necessary statement for the benefit of her listener;
and she never gave advice — she issued instructions. This was strong
medicine for all her friends, but, like grandma’s sulphur and molasses,
it was never fatal, to either ego or friendship, and frequently it was the
correct and only remedy for the malady of the moment. Such inter-
course, to her, was not a one-way street. She expected and sought
candid responses, and she never hesitated to seek advice or help when
she needed it.

Because of these traits, no one was capable of working with Louise
without being rewarded by it. The quality of the work of many Okla-
homa geologists is today far better than it would have been otherwise,
yet, to be sure, not nearly so good as Louise wanted it. Such a contribu-
tion to our profession cannot be measured or recorded with scientific
accuracy. But it is there, a legacy as real as gold, but far more price-
less.

In her private life Louise was no different. She was gregarious but
in a critical way. T'o be counted as one of her friends was a high com-
pliment. She loved gardening and had one of the most beautiful home
gardens in Norman, containing numberless species of cultivated plants.
She read omnivorously, but she was “hooked” on travel, and such
books were her favorites. She traveled as much as opportunity allowed,
both in the United States and abroad, and she looked forward to retire-
ment only because it meant an enlargement of such opportunity.

Like any woman, she was not immune to the blandishment of praise,
but she was never cozened by it; the sincere compliment was gracefully
accepted with a most attractive display of pleasure and gratification,
the false one fell upon deaf ears. As much as she appreciated recogni-
tion, it was not her criterion of success, for undeserved recognition,





unsupported by solid accomplishment, was meaningless to her, and
the satisfaction of work well done was a more bountiful fulfillment
than any commendation.

Industry and thrift, the hallmarks of a bygone era, were cardinal
guides in her life, but they presented no hindrance to her acceptance
and enjoyment of the world in which she lived. She entertained her
friends frequently. She was excessively but never foolishly generous,
both of herself and her property. She donated readily to alumni funds
and other causes, particularly scholastic, but charitable as well, In her
professional relationships the mere hint of a need for assistance would
bring her immediately to a colleague’s side. Her supervision of gradu-
ate student’s thesis problems evoked in her an emotional involvement
matching, and sometimes exceeding, that of the students themselves.
And, in iike manner, few of her friends failed to become beneficiaries
of kindnesses, large and small, that could never be repaid.

To make a distinction between Louise’s private life and profes-
sional life is artificial, for to her they were one. Geology was her life
and geologists were her friends. Even in her last days, although bed-
ridden and in pain, she strove to continue her work in much the same
manner as she had in health. Her illness followed an erratic course of
recovery and relapse, and we gauged the slope of the curve by her
attitude toward matters upon which some of us needed consultation;
the more critical and stubborn she was, the more hopeful we became;
an easy consultation, in which she was acquiescent and apparently
satisfied, was a signal for gloom.

To know Louise Jordan was a fortunate and remarkable experi-
ence for all of us. No one can have had this experience without having
been bettered by it. The manner of her death was a bitter irony. To
have one who has given so much to others in consideration, sympathy,
concern, and friendship treated so brutally by fate seems somehow un-
fair. Yet, in her last painful months, Louise never ceased to be what
she had always been, thus giving us her final gift, a raré example of
character and integrity which few of us can emulate. The following
excerpt from Dr. Feaver’s memorial, given at the funeral service, most
vividly describes her as we saw her.

Louise Jordan was a brave and stubborn combatant.
She only grudgingly gave ground to this invader that
sought to take her life too soon. She knew the dimensions
of her struggle and the size of her foe; but she did not
hesitate. With courage and determination she fought on
and so nobly as to give strength and dignity to her con-
test.

This manner of living did not come lately. It was
part and parcel of her life. She brought to her days here
on earth the co-ordinated action of knowledge and spirit.
She knew the worth and the meaning of knowledge. She
equipped herself with a good and expanding store of it.
But she also knew that knowledge is a lifeless tool until
it is put to work by a person of spirit and commitment.





Her judgment at this point was remarkably sound and
her willingness to live with it is memorable.

Louise Jordan graced her days with the sensitivity
of knowing and believing that the days entrusted to her,
however long, were significant. In them she had oppor-
tunity to establish herself as a person, a person grateful
for all that came to her and inspired by the challenges
ever presented to her. She lived unafraid and she died
unafraid.

—A. N.

Dr. Louise Jordan Memorial Fund

The death of Louise Jordan on November 22, 1966, deprived the
geological profession of a most valued associate and friend. In addition
to her numerous duties as petroleum geologist of the Oklahoma Geolog-
ical Survey, Dr. Jordan devoted much time and energy to the direc-
tion of graduate theses in the School of Geology and Geophysics at
The University of Oklahoma. During her eleven years at the Survey she
directed more than twenty such problems and assisted in the advising
of graduate students on many more. Her interest in the guidance of
graduate students was a deeply sincere one.

Because of her devotion to such matters, the Dr. Louise Jordan
Memorial Fund has been established in The University of Oklahoma
Geology Foundation, with the concurrence of her brother, Allen E.
Jordan, who has donated a portion of Dr. Jordan’s estate to the fund.
The fund is to be used for direct assistance to graduate students work-
ing on geological problems.

Donations may be made to The University of Oklahoma Geology
Foundation, Oklahoma Memorial Union, Norman, Oklahoma 73069,
with the specification that the gift be applied to the Dr. Louise Jordan
Memorial Fund.





TECHNIQUE FOR ILLUSTRATING PALYNOLOGICAL SUCCESSION
IN SEDIMENTARY DEPOsITS*

L. R. WiLsoN

Several types of graphic presentations that illustrate palynological
succession in stratified sediments have been in use for many years.
Among the common types are line and bar graphs and flare and circle
diagrams. All give direct visual information about palynological assem-
blages but do not quantitatively synthesize the information as an in-
teger. The technique described here utilizes the bar-graph histogram
(fig. 1) from which the relative values of each stratigraphic level are
developed into cumulative curves on a second graph (fig. 2). The point
of each cumulative curve at the median quartile is then transferred to
a third, or quartile-summary, graph (fig. 3). The resulting curve is a
summary of median-quartile points and indicates the quantitative status
of the palynomorph assemblage at each stratigraphic level and its rela-
tion to all others. This technique has value in that the palynomorph
stratigraphic assemblages can be compared as single points and can
indicate trends in local paleoecology, paleogeography, and paleoclima-
tology.

A postglacial peat deposit is used here for demonstration but any
sedimentary section containing palynological materials, or other abun-

* A study supported by National Science Foundation Grant GB-1850,
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blages from eight levels in a Massachusetts peat bog.





dantly occurring fossils, could be used. A number of QOklahoma Penn-
sylvanian coals have been studied by use of the technique. It also can
be adapted to heavy-mineral or other geological investigations that are
similarly analyzed and many types of neoecological studies can utilize
the technique.

The postglacial deposit is in a glacial kettle hole at the edge of a
late Pleistocene lake terrace of the Connecticut River near Greenfield
in north-central Massachusetts. The deposit is approximately 5 acres
in area, covered with a swamp forest of Picea, Abies, Betula, Alnus,
Acer, Ulmus, and T'ilia. The adjacent upland forest contains species of
Pinus, Tsuga, Acer, Fagus, Quercus, Carya, Betula, and Populus. An
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Figure 2. Cumulative curves plotted from same data used for histograms of
figure 1.
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8-foot core of peat was collected for study from near the center of the
peat bog. The underlying sediment is sand and boulder clay. The core
was divided into 1-foot segments, prepared for study by the common
peat-processing technique, and ten permanent microscope smear slides
were made for each level.

Step one in the analysis is the production of a bar graph. An
analysis of 200 specimens per level, using portions of all ten slides, was
completed and tabulated. With that information at hand the relative
percentages of two or more ecologically related genera or species were
combined for construction of bar-graph histograms. The genera and
species combined are shown in figure 1. The combination of ecologi-
cally related types has the advantage of securing higher relative per-
centages and the emphasizing of these units on the bar graphs. Com-
bining may not be desirable or necessary in some investigations. The
arrangement of the palynological units on the bar graph is an impor-
tant factor in the technique. The order is determined by the strati-
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Figure 3. Quartile-summary curve plotted from data derived from median-
quartile intercepts of cumulative curves of figure 2. Postglacial climatic
changes are indicated.
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graphic level where each unit reaches its maximum abundance. Each
succeeding unit should be higher in the section than its predecessor.
Note in figure 1 that spruce-fir-jack pine had its maximum abundance
in the 8- to 7-foot level, birch-alder had its maximum abundance in the
7- to 6-foot level, white pine-hemlock reached its maximum in the 4-
to 3-foot level, and the succeeding three groups are also progressively
arranged by level of maximum occurrence. When the groups are
graphed using a progressive maximum-abundance arrangement the suc-
cessional trends become clearly cobservable and deviations from those
trends are readily recognized as will be seen in the 1- to 0-foot level in
figure 1.

Step two in the analysis is the drawing of the cumulative-curve
graph shown in figure 2. The construction of this graph differs from
figure 1 in that the ordinates represent percentages, not stratigraphic
levels, and are divided into quartiles. The arrangement of the palyno-
logical entities is the same as in figure 1 and must be strictly observed.
The width of the abscissa intervals can vary and the subdivisions shown
within each interval are merely convenient location indices to establish
median-quartile positions on the graph for transfer to figure 3. The
drawing of the cumulative curve for each stratigraphic level, beginning
at the bottom level, follows standard statistical procedure. The cumula-
tive curves of figure 2 represent the samples of figure 1 and are labeled
1 to 8 from bottom to top. The relative percentage of spruce-fir-jack
pine is plotted and lined on the graph (curve 1 of fig. 2), birch-alder
percentage is added as the next point, then white pine-hemlock and
succeeding entities which together should total 100 percent. Each suc-
ceeding stratigraphic level from the bar graph is similarly plotted.
Then vertical lines are drawn from the points where each curve crosses
the median-quartile (50-percent) line to a position at the base of the
graph. The dashed line (a) from cumulative curve 1 of figure 2 is an
example of the procedure. It is this position point that will be trans-
ferred to the quartile-summary curve of figure 3. The use of the median
quartile rather than the first or third is statistically more accurate, for
the first quartile position on the cumulative curve does not give suf-
ficient importance to the later stages of assemblage succession and the
third quartile position may in some cases eliminate the early stages.

The final step in the analysis is the construction of a quartile-sum-
mary graph of information derived from the cumulative curves in figure
2. The ordinates of the graph are stratigraphic levels and the abscissa
contains the same palynological entities and arrangement as in figures
1 and 2. The point of each cumulative curve in figure 2 where it crosses
the median quartile line is now transferred to the guartile-summary
graph and the points are connected. The resulting curve is a summary
of the palynological succession through the sedimentary section.

An examination of figure 3 shows that palynological succession in
the Greenfield peat bog began with spruce-fir-jack pine pollen, devel-
oped through birch-alder, white pine-hemlock, beech-maple, and oak-
hickory assemblages to within one foot of the bog surface and at that
level there was a return to the beech-maple assemblage. The regional
vegetation at present is of that type but also contains a large com-
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ponent of other elements shown by the histogram in figure 1. The pollen
assemblages at cach peat level are indicative of the forest composition
at those time levels and the summary graph shows as a progressive
line, the trend of succession. Forest succession and migration is a func-
tion of time, local ecology, and climatic change, all of which may be
reflected in the preserved peat pollen assemblages. That the climate
was warmer (Hypsithermal Period) in the recent past has been pos-
tulated on evidence from numerous disciplines, including palynology.
The return of the Greenfield bog pollen assemblage to a beech-maple
from an oak-hickory assemblage is in agreement with other evidence
that the climate is presently cooler than it was several thousand years
ago.
The graph technique can be applied to bore-hole studies in the
manner described above but, for easy comparison with electric logs,
the quartile-summary graph should be plotted on the same scale as
that of the electric log.

Most bore-hole sections contain large poriions of marine or
brackish-water sediments and fossils of those types must be included.
A convenient procedure is to convert all the palynomorphs from the
bar graphs into one of the following classes: (1) marine, (2) near-
shore or brackish, (3) strand or swamp, and (4) upland. These assem-
blages are plotted as cumulative curves and then the median quartile
points are transferred o a quartile-summary graph. The resultant
curve gives information concerming the paleobiota, environment of
deposition, unconformities, and structural relations of the subsurface
rocks.

Geologic Atlas of Texas

The first quadrangle (Texarkana) of the Geologic Atlas of Texas
was issued in July 1966. The atlas, published by The University of
Texas Bureau of Economic Geology, will eventually consist of 47 quad-
rangles, or portions thereof, at a scale of 1:250,000. The project is under
the direction of Virgil E. Barnes, with the assistance of numerous oil-
company geologists and the geological surveys of the neighboring states.
Compilation of the Texarkana sheet was done primarily by the Geologic
Atlas Project Commiittee of the East Texas Geological Society.

The Texarkana quadrangle is in the northeast corner of Texas,
bounded by latitudes 33° and 34° and by longitudes 94° and 96°. It
thus includes portions of Oklahoma and Arkansas. The Oklahoma por-
tion is the area north of the Red River to the latitude of Hugo from the
eastern tip of Bryan County to the Arkansas-Oklahoma state line.

The map shows the distribution of 35 geologic units, from Cre-
taceous to Recent, in as many colors and color patterns, and it is ex-
cellently drafted (by the scribe-drafting technique) and printed. It is
available folded in an 11%%-by-9V4-inch envelope with an accompanying
booklet of explanations, from the Bureau of Economic Geology, The
University of Texas, Austin, Texas 78712, A small quantity is available
at the Oklahoma Geological Survey. The price is $2.00.
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Type LocaLiry or Cordania falcata

A. ALLEN GRAFFHAM™*

Whittington in 1960 (p. 411-412) described a new species of Cor-
dania from the Haragan Formation in Oklahoma as Cordania falcata.
The specimen designated as the holotype (USNM 136468) was one
collected by Harrell L. Strimple, and the locality was given as White
Mound, NWY; NEY sec. 20, T. 2 8., R. 3 E., Murray County.

The author had seen the specimen in the Strimple collection, prior
to its acquisition by the U. S. National Museum, and had seen the col-
lecting site on several ocecasions in the company of Strimple. The true
locality indicated by Strimple is NWY; SEl; NW1; sec. 8, T.1 S, R.
8 E., Coal County, Okiahoma. That this is the correct type locality for
Cordania falcata has been confirmed by Strimple in a letter to the
author, dated September 29, 1965, in which he stated, “The specimen
of Cordania was found many years ago by my wife, Melba Strimple,
in a slab of limestone just off the cattle path, about a third of the way
up the hill, which is near Hunton townsite, west of Clarita, in Coal
County, Oklahoma.”

In this area there is a well-developed bench about half way up the
scarp, and the horizon from which the holotype and the topotype (illus-
trated herein, fig. 1) came is approximately 25 feet below the top of
the bench. Both specimens came from slabs (or possibly the same slab)

* Geological Enterprises, Ardmore, Okla.

Figure 1. Cordania falcata, OU 5245, approximately x4.
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of Haragan Limestone exposed near the cattle path that goes up the
scarp along a fence at that spot.

The topotype illustrated here was collected by the author in 1963
and is in the University of Oklahoma paleontological collections (speci-
men OU 5245). To the best of the author’s knowledge, this specimen
and the holotype are the only essentially completely preserved speci-
mens known, although a number of fragments of C. falcata have been
recovered in the same general area during the past few years.

Reference Cited

Whittington, H. B., 1960, Cordania and other trilobites from the Lower and
Middle Devonian: Jour, Paleontology, vol. 34, p. 405-420.

Nore oN THE LAVERNE FoRMATION

MarT P. SCHEMEL

During the course of recent investigations involving the Laverne
Formation of northwestern Oklahoma, it was discovered that an early
error in citation of the original reference to the formation had been
perpetuated in recent literature. In addition, the situation regarding
the type locality of the Laverne is somewhat dubious. The purpose of
this note is to document briefly certain facts. The history of the usage
of the name Laverne has been thoroughly reviewed by Schoff (1956).

In the early Lexicon of Geologic Names of the United States by
Wilmarth (1938, p. 1158), the cited reference (Gould, 1927, p. 127)
is not the earliest publication of the name Laverne. The same publica-
tion was cited in the recent Lexicon by Keroher and others, (1966, p.
2120), as the original reference. The Laverne Formation was named
and described by V. V. Waite in a manuscript that was quoted exten-
sively by Gould and Lonsdale (1926, p. 33). This was the first and only
publication of data from the Waite manuscript, which was later lost.

The Laverne Formation is currently without a definite type
locality. Neither the published excerpts of the Waite manuscript nor ac-
companying comments on the Laverne Formation by Gould and Lons-
dale included a description or designation of a type locality. It is not
definitely known, of course, if Waite described a type section or not.
All subsequent authors have assumed, mainly because of the name,
that the type locality is somewhere in the vicinity of the town of
Laverne, in western Harper County. A. J. Myers (1959) mapped
Laverne deposits west and south of the town but did not designate an
exposure in this area to serve as a type locality.

References Cited
Gould, C. N,, 1927, Dead ones, or obsolete formation names in Oklahoma:
Okla. Acad. Science, Proc., vol. 6, pt. 2, p. 234-238.
Gould, C. N., and Lonsdale, J. T., 1926, Geology of Beaver County, Okla-
homa: Okla, Geol. Survey, Bull. 38, 71 p.
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Keroher, G. C., 1966, Lexicon of geologic names of the United States for
1936-1960, pt. 2, G-O: U. S. Geol. Survey, Bull. 1200, p. 1449-2886.
Myers, A. J., 1959, Geology of Harper County, Oklahoma: Okla. Geol.
Survey, Bull. 80, 108 p.

Schofi, S. L., 1956, Laverne Formation: Okla. Geol. Survey, Okla. Geology
Notes, vol. 16, p. 3-5.

Wilmarth, M. G., 1938, Lexicon of geologic names of the United States, in-
cluding Alaska, pt. 1. A-L: U. S, Geol. Survey, Bull. 896, p. 1-1244.

New Survey Publications Issued

The following publications were issued by the Oklahoma Geological
Survey in December 1966.

BuLLETIN 113. Pennsylvanian fusulinids in the Ardmore basin,
Love and Carter Counties, Oklahoma, by Dwight E. Waddell. 128
pages, 13 plates, 11 text-figures. $4.00 cloth bound, $3.00 paper.

This report concerns the occurrence of seventeen species of fusu-
linids (four new) of the genera Fusulinella, Fusulina, Wedekindellina,
and Triticites in the Pennsylvanian Dornick Hills, Deese, and Hoxbar
Groups. A statistical method of discriminating species is presented in
detail.

GuE Book XV Late Paleozoic conodonts from the Ouachita and
Arbuckle Mountains of Oklahoma, by Maxim K. Elias. 39 pages, 2
plates. $2.00 paper bound.

Twenty-three species and subspecies (three new) of the genera
Gnathodus (subgenus Harltonodus), Neoprioniodus, Hindeodelloides,
and Ligonodina are described and illustrated and their occurrences
correlated with the standard biostratigraphic zones of Western Europe.
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Cover Picture

NortH Fork oF SaLr CREEK CANYON

In this southeastward view of the North Fork of Salt Creek
Canyon, the Shimer Gypsum is shown capping the northeastern (left)
wall, with the Nescatunga and Medicine Lodge gypsum beds forming
ledges below. These three units are members of the Permian Blaine
Formation and produce, or have produced, a major part of the gypsum
and anhydrite (rom this arca. Both the Blaine and the Cloud Chief
(also Permian) contain vast reserves of high-purity gypsum and
anhydrite quarried primarily for use in construction materials.

This photograph is from Oklahoma Geological Survey Guide
Book X, Common Minerals, Rocks, and Fossils of Oklahoma, by W. E.
Ham and N. M. Curtis, Jr., and was taken from the top of the Blaine
escarpment in Blaine County (sec. 23, T. 18 N, R. 12 W.). The Fergu-
son Salt Plain, covered with precipitates [rom salt-saturated solutions
from springs in the underlying Flowerpot Shale, lies between 200 and
250 feet below this escarpment.

—P. W. W.
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ApstrACTS OF OKLAHOMA GEOLOGY PAPERS GIVEN AT
Mip-CoNTINENT A. A. P. G. MEETING

September 28 and 29

Scven of the nineteen. papers presented September 28 and 29 at
the Mid-Continent Regional Meeting of the A. A. P. G. in Wichita,
Kansas, dealt either directly or indirectly with Oklahoma gcology.
With the exception of that by F. H. Manley, Jr., the abstracts of those
papers, printed here, also appeared in the August issue of the A. A.
P. G. Bulletin.

Permission of the authors and of N. C. Smith, Executive Director
of the A. A. P. G., to publish this material is gratefully acknowledged,
as is the cooperation of G. W. Pike, convention co-chairman, who pro-
vided copics of the abstracts.

Early Paleozoic Overlap, Southern Mid-Continent

P. A. CHENOWETH, Sinclair Oil and Gas Company, Research Center,
Box 7190, Tulsa, Oklahoma.

Cambrian volcanics and Precambrian basement rocks produced
an irregular topography in the Mid-Continent during intermittcnt
Late Cambrian-Early Ordovician inundations. Large islands rcmained
until Roubidouxian time; highest pcaks persisted until Mississippian.
The Early Palcozoic sequence is thickest in interisland channels of
northeastern Oklahoma and in the more rapidly and uniformly sub-
siding basinal area of southern Oklahoma.

Dreshachian (ransgression, spreading westward, northward, and
possibly southward, [ailed to reach most of Kansas and northern Okla-
homa. During Franconian time, only southern Oklahoma and Missouri
rcocived sediments; ‘I'rempealeauan inundation covered all but central
Kansas and the islands of northeastern Oklahoma. Sandstone and
carbonate comprise the Cambrian.

Following post-Cambrian regression, Ordovician seas spread a
blanket of carbonate over most of Oklahoma and Kansas. Sundstonc
is most abundant at the base of the Gasconade in eastern Oklahoma.
It is also common in Roubidouxian rocks.

Paleogeographic maps and a worm’s eye view map illustrate the
intermitient naturc of the transgressions and emphasize the inherent
problems of time correlation.

Some Interesting Aspects of Carbonate Oil Accumulation in the
Mid-Continent Area

J. F. HARRIS, 2617 East Second Street, Tulsa, Oklahoma.

Close sample studies are necessary to evaluate properly the
porosity and permeability characteristics of carbonate rescrvoirs. The
depositional porosity fabric and resultant permeability are varied in
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carbonates and may range from highly porous, impermeable chalks to
somewhat less porous, but highly permeable, intergranular porosity
present in carbonatc banks, which may be composed of pellets, o6lites
or admixtures of fragmental debris. The presence of fossil cavities,
calcispheres, and occasional reefoid deposits may modify the overall
fabric. In addition to these depositional characteristics, tectonism can
alter the basic porosity-permeability rclationships through fracturing,
recrystalization and/or tectonic dolomitization.

Cases arc known where several of these various types of porosity
are present in a single deposit and influence log analysis in either a
negative or positive manner. A nonpermeable chalk or calcisphere
porosily carrying high watcer saturation may produce oil if the fracture
fabric or associated intergranular permeability is oil-bearing. Likewise,
the reverse may be true if non-producible oil is trapped in the high
porosity-low permeabilily deposits and the more permeable fracture
and/or intergranular porosity is water-bearing.

The presence of these varied porosity fabrics can be recognized
in samples, and a method of logging and estimating the importance
of the different types is suggested. Ulilization of well-sample data
coordinated with realistic log analysis can lcad to successful comple-
tion in zones which might be overlooked in a cursory log analysis.
Examples of these sedimentary types from the Mid-Continent area
are discussed and illustrated.

Use of Clay Mineralogy in Determining Source of Basin Sands

F.H. MANLEY, JR., Pun American Petroleum Corp., Box 50879, New
Orleans, Louisiana.

In some areas, the usual methods of geological interpretation of
possible source areas using conventional subsurface techniques, petro-
graphy, bulk mineralogy and conventional heavy-mineral studies have
yielded inconclusive results. A relatively new method is the utilization
of clay-sized matcrial, in particular the clay minerals and clay-mineral
assemblages, present in shale, carbonate, and sandsione samples. This
is of special interest to petroleum exploration becausc the usual kind
of subsurface sample retrieved, while not of sufficiecnt quantity or
quality for standard studics, yiclds an abundant supply of readily
identifiable clay minerals and other clay-sized material which, with
supporting subsurface information, can unravel some of the most com-
plex provenance studies.

Clay-mineral assemblages not only aid in determining source
areas, but they also can be used reliably to help covrelate, zone, and
interpret the depositional history of sedimentary sequences. Such is
the case in the Lower Cretaceous Trinity Group, southern Oklahoma.
Approximately 95 percent of the 200-mile exposure trend of the
Trinity Group, consisting of bedded to poorly indurated clays, loosely
cemented fine to coarse sands, conglomeratcs, both coarse and fine,
and locally, marl and limestone, contains no persistent marker units
or diagnostic fossils. In this study, interpretation of the clay-mineral
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assemblages and distribution and provenance clay petrology indicate
that the areal and stratigraphie distribution of the clay minerals (1)
is related to their paleogeographic positions in the original basin of
dcposition, (2) reflects variations in contributions from various source
areas, (3) indicates that the clay minerals are primarily detrital in
nature, and (4) can be used to dctermine the source of basin sands.
Further clay-mineral studies, supported by gravel-orientation studics
and subsurface information, also indicate (1) the nearshore site of
active sedimentation transgressed northwestward with a northwestward
sea advance; (2) the rocks at the base of the Trinily Group become
younger toward the northwest by successive onlap; (3) the general
shoreline trend during deposition of the 'T'rinity Group was southwest-
northeast, not east-west as generally considered.

The assumption that the clay minerals are primarily detrital in
origin and are related to their original paleogeographic position in a
basin reflecting the composition of the source area is a practical work-
ing hypothesis on a “first-approximation” basis. This assumption is
practical for all clay-mineral studies for all basin sands uniess there
is evidence (such as diagenesis, size sorting, etc.) to the contrary.

Stratigraphic Applications of Dipmeter Data in the Mid-Continent

R. L. CAMPBELL, JR., Schlumberger Technology Corp., Ridgefield,
Connecticut.

Dipmeter techniques recently devcloped to solve Mid-Continent
stratigraphic problems use short-correlation-interval dip compuiations
and a statistical approach to interpretation. These techniques cxtend
dipmeter interpretation methods first introduced in Mertiary forma-
tions along the Gulf Coast.

Paleozoic sands, as in the Pennsylvanian seclion of the Anadarko
basin, often are deposited on surfaces of low dip and low topographic
relief. Lithologic unit boundaries usually are nearly parallel, providing
litlle information with which to predict the direction of improved sand
development. Here, cross-stratification anomalies produce most of the
dips computed.

To detect cross-bedding and describe its orientation within thin
sedimentary units, correlation intervals must be short, yiclding com-
puted dips for every few feet of hole. Correlations are influenced by
many factors, including the attitude of the underlying surface at the
time of deposition and subscquent tilting. Many of the dips computed
are due to current-bedding, and indicate the dircction of sediment
transport.

Random varialions in sedimentation tend to confuse a superficial
study of the data. T'o cmphasize trends and minimize random events,
statistical methods are used. Azimuth frequency diagrams and modificd
Schmidt plots reveal the direction of sediment transport, the direction
of interval thickening, and present structural dip. These methods pro-
duce greater accuracy and confidence in orienting and extrapolating
sand isopachs.
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The Depositional Environments of the Spiro Sands in the Arkoma Basin
R. H. POTTS, 1100 Petroleum Club Building, Oklahoma City, Oklahoma.

Isopach maps, electric log cross-sections and Kodachrome slides
of the Spiro sands in Wilburton, Kinta, and Milton-Cartersville fields
are used to illustrate the author’s interpretation of the depositional
environment of these sands in the Arkoma basin.

At least three sands, differing genetically and in age, have all
been termed the Spiro sand in the Arkoma basin.

In the Wilburton field, the Spire sand appears to be a marine
facies of the Wapanucka lime and possibly Morrowan in age.

Such characteristics as geometry of the sandstone bodies, sedi-
mentary structures, composition, nature of the boundaries and other
features, lead the author to believe that in the Kinta and Milton-
Cartersville areas the Spiro sands were deposited in an environment
likely to produce channel, as well as transgressive, unconformity sand
deposits.

Application of Trend Analysis to Pre-Morrow Surface, Southeastern
Hugoton Embayment Area

M. W. SCHRAMM, JR., Cities Service Oil Company, Exploration and
Production Research, Tulsa, Oklahoma.

Trend analysis is a technique used to distinguish between trends,
such as regional dip or thickening, which may influence a whole region
under consideration, and small-scale effects (anomalies) which are
locally influential. Insofar as oil and gas ficlds arc nearly always as-
sociated with anomalies or departures from the regional trend, whether
governed by structural, thickness or lithologic factors, trend analysis
should prove (o be an important prospecting tool.

The elcctronic computer has permitted the application of trend
analysis and numerous other techniques to large areas by the oil in-
dustry. A procedure involving the computer has obvious advantages
in that it provides a degree of rigor that more elementary methods
lack and reduces considerably the amount of time involved in com-
putation.

Application of the technique to the pre-Morrow surface in the
southeastern part of the Hugoton embayment using few control wells
reveals objectively the combined topographic and structural relief
that existed prior lo Pennsylvanian deposition. With few exceptions,
Morrow sandstones, and hence production, are found empirically to
be related to the flanks of structures or in depressions.

A Basis for Red Fork Sand Exploration in Northwest Oklahoma

P. C. WITHROW, 1341 First National Bank Building, Oklahoma City,
QOklahoma.

The Red Fork Sand produces oil and gas over a large area of
north-central Oklahoma. There are indications that several oil fields
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comparable to the Burbank field (0.5 billion barrels) can be found
in northwestern Oklahoma during the next few years by using available -
well control for detailed reconstruction of the depositional environ-
ments of the Red Fork Sandstone.

The Red Fork Sand was deposited west of the Nemaha ridge
during “Cherokee” (Desmoinesian) time in a large embayment called
the Enid embayment. There were two early phascs of offshore bar
deposition, followed by a brief period when the sea receded from the
area and channel sands were deposited. Using this interpretation,
several unusual problems can be explained.

The Oakdale field in southeastern Woods County has oil reserves
of over 20 million barrels from the Red Fork Sand. The sand in this
field is in two separate linear bands. The Southwest Wakita field in
Grant County produces from two fairly distinct Red Fork Sand bodies
that correlate with the sand at Oakdale. The Wakita trend in Grant
County produces from a thin Red Fork Sand slightly higher strati-
graphically than that at Oakdale and Southwest Wakita, In the
Cheyenne Valley field in Major County, the Red Fork is interpreted
as being a channel deposit, and it is higher stratigraphically than in
the previously mentioned fields. This channel-type deposit is produc-
tive and fairly widespread over the Enid embayment, and it has
several distinguishing characteristics.

By rcconstructing the depositional environment of the Red Fork
Sandstone and by interpreting this interval as representing three
fairly distinct phases, the Red Fork is seen to be a reservoir with great
potential in the Anadarko basin. There are several good indications
where major producing areas are located, and they can be found by
basing an exploration program on detailed reconstruction of deposi-
tional cnvironments to explain the problems that arise, and to make
interpretations necessary to find prospective Red Fork Sand trends.
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DETERMINATION OF CATION-EXCHANGE CAPACITY
By CoNTINUOUS TITRATION

Raymonp L. Kerns, JR.*

INTRODUCTION

The surfacce chemical properties of clays are of great interest to
clay mineralogists, and numerous studies on clay surface chemistry
have been conducted in order to characterize, identify, classify, and
better understand the properties of clay minerals. Some of the more
economically and industrially oriented uses of clay materials are di-
rectly rclated to these properties. One of the more striking manifesta-
tions of the surface chemistry of a clay is its cation-exchange capacity,
that is, the degree to which some of the chemically bonded ions may
be removed or reversibly exchanged by treatment with various reagents.

Volk and Jackson (1964) demonstrated that clay minerals have
several definite types of surface sites to which ions may become at-
tached with varying degtees of tenacity. Some of these sites are on the
crystallite edge and others in the so-called interlayer positions; some
may accommodate positively charged ions, others, anionic constituents.
The source of the charges which supply the bonding energy are not
peculiar to clay minetals or colloidal sized particles. These unsatisfied
structural charges are due to broken bonds at the crystal surface,
vacancies or defects in the lattice, charge deficiencies resulting from
the isomorphous substitution of ions with different charges, and/or
exposed H+ ions of lattice hydroxyls. These are properties of macro-
scopic and microscopic sized materials as well as those of sub-micro-
scopic and colloidal sized particles. The effect of these properties is
enhanced, however, by the extremely small size of clay-mineral par-
ticles, that is, by the increased ratio of total surface area to volume,
which accompanies a reduction in particle size. However, simple
physical reduction of clay particle size does nol necessarily produce
a direct lincar increase in surface chemical reactivity. Other factors
such as the accessibility of interlayer sites must also be considered.
Surface properties do become more significant, though, when dcaling
with clay-sized particles rather than with more coarsely crystalline
substances.

Table I contains data on the variations of cation-exchange capaci-
ties of a kaolinite (Harman and Fraulini, 1940) and three illites (Grim
and Bray, 1936) as a function of the particle size. It is clearly illustrat-
ed that a decrease in the particle size of these matervials results in an
increased cation-exchange capacity.

There have been several methods devised for measuring the total
cation-exchange capacity of clay minerals, among them the titration
technique presented in the following pages. After converting the clay
to an H* form, it is then titrated with a standardized basc, and pH
readings are taken after successive additions of rcagent. The cation-
exchange capacity is then extrapolated from a titration curve plotied

* Utah Slafe University, Logan, Utah.
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from the resulting dala. The advantages and disadvantages of the
technique are also discussed.

TaBL I—VARIATION OF CATION-EXCHANGE CAPACITY
As A FuNcTiON OF PARTICLE SIZE

et e KAOLINITEF

ESD* cec** Eso* cec*¥

Sample 1 01 -1.0 18.5 10 -20 24
0.06-0.10 21.6 5 -10 2.6

0.06 33.0 2 -4 3.6

06 -1 3.8

Sample 2 01 -10 130 0.25- 0.50 3.9
0.06-0.10  20.0 0.25- 010 5.4

0.08 275 0.10- 0.05 9.5

Sample 3 0.1 -1.0 20.0
0.06-0.10 30.0
0.06 41.7

4 Grim and Bray, 1936.
4+ Harman and Fraulini, 1940.
* Fquivalent spherical diameter in microns.
** (lation-exchange capacily in milliequivalents per 100 gms dry clay.

THE TITRATION METHOD

Sample preparation.—The cation-exchange information most use-
ful to the clay mineralogist is obtained from size-fractioned samples,
or at least from particle-size classes small enough to eliminate non-
clay constituents. For commercial clay petrological or soil information
it is sometimes desirable to determine the CEC of bulk samples. Be-
cause wet sieving is a necessary part of the procedure outlined here,
bulk samples should be crushed (o 325 mesh. Previously size-fractioned
samples which contain particles less than 43 microns ESD (equivalent
spherical diameter) need not be so finely powdered. In this case, 80
mesh is sufficient. Cation-exchange capacities are usually reporied as
milliequivalents per 100 gms of oven-dried clay (meq/100 gms dry
basis). Samples are usually oven-dried between 105 and 120 °C, as
temperatures in this range are probably sufficient to drive off the
absorbed water from most clay minerals. Differential-thermal-analysis
curves indicate that part of the intcrlayer water of vermiculite and
Mg-interlayered montmorillonite may be retained to-slightly over 200
oC. In order to keep sample treatment as consistent as possible, all
clay samples should be dried at the same temperature, and a {empera-
ture of 220 °C is suggested.

The cation-exchange capacity of a clay may be reduccd after heat
treatment, and although temperatures affecling the CEC are usually
greater than 200 °C, it is better to weigh air-dried eclay samples for
cation-exchange work. The weight of the oven-dried samplc may be
used afler weight losses have been determined at 200 °C on separate
cuttings of the same sample.
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Cation-exchange experiments should be conducted with the great-
est precision possible so that data on different materials may be directly
compared. Some of the factors that atfect CEC and the shape of the
titration curve are the sample concentration or weight-percent of clay
in suspension and the type of base used in the titration. The same clay
material will ordinarily have different exchange capacities with bases
of different cations. The base (usually sodium hydroxide) and the
same clay suspension concentration should be used for all samples.
Gains in volume during titration should also be consistently maintained.
The cation-exchange capacitics of montmorillonites and vermiculites
are more sensitive to concentration variations than are the illites,
kaolinites, and other clay minerals.

The necessary sample weight is controlled by the experimental
system, and the volume of base that may be added, by the size of the
buret being used: A 5-ml microburet permitting direct reading to
0.01 ml and estimation to 0.001 ml is satisfactory; a single titration run
should be completed without refilling the buret.

A 1-2 g clay sample dispersed in 500 ml of distilled water pro-
vides a suspension that is dilute enough (0.20 to 0.40% by weight) to
assure noninterference of the clay particles. Assuming a theoretical
or average CEC for a particular clay mineral, and a volume of 2.5 ml
of base added to reach the end point, a functional normality (N) may
be calculated from the formula:

N<Toov (Eq. 1)

where C is the cation-exchange capacity in meq/100 gm dry clay, W
is the sample weight in grams, and V is the volume of siandard base
to be added. With the above conditions of sample weight (1 gm) and
volume (2.5 ml), and assuming an average CEC of 100 meq/100 gms
for montmorillonite, a normality for the base of 0.4N is obtained. For
illites with a theoretical CEC of 25 meq/100 gms dry clay, a 0.1N
NaOH standard solution is ideal. Table II lists experimental condi-
tions for measuring the CEC of various clays. The range of cation-

TABLE II.—DaTta ror CATION-EXCHANGE TITRATION SYSTEMS

cec* CEC DRY SAMPLE
(THEORETICAL WEIGHT VOLUME NORMALITY
AVERAGE)} (GMS) (ML)
Montmorillonite and
vermiculite 80-150 100 1 2.50 04
Endellite, 4H,0
(Halloysite, 4H,0) 40- 50 45 2 2.25 0.4
Illite and chlorite 10- 40 25 1 2.50 0.1
Sepiolite-attapulgite
-palygorskite 20- 30 25 1 2.50 0.1
Kaolinite 3- 15 9 2 1.80 0.1
Halloysite, 2H,0 5- 10 7 2 1.40 0.1

-*F'rom Grim, 1953 (p. 129); in meq/100 gms dry clay at pH 7.
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exchange capacities, average values, sample weight, and volumne of
base required to reach the theoretical end point are included.

The carefully weighed samples should be dispersed in about 250
ml of distilled water in a 1-liter erlenmeyer flask. This is best accom-
plished with a 15-minute treatment in an ultrasonic generator tank.
If the clay tends to clump, as some montmorillonites do, prolonged
agitation with a mechanical shaker may be more effective.

Conversion to hydrogen form.—After the clay is thoroughly dis-
persed, a suitable acid reagent must be added to remove all exchange-
able cations from the clay. Dowex 50W-X4 resin in the H* ionic form
is ideal for this purpose. A resin weight of 10 times the thceoretical
amount necessary to completely exchange the clay should be added to
the dispersed clay in the flask. Care should be taken not to lose any
of the suspension which may have splashed onto the rubber stopper
or the neck of the container; a wash bottle filled with distilled water
is uscful for rinsing this matcrial back into the flask. The Dowex resin
has an exchange capacity of 5.4 meq/gm dry basis. The resin is
ordinarily in the wet form, however, and has a moisture content of
67.1%,. Therefore, the exchange capacity of the wet resin is 1.8 meq/gm.
The average CEC of montmorillonitc is 100 meq/100 gms (1 meq/gm)
dry basis, so about 6 gms of resin should be added to a 1 gm sample
of montmorillonite. About 1.5 gms of resin will efficiently strip 1 gm
samples of illite which have an average CEC of 25 meq/100 gms dry
basis.

The suspension-resin mixture should be shaken slowly for about
4 hours, after which the suspension may be separatcd from the resin
by sieving into L-liter beakers. A 325 mesh wet sieve is small enough
to eatch the Dowex 50W-X4 resin. Wet-screen analyses report 99.59%,
of the resin beads are caught on a 70 mesh screen. The sieves and
beakers should be thoroughly clcaned and rinsed with distilled water
several times before using. After pouring the suspension through the
screen, remove any remaining clay from the resin and sieve with a
wash bottle. The flask should be rinsed several times with 50 ml of
distilled water and this material also poured through the screen; the
total volume should be increased to the necessary amount (500 ml is
suggested) by adding distilled water. Care should be taken to avoid
losing any of the clay.

Titration.—Cation-exchange data may be obtained by titrating the
hydrogen-clay suspension, prepared in preceding steps, with a stan-
dard base. The method requires measurement of the initial pH of the
H*-clay suspension followed by the addition of a predetermined
amount of standard base, stirring time to allow for equilibration, and
measurement of the resulting pH. Titration is continued through the
end point of the reaction (at a pH around 7) and until the titration
curve begins to level off (usually around a pH of 9 to 11).

The size of the titration aliquot added each time depends on the
normalily of the suspension, the standard base used, the amount of
sample, and the expected CEC of the clay. To obtain a detailed titra-
tion curve, a minimum of 12 measurements should be made before a
pH of 7 is reached. For montmorillonites and illites titrated under the
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experimental conditions outlined in table II, an aliquot of 0.2 to 0.25
ml is small enough. When a 5-ml microburet is used, this ordinarily
amounts to the successive addition of 4 to 6 drops of base. This is
somewhat variable and should be established for each buret.

After the addition of each titration aliquot a minimum equilibra-
tion time of 20 minutes should be allowed before a pH reading is taken.
The suspension may be stirred while waiting with a magnetic stirring
plate and stirring rods immersed in the clay suspension. The rods
should be washed off and rinsed with distilled water before being put
into the suspension. This equilibration time is not extremely long if
three samplcs are processed at the same time.

~ Buret readings should be taken immediately before and after the
addition of base and recorded on a data shest. This serves as a check
for base which might have been lost by leaking of the buret. The time
that each titration step was performed should also be recorded. Table
IIT is a sample data tabulation of a CEC titration of a 0.05-1.0 micron
ESD sample of bentonite, API sample 25 from Upton, Wyoming (Kerr
and others, 1950).

Cation-exchange capacity in meq/100 gms dry clay for each
successive step may be computed by the formula:

CEC = %’ x 100 (Eq. 2)

where N is the normality of the base being used, V is the cumulative
volume of base added in milliliters, and W is the dry sample weight
in grams.

