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FOREWORPD

By Thomas A. Hendricks1

It is my privilege to write the foreword to the volumes
on the geology of the Quachita Mountains. The high degree
of interest in the geology of the Ouachitas is shown by the
fact that the two Ouachita Mountains symposium sessions
scheduled for the Geological Society of America South-
Central Section meeting in Little Rock in 1973 were fiiled
and additional pertinent papers were presented in other
sessions. Some papers that were primarily concerned with
QOuachita geology but were presented in other sessions of
that meeting are included in the volumes as are some papers
not presented at any of the sessions.

This is not the first symposium on the geology of the
QOuachitas--nor will it be the last. The paucity of good bed-
rock exposures limits the detailed information available in
this area of complex structure and stratigraphy. Conse-
quently, each increment of new data takes us a step nearer
to good knowledge of the geology of this fascinating area.

Pre-1900 workers on QOuachita geology carried some
names famous in the profession -- R.A.F. Penrose, J. C.
Branner, Joseph A. Taft, and E. O. Ulrich. Some less
famous but sound workers made major contributions,
such as the monumental work of L. S. Griswold on whet-
stones and novaculites.

After a lull of more than a decade, other prominent
geologists entered the studies - A. H. Purdue, his protege
H. D. Miser, C. W. Honess, Sidney Powers, and W.A.J.M.
van Waterschoot Van der Gracht, the Dutch geologist
who first called attention to the flysch-like character
of some of the Ouachita sediments. These stalwarts worked
remarkably well with little in the way of base maps or other
aids.

In 1934, controlled mosaics were prepared by Edgar
Tobin Aerial Surveys for the Amerada Petroleum Corpora-
tion of an area of about 2,000 square miles in Oklahoma.
This permitted mapping and other studies by Bruce H.
Harlton, J. V. Howell, and their associates. When the
period of exclusive use of these aerial photos expired,
a new set of experienced field geologists used them as a
base for extensive mapping, particularly in Oklahoma.
This group included Rolf Engleman, Henry Carter Rea,
Frank Notestein, Vaughn Russom, Roy P. Lehman, Paul
Averitt, and myself. This phase culminated in detailed
mapping and presentation of measured sedimentary direc-

1U. S. Geological Survey, Denver, Colo. 80225

tional features on the excellent topographic base of the
Waldron quadrangle in western Arkansas by John A.
Reinemund and Walter Danilctiik and laboratory studies
by August Goldstein, Jr., J. W. Bokman, C. E. Weaver,
and others.

Since 1960, several theses have been prepared on the
geology of the Quachitas in Oklahoma by students from
the Universities of Wisconsin and Oklahoma under the
quidance of Lewis M. Cline and Kaspar Arbenz. In Arkansas
much work was done by Boyd R. Haley, MacKenzie
Gordon, Jr., Donald A. Brobst, Charles G. Stone, Philip J.
Sterling, Drew F. Holbrook, and others for the U. S.
Geological Survey and the Arkansas Geological Commis-
sion. W. E. Ham, who worked mostly west of the
Quachitas, made a major contribution to the overall know-
ledge by calling attention to the '‘starved basin’’ character
of the older Paleozoic sediments of the Ouachitas.

Major syntheses of the geology of the Quachita system
have been published by Hugh D. Miser; August Goldstein,
Jr., and T. A. Hendricks; and Peter T. Flawn, August
Goldstein, Jr., Philip B. King, and C. E. Weaver. The last
includes a very comprehensive bibliography.

Remote sensing from satellites and high-flying air-
craft, together with geophysical studies, is likely to permit
recognition of significant trends and lineaments that
will add another dimension to studies of the geology of
the Quachitas, but it remains to be seen whether such
information will solve more problems than it adds. The
geology of the Quachita Mountains still is one of the
frontiers of the science.

It is appropriate that these volumes be dedicated to
Hugh D. Miser. He established the stratigraphic nomen-
clature used in the Ouachita Mountains. His stratigraphic
units have stood the test of their extension into parts of the
area beyond those mapped by him, and have also stood the
more severe test of detailed studies conducted by later
workers. This is a tribute to Miser's adherence to the basic
principle that stratigraphic units must be recognizable and
mappable. Mr. Miser also contributed greatly to an
understanding of Ouachita geology by his unstinting
willingness to draw on his extensive knowledge to help less
experienced geologists and students to gain the background
and inspiration on which to hase further studies.
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A TRIBUTE TO

HUGH DINSMORE MISER

1

By George V. Cohee

Dr. Hugh Miser, one of our most eminent geologists,
died of a heart attack at his home in Washington, D. C.
on August 1, 1969. Hugh Miser was born at Pea Ridge,
Arkansas, December 18, 1884, and received his early
education in the local schools at Pea Ridge and then
attended the University of Arkansas where he received
his Bachelor’s and Master's degrees, the latter in 1912.

He worked for the U.S. Geological Survey first as a
Geologic Aid in 1907, and as a Junior Geologist in 1910,
and was appointed Associate Geologist in 1912. His entire
professional career of about 60 years was with the U.S.
Geological Survey, with the exception of a one-year leave
of absence to serve as Acting Professor of Geology at the
University of Arkansas and Acting State Geologist of
Arkansas, and another year to serve as State Geologist
of Tennessee. He served in many important administra-
tive positions on the Federal Survey; and, through his
effective scientific and administrative guidance, substantial
contributions were made to the knowledge of the geology
and economic resources of our country. From 1955 until
the day before his death, he was Scientific Staff Assistant in
the Office of the Director, where he reviewed and approved
manuscripts and maps for publication.

Hugh Miser was internationally recognized as one of
the outstanding petroleum geologists in the world and as a
leading authority on the structure of rocks in the central
area of North America. Because of his distinguished career
as a scientist, administrator, and advisor and because of
his contributions to geologic science, he was awarded a
Doctor of Law degree from the University of Arkansas in
1949 and the Department of Interior’s highest honor, the
Distinguished Service Award, in 1955.

As Hugh Miser influenced those who were privileged
to know him and work with him, he was greatly influenced
by his inspiring teachers of high school and college days.
In his words, his teachers were men of strong character,
and their enthusiasm was kindled by their search for truth.
He cherished and lived by certain philosophical do's,
don'ts, and musts that were absorbed in his school days.
| believe the following provided a basic philosophy for
his able and productive professional career:

1. Each geologist must be honest with himself in the use
of facts; he must make certain that his facts are truly
facts.

2. Anything worth doing is worth doing well; do your

U.S. Geological Survey, Washington, D. C. 22092

best always; do not guess.

3. Do not worry about the future; do each day’s work
well and happily; if you do, the morrows will take
care of themselves, for each in turn will become
today, one at a time.

4. If something can be done today, do not postpone
it until tomorrow.

5. If a job can be finished in one day, do not take two
days.

6. If something can be said in two words, do not use
three words.

7. A writer must stick to his subject.

8. Ability to write well requires work including concen-
tration and logical thinking; conversely, inability to
write indicates inability to think and concentrate;
thus poor writing denotes inability of author to work
when he attempts to write.

9. The incentive of a geologist should be love for his
work and should not be salary which is in reality a
means to attain ambition’s goal. This last philosophy
may be labeled oldfashioned by some. But do not
Americans in general love to work for tie selisfac-
tion and enjoyment they receive as rewards for making
and growing useful things?

| want to include one additional statement that he
made many times in giving counsel to young geologists
regarding their work . .. “Make it simple and make it
fun.”

It was always a gratifying experience to have one's
geologic report reviewed by Hugh Miser because of the
feeling that the report fared better for his having seen it.
Also, whenever an author conferred with him on a manu-
script, he inevitably came away richer by several stories
from Miser's never-failing collection. | shall never forget
the first geologic report that | brought to Washington
for Hugh Miser to review. He, at that time, was Chief
of the Fueis Branch and he made a point of personally
reviewing each geologic report of the Branch. We were
going over the maps, which were spread on tables in his
office, when he came upon the term “iso-pachous’” that
had been used on one of the maps. He looked at it for a
few seconds and repeated the term and finally said in his
gentle way, “Why don’t we use the word ‘thickness,” then
every one will understand what we mean?’’ This was a
very kind way of letting me know that ordinary terms



should be used if they convey the proper meaning.

One time, when | was serving as map processor for the
Fuels Branch, a map was prepared and was about ready to
be printed. On this map we found that one of the words
had an additional s’ through error and | went over all
the pieces of copy correcting this error. When the review
was completed and | was satisfied that | had removed
every additional “s,” the material was taken to the print-
ing shop and the edition printed. The finished product
was very attractive, and | proudly took the first copy
from the press to Miser for his reference. He knew, of
course, of my trying to delete all of the “s's”’ and, instan-
taneously, he said, “What's that?’’, and lo and behold,
under a heavy blue contour line appeared one of those
“s's” that | had been removing. Naturally, | was a bit
overwhelmed that this had been overlooked in the inten-
sive review given the copy. Hugh hurriedly said, “You
know, we are striving to get out the perfect map, and
I am sure we will have to continue working toward that
end for some time to come.” Those were indeed most
kind words to me at that particular time. They showed
the greatness of the man in not only making a point clear
to me, but doing it in such a kind, gentle and impressive
way.

Out in the field, one did not tell Hugh Miser there
were no fossils in the rocks under observation. Invaria-
bly, he would go over the outcrop with his keen eyes
and soon a few fossils would appear in his hand to prove
you wrong. Other geologists, who have been in the field
with him, have shared this experience, which, | might
add, was always quite impressive.

