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The Cover

The cover photograph was taken by Dr. T. W. Amsden with the
paleontological camera of the School of Geology.’

The specimen is a Calymene collected and prepared by Dr. Amsden.
It came from the Henryhouse formation on Chimneyhill Creek in Pontotoc
County. The specimen is 45 mm long and the cover photograph is nearly
3 times natural size.

American Association of Petroleum L.andmen

This fine organization, designed to improve the status of petroleum
landmen and to provide a means of exchange of ideas, now has nearly
3,000 members. It has 33 affiliated local associations in the western_ states
and two Canadian provinces. It publishes a monthly journal “The Land-
man,” a highly readable periodical. It issues TIP cards weekly, presenting
economic facts briefly.

The association holds regional institutes as short courses on pertinent
subjects. The second institute was held at the University of Oklahoma on
October 13 to 17, 1958. A curriculum leading to the landman’s degree is
offered at the University and the Association has established a scholarship.
President is T. G. Kelliher of Houston. The vigorous and growing associa-
tion is a highly desirable organization for men in this extremely complex

field of work. C.C. B.

Tulsa Rock and Mineral Society

Recently a new society was organized in Tulsa, the Tulsa Rock and
Mineral Society, and there are now 150 enthusiastic members. The club
takes Sunday field trips and two of us from the Survey recently saw 28
car-loads of members cheerfully plod through the mud and ignore the rain
as they collected fossil plants from the waste heap of a strip-pit. Dues are
two dollars for adults, one dollar for junior members. Officers are: E. L.
Gilmore, President; Dean Burch, 1st Vice ‘President; Al Kidwell, 2nd Vice
President; Myrna Wade, Recording Secretary; Harlon West, Correspond-
ing Secretary; Tom Southgate, Treasurer. The Club displayed specimens
in the Fourth National Bank of Tulsa on November 17-28. The Oklahoma
Mineral and Gem Society has been active for some 15 years. Its new presi-
dent is Norman G. Flaigg. Its former president, Domer L. Howard is now
president of the Rocky Mountain Federation of Mineralogical Societies, a
federation of 12 amateur groups.

The Survey welcomes such societies and asks for their help. The Sur-
vey has nine regularly active geologists and relatively few part-time field
geologists, The hundreds of society members range widely and we would
appreciate their aid in reporting mineral and fossil localities.

C. C. B.





PLEISTOCENE COURSE OF THE SOUTH
CANADIAN RIVER IN CENTRAL
WESTERN OKLAHOMA

Rogert O. Fay, Oklahoma Geological Survey
and University of Oklahoma, Norman

The South Canadian River originates in New Mexico, flows in an east-
northeastward direction through the Texas panhandle, makes three large
loops in west-central Oklahoma, flows southeastward for 160 miles, and
finallv flows northeastward again o empty into the Arkansas River in
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FIGURE 1. Index map of Oklahoma showing location of area (lined) and major
streams in west-central part of state.

It will be demonstrated that the last two of the three large loops and
the southeastward course of the channel are a direct result of (a) strue-
tural control by Permian red beds and (b) Pleistocene stream piracy of
the South Canadian River by one of its own tributaries.

Underlying bedrock and structure

The surface rocks of this region belong to the Permian system, and
consist mainly of red beds named (descending) Cloud Chief formation,
Rush Springs sandstone and Marlow formation of the Whitehorse group,
and Dog Creek shale. These beds, together with the underlying Blaine
formation and Flowerpot shale, have a westward component of dip, thus
forming steep east-facing escarpments where resistant rocks are exposed.
A broad syncline, with a north-northeast axis, occupies the area east of
Taloga and north of Thomas (see figure 2).

Near Taloga, the last large northward-bending loop of the South Ca-
‘nadian River corresponds closely with the margins of this syncline and
with apparent collapsed Cloud Chief gypsum structures. Some of the struc-
tures appear to be depositional, but others clearly show edges of bedding
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projecting at high angles with 4s much as 115 feet of displacement. Pleis-
tocene gravels overlie the Cloud Chief formation in this region, showing
that the ancient river once flowed over this formation. The present river
flows through the Whitehorse group and Dog Creek shale, following the
strike of the beds east of Taloga to Bridgeport.

The headwaters of Deer Creek begin in the Cloud Chief formation,
descend through the Rush Springs sandstone, and finally reach the Marlow
formation at the mouth west of Bridgzport (see figure 2). The high ridge
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FIGURE 2. Bedrock geologic map. Arrows indicate direction of regional dip.
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west of Deer Creek contains rocks of the Cloud Chief formation, overlain
by Pleistocene gravels. This shows that another ancient channel was present
upon the Cloud Chief formation and that this river flowed southeastward

to eastward.
In every instance, the ancient channels and the present channels follow

the strike of the bedrock.
Topography, relief, and drainage

The area under consideration lies in the Western Sandstone Hills
region of Curtis and Ham, or the Second Line of Hills in earlier reports of
older geologists. These hills consist of rocks in the Cloud Chief formation

and Whitehorse group.
The normal topography developed upon these formations is one of
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gently rolling hills of approximatcly Averag
in this area is about 350 feet and total relief is almost 600 feet. In the
Thomas-Eagle City-Putnam area, small isolated knobs of Cloud Chief dolo-
mite, gypsum, and sandstone project prominently above the countryside.
The South Canadian River and Deer Creek may be classified as ma-
ture and underfit streams respectively whereas all others are in youth.
Where well developed, the smaller sireams have steep V-shaped valleys, are
intermittent, flow into the main streams at right angles, and.have steep
vertical walls 40-60 feet high near their headwaters at the contact between
the softer Marlow formation below and the harder Rush Springs sandstone
above. These valleys are heavily wooded. The uplands are covered with
grass or are cultivated, but where thick Pleistocene deposits occur, there

is scrub oak and dense vegetation.
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FIGURE 3. Cross section of major rivers showing relations to bed rock.