Experimental considerations—The significance of data obtained
using any cation-exchange capacity technique depends upon the re-
producibility of the method. This is directly related to the experi-
mental design, limitations of the method, and the techniques of the
analyst. Acceptable data should not be expected if the various steps of
sample preparation, titration, and pH mcasurements are not performed
with precision. Sample weight and weight-loss determinations should
be as accurate as possible. Kxtreme care should be taken so that none
of the clay sample is lost during dispersion and stripping. The bead
of liquid that usually remains on the tip of the buret after titration
should be added lo the suspension by rinsing the tip with a small
amount of distilled water. The suspension remaining on the pH meter
electrodes should also be washed back into the beaker after each read-
ing has been made. The total gain in volume of the suspension should
be consistent throughout the experiment and the final volume should
always be the same. Titrations should be carried well beyond a pH
of 7 to permit cxtrapolation of the CEC from the resulting curve.

The calibration of the pH meter should be checked occasionally.
If the meter is allowed to warm up for several hours before titration
is begun, drift will be minimal, even through longer experiments. The
pH meter is calibrated to a pH of 7 of the standard buffer solution at
25 oC. Tempcrature of the clay suspension should be measured periodi-
cally so that proper adjustment of the pH meter can be made, as pH
varies slightly with temperature changes. There will ordinarily be a
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temperaturc increase of a few degrees during the experiment from
stirring the sample.

Presentation of data—Data obtained from titration is usually
plotted graphically with pH on the ordinate and values for the CEC
in meq/100 gms dry basis along the abscissa. The cation-exchange
capacity of the 0.05-1.0 micron bentonite from Upton, Wyoming,
(table III) is presented graphically in figure 1. Cation-exchange data
for the 0.05-1.0 micron bentonite, API sample 20, from Lorena, Missis-
sippi, is also included. These analyses were performed in triplicate and
the CEC interpreted from the curves at a pH of 7. These data are
listed in table IV and compared with values from the literature for
these clays.

The total CEC may be taken at one of several points along the
curve, the specific choice depending upon the analyst. Because of the
popularity of the ammonium acetate isotherm technique, the exchange

TasLE III.—DaTta SHEET FOR CATION-IEXCHANGE TITRATIONS*

CUMULATIVE  CECt

TITRATION READING INCREMENT PH VOLUME
TIME NO. INITIAL FINAL (ML) (ML)
1 0141 0141 0 318 0 0

8:15am. 2 0141 0267 0126 329 0126 488
8:40 3 0321 043¢ 0113 331 0239 926
9:05 4 0434 0571 0137 339 0376  14.56
9:25 5 0571 0704 0133 342 0509 1971
9:44 6 0704 0833 0129 348 0638 2471
10:10 7 0833 0955 0122 352 0760 2944
10:35 8 0955 1099 0144 360 0904 3501
11:00 9 1099 1220 0121 370 1025 3971
11:25 10 1220 1.350 0130 380 L155  44.74
11:50 11 1350 1478 0128 390 1283  49.70
12:15 pm. 12 1478 1610 0132 403 1415 5481
12:40 13 1610 1730 0120 420 1535 5947
1:05 14 1730 1865 0135 440 1670 6469
1:30 15 1865 2000 0135 481 1805  69.92
1:50 16 2000 2132 0132 540 1937 7504
2:15 17 2132 2268 0136 587 2073 8031
2:40 18 2268 2891 0123 620 2196 8501
3:06 19 2391 2525 0434 657 2330  90.26
3:30 20 252 2653 0128 701 2458 9521
3:55 21 2653 2785 0132 779 2590 1003
4:20 22 2785 2923 0138 895 2728 1057
4:40 23 2923 3051 0128 935 285 1106
5:00 24 3051 318 0134 970 2990 1158

Plus 4 more titrations to pH 10.5

* Sample: bentonite, Upton, Wyoming, API 25b; .05-1.0 ESD; normality
of base — 0.3938N NaOH; sample weight (air dried) = 1.000 gm; weight
loss at 220 °C = 7.58%,.

+ Meq/100 gms at 220 ©C, oven-dried basis.
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TaBLE IV.—CaT10N-EXCHANGE CAPACITIES FOR Two
API MONTMORILLONITES ( BENTONITES)

APl 20 API 2SB
{LORENA, MISS.) (UPTON, WYO.)

CEC': Titration 1 117 96
Titration 2 114 94
Titration 3 116 98

Mean 1162 96+2

Maximum deviation 1.3% 21%
CEC* API value 117 95

Deviation of experimental
CEC value from API value 1.0% low 2.1% high

t Milliequivalents of NaOH per 100 gms of clay, oven dried at 220 ©C.

zFrom Kerr and others (1950). Values determined by ammonium acetate
isotherm method; milliequivalents per 100 gms of clay, oven dried at 105
°C.

capacity at pH 7 (point A, fig. 1) is frequently reported. Others
reason that the reaction is complete at a point in the vicinity of B in
figure 1, where a steep rise in the curve results from the addition of
nonreacting base, but this point is difficult to define preciscly on
some titration curves. Still others, more familiar with titration curves
for strong acids and bases, choose the inflection point of the curve
(point C). This point is casily defined but is not accurate for the end
point of a reaction involving a weakly acidic H™ clay with a strong
base. The slope of the curve is too small and variable for the inflection
point to indicate the completion of the reaction (near point B). The
curve position chosen is necessary information, however, and should
be reported with the total CEC for the particular material.

For comparison, it is best to report the CEC of some standard
sample which was measured with this same technique; a sample of the
Wyoming bentonite is probably best for this cxperiment, because there
is abundant published data on this matcrial. There are undoubtedly
purer materials which might be used, however.

Titration curves may also provide useful information on different
types of surface reactions of a clay related to the different reacting
sites on the particles. Jonas (1963) has demonstrated that there ave
at least two different reactions which may be observed in closely con-
trolled cation-exchange measurements of H* montmorillonites. One
is due to the acid naturc of the edge sites, and the other is a result of
interlayer exchange positions. The edge sites arc completely exchanged
at a lower pH than the interlayer sites and are responsible for a larger
part of the total CEC as particle size decreases. This property probably
accounts for the midrange hump (point D) in the titration curves of
figure 1.

Advantages and disadvantages of the titration method —A distinct
advantage of the titration technique is that a reaction history of the
material is provided after the data have been plotted. There is a definite
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Figure 1. Cation-exchange capacity titration curves for two 0.05-1.0 micron
ESD montmorillonites (bentonites): API 20 from Lorena, Mississippi, and
API 25b from Upton, Wyoming.

disadvantage in that the exchange reaction takes place over a wide
pH range, and though it is not known at this time what effect this
has on the cation-exchange capacity, the effect is considered significant.
The isotherm technique using ammonium acetate is carricd out at a
constant pH which effectively eliminates this factor.

The conversation of the clay to the H* form effectively removes
all the surface cations, particularly when treatments are fairly rigorous.
In the isotherm method, however, it is believed that K- ions are non-
exchangable even in the case of expendable clays, and an extremely
rigorous acid treatment of clays may result in an alteration of the
structural lattice chemistry, such as selective removal of Al** ions
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from the tetrahcdral layer. This would vesult in CEC data for a
material that is structurally different from the original.

The titration method also provides information on the partial
exchange capacities of the edge and interlaycr-cation sites, However,
for a detailed study of this sort, a large number of data points must
be established. Longer equilibration times than ordinarily required
for standard titration experiments may also be desirable. Due to the
length of time involved in performing this experiment, it is more
expedient to follow a revised program of sample treatment. A large
number of samples of equal weight may be converted to the hydrogen
form with some uniform stripping technique, after which the samples
may be titrated with varying amounts of standard base and the total
volume of suspension brought to the same level for all samples. These
samples may then be allowed to equilibrate for as long a time as is
convenient and pH readings made at some later date. The only dis-
advantage to this technique is that some of the samples remain for
extended periods in an acid environment and others undergo a strong
base treatment. The difference and significance of these cxtreme con-
ditions are not fully known.
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Cover Picture

GEeorLocisT aNp CANEY CONCRETION

The photograph is of Hugh Dinsmore Miser, compiler of the 1926
and 1954 editions of the Geologic Map of Oklahoma.

Dr. Miser is shown on a concretion in the Delaware Creck Mem-
ber of the Caney Shale. The locality is in a dredged cutoff of Jackfork
Creek, just west of State Highway 99, in sec. 35, T.3 N, R. 6 E,,
Pontotoc County. This is the locality from which E. B. Branson and
M. G. Mehl obtained the conodonts described by them in 1940.

M. K. Elias named and dcscribed the Delaware Creck Member
in 1956. The unit is a dark shale characteristically bearing large con-
cretions (as large as 12 feet in diameter). Many concretions contain
numbers of the cephalopod Goniutites choclawensis, a Meramecian
index fossil. The Delaware Creek Mcember underlies the Sand Branch
Member (Chesterian) and overlies the Ahloso Member, which is not
clearly divided from the Delaware Creek. In the type section on
Delaware Creek it is 270 feet thick. The “Goniatites choctawensis lentil”
of Elias is typified by the area of the photograph and is the lowermost
lentil of limestone concretions.

—C. C. B.
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GEeoLocic PUBLICATIONS BY OKLAHOMA ORGANIZATIONS

CarL C. BransoN

As is the case in most states and countries, some geologic publica-
tions have started, ceased, changed names, and have otherwise caused
confusion for bibliographers and librarians. Many change editors and
mailing addresses, change format, frequency of publication, and method
of printing. This article is an attempt to call attention to irregular
Oklahoma publications in geology.

STATE AGENCIES

Territorial Survey

The oldest serial is the Biennial Report of the Department of
Geology and Natural History Survey, Territory of Oklahoma. The
Territorial Survey was founded in 1898 and was superseded by the
Oklahoma Geological Survey in 1908.

The manuscript of the First Biennial Report was destroyed by
fire. A report entitled Advance Bulletin, issued in 1902, which was to
have been part of the first report, was an illustrated paper by J. W.
Beede on the invertebrate fossils of the Whitchorse sandstone (now
the Doe Creek Member of Marlow Formation).

The Second Biennial Report (for 1901-1902) was published in
1903 and contained three articles on geology, one on plants, one on
birds, and one on snakes.

The Third Biennial Report (for 1903-1904), published in 1904,
consisted of three geologic articles. No report was issued for 1905-1906.

Oklahoma .Geolagical Survey

The Oklahoma Geological Survey was activated on July 25, 1908,
under the directorship of C. N. Gould. The bulletin series was initiated
immediately with the publication of Bulletin 1 in that year. Some
subsequent bulletins did not correspond in numerical designation with
the chronological order of publication and did not appear until years
afterward; for example, Bulletin 4, Coal in Oklahoma, did not appear
until 1926, and Bulletin 12, issued in 1927 and apparently planned
for some other topic, was a crude reprint of U. S. Geological Survey
Professional Paper 31. Bulletin 14 was issued in 1929. Bullctin 40, Oil
and Gas in Oklehoma, was published in three volumes, volume 1 in
1928 and volumes 2 and 3 in 1930, but individual chapters were issued
geparately as they became available during the period 1926-1930.

Bulletins 54 and 56 were published by the University of Oklahoma
Press in 1932 and few copies carry the bulletin number.

The bulletin series is now through Bulletin 113, but Bulletin 110
will probably not be issued until 1968.

The circular series is of shorter reports. Circular 1 was issued in
1908. Circular 4 was on trees and shrubs, and Circular 6 was on animal
and plant life. Circular 70 was published on December 20, 1965, and
Circular 72 on August 8, 1966. Circulars 71 and 74 will appear late in
1967.
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The mineral-report series was begun in 1938 in mimeographed
form (numbers 1-23). Later issues were printed by letterpress. The
series ended in 1959 with Mincral Report 36.

Directors’ biennial reports have been issucd irregularly. The first
report was in Bulletin 6 (1910), the second report was Part 1 of Bul-
letin 15 (1912), the third report was Part 1 of Bulletin 22 (1914).
Directors’ biennial reports were published in 1936, 1938, 1940, 1942,
1944, 1947, 1949, and 1955. The last of the series was the Semi-Centen-
nial Report, 1908-1958 (147 p., 1958).

Guide books have been of several types. Eleven mimeographed
road logs of field trips were issued in 1925, 1926 (4), 1927 (4), 1928
(2). In 1929 the “Fifteenth Geological Field Conference” in the
Arbuckle Mountains had a mimeographed 21-page guide book. The
“Seventeenth Geological TField Conference” (1930) had a 14-page
book, the “Eighteenth” (1930), 11 pages, the “Nineteenth” (1930),
14 pages.

In 1934 a 38-page book was issued for a trip in the Ada area. Five
“Mineral Resources Field Trips” had guide books, issucd in mimeo-
graphed form in 1930, 1945, 1946 (2), and 1950. A guide book of 9
pages was issued for an “industrial tour” in 1947.

The first formal guide book, Guide Book I (41 p.), was issued
in 1953 with the Oklahoma City Geological Socicty. Others in the
guide-book series are Guide Book II (1954, 41 p.) with the Oklahoma
City Geological Society, Guide Book III (1955, 61 p.) with the
Ardmore Geological Society, Guide Book IV (1956, 76 p.) with the
Tulsa and Oklahoma City Geological Socictics, and Guide Book V
(1957, 58 p.) with the Panhandle Geological Society. Subsequent guide
books and their years of publication are: VI, 1957 (220 p.); VII, 1958
(28 p.); VIII, 1959 (48 p.); IX, 1959 (81 p.); X, 1960 (28 p.); XI,
1963 (46 p.); XII, 1963 (95 p.); XIII, 1963 (139 p.); X1V, 1964 (48
p.); XV, to be issued in 1968; and XVI, 1966 (39 p.).

Control circulars were issued in mimeographed form as nos. 1-3,
1940-1941, to give results of the Oklahoma Geodetic Survey. These
data were contlinued in Bullelins 58 and 61. The eastern half of the
State was not surveyed.

The Survey issued a mimeographed periodical from 1941 to 1955
as The Hopper, volumes 1-15. Volume 1 had six numbers, 2 through
11 twelve numbers, 12 seven numbers, and 13 six numbers. The Hopper
was superscded by the Oklahoma Geology Notes, with ten numbers
annually in volumes 14 and 15, and thereafter, monthly through cur-
rent volume 27.

The Survey issued in 1960 a Guidebook, Paleobotanical Field
Trip for the American Institute of Biological Sciences, an edition
limited to 100 copies.

Bureau of Geology

In 1923, when Governor Jack Walton cut off funds for the Survey,
C. W. Shannon attempted to continue the work on a sclf-supporting
basis with the Burcau of Geology. This organization published Bul-
letin 2, Geology of the Stonewall Quadrangle, in 1924; no Bulletin 1
appeared. Circulars 2 and 3 were published in 1924, but no Circular 1.
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Shannon also started the Bureaw Monthly, of which only volume 1,
number 1 (1925) was published.
Department of Mines

The Department of Mines, Chief Mine Inspector, publishes an-
nual reports containing much geological information. The last number
received is the fifty-eighth annual report for the year ending December
31, 1966, issued in 1967.

Panhandle Agricultural Experiment Station

The Panhandle Bulletin was published monthly by Panhandle
Agricultural and Mechanical College, Goodwell. Bulletin 38, May,
1932, was a report on water in Cimarron County, mainly ground water
and its quality.

University of Oklahoma

A series of individual papers was issued as The State University
of Oklahoma, Research Bulletin. The University Press printed the
bulletins, of which numbers 3 and 4 (1910) were on geological subjects.

The Proceedings of the Oklahoma Academy of Science were also
issued for some years as University of Oklahoma Bulletins (see Okla-
homa Academy of Science).

The School of Geology and the Extension Division published pro-
ceedings of eight biennial geological symposia, with varying titles as
follows:

1949. Subsurface Geological Symposium. 113 p.

1951. Second Subsurface Geological Symposium. 143 p.

1953. Proceedings of the Third Subsurface Geological
Symposium. 94 p.

1955. Proceedings of the Fourth Subsurface Geological
Symposium. 115 p.

1957. Procecdings of the Fifth Biennial Symposium on
Subsurface Geology. 167 p.

1959. Proceedings of the Sixth Biennial Geological Symposium.
175 p.

1961. Proceedings of the Seventh Biennial Geological
Symposium. 234 p.

1963. Proceedings of the Eighth Biennial Geological Symposium.
174 p.

1966. A ninth biennial symposium was presented, but no
proceedings were published.

Oklahoma State University

The Engineering Experiment Station of Oklahoma Agricultural
and Mechanical College published a report on clays and shales of
Oklahoma, prepared jointly with the Oklahoma Geological Survey.
This 251-page bovk appeared in 1932 as Division of Engineering Pub-
lication, volume 3, number 5 (also listed as Engineering Experiment
Station Publication 17). A book of 474 pages on chemical analyses
of the waters of Oklahoma was issued in 1942 as Division of Engi-
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neering Publication, volume 12, number 1 (Engineering Experiment
Station Publication 52).

State Department of Highways

The Research and Development Division has prepared and issued
books, Engineering Classification of Geological Materials, on two of
the cight highway divisions of the State. These were distributed in
1965 (Division Eight, 287 p.) and 1966 (Division Two, 356 p.).

Oklahoma Water Resources Board

Originally Water Resources Division of the Planning and Re-
sourccs Board, the agency became the Water Resources Board in
1957. Bulletins have been published, Bulletin 4 in 1949, Bulletin 27
in 1965. No copies of Bulletins 1, 2, or 3 have been located. In 1965,
the Board published Ground Water in the Rush Springs Sandstone,
Caddo County Area as Publication 11.

GEOLOGICAL AND GEOPHYSICAL SOCIETIES

Oklahoma City Geological Society

Local geological socielies sprang up and began publishing as
early as 1930. The Oklahoma Cily Geological Society began issuing
mimcographed guide books in 1930 (3), followed by Highway Geology
of Oklahoma (1932, 67 p.) for the 17th Annual Convention of the
American Association of Petroleum Geologists, and guide books of
field trips in 1935 (as Second Annual Outing, a typed road log), 1936
(two (rips), 1937, 1939, 1940 (14 p.), 1941, 1946 (17 p.), 1949 (17 p.),
and 1950 (39 p.); those for 1953 and 1954 were published jointly with
Oklahoma Geological Survey. In 1955 Highway Geology of Oklahoma
was issued in cooperation with the Oklahoma Geological Survey and
The University of Oklahoma (172 p.).

A guide book titled Variations in Limestone Deposits was issued
in 1964 (92 p.), jointly with Oklahoma Geological Survey.

The Society issues the Shale Shaker monthly from September
through Junc (10 issues yearly). Volume 1 appeared in 1950-1951.
Papers published in the Shale Shaker through volume 14 have been
reprinted with new pagination as Shale Shaker Digest, volumes 1 to
IV, covering 1950-1955, 1955-1958, 1958-1961, 1961-1964.

In 1963 the society published Qil and Gas Fields of Oklahoma,
Reference Report, Volume 1, in loose-leaf format,

Tulsa Geological Society

In 1932 the Tulsa Geological Society issued its Summaries and
Abstracts of Technical Papers in 43 unnumbered pages. Publication
was by the Tulsa Daily World. The subscquent issues have been called
Tulsa Geological Society Digest, with volume numbering beginning
in 1942 with volume 9; the series is now at volume 33.

The Tulsa Geological Society issued mimeographed guide books
in 1941 (9 p.), 1941 (8 p.), and 1946 (17 p.). Letterpress guide books
were published in 1947 (56 p.), 1951 (35 p.), and 1954 (57 p.), and
in 1961 jointly with Fort Smith Geological Society (78 p.).
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Ardmore Geological Society

The Ardmore Geological Society began its series of guide books
in 1936 (five trips) and continued it with others in 1937 (two trips),
1938, 1940, 1946, 1948 (9 p.), 1950 (11 p.), 1952, 1954, 1956, 1957,
and 1963 (51 p.), and in 1966 (50 p.) jointly with Oklahoma Geo-
logical Survey. In 1959 the society issued, jointly with the Dallas
Geological Society, The Geology of the Quachita Mountains- a Sym-
posium, consisting of 208 pages and a 68-page field-trip guide book.

Shawnee Geological Society

The Shawnee Society held a field trip in 1938, but only typed
guide books were issued; later in 1938 a mimeographed 12-page guide
book for another trip was issued, jointly with Oklahoma Geological
Survey. The society is now disbanded.

Okmulgee Geological and Engineering Society

The Okmulgee Geological and Engineering Society was founded
in 1956, published Geology of the Okmulgee District in 1957, and then
disbanded.

Geophysical Society of Tulsa

The Proceedings of the Geophysical Society of Tulsa have been
published irregularly. Volumes 1 to 8 have appecarced since 1953;
volume 8 is for 1961-1964.

Oklahoma Academy of Science

The geology section of Oklahoma Academy of Science has
issued dittoed guide books of trips held for its spring meetings. A more
ambitious guide book of 9 pages was mimeographed in 1952 and was
issued jointly with Gamma Chapter of Sigma Gamma Epsilon.

OKklahoma Academy of Science was formed in 1910 and first pub-
lished its Proceedings in 1921. Earlier volumes contain many geologic
articles; those since 1958 contain few. The current volume is numbered
47. From 1921 to 1928 the Proceedings volumes were also numbers of
University Studies: no, 14 in 1921, no. 15 in 1922, no. 16 in 1923, no.
21 in 1925, and no. 22 in 1926. They were then included in the Uni-
versity of Oklahoma Bulletin, New Series, as no. 348 in 1927, as no.
402 and Studies Series no. 29 in 1928 :for 1927), as no. 410 and
Studies Series no. 30 in 1928, and as no. 456 in 1929,

Sigma Gamma Epsilon

Sigma Gamma Epsilon, the honorary scholastic geologic frater-
nity, held five confcrences on stratigraphy, on May 9, 1936, on May
8, 1937, on Nov. 4, 1939, on Dec. 7, 1940, and on March 14, 1942,
Mimeographed proceedings were issued. Although the 1942 issue was
headed Seventh Annual Symposium, only five conference proceedings
have been located.

The fraternity sponsored field trips and published guide books
in 1941, 1947, 1953, and 1959.
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OTHER ORGANIZATIONS

Museum of the Great Plains
The Museum of the Great Plains (Lawton) is operated by the
Great Plains Historical Association and issues the Great Plains Journal
semiannually. Volume 6, number 2, appeared in July, 1967. The
Museum issued a symposium titled Domebo: A Paleo-Indian Mam-
moth Kill in the Pruirie-Plains in 1966. It also distributes a mimco-
graphed ncwsletter, and volume 3, number 6 is dated April, 1967.

Oklahoma Historical Society
Chronicles of Oklahoma, the publication of the Oklahoma Histori-

cal Society, contains several geological articles and many other articles
useful to geologists.

Gem and Mineral Societies

At present ninc gem and mineral societies exist in the State. The
Oklahoma Mineral and Gem Society issues Sooner Rockologist. Two
numbers of volume 1 appeared in 1946, and volumes 1-4 (to Oct. 1950)
were monthly. Volumes 5 through the present are in six numbers each,
issued bimonthly.

The Tulsa Rock and Mincral Society issucs a processed monthly
journal titled T-Town Rockhound. The August, 1967, issue is volume
10, no. 8.

The Northern Oklahoma Gem and Mineral Society, Inc. (Ponca
City), was organized in 1960 and issued at lcast four numbers of Peb-
ble City News, the last in September, 1967.

Publications of local organizations are especially difficult to obtain.
Many have small editions, go out of print quickly, and have no per-
manent address, so that even within the Statc librarics cannot be
complete.

New Theses Added to O. U. Geology Library

The following Master of Science thesis was added to The Univer-
sity of Oklahoma Geology Library in October, 1967:

Subsurface stratigraphic analysis of the “Cherokee” group in
north-central Creek County, Oklahoma, by Harold Wayne Hanke.

—L. F.
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CHEMICAL ANALYSES BY X-RAY FLUORESCENCE

Ravmonp L. Kerns, JR.*

INTRODUCTION

Secondary x-ray-fluorescence techniques provide quick, precise,
and nondestructive qualitative and quantitative chemical analyses. It
is assumed that the reader is familiar with the fundamental theory
concerning the generation and nature of x-radiation. The description
and directions for operating the x-ray-fluorescence equipment used
in this study are available in manuals supplied by Siemens America
Inc. The following is intended as a discussion of the experimental
technique designed to obtain reproducible results.

QUALITATIVE ANALYSIS

A qualitative analysis may be obtained by running an x-ray-
spectrometer scan, which is similar to an x-ray-diffractomcter scan.
The spectrometer contains an x-ray tube that provides the primary
excitation radiation. The x-ray beam is focused on the sample, which
is in a fixed position, and the secondary radiation of the excited
elements is collimated by means of a Soller slit onto an analyzing
crystal, the interplanar spacing (d) of which has becn precisely de-
termined. The diffracted radiation is collimated by another Soller slit
to the detector. Scans may run from 16 to 82 degrees 24 on’ the
Siemens vacuum spectrometer. Detection of K spectral lines for
elements from magnesium (atomic number 12) fo chromium (atomic
number 24) may be done with the gypsum crystal (d = 7.6 A);
analyses of elements with atomic numbers larger than 24 may be
obtained by using the lithium fluoride analyzing erystal (d = 2.01 A).
K-spectral-line detection of elements with atomic nuwmbers larger than
29 (copper) is more satisfactorily accomplished with a scintillation
counter because it has a higher quantum-counting efficiency for radia-
tion of shorter wavelengths. A proportional counter is more efficient
for detection of longer wavclengths.

A scamning rate of 1 or 2 degrees 2¢ is generally suitable with a
chart rate of 1 or 2 em per minute, respcctively. The baseline setting
of the pulse-height analyzer should be at the limiting value of 0.5 volt
for acceptance of radiation of all wavelengths; channel-width control
should be removed from the circuit by flipping the toggle switch to
integral. Attenuation is routinely set at 20, with the counter operated
at 2,000 to 2,050 volts. The linear scale factor may be varied to keep
the more intense peaks on the chart or to enhance the weaker peaks.
Siemens recording pancls also have a logarithm scale factor that is
quite useful in spectrometer scanning.

Solutions of the Bragg equation (nn = 2d’ sin ¢) for different
angles of incidence (¢) and the d value of the analyzing crystal yield
wavelength values for the spectral lines or, in this case, peaks. These
may be compared with values of recorded wavelengths of the charac-

* Utah State University, Logan, Utah.
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teristic radiation for various elements. This process is simplified
through the use of charts constructed for various analyzing crystals
having different interplanar spacings. These charts have the positions
of the various characteristic radiations labeled along a 2¢ scale.

QUANTITATIVE ANALYSIS

Spectrometer Method —Semiquantitative data may be taken from
the spectrometer scans obtained for qualitative chemical analyses. The
first requirement is a set of suitable standards that contains accurately
determined percentages of the chemical elements of interest in the
range of the percentages being analyzed. By carcfully preparing all
standard and unknown samples uniformly and by running all scans
at the same machine settings with a linear scale factor, the intensity
of the peak for a particular element will be proportional o the per-
centage of the element present in the sample. A graphical plot of the
percentage of the constituent in each standard against the K¢ peak
intensity above the background provides a curve from which percent-
ages of the chemical censtituents of the sample to be analyzed may
be extrapolated on the basis of peak-height data.

Figure 1 represents a set of standard curves for silicate samples,
for oxides of iron, titanium, calcium, potassium, silicon, and aluminum.

Fe,Ox TiO, CaO Ko0
100 T d 3| K T T 2 T T 7 T 1

PEAK HEIGHT
(Percent of full-scale deflection with scale factor 2 x I05)

It 1
6 8 =]

WEIGHT PERCENT

Figure 1. Relative-intensity curves determined by measuring heights of K,
peaks on spectrometer scans of selected silicate standards.





The intensities are relative to a full-scale deflection of 100 at a linear-
scale-factor setting of 2X10° counts per minutc. All curves were estab-
lished with the gypsum analyzing crystal except that of iron, for which
the lithium fluoride crystal was used. The scans were run at 1 degree
26 per minute and a chart spced of 1 ¢m per minute. The percent of
each oxide is plotted along the abscissa. This scale rcads directly in
weight percent oxide on a 105 °C dry basis. The pulse-height analyzer
was opcrated on integral with a minimal 0.5-volt baseline setting. ‘The
detector was a flow-proportional counter operated at 2,050 volts with
a P-10 gas (90% argon, 109, methane gas mixture) flow rate of 0.06
cfh. The Siemens Kristalloflex IV generator was operated at 35 kilo-
volts and 40 milliamps. The primary excitation radiation was provided
by a chromium-target x-ray tube. The samples were prepared as pellets
containing 10 percent polyvinyl alcohol (PVA) as a binding agent,
mixed with 90 percent of the powdered sample and pressed at 15 tons
per square inch on a Paul Weber press, using a 1.25-inch diameter
Buehler die. Table I is a comparison of analyses obtained by measuring
peak heights from spectrometer scans with analyses obtained by the
more precise pulse-counting method described in the following section.

TABLE 1—COMPARISON OF QUANTITATIVE ANALYSES BY
SPECTROMETER ScaN (A) AND BY Pursk CounTing (B)

(All values are weight percent)

SAMPLE 1 SAMPLE 2 SAMPLE 3 SAMPLE 4

A B A B A B A B
8i0, 50.5 48.00 435 43.50 40.7 40.60 51.3  50.46
AlLO, 175 16.82 13.0 1292 9.70 9.85 1956 18.69
Fe,0, 714 7.08 735 720 910 9.24 6.51 6.58
Ca0 080 9.74 0.70  0.66 1.69 1.52 090 0.88
K.O 5.00 5.04 285 286 1.53 1.46 538 541
TiO, 025 024 027 0.26 030 031 025 024

Spectrometer-scan analyses are accurate enough for semiquantita-
tive purposes, but, unless a qualitative analysis is necessary, the tech-
nique takes longer than the pulse-counting method. If a large number
of samples is to be analyzed, the fast, more precise pulse-counting
method should be used.

Pulse-Counting Method.—Precise quantitative chemical analyses
may be obtained by using the pulse-counting method. This technique
involves precise location of the maximum intensity of the spectral line.
The detector voltage is operated on the plateau region of the counter
for the particular wavelength involved (usually a K. line), and the
intensity is determined in counts per minute by taking preset time
counts (usually 2 minutes in duration on the peak maximum). A more
precise method involves step scanning at increments of 0.005 or 0.02
degrees 2¢, taking preset time counts at cach successive step, and
recording the maximum count as the peak plus background intensity.
The background intensity is measured at some spectrometer setting
close to the spectral linc, but not at a posilion where the intensity may
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be in part a measure of some other spectral line. Table II lists machine
settings for seven of the more important elements found in silicate
rocks. These settings will vary with a change of the x-ray tube, the
detector used, and the age of the circuitry. Peak positions arc to some
extent a funclion of {ine alignment and adjustment of the spectrometer,
and may change during the time of a single series of operations. For
this reason, the peak position should be checked by step scanning
across it frequently.

For greatest precision, the following precautions should be ob-
served.

1. Allow the machine to warm up for a2 minimum of 4 hours before
beginning quantitative analyses, so that the circuit has time to stabilize.

2. Keep sample prcparation and sample loading as consistent as
possible. With a silicate sample, a binder, such as PVA, may be neccs-
sary; add an exact amount (usually 10%) to all samples and standards.
Homogenize thoroughly and brickelle at the same pressure. Use the
same size of sample holder for all samples.

3. Be sure that the vacuum is sufficient before beginning the
counting; a vacuum of 0.1 torr is sufficient and should be attained in
1 minute if the vacuum chamber is well sealed.

4. Check the spectral-line position frequently or measure inten-
sities by step-scanning operations.

5. Peak intensities should not exceed the resolving capacity of
the EIT counter tubes in the scaler cireuit; the resolving capacity is
approximately 12 microseconds, or 100,000 counts per minute (c¢/m).
An excess of impulses will result in counting loss. By operating on the
fivst binary (X2), counting ratcs up to 200,000 ¢/m may be tolerated;
the maximum intensities that may be counted without loss is 400,000
c/m if the sccond binary (X4) is used. The accuracy of the EIT tubces
may be checked by pushing the control check button and beginning
the counting. This operation feeds a programmed impulse of 100,000
¢/m into the scaler circuit and scrves as a check. The control check
button should then be released before continuing the analysis.

6. While counts are taken on samples to be analyzed, counts
should also be made periodically on standard samples; a deviation of
more than 10 parts per thousand (ppt) is extreme. If there is this great
a deviation, check the peak location, counter voltage, PHA settings,
and the cnergy distribution of the spectral line by means of the pulse
spectroscope. In most cases, extreme deviations in counts on standard
samples are due to circuit instability from insufficient machine warm-
up time or to drifting of the spectral-line position from thermal expan-
sion of the spectrometer.

7. Plastic sample holders should be used for aluminum analyses;
aluminum sample holders are suitable for analyses on all other
elements.

If experimental technique is good throughout the analyses, the
results will be precise. Analyses of the heavier elements, potassium
through iron, may be reproduced to +2 ppt. The reproducibility of
silicon analyses may be as high as =5 ppt, and &5 to £10 ppt may
be obtained for aluminum and magnesium determinations.
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Table III is a comparison of two analyses of Beavers Bend illite,
one by the x-ray-fluorescence method, the other by the wet-chemical
method. The wet-chemical analysis is that of J. A. Schleicher, reported
in Mankin and Dodd (1963), made upon the same material used in
the x-ray method.

TaBLg III.—CoMPARISON Or CHEMICAL ANALYSES
BY X-RAY-FLUORESCENCE AND WET-CHEMISTRY METHODS

(All values are weight percent)

BEAVERS BEND ILLITE

X-RAY WET
FLUORESCENCE CHEMISTRY
8i0, 50.90 49.85
ALO, 23.10 23.68
Fe,0,* 6.79 6.60
FeO . 1.87
MgO 1.79 1.86
Ca0 0.11 0.12
K,0 756 6.64
TiO, 1.30 1.40
Total** 91.55 92.02

* All iron analyzed by X-ray-fluorescence method reported
as Fe,0,.
*% Weight loss due to H,0 not included.

SAMPLE PREPARATION

Qualitative Analysis

The Siemens vacuum spectrograph is equipped with sample
holders that accommodate solid or liquid samples. Chemical analyses
of rock specimens are usually performed on solid samples. No detailed
sample preparation is neccssary if only a qualitative analysis is to be
obtained. Fluorescence scans may be run on rock slabs, powder im-
bedded in paraffin, samples sedimented onto a glass slide, or pressed
pellets of powdered samples. For quantitative analyses, only the pressed
pellets are suitable. Rock slabs do not provide a representative sample
because they generally are inhomogeneous, and sample quantity and
thickness cannot be controlled in the other methods.

Quantitative Analysis

Pressed pellets or brickettes of rock samples may be prepared for
quantitative analysis by the following method. The sample must be
ground to a fine powder and homogenized. An 80- to 100-mesh size is
usually small enough for clay materials. Rock samples with large
mineral grains, such as found in igneous rocks, sandstones, and some
carbonates, should be ground to as fine a size as possible. A 400-mesh
sercen is available with the Pitchford Uniform Particle Size Grinder.
Homogenization may be achieved by shaking the ground sample on
the Pitchford grinder for 12 seconds. Brickettes are prepared by pres-
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sing the powdered material in a die on a mechanical press. A pressure
of 15 tons per square inch is usually sufficient for dies up to 1.5 inches
in diameter.

Binding Agent—Pellets of pure material may be prepared, but
ordinarily a binding agent must be added for a brickette that will with-
stand routine handling. Polyvinyl alcohol is ideal for this purpose. A
10 percent (by weight) addition of PVA is usually sufficient for clay
materials; more coarsely crystalline materials may require as much
as 20 percent. The x-ray-absorption and sample-dilution effects of PVA
on the intensity of a particular spectral line were determined experi-
mentally. Brickettes of the same clay material were accurately weighed
and mixed with 1, 5, 10, 20, and 40 percent PVA. The intensities of
the Ko lines of Al, Si, K, Ti, and Fe werc measurcd several times
and the deviations in intensity of the samples containing 5, 10, 20, and
40 percent PVA from that of the sample containing 1 percent were
calculated in parts per thousand. Figurc 2 shows graphically the varia-
tion in intensily of the Kqu lines of several elements as a function of

400- . — N T

n
a
o]

INTENS TY LOSS
parts per thousand)

8
)
R e

T E s A B s
Weight percent PVA

Figure 2. Loss of intensity of K, spectral lines of selected elements as a
function of percentage of polyvinyl alcohol (PVA) contained in sample. The
slope of cach line is the measure of the loss of intensity due to admixture

of PVA. The slope values (ppt/%PVA — 1) are: Al 10, Si 8, K 5, Ti 4, Fe 2.
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Figure 3. Variation of intensity of K, spectral lines of iron as a function
of sample thickness. Thickness is expressed as weight of powdered sample
containing 10 percent polyvinyl alcohol compressed into 1-inch-diameter
brickette under a pressure of 15 tons per square inch. The factor Al is the
difference in intensity between the spectral line of the sample and that of

the 2-gm standard (I).
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weight percent PVA added to the sample. Counting losses (slope of
line) range from 2 ppt/1%, PVA for I'e-Kq to 10 ppt/19, PVA for
Al-Kq. It is extremely important, therefore, to prepare all samples
and standards with precisely the same amount of binding material.

Pressing.—The sample and PVA must be homogenized thoroughly
before pressing. A total weight of 5 gms of mixture will ordinarily make
a good brickette with dies 1 to 1.5 inches in diameter. The powder is
poured into a die and the pressure brought up to 15 tons per square
inch. If the die is equipped with a vacuum mechanism, enough pressure
is applied to form a cake (about 1 ton), the air is evacuated from the
die, and pressure is then reapplied until the 15-ton maximum is reached.
The pressure should be released slowly to avoid cracking the pellet
when removing it. Pressure must be applied more slowly with systems
not equipped with a vacuum mechanism; it should be increased by
5-ton increments, followed by 5-minute periods to allow the air to
escape.

Thickness—Small samples of 1 gm or less may be made into use-
able brickettes by pressing a wafer of the material onto a pellet of PVA.
The powdered sample plus PVA binder is weighed, mixed, and
thoroughly homogenized, and the mixture is poured into the die and
spread with a spatula so that it uniformly covers the bottom of the
cylinder. Pressure (less than 1-ton load) is applied to form a cake, the
pressure is released, and the ram is removed. About 4 grams of PVA
is poured on top of the wafer, the ram is reinserted, and the sample
bricketted in the usual manner. This technique results in a strong
pellet of PVA coated with a veneer of sample. The wafer will eventu-
ally break away from the backing due to differential expansion and
contraction, but most samples will remain intact for several weeks.

The primary x-radiation used to excite the elements in the sample,
and thus produce the characteristic spectral lines, decrcases in intensity
as it penctrates the sample. The excited elements emit x-rays which
also undergo absorption as they pass through the sample to the surface.
The spectrometer is designed so that the intensity of the spectral line
is measured as it is radiated from the surface on which the primary
radiation is focused. The relative decrease in intensity of any mono-
chromatic x-radiation may be predicted from the formula:

I e (H)et

o
where Iy is the intensity after absorption, I, is the intensity of the
x-rays before absorption, e is the base of the natural logarithmic system,
plp is the mass-absorption coefficient of a substance for a particular
wavelength, p is the density of the substance, and ¢ is the thickness
of the substance penetrated (Cullity, 1956, p. 11). Theoretically, the
relative reduced intensity of an x-ray beam Ix/I5 will never reach
zero except for a sample of infinite thickness. It is, however, controlled
by a log function, so that the value decreases rapidly with increasing
distance of penetration. To reproduce the intensity of a spectral line
for a given amount of an element within a defined matrix, maintain a
sample thickness that permits only intensity deviations within the
limits of accuracy for the equipment and the technique. The precision
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of quantitative chemical analyscs by x-ray-fluorescence techniques is
seldom better than =t 1 ppt.

Pellets of an illite clay were bricketted with 10 percent PVA.
Total sample weights were measured starting at 0.1 gm and increased
in 0.1-gm increments to 1 gm; additional samples were incrcascd (rom
1 to 2 gms in 0.2-gm increments. All pellets were pressed in a 1-inch-
diameter cylindrical die. The 2-gm sample was assumed to be a close
approximation of an infinitely thick sample. Six analyses were made
on each of the other samples. A deviation less than *5 ppt was taken
as systematic error for the experiment. Deviations outside this range
were considered as intensity deviations due to insufficient thickness.

Figure 3 is a plot of the results of the experiment. Deviations of
intensity measurements for the various samples as compared to the
intensity of Fe-Ka for thc 2-gm sample are plotted (ordinate) against
sample weights for the illite clay (abscissa). Appreciable deviations
in intensity (& I/I) are not encountered in samples of 0.3 gm or larger.

This experiment indicates that samples of less than 0.5 gm may
be used for quantitative cheinical analysis if they are bricketted in a
1-inch-diameter die. However, in practice, it is desirable to use samples
weighing at least 1 gm because smaller quantities make the preparation
of useable brickettes most difficult.

CONCLUSIONS

X-ray-fluorescence spectrometry is a precise, accurate, and non-
destructive method of chemical analysis. Analyses may be performed
quite rapidly, permitting handling of a large number of samples.

With the instrumental precision of x-ray-fluorescence spectrometry,
the accuracy of the technique is limited only by the reliability of the
chemical analyses of the standard samples and by the skill of the
analyst.
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Synopsis of Early Permian Vertebrates of Oklahoma

Now in press and shortly to be published is Oklahoma Geological
Survey Circular 74, Early Permian Vertebrates of Oklahoma, by Everett
C. Olson.

Dr. Olson, who has written several other reports published by the
Survey, is vertebrate paleontologist at the Walker Museumn, University
of Chicago, and one of the forcmost authorities on the Permian verte-
brates of the Southwest.

Among his earlier Survey publications are Circular 59, Permian
Vertebrates from Oklahoma and Texas (in part with Herbert
Barghusen; 1962), and Circular 70, New Permian Vertebrates from the
Chickasha Formation in Oklahoma (1965).

The forthcoming book is an attempt to collate all the known in-
formation regarding the occurrence of vertebrate remains in the Lower
Permian of Oklahoma and to assess the stratigraphic implications of
these occurrences in regard to the correlation of the Lower Permian
of Oklahoma with that of Texas. About 45 collecting sites are described
and their faunas listed and evaluated. The appendix of the book lists
the cataloged specimens upon which the study was based and their
depositories. The abstract is given below.

ABSTRACT

Remains of terrestrial Early Permian vertebrates were discovered
in Oklahoma prior to 1900. Occasional finds have been made since that
time and the Hennessey Formation was carefully explored by J. Willis
Stovall. No other systematic collecting has been done and no compre-
hensive report on the vertebrates has been made. The study reported
here represents an attempt to establish a sound base from which future
work can proceed.

All sites discovered earlier have been revisited and, as possible,
re-collected. A large number of new sites have been discovered. The
general geology of the Lower Permian beds of Oklahoma is reviewed
and revised to establish a context in which the vertebrate sites may be
related. For each site a list of vertebrate genera and species, condi-
tions of occurrence of the fossils, geological age, and, as far as possible,
a measured section are given. A summary of the vertebrate fossils in
cach of the three producing areas, southwestern, south-central, and
central and north-central Oklahoma, is given.