During part of the time that Hugh was preparing the
second geologic map of Oklahoma, | was teaching in

the Department of Geology, University of Arkansas.
Frequently, Hugh and Mrs. Miser would come to
Fayetteville for the weekend, and | was in very close
touch with the progress on the compilation of the new
map. His life was devoted to the map during the time he
was working on it. It seemed to me that those were some
of his most happy years because he was in the field study-
ing the geology that he loved and was associated with
his fellow geologists in Oklahoma and Arkansas. In later
years, actually up until he died, he looked forward each
year to an annual pilgrimage to Arkansas and Oklahoma
for a month of field work, and, of course, for seeing his
friends again. As we all know, he was a great field geologist.

Hugh Miser looked to the future and the well being of
our country and our science, as shown in the following
statement that he made more than twenty years ago.

“Geologists will always be confronted with
the solution of difficult geologic problems
in spite of the ever increasing progress
of the science. Whatever their faith and
wishes, they will never reach the utopian
day when all geologic problems are solved
and all geologic facts are known. Some
love the science of geology for itself;
others love it for the opportunity of
applying the science to engineering and
economic ends. Geologists who are seeking
new knowledge are keyed with hope and
optimism; and they are pursuing man’s
noblest occupation. Their future, like the
present, holds work and hope, for the
progress of geology and other fields of
scientific endeavor means new know-
ledge, new things, more jobs, and advance-
ment in human welfare.”



EARLY LIFE OF

HUGH DINSMORE MISER

By Lloyd G. Henbes‘t1

The work of Hugh Dinsmore Miser has an eminent place
in American geology. An equally or more notable feature of
his career was his character and his influence on geology
and geologists. In this brief tribute, | wish to give some
insight into the origins of his character and historical back-
ground for the early part of his career in Arkansas and
Oklahoma.

Miser was born on a farm near Pea Ridge, Arkansas,
December 18, 1884, the third child of Jordan Stanford
and Eliza (Webb) Miser. His parents and grandparents were
born in that region and were descended from Pennsylvania
Dutch and English pioneers. The roots of his unique charac-
ter and career are revealed in the people, the rural commu-
nity, the geological setting, and the history into which he
was born. His character personified the admirable quali-
ties of those origins. These qualities and his sentiments
for his origins were among his most distinctive and attrac-
tive traits.

Miser's first act in life was to create a rural crisis by
being born during a snowstorm. Other stories that he has
told about his boyhood suggest that traits that distin-
guished him in later life were in evidence at an early age.
There was precedent within his family and relatives for
his rugged intelligence, independence, and sense of values.
It is also evident that he had plenty of opportunities to
exercise his shrewdness or capacity for restraint in avoid-
ing futile clashes between enlightened reason and tradi-
tional thought. At gatherings, the farmers enjoyed spinning
jokes or recounting droll stories about their own or other’s
foibles. In young Miser they must have had a most apt
apprentice because his extraordinary store of rustic anec-
dotes and droll manner of recounting his experiences
were to become the delight of people wherever he went.
In such entertainment, however, he was a true humorist.
He recounted his experiences and store of folklore not
as one standing apart but as one with empathy. | have
known him to be angered at persons who told rustic stories
snobbishly. It was for that understanding spirit of his
that people of all stations of life had confidence in him.
| doubt that he was ever kept out of a locality because
the local residents were suspicious of strangers.

Many areas that Miser surveyed as a young man were
inaccessible except on foot or on horseback. He some-
times had to make up reasonable excuses for preferring to
sleep on the porches of native cabins, but he was will-
ing to pay the prices of poor food and vermin for doing

1Geoiogist, retired, U. S. Geological Survey, Washington,
D.C. 22092

this kind of geology which has not been surpassed. He had
an extraordinary capacity for hard work and his love
for geology possessed him. All his life, he had a youthful
zest for seeing geology or new phenomena and expressed
pleasure on seeing good work by others. It was for all those
reasons that he was regarded as a natural in the field.
Many colleagues learned to be cautious about drawing con-
clusions in his presence on the basis of insufficient field
work.

Returning to the influences on Miser’s early life and
career, the geologic and geographic setting into which he
was born were an equally germinal factor in the early
history of geology in Arkansas and Oklahoma. The natural
features of the upland from Fayetteville, Arkansas, north-
ward to Springfield, Missouri attracted early settlement.
The settlements and the greater accessibility of the region
as compared with the rugged White River hills on the east
and with the more arid plains and Indian Territory on
the west, caused this region to develop rapidly and become
the main communication route from St. louis to the
southwest. The Butterfield Trail (1857-1862), the stage
and mail route from St. Louis to the southwest and south-
ern California, had a station at the Elkhorn Tavern near
Pea Ridge. The elongate hill and landmark called Pea
Ridge was also the scene of three Civil War battles on March
7-8, 1862, that secured Missouri and northwest Arkansas
for the Union. The Pea Ridge Normal School, a prepara-
tory and vocational school, was cne of the early "“Acad-
emies’’ of the region. It was attended by Miser. Its princi-
pal, Benjamin Harvey Caldwell, is reported to have been
an inspiring teacher in the schon! and community.

The stratigraphic section and its abundant record of
ancient life, particularly that of the Mississippian and
Pennsylvanian, attracted the attention of pioneer geolo-
gists and local residents from the earliest days. This se-
qguence which has become a standard of reference, was
a strong factor in the history that concerns us here and in
Miser’s career. The geolegy has inspired an exceptional
number of native sons and students to become geologists.
Notable among these was the geologist Curtis Fletcher
Marbut {1863-1936) of Cassville, Missouri, former Direc-
tor of the U. S. Soils Survey, who became known as the
father of American soils science.

When Miser entered the University of Arkansas in 1903,
he had not chosen a profession. He came under the influ-
ence of A. H. Purdue, Professor of Geology (1896-1912),
who was, as Miser was to become, a product of the iocai
history and natural setting. The 1858-1860 reports of the
David Dale Owen Survey of Arkansas gave the first com-
prehensive reconnaissance and correlations of the Ozark
section of Arkansas. The John Casper Branner Survey in



the 1880’s and early 1890’s was notable in several ways. Its
reports and work made it a model for other state surveys
and a strong influence locally. Its greatest contribution,
however, consisted both of the number of young employees
who became distinguished geologists and of Branner’s
influence as a teacher and role in American science. J. A.
Taff, whose place in the history of geology in Oklahoma
needs no review here, started school as a civil engineer at
the University of Arkansas and started his career as an
employee of Branner in the Ouachita Mountains. A. H.
Purdue, a later employee of Branner and student of his at
Stanford, was a very energetic and able geologist. When he
came to Fayetteville to teach, he began surveying the area
thereabouts as an avocation. This avocation became impor-
tant for Purdue and ultimately for his student Miser be-
cause it resulted in Purdue’s employment by the U. S.
Geological Survey to aid G. I. Adams and E. O. Ulrich
complete the surveys of the Fayetteville quadrangle and
of the lead and zinc deposits of north Arkansas and even-
tually to survey the Winslow quadrangle. Purdue’s success
as a geologist was comparable to the extraordinary achieve-
ments of Taff's U. S. G. S. surveys in Oklahoma which
were nearing completion.

Purdue became the State Geologist of Arkansas in 1907
and contracted with the U. S. G. S. to survey the DeQueen-
Caddo Gap quadrangles in the Ouachitas. He employed
Rector D. Mesler and Hugh D. Miser, his students, as
assistants. It is hard to imagine a more rigorous test of an
undergraduate’s intelligence and motivation in geology
than to be transported from the undisturbed, paleonto-
logically and lithologically differentiated section in north-
west Arkansas, to the folded, poorly differentiated, enor-
mously thick, and virtually non-fossilferous rocks of the
DeQueen area, much of which was accessible only on foot.
The nature of Miser’s and his mentor’s success is indicated
by the rapid succession of new assignments in Arkansas
and Tennessee.

Taff had hoped to survey the entire Quachita region,
but as new opportunities developed elsewhere, he never
returned to extend his early surveys. Miser inherited the
role. Though Miser became Chief of the Fuels Branch of
the U. S. G. S. in 1928 and his duties became nationwide,
his love of the geology of Arkansas and his adopted state,
Oklahoma, never waned.



COMMENTS ON SOME

CHARACTERISTICS OF

HUGH DINSMORE MISER

By Thomas A. HendricksI

Hugh Dinsmore Miser was a man of many facets. |t
would be presumptuous, if not impossible, for me to
attempt to treat with more than a few of those facets.

He was a man of principle. Sometimes adherence to
his principles led to his taking a position that was mis-
understood by his peers. One such situation occurred in
1948 when he was asked by the nominating committee
of the American Association of Petroleum Geologists
to run for president against his long-time friend, C. W.
Tomlinson. This was the first election in which two candi-
dates were nominated in accordance with a procedure
recommended by a committee chaired by another old
friend - John G. Bartram. Miser doubted that a govern-
ment geologist, particularly one in an administrative
position, should be president of the A. A. P. G. because
of the possibility of conflict of interest arising over per-
fectly proper actions of the Association that might be in
conflict with government regulations or actions. He also
felt that an honorary membership, which he had proudly
accepted, essentially eliminated a geologist from candi-
dacy for the presidency. After discussing these questions
with a few of his associates, he reached his own conclusion
and, with personal reluctance, declined the invitation
to be a candidate. Debates within the A. A. P. G. and
affiliated societies during the subsequent year on such
subjects as regulatory practices, conservation, and economic
aspects of well spacing showed clearly the wisdom of
Miser's decision.

Miser was thorough in everything he did and he insisted
on thoroughness in the work of geologists under his super-
vision. During compilation of the two editions of the
Geologic Map of Oklahoma he assembled maps from every
possible source. If any question arose regarding the area

U.S. Geological Survey, Denver, Colocrado 80225

covered by a map, the geologic units shown, the scale,
orientation, or the responsibility of authorship, he would
not use that map. Every map used was also subjected to
a rigorous field check. In this connection, he believed that
the only place to resolve a question in geologic mapping
was on the critical exposures in the field with both parties
to the disagreement present and free to express their
opinions.