There are three parallel divides in the area, following the trend of the
present South Canadian River (see figure 2). The first one is east and
north of the South Canadian River, consisting of Pleistocene gravel and
dune sand overlying the Cloud Chief formation and Rush Springs sand-
stone. The second ridge is between Deer Creek and the South Canadian
River, consisting of a thin veneer of sand and silt overlying the Rush
Springs sandstone. The third divide is southwest of Deer Creek, with
gravel, sand, silt, clay, and volcanic ash, resting upon the Cloud Chief
formation and subordinate portions of the Rush Springs sandstone. These
latter two divides meet at the headwaters of Deer Creek and form one
divide that trends westward and separates the Washita River to the south
from the South Canadian River to the north. At the junction of thi€se

5





ridges there is a thin veneer of gravel at an elevation of 2,000 feet or
more, which represents the highest elevation in the area studied. All divides
are highest to the northwest, ranging in elevation from 2,000 to 1,900
feet, and lowest to the southeast, ranging from 1,800 to 1,700 feet. The
South Canadian River enters the area at an elevation of approximately
1,700 feet and leaves at 1,400 feet, which represents the lowest elevation
in the region.

Relations to bedrock

The South Canadian and North Canadian Rivers actually flow upon
a broad ridge that is approximately 400 feet above the Cimarron River to
the northeast (see figure 3). The reason for this difference in elevation
is that the Cimarron River now flows and has flowed in the past upon
softer beds below the resistant Blaine formation. In addition, there is
evidence of extensive pre-Pleistocene erosion, accounting for the initial
topography upon which the Pleistocene rivers flowed and for the differ-
ences in elevation. For example, the Cloud Chief formation and White-
horse group, exposed in the divide northeast of the South Canadian River,
crop out a full 100 feet above the highest Pleistocene deposits of the North
Canadian River, which is the only possible river that could erode the
northeast side of this divide. These pre-Pleistocene rivers, once initiated,
carved downward into softer beds and formed the many rock benches and
east-facing escarpments now present. The Pleistocene streams merely filled
in the valleys of these ancient streams and cut back the escarpments lat-
erally in a downdip direction to the southwest. Detailed evidence will be
presented to show precisely how this was accomplished by the South Ca-
nadian River as it followed and cut through the Cloud Chief formation
into the Whitehorse group.

Distribution of Pleistocene deposits

The Pleistocene sediments may be divided into 4 main types which
have been deposited at different times under slightly different conditions
(see figure 4).

(1) In the southwestern part of the area occur sporadic deposits, 5 to
40 feet thick, consisting of gravel and sand with volcanic ash, silt, and
clay. These comprise the surficial cover of Deer Creek valley and the
ridge southwest of Deer Creek. Fine sand, silt, and clay are on the ridge
bhetween Deer Creek and the South Canadian River. _

The gravels found at all elevations along Deer Creek are isolated
from those of the Washita River and the South Canadian River, and appear
to represent an independent stream channel, the highest and oldest portion
of which lies to the southwest along the ridge of the Cloud Chief forma-
tion. There is a linear pattern to these gravels, which trend southeastward
following the strike of the underlying rocks. In the Putnam area, these
gravels appear to merge with ones that correlate with those of the South
Canadian River, northeast of Taloga, thus suggesting a common connection
hetween these two gravel areas. In the Bridgeport-Hydro area, the Deer
Creek gravels also seem to tie in with those of the South Canadian River.
the former having an eastward trend and the latter a southward trend. All
trends appear to be directly controlled by the structure and type of under-
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FIGURE 4. Geologic map of the Pleistocene depesits showing probable position of
the older South Canadian River and its tributary. Arrows show direction of shift
of channels after piracy.

lying bedrock. Contour lines drawn on elevations at the base of the gravels
show the approximate position of the old river channel.
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(2) The deposits immediately southwest of the South Canadian River
are invariably clay and fine silt, 0-20 feet thick, forming a thin veneer
over cut benches in the bedrock. _ _

(3) Gravel and sand deposits 90 feet or more thick, overlain by silt

and clay, occur on the north and east side of the South Canadian River,
covering the top of the divide in this area. The northern end of this divide
turns abruptly westward for approximately 15 miles, where, near Taloga,
the gravels end suddenly. Water wells drilled just 5 miles northeast . of
Taloga passed through thicknesses of gravel and sand ranging from 43 feet
to 88 feet, and yet just north of Taloga, gravels are absent and bedrock
is exposed. Near the southeastern end of this divide, northwest of Bridge-
port, the gravels also end abruptly along a north-south line. Contour lines
drawn on elevations at the base of the gravels were used to ascertain the
initial position of the first river channel in this area (see figure 4). The
higher levels are covered by sand dunes with a thick growth of oak trees
and similar vegetation, suggesting that these dunes were formed during
the Pleistocene epoch. No volcanic ash has been reported from these de.
bosits.
: (4) Low terrace deposits of sand, silt, clay, and possibly some gravel,
that conform with the present South Canadian River and Deer Creek, were
laid down at a distinctly higher elevation than the floodplains of the
present streams,

The gravel of the above deposits is termed a Rocky Mountain type
because it consists primarily of quartzite cobbles and pebbles, derived bv
erosion of rocks exposed in the Rocky Mountains. The volcanic ash, which
occurs only in the highest terrace north of Custer City and east of Putnam,
has been considered by Ham to be of the Pearlette (late Kansan) type.
The ash is directly associated with river gravels so these deposits probably
were laid down in small lakes on a floodplain of a Pleistocene river. The
finer silt and clay were probably deposited by water away from the chan-
nel, perhaps during flood stages, whereas the gravels and sands were de-
posited in channels by actively running water.

From the above facts it is readily seen that the gravels of areas (1)
and (3) represent channel deposits, separated by a low ridge of nor-
channel deposits. This means that at least two separate Pleistocene channel
systems existed in this region. The former channel, which Deer Creek fol-
lows, has volcanic ash in it, thus suggesting a different age than the latter
one, which is followed by the South Canadian River and contains no ash.
Both channels must have merged upstream near Taloga and downstream
near Bridgeport, early in the Pleistocene. In the remainder of this paper
reference will be made to the former deposits as belonging to the older
South Canadian River or channel system, and to the latter as belonging to
the younger South Canadian River or channel system. '

Terrace levels

South Canadian River. Approximately 5 terrace levels of probable
Pleistocene age are discernable along the South Canadian River (see fig-
ure 5). They are 300, 270, 220, 150, and 50 feet above the present flood-
plain. The highest are invariably farther away laterally from the river
and the lowest are next to it. This means that the channel system of the
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vounger South Canadian River coincided with the north and east edge of
the present divide in that area. From this initial position during early
Pleistocene time it shifted its channel laterally southwestward with the dip
of the beds; this shift explains the progressively lower terraces next to
the river. -