The pre-Hennessey Permian faunas have a close relationship to
those of north-central Texas. The Hennessey vertebrates have affinities
with those of the later Chickasha beds of Oklahoma and the San Angelo
beds of Texas.

The book will comprise approximatcly 80 pages, 12 figures, and
3 plates. It can be purchased from the Survey for $4.00, cloth bound,
or $3.00, paper bound.
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Index to Geologic Mapping in Oklahoma
—Supplement 2 in Press

The second supplement to the Index to Geologic Mapping in Okla-
homa is now in press and will be available shortly. Supplement 2 com-
prises Map I-I3, Surtace Mapping, 1901-1966, compiled by C. C.
Branson, and Map VII, Subsurface Mapping, 1964-1966, compiled
by Louise Jordan and J. F. Roberis.

The surface geologic index lists 90 published maps (outlined and
numbered in black), those published in color indicated by an asterisk
(*). The published maps listed are the best and most recent at scales
of 1 inch = 2 miles (1:126,720) or larger; maps and parls of maps
which have been superseded are not shown. Scventy-seven manuscript
maps (outlined and numbered in red) are also listed, most of which
were prepared for theses and dissertations by graduate students in
geology at The University of Oklahoma. Some were done for reports
by the Oklahoma Geological Swrvey, and many are available for in-
spection at the Geology Library of the University or at the Oklahoma
Geological Survey.

The subsurface geology index lists 62 maps compiled beiween
1964 and 1966. Maps based on several different types of subsurface
data are included: gravity; thickness or isopach; areal extent; magnetic;
palcogeologic; structural or contour; and porosity, lithofacies, and
other information.

Supplement 2, like the first supplement, is priced at $1.00, and
the original index is available for $2.00; the indcx and cither of the
supplements may be purchased together, however, for $2.50.
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CurRrReENT RipPLE MARKS ON ATOKA SANDSTONE

In eastern Oklahoma, the sandstone units in the Atoka Formation
(Early Pennsylvanian) contain several Lypes of sedimentary structures,
one of which is the current ripple. marking shown in the cover photo-
graph. Sole marks, cross- and convolute lamination, graded bedding,
and marks on tops of beds are also present and well preserved in Atoka
sandstones.

Although the Atoka ranges in thickness from 1,000 to 3,000 feet
in most places, 7,000- to 8,000-foot thick scctions have been measured
along Winding Stair Mountain northeast of lLake Talihina. The forma-
tion comprises alternating beds of gray sandstone and shale, some of the
massive sandstone beds reaching thicknesses of 10 feet or more. Typi-
cally, however, the formation consists of 1- to 3-inch sandstone uniis
alternating with somewhat thicker shales, The sandstone is micaceous
and composed predominantly of quartz; plant fragments arc abundant
near the tops of many of these units. Clay galls are common at tops
and bottoms of beds, and a crude sort of graded bedding is not uncom-
mon.

The specimen pictured is from NEL, SWLj see. 27, T. 4 N, R.
21 K., latimer County, and originally appeared in Oklahoma Geo-
logical Survey Cireular 65, Geology of the Western Part of Winding
Stuir Range, Latimer and Le Flore Counties, Oklahoma. by L. D.
Fellows.

—P. W w.
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GEoLOGY OF OKLAHOMA — A SUMMARY*

Louise JORDAN

INTRODUCTION

The following summary of the geology of Oklahoma has been
written at the request of the Geophysical Society of Tulsa and is in-
tended mainly as an aid in understanding the major geophysical
anomalies shown on the magnetic and gravity maps of the State.}
Because much of the geology is loo complex for siinple treatment, how-
cver, the text has been abbreviated, it is mainly descriptive, and the
geology of the Oklahoma Panhandle has been omitted.

The principal theme of the paper is regional geology. Accordingly,
the discussions are concentrated on major stratigraphic and structural
provinces, and these are elucidated by an outcrop map and sections,
by a structurc contour map on top of the basement rocks, and by pre-
Pennsylvanian and pre-Woodford maps.

Most of the sedimentary rocks of Oklahoma are of Paleozoic age,
locally 40,000 to as much as 60,000 feet thick. In the southern third
of Oklahoma are the three principal fold belts of the State, all originat-
ing from orogeny and uplift in Pennsylvanian time. North of the fold
belts are two deep basins, and north of thesc basins are the tectonically
stable shelf areas of northern Oklahoma. Petroleum is found in all the
provinces and is produced from 72 of the 77 Oklahoma counties. An
intensive exploratory program of drilling for oil and gas during the
past 50 years has provided most of the subsurface information, which
is a critical part of the report.

For valuable assistance in preparing the manuscript the writer is
indebted to William E. Ham of the Oklahoma Geological Survey, and
to Peter Jacobsen, Jr., and Paul L. Lyons of the Geophysical Society
of Tulsa.

ROCKS OF OKLAHOMA

. For convenience of discussion, rocks in Oklahoma are divided. into
ten main units. All these units crop. out within some part of the State,
but Pennsylvanian and Permian strata crop out over most of the State
as shown on the gencralized geologic map (fig. 1). The youngest strati-
graphic unit consists of Tertiary-Quaternary. strata in the western part
of the State and in the Panhandle. They occur as a thin blanket of
sandstone; silistone, and - caliche and are not further discussed in this
report. Tertiary-Quatcrnary "deposits - along ‘stream. valleys arc- not

* Reprinted wilh sligﬁt modification ‘from the Proceedings  of ihe Geo:
physical Society of, Tulsa, vol. 8, 1961-1964;: permission’ (6 reprint is
gratefully acknowledged. s :

{ The maps. referred to aré those that accompany papers by Jones (1964)
and Lyons (1964) in the Procéedings volumé cited above. The maps have
also appeared as Oklahoma Geological Survey. Maps GM-6 (magnetic)'
and GM-7 (gravity). . : ) .
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shown on the map. The principal units in descending order are (1)
Mesozoic, (2) Permian, (3) Pcnnsylvanian, (4) Mississippian, (5)
Devonian-Silurian, (6) Upper and Middle Ordovician, (7) Lower
Ordovician and Upper Cambrian, (8) Middle and Lower Cambrian,
and (9) Precambrian. The stratigraphic names referred to in this
report are given in stratigraphic sequence in figure 2,

Mesozoic Rocks

The Mesozoic is répresented mainly by Cretaceous rocks. Strata
of this age are present in the Cretaceous Gulf Coastal Plain of south-
central and southeastern Oklahoma. The vocks are essentially lime-
stones, clays, and sands, and the sequence unconformably overlies rocks
ranging in age {rom Pennsylvanian: to thé Precambrian in the southern

P PERMIAN
P PENNSYLVANIAN

M MISSISSIPPIAN

D DEVONIAN

S SILURIAN

0€ ORDOVICIAN — SAMBIRIAN

8
wes!
Gimoredn Co.

= - Z
D€ .~ IR LTINS

=
NP

Figure 1. Generalized geologic map and sections of Oklahoma.
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parts of the Marietta basin, Ardmorc basin, Tishomingo-Belton seg-
ment, and the Ouachita province (figs. 1, 3). This section containing
rocks of Gulfian and Comanchean age thickens from a feathercdge along
the northern margin to more than 3,500 feet in the southeastern corner
of Oklahoma. A few Cretaceous outliers are present in northwestern
Oklahoma and are significant only in that they indicate previous cover
and erosion.

Permian Rocks .

Permian rocks are present in the western two-thirds of Oklahoma,
(fig. 1). North “of the: Wichita  province the sequence consists of basal-
marine carbonates. and shale overlain by four evaporite sequences
geparated by.red shale, siltstone, or sandstone.: Only the uppermost
sequences, Blaine and Cloud Chief, crop out. The lower three evaporite
units ‘consist: of halite,” anhydrite, dolomite, and shale. Halite clcarly

Gulf
Cretaceous R
| Comancke e
‘Permian
B Virgil Arbuckle orogeny ~-—n-rn o
[
Missouri

Pennsylvanian | Bes Moines

j . Atoka

L S Wichita orogeny
) Morrow

’»-—--- % - --—— Springer
Chester; Goddard

: L Meramec, Jackfork, Stanley. .
! Mississippian

—.

Osage

' Kinderhook

. — .
Devonian Woodford, Chattanooga Arkansas Novaculite

Sylvan, Polk Creek

U.-and M,

Ordovician Fernvale-Viola,  Bigfork Chert

éimpson. Womble

and T -
Silurian Hunton, Missouri Mountain, Blaylock T
!

L. Ovdovician | ‘Arbuckle '

and .
U. Carabrian | Timbered Hifls (Reagan Sandstone at base) l
M. and L. . | Rhyolite, granite, gabbio. spilitic bassli, metascdiments
Cambrian ! ’

\
‘
e
:

Precambrian Granite, rhyolite

Figure 2. Stratigraphic succession and equivalent terms used

in this report. Major regional unconformities shown by wavy

lines. Vertical bars show range of hiatus associated with
Wichita orogeny and pre-Woodford unconformity.
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predominates in part of the section and occurs in as much as 2,000 feet
of strata, some of it almost puie rock salt 1,000 feet thick. Maximum :
salt thickness for one stratigraphic unit does not coincide structurally
or geographically with maximum thicknesses of other evaporite units.
In the southeastern part of.the Anadarko basin and in the Ardmore
basin, evaporite strata are absent and the rocks arc. mainly sandstone,
shale, and conglomerate.

_ Thickness of Permian rocks in western Oklahoma increases from
3,000 feet at the north to more thdan 6,500 feet in the deeper part of
the Anadarko basin. In parts of the Wichita Mountains province these
rocks rést directly upon basement. Southward in the eastern Palo Duro
basin, the rocks are mainly red shale with some evaporites, carbonates,
and granite wash.

‘
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e

Figure 3. Majér structural features and provinces of Oklahoma' (exclusive
of Panhandle).

Pennsylvanian Rocks

The generalized geologic map (fig. 1) shows the area of outcrop-
ping Pennsylvanian rocks in the eastern part of Oklahoma where the
homoclinal sequence has been beveled by erosion. Pennsylvanian strata
are divided into five series (descending) : Virgil, Missouri, Des Moines,
Atoka, and Morrow. Some geologists also place Springer in the Penn-
sylvanian. The rocks are primarily shale, but contain beds of sand-
stone, limestone, coal, and conglomerate. Along the northern and
southern flanks of the Wichita uplift, coarse clastic sediments (granite
wash) grade basinward into sandstone, siltstone, and shale. Coarse

218





clastics dre present near major uplifts such as the Arbuckle segment
and the Criner uplift. . . :

Early Pennsylvanian rocks, Morrowan. and Atokan, are absent
over the Central Oklahoma arch (fig.: 3), over anticlines in the
Ardmore basin, and in the shelf areas of the-Arkoma and Anadarko
basins; delineated for the most part by the northern- edge of Morrow
rocks as shown by the dotted lines on figure 4. In western Oklahoma,
thickness of Pennsylvanian strata. ranges from 2,000. feet near the
Kansas boundary, southward to more than 16,000 feet in the deeper
part of the Anadarko basin. Here approximately 9,000 feet of the sec-
tion is-assigned to the Morrow and Aloka Serics, which- are absent
in- the north, In the eastern Palo Duro basin in southwest Oklahoma, -
the sequence attains a' thickness of about 4,000 feet and- reportedly
contains all units of the Pennsylvanian. ey :

In the Ardmore basin, thicknesses of Pennsylvanian strata -(Virgil
to Morrow: inclusive) range up to’ 15,000 feet, but here: 5,000 to:8,000
feet: of the section is assigned to the Des Moines. In the southeastern
deeper part of the Marietta: basin, the: base of ‘the Penngylvanian. is
reached: at a-depth below 14,000 feet. Cretaceous. rocks less than 1,000
foet  thick -overlie Latc Pennsylvanian strata. ‘Atokan, and possibly. -
Morrowan, rocks are. éonfined to the deeper part of the basin.

In the Arkoma basin, the strata are mainly shale with some sand-
‘stone. They attain a thickness: of at least 15,000 feet north of the-
Choctaw" fault- of the Ouachita: province: At the surface; Des- Moines
‘rocks, locally absent, range from.1,000 to 3,500 feet in thickness. Most
“of the section is assigned to the Atoka, the Morrow unit being less than
1,000 feet thick. o

Mississippian Rocks

~ Figure 4, a generalized geologic map of pre-Pennsylvanian rocks, -
shows the area where Mississippian. rocks. are present.-at. the surface
and in the subsurface. The greatest thickness of Mississippian. strata
is in the Ouachita province where alternating strata of ‘sandstone and-
“shale, primarily of the Stanley. and Jackfork Groups -(Meramec);
attain a thickness of more than 20,000 feet: Westward in the Ardmore
“basin the Late’ Mississippian Goddard-and Springer, approximately
4,500 feet thick, are mainly shale and sandstone. They. are underlain
by a sequence of Mississippian shale and silty carbonate 500 to 700
feet. thick. Chiefly of Meramec age, they contain about 100 feet of
strata- which may bc assignable to the Osage and Kinderhook. In'the
Marietta basin the Goddard and Springer are absent.

In western Oklahoma both north and south of the Wichita uplift,
the Mississippian strata are: primarily ‘carbonate rocks 1,500. to more -
than-3,500 feet thick. Within the ‘Anadarko syncline and on its flanks,
equivalent strata ‘are ‘overlain -by Springer-shales and sandstones, -In
the Elk City field, the Springer is 1,450 feet thick, but the base of the
Mississippian has not: been reached at a total:depth of 24,003 feet.
Southeastward . toward - the - Ardmore basin- (Cement. field); a ‘well
drilled 6,861 feet of steeply dipping Mississippian beds without reach-
ing the base of the Mississippian.
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Figure 4. Generalizeéd geolegic map of pre-Pennsylvanian rocks in' Oklahoma

(exclusive - of Panhandle) showing surface and subsurface distribution.

Blank areas: indicate . Mississippian strata.” In ' north-central. Oklahoma,

Mississippian rocks are subdivided into Chester, Meramec, and. Osage.

Stippled areas indicate Devonian, Silurian, Ordovician, and Upper Cam-

brian strata. Middle and Lower Cambrian igneous rocks are indicated by
X’s and Precambrian igneous rocks are shown by V’s.

In northern Oklahoma where the Chester and/or Meramec units
(fig. 4) have beén removed by pre-Pennsylvanian erosion, the remain-
1ng Meramec or Osage rocks are prmc1pally cherty carbonates ranging
in thickness from 200 to 600 feet.

In northeastern Oklahoma, the Mississippian is represented by
carbonates-about 400 feet thick in the lower part of the system, whereas
in the Arkoma basin to the south’ Upper Mississippian shales: pre-
dominate. North of the Choctaw fault, at the south edge of the Ardmore
basin, the strata are 1,300 feet thick.

Devoman-leurJan Rocks )

Exccpt for ilie. ared" of the ' Ouachita province, the ' Devonian-
Silurian sequence "consists -of - carbonate rocks- of the Hunton Group,
together with the unconformably - overlying- Woodford Foimation or
Chattanooga Shale (locally incliding a basal sandstone called the
Misener). Figure 5 shows the formations which underlie” the Wood-
ford or cquivalent formations, or underlie  Mississippian. rocks where
the Woodford is-absent. The Hunton has been removed. from the area
of the Chautauqua arch and from much of northeastern and northern
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Oklahoma; farther south, on the east-trending: Guthrie-Holdenville
arch (Tarr, 1955), the Woodford' rests upon Sylvan. Locally in the
Ardmore basin, . the - Woodford: rests upon. Sylvan:and‘ Viola. The
thickest recorded normal section (800 fect) is in a well in the Anadarko
basin area of northeastern Caddo County. Southwest of this well, in
central Caddo County, approximately 700 feet of the Hunton was en-. .
countered. Within the complex folded and: faulted area of the North
Wichita segment, much grealei apparent thicknesses havé been drilled.:
.In the Ouachita province a-section of sandstone and shale respec-"
tively. named: the Blaylock and Missouri' Mountain (Silurian), ranging
in thickness: from: 800 to 1,000. feet, is overlain by the Arkansas Nova-
culite. 'The novaculite is- considered for the most part to be equivalent .
to the Woodford Formation. : .’

e i
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Figure 5. Map showing distribution of rock units at post-Hunton uncon-
formity and sub-Woodford or sub-Mississippian surface (exclusive of Pan-
handle). Stippled areas are those from which Weodford and Mississippian
strata have been removed by Pennsylvanian uplift and erosion. Triangles
represent sharp local topographic highs on basement surface.

The Woodford is thickest in southern Oklahoma but is absent at
places in the normal sequence in northcastern Oklahoma (parts of
Osage, - Rogers, -and, Wagoner: Counties),. in extreme northwestlern
Oklahoma. (Harper County), and in the eastern :Palo Duro basin. It
is  normally: less than 50 feet thick in rorthern Oklahoma and is' 300

to 500 foet thick in the Arbuckle Mountains and the Wichita province.
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Upper and Middle Ordovician Rocks

Upper and Middle Ordovician rocks: consist of the Simpson Group -
and overlying Viola-Fernvale limestones and. Sylvan Shale.

The Simpson Group is divided into. six formaitions which consist
of sandstone, limestone,  and shale. Well-known oil--and gas-producing
sandstones are in the Bromide, Tulip Creek, McLish, and Qil Creek
Formations (descending. order). Informal names, .such as Marshall
zone and- Wilcox sand, are applied to productive sandstones of Simpson
age in northern Oklahoma.  The areal distribution of each of  these
units is not everywhere the same in the Stale. For instance, the Tulip
Creek Formation is limited gencrally to the- basinal arca. or southern
part of the State, whereas the Broimide, McLish, and Qil Creek Forma-
tions are more widely distributed. The group thing northward and
southwestward, away from the area of greatest subsidence in the
Anadarko-Ardmore _ depositional basin,  Those unils which extend
toward the Chautauqua arch have been truncated by pre-Woodford
erosion in northeastern Oklahoma as shown in figure 5. The group is
thickest in southern Oklahoma and decreases to less than 300 feet in-
northern Oklahoma where it is overlain by Viola-Fernvale limestones.
Thickness at the outcrop in the Arbuckle segment is about 2,300 feet
and may be as much as 2,500 fcet in this vicinity. In the Ouachita
province most of the Womble shale section is equivalent to the Simpson
Group-and is about 600 feet thick.

The Viola-Fernvale limestones, which overlie the Simpson Group
in. all areas cxcept where eroded by pre-Woodford or later erosion,
attain a maximum thickness of not more than 1,000 feet in the Ard-
more basin of southern Oklahoma. Just north of the Ouachita prov-
ince the: thickest section recorded is less than 200 feet. In’the north-
western "shelf area where overlain' by Sylvan Shale the carbonate -
section is normally not more than 200 feet thick, and locally 'may. bé
less than 100 fcet thick. In thé Quachita. province equivalent strata,
the Bigfork Chert, are from 600 to 700 feet thick and consist of chert
and limestone or cherty limestone with interbedded shale.

The Sylvan Shale, highest named unit in the Ordovician in Okla-
homa and equivalent o the Polk Creek Shale in the Ouachita provinee,
attains a maximum thickness of probably less than 350 feet. The areas
of greater thickness are probably in the Ardmore basin and in the
Arbuckle segment. The unit is abscnt in northeastern Oklahoma and
near the:Kansas border:in northwestern' Oklahoma because of pre-
Woodford erosion. The shale unit is not recognized in most of Harper
County, and may be absent because of nondeposition or pre-Hunion
erosion. It thins to extinction westward from Frederick in the eastern
Palo Duro basin, perhaps because of pre-Devonian erosion.

Lower Ordovician and Upper Cambrian Robks_
"Rocks of this age in Oklahoma consist of the Timbered Hills Group
and part of the overlying Arbuckle Group. Other names arc applied

in northwestern Oklahoma, but the general section is equivalent and in
this report is referred to as the Arbuckle dolomite, Except for the basal
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Reagan Sandstonc, most of the rocks in this scquence are carbonates.
They are widely distributed in all parts of Oklahoma except in the
Quachita Mountains, where the known equivalent Ordovician beds are
black shale and sandstone. Maximum thickness of the strata is in the
Anadarko-Ardmore depositional basin of southern Oklahoma, ranging
in this area belween 6,000 and 8,000 feetl. In south-central (Pauls Val-
lcy-Hunton uplift) and central Oklahoma, they are 3,000 to 4,000 fcet
thick, whereas in northern Oklahoma the sectien is 1,000 to 1,500 feet
thick. South of the Wichita uplift in the Palo Duro basin, the same
strata generally are 1,500 to 3,000 feet thick. The basement surface
in northeastern Oklahoma is characterized by many small peaks of
igneous rock (fig. 6) which arc referred to collectively as the “Tulsa
Mountains.” ‘I'he hills, many with relief of 1,000 fcct or more, were
mostly buried by Arbuckle dolomite, but some were not completely
covered until Mississippian time. Erosion subsequent to Woodford
or Mississippian dcposition may have removed some of the Arbuckle
scction. Some of the peaks, indicated by triangles on figure 5, protrude
a few feet to more than a hundred fcct above the Arbuckle surface.
Thickness of the Arbuckle near these peaks is dircctly related to the
relief of the hills, and the lower part of the Arbuckle is found only in
the valleys between the hills.

Midﬂle and Lower Cambrian Rocks

Rhyolite, ‘granite, gabbro, basalt-spilite,” and metasediments make
up the basement rocks of the Wichita province. They have an'isotopic
age range of 500 to 550 million years. Igneous rocks of this age also
crop out in the Avbuckle segment (fig. 4), and underlie the Anddarko,
Marietta, and Ardmore basins.

Metamorphosed sediments of this age 'and perhaps youngcr are
referred to as bascment in the core area of the Ouachita province in
southeastérn Oklahoma, (fig. 6).

Precambrian- Rocks

‘Ages of Precambrian’ igneous rocks, mainly - granite and i‘hyolite‘,
have been isotopically dated from 1,050 (o 1,350 million years in north-
eastern Oklahoma and'in the areas of the Ccntral Oklahoma arch, the
Hunton-Pauls' Valley' uplift, the Tishomingo-Belton segment. of the
Arbuckle Mountains, and the Muenster arch. The granites are distinct

_petrographlcally, petlologlcally, and chemu,ally from ~the Wichita
granites of Cambrian age. =

MAJOR UNCONFORMITIES AND STRUCTURE

Surfaces of erosion subsequent to regional tectonic disturbance are
keys to an understanding of thc distribution of rocks and their thick-
nesses at interfaces of major unconformities.

T'he two major orogenies mvolvmg Paleozoic strata of Oklahoma
are those that are easily recognized in the tectonic provinces in the
southern one-third of the State. The orogenies were mostly confined
to Pennsylvanian time, and occurred as strong pulses that extended
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Figure 6. Generalized contour map of basement rocks in OKlahoina (exclu- :
sive of Panhandle). Patterned areus are basement-rock outcrops. Contour
interval: 1,000 to 5,000 feet.

from: early Middle Pen.nsylvaman time up to the close of the Penn-
sylvanian ‘ period.: Different areas. were' affected to dlffelent degrees
by these deforming stresses.

The earlier pulse, commonly called the chhlta orogeny, is
characterized by strong folding and the uplift of pre-Atoka. strata.
Many of the upfolded structures that now contain vast amounts of oil
were first formed during this period of unrest. The arkosic sediments
which surround and largely conceal the Wichita Mountains indicate
that highlands of igneous rock survived for a longer time here than in
the Arbuckle Mountains area.

The latést orogenic pulse is called the Arbuckle orogeny The
Arbuckle seginent was strongly uplifted in post-Missouri (Hoxbar)
and pre-Vanoss time, culminating in great. uplift in the Arbuckle
segment and intense compression of the Ardmore basin, Close folding
accompanied by major faulting occurred at this time, and structures
formed previously by the Wichita orogeny were modlfled )

The time- of folding of the great Ouachita: fold beli cannot be
precisely determined, but it is believed by some:to have taken place
in Oklahoma near the end of Atoka. time. The Ouachita orogeny in-..
tensely compressed :the Quachita  geosyncline, raising the Ouachita
Mountains into high relief so that great wedges of chert conglomerates,
sands,; and deltaic sediments extended northwestward into the Ardmore
basin. Later pulses possibly extended into Permian time..
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Basement Surface
and Pre-Upper Cambrian Unconformitics

The present relief of the basement surface of the State is specula-
tively presented in figure 6. Control is limited to some 600 wells in
northeastern Oklahoma and in the southern part of the State west of
the Ouachita province. No wells hdave penetrated bascment in the
Anadarko basin and shelfl area, in most of central Oklahoma, in the
deeper part of the Arkoma basin, or in the Ouachita province. Base-
ment rocks crop out in the Wichita and Arbuckle Mountains and on
the Ozark uplift. If the metasedimentary rocks of Early Paleozoic age
are accepted as basement in the Quachita province, as proposed by
some, the basement crops out in the Broken Bow-Benton anticlinorium;
figure 6 is so contoured. Late Cambrian and Ordovician sediments
accumulated upon the basement surface. The unconformity between
Precambrian rocks and sedimentary rocks is a major one, as for example
in the “Tulsa Mountains,” in other parts of northeastern Oklahoma, and
in the Tishomingo-Belton segment of thé Arbuckles. However, the
Recagan Sandstone, the lowermost formation of Late Cambrian age,
is structurally conformable to the layered igncous basement rocks of
Karly and Middle Cambrian age, and the unconformity is relatively
minor in the Wichita province; the Anadarko, Marietta, and Ardmore
basins, and the Arbuckle segment.

Late Cambrian-Devonian deposition was inlerrupted many times,
and on three ‘occasions major unconformitics were developed when
older tocks were regionally tilted at low angles and beveled. These
unconformities arc those developed before Simpson deposition, at the
end of Sylvan deposition, and between the time of accumulation of
the Silurian and Devonian parts of the Hunton Group.

Post-Hunton Unconformity
and Sub-Woodlord (Chattanooga) Surface

Figure 5 is a generalized map showing distribution of rocks below
the Woodford (Chattanooga) Shale, or where it is absent, bclow
Mississippian rocks. Areas of major post-Mississippian erosion are
shown by stipple pattern, and il is assumed that most of these areas
were once covered by Upper Cambrian-Devonian rocks. Omitting the
Quachita province, parts of three major structural provinces are shown:
(1) northwestward-trending Southern Oklahoma geosyncline (an cxten-
sion of the Colorado sag of Eardley), (2) flank of the Ellis-Chautau-
qua-Ozark dome to the north, and (3) flank of the Texas arch to the
southwest. Several areas of upwarp are shown where Hunton is absent
and Woodford rests upon Sylvan or Viola. Mississippian, Pennsylva-
nian, and Permian tectonic disturbances mask pre-Woodford structures
and make interpretation difficult. However, thickness maps of indivi-
dual units of the pre-Woodford sedimentary sequence reveal many
other areas where faulting, uplift, and erosion occurred previous to
Woodford deposition. Many prominent anticlines in southern Okla-
homa, such as at Apache and Carter-Knox, and along the axes of the
Caddo, Overbrook-Enville, and Mannsville-Madill-Aylesworth anti-
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clines, give evidence' of pre-Woodfdrd' movements. Evidence i also
present at the surface in the Arbuckle Mountains area.

Sub;Penn.s_ylvanian Surface
and. Post-Mississippian Unconformity

Figure 4 is a simplified map showing the present distribution of
rocks older than Pennsylvanian in the surface and subsurface. Tectonic
activity and - erosion during Pennsylvanian and Permian time and in::
later periods have affected the distribution of pre-Pennsylvanian rocks
in most of southern Oklahoma and on' the Ozark uplift. The Central -
Oklahoma ‘arch and most of northern Oklahoma, the Pauls Valley-
Hunton uplift, the northwestward-trending faulted anticlines lying on
echelon between the Arbuckle and Wichita Mouniains, the Muenster .
arch, and the Criner Hills uplift were positive clements developed
prior to Atoka deposition and were finally buried by tpper Des Moines
strata “of the Pennsylvanian. The Central Oklahoma arch is bounded
on the west ‘and east by northward-trending zones of normal faults.
Eastward-trending faults are- also present. Complexly faulted- uplifts
appear to_be more- abundant along the western boundary, called the-
Nemaha Range. This southward-trending arch was a barrier between
the Anadarko and ‘Arkoma shelves and part of the basin areas at least
during "Atokan' time, and probably during Morrowan time. Atoka and
Des Moines strata onlap the flanks of the ‘arch and some parts were
not covered until late Desmoinesian time. : 5

In parts of southern Oklahoma, such as in the Marietta basin; the
unconformity is considered to be pre:Atokan in age. Many geologists
state that, in the Anadarko basin, where Springer strata are present,
sedimentation was continuous from Mississippian into Peénnsylvanian
time, but in the Ardmore basin, the Springer beds over many structures
are unconformable with the overlying Pennsylvanian formations. Study
of ‘oil-productive anticlines, such as Carter-Knox and Cement in- the
southeastern Anadarko basin area, where manythousands of feet of
Pennsylvanian-Springer-Goddard  rocks are present, indicates that.
thrust faults and normal faults are confined to these rocks. Pre-Chester
formations may have been folded at the time of faulting, or the first
evident. structural movement may have been post-FHunton and pre-
Woodford. . o . -

In the Wichita province; the central core area of basement rock
is partly covered by a thin veneer of dominantly Permian rocks and
is flanked to the north and south by complex horst-and-graben blocks
formed during uplift of the structural element in Pennsylvanian time.
The prominent west-northwest fault pattern is transected by north-
eastward striking cross faults in' the entire province. This basin area
of Upper Cambrian through Chester deposition was uplifted sufficiently
so_that. Early Paleczoic igneous and sedimentary rocks contribuited
significantly to the Des Moines-Missouri-Virgil and: Early’ Permian
sequence of the surrounding area. ' -

The structural pattern of the Ouachita province consists primarily
of long linear folds, many of which were ruptured to produce thrust
faults directed toward the north and northwest. Strike-slip movement .
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of the mass is postulated along transverse faults bordering'the Arbuickle

buttress, and ‘this tybe of movement extendéd into  the Arbuckle

Mountains ‘ared.. The Broken Bow-Benton- anticlinorium forms: the .
central part’ of ‘the range where pre-Stanley rocks ‘(Devonian .and

older): with incipient to low-grade metamorphism -crop. out in the

southeasternmost - county  of * the . State. . Major " tectonic ' deformation,
and uplift oceurred during Middle Pennsylvanian time, and the core
of the Ouachitas was exposed, probably in Early Perfnian time, before
deposition of Crelaceous strata. ' T _ e

The Ozark uplift,” a southwestward extension of the Ozark dome,

was a broad, stable, positive, element” during much. of geologic time. '
Northeastward-trending . folds- and normal. faults are roughly parallel -
to the axis of the feature. Theése are mapped southwestward into’ the
subsurface. On the southern part of the uplift, the trends of the faults
are. more easterly. and: roughly. parallel’ the folds and faults. of ‘the
Arkoma. basin, indicating 4 genetic: relationship. to Ouachita deforma-
tion. : ’ . :
 Principal deformation of the Arbuckle' and Tishomingo-Belton

segments, occurring in Late Pennsylvanian tiine, caused the formation

of ‘overturned folds and normal and thrust faults in these segments as”
well as in the Ardmore basin, Criner Hills, and Marietta basin. Strike-

slip movement is postulated along the northwestward-trending, through- :
going faults, which are both normal and reverse faults. o

PRESENT LAND SURFACE

Regional movements, with the resultant downwarping and develop- -
ment of extensive seas to the west of Oklalioma during Late Permian
through Jurassic time' and the partial submergence of Oklahoma dur-
ing Cretaceous time, introduced a general westward and southwestward
tilting of rock strata in much of the area. This: is revealed at the sur-
face by the northward-trending bands of Pennsylvanian outcrops in
the areas whete the strata have not been affected by the major orogénies
&f southern: Oklahoma or. by ‘the Ozark uplift. The outcrop bands of
Early Permian rocks indicate  the position of ‘the Anadarko basin, but
are . interrupted in’ the’ southern ‘part. of the *State by the Wichita
Mountains. o ' :

The. Cretaceous and Barly Tertiary uplifts that produced. the
Récky Mountains also imparted a slight eastward tilt to all the rocks
in'Oklahoma and gave the present eastward slopc of the land surface,
with -eleévations ranging from 5,000 fect at'the northwestern tip of the!
Oklahoma IPanhandle to 300 feet along the Red River in the southeast
corner of the State.
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List of Mineral Producers Compiléd

A list of mineral producers in Oklahoma has heen compiled by
the Oklahoma Geological Survey for the Oklahoma Economic Develop-
ment Foundation, Inc. The project was carried out with the assistance
of the Foundation and chambers of commerce, county assessors, and
producing companieés throughout the State. o

The list comprises two parts. The first part lists producers accord-
ing to 18 categories of mineral products:. bentonile, cement, chat, clay,
coal, ‘copper, dimension stone, dolomite, glass sand, granite, gypsum,
lead and zinc,. lime, limestone, salt, sand and gravel, tripoli, and
volcanic ash. The second part lists producers by. counties.

The list' has been reprocduced by multilith from the readout of
data-processing. cards. Copies. may. be -obtained from the Survey for
fifteen cents per copy.
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Bulletin on: Henryhouse Tiilobites Issued

Bulletin 115, Trilobites of the Henrykouse Formation (Silurian)
in Oklahoma, by K. S. W. Campbell, was issued November 16, 1967, by
the Oklahoma Geological Survey. In this bulletin, Campbell describes
the. trilobite fauna of the Henryhouse and erects three new genera
and ten new species. The abstract of this book is reprinted below.

ABSTRACT

- A-small. fauna of - trilobites. from. the  Henryhouse Formation of _
Oklahoma consists of ‘eleven-species referred to. ten genera," Among the
genera, the cheirurid Anasobella: (type species A: asper, new species)
and the phacopid Ananaspis (type species Phacops fecundus communis
Barrande) are new: Ten of the species are new. The fauna is peculiar
in that it lacks illaenids and lichids. :

*Certain representatives of the subfamilies Phacopinae and Phacop-
idellinae."arc diseussed, and Phacops. Emmrich, Reedops Richter and
Richter; and Fophacops Delo. are redefined. ‘Eophacops is transferred.
from the Phacopinae to the Phacopidellinae, and Phacops -musheni
Salter and P. trapeziceps Batrandc are referred to it rather than to
Phacopidella.” A new genus, Acernaspis, with type species Phacops
orestes Billings, is erected. A guggested phylogeny for the Silurian to
Middle Devonian phacopinids and phacopidellinids is outlined.

The  Henryhouse material ‘is- well preserved,” and. morphological
detail is available for almost all"species. Attention is' drawn to. the
systematic value of fine surface structures.. :

The age of the fauna, as indicuted by the trilobites, is late Wen-
lockian to early Liidlovian. Elements of the faunas of Bohemia, Great
Britain, and: northeastern United States arc recoghized. It i note-
worthy that the fauna lacks the strohig Bohemian affinities of the one
of similar age from the: Gazclle Formation of California.

This publication contains 68 pages, 19 plates, and 7 text-figurcs;
the price of the cloth-bound edition is $5.00, that of the paper-bound
edition, $4.00.

‘New Theses_,' Added to 0. U. Geology Library

. 'The following Master of Scicnee thesis' was-added. to the Univer- ..
-sity of Oklahoma Geology Library in October 1967:
Areal geology of ‘the Cheyenne area, Roger Mills County, Okla-
- homa; by John RR. Bowers.. . ) ‘ :
: —L. F.
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ScoLECODONT  CARRIERS FROM THE
Lower PerMIAN oF KANSAS

EpwarD L. GAFFORD; JB.

Scolecodont. carriers were retrieved from the Fort Riley Limestone
(Lower Permian)- in-southeastern Kansas. These- carriers are the at-
tachments to the fossil pharyngcal jaws of annelid worms. Stude (1961)
extended - the upper limit of the range of the Paleozoic scolecodonts
from “the Lower Mississippian to the Lower Permian. but did not
réport the occurrence of the worm-jaw carriers in his study.

In all, 20. specimeéns were recovercd from the insoluble residue
of this limestone; however, many weré not joined pairs (pl. I, figs.:1,
5-8).The carriers range from 30 microns to. 55 microns in'length and
are in the collection at Wichita State University. S
-~ As“the scolecodonts and cartiers :are -composed of ‘a chitinlike'
material that is resistant to acid attack, each sample was treated with
hydrochloric or muriatic acid. The residues were washed in a 230-mesh

Explanation of Plate I

Figure 1. A complete scolecodont carrier, 30 microns long; slide Fort
Riley 14’ T (14 feet above base of formation).
Figure 2. An assemblage of the genus Arabcllites. The left jaw became

disarticulated during mounting; the assemblage was ap-
parently held together by the carrier. The jaws, with carrier,
are 75 microns long; slide Fort Riley 16’ II (16 feet above

base of formation).
Figures 3, 4. ‘A scolecodont of the genus Nereidavus with carrier attached.
o Figure 3 shows the fossa of the jaw; figure 4 is the same
specimen photographed from the other side. Note that the
carrier is inserted into a depression or slot in the posterior
end of the jaw. Separation of the carrier halves is noticeably
different from that of the other specimens figured. The full
specimen is 58 microns lonig; slide Fort Riley 16’ III (16 feet

. above base of formation).
Figare' 5. A complete scolecodont carrier. Note the acute angle at the
* attachment end of the specimen (bottom of figure). Maximum
length is 30 mierons; slide Fort Riley 9 1V (9 feet above base
of formation).

Figure 6. A complete scolecodont carrier. Note the fine-textured mem-
brane joining the two halves of the carrier. The specimen is
55 microns long; slide Fort Riley 10/ V (10 feet above base
of formation). o
Figure 7. A complete scolecodont carrier, 55 microns long; slide Fort

. Riley 1% VI (19 feet above base of formation).
Figure 8. - "Complete scolecodont carrier, 47 microns long; slide Fort

Riley 9’ VII (9 feet above the base of the formation).

All photography was done with reflected light, and none of
the figures has been retouched.
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sieve to eliminate the clay-sized particles, and the fossils were handled
with a micropipette.

The samples from which the scolecodont carriers werc recovered
came from the southeast corner of the Augusta quarry in NEY sec.
9, T. 28 S, R. 4 E,, Butler County, Kansas. This is section 3 of Stude
(1961). The Fort Riley Limestone is the prominent upper member of
the Barneston Formation and crops out in a nearly continuous band
from southeastern Nebraska, across ccntral Kansas, and well into
north-central Oklahoma. The Fort Riley in Butler County, Kansas,
and in Kay County, Oklahoma, is a highly fossiliferous blue and buff
marine limestone approximately 40 feet thick. deposited under rela-
tively quiet, shallow-water conditions.
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RECENT DELTA GROWTH IN THE BUTCHER PEN,
LAKE TEXOMA, OKLAHOMA

ROBERT W GANSER |

A large delta has been built up rocently in the northern part of.
the Washila atm of Lake Texoma (secs. 5-8, T. 5'S,, R. 7 E.). The-
Washita River empties into. part of Lake Texoma known as'the Butcher
Pen, which lies on the boundary of Marshall aid Johnston Cournties,
Oklahoma. Bedrock in the area belongs to the Comanchean Series of

_the Cretaceous and consists of the Caddo and-Kiamichi' Formations.
A comparison of aerial photographs of Marshall County taken in 1956
( flg 1) with those of Johnston County taken in 1963 ( fxg 2) shows a
‘series of changes in the seven years. ’

The delta first built: fiorthward about 1% miles. The river_then
abandoned- ‘its northward-trending roain channel "in"favor -of ‘a more
easterly course and continued bulldmg the delta for .24 mile, unlil it
abutted the opposite shore. The main channel was deflected southward
and deposited anothér-1%% miles of delta. :

In the scven years, the Washita River increased thé exposed sur-,
face arca of ‘the delta by about 1.8 square miles, or néarly 1,200 acres.
It must be mentioned that the lake level was higher'when the 1963
photographs were taken, and that if the water were at the same. level
as in 1956, the exposed area of the delta would be even greater. -
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Figure 1. 1956 aerial photograph of ‘the northern
part of the Washita arm of Lake Texoma, on the
Marshall-Johnston county line.
Approximate scale: 1 inch = 1 mile.

Figure 2. 1963 aerial photograph of the same area

shown in figure 1 (same scale), showing the 1.8-

square-mile increase in the surface area of the
delta during a seven-year period.
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The Mineral Industry of Oklahoma

The Mineral Industry of Oklahoma, which is a chapter from the
forthcoming U. S. Bureau of Mines Minerals Yéarbook for the year
1966, is now available in preprint form. The chapter; authored by
Robert B. McDougal and William E. Ham, gives final statistics: for
production and value of the mineral products of the State and trends
and developments during 1966. A section. is devoted to each mmeral )
commodity and to each county

The booklet compriscs 21 pages - and contains. 23 ‘tables and -1
graph. It may be obtained upon request from the Oklahoma: Geological
Survey.
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Oklahoma Geology Notes to be Issued Bimonthly

To effect certain improvements in the editorial operation of the
Survey, Oklahoma Geology Notes will be published bimonthly here-
alter, beginning with the first number of volume. 28. The gix numbers
of a volume will appear in February, April, June, August, October, and
December. o

Few immediate changes in format or content-are planned. How-
ever, the thoughtful suggestions of our réaders will receive continuing
attention and will be the basis for. future. changes: designed to make
the Notes a more varied and more useful periodical.

The subscription rate will remain unchanged; the number of pages
per volume will not be reduced sufficiently to warrant. a lower rate.

The next issue of the Notes will appear in February 1968,

Publication Dates, Oklahoma Geology Notes; Volume 27

The twelve numbers of this volume of the Notes were issued on the
following dates during 1967: ! ol
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- NLH';IBER PAGES MONTH DATE
1 1- 16 January 3 7 121-152 . July 20
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6 105-120 June 16 12 213-244  December 13
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Cover Picture

BauMm LIMESTONE LENTIL

The basal unit of the Antlers Sand (Cretaceous Trinity Group)
in south-cemtral Oklahoma is the Baum Limestone Lentil, which crops
out in a group of inliers and outliers over an area 15 miles long and
10 miles wide along the edge of the Cretaceous overlap in Johnston,
Carter, and Marshall Counties. The unit was originally described as
a member of the Paluxy Formation.

The Baum rests unconformably upon the eroded surface of folded
Paleozoic strata and Precambrian igenous rocks of the Arbuckle Moun-
tains terrane. It has a maximum thickness of 90 feet and consists of
four lithofacies, the principal one of which is a gray to pinkish-gray,
fine-grained, massive limestone. The other facies are a basal red clay,
a limestone conglomerate, and an arkosic limestone-calcareous arkose
sequence.

Lithologic, stratigraphic, and paleontologic studies indicate that
the Baum was deposited in a lagoonal environment. The rock materials
comprise clastics, derived from the immediate north, and chemically
and biologically precipitated carbonates. The presence of charophyte
obgonia and some ostracodes indicates fresh-water or brackish-water
conditions.