Miser solicited and listened to criticism. For example,
many petroleum geologists believed and informed him that
the value of geologic mapping by geologists of the U. S.
Geological Survey was seriously depreciated by the slow
pace of publication. Misar acted to meet this criticism.
He and members of his Fuais Branch at his request con-
ceived the establishment of a series of Preliminary Oil and
Gas Maps and Charts. Miser gave me the privilege of sub-
mitting Preliminary Map No. 1 in response to industry
requests. This series served a very useful purpose at the
time and it contributed to the subsequent acceleration of
U. S. G. S. map publication.

Another of Hugh Miser's attributes was his loyalty,
both to persons and organizations, which at times reached
extreme proportions. Once a person established himself
ethically or scientifically with Hugh, he would defend
that person’s position to the full strength of his ability.
| have been defended by Hugh, and in a few instances |
have had to yield to his defense of another.

Miser believed that a field geologist should see every
piece of field evidence before reaching a conclusion on
interpretive questions. He felt also that an interpretation
was justified only if it was consistent with al/ known
facts. In other words, he strove for perfection in his own
work and sought to instill perfection into every geologist
and into every piece of Geological Survey work that came
under his official scrutiny.
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PART 11
TECHNICAL PAPERS

STRUCTURAL AND STRATIGRAPHIC CONTINUITY OF THE

OUACHITA AND APPALACHIAN MOUNTAINS

By William A. Thomas '

ABSTRACT

Regional stratigraphic and structural relations of the Quachita and Appalachian Mountains suggest
an interpretation of structural continuity of the mountain systems; the regional Quachita-Appala-
chian structure appears analogous to other salients and -recesses elsewhere-in the Appalachians. A
curve in the structural front around the Ouachitas defines-a-structural salient. East of the Ouachitas
in the subsurface, the structural front trends southeastward and converges with Appalachian struc-
tures in central Mississippi. That southeast-trending segment of the Ouachita front is not necessarily
parallel with the strike of individual structures, and it may be a line along which east-striking frontal
folds flatten and end. East of the Quachita salient, the structural system curves into a recess in
Alabama.

Lower Paleozoic rocks within the Quachita salient are-characterized by black shale.-On the west,
north, and east, an equivalent carbonate facies rims the area of the Quachita-shale facies. Distribu-
tion of Devonian-Lower Mississippian chert-appears to-be centered on-the Ouachitas. Upper Paleo-
zoic rocks of the Ouachitas comprise a thick flysch sequence, but the clastic sequence thins to the
west, north, and east. Hence, in the Quachita salient, the succession includes the lower Paleozoic
black shale facies and the thick upper Paleozoic ciastic sequence; but, eastward toward the Alabama
recess, the structural system crosses into a lower Paleozoic carbonate facies and a thinner upper
Paleozoic clastic sequence. Location and curvature of the Quachita salient are interpreted to be
related to the distribution of sedimentary facies and thickness.

INTRODUCTION

Paleozoic structures of the Appalachian Mountains
plunge southwestward beneath the cover of Gulf coastal
plain strata in central Alabama, and similarly Paleozoic
structures of the Ouachita Mountains plunge eastward
beneath the Gulf coastal plain in central Arkansas (Fig. 1).
Wells drilled through the coastal plain cover are sparse, but
available subsurface data show that a belt of deformed
rocks extends from the Appalachians westward to the
Ouachitas (Thomas, 1973). The sparse data allow for
several different interpretations of geometry of the struc-
tural system (King, 1950; King, in Flawn and others, 196l,
p. 97; Vernon, 1971; Thomas, 1973).

The exposed Appalachians in Alabama include a frontal
belt of folded and thrust-faulted sedimentary rocks and an
interior belt (Piedmont province) of metamorphic rocks
(Fig. 1). Structures within the frontal belt involve a lower
Paleozoic carbonate sequence and an upper Paleozoic
clastic sequence (Table 1). The subsurface fold and thrust
belt in western Alabama and eastern Mississippi includes at
least two major structures and one apparently less exten-
sive frontal structure. Structural strike apparently curves

1Dc-mt. of Geology, Georgia State University, Atlanta, Georgia
30303. Manuscript received, May 30, 1974; revised manuscript
received, May 16, 1975

gradually westward, and subsurface data from about 30
wells indicate that the structural style of the fold and thrust
belt persists as far west as central Mississippi (Fig. 1; Central
Mississippi deformed belt of Thomas, 1973). No subsurface
data are available farther west along the projected trend,
and the westward extent and limits of the belt are
unknown. A stratigraphic sequence, with a few exceptions
like that in the Alabama Appalachians, also extends as far
west as central Mississippi (Table 1). The Talladega Slate
belt of metasedimentary rocks along the northwest side of
the Appalachian Piedmont may be identified as far west as
eastern Mississippi, and higher grade metamorphic rocks of
the Piedmont province are known as far southwest as
southern Alabama (Thomas, 1973, Fig. 4).

Exposed OQuachita structures include thrust faults and
folds which involve a lower Paleozoic succession of black
shale, sandstone, chert, and limestone and a much thicker
upper Paleozoic clastic sequence (Table 1). The Ouachita
structural system gives the impression of being more com-
plex and including more disharmonic structures than the
folded and thrust-faulted belt of the Alabama Appalach-
ians. Apparent differences in structural style possibly
reflect thicker and more numerous units of incompetent
rocks which alternate with relatively competent units in the
QOuachita succession. Rocks of the QOuachita core zone
exhibit tight folds and slaty cleavage (Miser and Purdue,
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OUACHITA MOUNTAINS MISSISSIPPI APPALACHIAN MOUNTAINS, ALABAMA
ATOKA FORMATION POTTSVILLE FORMATION POTTSVILLE FORMATION
SHALE; SANDSTONE; SANDSTONE; SHALE; ‘'SANDSTONE; SHALE

- COAL IN UPPER PART. CONGLOMERATE; COAL. CONGLOMERATE; COAL.

< 19000+ FT. 10000 FT. 9000 FT.

Z | JOHNS VALLEY SHALE

= SHALE; ERRATIC BOULDERS;

3 SANDSTONE .

7 1500 FT.

Z JACKFORK GROUP

i SANDSTONE; SHALE:

s SILICEOUS SHALE.

! 7000 FT.

= | STANLEY GROUP PARKWOOD FM. BANGOR LS.

o SHALE; SILICEOUS SHALE; PARKWOOD FORMATION SANDSTONE-SHALE L IMESTONE

o SANDSTONE ; SANDSTONE; SHALE. FACIES ON FACIES ON

— TUFF IN LOWER PART. 2000 FT. SOUTHWEST. NORTHEAST.

B | 12000 FT. 2600 FT. 700 FT.

a FLOYD SHALE HARTSELLE

b FLOYD SHALE SANDSTGNE
SHALE ; 150 FT.
SANDSTONE-L IMESTONE 1700 FT. PRIDE MTN. FM.
IN LOWER PART. SHALE }
850 FT. SANDSTONE.

400 FT.

ARKANSAS NOVACULITE
950 FT.

FORT PAYNE-TUSCUMBIA
CHERT}

CHERTY LIMESTONE.
220 FT.

TUSCUMBIA LIMESTCONE
CHERTY LIMESTONE.
200 FT.

FORT PAYNE CHERT
CHERT; SILICEOUS LIMESTONE.
200 FT.

ARKANSAS NOVACULITE

MAURY SHALE

~-NO OLDER ROCKS EXPOSED-

1100 FT. GREEN SHALE. 10 FT.
— CHATTANOOGA SHALE
< BLACK SHALE. 25 FT.
Z
£ -HIATUS-
w FROG MOUNTAIN SANDSTUNE
200 FT.
-~ | MISSOURI MOUNTAIN SHALE UN-NAMED ~HIATUS~-
< 300 FT. SILiICEQUS LIMESTONE;
o CLAYSTONE; DOLOSTONE. RED MOUNTAIN FOGRMATION
= | BLAYLOCK SANDSTONE DARK—-COLORED SHALE AND SANDSTONE; SHALE; LIMESTONE;
7 1500 FT. LIMESTONE ON SOUTHWEST. HEMATITE.
700 FT. 500 FT.
POLK CREEK SHALE CHICKAMAUGA GROUP CHICKAMAUGA GROUP
o BLACK SHALE; SANDSTONE; LIMESTONE; DOLOSTONE; LIMESTONE; LOCAL CHERT
o= CHERT. SANDY LIMESTONE- CONGLGMERATE AT BASE.
e 175 FT. DOLOSTONE AND SANDSTONE 900 FT,
» S | BIGFORK CHERT AT BASE.
> CHERT; BLACK SHALE} BLACK SHALE TONGUE NEAR
e LIMESTONE. TOP PINCHES OUT EASTWARD.
o 800 FT. SANDSTONE AT TOP ON
— WOMBLE SHALE NORTH.
= BLACK SHALE; LIMESTONE; 3000 FT.
SANDSTONE . KNOX GROUP KNOX GROUP
3500 FT. DOLOSTONE DOLOSTONE; CHERTY DOLOSTONE.
BLAKELY SANDSTONE CHERTY DOLOSTONE. 3000 FT.
BLACK SHALE; SANDSTONE;
z CHERT:; BOULDERS.
— 400 FT.
© | MAZARN SHALE
= BLACK SHALE; LIMESTONE;
o SANDSTONE.
= 3000 FT.
o | CRYSTAL MTN. SANDSTONE
w 850 FT.
Z [ COLLIER SHALE
~ BLACK SHALE; LIMESTONE;
CHERT.
1000+ FT.