Deer Creek. All levels of the South Canadian River pass up Dser
Creek, disappearing or becoming steeper upstream in an orderly succes-
sion. The youngest is near the mouth, and the oldest and highest covers
not only the area of the headwaters of Deer Creek but extends beyond this
region to the northwest. This highest terrace level is the only one that
contains volcanic ash and thick gravel deposits. From Putnam to Custer
City, the higher portions of this terrace follow the southeastward-trending
ridge of the Cloud Chief formation. In the Hydro-Bridgeport area, the
highesi gravel portion is south of Deer Creek, parallel to the creek, with
progressively lower levels to the north adjacent to the creek. This suggests
that the older South Canadian River channel shifted slightly to the north-
west or north, following the strike of the bedrock. Gravel is present on
both sides of Deer Creek on all terrace levels of that creek. These are con-
sidered to be secondarily derived from the highest terrace deposit because
Deer Creek does not extend beyond this area into the Rocky Mountains.
Deer Creek, therefore, must have later eroded into this highest terrace and
yet it seems to have been part of this older South Canadian River channe]
system at one time.

It is concluded that in the Putnam-Taloga area, probably in late Kan-
san time, the older South Canadian River was probably diverted northward
or northeastward. The old channel began to dry up and was transformed
into an underfit stream, Deer Creek, which became a tributary to the
vounger South Canadian River newly formed to the northeast,

Stream piracy

Stream piracy of the older South Canadian River by one of its tribu-
taries must have taken place early in the Pleistocene at a point northwest
of Putnam and southwest of Taloga. In this region the tributary must have
flowed northward following the present position of the South Canadian
River, with headwaters working southward toward Putnam. Northeast of
Taloga the stream curved eastward to southeastward, following the north-
easternmost edge of the plunging syncline in the Cloud Chief formation
on this divide. The stream flowed southeastward into Blaine County, where,
about 10 miles north and 5 miles west of Bridgeport, the stream began to
flow directly southward. It emptied into the older South Canadian River
near the mouth of the present Deer Creek, but in a position south of the
present South Canadian River (see figure 4).

In the Taloga-Putnam region, probably during late Kansan time or
later, this tributary worked its way headward into the area of collapsed
structures of the Cloud Chief formation. It followed the strike of the west-
ern edge of the broad syncline in the Cloud Chief, working its way south-
ward directly toward the older South Canadian River channel. After hav-
ing pirated the older channel at this point, the younger South Canadian
River channel was initiated. The old river, between Putnam and the mouth
of the tributary, then became Deer Creek, which now follows this old
channel system.
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Stream adjustment

The channel had to adjust to its new environment. Northwest of Put-
nam, the river now flowed in a southward-eroding loop, having had to
change from a southeastward to a northeastward direction. Northeast of
Taloga the younger South Canadian River followed the broad northward
loop of its new channel and began to adjust to the strike and dip of the
Cloud Chief formation. This loop was so broad that very little northward
erosion took place, but throughout the Pleistocene the river shifted its
channel downdip laterally to the southwest with the dip of the bedrock.
This gradually accentuated the degree of curvature of this last loop in the
river and accounts for the strong U-shaped pattern seen in the present
course of the stream.

West of Bridgeport, the old river flowed eastward following the strike
of the Rush Springs sandstone. The newly formed river then started to
flow southward into the old river near the mouth of what is now Deer
Creek. The younger South Canadian River adjusted itself to the strike of
the bedrock, thus accounting for the sharp turn from the southeast to the
east in the course of the present river west of Bridgeport. A large south-
ward-eroding loop did not occur here because the mouth of Deer Creek
acted as a pivot point or bulwark against southward erosion at this point.

Deer Creek had no other choice but to adjust to the valley of the older
South Canadian River. This adjustment took place immediately after
stream piracy in late Kansan time or later, thus accounting for the same
terrace levels on this creek and the South Canadian River.

Chronology

To date, the only fact useful in dating the Pleistocene deposits in this
region is the occurrence of volcanic ash of probable Pearlette (late Kan-
san) age. The ash nowhere occurs in the highest part of the oldest terrace
and it is possible that the oldest terrace may be composite and include
cediments older than Kansan age. The highest terrace of the older South
Canadian River is in part older than the highest terrace of the younger
South Canadian River, but both are probably close to late Kansan in age.

The second terrace down from the top appears to be closely related
to the first terrace and may also be of Kansan age. These high two terrace
levels are overlain by sand dunes, are only about 30 feet apart, and are
highly dissected. The next two appear to be closely related because they are
normally devoid of sand dunes, have well-defined boundaries above and
helow but a gentler surface between, and are about 100 feet higher than
the next lowest terrace. These may be Illinoian in age and the last one,
which has extremely clear-cut boundaries and follows the margins of the
floodplain of the present river, may be Wisconsinan.

Correlation

There is a striking similarity between the Pleistocene in this area with
that of the South Canadian River in Hughes County and adjoining area of
southeastern Oklahoma. Weaver reports 4 distinct terraces on the South
Canadian River, being 10-15, 30-40, 65-80, and 200 feet above the present
floodplain., The highest level includes an odd channel deposit of the South
Canadian River termed the Gerty sand. This does not conform with the
present river and is much thicker than the general high level gravels. Ham
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reports volcanic ash in the Gerty of Haskell, Pontotoc, and Garvin Coun-
ties. This deposit is interpreted by Hendricks to be sediment that was de-
posited by a former channel of the South Canadian River that has since
been pirated by a tributary of the same river, in exactly the same manner
and direction as outlined for the Blaine-Dewey-Custer County area.

It is possible that there is a one to one correlation of the terraces be-
tween these two areas, accepting the fact that the higher two levels of
Blaine, Dewey, and Custer Counties may equal the one high level of Hughes
County. This means that the highest level or higher levels along the South
Canadian River, and on tops of the divides quite some distance from the
river, are at least late Kansan in age and possibly older. The more pro-
nounced terraces along the immediate river valleys would then be Illincian
and younger.