The cover picture is of an exposure of the principal, massive lime-
stone facies of the Baum in a quarry at C NEY; SEY sec. 12, T. 4
S, R. 4 E., Johnston County. Chemical analyses of the rock reveal it
to be a high-calcium limestone, with an average calcium carbonate
content of 96 percent. The picture is reproduced from a report on the
Baum by John Rex Weyland and William E. Ham, published in 1955
as Oklahoma Geological Survey Circular 33.
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THE MINERAL INDUSTRY OF OKLAHOMA IN 1966*
(Preliminary)

RoBerr B. McDoucaL}

Oklahoma’s mineral-industry output, valued at an estimated $980
million in 1966, was about $72 million, or about 8 percent, greater than
in 1965, according to the Bartlesville, Oklahoma, office of the Bureau
of Mines, U. S. Department of the Interior. The substantial gain from
the previous year resulted from increased production of petroleum,
natural-gas liquids, helium, and stone, and—to a lesser extent—of
copper, gypsum, lime, salt, sand and gravel, silver, and tripoli, which
overshadowed declines in cement, clays, coal, lead, natural gas, and
zine. Most notable improvement during 1966 was the tremendous stride
made in petroleum production, the highest in 28 years. Mineral fuels
remained the State’s dominant mineral industry, accounting for more
than 94 percent of the total 1966 mineral value.

MINERAL FUELS

Coal.—Output of coal continued its declining production trend.
The Kerr-McGee Corporation announced that the firm would construct
50 ovens near Stigler in Haskell County to produce metallurgical coke
from the company’s coal reserves in the area. Each oven is to produce
10 tons of coke in a 24-hour period. Two ovens are to be completed
about April 1, 1967, and the remainder are to be finished by July 1.
Construction of the ovens will initiate a multimillion-dollar coal-mining
and coke-plant operation planned by Kerr-McGee.

In September, the State of Oklahoma asked the Interstate Com-
merce Commission to order 38 railroads to lower their rates on coal
shipped from Oklahoma. The complaint charged that present rates for
Towa destinations are uniform from all Oklahoma origins without
regard to distance, cost of service, or other valid factors. The rates
from Oklahoma origins are $0.97 to $1.03 per ton, or more, higher on
shipments to Iowa than on coal shipped from Kansas to Iowa. As a
result of the discriminatory rates, Oklahoma mines have been forced
to greatly curtail their operations.

Natural gas—Preliminary estimates of the marketed output of
natural gas in 1966 indicated a 2-percent decrease and a drop of 1 per-
cent in value.

Natural-gas liquids.—Condensable liquids, stripped from natural
gas by 74 natural-gasoline plants and 4 cycling plants, reached a new
record of 1,507 million gallons. Mobil Oil Corporation converted its
plant in Dewey County from a refrigeration process to a refrigeration-
absorption process to increase plant capacity.

Allied Chemical Corporation’s Union Texas Petroleum Division

*This report, U. S. Bureau of Mines Mineral Industry Surveys Area Report
1V-207, was prepared December 6, 1966.

T Geologist, U. S. Bureau of Mines, Area IV Mineral Resource Office, Bar-
tlesville, Okla.
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completed construction of its 90-million-cubic-feet-per-day Chaney Dell
plant in Major County.

Underground storage capacity for LP gases totaled 2,209,000
barrels at 13 sites at the end of 1966. An additional site will add
250,000 barrels to the capacity in April 1967 when completed for the
Sunray DX Oil Company at its Tulsa refinery.

Petroleum.—An estimated 224 million barrels of crude petroleum
produced in 1966 was 10 percent greater than in 1965. Not since 1938
has this amount of petroleum been produced in the State. The daily

TaBLE I.—MINERAL PRODUCTION IN OKLAHOMA'

1965 1966
(PRELIMINARY)
MINERAL QUANTITY (Yr’:il'ouu.:z QUANTITY m:::
SANDS) SANDS)
Clays® (thousand short tons) 794 $ 806 4 $ 766
Coal (biturninous)

(thousand short tons) 974 5,520 850 s
Gypsum (thousand short tons) 761 2,343 816 2398
Helium ’

(thousand cubic feet) 300,992 9,632 340,600 11,922
Lead (recoverable content of ’

ores, etc.) (short tons) 2,813 878 2 s
Natural gas (million

cubic feet) 1,320,995 182,207 1204000 179,866
Natural-gas liguids: ’

Natural gasoline and

cycle products
(thousand gallons) 570,129 34,561 5
Lp gases) (thousand 72,200 86,476
gallons 894,665 32,208 935,300
Petroleum (crude) (thousand 57412

42-gallon barrels) 203,441 587,944 224,000 651.840
Salt (thousand short tons) 9 65 10 20
Sand and gravel (thousand

short tons) 5,218 6,023 5,400 6,260
Stone (thousand short tons) 16,417 18071 17178 20319
Zine (recoverable content of ’

ores, etc.) (short tons) 12,7156 3,713 g 3
Value of items that cannot

be disclosed: bentonite,

cement, copper, lime,

silver, tripoli, volcanic

ash, and value indicated

by footnote 3 o 23,953 . 33.408

Total o-- $907914 _ §979737

' 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.”

2 Included with “Value of items that cannot be disclosed.” ’






petroleum production allowable set by the Corporation Commission
was increased in January to 34 percent of the depth-acreage formula
to maintain a closer balance with demand. From March through June
the daily rate was 38 percent, followed by a drop to 34 percent until
September. In October the rate was increased to 42 percent, and for
December the rate was placed at 50 percent—the highest rate since
adoption of the depth-acreage formula in 1961.

The Oil and Gas Journal reported a total 3,557 exploratory and
development wells drilled through November 26, down 14 percent from
4,175 wells for the same period in 1965. A 15-percent increase over
1965 was noted as 441 test wells were drilled during the same period.

On January 1, 1966, The Oil and Gas Journal reported that 13
refineries operating within Oklahoma had a total capacity of 417,405
barrels of crude oil per calendar day, an increase from 416,430 on
January 1, 1965. In August 19686, the old Wilcox Oil Company refinery
at Bristow was dismantled and sold. The plant was acquired by Ten-
neco Oil Company as part of its purchase of Wilcox Oil Company in
1964. In July, Sequoia Refining Corporation acquired the 35,000-barrel-
per-day Ponca City refinery of Cities Service Oil Company. Initially
the refinery was part of a $50-million sale of Citgo’s Midwest refining
and marketing facilities to Gulf Oil Corporation. The marketing pro-
perties, including 2,300 service stations, were purchased by Gulf. Phil-
lips Petroleun Company sold its Okmulgee refinery to Oklahoma
Cement Company in November. The acquisition was to provide an
internal source for asphalt products which, in turn, would provide
Oklahoma Cement Company with a more complete line of road-surfac-
ing materials.

HELIUM

Marketable production and value of helium, extracted from natural
gas at the Bureau of Mines Keyes plant, increased 13 and 25 percent,
respectively.

NONMETALS

The estimated value of nonmetals in 1966 was almost 3 percent
more than in 1965.

Total construction outlays increased more than 2 percent to $40.5
million in 1966, according to the Bureau of Business Research, The
University of Oklahoma. Based on a 10-month total, housing starts will
apparently reach the lowest volume of the past 9 years. Nonresidential
building outlay for the first 10 months in 1966 was more than 7 percent
greater than in 1965. Public-utilities construction was more than 11
percent ahead of that of the first 10 months of 1965. Public-works con-
struction lagged behind. Increased State highway construction was off-
set by a decline in other public-works building and resulted in the de-
cline in tfotal public works.

Dewey Portland Cement Company, Division of Martin Marietta
Corporation, was scheduled to reopen its Dewey, Oklahoma, plant in
September to supply cement for the toll roads in eastern Oklahoma.
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However, nearly $190 million in bonds, which the Oklahoma Turnpike
Authority had planned to sell to finance construction of proposed toll
roads in the State, was not sold due to poor market conditions at the
time. As a result, on September 1 the plant reopening of September 6
was postponed indefinitely. The bonds were sold in November, but no
further plans for reopening the plant were announced.

Ideal Cement Company reportedly increased the price of cement
in Oklahoma and neighboring states to the east and south by 25 cents
per barrel.

Cement shipments in Oklahoma are estimated to be about 7 per-
cent less than those of 1965.

METALS

Near Creta in Jackson County, The Eagle-Picher Company strip-
mined copper from the Permian redbeds. Silver was recovered as a
coproduct.

Output of lead produced in Ottawa County increased from the
previous year; however, the value declined from that of 1965. Zinc out-
put from the Oklahoma portion of the Tri-State district also decreased.
The price of lead at New York opened in 1966 at 16 cents per pound;
however, on May 5 the price declined to 15 cents per pound, and on
October 10 the price again fell 1 cent to 14 cents per pound. The price
of zine at East St. Louis remained at 14.5 cents per pound throughout
the year.

Smeliers.—Three horizontal-retort zinc plants operated in 1966.
"They were American Metal Climax, Inc., at Blackwell; The Eagle-
Picher Company at Henryetta; and National Zinc Company at Bartles-
ville.

Tri-State district.—More than one-fourth of the district’s lead con-
centrates and zinc concentrates were produced in Kansas in 1966, the
remainder being produced from mines in Oklahoma and in southwest
Missouri, which reported production for the first time since 1957.
American Zine, Lead & Smelting Company closed its Barbara J. mill
near Cardin in the fall, leaving The Eagle-Picher Company as the
principal custom milling eperator in Oklahoma; hence, Oklahoma data
on.lead and zinc and southwest Missouri’s output must be concealed
to avoid disclosure.
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Frank Buttram
1886-1966

A pioneer oilman and civic leader in Oklahoma died on December
18, 1966. George Franklin Buttram was born April 2, 1886, on a farm
in Love County, at that time in the Chickasaw Indian Nation. He
taught school and between times studied at the State Normal School,
which is now Central State College. He earned his Bachelor of Science
degree in geology at The University of Oklahoma in 1910 and the
master’s degree in 1912. His thesis was Glass Sands of Oklahoma.

He was on the stafi of the Okiahoma Geologicai Survey from
November 11, 1911, to September 1, 1914. In December 1914 Frank’s
report on volcanic dust in Oklahoma was published as Oklahoma Geo-
logical Survey Bulletin 13. Dr. Mart P. Schemel has recently visited
the deposit characterized by Buttram as a diatomaceous calcareous
earth and has confirmed the presence of the rare (for Oklahoma) type
of deposit. Buttram had published in 1913 a report on glass sands of
Oklahoma. From July through October 1913 he led a team which
mapped the Cushing oil field. A detailed report was published in 1914
as Bulletin 18, a truly remarkable work for the time. The structure map
was. distributed in May 1914 and the complete report of 64 pages and
many tables and maps was published in December.

Buttram was an organizer of the Fortuna Oil Company in 1914
and served as its chief geologist. He was general manager of the firm
when it was sold in 1918, He thus became wealthy at the age of 32.
In 1920 he founded Buttram Petroleum Company to become an inde-
pendent producer.

Buttram was active in many fields, cattle-breeding, art, music,
finance, the First Christian Church, and civie, regional, and alumni
affairs. He contributed generously to The University of Oklahoma and
other state schools.

Buttram is survived by his widow, the former Merle Newby, by
four sons and one daughter, eleven grandchildren, and eight great
grandchildren.

In his career he helped found the Independent Petroleum Associa-
tion of America. He ran for governor of Oklahoma in 1930 and lost
when the notorious “Alfalfa Bill” Murray won by a small margin. He
was a member of the Oklahoma State Regents for Higher Education
and was a regent of The University of Oklahoma for eight years, among
his many services to the people of the State. Funeral services were held
on December 20, 1966, and burial was in Oklahoma City.

—C.C.B.





INVESTIGATION OF SELECTED LOWER PLIOCENE AND PLEISTOCENE
DEproSITS IN NORTHWESTERN OKLAHOMA

MarT P. ScHEMEL

INTRODUCTION

The investigations reported here were initiated to determine the
nature of certain Laverne (lower Pliocene) deposits in Beaver County,
Oklahoma. The discovery of a relatively rich diatom flora and sponge
spicula fauna in the most important deposit led to further search for
similar microfossil assemblages in deposits of the same age and in other
lake deposits in Beaver and Harper Counties (fig. 1).

The diatom flora of the Laverne deposits identified herein as
measured section 1 has been studied by L. R. Wilson and the associated
sponge spicules were examined by Carl C. Branson. Preliminary results
of their studies were presented at the Fifty-fifth Annual Meeting of
the Oklahoma Academy of Science, held in 1966, and will be published
in the Academy’s proceedings for that year. The results of the present
investigation include the measurement and description of six exposures
of Laverne deposits (measured sections 1-6) and of three Pleistocene
deposits (measured sections 7-9). Microfossils were collected and pre-
pared from three of the measured sections (1, 7, 8), and partial chemi-
cal analyses were made of fifteen rock samples from five localities,
(table I).

LAVERNE DEPOSITS

In their account of the geology of Beaver County, Gould and
Lonsdale (1926, p. 33) published excerpts from a manuscript by V.
V. Waite in which he described lithologic variations and fossils of a
limestone ledge that he referred to the Laverne Formation. Two photo-
graphs of an exposure in sec. 3, T. 3 N., R. 25 ECM. (fig. 1, measured
section 1) were published by Gould and Lonsdale (p. 32) to illustrate
the occurrence of the ledge, and this and additional exposures were
indicated on their accompanying geologic map. The exposure in sec.
3 is of considerable importance for two reasons. First, it is the only
exposure that can be definitely related to Waite’s Laverne Formation.
Second, this exposure and nearby exposures in the area contain an
important lower Pliocene flora and fauna which have been intensely
studied.

The first published reference to this exposure is in an account by
Cragin (1891) of investigations in an area in what was then known
as the “Public Lands” or “No Man’s Land” and which is now included
in Beaver County. The exposures which he visited were located as
being south and southwest of Alpine, a long-since abandoned post office
on the south bank of the North Canadian (Beaver) River west of Duck
Pond Creek.

From his description of the main exposure, and additional infor-
mation by Case (1894), there is little doubt that Cragin, and later
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Figure 1. Map of Beaver and Harper Counties, northwestern Oklahoma,
showing locations of Pli and Pleist. deposits examined. Numbers
are those of the measured sections described herein.

Case, examined and collected fossils from the exposure in sec. 3, T. 3 N.,
R. 25 ECM. Cragin collected dicotyledenous leaves, diatoms, fish re-
mains, molluscan shells, and a camelid bone. The latter bone he re-
garded as determining the age of the beds to be Loup Fork. Cragin
listed seven forms of leaves from the “Alpine chalk-marls” and six
species of diatoms that were identified for him by the Rev. Francis
Wolle. This is the first known account of fossil diatoms in Oklahoma.

The localities which were examined by Cragin were visited by
Case in 1893. Case (1894) noted that the largest bed of “chalk,” and
the one from which Cragin collected vertebrate and plant remains, was
located about 4 miles up a small tributary of the North Canadian
(Beaver) River, called “Gypsum Creek.” This name does not appear
on any available maps of the area, but this, plus additional data on
the exposure, identifies it as the one illustrated by Gould and Lonsdale.
Case collected numerous well-preserved dictyledonous leaves which
were deposited at the University of Kansas.

A small collection of leaves collected by Case was studied and a
description published by Berry (1918). He described six species of
dicotyledonous leaves and concluded that the flora was probably upper
Miocene in age, although he noted there was a possibility that it was
lower Pliocene.

Stirton (1935) published a new species of Tertiary beaver col-
lected in 1931 by a University of Kansas field party in the area. The
collection was made from an exposure downstream (north) of the main
“chalk” deposit, referred to as the Beaver Quarry locality and described
in detail by Hesse (in Chaney and Elias, 1936, p. 55-56).

The most recent paper pertaining to the Beaver County Laverne
exposure is by Chaney and Elias (1936), which includes a chapter on
vertebrate remains by Hesse. The main deposit is referred to as a dia-
tomaceous marl, which seems to be an approximate term. Chaney and
Elias (1936, p. 14-15) included a list of thirty-seven species of diatoms
identified by A. K. Lohman from samples of the deposit. Hesse referred
the marl and associated beds to the “Lavern Zone” of the “Ogallala

25





formation.” The evidence of fossil leaves, diatoms, and vertebrates in-
dicated that the deposits were lower Pliocene.

A measured section of this rather important deposit has never
been published, and a visit to it revealed the reason. The beds are
steeply dipping (approximately 45°) and the exposure is largely a
dip slope (measured section 1). Measurements of units above and
below the main deposit are reasonably accurate, but the thickness of
the eroded diatomaceous marl is uncertain. Units below the bed were
measured at the southern (upstream) end of the deposit and those
below at the northern (downstream) end. The diatomaceous marl was
sampled in three five-foot units which were analyzed in the laboratory.
The calcium carbonate content ranged from 76.8 to 93.9 percent. The
acid-insoluble residues of samples are largely composed of siliceous
diatom frustules and sponge spicules.

The Geologic map of Beaver County (Gould and Lonsdale, 1926)
shows four areas indicated as “Late Tertiary limestone and fine clay
containing fossil leaves,” which were referred to in their text (p. 33)
as examples of exposures of the Laverne Formation. One of these
Yocalities, the one illustrated (p. 32) in sec. 3, T. 3 N, R. 25 ECM,,
has already been discussed. The other area of exposures south of the
North Canadian. River is indicated in the extreme eastern part of the
county, in T. 3 N, R. 28 ECM. Two areas of limited exposures are
shown north of the North Canadian River in Quaternary dune sand
deposits in T. 4 N., Rs. 26, 27 ECM. These three areas were visited
to identify and sample the strata included in the Laverne Formation
as originally published.

Three exposures of the Laverne Formation were located in T. 3
N., R. 28 ECM.,, in sec. 4 (measured section 2), sec. 5 (measured sec-
tion 3), and sec. 10 (measured section 4). The strata in the three
exposures are similar in that the thicker unit of each is a light-gray,
white or buff, calcareous, clayey shale or clay which is capped by one
or more thin limestone or hard calcareous clay beds containing numer-
ous small gastropods. Each section has,-however, unique features. Sec-
tion 2 has a zone of silicified wood immediately overlying the clay unit,
section 3 has a dark-gray to black, hard, flintlike shale in the limestone-
shale unit overlying the clay unit, and section 4 has a zone of un-
determinable stemlike fossils in poarly bedded gray shale overlying the
clay unit. e

The different lithologies were sampled: at the three exposures, and
interval samples were ‘taken of the thick clay-shale units. Chemical
analyses of the clay units showed a range of 6.7 to 23.1 percent calcium
carbonate (table I). Hydrochloric acid-insoluble residues were ‘ex-
amined but neither diatom frustules nor sponge spicules were observed.

The areas of limited exposures north of the North Canadian River
were visited but no exposures of light-colored limestones or clays were
observed. The areas are largely covered by dune sands, with widely
scattered exposures of dune sands, Tertiary sand and gravels, and Per-
mian redbeds. -

Chaney and Elias (1936, p. 11) noted that only a few fragmentary
leaves were collected from the large exposure of diatomaceous marl
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which yielded the earlier collection by Case (measured section 1).
Additional leaves and seeds were collected by Elias approximately 3%
miles east of sec. 5, T. 3 N., R. 26 ECM. from a flint bed that caps
marl. This exposure was measured and sampled (measured section 5)
and - several fossils were collected. The marl unit consists largely of
calcium carbonate; no chemical analysis was made but little residue
remains after treatment with hydrochloric acid. The insoluble residues
from two interval samples and four random block samples were
examined, but neither diatom frustules nor sponge spicules were
observed.

Waite’s manuscript has been lost, and the excerpts published by
Gould and Lonsdale (1926, p. 33) did not include the description or
designation of a type locality (Schemel, 1967). Subsequently authors
have noted that the type locality is presumed to be in the viciniiy of
Laverne, Harper County, Oklahoma. Mpyers, in an account of the
geology of Harper County, included a photograph (1959, p. 50, fig. 11)

TaBLE I.—PARTIAL CHEMICAL ANALYSES OF SAMPLES
(Analyses by Kenneth A, Sargent, Oklahoma Geological Survey)

INSOLUBLE CALCIUM
SAMPLE THICKNESS - RESIDUE CARBONATE
NUMBER (FEET) (PERCENT) -, ({PERCENT) TOTAL

Measured Section 1
(diatomaceous marl)

1 5 17.6 76.8 . 944
2 5 6.4 86.4 92.8
3 5 1.6 93.9 95.5
Measured Section 2
(calcareous shale)
1 5 82.9 74 90.3
2 5 81.1 10.6 91.7
3 5 80.3 15.0 95.3
4 5 87.2 6.7 923.9
Measured Section 3
(calcareous shale)
1 5 ) 68.4 19.2 87.6
2 5 69.0 21.9 90.9
3 5 77.2 124 89.6

Measured Section 4
{calcareous clay)

1 0.2 64.7 23.1 878

Measured Section 6
(calcareous shale)

2 2 69.6 16.7 86.3
4 2 61.2 29.1 90.3
5 2.5 48.0 4.8 92.8
6 2.5 71.6 20.3 919






of a Laverne exposure approximately 4 miles west of Laverne, in sec.
23, T. 26 N., R. 26 W. The strata at this exposure consist of light-gray,
clayey, calcareous shales and resistant calcareous shales or limestones.
These beds were measured and sampled (measured section 6), but
neither diatom frustrules nor sponge spicules were observed in the in-
soluble residues.

PLEISTOCENE DIATOMACEOUS LAKE DEPOSITS

In the course of the investigation of the Laverne deposits, three
localities of Pleistocene deposits in the same geographic area were
studied (measured sections 7, 8, 9). One of these localities had been
previously noted as an exposure of diatomaceous deposits, the other
two localities are lake deposits with a Pleistocene molluscan and verte-
brate fauna which was investigated on the chance that diatoms and
sponge spicules might be present.

Buttram (1914), in an account of volcanic dust in Oklahoma, de-
scribed a calcareous deposit of material resembling volcanic dust which
was found to contain numerous diatoms. For this reason he termed it
a calcareous diatomaceous earth. This exposure, north of Gate in sec.
1, T. 5 N., R. 27 ECM.,, Beaver County, was measured and sampled
(measured section 7). The strata at this exposure crop out in a horse-
shoe-shaped pattern at the head of an intermittent northward-flowing
stream. The strata dip at about 15° away from the central area in every
direction except northward. Buttram (1914, p. 40) interpreted this as
a dome structure due to a “slight local uprising of the surface forma-
tions.”

The deposit is a light-gray to white, highly calcareous, chalklike
rock quite similar to the Laverne diatomaceous marls (measured .
sections 1, 2) except that it is somewhat harder and shows distinct
stratification. In addition, there are zones of small gastropods and
scattered vertebrate bones and teeth throughout the deposit. The hydro-
chloric acid-insoluble residues contain numerous frustules of diatoms,
siliceous spicules of sponges, and shards of volcanic ash (dust). The
diatoms have been examined by L. R. Wilson and among them ap-
parently are types restricted to Pleistocene deposits.

Some Pleistocene lake deposits in other areas contain both diatoms
and sponge spicules and it was decided to investigate the localities of
the Bar M local fauna described from Harper County by Taylor and
Hibbard (1955). The fauna is known from two areas of gray lake silts
in the vicinity of Buffalo. Locality 1 of Taylor and Hibbard is north-
east of Buffalo in sec. 13, T. 28 N., R. 22 W. This is the main locality
of the Bar M local fauna, which here consists of molluscan shells and
a number of scutes of an extinct armadillo. Locality 2 of Taylor and
Hibbard is south of Buffalo in sec. 13, T. 26 N., R. 23 W., where lake
deposits contain only molluscan shells. Uncertainty over the age of the
deposits led to the securing of a carbon-14 dating on molluscan shells
from locality 1. The date of 21,360+ 1,250 B. P. was obtained, which
gives a late Wisconsinan age to the lake deposits and associated fossils
at locality 1 (Myers, 1965).
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Both localities were visited, measured, and sampled; section 8 is
locality 1 and section 9 is locality 2. The silty clays from locality 1
yielded numerous diatom frustules and siliceous sponge spicules; the
clays from locality 2 were barren of microfossils.

DIATOMS IN VOLCANIC ASH DEPOSITS

Ham, in the section on the geology and petrology of volcanic ash
in the report on cellular products from volcanic ash by Burwell, noted
(1949, p. 81) that diatom dlests, although observed in every sample
studied, formed a minute part of each sample. Ham’s table XII (p.
78), which summarizes the mineral composition of the samples ex-
amined, shows diatoms to be present in all samples, but in only three
are they sufficiently abundant for the calculation of a weight percent-
age. Cuts of eleven of Ham’s fourteen samples were located in the
Survey laboratory and reexamined. As expected, diatoms were found
in all samples, but they were exceedingly rare. It is relatively difficult
to segregate and isolate the diatoms from the volcanic glass shards
and the quartz which make up the bulk of these ash deposits.

Burwell and Ham’s laboratory numbers for the reexamined
samples are listed below. Detailed information is given in their report.

Beaver County: 4698, 4699, 4700
Blaine County: 5428
Garvin County: 4813

Haskell County: 1660, 1665
Hughes County: 4326, 4327
Wagoner County: 3245
Woodward County: 9425

MEASURED SECTIONS

Section 1
SW1; NE! sec. 3, T. 3 N,, R. 25 ECM.
Beaver County

Exposure in field, in relatively broad valley, on the east side of
intermittent creek. Exposure approximately 500 feet long by 30 feet
high. Strata dip N. 45° W., at 30° to 40°. Top of section is to the north
(downstream) . Eroded surface is approximately dip slope of main bed.
Measured September 1966.

THICKNESS
FEET
Limestone or hard clay shale, dense, flintlike, buff to brown; ¢ ’

conchoidal fracture; weathers white 0.2
Shale, clayey, buff; poorly bedded 30
“Chalk,” diatomaceous marl, white, extremely fine-grained,

calcareous; thickness of unit estimated; deeply eroded but

not slumped. Sampled in three 5-foot units, numbered 1

(top) to 3 (bottom); analyses given in table I 150
Shale, clayey, dark-brown to black; plant fragments 0.3
Shale, “chalky,” light-gray, highly calcareous; discontinuous 0.25
Shale, clayey, poorly bedded, greenish and purplish interbedded 1.8
Shale, clayey, greenish; poorly bedded; some purple layers 2.8
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Note: This is the exposure of the ledge illustrated by Gould and Lonsdale
(1926, p..32) as an example of the Laverne Formation of V. V. Waite. It
is apparently the Alpine locality of Cragin (1891) and certainly the
“Gypsum Creek” locality of Case (1894) as well as the main locality of fossil
plants of Chaney and Elias (1936) and the Cragin locality of Hesse (in
Chaney and Elias, 1936).

Section 2
SEY; SE1} sec. 4, T, 3 N, R. 28 ECM.
Beaver County

"Exposure in field, at east side of intermittent stream, exposed
just west of abandoned north-south section-line road. Exposure 35
feet high, approximately 100 feet long. Main unit slumped and weath-
ered. Strata dip N. 40° W. at 25°. Section trends north-south. Mea-
sured September 1966.

THICKNESS
{FEET)
Shale, clayey, light-gray; slumped 4.0
Shale, clayey, buff 1.0
Limestone or hard clay; hard buff ledge, weathers light gray;
scattered small gastropods 0.25
Fossil-wood zone, silicified wood, persistent for about 20 feet.
[Collection OPC 1171] 0.2
Shale, clayey, buff to white, calcareous; slumped. Sampled in
four 5-foot units, numbered 1 (top) to 4 (bottom), analyses
given in table I 20.0
Section 3
NW1; SEY sec. 5, T. 3 N, R. 28 ECM.
Beaver County

Exposure in low hill, traversed by lease road extending north-south
across east-west exposure. Main portion of exposure slumped and poorly
exposed. Strata dip N. 45° W., at approximately 85°. Measured Sept-
ember 1966. .

THI:KNESS
(FEET)
Limestone or calcareous clay shale, hard, flintlike dark-brown;

weathers tan; somewhat nodular 1.0
Shale, clayey, dark-brown to buff 0.5
Shale, dark-gray to black, hard, flintlike 0.25
Limestone or calcareous clay, hard, tan to dark-gray; nodular;

numerous small gastropods 0.2
Shale, clayey, light-gray, fossiliferous; numerous relatlvely large

gastropods; some pelecypods (?) 11

Limestone or calcareous clay, brown 0.25
Shale, clayey, light-green, calcareous; poorly bedded; slump

exposure: Sampled in three 5-foot units, numbered 1 (top)

to 3 (bottom); analyses given in table 1 +15.0
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Section 4
Near C sec. 10, T. 3 N., R, 28 ECM.
Beaver County
Exposed in field in small draw; exposure approximately 15 feet

long by 3 to 4 feet high. Dips toward northwest. Measured September
1966.

THICKNESS
(FEET)
Limestone or calcareous clay, gray; weathers white; hard ledge;
numerous small gastropods: Sample 1 includes total thick-
ness; analysis given in table I 0.2
Shale, light-gray, calcareous; poorly bedded; numerous stem-
like fossils 1.7
Shale, clayey, light-gray, calcareous; poorly bedded 20
Section 5

SW1; NW1; sec. 5, T. 3 N., R. 26 ECM.
Beaver County

Exposure extends north-south along cliff break above valley al-
luvium on the west side of Duck Pond Creek. Beds irregular, dip N.
20° E., at 15° to 20°, Exposures are largely a dip slope, which is
covered by angular, irregular flintlike blocks. Measured October 1966.

THICKNESS
(FEET)
Shale, clayey, greenish-gray 10.0+
Shale, clayey, light-gray to white 0.3
Shale, clayey, greenish-gray 3.0
“Flint” ledge, hard, buff; weathers white; conchoidal fracture.
One plant leaf and one fish scale collected 0.3
“Chalk,” light-gray to white, highly calcareous, fine-grained;
slightly bedded. Sampled in two 1.5-foot units 3.0
Clay, blocky, light-gray, calcareous: grades into unit below 1.0
Shale, greenish-gray; slumped; base not exposed 4.0

Note: This is the exposure from which Elias collected fossil leaves and seeds
(Chaney and Elias, 1936, p. 11).

‘Section 6
Sec. 23, T. 26 N., R. 26 W.
Harper County

Exposure in field. Outcrop trends north-south for about 100 feet.
Strata dip toward northwest at about 15°. Measured September 1966.

THICKNESS
{FEET)
Shale, calcareous, light-gray to white; forms hard ledge; nu-
merous small gastropods 0.5
Shale, clayey, light-gray. soft, calcareous. Sample 2; analysis
given in table 1 2.0
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Shale, moderately well-bedded, gray, calcareous. Sample 3 0.5
Shale, clayey, soft, gray, calcareous. Sample 4; analysis given

in table T 20
Interbedded calcareous clayey shale and hard calcareous shale,

or limestone that forms ledges. Sample 5 is upper 2.5 feet,

sample 6 is lower 2.5 feet; analyses given in table I 5.0

Section 7
NW1; sec. 1, T. 5 N,, R. 27 ECM.

Beaver County

Outcrop north of Gate. Exposure at head of intermittent stream
near the center of the section. Unusual feature is that the strata dip
away from a central area at angles of from 15° to 25° in all but a north-
erly direction (downstream). The result is an apparent “dome” in the
open valley area. The strata vary considerably in thickness due to

erosion. Measured October 1966.

RANGE OF
THICKNESS
(FEET)
Sand and gravels, buff 0-20
Shale, clayey to sandy, buff to greenish-gray; poorly bedded 0-30
“Chalk” (marl?), highly -calcareous, light-gray to white;
weathers blocky; numerous small gastropods and rare
vertebrate bones. Sampled in five 3-foot units, numbered
1 (top) to 5 (bottom) 0-15
Shale, poorly bedded, light-gray, calcareous; base not exposed 0-30

Note: This is the exposure described by Buttram (1914, p. 40), as a “cal-
careous diatomaceous earth” that resembles volcanic dust.

Section 8
NWY; sec, 13, T. 28 N,, R. 22 W,
Harper County

Northeast of Buffalo, exposed on both sides of dammed creek east
of an abandoned north-south section-line road. Measuped October 1966.

THICKNESS
(FEET)
Clay, silty, dark- to medium-gray; eroded upper surface 2.0
Clay, silty, medium- to dark-gray; gradational to units above
and below 2.0
Clay, silty, light- to medium-gray; base not exposed 2.0

Note: All units have numerous mollusks. This is the main locality of the
Bar M fauna of Taylor and Hibbard (1955).
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Section 9
SWi, sec. 13, T. 26 N, R. 23 W.
Harper County

Exposure on east side of route 183, south of Buffalo. Measured
October 1966.

THICKNESS
(FEET)
Shale, clayey, reddish; eroded upper surface 5.8
Clay, silty, medium-gray, weathered. Sampled in three 5-foot
units, special sample of 1-inch dark clay at top of unit 15.0

Note: Silty clay has numerous mollusks. This is the secondary locality of
the Bar M local fauna of Taylor and Hibbard (1955).
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PALYNoLoGIcCAL CORRELATION
OF THE HENRYETTA CoAL, OKLAHOMA

W. C. MEYERs*

The spore assemblage of the Henryetta coal of the Senora Forma-
tion (Des Moines Series) is compared to that of the Croweburg coal
of northeastern Oklahoma, studied by Wilson and Hoffmeister (1956).
The comparison is based upon a series of 2-inch segment samples cut
from a fresh coal face in the Black Diamond mine (SEY/ sec. 34, T.
12 N, R. 3 E.), Okmulgee County, Oklahoma (Meyers, 1963).

STRATIGRAPHY

The Henryetta coal has been extensively mined near Henryetta
and Coalton, Okmulgee County. Trumbull (1957) mapped the coal
reserves in the mining area and reported the thickness to range from
28 to 42 inches, with an average of 36 inches. Through much of the area
a clay parting is present near the middle of the seam. However, this
parting is absent at the Black Diamond mine.

Trumbull classified the Henryetta coal as a high-volatile A- and
B-ranked coal, with an average fixed-carbon content of 53 percent.

The Henryetta coal occurs approximately 200 feet below the top
of the Senora Formation (Taff, 1901). Taff’s original description does
not designate a type locality but the formation was named for the old
post office at Senora in southern Okmulgee County. The original de-
scription stated that the upper part of the Senora Formation contains
blue clay shales and brown sandy shales exposed on hills capped by
the Calvin Sandstone.

In the section at the Black Diamond mine, the buff-colored shales
and sandy shale above a clay-ironstone concretion zone grade upward
into the massive Calvin Sandstone. Here the Henryetta coal is 38
inches thick and occurs 31 feet below the Calvin Sandstone.

The Senora Formation is about 800 feet thick in Okmulgee County
and conformable with the underlying Stuart Shale in the vicinity of
the Canadian River (Oakes, 1963). Northward, the Senora Formation
is believed to overlap the Stuart Shale and rest unconformably upon
the Boggy Formation, from southwestern Muskogee County northward
into Kansas.

Stratigraphic correlations in the area of investigation are compli-
cated because shelf limestones rapidly thin and pinch out south of the
Arkansas River. Branson (1954) stated that, during much of
Desmoinesian time, the margin between shelf and basin deposition cor-
responded approximately to the present position of the Arkansas River.

QOakes’ work (1953) indicated that the Calvin Sandstone is equiv-
alent to the lower Fort Scott Limestone. Similar stratigraphic position

* Palynologist, Sinclair Oil & Gas Company, Tulsa Research Center, Tulsa,
Oklahoma.
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related the Croweburg and Henryetta coals but no precise correlation
was indicated.
CORRELATION

The variations of dominant spore genera in the Croweburg and
vertically adjacent coals were determined by Wilson and Hoffmeister
(1956). The abundance of dominant spore genera is most alike in the

Henryetta and Croweburg coals.
Spore histograms (fig. 1) show the relative abundance of the

recognized palynological species and the great degree of similarity
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123 45 67 89 1001112131415161718192021222324 ABCOD
CrowesurGg COAL
(modified from Wilson and Hoffmeister, 1956)

Spore Species 15. Triquitrites dividuus
1. Lycospora punctata 16. Triquitrites crassus
2. Laevigatosporites minutus 17. Rajstrickia crinita
3. Florinites pellucidus 18. Calamospora straminea
4. Endosporites ornatus 19. Granulatisporites deltiformis
5. Laevigatosporites desmoinesen- 20. Raistrickia grovensis
sis and L. ovalis 21. Calamospora decora
6. Calamospora hartungiana 22. Laevigatosporites minimus
7. Laevigatosporites globus and L. 23. Calamospora bre\{lyadlata
punctatus 24. Calamospora flexilis
8. Apiculatisporis latigranifer
9. Lycospora brevijuga
10. Triquitrites bransonii Cuticle Types
11. Cirratriradites intermedius

12. Punctatisporites orbicularis A. Long rectangular cells
and P. obliquus B. Structureless types

13. Granulatisporites verrucosus C. Short thickened rectangular
and G. granularis cells

14. Punctatisporites dentatus D. Hexzagonal cells

Figure 1. Histograms of relative percentages of spore and cuticle assemblages
from the Henryetta and Croweburg coals. The Croweburg histograms. con-
stitute a composite of nine localities.
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between the Henryetta and Croweburg coals. Many species are com-
mon to both, and, of the 48 species in the Henryetta coal, 35 were re-
ported from the Croweburg coal by Wilson and Hoffmeister (1956).

The standard deviation was calculated for the six most abundant
species in Wilson and Hoffmeister’s nine Croweburg coal localities.
The percentage value of four of the species from the Henryetta coal
is within one standard deviation of variation of that species in the
Croweburg coal localities. The two most abundant species, Lycospora
punctata and Laevigatosporites minutus, were within 1.4 and 2.2 stand-
ard deviations, respectively. These two species total 71.1 percent of
the composite Croweburg coal spore assemblage, 71.1 percent of that
of the Henryetta coal. The Henryetta and Croweburg coals are closely
related upon the basis of the statistical comparison of the most abun-
dant species.

The plant-cuticle histograms (fig. 1) indicate a similar pattern
of abundance but this is difficult to evaluate because little is known
about the stratigraphic distribution of cuticle types.

The two coal assemblages differ in the minor spore elements and
by the presence of 2.4 percent of Apiculatisporis latigranifer in the
Henryetta coal. These differences are considered to be of minor impor-
tance and mark the Croweburg-Henryetta seam as one of the more
uniform coals.

The Henryetta coal has 19 species in common with the Colchester
coal of Illinois. Kosanke (1950) reported that Lycospora and Laevi-
gatosporites are the dominant genera in the Colchester coal. This is
also true of the Henryetta coal. Several species, reported by Kosanke
(1950) as having limited stratigraphic ranges, occur in both coals. Per-
haps the most important of these is Schopfites colchesterensis, which
in Illinois is restricted to the Colchester coal. Other forms which are
present in the Henryetta-Croweburg coal have restricted stratigraphic
ranges that approximate or overlap those of the Colchester coal. These
are Triguitrites inusitatus, Raistrickia crocea, R. grovensis, Punctati-
sporites foveatus, and P. quaesitus. The presence of these diagnostic
spore types, and other numerous species in common, indicates that the
Henryetta coal of Oklahoma is palynologically related to the Colchester
coal of Illinois.

SPORE SUCCESSION IN THE HENRYETTA COAL

The major spore successional trends (fig. 2) in the Henryetta
coal are: (1) decreasing abundance of Lycospora punctata from the
base towards the top of the seam; (2) maximum abundance of Laevi-
gatosporites minutus near the center of the coal, with decreasing abun-
dance towards the upper and lower coal boundaries; (3) maximum
abundance of Florinites pellucidus near the middle of the coal; (4)
large influx of Endosporites ornatus in the top six inches of the coal.

The spore succession of the Henryetta coal is similar to that re-
ported from the Croweburg coal by Wilson and Hoffmeister (1956).
Some of the minor successional trends developed in the Croweburg
coal, like that of Laevigatosporites desmoinesensis and Laevigato-
sporites punctatus, are not so evident in the Henryetta coal.
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The successional trends of the Henryetta coal follow a sequence
evident in some other Oklahoma coals in which the lower parts of the
seams are dominated by nonsaccate forms and the upper portions are
commonly dominated by saccate forms. The nonsaccate forms consist
of spores from calamarians, lycopods, and ferns. During the early
stages of coal-swamp development the nonsaccate forms appear to have
grown abundantly in the swamp. As the swamp developed, there was
generally an influx of saccate cordaitalean spores and lycopod spores,
such as Endosporites.

SUMMARY
The Henryetta coal is correlated with the Croweburg coal upon

the basis of: (1) a large number (35) of specics common to both coals;

(2) similar percentages of the most abundant species; and (3) similar
fossil succession. The correlation of the Croweburg coal is extended
approximately 40 miles southward from the northeast cormer of
Okmulgee County to the vicinity of Dewar.
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’ 4
ReSUME oF NEw NOMENCLATURE PUBLISHED IN
OxraHoMA GeoLogy NOTEs

January 1966 through December 1966

The following is a list of new taxa published in Oklahoma Geology
Notes during 1966.. Previous lists were published in January 1962,
December 1963, February 1965, and February 1966.

NAME AUTHOR VOLUME PAGES
Brachiopoda
Eridmatus, n. gen. Branson 26 75- 78
E. texanus, n. comb.
Cephalopoda
Reticuloceras wainwrighti, n. sp. Quinn 26 13- 20
Peytonoceras, n. gen.* Saunders 26 43- 48
P. ornatum, n. sp.*
Crinoidea
Paracromyocrinus, n. gen. Strimple 26 3- 12

P. vetulus, n. comb.*
Metacromyocrinus gillumi, n. sp.*
Synarmocrinus fundundus, n. sp.

Indocrinidae, n. fam. Strimple 26 80- 84
Metaindocrinus, n. gen.*
M. cooperi, n. sp.*

Isoallagecrinus, n. gen. Strimple 26 99-111
1. eaglei, n. sp.

Desmacriocrinus, n. gen.

D. weldenensis, n. comb.

Metallagecrinus, n. gen.*

M. quinquebrachiatus, n. comb.*

Ectoprocta (Bryozoa)

Ceramopora? unapensis, n. sp. Ross 26 218-224
Ostracoda
Isochilina kamara, n. sp. Creath 26 243-246

I. obesiporosa, n. comb.

Plantae (microfossils)
Cappasporites, n. gen. Urban 26 111-114
C. distortus, n. sp.

Trace fossils
Scalarituba? atoka, n. sp. Branson 26 236-239

*Not an Oklahoma form.
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New Theses Added to O. U. Geology Library

The following master's theses were added to The University of
Oklahoma Geology Library in January 1966:

Pennsylvanian Chonetidina of Oklahoma, by Touran Soltanzadeh
Iranpanah.

A study of the basement conditions of the Norman dam site area,
Cleveland County, Oklahoma, by Satish K. Sharma.

The following doctoral dissertation was also added:
Structural charge site influence on the interlayer properties of ex-
pandable three-layer clay minerals, by Raymond L. Kems, Jr.