Table 1

Generalized Paleozoic stratigraphic columns (compiled and modified from Butts, 1926; Flawn and others, 1967; Sterling and others, 1966;
Stone, 1966; Thomas 1972a; 1972b; Stone and others, 1973; Thomas and Drahovzal, 1973). Thicknesses are an approximate maximum for
each area. Because maxima of different formations do not coincide geographically, total sedimentary thickness at any locality is less than the
sum of the formation maxima for each area. Thicknesses of most units in Mississippi are from the Blaclk Warrior basin, because formation thick-
ness is generally undetermined within the Central Mississippi deformed belt.
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1929, p. 118; Viele, 1973, p. 367). A belt containing quartz
veins extends along the length of the Quachitas (Miser,
1943, p. 94; 1959, p. 37; Engel, 1952).

In the subsurface of western Mississippi, a dark-colored
shale succession is in part characterized by slaty cleavage
(Fig. 1; Western Mississippi slate belt of Thomas, 1973).
Quartz veins are also common in parts of the area. Identifi-
cation of the subsurface Western Mississippi slate belt is
based on the presence of slaty cleavage and quartz veins.
However, within the area, slaty cleavage is not consis-
tently distinct, and some rocks are not slaty. Presence of
slate and quartz veins indicates an Ouachita deformational
style and suggests that OQuachita structures extend into
western Mississippi. The Western Mississippi slate belt
apparently extends to the foreland side of Appalachian
structures and, thus, is not comparable in tectonic setting
to the Talladega Slate belt of the Appalachian interior
(Fig. 1).

Although wells are sparse, a generalized structural front
may be drawn northwestward from central Mississippi
into an arc that curves around the exposed Ouachitas in
Arkansas and Oklahoma (Fig. 1). The Ouachita struc-
tural system similarly may be traced southward in the sub-
surface of eastern Texas (Flawn, in Flawn and others,
1961, PI. 2). The curve in outline of the Ouachita struc-
tural system defines a major structural salient convex
toward the North American craton. East of the Quachita
salient, the structural system curves into a recess in
Alabama. To the southwest, the structural system extends
from the Ouachita salient into a major recess around the
Llano uplift and farther west into the Marathon salient
(Flawn, in Flawn and others, 1961, p. 166).

Enough data are available now to establish continuity
of a belt of deformed rocks from the exposed Appalachians
to the exposed Ouachitas; however, many details within the
connecting structural system, particularly relation of the
Western Mississippi slate belt to ‘‘Appalachian-style’’
structures, remain uncertain. Problems of specific struc-
tural interpretations and details of the subcrop map pattern
evidently cannot be resolved by further review of presently
available subsurface data. However, interpretation of the
regional structural pattern and of the regional stratigraphy
of Paleozoic rocks provides the basis for a working struc-
tural model of the “junction” of Ouachita and Appala-
chian structures. Some characteristics of Quachita and
Alabama Appalachian structures seem to be related to
their positions within the regional salient and recess; these
may be examined by analogy with exposed salients and
recesses elsewhere in the Appalachians. Structures of the
Ouachita salient and Alabama Appalachian recess are
formed within substantially different sedimentary facies,
and a genetic relationship between regional structure and
stratigraphy is implied. The purpose of this paper is to
review available structural and stratigraphic data from the
area of the Ouachita-Appalachian junction, to compare
structure and stratigraphy of other regional salients, and
to develop a comprehensive Quachita-Appalachian struc-
tural-stratigraphic model.
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LOWER PALEOZOIC (CAMBRIAN-SILURIAN)
STRATIGRAPHY

The lower Paleozoic succession in the Ouachita Moun-
tains is characterized by black shale (Table 1). Conodont
biostratigraphy indicates that the oldest rocks exposed
in the Ouachitas are Early Ordovician (Repetski and
Ethington, 1973, p. 277). Silurian rocks comprise only a
small part of the total sequence, and the Silurian Blaylock
Sandstone pinches out northward across the Quachita out-
crops (Sterling and others, 1966, p. 184). The Ouachita
black shale facies includes distinctive units of chert, sand-
stone, limestone, and boulder conglomerate (Table 1).
Although thickness and proportion of the different com-
ponents vary, the characteristic lower Paleozoic black shale
facies extends throughout the Quachita outcrops. In
contrast, in areas adjacent to the Quachitas, the lower
Paleozoic strata are mainly carbonate, and the carbonate
succession generally includes quartzose sandstone and
sandy carbonate (Fig. 2).

In the Arbuckle Mountains, the lower Paleozoic succes-
sion is mainly carbonate and contains quartzose sandstone
units (Ham, 1959, p. 71). The Sylvan Shale is a distinctive
interbed of dark-gray and greenish-gray shale in the upper
part of the carbonate succession (Ham, 1959, p. 77;
Frezon, 1962, p. 39). The Sylvan is interpreted to be a
tongue of the Ouachita shale facies, and that shale tongue
has served as a tie between the Arbuckle and Quachita
facies (Ham, 1959, p. 77).

Similarly, north of the Ouachitas in northern Arkansas,
the lower Paleozoic succession is mainly carbonate and con-
tains units of quartzose sandstone (Fig. 2). The Cason Shale
within the carbonate succession of northern Arkansas is
lithologically similar to the Syivan Shale (Maher and
Lantz, 1953; Frezon, 1962, p. 39), and the Cason evi-
dently is also a tongue of the Quachita facies. The Cason
may be part of the same widespread shale unit as the Sylvan
(Ham, 1959, p. 77); however, part of the Cason may be
younger than the Sylvan (Wise and Caplan, 1967, Fig. 2;
Craig, 1973, p. 253).

East of the QOuachitas in the subsurface of Mississippi,
the lower Paleozoic succession is almost entirely carbonate,
but it includes some sandy intervals (Table 1; Fig. 2). In
north-central Mississippi, the Upper Ordovician includes a
thin unit of black shale which pinches out eastward into the
carbonate facies and has been drilled in only a few wells
(Fig. 2; Thomas, 1972a, Fig. 7). The black shale is overlain
by a sandstone unit which may be a distal tongue of the
Sequatchie clastic wedge of the Tennessee Appalachians
(Thomas, 1972a, p. 92). In central Mississippi, one well
(Carter Oil Company No. 1 Denkman, Leake County)
penetrated dark-gray and black shales and limestones
(Thomas, 1972a, Table 5) which contain Silurian brachio-
pods (King, in Flawn and others, 1961, p. 355). This well
marks the most southwesterly known Silurian rocks in
Mississippi, and the dark-colored shales and limestones
contrast with the lighter colored Silurian carbonate rocks
and thin claystones farther northeast in Mississippi
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(Thomas, 1972a, p. 96). In summary, the Ordovician and
Silurian in the subsurface of Mississippi include two units
which suggest tongues of the Ouachita black shale facies:
(1) a thin tongue of black shale that pinches out eastward
into the Ordovician carbonate sequence; and (2) dark-
colored shale and limestone on the southwest in the
Silurian (Fig. 2).

From the Arbuckle Mountains across northern Arkansas
to central Mississippi, a lower Paleozoic carbonate facies
rims the area of an equivalent black shale facies in the
Ouachita Mountains (Fig. 2). Evidently the carbonate facies
must change to black shale toward the Quachitas. East of
the Arbuckle Mountains, the Quachita black shale facies is
now in close proximity to the carbonate facies (Fig. 2),
and subsurface data indicate that the Ouachita shale facies
has been thrust over Arbuckle rocks (Flawn, in Flawn and
others, 1961, PI. 2). Although the original horizontal
distance between the Quachita and Arbuckle facies has
been shortened by thrusting, the extent to which the
black shale has been thrust over the carbonate facies is
unknown. Shale tongues in the carbonate facies of the
Arbuckle Mountains and northern Arkansas may be an
indication of proximity to the facies boundary. Like the
other shale tongues, the thin eastward-pinching black shale
in the carbonate sequence of north-central Mississippi
suggests a tie to the Ouachita facies and possible proximity
to the facies boundary. Available data are not adequate to
define the eastward extent of the Ouachita black shale
facies. However, the known subsurface area of the carbon-
ate facies and extent of the black shale tongue suggest that
possibly the Ouachita black shale facies extends into west-
ern Mississippi, perhaps across the Western Mississippi slate
belt (Fig. 2). Apparently the facies boundary crosses
western Mississippi in a generally southeastward or south-
ward direction. Several wells in western Mississippi
have drilled dark-colored shale, the age of which is not
precisely known; however, the lithology is similar to known
upper Paleozoic rocks elsewhere in the region. Thus, no
known lower Paleozoic shale facies has been drilled in
western Mississippi, and precise definition of the eastward
extent of the Ouachita shale facies awaits additional
drilling.

Distributions of the carbonate and black shale facies
suggest the interpretation that the facies boundary marks
the steep edge of a shallow carbonate bank (see Rodgers,
1968, for discussion of carbonate bank and deep-water
shale facies in the northern Appalachians). The carbonate
facies and interbedded quartzose sandstone units reflect
the shallow shelf environment. Shale tongues within the
carbonate facies indicate transport of fine-grained clastic
sediments across the bank. Apparently the carbonate
bank around the Ouachita region outlined a basin in which
black shale and related sediments accumulated. The in-
ferred deep-basin setting of the black shale facies is in
accord with the commonly held interpretation of a deep-
water starved basin or leptogeosynclinal environment
(Goldstein, in Flawn and others, 1961, p. 31; Viele, 1973,
p. 363; but see summary of other interpretations by Viele,
1973, p. 363). Some sandstone interbeds within the black
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shale facies suggest a supply of quartz sand from the bank.
Parts of the Quachita clastic facies (for example, the south-
ward-thickening. Blaylock Sandstone) suggest a sediment
source within or south of the basin (Goldstein, in Flawn
and others, 1961, p. 32). Meta-arkose and granitic boulders
in the Blakely Sandstone may have been derived from
scarps on the north (Stone and others, 1973, p. 37).