It is concluded that most high level gravels that are scattered over
the countryside probably are of Kansan age and that radical changes in
stream channels took place during that time. Although all major streams
must have existed during Nebraskan time, probably little glaciation took
place in the Rocky Mountains during this age and these deposits were in-
consequential. The Illinoian and- Wisconsinan deposits filled in the valleys
of the post-Kansan streams and these streams later adjusted to the bedrock.
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FIGURE 5. Schematic diagram of terrace levels on the northeast side of the South
Canadian River in S T. 15 N., R. 13 W., Blaine County, Oklahoma. Qt, terrace
deposits; Qal, alluvium.

Preliminary study of the North Canadian and Cimarron Rivers shows
a similar history. Five terrace levels, with volcanic ash and sand dunes in
the higher levels, gravels to the northeast and silts and clays to the south-
west of the present rivers, and lateral southwestward adjustment to bed-
rock are all features similar to those of the South Canadian River. These
facts show that pre-Pleistocene rivers were the same named rivers as the
present ones, and must have been the same streams that deposited late
Tertiary material farther west.
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Pre-Pleistocene history

All evidence seems to show that the South Canadian River and other
major streams must have been initiated during the Tertiary as a result of
the Laramide orogeny. No Cretaceous rocks have been found in the area
studied, but they do occur about 8 miles northwest, 10 miles north, and
20 miles west of Taloga and are scattered from western Washita County to
orthwestern Woods County. They belong to the Kiowa formation of the
lower part of the Cretaceous system and rest upon rocks of the Quarter-
master group, Cloud Chief formation, and Rush Springs sandstone. None
of these rocks occurs east of the 99° meridian, except for a small area 10
miles north of Taloga which is almost on the 99° line. It is seriously
doubted that the Cretaceous rocks were ever deposited east of this line
because (1) no actual evidence of outcrops is present, {2) scaiiered ero-
sional remnants of Cretaceous rocks are not found, and (3) Pleistocene
streams could not have their pattern if they were initiated upon any other
surface other than the Pexrmian. Most of the major streams flow eastward
antil they reach the eastern edge of the Tertiary and Cretaceous beds, then
they begin to adjust in a southeastward direction to the underlying Per-
mian beds.

The Cretaceous rtocks probably formed an eastward-dipping floor
from the Rocky Mountains to the western edge of Oklahoma in early
Tertiary time. As the Laramide orogeny progressed erosion took place and
the present named major streams in the region were initiated. They prob-
ably deposited major portions of the Tertiary deposits, and established a
general eastward-flowing course during this time. Upon reaching the Per-
mian red beds farther east they immediately began to adjust to the bed-
rock of the Anadarko Basin, turning southeastward and carving out escarp-
ments laterally downdip to the southwest.

Conclusion

At the beginning of the Pleistocene the stage was set for extensive
alluviation of the old valleys, more lateral downcutting, and minor shifts
of channels of these old established streams, as has been demonstrated for
the South Canadian River. Nebraskan streams probably carried some sedi-
ment but it was not until Kansan time that extensive sheets of gravel were
laid down over wide areas. After stream piracy and adjustment during the
Kansan age, the Illinoian and Wisconsinan streams laid down deposits at
lower levels along the present stream courses, thus accounting for the
peculiar distribution of sediments and for the stream patterns seen at
present, as evidenced by study of the Pleistocene course of .the South
Canadian River. '
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Ralph Allen Brant (1899-1958)

By EarL T. PETERSON

Jack Brant, a vigorous, active, generous friend of geology and geol-
ogists, died on September 30, 1958, in Tulsa of the effects of Encephalitis.
He was born on May 25, 1899, in Canton, Illinois, and was christened
Ralph Allen. After secondary education in Canton schools, he attended the
State University of Towa (1921), University of Nevada (1921-22), and re-
ceived his bachelor’s degree from the University of Chicago in 1925. He
was awarded the first Master of Science degree given by Tulsa University
in geology (1942).

First empioyed in the oil industry by Shaffer Oil Co. in Tulsa, 1925-
29, he began doing subsurface geology at the time microscope examina-
tion of well samples was just getting under way. He then was employed
by the Atlantic Refining Co. in 1929, as a subsurface geologist. At the time
of his death, he was regional research geologist for Atlantic. He enlisted
and served with Company B, 108th Engineers, 33rd Division in World
War I, saw seven months of active duty in northern France and Belgium
and served seven more months in the Army of Occupation.

Professionally he led a very active life. A member of the American
Association of Petroleum Geologists since 1926, he served twice on com-
mittees. While the Tulsa Stratigraphic Society functioned, he was an active
member and officer.

As a member of the Tulsa Geological Society since 1925, he was in
charge of many field trips and was serving, at the time of his death, on an
employment council set up to interview graduating geology students. Fol-
lowing is his list of offices held:

Second Vice-President, 1932
Assistant Editor, 1933

Second Vice-President, 1943 and 1951
First Vice-President, 1955-56
President, 1956-57

In 1953, he was made an honorary charter member of the Beta
Lambda chapter of Sigma Gamma Epsilon at Tulsa University in recog-
nition of his teaching classes in subsurface geology seven separate years
between 1938 and 1954. He volunteered his services and asked no com-
pensation.

Other organizations with which he was affiliated are:

National Archery Association, 1929-40 (edited “Archery” magazine

1929-34, and was president twice)

Morning Star Masonic Lodge, Canton, I11.

Boy Scout Merit Badge councillor, 1929-40

Oklahoma Genealogical Society

Life member—Oklahoma Historical Society

Honorary member—Oklahoma Academy of Science

His hobbies, always pursued with great zest, included outcrop geology,
fishing, genealogy, fishing, photography, and fishing. Jack was never too
busy to discuss geology with his friends or to help students in their geo-
logie work.
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He is survived by his wife Frieda, his daughter Mrs. Jerry J. Brown,
a granddaughter, three brothers and one sister.
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Federal Survey List of Publications

The United States Geological Survey has just issued a list of its pub-
lications from 1882 to May 1958. The 455-page book contains 126 pages
of index to the contents of the publications. Under the index heading
OKLAHOMA (pages 386-387) are listed 101 publications of various types.
Twenty-nine contain incidental references to Oklahoma in general reports
on such matters as gypsum, water, or coal. Fourteen are records of boun-
daries, of.area, of surveying and one is on forests. Twenty-nine are short
papers of interest at the time. Earliest geologic report is Taff’s on the
McAlester-Lehigh coal field (1899).