NOTE

In the description of the Texarkana sheet of the Geologic Atlas of
Texas (Oklahoma Geology Notes, vol. 27, no. 1, January 1967, p. 13) the
price of the map was erroneously given as $2.00 per copy. The correct price
is $2.50 per copy.

OKLAHOMA GEOLOGY NOTES
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Cover Picture

WHITE Mounp

White Mound, the most famous fossil-collecting locality in Okla-
homa and one of the best in the United States, is in NEY} sec. 20, T.
2 S, R. 3 E., Murray County. This locality has yielded a profuse
fauna for more than half a century. The earliest known published
reference to the mound is that of C. A. Reeds, who designated it as
the type area of the Haragan Formation (Lower Devonian) in 1911.
However, the site had been collected from earlier times. The cover
picture, first printed in a paper by Thomas W. Amsden in 1958 (Okla.
Geology Notes, vol. 18, p. 131), was taken in 1909. (Contrary to ap-
pearances, the figure on the left horizon is not the field-trip leader.)

At this locality, the Haragan rock that constitutes the mound is a
yellowish-gray, fossiliferous marlstone within the carbonate sequence
of the Hunton Group, exposed in the immediate vicinity. The fauna
recovered from the mound and from nearby exposures of other Hunton
rocks includes brachiopods, trilobites, corals, mollusks, ostracodes, and
other forms, and the specimens are widely distributed in schools,
museums, and private collections throughout the world. Unfortunately,
access to the site is now barred by the owners of the land.
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Geological Society of America Regional Meeting
in Oklahoma

The South-Central Section of the Geological Society of America,
Inc., will hold its first annual meeting at the Center for Continuing
Education on the campus of The University of Oklahoma March 30,
31, and April 1, under the sponsorship of the School of Geology and
Geophysics of The University of Oklahoma, the Oklahoma Geological
Survey, and the Oil Information Center of The University of Oklahoma
Research Institute. The meeting will be highlighted by two days of
technical sessions in which forty-five papers will be presented. A varied
program of ladies’ entertainment, a banquet, and a one-day field trip
are also planned.

The technical program will comprise four half-day sessions with a
one-day palynology symposium to be held concurrently with the last
two sessions:

Thursday, March 30

9:00 A M. — General (8 papers)
1:20 P.M. — Paleontology, stratigraphy,
and sedimentation (10 papers)

Friday, March 31

8:00 A M. — Geochemistry and petrology (10 papers)
9:00 A M. — Palynology symposium (5 papers)

1:20 P.M. — Structural geology (8 papers)

1:30 P.M. — Palynology symposium (4 papers)

The annual business meeting will be held at 4:30 P.M., March 31,
at which time the results of the election of officers will be announced.
The slate of candidates presented by the nominating committee is as
follows:

Chairman: Charles J. Mankin
Director, School of Geology and
Geophysics, The University of
Oklahoma
Vice Chairman: Claude C. Albritton, Jr.
Dean, Graduate School, Southern
Methodist University
Secretary-Treasurer: Melvin C. Schroeder
Professor of geology, Texas
Agricultural and Mechanical
University
The one-day field trip will be held on Saturday, April 1, the sub-
ject being the Structural and Igenous Geology of the Wichita Moun-
tains, Southwestern Oklahoma. The leaders will be W. E. Ham, H. E.
Hunter, C. A. Merritt, and G. T. Stone. Stops along the north flank
of Wichita Mountains will show the relations of the Lower Paleozoic
rocks of the southern Anadarko basin to those of the Wichita Moun-
tains block. A stop on top of Mt. Scott will allow examination of a
representative of the Wichita Mountain granites, and additional stops
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farther to the west will treat the layered ultramafic intrusive rocks of
the Raggedy Mountains and the contact relations of the granitic and
mafic intrusions. Transportation will be by bus. The field-trip fee of
approximately $7.50 will cover transportation, box lunch, and guide-
book.

The ladies’ program will include a tour of Norman and environs,
with a visit to the famed Bavinger House and a style-show luncheon
on Thursday, March 30. On Friday, March 31, the group will have
lunch in Oklahoma City, at the Chandelle, considered by some as one
of the world’s most exquisite restaurants, followed by a visit to the
Cowboy Hall of Fame and Western Heritage Center.

Registration fee for the meeting is $5.00 for members and non-
members and $1.00 for students. Ladies’ registration is free. Complete
details may be obtained by writing to the School of Geology and Geo-
physics, The University of Oklahoma, Norman, Oklahoma 73069.

Caryocaris REMOVED FRoM OKLAHOMA FauNAL List

CarL C. BraNsoN

Ruedemann (1935) described Caryocaris magnus and C. okla-
homensis from the Henryhouse Shale of Oklahoma. The two supposed
phyllocarid crustaceans were recently examined by Churkin (1966)
and reported to be a “pod-shaped depression” and a “branched struc-
ture . . . unlike any phyllocarid. It may even be a plant” (see text-fig.
2g).

The two type specimens, although stated by Ruedemann to be in
The University of Oklahoma collections (Mus. Inv. Paleont. A2469,
A2470a, A2470b), are at the U. S. National Museum (USNM 114533
[C. magnus] and USNM 114534 [C. oklahomensis]). Caryocaris is a
strictly Ordovician genus, not known in Oklahoma.
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NaMES AND RELATIVE AGES OF GRANITES AND RHYOLITES
IN THE WICHITA MOUNTAINS, OKLAHOMA

C. A. MERRITT

The silicic igneous rocks exposed in the Wichita Mountains are
granites, rhyolites, and closely related types, which form a comagmatic
series, probably Middle Cambrian in age (fig. 2, p. 52-53). The rocks
are interpreted as differentiates of a granitic magma which was em-
placed at shallow depths as plutons, sills, and dikes and in part cx-
truded at the surface as lavas and pyroclastics.

The granites and rhyolites have been mapped and named by
several investigators in the sixty years since Taff’s (1904) original
work. Only one of the geologists, 1'aylor (1915), mapped the igneous
rocks in all parts of the Wichita Mountains; the others restricted their
studies to parts of the mountains. The relative ages of the rocks in
contact with one another were determined, but the correlation of these
rocks with those exposed in other parts of the mountains usually was
not considered. For that reason some of the names apply only to rocks
of a local area.

At the present time ten names are in the literature for the different
members of the granite-rhyolite series and the usage of some of these
names has changed with time. Carlton Rhyolite has been broadened to
a group name that applies to all the rhyolites and associated pyroclas-
tics. Davidson ‘“granophyre,” originally defined as a separate granite
emplaced as a sill, is now called Davidson Rhyolite and interpreted
as a member of the extrusive Carlton Rhyolite Group.

An attempt is made in this article to clarify the present usage of
the rock names and to determine the relative ages of the members of
the granite-rhyolite series. Where the rocks are in contact their relative
ages have been established by previous investigators. For the rocks
which do not occur together the writer has inferred their age relation-
ships from mineralogic and chemical data.

The first geologic map of the Wichita Mountains was prepared
by Talf and Gould and published by Taff in 1904. It was reconnais-
sance in character and showed the igneous rocks as gabbro, granite
‘porphyry, and granite. Concerning their relative ages, Taff (1904, p.
60) wrote: “These in order of apparent age are gabbro and related
anorthosite, granite and related aplites, granite porphyry and associated
aporhyolite, and diabase dike rocks.” In describing the rocks, Taff
(1904, p. 64) used the term Carlton Mountain porphyry to designate
part of the granite porphyry and associated aporhyolite. The latter
rocks now are considered to be a part of the Carlton Rhyolite Group.

A decade later Taylor (1915) mapped the igneous rocks of the
Wichita Mountains in more detail. He subdivided and named the
granites, Headquarters (oldest), Reformatory, Lugert, Cold Springs,
Quanah, and granite dikes (youngest). Taylor found inclusions of
Headquarters Granite in Reformatory Granite and dikes of Lugert
cutting Reformatory and thus established the relative ages of these
three granites.

45





Taylor mapped Lugert Granite as extending from the Lugert area
in the western part of the Wichita Mountains to the eastern edge of
the mountains, a few miles north of Lawton. For some reason he in-
cluded in the Lugert Granite the rocks previously mapped by Taff and
Gould as granite porphyry and associated aporhyolites (Carlton Rhyo-
lite Group).

Taylor introduced the name Quanah Granite for the exposures
in the southern part of Wichita Mountains Wildlife Refuge. This
granite intrudes “Lugert” granite but the “Lugert” in the eastern part
of the mountains is now considered to be a different granite and has
been named Mt. Scott Granite by Merritt (1965).

Fiftcen years passed before the next geologic map showing igneous
rocks in any part of the Wichita Mountains appeared. Hoffman, in
1930, published a geologic map of the eastern part of the mountains.
He was impressed wilh the microscopic granophyric texture of the
rocks in this area and labeled them all granophyres, even though he
recognized that the proportion of this texture varies greatly in dif-
ferent outcrops of the same rock. This usage is unfortunate and has
been criticised by Ham, Denison, and Merritt (1964, p. 64), as many
of the outcrops are not granophyric and, also, Hoffman included under
the name granophyre such diverse rocks as Quanah “granophyre” and
Carlton “granophyre.” The former is a coarse-grained granite and the
latter is a thick series of extrusive rhyolites and pyroclastics.

Hoffman mapped the “granophyres” as Saddle Mountain (oldest),
Davidson, Carlton, Lugert, and Quanah (youngest). Two of these
names, Saddle Mountain and Davidson, were introduced by him.

The Saddle Mountain “granophyre” is a rhyolite with a micro-
scopic spherulitic texture. This rock and the Carlton Rhyolite are
mapped as rhyolite porphyry on the Geologic Map of Oklahoma
(Miser, 1954). The writer believes this interpretation is correct and
that the Saddle Mountain Rhyolite is part of the Carlton Rhyolite
Group.

The Davidson ‘“granophyre” is an extremely fine-grained quartz-
feldspar rock, and Ham, Denison, and Merritt (1964, p. 48) interpreted
it as a member of the Carlton Rhyolite Group that has been hydro-
thermally altered and partly converted to hornfels by intrusion of
granite.

Carlton “granophyre” is mainly exposed in the area of the Fort
Sill Military Reservation and is the rock previously mapped as granite
porphyry and associated aporhyolites by Taff and Gould. It is now
placed in the Carlton Rhyolite Group.

Hoffman followed the usage of Taylor with respect to the terms
Lugert and Quanah, except that he called them granophyres rather
than granites. He interpreted all the “granophyres” as sill intrusions,
mainly upon the basis of this texture. Today only the “Lugert grano-
phyre” (now called Mt. Scott Granite) is considered a sill. The Saddle
Mountain, Davidson, and Carlton Rhyolites are believed to be extru-
sive rocks. Quanah “granophyre” is a coarse-grained granite and proba-
bly was emplaced as a pluton.

With respect to the relative ages of these rocks, Hoffman found
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xenoliths of Carlton “granophyre” in “Lugert granophyre” and dikes
of rhyolite porphyry cutting the latter rock.

Schoonover (1948) mapped the rocks of Fort Sill Military Reser-
vation. He recognized the extrusive character of the rock labeled “Carl-
ton Mountain porphyry” by Taff and Carlion “granophyre” by Hoff-
man and renamed it Carlton Rhyolite.

Gerald Chase of the Oklahoma Geological Survey studied the
igneous rocks of the Wichita Mountains during the years 1949-1955.
He prepared a manuscript gcologic map of the eastern part of the
mountains and recognized that the granite of this arca was not Lugert.
He also subdivided the Quanah Granite into four units. This is the
most detailed work which has been done on this area, and it is unfor-
tunate that it was not completed beforc he left the Survey and has
noi been published. The writer frequently consulied Chase’s map and
studied his collection of thin sections and hand specimens and found
them invaluable.

Walper (1951) studied the Cold Springs Granite and concluded
that is was a hybrid rock formed by the assimilation of andesite by
granite magma.

Tilton, Davis, Wetherill, and Aldrich (1957), from a study of
radioactive isotopes, determined the age of the granites of the Wichita
Mountains as approximately 525 million years and placed them in
Middle(?) Cambrian time. Prior to this study these rocks had been
considered Precambrian by all investigators.

Denison (1958, 1959) from a subsurface study of the basement
rocks east and south of the Wichita Mountains concluded that the
Carlton Rhyolite was a thick series of lavas and pyroclastics that ex-
tended eastward from the mountains in subsurface. He believed this
extrusive series could be correlated with the rhyolite porphyry outcrops
in the West Timbered Tills and East Timbered Hills of the Arbuckle
Mountains. These latter exposures had previously been named Colbert
porphyry by Reeds (1910, p. 31).

Ham, Denison, and Merritt (1964) made a detailed study of the
basement rocks in south-central and southwestern Oklahoma between
the Ouachita Mountains and the Texas Panhandle. They found that
the Carlton Rhyolite extended in subsurface from the Texas Panhandle
to the Timbered Hills of the Arbuckle Mountains and that it was at
least 4,500 feet thick. They renamed this series of flows and pyroclas-
tics the Carlton Rhyolite Group. The term Wichita Granite Group
also was introduced to include the various granites which are exposed
in the Wichita Mountains and the similar granites in subsurface. The
subsurface areal extent of these granites is several times that of their
surface exposures in the Wichita Mountains. They concluded that the
Wichita Granite Group is the intrusive equivalent of the extrusive Carl-
ton Rhyolite Group.

The granite which forms half of the outcrop area in the eastern
and central parts of the Wichita Mountains was named Mt. Scott
Granite by Merritt (1965). It formerly had been mapped as “Lugert
granite” by Taylor (1915) and as “Lugert granophyre” by Hoffman
(1930). Mt. Scott Granite is intruded by Quanah Granite in the
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eastern part of the mountains and by Lugert Granite in the Snyder
area. Thus it is the oldest of these three granites. Merritt also con-
cluded from mineralogical data that the Lugert Granite is slightly
older than the Quanah Granite.

From this brief review of previous investigations the following age
relationships seem established: inclusions of Headquarters Granite
ocecur in Reformatory Granite, Lugert Granite intrudes both Reforma-
tory and Mt. Scott Granites, and Quanah Granite intrudes Mt. Scott
Granite.

The Mt. Scott Granite includes xenoliths of Carlton Rhyolite and
is intruded by rhyolite porphyry dikes. The Carlton Rhyolite Group
is at least 4,500 feet thick, and the extrusion of this large amount of
material must have taken a considerable period of time. Mt. Scott
Cranite is younger than the early rhyolites and older than the late
rhyolites of this group. The Wichita Granite Group as a whole is the
intrusive equivalent of the extrusive Carlton Rhyolite Group.

The following granites are found in different areas and their rela-
tive ages cannot be determined from field relationships: Quanah and
Headquarters, Quanah and Reformatory, Quanah and Lugert, Mt
Scott and Headquarters, and Mt. Scott and Reformatory.

In an attempt to determine the relative ages of these granites, the
writer has used chemical and mineralogical data. Thornton and Tuttle
(1960) defined differentiation index as the sum of normative quartz,
orthoclase, and albite and suggested that it may indicate the degree of
differentiation of a magma.

The differentiation indices for the different granites are given
below:

Mt. Scott 88.7 (avg. of 2 samples)
Headquarters 94.8 (1 sample)

Reformatory 954 (avg. of 2 samples)
Quanah 954 (avg. of 2 samples)
Lugert 955 (avg. of 3 samples)

_ The value for Mt. Scott Granite is considerably lower than those
of the others and would indicate that it is the oldest. This relationship
is confirmed in part, as the Lugert and Quanah Granites intrude Mt.
Scott Granite. The values of the differentiation index for Headquarters,
Reformatory, Quanah, and Lugert Granites are so close that there
probably is little difference in the ages of these rocks and hence the
index cannot be used as a criterion of relative age.

Aegirine and riebeckite are rare in the Headquarters, Reformatory,
and Lugert Granites, but riebeckite occurs in miarolitic cavities in
Lugert Granite. Dikes of aegirine-riebeckite granite cut Lugert Granite
on Quartz Mountain (Merritt, 1958, p. 51) and Reformatory Granite
near the town of Granite (Rogers, 1907). Aegirine and riebeckite ap-
parently were formed during the hydrothermal stage following con-
solidation of the Lugert Granite and subsequently as mineral precipi-
tates in aegirine-riebeckite granite dikes. These alkaline minerals are
present in small amounts in Quanah Granite as constituent minerals
and also as riebeckite in miarolitic cavities. These mineralogic features
suggest that Quanah Granite is slightly younger than Lugert Granite
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and probably of the same age as the aegirine-riebeckite granite dikes.

Combining the conclusions from the mineralogic data, differentia-
tion indices, and field relationships, the relative ages of the granites
appear to be, Mt. Scott (oldest), Headquarters, Reformatory, Lugert,
Quanah, and aegirine-riebeckite granite dikes (youngest). Cold Springs
Granite is a hybrid rock formed by the assimilation of basic rocks by
Mt. Scott Granite.

Five chemical analyses are available for rocks in the Carlton
Rhyolite Group and their differentiation indices have been computed.
The values range from 88.4 to 95.1, which is essentially the same range
as shown by the granites, namely 88.7 to 95.5.

The five samples of extrusive rocks from the Carlton Rhyolite
Group are listed below m order of increasing value of the differentia-
tion index (DI), which corresponds to the order of relative ages of

these rocks from oldest to youngest.

Carlton Rhyolite (DI = 88.4). Sample from bed 11 of measured
section of Carlton Rhyolite Group on Bally Mountain. The
bed is 515 feet thick, 681 feet above the base and 2,401 feet
below the top of the section (Ham, Denison, and Merritt,
1964, p. 43).

Saddle Mountain Rhyolite (DI = 91.4). Sample 246. Near Saddle
Mountain, NW; NEVj NWY} sec. 31, T.5 N,, R. 14 W.

Davidson Rhyolite (DI = 91.6). Sample 167. Easter Pageant area,
NWLY, NWY, NEY sec. 17, T.3 N, R. 13 W.

Colbert Porphyry (DI = 93.7). Top of East Timbered Hills,
Arbuckle Mountains.

Carlton Rhyolite (DI = 95.1). Sample 199. Southwest of Mt.
Scott, NE14 NELY; SEY sec. 15, T.3 N, R. 13 W.

Assuming that the differentiation index also shows the relationship
of the granite magma at depth to the extruded magma, a tentative cor-
relation of the granites and these five extrusive rocks may be made, as
shown in figure 1.

Little evidence is available at this time to check the validity of
these correlations, but a few facts may be mentioned. The extrusive
rock with the lowest differentiation index (88.4) is an early rhyolite,
as it occurs in the lower part of the thick (3,597 ft.) section on Bally
Mountain. This index is close to that of the Mt. Scott Granite (88.7),
which is the oldest of the granites.

A rhyolite porphyry dike intrudes Mt. Scott Granite in the Cooper-
ton area a few miles west of Saddle Mountain. This dike rock is
spherulitic and closely resembles Saddle Mountain Rhyolite in its
mineralogy and texture. The dike could have been one of the feeders
for the lava which formed the Saddle Mountain Rhyolite. If this as-
sumption is correct, the extrusive rock would be younger than the Mt.
Scott Granite, a relationship suggested by the differentiation-index
values.

The differentiation index would place Colbert Porphyry in the
upper part of the Carlton Rhyolite Group. Reagan Sandstone of Upper
Cambrian age lies unconformably above Colbert Porphyry. Pebbles of
the porphyry are present in ihe sandstone, but there is no evidence of
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Figure 1. Relative ages (youngest at top) of the granites
and rhyolites of the Wichita Mountains, according to their
differentiation indices.

how much erosion of the Carlton Rhyolite Group is represented by the
unconformity.

The Davidson Rhyolite and the Carlton Rhyolite (sample 199)
are exposed in fault blocks on the downthrown side of large faults, and
field evidence is inadequate o determine their original position in the
Carlton Rhyolite Group. The Davidson Rhyolite is intruded by rhyo-
lite porphyry dikes.

The determination of the differentiation index for the different
beds of the Carlton Rhyolite Group in the measured section at Bally
Mountain would test the validity of this index as a measure of the
degree of differentiation.
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ELECTRON-MICROSCOPE STUDY OF THE
WALL STRUCTURE OF Quisquilites AND Tasmanites®

L. R. WiLSON' AND JOHN J. SKVARLA®

Quisquilites buckhornensis Wilson and Urban, 1963, a supposed
microscopic alga, was described from the Woodford Formation (De-
vonian) of Oklahoma. At that time a phylogenetic relationship was
suggested with Tasmanites (Newton, 1875) emend. Schopf, Wilson,
and Bentall, 1944, which is also a common fossil in the Woodford
Formation. Subsequent studies involving phase microscopy and the
electron microscope have strengthened the supposition and revealed

alis sramniaan en o smmmmlalnntanl Sdusendesinn woole Avna  Ansesesa ey

Pi‘é'v'i.Oiia}y mucuugniaed morphological structures which are common
to both genera.

Specimens were secured of Tasmanites punctatus Newtion, 1875,
from near Latrobe, Tasmania (text-fig. 1), and of T. huronensis (Daw-

* Investigation supported by the University of Oklahoma Research Institute
grant 1011-260.

! School of Geology and Geophysics, The University of Oklahoma.

* Microscopy Division, The Samuel Roberts Noble Laboratory of Electron
Science, The University of Oklahoma.

2 3 s - MENETTN
Text-figure 1. A thin section of “Tasmanite” from near Latrobe, Tasmania,
showing many compressed specimens of Tasmanites punctatus Newton on
bedding planes.
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Plate I

Figure 1. Quisquilites buckhox is, holotype; length 123 microns, height
78 microns, Slide OPC 350D-3-2.

Figure 2. Quisquilites buckhornensis, as it is generally observed in palyno-
logical preparations. Range of shape is from that shown in figure
1 to narrow terete types. Slide OPC 350B-3-3.
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son, 1871) Schopf, Wilson, and Bentall, 1944, from Kettle Point,
Ontario, Canada. The Quisquilites buckhornensis specimens were col-
lected from the Woodford Formation of Oklahoma, reported by Wilson
and Urban (1963).

Specimens for electron microscopy were stained 2 to 10 hours at
room temperature in 2-percent osmium tetroxide buffered with sodium
cacodylate at pH 7.2. Secondary staining for 2 hours in 5-percent
uranyl acetate, dehydration in graded alcohols, and embedding in
Araldite-Epon resins were done according to previously described pro-
cedures (Skvarla, 1966).

Sections approximately 1/40 micron thick were cut using diamond
knives and Porter-Blum MT-2 microtome. The sections were retrieved
on uncoated 200- and 300-mesh grids and stained with lead citrate for
periods of 5 io 30 minuies. Observations and eleciron micrographs were
made with a Philips-200 electron microscope equipped with a cold-
finger device for hindering contamination, a double condenser lens,
and a 20-micron objective aperture. Increased image contrast was
obtained by using accelerating voltages of 40 to 60 kv.

Quisquilites buckhornensis is a common Upper Devonian micro-
fossil in Oklahoma, and, as shown by Wilson and Urban (1963), it
has considerable variation in shape and size (pl. I, figs. 1, 2). The best
preserved specimens are essentially bean shaped, but most appear parti-
ally collapsed and assume a crescentic shape. Others are oval to terete
with rounded ends and, except for ornamentation, are similar to some
described species of the acritarch Leiofusa.

When observed with the bright-field compound microscope, all
specimens of the species appear to have a granular to pitted surface,
but observations of noncorroded specimens under oil-immersion optics
and in the electron microscope reveal a surface of minute granules,
best seen in profile on the periphery of the fossil (pl. ITI, fig. 1). Sec-
tions of the walls of Quisquilites and Tasmanites observed under the
electron microscope reveal, in addition to the canals seen with the
compound microscope, many minute canals oriented vertically within
the wall structure (pl. III, figs. 1, 2; pl. V, fig. 1). The smaller canals
appear to be essentially of uniform diameter (0.01 micron). In Quis-

Explanation of Plate II

Figure 1. Tasmanites punctatus; diameter 285 microns, width of outer layer
14 microns. This specimen illustrates the common form which
apparently has lost a portion of the outer wall during fossilization
or corrosion during microtechnique processing. The canals appear
smaller and less abundant than in the form shown in figure 2,
but many specimens show transitional stages between the two
types. Slide OPC 875-4-2,

Figure 2. Tasmanites punctatus; diameter 305 microns, width of outer layer
38 microns. This specimen has an air cavity within its center,
resulting in marked optical definition of the canals. The base of
each canal appears to have a circular thickening in contrast to the
basal structure of T. huronensis (pl. 1V, fig. 3). Slide 875-4-1.
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Plate 11
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quilites the larger canals range from 0.24 to 0.5 micron in diameter
(pl. IV, fig. 1). The scattered distribution and irregularity of the
larger canals in Quisquilites suggest that these perforations are dif-
ferent from those of Tasmanites (pl. IV, figs. 2, 3).

Quisquilites was originally described as having a three-layered
wall, but subsequent electron-microscope study has substantiated the
presence of only two (pl. V, fig. 3), as is the case in Tasmanites (pl. V,
fig. 2). The determination of a third (innermost) layer may have been
due to optical aberration under oil-immersion optics caused by the
curvature of the walls in whole specimens.

Comparison of the wall structure of several species of Tasmanites
has revealed numerous taxonomic problems which suggest incomplete
understanding of certain species by their authors. Rather than enter a
taxonomic controversy in this paper, we have resiricied the eieciron-
microscope investigation to specimens of Tasmanites punctatus, the
type species (pl. II, figs. 1, 2), and one section of T. huronensis (pl.
1V, fig. 8). The age of T. punctatus is Permian (Banks, 1961, p. 333);
nevertheless it has essentially the same morphology as the Devonian
species associated with Quisquilites in the Woodford Formation of
Oklahoma.

The shape of Tasmanites in its uncompressed form is spherical.
The striking feature of T. punctatus is the many large canals that
are easily observed with the compound microscope, but which may or
may not be present in Quisquilites. The large canals appear to be
present in all species of Tasmanites. Their structure and distribution,
which commonly appear variable within the same specimens, have been
used to differentiate species. More study will be required to demon-
strate that some of the currently recognized species are not the result
of preservation factors, such as shown in 7. punctatus (pl. II, figs. 1,
2).

Observation of wall sections of Tasmanites with the electron
microscope has revealed new details of the large canals (pl. IV, figs.
2, 3) and the presence of minute canals (pl. V, fig. 1) similar to those
observed in Quisquilites (pl. II, figs. 1, 2; pl. IV, fig. 1). The larger
canals in Tasmanites punctatus are generally surrounded by a structure-
less hyaline area in their upper portions (pl. IV, fig. 2). The basal
portion of the larger canals of T. punctatus has not yet been observed
with the electron microscope, but under oil-immersion optics (pl. II,
fig. 2) the larger canals appear to have expanded circular bases, Basal
sections of the canals of T'. huronensis show the structure illustrated in
plate IV, figure 8, which also shows cross sections of the smaller canals.

Explanation of Plate II1

Figure 1. Quisquilites buckhornensis. Electron micrograph of a section
across outer surface showing two granular protuberances. Note
cross sections and oblique sections of minute canals perforating
the inner portion. Electron magnification x35,000, enlarged x1.6.

Figure 2. Quisquilites buckhornensis. Electron micrograph of a section
across interior wall cut obliquely to canals. Electron magnifica-
tion x52,000, enlarged x3.4.
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The distribution of the smaller canals extends vertically through the
inner layer of the wall in both Tasmanites and Quisquilites. The com-
mon occurrence and similarity of the canals, especially of the smaller
ones, may be considered as strong evidence that the genera are phylo-
genetically related.

References Cited

Banks, M. R., 1961, Age and relationship of Tasmanian fossil faunas and
floras: Pacific Science Assn., Pacific Science Cong., 9th, 1957, Proc.,
vol, 12, Geology and Geophysics, p. 328-339.

Newton, E. T., 1875, On “Tasmanite” and Australian “white coal”: Geol.
Magazine, ser. 2, vol. 2, no. 8, p. 337-342.

Schopf, J. M., Wilson, L. R., and Bentall, Ray, 1944, An annotated synopsis
of Paleozoic fossil spores and the definition of generic groups: Ill. State
Geol. Survey, Rept. Inv. 91, 72 p., 3 pls.

Skvarla, J. J., 1966, Techniques of pollen and spore electron microscopy.
Part I.—Staining, dehydration, and embedding: Okla. Geol. Survey,
Okla. Geology Notes, vol, 26, p. 179-186.

Wilson, L. R., and Urban, J. B,, 1963, An Incertae sedis palynomorph from
the Devonian of Oklahoma: Okla. Geol. Survey, Okla. Geology Notes,
vol. 23, p. 16-19.

(Plate V of this paper appears on page 63)

Explanation of Plate IV

Figure 1. Quisquilites buckhornensis. Electron micrograph of a transverse
section through a large canal; long diameter 0.25 microns. Elec-
tron magnification x35,000, enlarged x5.5.

Figure 2. Tasmanites punctatus. Electron micrograph of a transverse sec-
tion through a large canal at approximately same plane of section
as that of figure 1, showing hyaline area surrounding the canal.
Electron magnification x5,400, enlarged x5.0.

Figure 3. Tasmanites huronensis. Electron micrograph of a transverse sec-
tion through basal portion of a large canal, showing dumbbell-
shaped structure associated with lenticular canal that lacks the
hyaline area shown in figure 2. The long axis of the canal also
occurs oriented 90° from that shown in illustration. Electron
magnification x2,900, enlarged x4.3.
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Explanation of Plate V

Figure 1. Tasmanites punctatus. Electron micrograph of an obligue to
nearly transverse section through inner wall, illustrating morpho-
logic structure similar to that shown for Quisquilites (pl. III, fig.
2). Electron magnification x3,800, enlarged x7.1.

Figure 2. Tasmanites punctatus. Electron micrograph of a transverse sec-
tion across corroded outer portion of wall, showing stain differen-
tiation of wall layers. Eleciron magnification x5,400, enlarged
x5.0.

Figure 3. Quisquilites buckhornensis. Electron micrograph of a transverse
section similar to that of figure 2, demonstrating outer-wall dif-
ferentiation. Electron magnification x6,500, enlarged x5.5.
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Revision of Editorial Policy

In 1960 the editorial policy of the Oklahoma Geological Survey
was modified to permit publication of new paleontologic and strati-
graphic names in the Oklahoma Geology Notes. It was judged at the
time, particularly in regard to the requirements for valid publication
of biological taxa, that the circulation of the Notes was sufficiently
large to warrant the change in policy (Okla. Geology Notes, vol. 20,
p. 210). This decision is now reversed and papers containing formal
proposals of new names will no longer be accepted for publication in
the Notes. (The last such paper, in press at this time, has yet to
appear).

Although this journal has enjoyed a steadily widening dissemina-

tion, and thus tcchnically remains a suiteble vehicle for valid publi

tion, it is felt that, because of its parochial nature, significant contribu-
tions to biological taxonomy and stratigraphic nomenclature run too
great a risk of being overlooked by specialists in other regions. Here-
after, the Survey will encourage authors of such consributions to seek
publication in the national and international journals.

New Theses Added to O. U. Geology Library

The following Master of Science theses were added to The Uni-
versity of Oklahoma Geology Library during February 1967:

Subsurface stratigraphic analysis of northern Seminole County
and portions of Pottawatomie and Okfuskee Counties, Oklahoma, by
Francisco Cutolo-Lozano.

Stratigraphy and areal geology of central Choctaw County, Okla-
homa, by Richard C. Dalton.
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Cover Picture

DOUGHERTY ANTICLINE

Areas ‘of intensely folded surface structures are limited in Okla-
homa, for the most part to the southeast quarter of the State. However,
many of these structures are quite impressive and are “textbook” ex-
amples. The Dougherty anticline, in Tps. 1, 2 S.,, R. 2 E., Murray
County, is illustrated on this month’s cover by an oblique aerial photo-
graph: The view is toward the southeast with the town of Dougherty
just beyond upper right edge of the picture. The structure is an anti-
cline plunging toward the southeast, with a small faulted syncline on
the northeast flank. The lighter colored narrow outer band consists of
carbonates of the Hunton Group; the slightly grayer broad inner band
is the Viola limestone, separated from the Hunton by the Sylvan Shale,
which supports a dense cover of vegetation. The corc of the anticline
exposes rocks of the Simpson Group. Displacement along a southeast-
ward-trending fault is: clearly discernible on the northeast flank of the
syncline where the Hunton is in contact with the Viola.

(Photograph courtesy of . A. Melton)
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APHELECRINIDAE, A NEw FaMiLy oF INADUNATE CRINOIDS. .
HarrerL L. STRIMPLE*

The genus Cosmetocrinus Kirk, 1941, has a distinetive typc species,
Cosmetocrinus gracilis Kirk, 1941, from the upper Borden Lime-
stone of Indian Creek, Montgomery County, Indiana. Kirk: ascribed
some species to the genus despite the fact that they did not agree closely
with the characteristics of C. gracilis (i. e., the arms of the type species
branch with the first primibrach in all rays and branch isotomously in
all arms one more time, with yet a third division taking place in most
arms). In these cases Kirk considered the presence of two primibrachs
in some species as being abnormal, a conclusion which does not seem
reasonable. It is thought that the progenetor of Cosmetocrinus should
have two or more primibrachs. Cosmetocrinus indianensis (Meek and
Worthen, 1865) has two primibrachs in each. posterior arm, but only
one in the left antéerior arm. Arms of the other rays have not been ob-
served in the holotype (monotype). The arms of C. indianensis. are
smooth-sided, as in C. gracilis, but I do not believe the two species are
congeneric. )

A new generic assignment as' Paracosmelocrinus is proposed to
include those forms that have several nonaxillary primibrachs in the
anterior arm_and axillary first primibrachs. in the other. four arms.
Aphelecrinus madisonensis Laudon and Severson, 1953, Cosmetocrinus
crawfordsvillensis (Miller and Gurley, 1890), and Pachylocrinus cir-
rifer Laudon, 1933, are included in the new. genus because they have
several primibrachs in the anterior arm.: .

In Cosmetocrinus. delicatus. (Méek and Worthen, 1869), the
articulating facets of the radial platc are narrow and do not begin to
fill the superior face. The species is placed with reservation under
Aphelecrinus Kirk, 1944. )

Following Laudon and Severson (1953), Cosmetocrinus elegan-
tulus (Wachsmuth and Springer, 1889), C. meeki Kirk, 1941; and C.
richfieldensis (Worthen, 1873) are referred to Aphelecrinus primarily
becausce they have 20 arms, bifurcating with the first primibrach in all
rays. When Kirk (1944) proposed the genus Aphelecrinus he did not
mention any relationship with Cosmetocrinus, but Laudon and Sever-
son (1953) thought that the two forms had a common progenetor; how-
cever, this was under the assumption that Aphelecrinus was the younger
genus. All species excepl the type of the genus and Cosmetocrinus
crineus (Hall), from the Waverly Group of Ohio, have now been
removed from Cosmetocrinus. and the latter species demonstrates a
third bifurcation in only one half-ray which could be a case of porten-
tum (i. e., an apparent abnormality that later is found {0 be a normal
characteristic in subsequent forms). The species crineus is better re-
ferred to Aphelecrinus.

The genus Cosmetocrinus is restricted here to C. gracilis, and
Carinocrinus eventus Strimple is here assigned to the genus. It is con-

* University of Iowa, Towa City.
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sidered herein to be a direct derivative of older aphelecrinid stock
through the addition of arms. It has a long, slender, distinctive crown.
Carinocrinus eventus is now known to have axillary primibrachs in all
five rays, which allows it to be placed under Cosmetocrinus.

Aphelecrinus has its origin in the early Kinderhookian and has
been reported throughout the Mississippian up into the Fayetteville
Shale (late Chesterian). An undescribed species is known from the
Pitkin Limestone of Oklahoma. It is not appreciably different from
Cosmetocrinus. The genus appears to be a direct descendent of Par-
acosmetocrinus.

SYSTEMATIC DESCRIPTIONS
Fam.lly APHELECRINIDAE new family

A natural assemblage of genera is afforded by this group whlch
is first recognued in the Wassonville Chert, or the Madison Formation,
whichever is older, of the:early Kmderhookian and it has been-
reported from rocks as young as the Fayetteville Shale of the late
Chesterian.

Genera.—Aphelecrinus - Kirk; -Cosmetocrinus : Kirk; ' Paracosme-
tocrinus Strimple, new genus: .

Description.—Dorsal cup low, conical, composed of five small in-

“frabasals readily visible in side view of cup, five relatively short basals,
five radials and three anal plates in normal ' (primitive) : arrangement.

Arms are uniserial, 20 in- older forms to 30 in some younger forms,
first branching taking place with the first primibrach in all rays except
the anterior, the latter being unbranched to at least the second primi-
brach. The lateral sides: of the arms are evenly smooth when viewed:
from the exterior in older forms, but tend to develop lateral projections
of the pinnule-bearing upper sector of a brachial in younger species
(e. g., Aphelecrinus limatus Kirk, 1944, and A. planus Strimple, 1951).
The - brachials are evenly spaced in older species but have sloping
sutures in some younger ones which may even give a biserial appear-
ance (e. g.;' A. crassus Kirk, 1944). Pihnules are long and stout.

* Where known,. the anal tube is composed of several vertical series
of ‘small; hexagonal, plicaté plates. The distal end of the sac-is com-
posed of a number of nodose to subspinose, fairly large plates. An ex-
ception is found in A. limatus, wherecin the ventral sac is reflexed and
is relatively short. In lateral view the sac is broad in its reflexed por-
tion. - . . :
The column is round and in some older species is cirriferous, with
the long cirri extéending up around the crown, Only one species of the
family, A. mundus Kirk, 1944, is: reported to have a subpentagonal
stem.

Genus Paracosmetocrinus Strimple, new genus

Type species—Paracosmetocrinus strakaz, new specles
Diagnosis—The number of plates by circlets is given in the
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Plate I

Paracosmetocrinus strakai, new species

Figures 1, 2. Holotype SUI 31806, x2, from posterior and anterior.

Figure 3.
Figure 4.

Figure 5.

Paratype SUI 31807, x2, partial crown from posterior.
Paratype SUI 31808, x4, distal portion of anal sac and
arms with pinnules.

Paratype SUI 31809, x2, two arms in side view.

(Magnifications are approximate)
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familial description. The three anal plates in the posterior interradius
are in.normal ‘(primitive) arrangement. There are no apprcciable gaps
between articulating facets of the radials and the primibrachs.

All arms branch with. the axillary - primibrach, except the anterior
arm, - which ‘'may’ branch :with the ‘seventh pmmlbrach in the oldest
species but: branches with the third sccundibrach in “some younger
species. As ' many as 30 aims are developed in P. cirrifer. 'The lateral
sides of ‘the arms are even, with'the pinnular facets directed inwardly.
Sutiares between brachials’ are horizontal. Pinnules are long and rela-
tively stout. i

“The anal sac is known to. be composed of several veltlcal series of
small hexagonal ‘plates, with' the distal end club—shaped and lackmg
any highly spec1ahzed distal plates

The column is round, and in at least two specnes it has elongatc
round ‘cirri which extend up around. the crown.

- :Remarks—The oldest known species is Paracosmetocrmws‘ madz- :
sonensis' (Laudon and:Severson, 1953) . from 15 feet above ' the: base-of-
the ‘Lodgepole Formation. This species has 20 arms, and the anterior
ray: has seven primibrachs, P. strakai, new speciés; - fromthe. Wasson-
ville’ Chert,. still has 20 arms, but the number of primibrachs in-the
anterior- arm is reduced to four. P. citrifer (Laudon) from the Gilmore
City Formation' has a_gréater number of arms (30) through: endo-
tomous. branching, and:the number of prnmbrachs in- the anterior arm
is reduced to 3.

Paracosmetocrinys crawfora'cvzllenszs of the. Borden l‘ormatlon is
included in the genus‘as a matter of expediency to. avoid proposing a
new monotypic ‘genus. The anterior ray does not appear.to have ever
branched, yet there are at least 20 primibrachs pleserved There are
also gaps between the "distal ends of the mdla]s wluch is atyplcal of
Paracosmetocrinus.

Paracos'metocrinus strakai Strimple, new species
Plate I, figures 1-5

Paracosmetocrmus‘ s'trakaz new. species, is represented in the col-
lections by two partial erowns, several sets of arms, and the'distal part
of the anal sac, all from one small chert nodule.

The. dorsal ‘cup .is low and conical, with a. rather. broad infrabasal
circlet. " All ‘cup ‘plates are normal . for the genus, with .thosc of the
posterior interradius in  normal (primitive) artangement. The suiture
between the radial and primibrach is gaped, and the articular facet
fills the upper surface of the radial plate. A radial plate has slipped
out of position in a paratype and shows the plate to be rather thick.

Axillary primibrachs are not elongated nor appreciably constricted
in midsection: The nonaxillary first primibrach of the anterior appears
to be elongated but this is due to the difference in its shape (i. e, it
is quadrangular, whereas the other four are pentagonal). Subsequent
brachials are quadrangular, with slightly curved exteriors and flattened
lateral sides, unless axillary. There is a tendency toward cuneiformity.

The anal tube is partially preserved in a paratype (partial crown)
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and the distal part of a sac is presetved in' conjunction with another
paratype (set of arms). The anal tube is composed of several vertical
series of hexagonal plates, with the distal end shaped like a club and
composed of some thickened, subspinose plates.

The column is large and round, tapers rapidly for a short distance,
and is composed of alternately cxpanded and thickened columnals.
Cirri ‘are preserved a short distance from the cup and are borne by
about cvery: eighth columnal, all of which are nodals. The cirri. swirl
up about the crown and mtermmgle with the arms.

Measurements of holotype in millimeters.—

Height of dorsal cup 36,
Width of dorsal cup (maximum) 7.0
Length of radial plate 1.3
Width of radial plate 3.0
Length of basal plate 1.7
Width of basal plate 2.0
Height of infrabasal circlet . 0.5
Width of infrabasal circlet 3.1
Diameter of proximal colimnal ) 1.5

Occurrence —The specimens are silicified and were first found
embedded in. a weathered. chert nodule by Joe Straka, a graduate
student at the University of Towa,. near the base of the Wassonville
Chert, Kinderhookian, in a. bluff across from thc location formerly
occupied by Maple Mill on the English River, which is the type locality
of the Maple Mill Shale, near Wellman, Washington County, Iowa
(SEV sec. 8, T.77N.,,R.8 W.).

The balance of the chert nodule was recovered by a field party
on December 11, 1965, made up of W. M. Furnish, B. F. Glenister, Joe
Straka, and 'the author.. One. partial. crown (figured paratype): and
several sets of arms were rccovered. Nodules from the. same horizon
were obtained and processed with a jét of dolomite powder frém-an S.
S. White Airbraisive machine, but no other crinoids were found other
than a minute partial cup which could be the same species.

Types.—Holotype SUI 31806 and paratypes SUI 31807-31809
in the repository of the Department of Geology, University of Iowa,
Iowa City.