The structures of the Ouachita salient are within the
shale facies, and the frontal structures of the Quachitas may
be approximately parallel with the carbonate bank edge.
Toward the Alabama recess, the front of the structural sys-
tem crosses into the carbonate facies; and, in eastern Miss-
issippi and Alabama, Appalachian structures are in the car-
bonate facies (Fig. 2).

MIDDLE PALEOZOIC (DEVONIAN-LOWER
MISSISSIPPIAN) STRATIGRAPHY

The Arkansas Novaculite apparently is related to other
Devonian and Lower Mississippian chert units in the region
around the Ouachita Mountains (Fig. 3). The novacu-
lite has a maximum thickness of nearly 1,000 feet in the
Ouachita Mountains, but it thins northward across the
Ouachita outcrops (Sterling and others, 1966, p. 184). The
novaculite also thins westward, but the middle division of
the novaculite is continuous with the Woodford Formation
of the Arbuckle Mountains (Ham, 1959, p. 75). The Wood-
ford consists of black shale and chert beds (Ham, 1959, p.
75; Frezon, 1962, p. 33).

In northern Arkansas, chert beds equivalent to the
Arkansas Novaculite are included in the Penters and Boone
Formations (Sterling and others, 1966, Table 1; Gordon and
Stone, 1973, p. 259). Maximum thickness of the Penters-
Boone sequence is less than that of the Arkansas Novacu-
lite; however, locally in northern Arkansas, thickness of the
Penters-Boone exceeds that of the relatively thin Arkansas
Novaculite of the northern Ouachitas (Fig. 3). The Penters
Chert pinches out northward (Fig. 3), and in northern
Arkansas the Penters contains thin interbeds of limestone
(Frezon and Glick, 1959, p. 177). The Boone thickens
northward and extends beyond the limit of Penters Chert
(Fig. 3).

The Boone Formation of northern Arkansas consists
mainly of cherty limestone and chert (Frezon and Glick,
1959, p. 179). The formation thins and changes southward
into a shale facies in the subsurface north of the Quachitas
(Fig. 3; Caplan, 1957, p. 4; Frezon and Glick, 1959, p.
179). Subsurface data indicate that the Penters Chert also
thins southward across the same area (Maher and Lantz,
1953; Haley and Frezon, 1965, p. 3). The Arkansas Nova-
culite is shaly in outcrops along the northern Quachitas
(B. R. Haley and C. G. Stone, personal communication,
1974), and evidently an intermediate shaly facies separates
the thick Arkansas Novaculite of the Quachitas from the
Penters-Boone sequence of northern Arkansas. Frezon and
Glick (1959, p. 179) conclude that the Boone limestone
and chert facies was deposited in a shelf environment,
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whereas the shaly facies was deposited in a basin south of
the shelf. Geographic relation of the Arkansas Novaculite to
the shaly Boone suggests that the novaculite is also a basin
sediment. Park and Croneis (1969, p. 109) interpret the
novaculite to have been deposited in relatively deep water;
however, Goldstein and Hendricks (1953, p. 441) conclude
that the novaculite is of shallow-water origin.

in the subsurface of central Mississippi the novaculitic
chert sequence locally exceeds 1,000 feet in thickness
(Thomas, 1972a, p. 96). The chert unit thins northeast-
ward across eastern Mississippi but evidently is continuous
northward with a succession of chert, cherty limestone,
and limestone in the Devonian of western Tennessee.
The pattern of northeastward thinning of the Devonian
chert terminates at a southeast-trending pinch-out line in
the subsurface of western Alabama (Fig. 3). Near the pinch-
out edge in Alabama, the chert unit includes limestone
beds which are comparable in position to similar rocks in
northern Arkansas and western Tennessee.

The Lower Mississippian Fort Payne Chert of Alabama
consists mainly of beds of chert and fine-grained limestone,
and it includes crinoidal chert and a few interbeds of
bioclastic limestone. Stratigraphic relations in northeastern
-Mississippi suggest possible continuity of the Fort Payne
with the upper part of the subsurface novaculite sequence
(Thomas, 1972a, p. 96). The Osagean age of the Fort
Payne (Drahovzal, 1967, p. 14) coincides with the probable
age of the upper part of the Arkansas Novaculite (Hass,
1951, p. 2540). The Fort Payne thickens northeastward in
Alabama and extends far northeastward beyond the limit
of Devonian chert across most of northern Alabama and
Tennessee. The Fort Payne evidently is a shelf deposit
which thins southwestward into the Black Warrior basin
(Fig. 3).

The Lower Devonian Jemison Chert (Butts, 1926, p.
147, Carrington, 1973, p. 31) at the southwestern exposed
end of the Alabama Piedmont also may be part of the
chert distribution that centers on the Arkansas Novaculite.
Massive chert of the Jemison is common only on the
southwest where the formation is about 450 feet thick
(Carrington, 1973, p. 31), but the unit can be traced
northeastward as a quartz schist (Neathery, 1973, p. 52).
Chert interbeds in the Devonian Frog Mountain Sandstone
of the Alabama Appalachians also may be related to the
Arkansas Novaculite (Thomas and Drahovzal, 1973, p. 79).

The distribution of Devonian-Lower Mississippian
chert thickness defines a semicircular pattern around the
Ouachita Mountains (Fig. 3). The chert thins irregularly
away from the Ouachitas and evidently represents a sedi-
mentary system centered on the Ouachitas. Devonian chert
pinches out northward and eastward from the Quachitas
(Fig. 3). The thickness of the chert unit in the subsurface
of Mississippi is similar to that in the Ouachitas, and possi-
bly the thick chert unit is continuous from Mississippi to
the Ouachitas (Fig. 3). Any possible intermediate shaly
facies or area of thin chert (analogous to that between
northern Arkansas and the Ouachitas) has not been recog-
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nized in available subsurface data from Mississippi.

UPPER PALEOZOIC (UPPER MISSISSIPPIAN-
LOWER PENNSYLVANIAN) STRATIGRAPHY

Upper Mississippian and Lower Pennsylvanian strata
comprise a clastic sequence which thickens toward the
Quachita Mountains from the west, north, and east; and,
the maximum thickness is as much as 30,000 feet in the
Quachitas (Table 1; Fig. 4). The clastic sequence is charac-
terized by shale in the lower part and by a succession of
interbedded sandstones and shales in the upper part (Table
1).

The Ouachita sequence includes dark-colored shales,
several kinds of sandstones, boulder beds, and distinctive
interbeds of dark-colored siliceous shale, chert, and tuff
(Cline, 1960; Goldstein and Hendricks, 1962). The upper
Paleozoic Ouachita sequence is interpreted to be a deep-
water flysch facies (Cline, 1960, p. 100; 1966; 1970;
King, in Flawn and others, 1961, p. 184; Chamberlain,
1971, p. 49).

In Oklahoma, the sequence thins westward and north-
ward from the central Quachitas (Fig. 4). The rate of thin-
ning evidently has been exaggerated somewhat by thrust
faulting; however, Cline (1960, p. 21) and Hammes (1965,
p. 1678) suggest that the amount of overthrusting may be
relatively less than is apparent because the rate of thinning
may have been influenced significantly by original sedimen-
tary convergence. Some thickening toward the Quachitas
is related to down-to-basin contemporaneous faults (Koinm
and Dickey, 1967; Buchanan and Johnson, 1968; Haley
and Hendricks, 1968, p. A7). Northwest of the Ouachitas,
the Mississippian and Pennsylvanian include clastic and
carbonate rocks which represent shallow marine and
deltaic depositional environments (Laudon, 1959; Scull
and others, 1959, p. 167; Visher and others, 1971). The
Pennsylvanian includes prograding deltaic sandstones which
were supplied from the north (Scull and others, 1959,
p. 167; Visher and others, 1971, p. 1212).

In northern Arkansas, total thickness of Mississippian
and Pennsylvanian strata is much less than that in the
QOuachitas (Fig. 4). The Mississippian-Pennsylvanian
succession includes units of shale, limestone, and sandstone
(Maher and Lantz, 1953; Ogren, 1968; Glick, 1973; Zachry
and Haley, 1973). These sediments reflect shallow marine
and deltaic environments.

East of the Ouachita Mountains in the Black Warrior
basin, the Mississippian-Pennsylvanian sequence thins
northeastward from a maximum of more than 10,000
feet in east-central Mississippi (Fig. 4). A predominantly
shale unit at the base of the sequence grades upward into
a cyclical succession of sandstone, shale, and limestone
(Thomas, 1972a, p. 98). These rocks indicate shallow
marine and deltaic environments, and rock-stratigraphic
relations indicate northeastward progradation of a delta
complex. Upward gradation continues into a coal-bearing
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cyclical succession dominated by carbonaceous sandstone,
shale, and conglomerate beds. The lower (Mississippian)
part of the clastic sequence grades northeastward into a
limestone facies in the eastern part of the Black Warrior
basin in Alabama (Fig. 4). The facies boundary trends
southeastward and is paralleled by linear barrier sandstones
and massive oolitic limestones (Thomas, 1972b, p. 103).
Facies strike is nearly perpendicular to Appalachian struc-
tural strike in the frontal structures of the recess in
Alabama; and, although far removed from the exposed
Quachita Mountains, the facies in Alabama are approxi-
mately concentric with the OQuachita structural front (Fig.
4). Distribution of clastic sediments indicates a sediment
source southwest of the Black Warrior basin.