~ The more significant early reports are Gould’s Water-Supply Paper
148 (1905), the preliminary report on the Arbuckle and Wichita Moun-
tians (1904), and the five folios, Coalgate (1901), Atoka (1902), Tisho-
mingo (1933), Tahlequah (1905), and Muscogee (1906). The folios which
were never published are also of interest, Wyandotte by Siebenthal, Vinita
and Nowata by Ohern, Sallisaw and Sanbois by Taff, Claremore and Pryor
by Smith. The two Osage County reports (Bulletins 686 and 900) are the
hest of the twenties. Six Oil and Gas Investigations maps and one chart
have been significant. Coal reports have been the more frequent type in
the last 25 years, of which Bulletin 874 was especially fine, and Bulletins
1015f and 1042j have been recent and useful. The large Professional Paper
on water loss on Lake Hefner appeared in 1954. Curiously, no Oklahoma
topic has appeared in the Monograph series, the last of which was pub-
lished in 1929.

Federal Survey geologists have contributed more widely to Oklahoma
geology than the rather meager list since 1922 would suggest. Their papers
have been released to be printed in professional journals and at least 14
have been issued by the Oklahoma Geological Survey.

C. C. B.
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Photograph of Geologists of 1911

V. E. MonNETT

In Oklahoma Geology Notes, volume 18, number 10, appeared an article by
Charles A. Long entitled, “A Geological Excursion to the Arbuckle Mountains, April
1903.” Accompanying the article was a group photograph of the Pick and Hammer
Club on a field trip. The illustration does not show the members of the 1903 party
but does show a group of students and faculty sometime in 1911. According to J. B.
Newby, who was a major student in geology at Oklahoma University at th
the picture was taken just west of the location of the present administration build-
ing. The blocks of limestone shown are stones which were used in the construction
of Evans Hall, the administration building. After the larger blocks were in place in
the wall, many of them were carved into the gargoyles and other forms now to be
seen near the top of the walls.

Many of the men shown in the picture are well known in the geological profes-
sion and an effort has been made to identify as many as possible. The assistance of
L. E. Trout of Wichita Falis and Frank Buttram of Qklahoma City is gratefully ac-
knowledged. Unfortunately there is one in the group whom none of us could identify
but the following list includes others of the group.

From left to right those sitting are: Dr. L. C. Snider, deceased, former assistant
state geologist of Oklahoma and author of many technical articles, bulletins and
books; L. E. Trout, consulting geologist now located in Wichita Falls, Texas; Ben
Young, address unknown; Dr. Charles N. Gould, deceased, first head of department
of geology at Oklahoma University and first director of the Oklahoma Geological
Survey; Howard Cook, a resident of Chickasha, Oklahoma; Robert Garrett, deceased,
for many years a geologist in Tulsa; Unidentified; George Meyer, consulting geolo-
gist in Tulsa, Oklahoma; Frank Buttram, Oklahoma City, President of Buttram
Petroleum Company; Louis Roark, deceased, for many years a geologist in Tulsa.

Those standing are, from left to right: Charles H. Taylor, Oklahoma City, for-
mer head of department of Geology at Oklahoma University and now capitalist and
consultant; Ray H. Haun, New Rochelle, New York, formerly advertising manager
of This Week magazine and now a consultant in the field of advertising; Victor E.
Monnett, Norman, Oklahoma, David Ress Boyd Professor of Geology at Oklahoma
University; Robert H. Wood, deceased, former member of the firm of Broswood Qil
Company of Tulsa, Oklahoma; Richard A. Conkling, deceased, once chief geologist
of the Roxana Petroleum Company and later consulting geologist in Oklahoma- City;
Dr. D. W. Ohern, deceased, former head of department and director of Oklahoma
Geological Survey; J. Cleveland Thompson, deceased, lost his life while in military
service; Everett Z. Carpenter, Oklahoma City, one of the first administrative geolo-
gists in the southwest and now with the Porter Oil and Gas Company; John M.
Herald, Nocona, Texas, after many years of geological work with major oil com-
panies he left the profession; Charles W. Hamilton, Upper Montclair, New Jersey,
retired last year as vice-president of the Gulf Oil Company.
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New Topographic Maps

Since the August-September issue of the Notes the Enid sheet of the
1 to 250,000 series has been issued. This makes complete coverage of
Oklahoma available on 14 sheets.

In the Semi-Centennial report, issued in July, the map on page 134
showed available topographic maps on a scale of 1 to 62,500 or larger.
Since July, the following quadrangles have been issued:

15 ‘minute quadrangles:

Name County
Butier Custer
Clinton Custer
Dill City Washita-Custer
Cordell Washita-Custer
Randlett Cotton
Burkburnett Cotton-Tillman

714 minute quadrangles:

Coalgate Coal
Coalgate SE Coal-Pittsburg
Limestone Gap Atoka
Lehigh Coal-Atcka
Stringtown Atoka
Lane NW Atoka
Lane NE Atoka-Pushmataha
Jumbo Pushmataha
Bruno Atoka
Lane Atoka
Farris Atoka-Pushmataha
Moyers Pushmataha
Bixby Tulsa
Leonard Tulsa

There are currently 32 15-minute quadrangles and 33 7%4-minute
quadrangles in preparation. A new index to topographic mapping in Okla-
homa was issued in October, 1958. C. C. B.
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Is There Oil and Gas in the Quachita Mountains?

Pairip A. CHENOWETH

For many years oil men interested in Oklahoma have repeatedly con-
demned the QOuachita Mountain area as a possible future oil-producing
province. The reasons cited for this general condemnation include: 1)
“High carbon ratios,” 2) “The rocks are metamorphosed,” 3) “The sand-
stones lack porosity,” 4) “There is no adequate source rock,” 5) “The
pre-Atoka rocks are all silicified,” and 6) “There has been extensive thrust
faulting.” That this discouraging outlook is not entirely justified, and that
where oil is now being produced {albeit in minor quantitics} there is not
only a possibility but a likelihood that more will be found, is the theme
of this paper.