References Cited

All cited references may be found in Bassler, R. S., and Moodey, M.
W., 1943, Bibliographic and faunal index of Paleozoic pelmatozoan echino-
derms: Geol. Soc. America, Spec. Paper 45, 734 p., with the following ex-
ceptions:

Laudon, L. R., and Severson, J, L., 1953, New crinoid fauna, Mississippian,
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GEOGRAPHIC AND STRATIGRAPHIC DISTRIBUTION
OoF Oklahomacrinus

CarL C. BRANSON

The crinoid genus Oklahomacrinus was described by Moore (1939,
p. 255) with type species O. supinus Moore, new species, from the
Brownville Limestone, latest Pennsylvanian, of Osage County, Okla-
homa. Other species described at that time are O. loeblichi Moore, new
species, from the Francis Shale, Missourian, of Pontotoc County, Okla-
homa; O. bowsheri Moore, new species, from a crinoid colony below
the Wildhorse Dolomite (latest Missourian) of Osage County, Okla-
homa, and O. stevensi Moore, new species, from the same level and
locality.

O. discus was described by Strimple (1947, p. 6, pl. 2, figs. 2, 3)
from the Stull Shale of the Virgil Series from near Melvern, Osage
County, Kansas. O. regularis Strimple, 1951, is from the Wann Shale
(Missourian) from Bartlesville Mound on the Osage-Washington
county line, Oklahoma.

Burke (1966) has described O. ohioensis from the Ames Lime-
stone, Conemaugh Series of Guernsey County, Ohio. Burke also trans-
ferred Delocrinus expansus Wanner, 1916, to Oklahomacrinus (1966,
p. 467). This species is from the Basleo beds of Timor. Burke (p. 465)
stated that the genus is known from the Middle and Upper Penn-
gylvanian and from the Lower Permian of North America. All recorded
occurrences are from the Upper Pennsylvanian, none from Middle
Pennsylvanian or Lower Permian in his cited references. Strimple
(1962, p. 71) described O. cirriferous from the Admire Group of
Wabaunsee County, Kansas. The unit is Gearyan, Lower Permian(?).

The genus Oklahomacrinus is now reported from Upper Penn-
sylvanian rocks of Oklahoma, Kansas, and Ohio, from Gearyan rocks
of Kansas on evidence of a single cup, from the Basleo beds of Timor
on the basis of Wanner’s illustrations.
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New Oklahoma Core Catalog Issued

The University of Oklahoma Core' and Sample Library has issued
its new Core Catalog 1, which supersedes all listings of its holdings
issued prior to February 1967. 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 and thus, in addition to its greater completeness,
is more useful than the preceding lists, all of which should be discarded.
The catalog is available upon request from The University of Okla-
homa Core and Sample Library, School of Geology and Geophysics,
The University of Oklahoma, Norman, Oklahoma 73069.

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 69,000 feet of core from
768 wells. Well-cutting samples from approximately 23,000 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, JEfferson 6-2049. For any ad-
ditional information communicate with John F. Roberts, Oklahoma
Geological Survey, room 161 Gould Hall, phone area code 405, JEffer-
son 6-1703.

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 facilitics 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 cascs of
large donations, financial aid for the cost of shelving would also be
mutually beneficial.

Space is available in building 139 for a laboratory to accommodate
slabbing equipment for detailed and more rapid examination. An ulti-
mate goal is to have all the cores in the library slabbed and reboxed
to save space as well as to shorten the time required for core examina-
tion. The donation of masonry-saw equipment or monies to acquire
it would be mutually beneficial.

—John F. Roberts
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Base of Fresh Ground .Water in ‘Southern Oklahoma

Hydrologic' Investigations' Atlas. HAZ223, Base. of Fresh Ground
Water in Southern Oklahoma, by Donald L., Hart, Jr., was published
by the U. S. Geological Survey in December 1966. The atlas was pre-
pared in cooperation with the Oklahoma Corporation Commission: and
the. Oklahoma Water Resources Board. It comprises twe maps, each
at the scale of 1:250,000, with supplementary text and illustrations. -
"The map of sheet 1 covers southwestern Oklahoma between longitiides.
100° and 98° from the Red River to latitude 35°3078." Thé map  of '
sheet 2 covers south-central Oklahoma between longitudes 98¢ and 96
from the Red River to latitude 36°. ' :

The two maps depict the altitude of the base of fresh’ water by
means “of - contour: lines ‘where “sufficient data are available, and by
means of patterns-that indicate ranges of altitude’ where . control is
sparse. The contours and patterns are overprinted in blue on a topo-
‘graphic base of brown. Two smaller maps. (approx. scale 1 in: =40
mi.) on sheet 1 show the depth to the base of the fresh-water body and " -
the. areal distribution of the lowest bedrock . units-containing fresh
water. e : : .

. The bulk of the information was derived from inspection of electric
logs and the term “fresh water” is broadly defined to include water
suitable for human -and stock consumption and for irrigation. Some
slightly brackish water that may have future economic importance. is
also included. The purpose of the project is to define the ground water
bodies of the State that may be subject to conservation and develop-

- ment projects in the future, - - : . s

The maps come folded in a 9-inch by 12-inch manila envelope and
‘may. be purchased: from the U. S. Geological Survey; Federal Center, -
Denver, Colorado 80225. The price is $1.25 per set. - '
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Cover. Picture

WicHrTA MouNTaiNs FieLp Trip

This month’s cover picture is a view toward the west from the top
of Mount Scott in the Wichita Mountains of southwestern Oklahoma.
The prominent peak ncar the center of the photograph is Mount
Sheridan, which is capped by a granite sill overlying gabbro and diorite.
Most of the hills seen from this point are composed of granites dated
at 525 million years.

The geology of this arca was the subject of the one-day field trip
that terminated the first annual meeling of the South-Central Section
of the Geological Society of America, Inc., March 30-April 1, 1967.
Stops. were made at significant outcrops of the Wichita Mountains-
Southern Oklahoma geosyncline' complex in Comanche and Kiowa
Counties. The trip was under the direction of George T. Stone, School
of Geology and Geophysics, The University of Oklahoma. Clifford A.
Moerritt, of the School of Geology and (Geophysics, and William E.
Ham, of the Oklahoma Geological Survey, participated as lcaders and
as lecturers at the various stops.

The 46-page guidebook, The Structure and Igneous Rocks of the
Wichita Mountains, Oklahoma, from which the cover picture is taken,
contains articles by Drs. Ham and Merritt and by Hugh E. Hunter,
State University of New York at Binghamton, and a detailed road log
and 'route map. A limited number of the books is available, and may
be purchased at $2.00 per copy from the Oklahoma Geological Survey,
Norman, Oklahoma. 73069.





Oklahoma Abstracts of Papers

Given at GSA Regional Meeting
March 30-31, 1967

. The first annual meeting of the South-Central Section of the Geo-
logical Society of America, Inc., was held at Norman, Oklahoma, on
March 30-April 1, 1967. Papers were presented on March 30-31 at the
Oklahoma Center for Continuing Education, at The University of
Oklahoma. The meeting was jointly sponsored by the School of Geology
and Geophysics and the Oil Information Center of The University of
Oklahoma and by the Oklahoma Geological Survey. =

Of the forty-five papers presented at the meeting, fourteen were
related directly to Oklahoma geology. The abstracts of the Oklahoma
papers are here reproduced photographically from the program’ of the
meeting. The permission of the authors and of R. C. Becker, FExecutive
Secretary 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, South-Central Sec., 1st Ann. Mtg., Program, p.
... Page numbers are given in brackets at the lower right of each
abstract.

- General Session
March 30, 1967 .

Basal Surfaces of the Trinity and Woodbine near the
Oklahoma Mountains of Southwestern Arkansas and Southern Oklahoma

SPEER; JOHN H., Dept. Earth Sciences, East Téxas State University, Commeree, Ter.
75428, and FRANK A. MELTON, School of Geology and Geophysics, University of
Oklahoma, Norman, Okla. 73069

Projected profiles drawn from published topographic maps across the outcrop of the Trinity
show the basal erosional sutface to be preserved only a few miles updip from the outcrop. The
surface, projected upward toward the Oklahoma mountains, southwestern Arkansas and
southern Oklahoma, passes well above the present tops of the mountains. Changes in the rate
of slope along the strike indicate it has been affected by post-Comanchean, pre-Woodbine
movements. Latcr movements have brought it to its present attitude. The present rate of
slope ranges from about 30 feet per mile to 130 feet or morc per mile, the maximum rate
being reached in the vicinity of the core area of the Quachita Mountains,

Projected profiles drawn across the outcrop of the Woodbine show the basal Woodbine
surface to be preserved an even shorter distance updip from the outcrop. This is most likely
the result of the less resistant nature of the pre-Woodbine beds as compared with the pre-
Trinity beds. The present rate of slope of the pre-Woodbine surface ranges from as little as
20 feet per mile to as much as 80 feet or more per mile. Again the maximum fate is reached
in the vicinity of the core area of the Ouachita Mountains.

A comparison of the rates of slope of the two surfaces shows the pre-Woodbine surface
to be in general a subdued replica of the pre-Trinity surface. The difference in the slope rates
of the two surfaces indicates that vertical uplift of the order of magnitude of at least 1500 feet
occurred in the Arkansas portion of the core area of the Quachita Mountains during this
time, Subsurface data in south-central Arkansas indicate that an even greater amount ot
uplift may have accurred there during the same time. [26]
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Early Paleozoic Overlap, Northeastern Oklahoma

CHENOWETH, PHILIP A., Sinclair Otl & Gas Co., Tulsa Research Center, P. O. Box
7190, Tulsa, Okla.

Late Cambrian seas invaded Oklahoma from the east, depositing the Lamotte Sandstone
upon a very irregular surface of gently folded and deeply eroded Precambrian granitic and
volcanic rocks. During the earliest phases of marine transgression, the scas advanced most
rapidly up deep and wide valleys in Wagoner, Rogers, Mayes, Craig, and Delaware Counties.
The shoreline extended roughly north-south from north of Tulsa to McAlester. Large islands
in extreme northeast Oklahoma became separated from the mainland to the west by a 10-
20 mile-wide strait. During the succeeding Bonneterre Dolomite deposition, the hili; coastal
area of the mainland remained as another, larger, island cxtending southward from the
Kansas border at least to Okfuskee County. These islands stayed above sea level until late
Canadian time, gradually becoming submerged until only a few of the highest peaks re-
mained to form a widely spaced archipelago. Except for two brief episodes of sea with-
drawal, the progressive overlap of the islands is recorded in the sediments of the lower
*‘Arbuckle Group.” The basal sandstone, Lamotte Formation, is restricted 1o the channel
of eastern Oklahoma. Only small amounts of clastic rocks are found in younger deposits,
and there is essentially no basal conglomerate on the 1slands. [15]

Computer-Plotted Base Map for Oklahoma
BOYD, HAROLD A, JR., Gulf Research & Development Co., Pitisburgh, Pa.

A general approach to conversion of conventional General Land Office point descriptions
(meridian, township, range, section, etc.) to machine-processable point coordinates is de-
scribed. The system requires use of an electronic coordinatagraph, digital computer, and a
data plotter. ‘the technique is illustrated by machine-plotted examples from Oklahoma. A
table of xy values in the appropriate map projection 1s prepared for the corners of each
township. Coordinates for points internal to the township are obtained from the corner
data and the cstablished rules for subdivision of a township. Methods for dealing with it-
regular sections and townships are described. In addition to the reduction of General Land
Office location descriptions to digital form, the system also provides points for automatic
plotting of the statc land grid. [12-18]

Paleontology, Stratigraphy, Sedimentation Session
March 30, 1967

Widespread Zone of Pentamerid Brachiopods in
Subsurface Silurian Strata of North-Central Oklahoma*

AMSDEN, THOMAS W., Oklahoma Geological Survey, University of Oklahoma, Nor-
man, Okla. 73069

Shells of a large, coarse-ribbed Rhipidiem (Pentameracea) are present in the highest Silurian
beds over a large area in north-central and northwestern Oklahoma. They have been found
in eight cores from Cleveland, Oklahoma, Kingfisher, Blaine, and Custer Counties. The
Silurian rock with the brachiopods is a gray to brownish-gray, fine to medium-crystalline
dolomite with scattered quartz grains. These strata are immediately overlain either by the

92





Frisco Formation (Farly Devonian, Siegenian), or by the Woodford Shale (Late Devonian-
Mississippian). The brachiopods make shell-rich beds distributed through the upper 60 fect
of the Silurian, with their greatest concentration in the upper 15 feet, No large pentamerid
brachiopods of this type have ever been reported from Silurian strata exposed at the sur-
face in Oklahoma and their presence in such abundance in subsurface strata is therefore of
considerable interest. This zone occupies the stratigraphic position of the Henryhouse For-
mation (Late Silurian), which crops out in the Arbuckle Mountains region of south-central
Oklahoma, and the few fossils associated with the pentamerids suggest that 1t is a lateral,
dolomitic facies of the Henryhouse Marlstone, These brachiopods, which are large and easily
recognizable in cross section, make a distinctive and useful Silurian zone. [11]

Geochemistry and Petrology Session
March 31, 1967

Paleomagnetism of older igneous rocks from Texas and Oklahoma

SPALL, HENRY R., Dept. Geological Sciences, Southern Methodist University, Dallas,
Tex, 75222

Collections have been made in Texas and Oklahoma as part of a regional paleomagnetic survey
of older igneous rocks in the southwestern United States. The directions of natural remanent
magnetization (N.R.M.) from the 1.0-billion-ycar granite from the Franklin Mountains, El
Paso, Texas, suggest high magnetic stability, and show little change after A.C. demagnetiza-
tion to 2800 oersteds. Rhyolite intruded by the granite shows similar high stability, further
indicated by the presence of normal and reversed directions nearly 180° apart. Paleomagnetic
poles for the two rock types, after structural correction, are close to those for Duluth and
Sierra Ancha diabases of the same general age. This suggests that: (1) the geomagnetic field
was dipolar at that time, (2) the rhyolite is coeval with the granite, and (3) there have been
no large tectonic displacements between those regions rince 1.0 billion years B.P.

The grouping of N.R.M. directions from the 0.5-billion-year granites from the Wichita
Mountains, Oklahoma, showed a mean pole 40° away from the present field. After A.C.
demagnetization (700 oersteds), the mean pole (dp = 4°, dm = 7°) lies close to the mean
Permian pole for North America and is of reversed polarity. Thermal demagnetization sug-
gests a pole nearer the North American Cambrian pole. This is interpreted as indicating a
thermoremanent component of low cocrcivity reflecting a Cambrian pole. Ovetprinted on
this, possibly as a result of weathering prior to or during the deposition of the overlying
Permian sediments, is a high coercivity component which is resistant to progressive A.C.
demagnetization.

Initial N.R.M. directions from the 1.35-billion-year Arbuckle Mountains granites (Troy
and Tishomingo) from Oklahoma showed fairly high dispersion. This is significantly reduced
by A.C. demagnetization to 700 oersteds and a palcomagnetic pole is obtained at 142° W.,
26°N., (dp = 8°, dm = 13°), [25-26]

Structural Geology Session
March 31, 1967

Basement Rocks in Northeast Oklahoma
DENISON, RODGERE., Mobil Oil Corp., FRL, P. O. Box 900, Délla:, Tex, 75221 ]

Petrographic examination of samples from more than 130 wells penetrating basement rocks
in northeast Oklahoma shows that the rock distribution and petrographic groups are simple.
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Four rock units can be defined: (1) Rhyolites, mostly extruded as ignimbrites, and lesser
amounts of andesite comprise an extensive rock unit. The rhyolite is converted to meta-
rhyolite around the margin of the unit. (2) Microgranite porphyry is present in a roughly
circular area of 320 square miles in southern Osage County. The rock unit is uniform and
petrographically distinctive. (3) Micrographic granite porphyry, similar to that occurring
near Spavinaw in Mayes County, is present along a broad pre-sediment arch extending from
central Oklahoma to southwest Missouri. (4) Coarse-grained, two-feldspar granites underlie
the Nemaha uplift, but also occur in east-central Oklahoma.

Fifteen isotopic ‘ages available from ‘these rocks fall into the range of about 1130 to
1280 m.y. with an isochron age of 1200 + 30 m.y. The rock units show no consistent dif-
ference in age and all are identical within analytical error. The volcanic rocks, micregranite,
and micrographic granite are interpreted as a volcanic epizone-type petrographic province.
It is similar in many respects to the silicic part of the Cambrian Wichita Province in southern
Oklahoma. The two-feldspar granites are more typical of mesozone intrusions and prob-
ably represent the deeper seated expression of the same magma that gave rise to the epizonal
plutonic rocks and rhyolites. The occurrence of more deeply emplaced rocks at the basement
surface indicates that the Paleozoic Nemaha uplift had a precursor in Precambrian time.

(16]

Deformational Patterns in the Springer Group of Southern Oklahoma
SHELTON, JOHN W., Oklahoma State University, Stillwater, Okla. 74074

The Springer Group; which is composed of the Upper Mississippian Goddard Formation
and Lower Pennsylvanian Springer Series, has expcrienced deformation by uniform flow
and shear folding and by overthrusting. Ilustrating, in southern Oklahoma, the former types
of dcformation are the disharmonic folds at the Caddo and Fox-Graham structures and the
shale diapir at Carter-Knox field. Thrust faulting developed in the Springer Group at the
southern edge of the Ardmore basin to form the Overbrook overthrust.

The Springer Group is 3000 to 4500 feet thick and composed of a shallow-marine sequence
of dark-gray to black, fissile shale with sandstone units in the upper part. The shale is char-
acterized by montmorillonite or mixed-fayer illite-chlorite-montmorillonite. Shale beds are
also characterized by abnormally slow velocities and low resistivities, both of which strongly
suggest that abnormal fluid pressure existed in the Springer during its deformation in the
Pennsylvanian. The high fluid pressure probably resulted from the high montmorillonite or
mixed-layer content in the thick shale section.

Disharmonic and diapiric folds formed in the overpressured and undercompacted shale -
as a secondary feature of differential vertical uplift by faulting. Fault movement resulted in
uncqual loading, which in turn triggered the shale flowage. Lateral stresses which caused
movement of the Overbrook thrust developed from a space problem in the narrow, subsiding-
basin, and the thick section of sedimentary rocks parted from its foundation in the zone of
abnormally pressured shale. [25]

Structure of the Nemaha Ridge, Central United States

GAMMILL, E. R,, and R. R. WHEELER, Dept. Earth Sciences, East Texas State Uni-
versity, Commerce, Tex, 75428

Detailed mapping of the Nemaha sidge, based upon information from the many wells drilled
in north-central Oklahoma, reveals the structure is not a ridge or anticlinal axis but is com-
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posed of a large number of differeiitially warped fault blacks. In several places these appcar
to be displaced by high:angle reverse faults which pivot locally (scissor-faulting). The
Nemaha trend extends 900 miles northward from the Oklahoma City uplift across eastern
Kansas, southeastern Nebraska, inta Towa, Wisconsin, and Minnesota, where it enters the
Car])(adian Shield in the Lake Superior region along a petrographic boundary in the basement
rocks.

The amplitude of Nemaha folding is proportionate to the‘amount of fault displacement,
and both are compressional adjustments to the Early Pennsylvanian orogeny in southern
Oklahioma. The existence of Precambrian stable features controlled the position and direc-
tion of fault displacement so that: (1) fault blocks tend to be upthrown to the east toward
the Ozark uplift in Oklahoma; (2) displacement dies out and reverses across the Chatauqua
arch; and (3) fault blocks are upthrown to the west toward the Céntral Kansas uplift.

[17-18]

Growth Faulting in the McAlester Basin Of Oklahoma

KOINM, DAVID N., Phillips Petroleum Company, Bartlesville, Okla. 74003, and PARKE
A. DICKEY, University of Tulsa, Tulsa, Okla. 7410¢

Lower Atoka deposition in the McAlester basin of Oklahoma 1s influenced by two normal
down-to-the-basin growth faults. Across these faults, from the upthrown north to the down-
thrown south side, there arc abrupt incrcascs in the thickness of the Atoka Formation. The
increasc 1s about 2,000 feet across the Kinta fault and 3,000 to 3,500 feet across the Sans
Bois fault. This disparity in thickness can be explained only by movement along the fault
during sedimentation. They resemble the growth faults which have recently been shown to
control the structure and stratigraphy of large areas of the Gulf Coast of Texas and Louisiana.

Structural and stratigraphic clectric-log cross sections and surface geologic maps indi-
cate that the faulting ceased to exhibit growth characteristics at about middle Atokan time.
The Hartshorne near-surface folding is more intense than the folding of the deeper Wapa-
nucka Limestone, suggesting that plastic flow of the Atoka has occurred. [20]

. Palynology Symposium .
March 31, 1967

Palynology of the Secor Coal (Pennsylvanian) of Oklahoma .
CLARKE, ROBERT T., Mobi! Oil Corp. FRL, P. Q. Box 900; Dallas, Tex. 75221 .

The Secor coal in Oklahoma occurs approximately 400 t6 500 fect above the base of the
Desmoinesian Boggy Formation, and ranges from 15 to 45 inches in thickness. Samples col
lected from outcrops of the Secor in Pittsburg and McIntosh Countics arc geographically
separated by 46 miles. Fifty-cight species of trilcte spores, seven species of monolete spores, - -
and nine species of saccate pollen occur in the assémblage counts. Quantitatively, however,
monolete spores account for 52 per cent, trilete spores for 32 per cent, and saccate pollen
for 16 per cent of the assemblage.” | . .
Palynological assemblage analysis has been shown to be a uscful technique for illustrat-
ing plant succession in coal beds and for the correlation of coals. The distribution of paly-
nomorphs in the Secor coal exhibit a"distinct- succession from Lycospora, Calamospora,
Trigussrites, and Laevigatosporites ovalis to Punctatisporites o Laevigatosporites: minutus,
Florinites, and Wilsonites in the lower, middle and upper thirds of the coal, respectively.
Although the order of species succession is similar in both localities, statistical analysis of
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species variance indicates the coal in the McIntosh County section correlates with the lower
32-34 inches of the coal from the Pittsburg County section. Palynological assemblages from
a number of other Oklahoma coals of Pennsylvanian age are qualitatively and quantitatively
compared with the Secor coal. [15]

Miospores from Upper Part of Coffeyville Formation, Tulsa County, Oklahoma

UPSHAW, CHARLES F., and RICHARD W. HEDLUND, Pan American Petroleum
Corp., P. O. Box 1654, Oklahoma City, Okla.

Assemblages which include a total of 68 specics of miospores representing 37 genera are re-
ported from a coal-bearing sequence in the upper part of the Pennsylvanian (Missourian)
Coffeyville Formation at three localities in Tulsa County, Oklahoma. One species is new.
Spore assemblages are compared by application of chi square, student’s z tests, distance func-
tions, and Simpson’s faunal indices 2 and i1. Results indicate that roof shale, coal, and under-
clay assemblages are distinctive; that the coal bed in cach of the thrce sections probably does
not represent a single, laterally continuous unit; and that assemblages in the upper part of the
Coffeyville Formation are most ncarly correlative with the New Haven coal assemblages of
1llinois. [28]

Palynological Composition and Succession in a
Dawson Coal (Pennsylvanian) Section of Oklahoma

WILSON, L. R., and B. S. VENKATACHALA, School of Geology and Geophysics,
University of Oklahoma, Norman, Okla. 73069

The Dawson coal is a seam in the Seminole Formation, Missourian Series, of the Pennsyl-
vanian System, and its outcrops are restricted to northeastern Oklahoma. The section re-
ported here was recovered from an excavation in the city of Tulsa where the Dawson is 30
inches thick. The palynological assemblage consists of 65 per cent Filicinae and /or Pterido-
spermae spores and pollen, 23 per cent Lycopsida spores, 8 per cent Gymnospermae (saccate)
pollen, and 4 per cent Sphenopsida spores. These palynomorphs arc classificd into 14 gencra
and possibly 73 species. They constitute an assemblage that can be used as a characteristic
Seminole Formation suite of coal-swamp palynomorphs. Four stages of palynological suc-
cession are recognized in the section. These, in order from bottom to top, are: (1) Florinttes-
Laevigatosporites, (2) Thymospora, (3) Lycospora-Laevigatosporites, and (4) Endosporites-
Wilsonstes. [293

Permian Palynomorph Assemblages of Southwestern Oklahoma

MORGAN, BILL E., Esso Production Research Company, P. O. Box 2189, Houston,
Tex, 77001

Several distinctive, diverse, and well-preserved palynomorph assemblages are recognizable in’
the Flowcrpot, Blaine, and Dog Creek Formations of the El Reno Group from southwestern
Oklahoma. The oldest of three assemblages from the Flowerpot Formation is dominated by
bisaccate gymnosperm pollen, with rare acritarchs. These bisaccate pollen belong mostly to
the Striatiti (i.e., Strotersporites communis, Striatopodocarpites sp., Protohaploxypinus sp., and
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Lueckisporites virkkiae). The last species constitute about half the assemblage. Acritarchs are
tepresented by Acanthodiacrodium and Psophosphaera. These are more abundant in the young-
est assemblage from the Flowerpot Formation.

In the oldest assemblage from the overlying Blaine Formation, 70 per cent of the speci-
mens are Lueckisporites virkkiae, with a corresponding decrease in actitarchs. In assemblages
recovered from the middle of the Blaine, the ratio of Lueckisporites virkkiae to acritarchs is
reversed. Younger Blaine assemblages are similar to those from older Blaine in that Luecks-
sporites virkkiae represents 70 per cent, but they differ in containing several undescribed
specics of Vitratina.

The Dog Creck assemblage resembles the Flowetpot assemblage in containing approxi-
mately 50 per cent Lueckisporites virkkiae; it differs, however, by having many undescribed
species lacking in the older assemblages.

Qualitative and quantitative differences between these assemblages are interpreted as
reflecting changes in: (1) depositional sites, (2) the local environment, and (3) modifications
of the parent flora. [22]

Palynology of a Cretaceous Coal in the
Omadi Formation, Dakota Group, Oklahoma

POTTER, DELBERT E., 5300 East Skelly Drive, Tulsa, Okla. 74105

The numerous fossil spores and pollen in a Cretaceous ¢oal in the Omadi Formation, Dakota
Group, Cimarron County, Oklahoma, are assigned to the following natural groups: Bryo-
phyta 1, Peeridophyta 20, Gymnospermae 6, and Angiospermae 5. Three forms were not
assigned.

The Omadi coal is identified as Lower Cretaceous. The guide fossils used in this determina-
tion arc the genera or species of Arcellites, Balmeisporites, Spermatites, Cicatricosisporites, and
Trilobosporites, forms found only in the Lower Cretaccous.

A succession of three ecological habitats are suggested for the Omadi coal: (1) aquatic,
(2) Sphagnum swamp or bog and, (3) swamp forest. The spore flora indicates a warm sub-
tropical or tropical climate, based upon the abundance of spores which are comparable to
modern schizeacan forms of the tropical regions. [23]
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METHOD OF CALCULATING
ABSOLUTE SPORE AND POLLEN FREQUENCY

Doucras W. KIRELAND*

A technique for determining absolute spore and pollen frequency—
the number of spores and/or pollen grains per unit weight of sediment
or rock—has been described by Benninghoff (1962). The technique
consists of adding a known number of modern extoic pollen grains
to a sample of sediment or sedimentary rock prior to processing, and
utilizing the ratio of the number of fossil grains to that of the modern
grains to determine the absolute frequency ol the fossil grains. Fossil
spores and pollen react differently from modern pollen grains in stand-
ard preparation techniques and care must be taken to prevent loss of
the added pollen.

Benninghoff’s method can be modified by adding a known number
of distinctly stained modern pollen grains to the fossil spore and/or
pollen residue after processing, and using the ratio of fossil to modern
grains to determine fossil-grain frequency. This method is rapid, yields
results which are generally of desired accuracy, and is a simple adjunct
to routine processing schedules, Only one easily made volumetric
measurement is required: the addition of a predetermined volume of
a standardized suspension with a Mohr pipette. The differently stained
modern pollen are added to the fossil residue, which is then thoroughly
mixed immediately before mounting on slides. Fossil grains, stained
red with safranin O, and modern grains, stained with methyl green (or
another non-red stain), are counted separately under the microscope,
at low magnification, during several traverses of the slide. From this
count, the ratio of red-stained grains to green-stained grains is deter-
mined. The number of green pollen grains added to the residue is calcu-
lated from their concentration in a standard suspension and the volume
of suspension added. The ratio of red-stained grains to green-stained
grains multiplied by the number of green pollen grains added yields
the number of fossil grains in the sample; division of this product by
the sample weight yields the absolute spore and pollen frequency.
Several examples are tabulated in table I.

The concentration of green-stained modern pollen grains in the
standard is determined by the method refined by Davis (1965, 1966).
A quantity of acetolyzed modern pollen is placed in a known volume
of tertiary butyl alcohol. The suspension is stirred, an aliquot is with-
drawn and placed on a microscope slide in the manner prescribed by
Davis, and the grains arve counted. The grains in at least ten aliquots
should be counted in order to assure accurate calibration. IFrom the
average number of grains per aliquot, the number of grains in the
alcohol suspension can be determined. The modern pollen is then
washed, stained green, and transferred to a liter of water and glycerine
in an Erlenmeyer flask. The suspension is stirred with a magnetic stir-

* Mobil Oil Corporation; Field Research Laboratory, Dallas, Texas.
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rer in order to maintain uniform pollen distribution. A few crystals of
copper sulfate are added to prevent growth of mold, and the standard
is covered in order to prevent evaporation. Aliquots of the standardized
suspension are withdrawn as needed and are added to fossil residues.

) References Cited

Benninghoff, W. S., 1962, Calculation of pollen and spore densily in sedi-
ments by addition of exotic pollen in known quantities [abs.]: Pollen
et Spores, vol. 4, no. 2, p. 332-333.

Davis, M. B., 1965, A method of determination of absoluie polleén frequency,
in Handbook of paleontological techniques: San Francisco, W. H. Free-
man and Co., p. 674-686.

1966, Determination of absolute pollen frequency: Ecology, vol.
47, p. 310-311.

Frank A. Melton Honored

; Dr. Frank A. Melton, professor of geology, School of Geology and
Geophysics, The University of Oklahoma, will retire at the end of the
current school term, after more than forty years of devoted service to
teaching, counseling, and research. In recognition of his many contri-
butions toward the pursuit of excellence at The University of Okla-
homa, the faculty and alumni are joining in an appreciation dinner to
be held Friday, May 19, at 7:30 P.M. in the Oklahoma Memorial
Union. Friends and former studens of Dr. Melton are invited to attend.
Reservations must be made with the School of Geology and Geophysics
by Wednesday, May 17; the price per ticket is $4.00.

Dr., Melton, who came to The University of Oklahoma in 1926, is
one of the lcading experts in the field of aerial-photograph interpreta-
tion. During his career, he has made many significant contributions to
geology, particularly in geomorphology, using acrial pholographs as
his principal tool. His exceptional skill with aerial' photographs has
reccived wide recognition and has brought much credit to the Univer-
sity.
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FRESH-WATER SPONGES OF OKLAHOMA

Carr C. BRANSON

The intent of this report is to give a preliminary summary of fresh-
water sponges in Oklahoma and to rccord their occurrences as fossils.
The common fresh-water sponge genus is Spongilla, a genus charac-
terized by acerate spicules and with or without gemmule spicules. Gem-
mulcs in fresh-water sponges are bodies of cells surrounded by mem-
branes. In most genera the gemmule has one or more types of birotulate
spicules. This type of spicule consists of a shaft with terminal disks
(rotules), Thirty-eight generic names are in present usage; mosi are
probably synonymous.

Oklahoma fresh-water sponges were firsi noted by Wickham
(1922) as Spongilla fragilis Leidy. The specimens were collected in
Shuler’s Lake in Durant, Bryan County. The sponges occurred on sub-
merged thmbers and piles near a small island. The original collection
was lost and subsequent search of the lake yielded no further speci-
mens.

Additional forms were observed by Rainbolt (1954) from localities
in Payne, Pushmataha, and Pittsburg Counties. She identified and
figured four genera and scven specics: Spongilla aspinosa Potts, 1880,
S. lacustris (Linné, 1759), 8. fragilis Leidy, 1851, Meyenia subdivisa
(Potts, 1887), M. crateriformis (Potts, 1882), Trochospongilla leidyt
(Bowerbank, 1863), and Asteromeyenia plumosa (Carter, 1849); the
Meyenia species were reported as Ephydatia.

Spongilla occurs in Lake Texoma at the boat dock of the Univer-
sity of Oklahoma Biological Station (Carl Riggs, 1966, oral com-
munication).

Fossil fresh-water sponges are little known. A Miocene (Sarma-
tian) form was described by Traxler (1894) from Hungary as Ephy-
datic (= Meyenia) fossilis. The species was recorded by Firtion
(1944) from another Hungarian locality, Kavna Bremia (p. 336, text-
figs. lef; pl. 7, figs. 16, 17). From the volcanic Puy-de-Dome area of
the Auvergne in a lignitic Pliocene deposit Iirtion reported Spongilla
lacustris, S. fragilis Potts, Meyenia muelleri Lieberkithn, M. fluviatilis,
M fossilis, Ileteromeyenia argyrosperma Potts, and Carterius stepun-
owr Dybowski. .

Russian scientists have described fossil sponges [rom Paleocenc
to Miocene of the Lake Baikal region of Sibcria assigned to ten species
in five genera (according to Nalctov, 1961).

Pleistocenc fresh-water deposits at many places contain sponge
remains, and many more such deposits are unreconded. Diaz Lozano
(1936) reported Spongolides asicularis (sic) in clay about 9 [eet below
the surface of lake deposits in the Disirilo Federal de Mexico. Associ-
ated were six genera ol diatoms and the ostracode “Cypris mexicana
Ehrenberg.” The sponge name would seem to be Spongolithis acicularis
Ehrenberg, 1839, assigned by Traxler in 1895 (probably erroneously)
to Spongilla lacustris. Ehrenberg obtained his material from his brother
Carlos, who collected the samples from lake deposils near Real del
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Monte, Toluca, Mexico (City) and other localities in central Mexico
(Rioja, 1953). The species recorded by Ehrenberg are: Spongolithis
flexuosa, S. inflexa. S. mesogongyla, Amphidiscus anceps, A. rotula,
and A. martii.

- Pleistocene -fresh-water sponges have been noted from Mexico,
Guatemala, Massachusetts; North Dakota; Russia, and here from
Oklahoma. In Oklahoma they have been found in McCurtain, Harper,
and Beaver Countics. The late Pleistocene forms of McCurtain County
have not yet been studied. The occurrence in Harper County is in the
volcanic ash” which bears snails and bones, as well as armadillo scutes:
An absolute age (C,) date on this deposit is 21,360 years (Myers,
1965) .. Another Pleistocene sponge-bearing deposit is that reported by
Buttram and described and sampled by Schemel (1967).

The Laverne facies of the Ogallala Formation has been 1nvest1-
gated by Schemel (1967). He collected samples from the type section
in. Beaver County; and, in slides from this locality prepared by L. R.
Wilson, Wilson and' I have found numerous body spicules and five
amphidisks of fresh-water sponges. The: amphidisks are presently in-
distinguishable from those named Meyenia fossilis by Traxler, as
identified by Firtion in the Pliocene of Irance. The associated exten-
sive diatom flora in Beaver County is being studied by Wilson.

Siliceous fresh-water deposits of Oklahoma will be further mvestl-
gated for economic and scientific reasons.

References

Diaz Lozano, Enrique, 1936, Estratigrafia de un yacimiento en la colonia de
“Los Alamos,” D. F.: Sociedad Geologica Mexicana, Boletin, vol. 9, »
289-293.

Explanation of Plate 1

Spicules of fresh-water sponges from the Laverne diatomaceous marl

Figures 1.3, Body spicules,

1. Two spicules, the lower one with an abnormal expansion
of the axial canal. Length 245 microns.

2, Acerate spicule: with bifurcated tip; length.265 microns,
thickness 12 microns; OPC 1120.3-7-1,

3. Spiny hody spicule; length 260 microns, thickress 15
microns; OPC 1170-3-1.
Figures 4-6. Amphidisks of “Meyenia fossilis.” .

4. Amphidisk; length 58 microns, diameter of rotule 30
microns, thickness of shaft 7 microns; OPC 1170-3-2-1.

5. Amphidisk, shorter than that of figure 4 but probably same
species; length 55 microns, diameter of rotule 30 microns,
thickness of shaft 7 microns; OPC 1170-3-1-1.

6. Stout amphidisk; length 50 microns, dismeter of rotule 30
microns, thickness of shaft 9 microns; OPC 1170-3-1-2,

(Photographs by L. R. Wilson, using Zeiss Photomicroscope)_
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Plate I
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Cover Picture

Callixylon whiteanum

The cover picture is a photomicrograph of a transverse section of
petrified wood, Callixylon whiteanum Armold, from the Woodford For-
mation in Atoka County (T. 3 N, R. 9 E.), southeast of Wapanucka.
The section was taken from a large fragment of tree trunk, the size of
which indicated that the living tree had a diameter of 4.5 feet.

The occurrence of C. whiteanum in Oklahoma was discussed by
L. R. Wilson in 1958 (Okla. Geology Notes, vol. 18, p. 172-177) in a
short paper in which the photomicrograph was originally published.
Fragments of Callixylon are widely distributed over an area southeast
of Ada. One specimen, found near Jesse, southeastern Pontotoc County,
adorns the entrance to East Central State College at Ada.

The Woodford beds in which the Callixylon fragments are found
are marine, and the abundance of these fossil trees suggests the near-
ness of a landmass. However, no other geologic evidence has yet been
found to indicate the location of such a nearby landmass during Wood-
ford time.
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Bibliography of Louise Jordan

Dr. Louise Jordan (1908-1966) was petroleum geologist of the
Oklahoma Geological Survey for more than eleven years before her
tragic death in November 1966. The following bibliography is based
upon her own compilation, which she kept posted from year to year.
To the original compilation have been added numerous short journal-
istic and review items that she contributed to Oklahoma Geology Notes
but that she did not deem suitable for inclusion in her professional
bibliography. The entries are listed chronologically by years and alpha-
betically by titles within years. Any errors or omissions brought to
our attention will be greatly appreciated.

1937 A study of the small Foraminifera in the Basbirin well no. 1:
Ankara, Maden Tetkik ve Arama Enstitiisii, Pub., 8 p.

1945 Diagnostic Foraminifera from subsurface formations in Florida:
Jour. Paleontology, vol. 19, p. 129-148, pls. 18-21, 2 text-figs. (by
E. E. R. Applin and Louise Jordan).

1950 “Lockhartia” cushmani Applin and Jordan and notes on two
previously described Foraminifera from Tertiary rocks in Florida:
Jour. Paleontology, vol. 24, p. 474-478, pl. 66 (by E. E. R. Applin
and Louise Jordan).

1952 Choffatella in the Gulf coastal regions of the United States and
description of Anchispirocyclina n. gen.: Cushman Found. Foram.
Research, Contr., vol. 3, p. 1-5, pls. 1-3 (by Louise Jordan and
E.E. R. Applin).

1952 Oil and gas test wells in Florida and adjacent counties of Alabama
and Georgia: Fla. Geol. Survey, map, scale 1 in. = 10 mi. (by
Louise Jordan and C. W. Hendry, Jr.).

1952 Preliminary notes on the Mesozoic rocks of Florida: Fla. Geol.
Survey, 44th Ann. Mitg. Assoc. Amer. State Geologists, Guide-
book, p. 39-49.

1953 Stratigraphy of Coastal Plain in southeastern Alabama, Florida
and Georgia [abs.]: Oil and Gas Jour., vol. 51, no. 47 (Mar. 30),
p. 175 (also in Amer. Assoc. Petroleum Geologists, Bull., vol. 37,
p. 1130-1131) (by L. D. Toulmin, Jr., and Louise Jordan).

1954 A critical appraisal of oil possibilities in Florida: Qil and Gas
Jour., vol. 53, no. 28 (Nov. 15), p. 370-374, 4 figs.

1954 Why not “vuggy” porosity?: Amer. Assoc. Petroleum Geologists,
Bull., vol. 38, p. 2412.

1956 Blaine County added to gas area: Okla. Geology Notes, vol. 16,
p. 140.

1957 New State depth record in Cement field: Okla. Geology Notes,
vol. 17, p. 84.

1957 Oil and gas discoveries in Woods and Alfalfa Counties: Okla.
Geology Notes, vol. 17, p. 3.

1957 Olympic pool, Hughes and Okfuskee Counties, a review: Okla.
Geology Notes, vol. 17, p. 67.

1957 Rosenwald pool, Okfuskee County, a review: Okla. Geology
Notes, vol. 17, p. 50.
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1957 Short Junction field secondary recovery project: Okla. Geology
Notes, vol. 17, p. 87.

1957 Subsurface stratigraphic names of Oklahoma: Okla. Geol. Survey,
Guidebook 6, 220 p.

1958 Deep tests of interest: Okla. Geology Notes, vol. 18, p. 142.

1958 Keokuk field, Seminole County: Okla. Geology Notes, vol. 18,
p. 11.

1958 Mid-Continent Regional Meeting 1957, American Association of
Petroleum Geologists: Okla. Geology Notes, vol. 18, p. 11.

1958 New list of subsurface stratigraphic names of Oklahoma: Okla.
Acad. Science, Proc., vol. 38 (1957), p. 80-82.

1958 Oklahoma’s deepest hole in the Cement field: Okla. Geology
Notes, vol. 18, p. 8.

1958 Petroleum and natural gas, in Fifty years’ progress, Semi-cen-
tennial report of the director to the governor of the State of Okla-
homa: Norman, Okla. Geol. Survey, p. 27-61, 2 figs., 1 map, 5
tables.

1958 Sample trap collects air- or gas-drilled samples: Okla. Geology
Notes, vol. 18, p. 182.

1958 Water floods in Oklahoma: Okla. Geology Notes, vol. 18, p. 136.

1958 Water-flood projects in Oklahoma: Okla. Geology Notes, vol. 18,
p. 121-122.

1958 World’s largest gas well in Alberta: Okla. Geology Notes, vol. 18,
p. 183.

1959 Arkoma basin: Okla. Geology Notes, vol. 19, p. 235-236 (also
under title Let’s call it Arkoma: Qil and Gas Jour., vol. 57, no.
46, p. 219).

1959 Censorship on water resources in Israel: Okla. Geology Notes,
vol. 19, p. 114.

1959 First production in Custer County, Oklahoma: Okla. Geology
Notes, vol. 19, p. 108.

1959 Gas in Custer County, Oklahoma: Okla. Geology Notes, vol. 19,
p. 226-229, 1 fig.

1959 Mississippian rocks in northern Oklahoma: Okla., Univ., Bienn.
Geol. Symposium,- 6th, Proc., p. 125-139, 6 figs. (also in Tulsa
Geol. Soc., Digest, vol. 27, p. 124-136; abstract in Amer. Assoc.
Petroleum Geologists, Bull.,, vol. 44, p. 129, 1960) (by Louise
Jordan and T. L. Rowland).