In the Western Mississippi slate belt, the age of the dark-
colored shale is not known with certainty, but parts of the
succession include components which appear similar to
distinctive rocks within the Mississippian-Pennsylvanian
sequences in the Quachita Mountains and in the Black
Warrior basin. The slate belt sequence includes some
interbeds of carbonaceous shale and sandstone like those in
the Black Warrior basin. Parts of the slate belt succession
include dark-colored siliceous shale and chert similar to
those of the Ouachita facies. Apparently western Mississippi
is an area of facies transition from the thinner shelf sedi-
ments of the Black Warrior basin to the thicker deep-water
flysch of the Quachitas. That relation suggests correspon-
dence between facies boundaries and thickness distribution
and further indicates that western Mississippi belongs to the
Quachita stratigraphic province (Fig. 4).

The great volume of Upper Mississippian-Lower
Pennsylvanian clastic sediment has been interpreted to indi-
cate orogenic uplift of a sediment source south or southeast
of the present Ouachita Mountains and within the Quachita
mobile belt (Miser, 1921; Miser and Purdue, 1929, p. 134;
King, in Flawn and others, 1961, p. 184; Goldstein and
Hendricks, 1962, p. 421; Johnson, 1966, p. 156; Cline,
1970, p. 100). The sediment source is described as having
included basement rocks, metasedimentary rocks, and
sedimentary rocks, as well as active volcanoes (which
supplied tuff in addition to sediment). Petrographic data
generally have been interpreted to indicate a lithologically
complex sediment source at the southern margin of the
Ouachita trough (Bokman, 1953, p. 168; Goldstein and
Hendricks, 1962, p. 421; Hill, 1966, p. 120; Klein, 1966,
p. 316; Walthall, 1967, p. 523). Other petrographic work
suggests that quartz sand was introduced into the basin
from a source north of the Ouachitas (Klein, 1966, p.
316; Morris, 1971, p. 398). Paleocurrent data indicate
predominantly westward (axial) transport of sediment
through the Quachitas of western Arkansas and eastern
Oklahoma (Briggs and Cline, 1967, p. 991; Cline, 1970,
p. 93; Morris, 1971, p. 399). A comprehensive interpreta-
tion suggests that sediment was introduced into the
Ouachita trough from both south and north and was trans-
ported westward along the axis of the trough (Klein, 1966,
p. 323; Cline, 1970, p. 100). The orogenic sediment source
south or southeast of the Ouachitas also supplied clastic
sediment to the Black Warrior basin and southwestern
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Alabama Appalachians. Parts of the shelf north and west
of the Ouachitas received clastic sediment from northern
sources (Visher.and others, 1971, p. 1212). Swann (1964,
p. 653) proposes that the “Michigan River’” delta system
prograded through the lllinois basin and transported sand
to the northeast edge of the Ouachita trough as well as to
the western part of the Black Warrior basin. Fault scarps
along the northern margin of the Quachita trough are
proposed as the source of erratic boulders in the Johns
Valley Shale (Shideler, 1970, p. 803).

SUVIMARY OF STRATIGRAPHY WITHIN
THE OUACHITA SALIENT

Available data indicate a regional geographic coincidence
of the Quachita structural salient with the extent of the
Ouachita sedimentary facies. The Ouachita salient struc-
tures are within the area of the lower Paleozoic Ouachita
black shale facies. Eastward from the Quachita salient,
the belt of deformed rocks crosses into the carbonate
facies in the Alabama recess (Fig. 2). Distribution of
Devonian-Lower Mississippian chert defines a generally
semicircular pattern that apparently is centered on the
Quachita salient (Fig. 3). Thickness of the upper Paleozoic
clastic sequence decreases westward, northward, and east-
ward from the Quachitas, and isopach lines appear to be
roughly semicircular around the Ouachita salient (Fig.
4). Eastward toward the Alabama structural recess, the
structural front intersects isopach strike, and the belt
of deformed rocks crosses into a thinner upper Paleozoic
clastic sequence. The Mississippian part of the clastic facies
grades northeastward into a carbonate facies along the
frontal part of the Alabama Appalachian recess; the
Mississippian of northern Arkansas includes a similar

carbonate facies.

In northwestern Mississippi, the boundary between the
Western Mississippi slate belt and undeformed rocks of
the Black Warrior basin trends generally southeastward,
but subsurface data are too sparse to define precisely the
position and shape of the boundary (Thomas, 1973, Fig. 8).
Between the area of slaty rocks and the area of undeformed
rocks of the Black Warrior basin, several wells have cored
beds which have dips of 15 degrees or more (Thomas, 1973,
p. 385), but the relation of strike of individual structures
to strike of the structural front is unknown. Some rocks
of the Western Mississippi slate belt suggest affinities
with the upper Paleozoic Quachita facies, whereas other
slate belt rocks are similar to upper Paleozoic rocks of the
Black Warrior basin. Northeast of the slate belt, the succes-
sion is typical of that in the Black Warrior basin. Thus, the
front of the Western Mississippi slate belt may coincide
approximately with the limits of the thick Ouachita clastic
facies.

STRUCTURE AND STRATIGRAPHY OF
OTHER APPALACHIAN SALIENTS

Interpretation of structures between the Ouachita salient
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and Alabama recess may be guided by analogy with other
salients and recesses in the Appalachians. The implied
relations between Ouachita structure and stratigraphy also
may be evaluated in other salients.

The structural configuration of the northern Appalach-
jans may be described in terms of the Quebec and Pennsyl-
vania salients and the New York recess (Fig. 5). In the
northern Appalachians, the Cambrian and Ordovician
include a carbonate facies on the northwest and a black
shale facies on the southeast (Fig. 5). Rodgers (1968, p.
143) interprets the black shale to have been deposited in
deep water east of a shallow carbonate bank; the facies
boundary is interpreted to be the steep edge of the bank.
In northern Vermont, the facies boundary crosses struc-
tural strike diagonally (Rodgers, 1968, p. 144). On the
north in the Quebec salient, the deformed belt is within
the black shale facies; but, southward toward the New
York recess, the structural system crosses into the carbon-
ate facies (Fig. 5). Similarly, a curve in the carbonate bank
edge is concentric with the Pennsylvania salient (Rodgers,
1968, Fig. 10-3); however, that shale facies does not extend
to the frontal structures of the salient (Fig. 5). In Quebec,
the edge of the carbonate bank is obscured beneath the
overthrust shale facies southeast of Logan’s Line; and, out-
lying masses of the shale facies (for example, Taconicslate
mass) within the area of the carbonate facies are interpreted
to be allochthonous (Rodgers, 1968, p. 146).

The area of maximum thickness of Devonian clastic
rocks of and related to the Catskill delta is shown to be
within the Pennsylvania salient (Oliver and others, 1967,
Fig. 9; Colton, 1970, Fig. 22). The Devonian clastic succes-
sion thins along strike from the Pennsylvania salient south-
westward into the Virginia structural recess (Fig. 6).
Isopach lines intersect structural strike at a large acute angle
in the Virginia recess (Fig. 6), and the arcuate isopach lines
are generally concentric around the center of the Pennsyl-
vania salient. Boundaries of various facies components have
been shown to be approximately parallel with isopach lines
and, thus, also concentric with the structural salient (Fig.
6). At the northern limit of the salient, distributions of
thickness and facies are obscured by erosion; however,
there is a hint of an eastward curve of isopach lines and of
northward thinning (Fig. 6). Possibly original isopach strike
did not parallel structural strike in the New York recess.

COMPARISON OF OUACHITA AND NORTHERN
APPALACHIAN SALIENTS

Regional structural salients coincide geographically with
curves in the carbonate-black shale facies boundary and/or
with areas of thick clastic wedges (Figs. 2, 4, 5, 6). Particu-
larly in the Quebec and Ouachita salients, the curvature of
the structural salient seems to coincide approximately with
the facies boundary between black shales and carbonates
(Figs. 2, 5). Similarly, the greatest thicknesses of clastic
sediments in Pennsylvania and in the Ouachitas seem to be
concentrated near the center of curvature of the structural
salients. (Figs. 4, 6).

21

Salients are curves in the structural system convex
toward the craton, and the belt of deformed rocks within
salients extends farther toward the continental interior than
that in the adjacent recesses. Part of that greater extent
reflects a curve in structural strike. However, in the Penn-
sylvania salient, the deformed belt includes frontal folds
that end along strike toward the recesses (Figs. 5, 6). Part
of the greater extent of the Pennsylvania salient toward the
craton reflects the greater width of the deformed belt in the
salient. In the northeastern part of the Pennsylvania salient,
the structural front trends southeastward and is not parallel
with strike of individual structures (Fig. 6). Rather, that
structural front is a line along which northeast-trending
folds flatten along strike and end beneath undeformed
rocks in the Pocono Plateau (Wood and Bergin, 1970, p.
147).

A similar interpretation of structural boundaries may be
suggested for the frontal structures of the Ouachitas. In the
subsurface of northwestern Mississippi, a southeast-trending
structural front is defined between Ouachita structures on
the southwest (Western Mississippi slate belt) and un-
deformed strata farther east (Fig. 1). Possibly that front is
not parallel with structural strike but rather is a line mark-
ing the ends of east-striking folds that flatten eastward
beneath undeformed rocks in the Black Warrior basin. The
structures of the exposed Ouachitas may be analogous to
part of the frontal structures of the Pennsylvania salient.
And by analogy with the New York recess, structures with-
in the Alabama recess perhaps project along strike westward
into the Ouachita salient far south of the exposed Ouachita
structural front. ldentity of Appalachian structures may be
lost where they cross westward into the lower Paleozoic
black shale facies in the salient. The limits of Ouachita
frontal folds and the structural front of the salient thus
may coincide approximately with sedimentary facies and
thickness outlines.