High carbon ratios: The fixed carbon ratios to which the critics most
often refer are those of the Arkansas Valley-McAlester basin and not of
the Ouachita Mountains. In general, coals are rare in the Ouachita facies
and carbon ratio analyses have not been made. That published maps show
a great southward and southeastward increase in carbon ratios in the Me-
Alester basin is undeniable. And yet large quantities of natural gas are at
present being produced in areas of Arkansas and eastern Oklahoma where
carbon ratios range as high as 80 percent—far beyond the theoretical
“deadline” for gas. Furthermore, as Levorsen (1954, p. 609-613) has
pointed out, there are many reasons (Levorsen lists nine) for doubting the
reliability of such carbon ratio studies. If coals were widespread areally
and stratigraphically and analyses were made with careful regard to the
geology of the coal and of the associated strata it might be possible to pro-
duce a carbon ratio map that would be an accurate guide to prospecting.
For the Quachita Mountains no such map exists.

Metamorphism of the strata: The widespread misunderstanding of the
nature of the rocks in the Ouachita Mountains stems from Honess’ (1923,
p. 23) statement that the rocks of the Ouachita facies are “profoundly
metamorphosed.” Subsequent investigators have gradually reduced the con-
cept of the degree of metamorphism to “low-grade metamorphism” (Pitt,
1955, p. 10). And even this stage of metamorphism appears to exist only
in the area of the core of the mountains in McCurtain Countv, Oklahoma,
and adjacent parts of western Arkansas. In the outer belt of the mountains
there has been no detectable metamorphism. Many of the Stanley sand-
stones may be described, moreover, as “poorly cemented” or “friable.”
Shales deserve the designation “clay shales,” “fissile,” or “flaky.” None of
the rocks can be properly classed as metaquartzite, phyllite, slate, or mar-
ble, the common metamorphic equivalents of sandstone, shale, and lime-
stone.

Lack of porosity: In some test wells in and near the mountains the sand-
stones have been noted as generally non-porous or only slightly porous.
Similar observations have been recorded at surface exposures. In this in-
stance also the critics of the region have made this an all-inclusive generali-
zation leading to condemnation of a large area. This is a grossly misleading
proposition. Even within the core area the sandstones are porous, although
the porosity is localized in zones or beds separated by non-porous intervals.
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The sandstones of the outer belt of the mountains are no more tightly
cemented than they are in many of the producing areas of scuth-central
Oklahoma. Indeed, it is difficult to distinguish a hand specimen of a Stanley
sandstone from one of a Springer sandstone. Much of the Stanley sand-
stone contains quantities of clay-like interstitial matter which tends to re-
duce primary porosity. This in itself should not be regarded as a wholly
unfavorable factor in the light of oil and gas production. True graywacke
reservoir rocks are known in many areas of the country, notably in Penn-
sylvania and along the Gulf Coast.

A comparison of electric logs and samples from wells along a line
from the Max Pray No. 1 Wyrick, sec. 26, T. 1 N, R. 14 E., to the Tom
Potter No. 1 Ellis, sec. 31, T. 5 S, R. 16 K., almost across the entire ex-
posed portion of the Ouachita Mountains in Oklahoma, reveals a consider-
able increase in grain size, porosity, and friability of the Stanley in a
southerly direction.

Lack of adequate source beds: A region in which the rocks consist pre-
dominantly of eugeosynclinal facies (slates, graywackes, siliceous rocks,
and pyroclastics) has always been considered an unprofitable area in which
to prospect for oil and gas. “Source beds,” a term glibly used but inade-
quately defined in the literature, are considered to be necessary for an oil
province. The environment most likely to produce source beds (presumably
organic-rich strata) is the shelf. The Ouachita Mountain area has often
been described as eugeosynclinal in nature and yet the great bulk of the
older (pre-Mississippian) sediments are unexposed except for a few small
inliers. And even within the core area of McCurtain County many of the
strata exhibit characteristics typical of the shelf environment (Pitt, 1955).
Misch and Oles (1957, p. 1904) have pointed out that the apparent con-
trast between the rocks of the Arbuckle facies (proven to be excellent
“source beds”) and the Ouachita facies, at least insofar as the exposures
in Black Knob Ridge and the Potato Hills are concerned, is due more to
an unfortunate dual nomenclature than to any real differences. A further
point lies in the possibility that rocks of the miogeosyncline (Arbuckle
facies) and shelf may lie beneath the “eugeosynclinal facies” and thus
provide adequate, though deeply buried, source beds.

Silicification of pre-Atoka rocks: Chert and novaculite form a significant
proportion of the pre-Pennsylvanian strata in the Ouachita Mountains. The
Jackfork and Stanley groups contain extensive, though relatively thin,
siliceous shales; the Stanley encloses a tuff lentil in the core area. The
most prominent and widespread siliceous rock is the Arkansas novaculite.
This formation in part grades westward into the Woodford shale of the
Arbuckle area with which it is identical. Harlton (1956, p. 136) has pointed
out that strata in the oil region of the Ardmore basin are similar to the
lower middle Arkansas novaculite. The Santa Maria district of California,
from which nearly 250 million barrels of oil have been drawn, produces
from a similar siliceous rock (Monterey shale) and the reservoir rock of
some west Texas oil pools is the Caballos novaculite, considered the west-
ward equivalent of the Arkansas novaculite of the Ouachita Mountains.
The mere presence of siliceous rocks is not, therefore, to be considered as
enough to condemn the region.

Extensive thrust faulting: The very presence of thrust faults of great
magnitude in the Ouachita Mountain area is a subject of considerable dis-
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pute. Pitt (1955) has shown that the area in McCurtain County previously
mapped as a fenster is in reality a relatively simple anticlinal uplift. Misch
and Oles (1957) propose a similar explanation for the fenster in the
Potato Hills. Hendricks (1958), on the other hand, has taken exception
to many of the points brought out by Misch and Oles.

The presence or absence of thrust faults, however, has little bearing
on the oil and gas possibilities of the area. They can, of course, enormously
snarl the job of structure mapping and complicate the life of the develop-
ment geologist. But enough oil pools of the world are situated in thrust-
faulted regions (i.e. Turner Valley, Alberta, and Rose Hill, Virginia) to
absolutely contradict the assertion that thrust faulting alone is sufficient to

condemn the province.