1959 Natural gas storage in Oklahoma: Okla. Geology Notes, vol. 19,
p. 182-191, 4 figs.

1959 Oil and gas in Creek County, Oklahoma, in Geology and mineral
resources of Creek County, Oklahoma: Okla. Geol. Survey, Bull.
81, p. 61-100, 8 figs., 1 panel.

1959 Oil and gas in Dewey County, Oklahoma: Okla. Geology Notes,
vol. 19, p. 253-256, 1 fig.

1959 Oil and gas in Ellis County: Okla. Geology Notes, vol. 19, p.
208-212, 1 fig.

1959 Petroleum geology of Harper County, in Geology of Harper
County, Oklahoma: Okla. Geol. Survey, Bull. 80, p. 69-92, 7 figs.,
1 panel (by Louise Jordan, J. D. Pate, and S. R. Williamson).
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1959 Propane storage in shale, Seminole County, Oklahoma: Okla.
Geology Notes, vol. 19, p. 102-105, 2 figs.
1959 Second deepest hole in the world in Elk City field, Beckham
County: Okla. Geology Notes, vol. 19, p. 88-89. )
1959 Sixth geological symposium: Okla. Geology Notes, vol. 19, p. 78.
1959 1958 statistics' of the petroleum industry in Oklahoma: Okla.
Geology Notes, vol. 19, p. 140-141. )
1959 Underground storage in salt, Elk City field: Okla. Geology Notes,
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pilation supervised by Louise Jordan).

1966 Products pipelines of Oklahoma, 1965: Okla. Geol. Survey, Map
GM-11, scale 1:750,000 (by Oklahoma Geological Survey, com-
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PICKERINGITE IN OKLAHOMA
Raymono L. Kerns, Jg.

In October 1964, Carl C. Branson visited an abandoned coal mine
in Cimarron County, Oklahoma, and there observed and collected a
white, fibrous, crystalline mineral. The mineral occurred as encrusta-
tions and crystalline clusters on the floor of a drift driven into a hill-
side in NE; sec. 19, T. 4 N,, R. 1 ECM,, on the Julius Burke property.
: The specimen was submitted to the X-ray diffraction laboratory
in the School of Geology at The University of Oklahoma, X-ray dif-
fractometry, differential thermal analysis, and chemical analyses by
X-ray-fluorescence spectroscopy were utilized to identify and charac-
terize the mineral.

X-RAY DIFFRACTOMETRY

The sample was prepared for X-ray-diffraction analysis by grind-
ing in an agate mortar and pestle to —115 mesh. The powder was then
sprinkled onto a vaseline-coated glass slide and allowed to stand for
5 minutes until the powder was firmly bonded to the slide. The slide
was then inverted and tapped gently on the reverse side and edge in
order to remove excess material. This randomly oriented material was
then subjected to X-ray-diffraction analysis, using a Siemens X-ray
machine. The copper-target X-ray tube was operated at 35 kilovolts
and 18 milliamps. A 1-mm collimating slit and a 0.1-mm receiving slit
were utilized. A nickel filter was used to enhance the intensity of CuKeq
with respect to CuKg.

The diffractometer was operated at a speed of 1 degree 2-theta per
minute and the recording-chart drive was maintained at 1 ecm per
minute. A scintillation counter was used as the detector and CuK«
radiation was further enhanced with respect to background radiation
and CuKg by selecting appropriate baseline and window settings in
the pulse-height analyzing circuit. The diffractometer scan was made
from 5 degrees 2-theta to 90 degrees 2-theta.

The X-ray-diffraction data are listed in table I, in which the d
values of the sample are compared with the d values of pickeringite
[MgALl, (S0O.).-22H.0], halotrichite [Fe”Al.(80.) ,22H.0], and aluno-
genite [AL (SO,),"18H.0], as given by the ASTM powder diffraction
file (Smith and others, 1966). The X-ray diffractogram is illustrated
in figure 1, d values and Miller indices of only the more prominent
diffraction peaks being labeled.

Pickeringite proves to be the best match for the diffraction data
obtained for the sample. Upon the basis of X-ray diffractometry,
positive identification of the sample as pickeringite is only suggested,
but not definitely established.

CHEMICAL DATA

Chemical analysis by X-ray-fluorescence spectrometry provided
quantitative information on the percentages of the oxides of magnesium,
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iron, manganese, aluminum, titanium, silicon, calcium, and potassium.
Trace amounts of cobalt, nickle, and zinc were also detected in the
analysis.

Standards were prepared by mixing accurately weighed quantities
of reagent-grade oxides of aluminum, iron, and manganese to a matrix
of MgSO,3H.0 of reagent-grade purity. Analyses for the minor
amounts of Si0,, Ti0., Ca0, and K.O were made using silicate stand-
ards from a variety of sources. Although it is necessary, for best results,
to use standards that closely match the matrix of the sample being
analyzed, it was felt that an estimate of the relative percentages of
these minor and primarily nonessential components was adequate for
this study.

In order more closely to match the chemical composition of the
standard, the sample being analyzed was first dried at 150° C to
remove the water of crystallization ( ~ 22H,0). This process reduced
the unknown sample basically to a sulfate matrix. Samples and stand-
ards were prepared by pressing —115-mesh powders, without a binding
agent, at 30 tons pressure into a polyvinyl alcohol substrate, using a
Buehler die and a Paul Weber press.

The X-ray-fluorescence unit was a Siemens constant-potential
X-ray generator, mounted with a chromium-target X-ray tube as the
excitation source. A gas-flow proportional counter, using P-10 gas
(90%, argon, 10%, methane), was used as the detector. Pulse-amplitude
discrimination to monochromatize the Kq spectral lines was facilitated
by using a pulse spectroscope. An automatic step scanner and an auto-
matic print-out device were also utilized.

After making the proper counter-voltage, attenuation, baseline,
and window settings to monochromatize the Ka spectral line for the
particular element, the 2-theta position for the spectral line was pre-

TaBLE II.—CHEMICAL DATA FOR SELECTED HYDRATED SULFATES

SAMPLE PICKERINGITE* HALOTRICHITE® APJOHNITE* ALUNOGENITE®

MgO 4.03 4.69 — —_ —
FeO 045 —_ 8.07 — -
MnO 0.21 - — 797 —
ALO, 12.63 11.87 11.45 11.47 15.30
S0, 36.39 37.28 35.96 36.00 36.04
H,0* 44.52 46.16 44.52 44.56 48.66
Si0, 0.90 - -_ - —_
TiO, 047 — —_ — -
Ca0 0.22 — —_ -— -
CoO Tr. —_ - — —_
NiO Tr. — — —_ —
Zn0O Tr. — - —_ —_—
K, 0 0.11 — — — —
Total 99.93 100.00 100.00 100.00 100.00

SO, estimated as (Wt. loss at 1,800° C) — (Wt. loss at 1500 C).
*H,O estimated as (Wt. loss at 150° C).
*Based on ideal compositions of pure end members.
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cisely located by step scanning across the peak range at 0.005 degrees
2-theta intervals and taking 4-minute-duration fixed counts at each
position. With the peak properly located, each standard sample and
the unknown were rotated into position and 4-minute-duration fixed
counts were made to establish peak-plus-background intensities. A
4-minute fixed count at an appropriate position was also made to
establish background intensities. The differences between the two sets
of counts yielded the Kqa peak intensities.

The routine was repeated three times and average values were
used to establish analytical curves for each element. The chemical
components were then established by interpolation of intensities to
percentages from this set of curves.

The results of the chemical analysis are listed in table II. Ideal
compositions were calculated for pickeringite, halotrichite, apjohnite
[MnAL (S0,),22H.0]1, and alunogenite. The more significant compo-
nents are MgO, FeO, MnO, and Al.O.. The weight percent of crystalline
water is estimated by weight loss determinations at 150° C. The weight
percent of SO, is based on the difference in weight loss at 1,800° C and
1500 C.

Chemical data are also provided in the form of X-ray-fluorescence
spectrometer scans in figure 2. LiF (fig. 2-A) and gypsum (fig. 2-B)
analyzing crystals were used, with a logarithmic scale factor setting in
each case. Chromium spectral lines are due to scatter of primary radia-
tion from the X-ray tube within the sample chamber. Copper spectral
lines are from the brass sample chamber.

DIFFERENTIAL THERMAL ANALYSIS

Differential thermal analysis was performed on a Robert L. Stone
dynamic-gas DTA unit. The sample was in the form of —115-mesh
powder, with alpha alumina as the inert standard and nitrogen as
the purging gas. The mercury manometer in the gas system was main-
tained at a relative value of 2.0. The heating rate was set at 10° C/min,
and the heating run was made from room temperature to 1020° C.
Calibration was set at 1, and the microvolt selector at 500. The DTA
pattern is illustrated in figure 3. No definable exothermic loops appear
on the pattern (unless the slight hump at 825° C, immediately follow-
ing the 800° C endotherm, can be so interpreted). Endothermic reac-
tions may be observed at 125-150° C, 350° C, 425° C, 800° C, 925° C,
and 1010° C. The low-temperature region (100-200° C) is due to the
evolution of the crystalline water. The ragged appearance of the low-
temperature endotherm is due to the solution of the sample in its own
water of crystallization. This effect is also observed when the sample
is heated rapidly to 150° C. The residue is usually left in the form of
a delicate, papery ball, and all trace of the fibrous nature of the original
crystals is destroyed. The higher temperature endotherms are due to
a further reorientation and destruction of the crystallinity of the sub-
stance with the evolution of SO,, predominantly at 800° C.

INTERPRETATIONS

Of the several minerals of the halotrichite group, two appear per-
tinent to this discussion: halotrichite and pickeringite. A complete
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Figure 3. Differential thermal analysis pattern (rcom temperature to 1,020°
C) of mineral identified as pickeringite, Cimarron County, Oklahoma.

Heating rate: 10° C/min Purging gas: nitrogen
Inert standard: alpha alumina Manometer setting: 2.0
Calibration: 1.0 @ 500 pv

series extends between these two members, with a partial series ex-
tending between them and apjohnite. The name pickeringite is applied
in cases where Mg exceeds Fe, and halotrichite where Fe exceeds Mg.
The adjective manganoan is used when applicable (Palache, Berman,
and Frondel, 1951, p. 525). The term “apjohnite” applies only when
Mn exceeds (Mg + Fe).

The mineral investigated in this study is identified as a member
of the halotrichite group, upon the basis of X-ray diffractometry.
The chemical analysis (table II) indicates that it is closest to the
magnesium-rich, or pickeringite, end member. The small amount of
manganese present in the sample might justify the appellation man-
ganoan pickeringite.

The aluminum content is slightly higher than that of the ideal
composition of pickeringite, suggesting the presence of some other
aluminum-rich phase. Readjustment of the percentage of ALO, in the
sample to the ideal composition suggests that as much as 15 percent
of the sample may be alunogenite. Some of the X-ray-diffraction
lines (table I) match d values for alunogenite. However, conclusive
data concerning the presence of this mineral are not available.

OCCURRENCE OF PICKERINGITE

Pickeringite and halotrichite occur commonly as weathering
products of aluminum and pyrite-rich sedimentary rocks. They are
often observed as recent efflorescences in coal-mine workings. Common
associates found with these minerals are melanterite, alunogenite, gyp-
sum, and epsomite. Alunogenite may be of a fibrous nature and dif-
ficult to distinguish as a separate phase from the halotrichite minerals
(Palache, Berman, and Frondel, 1951, p. 526). Pickeringite is known
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to occur on the western coast of South America in the Cerro Pintados
near Iquique, Tarapac, and at Quetena and Chuguicamata in Chile.
In the United States, pickeringite has been found near Tucumcari and
Las Vegas, New Mexico. Other occurrences of pickeringite are in
Sonora County, California, and near Fallon, Nevada (Palache, Berman,
and Frondel, 1951, p. 526).

The deposit from which this sample was collected has no economic
potential. Only about 30 pounds of the material was observed on the
floor of the abandoned coal mine in Cimarron County (Branson, per-
sonal communication).
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RATTLESNAKE BLUFF

Rattlesnake Bluff, an exposure of a 90:oot-thick tuff bed. with
thinner' tuffs beneath, overlooks the swimming hole in the recreation
center of Beavers Bend State Park' in McCurlain County. The thickest
tuff layer in the bluff is the¢ lowerimost of threc or four such beds in the -
Tenmile Creek Formation. The first appearance of tuff layers is about
270 feet above the base of the formation in the Mississippian Stanley
Group of Oklahoma and Arkansas..

This photograph is from Oklahoma' Geological Survey Guide Book
XI, Guide.to Beavers Bend State. Park, by W. D. Pitt and C.
Spradlin,; which is-available for purchaqe from' the Survey, $1.00.

—P.W.W.
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STATISTICS OF OKLAHOMAS PETROLEUM INDUSTRY, 1966 .

-JoHN F. ROBERTS

Exploratory wells were drilled in all but nine counties of Okla-
homa diwring 1966 (fig. 1). The concentration of discoverics, exten-
sions, outposts, and new pay horizons was in northwestern Oklahoma
in Beaver, Ellis, Roger Mills, Woods, and: Woodward Counties.” This
area ‘had a 40-percent suceéss ratio, whereas the state-wide success
ratio ‘was 28 percent for exploratory wells. Tonkawa completions were
the most numerous, followed by Morrow and Chester; plus complctlons
in the Council Grove, Oswego, and Cottage Grove.

During  the past thrce. years -the major. exploratory. “effort. has
‘moved westward from north-central to northwestein Oklahoma, -and
in-1966 to western Oklahoma. The goals have been various Pennsyl- .
vanian sands as they thin to extinction or uindergo facies change thhln
the hinge zéne or on the niorthern shelf of the: Anadarko basin. :

Exp]oratlon continued’ in . the ‘Arkoma. basin, but at the slowest:
pace in several years.: Howcver, several significant dry-gas- dncoverles
were made in Atokan and Morrowan sands.

The 22 giant fields-in Oklahoma are hbted in table I, A field is
a “giant” when the estimated ultimale recovery -excceds 100 million
barrels of oil. These giants produccd 45 percent of Oklahoma’s oil

TasLe L-—GianT O FieLps oF OKLATIOMA, 1966

CUMULATIVE ESTIMATED

PRODUCTION PRODUCTION RESERVES NUMBLR -~

FIELD (1,000 BBLS}) {1,000 BBLS} (1,000 BBLS) OF WELLS .
Allen " 2,636 99,414 20,586 1,470
Avant 240 :105,178 1,823 : 500
- Bowlégs 952 146,691 . 13,309 172
Burbank 10,655 457,881 42,119 1,306
Cement 2,671 120,665. 14,335 1,524
Cushing. . - 3,499 - 430,955 24,045 1,850
Earlsboro - : . 623 138,530 1,470 . 172
Edmond West 1,961 117,494 12,506 579
Elk City . 404 59,055 40,945 . 275
Eola-Robberson 3,632 70,795 54,205 484
Fitts 1,324 122,394 4,606 592
Glenn Pool 4,153 287,464 32,536 1,267
Golden Trend .- 13,440 310,300 184,700 1,740
Healdton 3,036 253,575 16,425 2,160

Hewitt 3,764 178,554 26,446 1,425

Little River 441 132,541 2,459 121 .

Oklahoma City 1,922 729,802 40,198 450
Seminole . .. L1115 169,867 7,133 259

Sho-Vel-Tum 30,712 742,835 158,288 7,849 .
Sooner Trend 11,496 51,139 49,504 1,929
St. Louis 1,406 199,879 10,121 648
Tonkawa 439 - 129,331 ) 4,000 193

Source: Oil and Gas Journal, vol. 65,' no. 5, January 30, 1967..
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Figure 2. Graph showing total wells drilled, oil wells completed, and gas -
wells completed in Okluhoma, 1946-1966. Source: Oil and Gas Journal.

during 1966; they account for 53 percent of the State’s estimated ulti-
male yield and contain 47 percent of the remaining reserves.

“Table IT summarizes drilling activity during 1966. This informa- -
tion appears annually in the last January issuc of the Oil and Gas
Journal. However, this year revision of the preliminary tabulations
was necessary, and the March 20, 1967, issue (vol. 65, no. 12) presents
the final and olfficial well-completion data of the AAPG Committee on
Statistics of Drilling.

Table I lists cumulative and yearly production and value of all.

hydrocarbons to January 1, 1967. Total value. of these items is $23.3
billion. : .
] Table IV compares hydrocarbon production of the past: two years.
Production. of crude oil, lease condensate, and natural-gas liquids in
1966 exceeded 1965 production because of increased allowables during
the - latter half of the year. Preliminary figures indicated a decrease
in natural-gas production during 1966, but more current data, issued
by:the American Gas Association, indicate an’ increase of 8.9 percent,
as shown in figure 3.
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Figure 3. Graph showing statistics on estimated proved reserves of natural

gas in Oklahoma, 1946-1966. 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.—HYDROCARBON PropucTION IN OKLAHOMA, 1965-1966

END OF END OF
1965 1966

Crude oil and lease condensate

Total annual production (1,000 hhls)? 203,441 224,000

Value ($1,000)" 587,944 651,840

Cumulative production 1891-ycar (1,000 bbls) 9,255,975 9,479,975

Daily production (bbls)? 557,373 614,847

Total number of producing wells* 80,000 81,477

Daily average per well (bbls) 7.0 75

Oil wells on artificial lift (estimated)* 76,200 77477
Natural gas .

Total annual marketed production (MMCF')* 1,320,995 1,294,000

Value ($1,000)* 182,297 179,866

Total number of gas and gas-condensate wells’ 7,100 7,841
Natural-gas liquids

Totlal annual marketed production (1,000 gals)' 1,464,794 1,507,500

Value ($1,000)* 66,796 72,888

'Ttem for 1965 is U. S. Bureau of Mines final figure. Item for 1966 is U. S.
Bureau of Mines preliminary figure.

?World Qil, annual forecast and review issue, vol. 164, no. 3, February 15,
1967.

Estimated proved rescrves of liquid hydrocarbons (fig. 4) showed
the first increase over the previous year since 1955 and reached the
highest level since 1962. Part of the increase is accounted for by slight
increases in discoveries, but most is from upward revision of reserves
in known reservoirs.

Oklahoma continues to rank third in the nation in estimated
reserves and production of natural gas, following Texas and Louisiana.
This position is maintained despite a slight loss in estimated total
reserves, due to the production of more natural gas than was discovered
and added by extensions and revisions.
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ProcrESs IN ToroGraPHIC MAPPING IN- OKLAHOMA:

CAnL C. BraNsON

Topographic mapping in the State has been greatly accelerated,
partly by speedier Kederal programs and partly because State agencies
(Highway Department and Water Resources Board) have put funds
into cooperative projects. The last of the 15-minute quadrangles was
issued this year (Weatherford quadrangle). This scale is no longer
considered adequate, and all maps now in progress are 7Y-minule
quadrangles (scale 1:24,000). S

Complete: coverage of the State at 1:24,000 would require 1,213
published quadrangles; of this number 245 are now available, and 266
are in preparation. At the present rate Oklahoma should be covered
in about 10 years. S

The maps. of the 30-minute. scries; of which 27 were published
from 1896 to 1912, are now. considered of little value and are being
allowed to go out of print. About half of their area is now covered by
later, larger-scale maps, either published or in preparation.

An arca equal to 321 714-minute quadrangles is within published
15-minute quadrangles.The total area covered by 7%- or 15-minute
quadrangles is: equal - to' 838 quadrangles at thc 1:24,000 scale. In
addition, 18 15-minute quadrangles were mapped at 1:24,000 standards
but published at 1:62,500. These conceivably will be converted.

Work is progressing on border quadrangles in adjacent states.
Along the Texas bordér at the Red River all quadrangles are published
except 14 7V4-minute . sheets which are in preparation. The Texas
sheets in the Panhandlé bordering Oklahoma would number 39, of
which 9 are published; plus 2 at 1:62,500; 5 are in preparation. None
of the 4 on the New Mexico side is published or in preparation and
none of the 8 in Colorado. ‘Along the border in Kansas are 59 1:24,000
sheets, of which 21 are published, and 2 '15-minute sheets. On the
Missouri border all. 4 sheets: are published. On the Arkansas border
12 1:24,000 sheets are published, 4 are in preparation and 1 15-minute
sheet is published of a total of 24 adjacent 7V5-minute areas.

Since February 1967, six 7l%-minute quadrangles have been
published (fig. 1). Forty-three have been issued in “advance proof”
and can be expected to be in print shortly.

Large areas of the Statc are not covered by topographic maps, or
are covered only by the old 30-minute series (fig. 2). Many of these
areas are now being mapped on 7%%-minute sheets, as are some areas
that have 15-minute map coverage (compare figs. 1, 2).

The U. S. Geological Survey issues an Index to Topographic Map-
ping in Oklahoma, copies of which can be obtained from the Oklahoma
Geological Survey free of charge. The index outlines and identifies
by name all published topographic maps available as of February 1967.
The topographic maps published since that date are outlined and
identified in figure 1. Figure 1 also shows areas for which 7%-minute
sheets are now being prepared. Figure 2 is a synopsis of the U. S. G. S.
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index, showing. all the areas for which mvemge is: avallable and at
what scales.

All available U. 'S. G. S - topographic. maps may be purchased
through the Oklahoma Geological Survey'at 50 cents per sheet. In ad-
dition, 2-degree sheets " (scale 1:250,000) of the. Army Map Service
(lsqued by U.'S. G. 8.) are available for the entire State at 75' cents
per sheel; Thirteen AMS shéets.include all of. Oklahoma and portions
of adjacent states. Discounts are given at the rate of 20 percent for:map
orders of $20.or more, and-40 percent for orders of $100 or more.

A new service ‘is now provided in that a few maps issued before:
1962, most of {hise issued that year, and all of those issued since 1962
arc avai]ablo without contours. or ‘woodland overprint. This: service
provides base maps. with land: net, culture and drainage, which are
useful to a large number of agencies.: One 15-minute sheet (Bethel)
can be obtained in- shaded relief and is ' a striking map for showing
geologic structure and geomoiphology.

MéIhtosh’_ County Report. Published

Oklahoma Geological Survey Bulletin 111; Géology and Petroleum
of MclIntosh County, Oklahoma, was published in:July 1967. The
repori, comprises two. parls dealing: with the petroleum. geology and
surface geology. of the county. Included in the discussion of surface
geology are mineral and natural resources other than petroleum, sur-
face structurc and ' stratigraphy, and paleontnlogy, as well as the
general geography of the area.

Part I, Geology: and Mineral Résources of Mclntosh County, by
Malcolm C. Oakes and others, is of particular intevest to the layman, as
in it are described the geological and geographical setting of much of
Eufaula Reservoir, one of the State’s major recreation areas and a
source of water and hydroelectric power.  Also informative to the
general public is the description of ‘ground: water and other economic
resources in the county, such as building stone (Blucjacket Sand-
stone), coal, and clay and shale deposits which could be used in brick
and tile manufacturing. _

Detroleum Geology of Meclntosh County, part II of the bulletin,
by Terry Koontz, is based on electrical logs, “drillers’ logs,” and corc
data from the wells described. Of prineipal interest to the petroleum
industry, this section contains a summary of oil and gas production in
the county from 1912 through the present. Strata ranging in age from
Cambrian through Late Pennsylvanian have been encountered in wells
drilled in the county. and Kooniz includes a discussion of the general
subsurface stratlgraphy in his portion of the report.

Bulletin 111 is 88 pages long with 13 illustrations, in "addition to
4 plates in the back-cover pocket; the plates include a geologic map,
structure map, outcrop sections of Pennsylvanian rocks, and an electric-
log cross section. The appendix contains descriptions of the 117
measured scctions used in compiling part I of the report. Sale price is
$5.00, paper-bound, and $6.00, cloth-bound.
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STRUCTURAL CONTROL OF CANADIAN RIVER
IN. WESTERN OKLAHOMA

HaroLp A. BrowN

INTRODUCTION

The area discussed in this report encompasses more than 4,000
square miles in western Oklahoma (fig. 1) and is bounded on the
west by the Texas-Oklahoma state line and on the east by the easl
line of R. 14 W. The north and south boundaries are the north line of
T. 21 N. and the south line of T. 13 N., respectively. Southern Ellis,
northern Roger Mills, and all of Dewey Counties are included in the
area. The Canadian River flows eastward across the area, dividing
it nearly in half. The North Canadian River flows southeasiward across
the northeast corner of the project area, and the Washita River flows
east-southeastward across the southwest quarter.

The surface is slightly rolling and slopes gently S. 50° E. The
Canadian River and associated tributaries have cut downward, sharply
dissecting the land surface with steep-sided, V-shaped canyons. The
present channel of the Canadian River is about 450 feet below the
north divide, which is from 2 to 18 miles away, and about 300 feet
below the south divide, which is generally less than 3 miles away but
is as much as 12 miles distant at a few places.

The dip of the near-surface sirata in the area is toward the south-
east at less than 1 degree, and, becausce of the low dip, the surface
geology reveals little about the shallow subsurface structure. In such
a situation, the question arises as to whether subsurface structures can
be revealed by stream patterns. If stream drainage can be related to
structure, much time and expense can be saved in the sclection of
promising seismograph prospects for petroleum exploration. The con-
clusion of this study is that the course of the Canadian River does
reveal such structural control in this area.

Figure 1. Index map showing location of study area.
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STRATIGRAPHY

The near-surface rocks in the area are red shale, quartzose sand
and conglomerale, and anhydrite and salt (no salt is exposed at the
surface). Figure 2, a typical electric log for the area, illustrates the
stratigraphic sequence immediately beneath the surface. The exposed
rock units are, in ascending order: the Permian Blaine anhydrite, Dog
Creek Shale, Marlow Formation, Rush Springs Sandstone and the
Cloud Chief Formation; the Pliocene Laverne and Ogallala Forma-
tions; and various sandstone and gravcl units of Plcistocene age. The
Blaine anhydrite crops out in the northeast corner of the area and is
at a depth of about 900 feet in the western part. The base of the Blaine
is the shallowest horizon that can be reliably correlated on electric
logs throughout the area.

SURFACE DRAINAGE. |

The Canadian River originates in the Sangre de Cristo Mountains
in northeastern New: Mexico. It flows eastward across the Texas Pan-
handle, following a: generally straight course, and enters the western
part of Oklahoma where it forms the boundary between Ellis and Roger
Mills - Counties. The river forms three anomalous U-shaped. bends
across the- area before leaving at the southeast corner, beyond whlch
it follows a straight southeasterly course.

~ Aerial photographs reveal the braided nature of the river channel

indicating that the ‘sediment load -exceeds thetransport . capacity of
the ‘water. It may be that a greater volume of water travels under the:
surface than within' the channel; Reed and.Longnecker (1932, p. 13)
reported that the river bed is notorious for its treacherous quicksands.
According ‘to Lobeck (1939, p. 193); the. braided channel and the
absence of downcutting . classifies the Canadian' River. as mature -and
not youthful, despite the steep banks and poorly developed: flood plain.
 The drainage area of the river is narrow: It is less than 20.to 25
miles wide throughout the area-and narrows downstream instead. of
widening. Logically, the principal source of the water that incised the
channel may have been the mountains in New Mexico rather than
local rainfall. Alexander (1965, p. 5) and Birchum (1963, p. 5) re-’
ported. that- the Thornthwaite climate: classification places this area
in the subhumid, mesothermal province, with a deficiency of moisture
in all seasons. The mean annual’ precipitation is 24.3 inches, based
upon 27 years of record. Apparenily the river has a much greater func-
tion ‘carrying water . through the arca-than draining local rainfall; a
characteristic typical of rivers in arid to semiarid regions.

The drainage divides of the Canadian River (fig. 3) generally
parallel the. U-shaped bends in the river. This: concordance is ap-
parently: a result of the youthfulness of the. tributary system. Because
of the flat-lying beds, the drainage pattern is dendritic throughout the
area, with. all of the tributaries downcutting their channels and extend-
ing headward. Typically, a principal tributary of the Canadian River
has ‘a straight course with a few short (ributaries. Three areas exhibit
exceplions. o this rule (T. 17 N, R. 16 W,; T. 17 N., R. 20 W; T
17 N, R. 22 W.), In'these areas the streams form fan-shaped dendritic

136





Q

Y

i\'\"

e \t“"”W"'.V'_"%"Yﬂfr" W’“’MN‘\F R R

L
¥

E.‘:.

2

1 =
= =

137

T FLOWERPOT - HENNESSEY
SHALE AND EVAPORITES

CIMARRON EVAPORITES

Figure 2. Typical electric log, showing near-

surface stratigraphic units. Log is of the Mobil

0Oil Co. 1 Cree well, NW; SEl; sec. 12, T. 18

N, R. 21 W,, Ellis County. K. B. elevation,
2,032 feet. T. D., 11,455 feet.
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patterns  associated with arcas of collapse in the underlying evaporite
beds. :

Drainage 'is poorly developed in part of southern Ellis County
‘(centered on T. 19 N, R. 23 W.) and eastern Dewey County: (centéred .
on T. 17 N., R. 14 W.) because of porous sand on'the surface. _

The average direction of {low in the Canadian River is eastward,
with a gradient of 4 to 5 fcét per mile. The U. S: Geological Survey
topographic: maps. (Clinton' and Woodward 1:250,000 ' quadrangles)
indicate that the surface slopes S. 50° E.; with a gradient of 15 to 20
feet per mile. 'The :angle between the dlrectlon of surface slope: and
the ‘direction of river flow is'about 40¢ (indicated by diagram on fig.
3): The other major streams of the area, the North Canadian and the
Washita, have less. sinuous courses; the gradient of the Washita is-
about 15 feel per mile, or nearly that of the. topographic slope. The”
analysis of strcam behavior suggests that the channel of the Canadian: -
River is:older than those of Lhe:olher streams and is more influenced
by irregularities in the subsurface strata than by topographic effects. .
The analysis of the structure on the basé of the Blaine anhydnte (fig.
4) supports this interpretation. .

In the near geologic futiire - the Canadlan Rlver will probably
straighten its course so- that ils gradient will more’ nearly: approximate -

the: topographic slope: ‘A contributing, faclor to the adjustment will be - *

the capture of the Canadian by Quartcrimaster Creek in'T.-16 N.,; R.
22 'W. When this happens, the:adjustment will presumably be. rapid
and - the water - in the. Canadian' River will flow dlrectly through the
Washita River dmmage bystem

GTRUCTURE ON THE BASL OF TIIE BLAINE ANHYDR]TE :

. "The " Blaine anhydrite 'is a shallow marker:- bed whlch occurs. in . -

the subsurface’ (hroughout the ‘aréa ‘and ‘crops out in the northeast .
_ corner of the area. Bécause it is shallow lying  (less. than 900 ft.); . °
structure ‘mapped _on’the ‘base of - the : Blaine ‘should “indicate surface .
structure, except wherce collapse: due to -solution of post-Blame evapo-
rites has altered .the structural relationships.. The regional dip is south-

eastward, which is nearly: the trénd of: the topographic slope. North of - .-

T. 17-N. the rate of dip is about 9 feet per mile and the contours. form
irregular noses, domes, and ‘anticlines with low relief. South of T. 17
N. the rate of dip is about 26 feet per mile. Except for the North Custer
City and Northwest Anthony structures; only southeastward-plunging
noses are apparent in the region of stccpcr southecastward dip into. the
-Anadarko basin: Along the narrow’ east-west trend underlying T. 17
N.,” a northwest-southeast structural grain. is apparent. This narrow'
trcncl is also a belt of maximum flexure; where jointing is expected to
" be most intense. Joints or fractures' may have had a profound influence
on: the course of the Canadian River. The river flows across the length
of the flexure trend and it is apparent that the river coursc has been
influenced by the structural grain.

As pointed out earller, east and west of the report area the course’.
of -the Canadian’ River is generally straight, lacking the U-shaped.
meanders present over the trend of maximum flexure, An examination
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of the structure map on the base of the Blaine anhydrite published
by Jordan and Vosburg (1963, map A of pl. 3) suggests an explana-
tion. This structure map covers the enlire Anadarko basin area and
shows that the trend of maximum flexure underlying T. 17 N. bends
southwestward in western Roger Mills County and crosses southern
Hemphill and northern Wheeler Counties, Texas. Northwest of this
trend, in northern Hemphill County and all of Roberts County, Texas,
the noses, domes, and anticlines are equally as irregular and as low in
relief as are those in Oklahoma north of T. 17 N. Apparently, the
straight course of the Canadian River across Roberts and Wheeler
Counties, Texas, reflects the absence of significant structural grain,
and the anomalous bends in Oklahoma are due to the juncture of the
stream course with the trend of maximum structural flexure. To the
cast, in southeastern Dcwey County, Oklahoma, the straight south-
easterly course may be due to the topographic slope, which is concor-
dant with the strike of the outcropping beds.

"TABLE 1.—LisT oF WELLS UsSED IN CROSS SECTIONS
(See figs. 5, 6)

NUMBER NAME LOCATION COUNTY
Section A-A’ .
1. Goff 1 Blaylock NE SW 19-14N-21W Roger Mills
2. Mutual 1 Wilson NE SE 1-16N-21W Roger Mills.
3. Sun 1 Martin NW SE 3-17N-21W Roger Mills
4. Mobil 1 Cree NW SE 12-18N-21W Ellis.
5. Mobil 1 Winters SW NE 9-19N-20W Dewey -
6. Morgan 1 Gerbeling NW NW 19-20N-20W Woodward
L Section B-B’
7. Hunt 1 Croft - SE NW 18-15N-17TW Custer
8. Morton 1 Elder SE 22-16N-18W Dewey..
9. Pet. Inc. 1 Merrick S2 N2 23-17N-18W Dewey
10. Jones & Pellow 1 Seal SW SW NE 3-.17N-18W Dewey
11. Amerada 1 Green SW NE 21-18N-18W Dewey
12. Shell 1 Sheldon NW SE 8-18N-18W Dewey
13. Goff 1 Pickering SE NW 32-19N-18W Dewey
14. Stanolind 1 Harper NE NE 21-19N-18W Dewey.
Section C-C’
15, Hill 1 Dearing SE NW 23-17N-26W Ellis
16. Hill B-1 Dearing E2 NW 25-17N-26W Ellis
17. Hill A-1 Meeks SE NW 31-17N-25W Roger Mills
Section D-D
18. Mobil 1 Cox SE NW 18-17N-17W Dewey
19. Conlinenial 1 Kouns NW SW 17-17N-17TW Dewey
20. Apache 1 State Shell NE SW 16-17N-17W Dewey
Section E-E’/
21. Jennings 1 Stump NW SE 9.20N-18W Woodward
22. GMC 1 Arthaud NW SE 34-21N-18W Woodward
23. Shell 1-25 Winter SW NE 25-21N-18W Woodward

24. Shell 1-20 Huffman SW SW 20-21N-17TW Woodward
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The south divide of the Canadian River has no apparent relation-
ship to structure. The north divide, however, generally overlies an
cast-west structural ridge between the Canadian and North Canadian
Rivers.

Each bend in the river is ‘underlain by a structural low, or syn-
cline, which plunges parallel to the stream channel. Structural cross
sections C-C’ and D-D of figure 6 show that the lows are deep-seated.
and not a result of néar-surface collapse. Cross section C-C’ crosses
a syncline south of the South Bishop field (fig. 4). The Hill B-1
Dearing. well (well 16) in scc.. 25, T. 17 N., R. 26 W., is low on all
horizons from' the base of the Blaine through the Hecbner shale (?),
which is found at about 7,200 feet. Control on deeper beds is not avall-
‘able. Cross’ section D-I crosses a syncline in the Southwest Lenora
field, where the Contincntal 1 Kouns well (well 19) in sec. 17, T. 17
N,, R. 17 W., is structurally low on all horizons at least as deep as
the Heebner shale (?) at 6,800 feet. The Heebner (?) is a Penn-
sylvanian black shale marker near the top of the Missouri Scries. The
synchnes apparently originate deep in the rock section, but the cause
is unknown.

A similar syncliné is shown under the North Canadian River in
Tps. 20, 21 N, Rs. 17, 18 W., by cross section E-E’ (fig. 6). Here the -
deeper beds are not low in the cenler of the syncline, suggesting evap-
orite solution .and bed collapse between . the - Blaine: and Cimarron
anhydrite. .

Cross. sections A-A’ and B-B’ of figure 5 are surface profiles re-
lated to the surface stratigraphy. The stratigraphic data are taken from
various 'publishéd and unpublished sources - (Kitts, 1965, 1959;
Alexander, 1965; Birchum, 1963). These sections show the southerly
dip component w1th no apparent meaningful irregularities near the
river. Three terrace levels along the river course are shown.

Structural contours on the base of the Blaine anhydrite indicate .
five ‘domelike fcatures which are considered. reliably located. because
of adequate well control. (fig. 4). Four of the structures produce oil or
gas: North Custer City, T. 15 N., R. 16 W.; Northwest Anthony, T
15'N., R. 17 W.; South Bishop, T. 18 N., R. 26 W.; and Southeast
Amett T. 19 N, R. 23 W. The nonproducmg structure is in Tps. 19,
20 N., R. 20 W. Drainage patterns are incompletely shown on figure
3 over the nonproducing structure and the Northwest Anthony struc--
ture,; and drainage has not developed over the Southeast Arnett struc-’
ture because of loose sand at the surface. Drainage patterns of streams
flowing across the South Bishop and North Custer City structures show
nothing anomalous. Most other oil and gas fields in the arca are
primarily stratigraphic reservoirs, unassociated with structural closure:
However, prominent structural noses underlie some fields, such as
Lenora (T. 18 N, R. 18 W.), Southwest Lenora (T. 17 N., R. 18 W.),
North Oakwood: (T. 17 N., R. 14 W.), and West Crane (Tps.
15; 16 N., R. 15 W.). Again, stream drainage patterns are not irregular,
except for that overlying West Crane (T. 15 N., R. 15 W.).*

* The Lenora, Southwest Lenora;, South Taloga, Southwest Taloga, North-
east Trail, and West Crane fields are now combined in the Putnam field.
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This anomaly is attributed to stream capture rather than to structural
influence. The southeastward-flowing segment of the stream parallels
Deer Creek and other streams to the southwest, suggesting that all
southeastward-flowing streams were on the southwest side of an
ancient divide (dashed linc, fig. 3) at some time in the past. North-
eastward-flowing streams were confined to the other side (northeast)
of the ancient divide. Erosion and headward extension of the north-
castward-flowing stream cut through the ancient divide and captured
the nearest stream, causing a southwestward shift of the divide to the
present position (solid line).

All river tributaries in the area are youthful and actively down-
cutting their channcls from a previous superposition. The sireams
must have originated on a ncarly flat Ogallala surface and, because of
their youth, may not have had time to become structurally adjusted,
and hence, are poor indicators of structural development.

The course of the Canadian River is structurally adjusted but the
courses of its tributaries are not. This is probably because it is a mature
stream that has had more time to react to the structural attitude of
the underlying Permian beds.

Melton (1959) discussed stream superposition and structural
adjustment of stream drainage. He pointed out (p. 356-358) that the
course of the Washita River through the Arbuckle Mountains in south-
ern Oklahoma gives little indication of the complex underlying struc-
ture because the river has downcut its channel from previous super-
position on flat overlying Cretaceous beds, which have sinee bcen
croded away. The river course has not yet had time to become struc-
turally adjusted. The time required to reach structural adjustment
depends upon the resistance of the bedrock to ervsion. This concept.
is apparently applicable to western Oklahoma.

AGE OF CANADIAN RIVER COURSE

Reed ‘and L'ongnecker (1932, p. 39-42) described a sequéence of
three terrace levels in Hemphill County, Texas; along the Canadian
River. course, They reported the. age. of these .beds as “early Pleis-
tocene.” - These levels' apparently  correspond to the. “high,” “inter-
mediate,” and “low’” teirace deposits along the Canadian in Oklahoma,
_“which were mapped and described by Kitts (1965; 1959), Alexander

(1965), and Birchum (1963): The oldest terrace (high terrace) con-
tains Pcarlette ash in Dewey County. (Kitts, 1959, p. 15), and it is’
probable that the high terraces throughout the area are of Kansan age.
No evidence. of older Ncbraskan sediments has been found: The ages
of the younger intermediate and low terraces are possibly INinoian
and Wisconsin, respectively. . ’

High-teirace sand and gravel are mapped. along the course of the .
Canadian River as far east as the northwest portion of T. 17 N.; R. -
16 W. (Alexander, 1965). From this point southeastward, only inter- !
mediate and low terraces are found. These observations indicate that
the course: of the river west of T. 17 N, R. 16 W., is at lcast as old as
Kansan and that the course to- the southeast is younger. This may
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courses of the Canadian River (sections C-C’, D-D’) and the North Canadian

River (section E-E’). Lines of sections are shown in figure 4; wells are
identified by number. in table. I.
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explain why the river-divide area becomies narrower downstream (over-
fit) instead of wider.

East of T. 1T N,, R. 16 W the location of the abandoned Kansan

channel is not known However Myers (1962): and Fay (1959) re-
ported. that "the. highest gravels scattered over the countryside are
probably of Kansan age. Most likely these: gravels are remnants of
abandoned” Kansan 'stream. deposits, described by Myers.: (1962) . as
trending - from the northwest corner of Harper. County through the
southeast portion of Woodward County: and lying between. the North
Canadian and Cimarron. Rivers, which parallel each other. After the

: channel’ bécame filled with silt and  sand, surface runoff eroded the
Cimarron and North Canadian River systems into the less. permeable
Permian. beds - on each- side of the -abandoned: Kansan course. Myers
further reported that the present courses of the Cimarron and North

_ Canadian : Rivers are no .older than- Illinocian, and possibly only
Wisconsin.