CONCLUSION: PROPOSED STRUCTURAL-
STRATIGRAPHIC MODEL

Structural and stratigraphic relations suggest a theoreti-
cal model for evolution of the Quachita salient and adjacent
Alabama recess (Fig. 7). Lower Paleozoic facies relations
may be interpreted in the framework of a carbonate bank
(similar to the northern Appalachian carbonate bank of
Rodgers, 1968). The shallow-water shelf extends southward
to a steep bank edge, and the deep-water Ouachita black
shale facies occupies a semicircular reentrant in the bank
margin (Fig. 7 - panel 1). A limited amount of clastic sedi-
ment was supplied by sources within and/or south of the
basin; erratic boulders were supplied from steep scarps
within and around the basin.

The area of thick upper Paleozoic deep-water flysch is
bordered on the west, north, and east by thinner shallow
marine and deltaic sediments which occupy the area of the
earlier carbonate bank (Fig. 7 - panel 2). Ouachita oroge-
nesis on the south provided clastic sediment to the deep
Ouachita trough as well as to the shallow marine shelf on
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the east in the Black Warrior basin. Scarps within or margin-
al to the basin supplied erratic boulders. Other clastic sedi-
ments were supplied to parts of the shelf and the northern
part of the Ouachita trough from the craton.

The structural configuration of the Ouachita system
may be interpreted within the stratigraphic framework.
The thrust faults and folds of the Ouachita Mountains
have formed within the lower Paleozoic black shale facies
and the thick upper Paleozoic clastic facies (Fig. 7 - panel
3). Possibly the frontal structures flatten toward the east
into the carbonate facies and the thinner upper Paleozoic
succession of the Black Warrior basin, and only the interior
structures of the salient extend far across the facies bound-
aries into the Alabama recess.

Distribution of the major sedimentary facies was con-
trolled by the shape and position of the scalloped edge
of the shallow shelf (which possibly reflects the approxi-
mate shape of the margin of continental crust as proposed
by Rodgers, 1968, p. 148). The ultimate structural config-
uration of the Quachita salient appears to be related to the
distribution of clastic facies and of maximum sedimentary

thicknesses. Possibly the greater thickness of incompetent
rocks permitted deformation to expand farther toward the
craton in the salient, and tectonic transport apparently
is greatest in the salient. Rodgers (1968, p. 144) concludes
that the contrast in competence between the carbonate
and black shale sequences served to localize thrusting along
the facies boundary. King (in Flawn and others, 1961,
p. 184) notes that Mississippian-Pennsylvanian clastic units
have maximum volumes in the Ouachita and Marathon
salients. The association of the structural salient with the
black shale facies and thick clastic sequence suggests a
genetic relationship between these major regional structural
and stratigraphic elements.
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AGE OF

IGNEOUS AND METAMORPHIC ACTIVITY

AFFECTING THE OUACHITA FOLDBELT

By R. E. Denison, W. H. BurkeZ, J. B. Otto2, and E. A. Hetherington?

ABSTRACT

Thirty-eight isotopic ages have been determined on a variety of igneous and metamorphic rocks associa-
ted with the Ouachita foldbelt in Arkansas, Oklahoma, and Texas. These new ages have been integrated
with previously published ages to determine the timing of igneous and metamorphic activity associated
with the belt. The major time of movement, based on K/Ar ages from the interior zone, is Pennsylvanian
and Early Permian. An older period of metamorphism and movement is suggested by apparent Devonian
K/Ar ages. Post-tectonic intrusive igneous rocks were emplaced during two discrete periods. Diabasic
intrusions 'yield apparent ages of Triassic. A petrographically more diverse suite of subsilicic igneous

rock is Cretaceous in age.

INTRODUCTION

The interpretation of isotopic ages from the Ouachita
system can hopefully give insight into the timing for the
metamorphic recrystallization and movement of these
rocks. The pattern of isotopic ages within the low rank
metamorphic rocks from the Marathon-Ouachita fold
system is complex. The acceptance of the isotopic ages at
face value requires a model more complex than can be
firmly supported by other data. However, the distribution
of isotopic ages and their consistency suggest that periods
of heretofore unrecognized regional metamorphism may
have significantly affected the Ouachita rocks. The object
here is to present and interpret the results of our petro-
graphy and isotopic dating and to integrate these with
previously published work. We have not commented on
the broader implications of these results in terms of a
model for Quachita deformation. This we leave to other
workers.

The data have mostly been obtained from the interior
zone of the Ouachita system. Flawn (in Flawn and others,
1961, p. 164) described these rocks as: ‘‘sedimentary
rocks showing weak to low grade metamorphism with a
high shearing component and metamorphic structures
associated with high shear (foliation, slaty cleavage, frac-
ture cleavage, wrinkling, rucking, microimbricate structures,
flowage around augen) . . .” . Numerous isotopic ages have
been determined on the sericite-muscovite developed during
this metamorphism-shearing.

Ideally the micas are formed at the peak of metamorphic
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activity. The evidence from the outcrop suggests that the
peak of the metamorphism and shearing were in part
coincident. One example of such evidence is the relatively
more complete recrystallization of the sedimentary rock at
the fold axes. The retention of radiogenic daughter pro-
ducts begins after the rock has cooled below the threshold
of rapid diffusion of daughter isotopes. In igneous rocks
this usually begins immediately after crystallization as can
be shown by the comparison of K/Ar ages of highly reten-

‘tive (hornblende) and less retentive minerals (micas). In
low rank metamorphic suites, such as we are dealing with

here, there is probably a comparatively slow cooling.
Thus, apparent ages from minerals would not give the
“true’’ time of maximum metamorphism but some later
time when the rock cools sufficiently to retain argon.
There are no retentive-unretentive mineral pairs to compare
in the same rocks from the interior zone of the Ouachitas;
the results are almost exclusively K/Ar ages on muscovite-
sericite.

The evaluation of the seriousness of this effect has not
been fully satisfactory. Our evidence indicates that there
are additional factors which complicate the simple cool-
ing picture. Late faulting appears to be the most likely
serious complication.

The interpretation of ages also hinges on the degree of
metamorphism. In general, coarser, more fully recrystal-
lized, samples give the best ages, as might be expected.
Mica separates containing a high percent potassium are the
best for dating. However, in this study we have had to use
whole rocks containing muscovite, hoping for the best
because of the limited amount of sample available from
wells.
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AGES OF UPLIFT

Virtually all isotopic ages from the interior zone are
Paleozoic. Therefore, it is useful to define the time scale
during this period. Figure 1 shows the time scale accepted
by the Geologic Names Committee of the U. S. Geological
Survey in 1972.

Because the metamorphism is tied closely to times of
shearing, it is important to review the periods during which
there is evidence for strong movements that affect sedi-
mentation and structure in the Ouachita system. This
information is taken from the discussion of King (in
Flawn and others, 1961, pp. 175-190).

Atokan and younger - Deformation presumably began in
the Quachita Mountains in Atokan time and continued at
least through Des Moinesian time, the youngest rocks
deformed. In the Marathon area deformation began in
Missourian time and continued into Wolfcampian time.
Movement thus began later and continued later than is
demonstrable in the Ouachita Mountains.

The times of movement affecting the Ouachita system
therefore fall into two categories: those during which
.sedimentation was affected and those during which the
actual rocks in the Quachita system were deformed. It
appears from the isotopic evidence that both these types
are represented.

Early Middle Ordovician - A minor pulse is suggested by
" the Blakely Sandstone in the Ouachita Mountains and the
Rodriguez Tank Sandstone in West Texas.

Early Silurian - The wedge of Blaylock Sandstone in the
Ouachita Mountains indicates a local but significant uplift
and exposure of granitic rocks in the source area to the
south.

Earlier Mississippian (post-Novaculite) through Morrow-
an - The beginning of very rapid flysch sedimentation
through Atokan time indicates very unstable conditions
and major uplift in the source areas.

IGNEOUS AND METAMORPHIC BOULDERS
Introduction

Several units within the Ouachita Mountains and Mara-
thon Basin contain igneous and/or metamorphic boulders.
These have an important bearing on the source area for
various units deposited in the Ouachita-Marathon trough.

Marathon Region
Dagger Flat Sandstone
The Dagger Flat Sandstone of the Marathon Basin is of
Late Cambrian age (Wilson, 1954). McBride (1969) has

summarized the petrography and current studies of Anan
(1964). The Dagger Flat contains a minor fraction of
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granitic, volcanic, and metamorphic rock clasts. The source
area is suggested to be to the northwest. Thus, the source
is to the shelf side and may have been covered by the
allochthonous thrust sheets containing the Dagger Flat.

Marathon Limestone

Young (1970) has provided an excellent description of
the Marathon Limestone. He notes several conglomeratic
and sandstone beds within the dominantly limestone
sequence. The evidence suggests a metamorphic and vol-
canic source for many of the clasts. Young cites “‘floods’ of
biotite and plagioclase as indicating a volcanic source but
it could also be ascribed, perhaps more appropriately, to a
granodioritic igneous source. As in the Dagger Flat Sand-
stone, the source area for the Marathon Limestone boulder
material is from the northwest.

Woods Hollow Formation

The Woods Hollow Formation in the Marathon Basin
contains rare clasts of schist and igneous rocks (McBride,
1969). None of these clasts have been isotopically dated
and samples loaned to us by McBride are not suitable for
dating due to alteration. McBride describes five pebbles of
granite, microsyenite and porphyritic amygdaloidal trach-
yte. The five samples we have examined are all calcitized
and altered trachytic to dioritic rocks containing quartz
where present as either a late intergranular mineral or in
amygdules. These igneous pebbles are petrographically
quite distinctive and do not come from any known base-
ment rock province in Texas or Mexico.

Thus in mid-Ordovician the Marathon depositional basin
had a minor source of igneous and metamorphic material
and that source is unlike any known in the basement of
Texas or Mexico.