Shows of Oil

Oil is actually being produced from a few small pools within the
Quachita Mountains. Perhaps the best known of these occurrences are those
along the floor of McGee Valley in Atoka and Pittsburg Counties. The
Redden pool (now abandoned) was located in T. 1 S., R. 14 E., about a
mile south of the settlement of Redden, producing from a Stanley sand-
stone bed. The trap is apparently effected by an asphalt seal, as the pro-
ducing zone crops out within a few feet of the wells. The field was discov-
ered in 1914. About 15 wells have been drilled, ranging in depth from 90
to 350 feet. The oil is of 36° gravity and was produced at a total rate of
8 to 9 barrels per day from three active wells.

Five producing wells are located on the flanks of a small fold in sec.
33, T.2N.,R. 15 E., andsec. 5, T. 1 N, R. 15 E,, in the Bald pool. This
production is likewise from the Stanley sandstone, at a depth of about 185
feet. The trap is probably stratigraphic since the wells appear to be quite
far down on the limbs of an anticline. The oil is dark green, 42° gravity,
and is pumped at a rate of one or two barrels per day.

0il was found at a depth of approximately 450 feet in three wells in
sec. 35, T. 2 S., R. 13 E., Atoka County. Here also the production is ob-
tained from Stanley sandstone. The location is along the northwest limb
of a large syncline, close to a thrust fault. The oil is 25° gravity: during
initial tests it was pumped at rates from 4 to 15 barrels per day. The field,
discovered in 1932, has since been abandoned.

A well, drilled in 1950 near the town of Stanley in sec. 26, T. 1 N.,
R. 17 E., is reported to have produced as much as 30 barrels of 52° grav-
ity oil per day. An offset well was dry, and the first well has been aban-
doned. This location is in the Kiamichi Valley, a long asymmetrical anti-
clinal fold east of the prominent Tuskahoma syncline. Oil was found at a
depth of 345 feet in the Stanley sandstone.

Numerous other test wells in the Quachita Mountains have reported
showings of oil, particularly those in McGee Valley. The valleys of McGee
Creek, Buck Creek, and North Jackfork Creek form a nearly continuous
Jowland (collectively known as McGee Valley) extending from a point
about five miles south of Redden in T. 1 S., R. 14 E. northeast to and
beyond the settlement of Weathers in T. 2 N., R. 17 E. This lowland is
located in structures essentially anticlinal in nature, though it lies between
the Windingstair and Jackfork Mountain faults in an area where faulting
and tight folding is the rule. A long strike fault splits the valley in two.

201





The greatest number of test wells has been drilled in this valley and it has
the distinction of being the only area in the Ouachita Mountains in which
oil is currently produced.

No active oil seeps are known in the Ouachita Mountains but Ham
(1956, p. 2) reports that some of the asphaltite deposits appear to be softer
at depth, becoming more petroleum-like. These solid hydrocarbon deposits
occur as veins and dikes at many localities in the outer part of the moun-
tains, most of them in the Stanley and Jackfork groups, though others have
been noted in the Bigfork chert and in the Arkansas novaculite.

Shows of Gas

A few wells in the Ouachita Mountain area have encountered shows
of natural gas. The Sikes-Burkhalter No. .2 Denton-Perrin, sec. 9, T. 2 S,
R. 15 E., was drilled in 1958 in an attempt to exploit gas sands encoun-
tered in the Southwest Exploration No. 1 Perrin, in the same section.
Several non-commercial shows of gas were tested in the Stanley sandstones,
and the well is now flaring gas, but abandoned. The Max Pray No. 1
Wyrick, sec. 26, T. 1 N., R. 14 E., near Daisy in the McGee Valley, tested
two gas sands in the Stanley, one of which flowed gas at the rate of 200,
000 cubic feet per day, the other at 300,000 cubic feet per day. No analyses
of the gas in these wells are available but it is assumed to be dry gas.
Hendricks et al. (1951) report that a well in the Potato Hills area in Lati-
mer County struck a small flow of wet gas. The Shawnee Drilling Com-
pany’s No. 1 Moyers in sec. 6, T. 3 S., R. 16 E., near the town of Moyers,
is at present bubbling sizeable quantities of gas, presumably leaking around
the plugged surface casing from a source in the Stanley.

Conclusions

If it is assumed that high pressures and elevated temperatures (result-
ing from intense diastrophism and metamorphism of rock) tend first, to
convert low-grade petroleum or organic matter to higher-grade petroleum
and second, to expel the lighter oil and gas from the area of activity leav-
ing a residue of asphalt it is difficult to explain the present conditions in
the Ouachita Mountains. Here are found not only the solid hydrocarbon
“residues” in several forms, but also a wide range of oils and gases. If a
slow distillation process has been responsible, as suggested by Rich (1927),
it is not only impossible to explain the very presence of oil and gas, but
also to account for the downward softening of the asphaltite deposits, since
presumably the metamorphism would be more intense at depth.

On the other hand, if the oil, gas, and asphaltite are present in the
rocks without having been distilled to any great degree, all of the conditions
are explainable. Presumably, the liquids and gases are held within porous
zones in the reservoir strata in the way common to that of most oil-pro-
ducing regions. Some has reached the surface through fractures or as a
result of erosion to become hardened by a slow loss of volatiles, still more
must remain trapped below. Whether or not the actual source of the petro-
Jeum in all its forms is within the Quachita facies or in the Arbuckle facies
beneath has little bearing on the problem. Oil and gas are present within
the Ouachita Mountain province and it remains simply a matter of time
before commercial deposits are discovered. The reluctance of oil companies
to venture into the region results from prejudices based on misinterpreta-
tion of facts and the general dearth of knowledge of the geologic conditions
within the mountains.
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ANNOTATED LIST OF TEST WELLS

NW NW NE Scrivner #1 Plettner, TD 1,527, dry, no shows.
1040. Drilled in Cretaceous overlap. Top Paleozoic (Jack-
fork?) 1128.

SW NE NE Halliburton #1 Bagwell, TD 6,000, dry. No
shows reported. Probably in Stanley at TD. A very strong
odor of kerosene can be detected at the site of this well.
NW SW NE George et al. #1 Ish and Ryan, TD 804. Dry,
no shows. Probably in Cretaceous at TD.