) The course of the Canadlan River southeast of 17N, R. 16 W,,
may. also be no older than Illincian. It is. likely that the abandoned
Kansan stream described by Myers and the Canadian River joined at .
some point in eastern Dewey County ‘or weslern Blaine County. The
silt: and ‘sand. fill in the southeastward-flowing Kansan channel ap-
parently had the same’ effect. on the Canadian River as.it did on the
surface runoff that now flows into: the North: Cahadian. and Cimarron
Rivers. This effect was. to make' the stream seek a new course ‘across
less. permeable bedrock which would erode more easily than the per-
meable channel fill. The result is that southcast of T. 17 N.,; R: 16 W.,
the - Cimarron; . North- Canadian, and Canadlan Rivers have the fol-
lowing aspects in common::

1. ‘All are probably’ the same age ( Illlnolan or Wiséonsin)..-

2. All parallel each other and flow southeastward, which the older
(Kansan) Canadian River channel does not. The rivers parallel
each other for a’ considerable distance before emptying into the
Arkansas River in castern Oklahoma. )

3. The southeastward flow. direction is mearly the same. as the
topographic slope. The older portion of the Canadian River, as.
pointed out earlier, does not flow in this direction,

 CONCLUSION :

The present eourse of the Canadian River west of T. 17 N.,R. 16 :
W.; is. the oldest course (Kansan) of any river in central-western and
northwestcm Oklahoma. Bcecause it is older, the river has had more
time to become structurally adjusted and is more influenced by bed-
rock structure than by topography. Other major streams, including the . .-
Canadian . River southeast of T. 17 N., R, 16 W,, are  younger than
Kansan. and 'are p0531b1y more mf]uenced by topography than. by
bedrock structure. :

Drainage ‘patterns of the youthful tnbutanes of the Canadian
River are poor’ indicators of ‘subsurface structure. The tributaries are’
apparently now downcutting their channels and have not had time to
adjust structurally. Domelike structures mapped on the basc of the :
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Blaine anhydrite are not associated with anomalous tributafy drainage
patterns. _
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Devonian-Silurian Subsurface Map in Press

Oklahoma Geological Survey Map GM-14, Geologic Maps and
Stratigraphic Cross- Sections of Silurian Strata and . Lower Devonian
Formations in OQklahoma, is now in: press. The large map (scale 1:750,-
000), showing the surface and' subsurface distribution and thickness
of Silurian and Lower Devonian strata, six smaller thickness and dis-
tribution maps . (scale.1 — 60 miles), and two stratigraphic cross sec--
tions were compiled by Thomas W.-Amsden and T L. Rowland; using
cores as the source. for both petrographic and paleontologic data. -

The Lower Devonian formations studied were the Haragan, Bois
d’Arc, Frisco;, and Sallisaw; a thickness and distribution map of the
Woodford Shale (Upper Devonian-Lower Mississippian) is also in-
cluded. Examination of the faunal content of these rocks, chemical
analyses, and thin-section. and  X-ray-diffraction studies permitted the
subdivision: of the Hunton Group in the subsurface inte major: units
and revealed that the Devonian rocks of the group are more extensive
than had been believed. :
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TRACE ELEMENTS IN. OKLAHOMA . COALS

CazrL C. BransoN

U.: 8. Geologieal Survey Bulletin 1117-D, Distribution of Minor
-Elements. in Some Rocks. in the Western and Southwestern Regions of
the Interior Coal Province, contains data on the analysis of 48 samples
of coal ash by emission spectrography; 24 samples are from. Penn-
sylvanian rocks of eastern Oklahoima. The coal beds sampled wcre the.
Upper Hartshorne in Latimer, Haskell, and-Le Flore Counties; Lower -
Hartshorne in Haskell County; McAlester-Stigler in Pittsburg, Haskell,
and Sequoyah Counties; Secor in’ Pittsburg and McIntosh Counties; a
rider: coal above the.McAlester-Stigler- in- Sequoyah County; Crowe-
burg in Okmulgee, Rogers, and Craig Counties; and the “Forsythe coal
above- the Broken Arrow: bed,” which may be the Iron Post coal, in’
Craig County.

The ashes of these coals contained beryllium up to 0.01 percent;
boron to 0.8; titanium to 2.2; vanadium to 0.37; chromium to 0.10; cobalt
to 0.054; and nickel, copper, zinc, gallium, germaniwm, molybdenum,
tin, yttrium, and lanthanum. Weathered coals contain much higher
percentages of these elements, notably beryllium, yttrium, and lan-
thanum, than do unweathered samples. In the authors’ opinion, “ . . .
the coals studied thus far could not be considered an economic source
of the minor elements. However, these coals might serve as an emer-
gency source in the event of a national crisis” (p. 2). )

They conclude that drainage of the Pennsylvanian sea was south-
westward and that solutions bearing minor elements were deplcted
southward. I cannot concur with these conclusions. The “drainage
directions” of the Desmoinesian sea are more probably current direc-
tions, and, as for southward depletion of solutions bearing minor
elements, some of these elements move in the environment and become
fixed to carbon molecules. They can be expected to be concentrated
in permeable coal, adjacent to the tops and bottoms of thicker beds and
in thin unworkable seams,

Data are sparse; the report is a promising beginning but needs to
be supplemented with more precise sampling. The paleogeographic
map (fig. 3, p. 30) is drawn from the Schuchert atlas published in
1955, but maps made before 1940 are unrcliable now. On page 4,
locality 13 should read “Sallisaw”; on page 7, the Iowa coal should be
Mammoth. By no means exhaustive, the report points the way for
further interesting work and for investigations which might lead to
commercial deposits.
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ProTEST AGAINST NaMEs ForR TrACE FossiLs

CaRL C. BRANSON

Proliferation of binomials for trace fossils is. especially apparent
in the careful and thorough compilations of Hantschel (1962, 1965).
The futility of ‘applying names to many: of these ‘objects is shown by
the ridiculous use of the name Zoophycos for Ordovician to Miocene
trace fossils, considered by me (o' bé in most cases inorganic sedimen-
tary structures. A ¢case in point of an unnecessary name is Taenidium?
" maeandriformis Miiller, 1966, from Saxony. This' name clearly is a
synonym: of Scalarituba missouriensis Weller, 1899, a name given a
trace fossil from the Northview Sandstone (Early Mississippian). of
southwestern Missouri (Weller, 1899). The Saxon form is from Lower
Carboniferous - (Kulm), and the holotype is illustrated in' Miiller’s
paper by a skeich (téxt-fig. 1), a photograph of eight metamercs (fig.
2), and a" photograph of a long trail (pl. 1) in"a graywacké Weller’s
paper is not cited nor is E. B. Branson’s (1938), nor mine (1966).
" The other form described (M txoterchzchnu.s coniungus) is a feed:
ing burrow from the Lower Muschelkalk (Triassic) and ‘does not
deserve a name..
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New Theses Added to O. U. Geology Library

"The following doctoral dissertations were added lo. the University
of Oklahoma Geology Library during June 1967:

Palynology of Quaternary terraces and floodplains of the Washita
and Red Rivers, central and southeastern Qklahoma, by Thomas Alden
Bond.

Carbonate petrology of ‘the Foraker Formation (Lower Permian),
north-central Oklahoma, by Ataclah Mogharabi.

—L. F.
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Appraisal of Okhhomﬁ Geology .Notes

The - editorial. policy of ‘the Oklahoma Geological Survey is cur-
rently undergoing critical review, with ‘the view to: effecting major
revisions that will, we hope, enable the Survey to contribute more ef-
fectively to the development of .the State. Among the aspects of this
appraisal is the role of the Oklahoma Geology Notes. The Survey staff
is in general agreement that, because of the excessive effort needed to
produce the Notes, fewer issues per: year would- be desirable. With
fewer issues, the content will be reduced by about 30 percent, and new
guidelines ‘will be needed for the selection of material for publication.

We, therefore; ask the readers to assist us in this matter by making
recommendations toward a more: viable and - useful periodical. We
would like to know what kinds of articles are of most interest, whether
_there is objection to reducing the number of issues to that of a quarterly
or a bimonthly. (with, of course; appropriate adjustment for unexplred
subscriptions), and, most important, what we have done wrong in the
past. We desire: the. most- candid ‘statements upon the last point. We
belleve that this periodical has a definite function. in the dissemination
of information not otherwise easnly given out, and, if we have neglected
to utilize this medium fully; now is the time to rectify this neglect. A
few solid brickbats, although painful, will give us something concrete
w1th which' to_build.: Please send your comments to:

Mr. Alex. Nicholson, Geologist- Edltor
Oklahoma Geologlcal Survey
Norman Oklahoma 73069 5
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DEeviL’s CANYON

Located between Flat Top and Soldier’s Spring Mountains in the
Wichitas, Devil’s Canyon is in Kiowa County, about 3 miles southeast
of the Lake Altus dam (SEY sec. 1, T. 4 N, R. 20 W.). In this north-
eastward view, Flat Top Mountain is on the left, Soldier’s Spring
Mountain on the right.

The first recorded visit to the mile-long canyon was by a dragoon
expedition, under the command of General Henry Leavenworth, sent
from Fort Gibson in 1834 to contact the Wichita Indians. Approaching
from the north, the party found it between two mountains with nearly
inaccessible summits and cxcellent possibilities for defense along a well-
worn trail running the length of the canyon. Lieutenant T. B. Whee-
lock, an officer with the expedition, described it as a narrow defile
with precipitous granite walls several hundred feet high, equaling the
Alps in grandeur. At the south end of the canyon they found a well-
constructed village inhabited by about 500 Wichita Indians, who were
excellent farmers with extensive fields.

The next recorded visit was by the R. B. Marcy expedition in
1852, which found that the Wichitas had deserted thcir strategic
location, probably driven out by Comanches and Kiowas, and had re-
located about 70 miles to the east, near Rush Springs. Their mode of
living, however, was the same, and they had again erected comfortable
dwellings with “well tilled fields, neatly enclosed.”

Dr. G. G. Shumard, physician and geologist for the group, de-
scribed the surrounding mountains as “composed of huge masses of
loose granite, thrown together in such confusion that it is seldom any
portion can be seen in its original position. There are veins of quartz,
greenstone, and porphyry running through these that characterize the
gold bearing formations of California.” Two small pieces of gold were
actually found, but no vein was ever discovered, leading to the con-
clusion that the vast gypsum deposits to the west were of greater eco-
nomic potential than was the trace of gold in the mountains.

Flat Top and Soldier’s Spring Mountains are peaks of reddish to
reddish-brown Reformatory Granite (Middle Cambrian?), which floor
the canyon with granite boulders and arkosic gravel as thcy are
weathered. The peaks are sculptured from what C. A. Merritt, in
Igneous Geology of the Lake Altus Area, Oklahoma (Okla. Geol.
Survey, Bull. 76) described as a batholithic structure elongated north-
westward. In an area of abundant cross-cutting structures, joints, faults,
and dikes, Devil’s Canyon probably formed along a zone of weakness
created by jointing, faulting, implacement of dikes, or a combination

of these processes.
—Phil O. Cannon

(Photograph courtesy of A. J. Myers)
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CLAaY-MINERAL DEHYDRATION
Raymonp L. Kerns, Jr.

INTRODUCTION

Weight-loss determinations of clay minerals, as well as of other
mineral and rock samples, provide essential chemical and mineralogical
information. The percent weight loss on drying is used as a measure
of the absorbed water content (H.O-) and is routinely measured at
105-115 °C. If samples contain expandable clay minerals, such as mont-
morillonite and vermiculite, interlayer water will contribute to the
weight-loss value; the weight loss, therefore, has special significance
for clay mineralogists. The 105-115 °C range is usually sufficient to
remove the interlayer water from the clay-mineral lattice. However,
the tenacity with which interlayer water is held by the lattice depends
in part on the interlayer cations present. Of the more common inter-
layer cations in naturally occurring clay minerals, magnesium possesses
a higher retentive capacity for interlayer water than does potassium,
sodium, or calcium.

Differential thermal analysis patterns of most clay minerals show
endothermic reactions between 500 and 700 °C. These endotherms are
generally attributed to dehydroxylization of the octahedral layers. In
many cases, a slight endotherm occurs in the 900 °C range; this endo-
therm may be due to the loss of the last traces of hydroxyls from the
structure, but it can also be attributed to relaxation or stretching of
chemical bonds within the lattice before the formation of high-tempera-
ture phases, which may be represented by an exothermic peak closely
following the high-temperature endothermic loop.

Samples are ordinarily heated to 1,000 °C to determine the total
weight loss from the evolution of vapor phases. In clay minerals, the
total weight loss comprises the low-temperature water loss plus the
loss of hydroxyls from the octahedral layers. It is not yet known at
what temperature this reaction is completed, but it is certainly below
1,000 °C. The interpretation of total-weight-loss data may be com-
plicated by the presence of carbonates, sulfates, sulfides, organic matter,
or other phases that also lose evolved components at high temperatures.

LOW-TEMPERATURE WEIGHT-LOSS DETERMINATION

To achieve reasonable accuracy, all weight-loss determinations
should be made in triplicate, with weights measured in grams. The
first step in the procedure is preheating the furnace to the desired
temperature (100-225 °C). Pyrex weighing bottles and caps with
ground-glass joins should be washed and rinsed with distilled water.
The glass should be dried with a lint-free towel and placed in the fur-
nace with the cap off. The bottle and cap should be dried for 1 hour
and the cap placed on the bottle before they are removed from the oven.
The capped bottle should be allowed to cool in a desiccator for at
least 0.5 hour before weighing. Balance manipulations should be made
immediately after removal from the desiccator to determine the weight
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of the bottle in a dry-air environment. This value is recorded as the
weight of the weighing bottle and cap.

A sample weighing at least 1 gram is placed in the bottle and the
total weight (sample, bottle, and cap) determined and recorded. The
sample, in the bottle with cap off, is placed in the oven and dried at
temperature for a minimum of 4 hours. After drying, the bottle is cap-
ped before being removed from the oven and again allowed to cool in
a desiccator. The assemblage is weighed with the cap on and the value
recorded as the weight of dry sample plus bottle and cap.

The initial weight of the sample is determined by subtracting the
weight of the dry bottle and cap from the weight of the air-dry sample
plus the weight of the bottle and cap. The weight loss is calculated by
subtracting the weight of the oven-dry sample plus bottle and cap from
the weight of the air-dry sample plus bottle and cap. Weight loss is
usually reported as a percentage of the initial weight. This is calculated
by dividing the measured weight loss in grams by the initial sample
weight and multiplying by 100.

Samples dried at less than 300 °C will usually reabsorb water
when returned to atmospheric conditions, so the sample should probably
not be reused for determination of cation-exchange capacity or weight
loss on firing. However, the sample would still be usable for chemical
analyses, and probably for X-ray and DTA analyses.

DTA DATA

Some of the effects of interlayer cation composition on the de-
hydration of clay minerals are observable from differential thermal
analysis data (Barshad, 1948, 1949, 1950). Thermograms in the low-
temperature range (less than 300 °C) for two samples of montmoril-
lonite (A, B) and one sample of vermiculite (C) are shown in figure
1. The three samples were first converted to potassium, sodium, calcium,
and magnesium forms with H* resin and the appropriate chloride-salt
wash treatment. The dried powders were humidified at about 50 per-
cent relative humidity and analyzed on a Robert L. Stone DTA unit
(model 13M).

The endothermic loops in figure 1 indicate the range over which
adsorbed (0-100 °C) and absorbed water (0-200 °C) are driven out
of the sample. Changes in the shapes of the loops reflect progessive
stages of dehydration; Mg-vermiculite and Mg-montmorillonite general-
ly lose interlayer water in three distinct steps (Walker, 1956; Rowland,
Weiss, and Bradley, 1956). The point at which the endothermic curve
returns to the base line marks the temperature at which almost all low-
temperature water has been removed from the sample. Magnesium-
saturated samples retain part of their interlayer water to temperatures
above 200 ©°C; potassium-, sodium-, and calcium-saturated samples
lose almost all interlayer water in the 100-200 °C range.

DIFFRACTOMETER FURNACE

A Norelco X-ray diffraction unit equipped with a Robert L. Stone
diffractometer furnace was used to determine the temperatures at
which clay minerals with different interlayer cation compositions would
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be completely dehydrated. The heating control system is designed so
that the temperature can be changed at a programmed rate while the
diffractometer is oscillated across a particular d-value range. Changes
in intensity or d spacing may be correlated directly to temperature
changes.
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Figure 1. DTA curves for sodium., potassium-, calcium-, and magnesium-
exchanged clay samples.

A. Plum Bentonite montmorillonite
B. Less-than<0.5-micron fraction of iron-rich montmorillonite
C. 4-8-micron fraction of vermiculite

(Purging gas: nitrogen; heating rate: 10 °C/min; calibration: 1.0 @ 150xv)
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Figure 3. X-ray diffractometer scans of a 4-8-micron fraction of vermiculite
at room temperature, at 110 °C, at 170 °C, and at 225 °C. Scans were made
after allowing 4 hours for equilibration at elevated temperatures.

The potassium-, sodium-, and calcium-saturated montmorillonites
were observed to collapse from expanded states (12.5-14 A) to about
10 A at temperatures slightly above 100 °C, indicating complete de-
hydration of the interlayer region. Magnesium-saturated safples did
not collapse to 10 A until the temperature exceeded 200 °C. The dif-
fractometer furnace scans for a magnesian vermiculite (A) and mont-
morillonite (B) are reproduced in figure 2. Diffractograms traced
under equilibrium conditions, after holding at temperature for 4 hours,
are shown in figures 3 and 4. It is evident from figures 2, 3, and 4 that
part of the interlayer water is tenaciously held in magnesium-inter-
layered clay minerals.
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DEHYDRATION AND MEASUREMENT AT INTERVALS

A sample of vermiculite was measured for successive weight losses
at intervals of about 20 °C from 50 to 1,000 °C. These data are pre-
sented in figure 5. Curve A of figure 5 shows the cumulative weight
loss in percent over the temperature range; curve B shows weight loss
over an increment of temperature increase. These graphs may be com-
pared with the DTA pattern for the same sample, shown in figure
5-C. These data indicate that weight losses generally occur in three
distinct temperature ranges: 0-220 °C, 500-600 °C, and 700-850 °C.

Im«n

Room Temperoture

11554

170 °C

2884A

101A

228 °C

1934
3334

35 30 F3 36 5 10 5 <
Degrees 20 (CuKa)

Figure 4. X-ray diffractometer scans of a —0.5-micron fraction of an iron-
rich montmorillonite at room temperature, at 170 °C, and at 225 °C. Scans
were made after allowing 4 hours for equilibration at elevated temperatures.
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Figure 5. Progressive percent weight loss and corresponding DTA curve of
a vermiculite sample heated from room temperature to 1,000 °C.

A. Cumulative weight loss plotted at 15-25 °C intervals
B. Incremental weight loss plotted at 15-25 © C intervals
C. DTA curve

TOTAL WEIGHT LOSS ON FIRING

The total weight loss should be made on cuttings of the same
material used to measure the low-temperature weight loss, but not on
the samples heated for that measurement. Either platinum or porcelain
crucibles may be used as containers. The dry weight of the crucible
is determined after drying in an oven or furnace at 200 °C for 1 hour.
The crucible is removed and cooled for 0.5 hour in a desiccator, then
weighed and the weight recorded. A sample of approximately 1 gram
is placed in the crucible and the total weight of the sample, plus cruci-
ble, is recorded. The difference between the two weights is recorded as
the initial weight of the sample before firing.

The sample and crucible should then be placed in the furnace and
the temperature selector set at 1,000 °C. The sample is held at this
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temperature for at least 4 hours, and the furnace is then turned off
and allowed to cool to less than 500 °C. Cooling of the crucible and
fired sample to room temperature is completed in a desiccator, and the
weight after firing is then determined. The weight loss is calculated
by substracting the weight after firing from the weight of the air-dry
sample plus dry crucible. The total percent weight loss on firing is
calculated by dividing this number by the initial sample weight and
multiplying by 100.

If the sample contains only clay minerals, the low-temperature
weight loss, in percent, is reported as H.O~. H.O* may be calculated by
subtracting the H,0- value from the total percent weight loss on firing
at 1,000 °C. The fired sample should be retained for X-ray analysis to
see if any high-temperature mineral phases have formed.

EXPERIMENTAL TECHNIQUE

Weighing bottles and crucibles should be thoroughly washed and
rinsed with distilled water before using. Containers should not be
handled with bare hands, as fingerprinting can cause significant errors
in weights measured to the fourth decimal place on an analytical
balance. Hot samples may be handled with a pair of clean tongs, cooler
samples may be handled with lint-free tissue.

The samples should always be cooled to room temperature in a
desiccator before weighing, as hot or warm samples may cause thermal
expansion of the balance which will introduce significant errors. The
cap of a weighing bottle is ground to fit the bottle it came with; both
have the same number and should be used together, not interchange-
ably with other weighing bottles and caps. It is important to have a
good seal on the weighing bottle when dealing with dry clay. Clay
minerals rehydrate readily when exposed to even the lowest relative-
humidity conditions. Fired samples are less susceptible to water absorp-
tion, and weight gains of desiccator-cooled fired samples are considered
well within the limits of precision for the technique.

The accuracy of the method is increased considerably if weight
losses are determined in triplicate. Reproducible results are easily
obtained to +1.0 percent of the reported value. Table I is a sample
data sheet for three different specimens, and the data represent a tri-
plicate determination of weight loss for the same mineral.

CONCLUSIONS

Weight-loss-determination techniques are quite simple, compared
with other, more intricate types of analysis. However, the techniques
must not be considered “cook-book” if meaningful data are to be
obtained for clay-mineral characterizations and interpretations.

Routine drying temperatures of 105 to 115 °C are suitable for
most clay minerals. However, clays having expandable lattices with a
high-magnesium interlayer cation composition cannot be completely
debydrated at temperatures below 200 oC. For example, a 32.5-percent
error would have resulted from estimating the interlayer-water content
of the vermiculite sample in figure 5 from the H.O- value at 115 °C
rather than at 225 °C. The H,0+ content would have been calculated
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TaBLE 1.—TvypicaL COMPUTATIONS FOR WEIGHT-Loss
DETERMINATION FOR A VERMICULITE SAMPLE

SAMPLE SAMPLE SAMPLE
1 2 3

Heating to 220 °C
Weight (gms) of:

sample + bottle + cap 22,4917 22.5665 22.3141
bottle + cap 21.0845 21.0042 20.8623
air-dry sample 1.4072 1.5623 1.4518
sample + bottle + cap 22.4917 22.5665 22,3141
oven-dried sample + bottle 4- cap 22.3182 22.3767 22.1365
Weight loss (gms) 0.1735 0.1898 0.1776
Percent weight loss 12.33 12.15 12.23

Average weight loss = 12.24+0.09%, = H,O-

Heating to 1,000 °C
Weight (gms) of:

sample + crucible 6.8224 6.6372 6.8004
crucible 5.2792 5.1445 5.1849
sample 1.5432 1.4927 1.6155
sample + crucible 6.8224 6.6372 6.8004
fired sample + crucible 6.5395 6.3585 6.5017
Weight loss (gms) 0.2829 0.2787 0.2987
Percent total weight loss 18.33 18.67 18.49

Average total weight loss — 18.50+0.17%

Weight percent HO* =
Percent total weight loss — Weight percent H,O- =
6.26+0.26%

as 9.4 percent instead of the more accurate value of 6.0 percent, which
is closer to expected values for mica-type lattices.

A thorough knowledge of the non-clay mineral composition of the
sample, such as the presence of carbonates, sulfates, sulfides, or organic
matter, which might contribute to total weight loss values, is also
necessary for accurate estimations of the weight loss on firing. The
H.O* value depends not only on the accurate determination. of the total
weight loss on firing, but also on the accurate and realistic determina-
tion of the H.O- content.

With a thorough knowledge of the material and careful experi-
mental technique, weight-loss determinations can provide meaningful
information to clay-mineral investigations.

References Cited
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Board on Geographic Names Decision

The name Mount Oklahoma has been approved by the U. S. Board
on Geographic Names for a 13,845-foot-high peak in the Sawatch
Range, Lake and Pitkin Counties, Colorado. At latitude 39°10/44” N,
longitude 106°30724” W, Mt. Oklahoma is on the Continental Divide,
12 miles southwest of Leadville and 1.5 miles northeast of Deer Moun-
tain.
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WAVE-CUT FEATURES IN THE LUGERT GRANITE

In parts of the western Wichita Mountains, the Middle Cambrian
Lugert Granite crops out where overlying Wichita and Hennessey
Shales (Lower Permian) have been removed. The flutes, grooves,
and potholes pictured here were carved by the Early Permian sea
into the Lugert, which was exposed as islands and along the shoreline
of that time. The wave-cut surface extends beneath the hill in the
background of this view, but much of it is covered by debris from above.

Other evidences of wave sculpture in the area are caves along the
old shoreline and wave-cut platforms on several hills in the Devil’s
Canyon physiographic group. These platforms range from 50 to 300
feet wide and are typically 2,200 to 2,250 feet above present mean sea
level. Most are found only on the hillside which was toward the open
sea; however, the ridge around Dome Mountain is continuous.

Many of the Lugert hills in this region were part of an archipelago,
and, as the sea covered the islands during Wichita and Hennessey
times, the shales which now blanket much of the granite were deposited.

The photograph is from Oklahoma Geological Survey Guide Book
5, Field Conference on Geology of the Wichita Mountain Region in
Southwestern Oklahoma. The outcrops pictured are in NEV; NWY,
sec. 7, T. 5 N, R. 18 W, Kiowa County.

—P.W.W.
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PARTICLE-S1ZE SEPARATION OF CLAYS

Raymonp L. Kerns, Jr.

INTRODUCTION

Particle-size separations are performed in clay-mineral studies to
obtain quantitative information on the particle-size distribution within
a sample or to determine the size range of a particular mineral phase.
Such techniques also eliminate unwanted material from a sample, pro-
viding definitive information on a relatively pure mineral phase. Of
great interest to clay mineralogists is the relationship between clay-
mineral properties and particle size, or total surface area. Chemical
composition, surface chemistry, crystallinity, high-temperature phase
changes, DTA characteristics, and particle morphology are some of the
parameters either known or suspected to vary with, or to be a function
of, particle size.

This discussion is not intended as a detailed consideration of all
available size-separation techniques, and derivations of fundamental
equations are not considered essential herein. Such topics are dealt
with in detail in more complete works on the subject (e.g., Krumbein
and Pettijohn, 1938), whereas this paper is intended as a guide for
students who plan to undertake size fractionation of clay material. Two
methods, the siphon technique and the centrifugation technique, and
their applications and limitations are considered.

The particle-size fractionation techniques ordinarily applied to
clay-sized materials utilize differential settling velocities according to
Stokes’ law. Differential settling, followed by decantation, or siphon-
ing, may be used to separate particles to a lower limit of 1-micron
spherical diameter. Settling velocities for particles smaller than 1
micron are too slow for practical applications of this technique and such
materials are more efficiently handled with high-speed centrifugation.

SIPHON TECHNIQUE

Stokes’-law settling.—The most commonly applied formula for

calculating settling velocities of sedimentary particles is the Stokes’
law equation. v 2 (dy-dg)gre ‘

T e n (Eg. 1)

The velocity (V) of a falling sphere of radius r in a fluid may be
calculated from the density of the sphere (d,), the density of the fluid
(d.), and the viscosity of the fluid (). The acceleration due to gravity
(g) is 980 cm/sec’, and deviations from this value are considered
negligible. The variations in density (d.) and viscosity () of the fluid
are usually significant, even over a small range of temperatures, and
ordinarily are taken into consideration.

Several assumptions are involved in applying Stokes’ law. The
more critical of these are that the particle must be spherical, smooth,
and rigid and that there should be no slipping between it and the
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medium. Also, there must be no interference between particles in the
medium, the terminal velocity must have been reached, and the settling
velocity should not be too great.

Solutions of the Stokes’ equation are available in several forms.
One of the more useful is a nomograph by Schweyer (1952, p. 10),
which permits rapid graphical solution of the equation. The only data
needed are particle density and the temperature of the medium; a
density of 2.7 gm/cc is a reasonable average for most sediments. Table
1 lists settling times through a distance of 10 cm, as interpreted from
Schweyer’'s nomograph, for several particle sizes equivalent to whole-
number phi-scale divisions.

Particle-size separations of clays are most frequently used to elimi-
nate unwanted mineral phases or to obtain monomineralic fractions so
that differences in particle size may be considered on a relative, rather
than absolute, basis; hence, the deviation of particle shapes from an
ideal sphere is generally ignored. Under these conditions, particle sizes
are simply reported as equivalent spherical diameters (ESD). If neces-
sary, the classic Stokes’ equation can be refined to take into account
the platy nature of clay and mica particles.

Method.—The siphon technique is similar to the traditional decan-
tation method. The material is disaggregated and dispersed in an
aqueous medium. The suspension is allowed to stand undisturbed for
the time necessary for settling out of all particles coarser than a chosen
size; at the end of that time, the suspension is siphoned off down to a
certain level. The material that has settled out is then redispersed and
the settling and siphoning process is repeated.

TapLE L.—SETTLING TIMES FOR PARTICLES THROUGH
A DisTaNCE oF 10 CENTIMETERS*

PARTICLE SETTLING
DPIAMETER TIME
(MICRONS) # size HR  MIN SEC
62.5 4 25
810 5 1 40
156 6 6 40
78 7 27
3.9 8 1 45
20 9 6 50
0.98 10 25

* At 25 °C with assumed particle density of 2.7 gm/cc.

The number of times this process is repeated depends on the
degree of separation desired in each particular case. Continued dis-
persals and withdrawals will, of course, result in a higher degree of
separation. The amount of smaller sized material remaining in a bidis-
perse system after successive withdrawals will be 1%, 14°, 4% . . .
14" of the original amount, where the exponent n is the total number
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of withdrawals. A mathematical expression of the degree of separation
by Stokes’ settling law for this simple case is

e (Eq. 2)

where w is the amount of smaller sized material left after r treatments,
w, is the original amount of fine material, and p represents the ratio
ri/rs, 1 and r. being the radii of the larger and smaller size grades, re-
spectively (Krumbein and Pettijohn, 1938, p. 120). The equation
shows that the smaller the value of p, the less efficient the separation
will be in n treatments. Relatively good separation may be achieved,
however, if the dispersion-siphon process is repeated often enough. The
mathematical consideration is more complex in polydisperse systems.
In most experiments with fine-grained sediments (less than 64
microns), an efficiency limit (w/w,) is asymptotically approached
after about ten withdrawals, assuming that the sample has been well
dispersed and disaggregated each time.

Experimental considerations—The first procedure in most cases,
particularly with well-indurated samples, is to reduce the aggregate
size for rapid and efficient disaggregation and dispersal. Rock speci-
mens will ordinarily require crushing (avoid grinding) to pea size.
The crushed rock is placed in a container, such as a 1-liter beaker,
filled with distilled water. To avoid interference of the particles during
settling, the concentration of solids should not exceed 10 percent by
weight. Dispersal may be easily achieved with an ultrasonic generator;
a Waring blender is equally effective, but this machine can be easily
damaged by abrasive materials such as sand or silt. Fifteen minutes
is usually sufficient for adequate disaggregation, although some
materials require longer. Materials undergoing disaggregation by the
ultrasonic method should be stirred frequently to facilitate the process.

After dispersion in distilled water, the suspension is stirred vigor-
ously and allowed to stand undisturbed for a time sufficient to permit
settling out of particles coarser than the desired size. The period of
time needed can be selected from table I or from some other solution
of Stokes’ equation. If 1-liter beakers are used, a 10-centimeter settling
distance is ideal. If the material flocculates, continued washing with
distilled water may be necessary until the clay remains in suspension.
The use of dispersants, such as Calgon (sodium hexametaphosphate),
should be avoided if information concerning the cation-exchange ca-
pacity or the exchangeable cations present is desired.

After continued additions of distilled water, the volume of the
suspension may exceed 1 liter; plastic wastebaskets of various sizes
are available for handling larger volumes.

The siphon technique is suitable for separating particles at any
interval desired, to an upper limit of 64 microns and a lower limit of
1 micron. Mechanical sieving is a more efficient method for separating
particles coarser than 64 microns. Settling velocities of particles finer
than 1 micron are so slow that settling techniques are impractical, and,
if further differentiation or concentration is desired, one must resort
to high-speed centrifugation. T'able II may serve as a summary of the
siphon method and as a laboratory guide.
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TasLe II.—Tue SreHON METHOD

Step 1. Crush sample to pea size.

Step 2. Place in L-liter beaker with distilled water; suspension should be
less than 10% solids by weight.

Step 3. Disaggregate and disperse with ultrasonic generator or Waring
blender.

Step 4. Allow to stand for sufficient time to remove particles of desired
size; determine time from table T; 10-cm settling distance is best
for 1-liter beakers.

Step 5. Repeat steps 2, 3, and 4 ten times for adequate separation.

Step 6. Save material smaller than 1 micron for concentration or further
size fractionation by centrifugation.

CENTRIFUGATION TECHNIQUE
Mathematical consideration.—Centrifugation is usually necessary
to concentrate or to size-fraction dispersed materials of less than 1-
micron ESD. The fundamental equation for the application of centrif-
ugal force to particle-size separation is developed completely in other °
works (e.g., Krumbein and Pettijohn, 1938). The basic equation is a
special form of Stokes’ law (equation 1).

_ 2 (d,-d)w? {x+a)r?
V=g e (Eq. 3)

The variables V, d,, d., r, and 4 are the same as in equation 1. The
only difference is that the term for gravitational acceleration (g) has
been replaced by the term «* (x + a), where o is the angular velocity,
a the distance of the particle from the axis of rotation before fall, and
« the distance of fall. The velocity (V) may be written as dx/dt, and
equation 3 may be written as a differential equation with dx/d¢ substi-
tuted for V (Krumbein and Pettijohn, 1938). Arranging for integra-
tion, one obtains:

e s on *d x
'[d" 2R (drdy) [xw (Eq. 4)
and after integration:
_9nloge %E (Eq' 5)

t Sy

Method.—The Lourdes Super Centrifuge, model LCA-1, may be
operated at high speeds with a continuous flow of suspension through
the apparatus. Figure 1 is a schematic cross-sectional view of the
container. It is conical with an outside diameter of 22 cm at the base,
tapering to 15 cm at the top. The total volume is about 1 liter, but
when operated under continuous-flow conditions there is no liquid in
the inner chamber (A). The steady-state volume of the liquid in the
container is 600 milliliters. The container has a removable plastic liner
and a lid that may be tightened with a special wrench. The liquid
enters the centrifuge at the center (B), leaves through holes in the lid
(C), and enters the cap (D). The escape velocity must be sufficient
to cause the liquid to circle the inside periphery of the cap at least
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Figure 1. Cross-sectional view of centrifuge container for the

Lourdes Super Centrifuge, model LCA-1. Diameter of inner

chamber (2a) is 95 cm; internal diameter of container
[2(x + a)] is 16 em.

A inner chamber C escape ports
B inlet pipe D cap
E outlet pipe

once. An opening in the side of the cap (E) is fitted with a hose which
carries the overflow to an outside container.

The diameter of the inner compartment (2a) is 9.5 cm. The inner
diameter of the centrifuge container is 16 cm at the widest part; the
inside radius, therefore, is 8 cm and corresponds to the value of
(x + a) in equation 5. The value of x is 3.25 cm and the value of ¢
is 4.75 cm for this system.
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This centrifuge is equipped with a tachometer which registers
the centrifuge speed in revolutions per minute. To establish working
conditions for particle-size separations using equation 5, rpm values
must be converted to angular velocities in radians per second. The
relationship is: 2me

W= —=s (Eq. 6)

where o is angular velocity in radians per second, = is 22/7, and 4 is
the centrifuge speed in revolutions per minute. Equation 6 may be
substituted into equation 5 to yield:

(Eq. 7)

(iog e *52)
t= {9n)\log e =@/ (3600)
- sw?o’(d,-d,)r?

Substitution of viscosity () and density (d.) of water at 25 °C, an
average density of 2.7 gm/cc for the solid phase, an x value of 3.25
cm, and a value for a of 4.75 cm, equation 7 reduces to:

_ L0149 (Eq. 8)

t= 6%, Se¢

For given values of r and ¢, ¢ is the time in seconds required for all
particles of radius r and larger to fall through the distance x. After
falling through the distance x they are trapped within the centrifuge.
Particles of radius less than r are carried out of the system with the
overflow.

A speed regulator is built into the centrifuge; with a mechanism
for controlling the iength of time that a given volume of liquid remains
in the centrifuge it is possible to do particle-size separations. A simple
apparatus for controlling the rate of flow of liquid into the centrifuge
is diagrarnmed in figure 2. This gravity-feed mechanism is equipped
with a stopcock (A) by which the flow is adjusted by trial and error
until the desired rate is obtained. The height of the reservoir (B)
should be at least 4 feet above the centrifuge (C) and overflow con-
tainer (D). If fluctuations of the hydrostatic head are within a range
of =3 inches, deviation in flow rate will not be more than a few percent.

Flow rate is a function of the time (¢) obtained by solving equa-
tion 8 and of the volume of liquid in the centrifuge during steady-state
operation (600 ml). The flow rate (Fr) in liters per minute for any
solution of equation 8 may be calculated as:

_ 600iml) X 60(sec/min)

. . Fa s i (SecTX 1000 tmi71y (Eq. 9)
which reduces to:
R s ? (1 /min) (Eq. 10)

It is more convenient to work with the reciprocal of the flow rate,
referred to as the flow time in minutes per liter:

Foe (Eq. 11)
R
or, combining equations 10 and 11:
. (Eq. 12)
F'= 3§ min/|
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4 feet

Figure 2. Diagram of apparatus for controlling flow rate into
a centrifuge.
A stopcock C centrifuge
B reservoir D overflow container

A formula for the direct calculation of flow time for any combination
of values of ¢ and r in centimeters may be obtained by combining equa-
tions 8 and 12. This results in the formula:

Fi- ;g‘;gr,(}nanm (Eq. 13)
or:
F,- Q080 (Eq. 14)

where ¢ and r have the same significance as in equation 8.

Solutions of equation 14 are plotted graphically in figure 3. Values
of flow time (F.) in minutes per liter are plotted on the ordinate and
centrifuge speeds (#) in revolutions per minute are plotted on the
abscissa. Each curve represents a different equivalent spherical di-
ameter (ESD).

Experimental considerations.—The curves in figure 3 are plotted
over a range of centrifuge speeds from 3,000 to 12,000 revolutions per
minute. At speeds less than 3,000 rpm the centrifugal force is insuf-
ficient to expel all the water from the container through the overflow
outlet, and some fluid leaks out between the centrifuge cap and the
containers. Speeds greater than 12,000 rpm cause excessive motor
wear. Flow times less than 5 minutes per liter should be avoided be-
cause small errors in adjustment in this range lead to large errors in
the separated particle sizes; flow times longer than 60 minutes per
liter are impractical. Centrifuge speeds and flow times for the more
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Figure 3. Calibration curves of flow tiine, in minutes per liter, against cen-
trifuge speed, in revolutions per minute, for the Lourdes Super Centrifuge,
model LCA-1.

common particle-size ranges are listed in table IIL. Instructions for
operating the Lourdes Super Centrifuge, model LCA-1, are outlined
on a plate on the underside of the machine cover.

TaBLE I1I.—CENTRIFUGE OPERATION SETTINGS FOR MORE COMMON
PARTICLE SIZES

PARTICLE CENTRIFUGE
DIAMETER FLOW TIME SPEED

(MICRONS) @ size (MIN/LITER) (RPM)
0.500 11 5 3,000
0.250 12 5 6,000
0.125 13 5 12,000
0.0625 14 20 12,000

If the centrifuged material were redispersed and recycled several
times, particles sizes could be more completely separated; however, this
operation would be long and tedious. For routine separations, thorough
and rigorous disaggregation and dispersal of the clay should produce
a reasonable separation.
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Robert L. DuBois Named Kerr-McGee
" Professor in Geology and Geophysics

Dr. Robert L. DuBois, named Kerr-McGee Professor in Geology
and Geophysics, has joined the faculty of the School of Geology and
Geophysics at The University of Oklahoma; in addition to teaching
at the University, he will set up a magnetic-research laboratory on one
of the Norman branches of the campus and will be in charge of the
Earth Sciences Observatory at Leonard. An acknowledged authority
on paleomagnetism and archaeomagnetism, Dr. DuBois brings to this
position experience as a professor at the University of Arizona and as
a consultant to Kaiser Steel Corporation, American Smelting and Re-
fining Company, and other major mining companies, as well as to
Jet Propulsion Laboratories in Pasadena, California.

Of inestimable value to both geologists and archaeologists would
be certain knowledge of the orientation and intensity of the earth’s
magnetic field for any period of time in the past; knowing this, data
on the magnetic orientation and intensity of petrologic and archaeo-
logical specimens could be compared with those on major time periods
in the past, and the ages of the specimens could be determined. The
principal objective of studies conducted by the magnetic-research
facility will be to gather data for a complete chronicle of field reversals,
magnetic polar wanderings, and other changes in the earth’s magnetic
field through time.

When completed, the laboratory will contain equipment for measur-
ing the direction and intensity of magnetism in archaeological and
petrologic samples, as well as the stability of magnetic properties of
the samples. At the University’s Earth Science Observatory in Leonard,
measurements will be made and data recorded on local and distant
earthquakes, earth tides, changes in the tilt of the Earth on its axis,
magnetic micropulsations, geomagnetic field variations, earth-current
fluctuations, and microbarometric pulsations. The observatory, pre-
sented to the University in 1965 by Humble Oil & Refining Company,
is at an elevation of 843 feet and is well away from most sources of
electrical and sound interference.

Dr. DuBois received two bachelor’s degrees and a master’s degree
in engineering and a Ph.D. in geology from the University of Washing-
ton. His memberships in professional organizations include the Ameri-
can Geophysical Union, Geological Society of America, Mineralogical
Society of America, American Association for the Advancement of
Science, Sigma Xi, Arizona Geological Society, and the Arizona
Academy of Science. Dr. DuBois is a past chairman of the geological
section of the Arizona Academy of Science and has also edited the
Arizona Geological Society Digest.
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A. A. P. G. Mid-Continent Regional Meeting

The convention theme for the Mid-Continent Regional Meeting
of the American Association of Petroleum Geologists reads: “Sound
imagination plus bold exploration will find future Mid-Continent
reserves”; with a program designed to encourage imaginative explora-
tion, the meeting will be held September 27-29 at the Broadview Hotel
in Wichita, Kansas. Registration will begin at 9:00 A.M. Wednesday,
September 27, and papers will be presented beginning at 9:00 A.M.
and 1:30 P.M. on both Thursday and Friday.

The objectives of the convention, according to co-chairmen R. J.
Gutru and E. J. McNeil, are “to stimulate geologic imagination, to
encourage more daring exploration, and ta provide the obportunity
for professional friends to meet and discuss the challenges ahead in
exploring for the ‘elusive’ future Mid-Continent petroleum reserves.”
Several papers dealing either directly or indirectly with Oklahoma
geology will be presented with these objectives in mind*; among them
are: Stratigraphic Applications of Dipmeter Data in the Mid-Continent,
Ray Campbell; Early Paleozoic Overlap in the Southern Mid-Conti-
nent, P. A. Chenoweth; Some Interesting Aspects of Carbonate Oil
Accumulation in, the -Mid-Continent Area, J. F, Harris; Use of Clay
Mineralogy in Determining Source of Deep Basin Sands, F. H. Manley,
Jr.; The Depositional Environments of the Spiro Sands in the Arkoma
Basin, R. H. Potts, Jr.; Application of Trend Analysis to Pre-Morrow
Surface, Southeast Hugoton Embayment Aree, M. W. Schramm, Jr.;
and A Basis for Red Fork Sand Exploration in Northwest Oklahoma,
P. C. Withrow.

Housing information can be obtained from Wayne L. Brinegar
of K & E Drilling, Inc., 719 Union Center Bldg., Wichita, Kansas,
67202; prior to September 10, all applications for housing must be
received by the Convention and Visitors Bureau, Wichita Chamber
of Commerce, 121 North Broadway, Wichita, Kansas, 67202.

* Abstracts will be published in the October issue of the Notes.
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