Haymond Formation

The most famous of the crystalline boulder occurrences
is in the Haymond Formation (Atokan) of the Marathon
Basin. McBride (1966) has provided an excellent descrip-
tion of the Haymond. He ascribed the boulders to a sub-
marine slide or wildflysch. - Denison and others (1969}
have suggested that the boulders were derived from a source
area that was composed of petrologically related granitic
and volcanic rocks. The boulders yield latest Silurian
and Devonian ages. Further these rocks were formed by the
partial melting of clastic sediment in a geosyncline during
Silurian-Devonian time. The geosyncline was located to the
southeast of the Marathon depositional basin.

Quachita Region
Collier “’Shale”

Honess (1923, p. 45) interprets the occurrence of “grani-
tic gravel and arkosic fragments'’ in certain layers of the
Collier marbles as indicating the presence of an igneous
source area ‘‘at some not distant locality’’ during Early



Ordovician. These granitic fragments have received no
subsequent work.

Blakely Sandstone

The Blakely Sandstone contains igneous and metamor-
phic cobbles and boulders in Arkansas. This unit is Middle
Ordovician in age. Boulders collected from several local-
ities in the eastern Benton uplift showed a fairly uniform
petrographic character.

Several of the boulders are granite or closely related
rocks of uncertain origin. These were collected as dis-
crete boulders weathered loose on the surface and no
relationship with the enclosing rock could be seen. These
boulders were quite weathered but were fairly fresh when
seen in thin section.

The texture and mineralogy of the original granite is
quite uniform even though the boulders were collected at
three localities. They are highly pure quartz-feldspar rocks
containing only a minor amount of accessory minerals.
These accessory minerals include zircon as rather large
abundant crystals, iron oxides (now hematite) and sphene.
Iron-stained chloritic minerals are found as replacement of
original femic minerals and as thin veinlets. The quartz is
in large single crystals, most mildly strained. The feldspar
has the appearance of a mesoperthite with some late sodic
plagioclase found between larger grains. However, the
“perthite” has been albitized in samples examined from the
three locations. Quartz veins are common in some samples.

The texture in the granite samples is a simple hypidio-
morphic type with straight, smooth grain boundaries. The
granites are quite coarse with some feldspar crystals exceed-
ing 1 cm and most quartz being in the range 4 to 7 mm.
There are several samples which show a modified texture.
In these the rock appears to have been brecciated or shat-
tered and the zones between the resulting pieces have been
filled by a mosaic of quartz-feldspar. This mosaic contains
minor iron sulfides (now hematite), zircon, and chloritic
micas. This matrix is of unknown origin; it may be the fine
brecciated granitic material recrystallized to a granoblastic
mosaic during the low rank metamorphism in late Paleo-
zoic. Alternately, the mosaic could be igneous in origin, an
aplitic intrusion associated with brecciation. The former
explanation is regarded as more likely although not on
particularly firm textural evidence.

We performed three isotopic determinations on the feld-
spars from the granites showing no brecciation. Samples
were chosen from two of the localities. The results (Table
11) are disappointing. The ages range from 283 + or — 25
to 489 + or — 55 million years assuming an initial Sr 87/86
ratio of 0.706. The age of sedimentation for the Blakely
Sandstone should be in the range 460-480 million years.
Only one apparent age is older than this and there is no real
reason to place any higher reliance on this determination.

There are at least three factors which play an important
role in the low ages. First, is the rather weathered condition
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of the rocks. Second, is the late Paleozoic metamorphism
which may have disturbed the equilibrium of the parent-
daughter relationship. The third has to do with the albitiza-
tion of the feldspars. Because the feldspars from three sep-
arate localities have the same characteristics, the albitiza-
tion either occurred in the source area or was caused by a
pervasive effect after deposition.

It should be noted that the potash feldspars in the grani-
tic rocks from the Haymond Formation also have been
albitized. Denison and others (1969) concluded that this
happened in the source area. In the Haymond there is no
late Paleozoic metamorphism to confuse the issue and this
can be eliminated as a potential explanation.

Aside from the albitization of the potash feldspar and
highly siliceous character of the granitic rocks, the boulders
from the Haymond and Blakely share no common petro-
graphic characteristics. The granitic boulders in the Blakely
are most typical of shallow intrusions. These type granites
are common throughout the south-central United States.
The closest of these is in northeastern Oklahoma (~1250
million years old; Denison and others, 1969b) and in
south-central Oklahoma (~500 million years old; Ham and
others, 1964). Both granites were covered during mid-
Ordovician everywhere the relationships are known.

Some conclusions can be drawn from this petrographic
and isotopic data. In mid-Ordovician time a granitic land-
mass rather suddenly was available for rapid erosion. The
isotopic age of the landmass is unknown. The landmass was
most influential on deposition of the Arkansas rocks but
not important for rocks now in Oklahoma. The landmass
contained rather coarse highly silicic rocks typical of
shallow intrusions. These rather distinctive rocks are not
recorded as boulders in any other unit.

Johns Valley Shale

There are no reports of igneous or metamorphic boul-
ders in the conglomeratic beds in the Johns Valley Shale
of Late Mississippian-Early Pennsylvanian age (see Shideler,
1970, for a recent discussion and description of these beds).

IMPORTANT RECENT WELLS
IN THE OUACHITA BELT

There are four exceptionally important wells that have
been drilled into the Ouachita belt since the comprehensive
work of Flawn and others in 1961. Two were drilled by
Shell Oil Company on the Devils River Uplift in southwest
Texas. Another was drilled by Shell on a previously unrec-
ognized regional structure in northeast Texas. The fourth
important well was drilled near or at the axis of the Broken
Bow anticlinorium in southeastern Oklahoma (Fig. 2).
Isotopic ages which have a direct bearing on determining
the age of movement of the Quachita belt have been deter-
mined on samples from each of these wells.

Each of these wells will be briefly described here with a
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discussion of the isotopic ages we and others have deter-
mined.

Shell No. 1 Gillis

The Shell No. 1 Gillis was drilled to a depth of 10,210
feet on the Devils River Uplift in Val Verde County, Texas.
In our interpretation the rocks below the Cretaceous in the
well can be broken into five essential units with these very
approximate depths.

0 to 2,500 feet Cretaceous

Unit1 ~ 2,500 to ~ 4,900 feet Sheared graphitic phyl-
lites

Unit2 ~ 4,900to ~ 6,600 feet Carbonaceous mica-
ceous sheared marbles

Unit3 ~ 6,600to ~ 9,500 feet Relatively undisturbed
dolomitic  carbonates

Unit4 ~ 9,600 to ~ 10,100 feet Calcareous quartzite
locally schistose

Unit5 ~ 10,100 to ~ 10,210 feet T.D. Greenschist .

The cuttings from the Gillis well are small in size and it
is difficult to determine some of the critical textural para-
meters. However, some basic compositional and textural
~ evidence is clear.

Unit 1 is composed of graphitic phyllite and sheared
quartzite. The sequence was deposited as a carbonaceous
shale with sandy and lesser calcareous intervals, and was
later metamorphosed to lower greenschist facies during a
strong shearing episode.

Unit 2 is composed of sheared micaceous marbles. Some
show irregular distribution of quartz both as detrital grains
and veinlets. The texture is one of complete recrystalliza-
tion, but is erratic. Larger calcite crystals are prominently
twinned. The sequence was evidently deposited as a lime-
stone with argillaceous intervals, which was later sheared
and metamorphosed.

Unit 3 is a rather pale pure dolomitic carbonate contain-
ing irregular amounts of quartz detritus. Shearing is essen-
tially lacking, although coarse twinned calcite is widely
present though not abundant. Demonstrable metamorphic
effects are difficult to define. However, an insoluble residue
from the interval 9450 to 9460 feet (the only one checked)
contained talc, interpreted as metamorphic in origin. The
unit was evidently deposited as a pure dolomitic carbonate
and escaped or did not respond to the effects of major
shearing seen above but was mildly metamorphosed.

Unit 4 is a calcareous quartzite. The grain size shows
considerable variation; both coarse and fine-grained detritus
are present. Both plagioclase and microcline are common as
detrital grains. Carbonate is found as evidently detrital
grains and films and veinlets around the sand grains. Vari-
ous chips show the development of schistocity and various
metamorphic minerals. Olive-green biotite is well developed
in some of the finer grained cutting chips. Opaque minerals
are common. The rock was deposited as a calcareous felds-
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pathic sandstone later metamorphosed to lower greenschist
facies.

Unit 5 is a greenschist characterized by the assemblage
actinolite-chlorite-epidote-albite and lesser quartz, calcite,
biotite and opagite minerals. The albite contains consider-
able sericitic alteration. The cutting chips are too small to
define the schistose character if present. The rock is inter-
preted on the basis of bulk composition and relict tex-
tural evidence to be derived from a parent of basaltic
composition.

Shell Development determined ages (Nicholas and
Rosendal, 1975) 290 + or — 11 and 300 + or — 11 m. y.
on phyilites from the interval 3000 to 3200 feet and an age
of 274 + or — 10 m. y. from a sample near 10,000 feet. We
have determined ages (Table 1) of 324 +or — 10 m.y.on a
phyllite from 3700-3710 feet and another of 295 + or —
10 m. y. on a phyllite from 4700-4720 feet. In addition an
age was determined on the greenschist from 10,150-10,160
feet of 2584 + or — 5 m. vy.

The interpretation of results from the well is far from
unequivocal. The problem is what to do with the carbonate
sequence below~4900 feet and particularly below~6500
feet. Is it the equivalent of foreland Ellenburger Group or
is it the equivalent of the Marathon Limestone of the
Marathon Basin? The direct evidence is lacking. However,
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