NE NW SW George et al. #1 Jordan, TD 805. Dry, no
shows. Probably in Cretaceous at TD.

vy m rmwrr moTYTT . 1 IT . C_L :
™Y/ WA/ Wi ' g -
NW O NW NW '\.)‘eorge el al. 'Tl"” 1 rarry 3COowelLs

A

Dry, no shows.

C SE SE Inland Oil Co. (Shawnee Drlg. Co.) #1 Moyers,
TD 2,220. Dry. In Stanley at TD. This well was drilled on
the axis of the Moyers anticline. Considerable gas is leaking
through the surface casing.

SE SE SW Whitehead Oil Corp. #1 Messer, TD 3,520. Dry.
Shows of gas reported at 1,350, 1,555, and 2,700, all in Stan-
ley. In Stanley at TD.

SE NE NW ~ Rayl and Bryant #1 Albright, TD 500, dry,
no shows.

NW NE SE Huddle #1 Snyder, TD 504. P 414 BOPD,
from 480-487 (Stanley).

SW NE SW Huddle #5 Snyder, TD 300. Show oil at 220
in Stanley. Dry.

SE Malernee #1 DOK Ranch, TD 721. P approx 15 BOPD
from Stanley at 452. Drld 1932.

NE NW SE Malernee #3 DOK Ranch, TD 412. P 5 BOPD
from 412 ft. in Stanley. Drld 1932.

SE SE SW Motex #9 Snyder, TD 677. Dry. Drld 1957.
SW NW SW Rawson and Vosburg #1 Jordan, TD 1.002.

Dry, show of gas at 540-579 feet in Stanley. This well is lo-
cated east of the axis of the Jumbo anticline. Drld 1924.

NW NW NE Rawson and Vosburg #1 Klutts, TD 1.000.
Dry, several shows of oil and gas. This well is about one mile
southeast of the same company’s #1 Jordan (above) and
appears to be downdip.

SE SW Southwest Exploration #1 Perrin, TD 11,328, dry.
Several shows of gas in Stanley sandstones. Drilled in 1957
near the surface axis of the Jumbo anticline after extensive
surface geologic work and seismic surveys. The well started in
Stanley shales and drilled an almost complete section. Very
steep dips (up to 75°) were encountered and the well is
thought to have crossed a high angle (65°) reverse fault near
the bottom of the hole. An electric log and microlog are avail-
able, from which the following approximate tops are taken:
Stanley at surface: Hatton tuff 5,490; Arkansas novaculite
6,400; Missouri Mtn. shale 9,200; Polk Creek shale 9.550;
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9.1S-12E
2.1S-12E

19-1S-12E
19-15-12E
22-15-12E

12-1S-13E

3-1S-14E

4-1S-14E
4-1S-14E
8-15-14E

9-1S-14E

9-1S-14E

0-15-14E

9-15-14E
9-1S-14E

9.1S-14E

Bigfork chert 9,820; fault 10,780; Bigfork (repeated) 10,780;
TD electric log 11,135. Microlog permeability is indicated
in several zones in the well. Three zones in the Stanley were
perforated (3,980-4,004, 3,832-3,848, 2,770-2,786) but operat-
ors reported no commercial shows of oil or gas.

SE NE SW Welsch #1 Andrews, TD 486, dry. Drld 1952.
Rainbow show of oil at 369 ft. in Stanley.

SE NE SW Welsch #2 Andrews, TD 805, dry. Drld 1952.
Operator reports the section in this well was faulted and the
sands extremely hard, impossible to maintain straight hole
with cable tools. '
SE SW SW Northern Ordnance #£1 Fulton Ranch, TD
7,022, dry. Drld 1944. No shows, no tops available.

SW SW SW Fleethorn #1 Fulton Ranch, TD 3,000, dry.
Drld 1935. No shows, no tops available.

NW NW SE Blauner #2 Henson, TD 769. Temyp. aban-
doned. Good oil show 566-625 (one or two feet of oil in hole
after standing all night). Gravity 27.6°. Gas show 688-692.
All in Stanley (samples available through Shawnee cut). Op-
erator’s comment: “We are not through with well as yet.”

Drilled 1949.

SE SE SW No name #1 Priestly, TD 1,520. Dry. Drld
1915.

NE SE SW Croxton #1 Schumaker, TD 908, plugged.
Drilled 1930. This well made considerable oil and gas from
Stanley sands but operator experienced considerable difficulty
in completing the well and it was eventually plugged to protect
the sands from surface water. A sand from 596-606 flowed
gas and 51° gravity oil, another from 656-666 had 49° grav-
ity oil and a third sand at 700-757 had 43° gravity oil.

NW NE NW Croxton #1 Mason, TD 1,806, dry. Drilled
1930. Shows of oil and gas were encountered in the Stanley.

SE SE SE  Buck #1 Melton, TD 1,121, dry. Drld 1953.

SW  Newman #1 ? TD 805, Dry. Drld 1936? This well is

reported to have encountered at least three shows of oil in the
Stanley.

Cen SW N14 NE Croxten #1 Miller, TD 556, P 3 BOPD
from Stanley sand (Miller sand) from 88-95 feet. Drilled
1930.

Cen S1%4 N14 NE Croxton #2 Miller, TD 192, P 3 BOPD
Gravity 39° from Stanley sand at 165 ft. Drilled 1930.

SW NE NE Croxton #3 Miller, TD 315, plugged. “Large
amount” of oil bailed from the hole from sand in Stanley at
246 ft. Caving prevented comnletion of the well. Drld '1933.
SE NW NE Croxton #5 Miller, TD 175, oil well. No data.
Drld 1933.

SE NW NE Myers #3 E. P. Miller, TD 147, 15 BOPD, 40°.
Production from the Miller sand (Stanley) at 106-147. Drld
1944.

SENW NE Myers #4 E. P. Miller, TD 235, dry. Drld 1944.
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9-15-14E
0-1S-14E

16-1S -14E
19-1S-14E

15-1N-12E

10-1N-13E

4-1N-14E

13-1N-14E

25-1N-14E
26-1N-14E
26-1N-14E
26-1N-14E

33-1N-14E
35-1N-14E
26-1N-14E
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NE SW NE Myers #3 A. Miller, TD 246, dry. Drld 1942.
NW SW NE Myers #4 A. Miller, TD 230, dry. Drld 1942.
NW NE NE Fentermacker #4 M. Vaughan, TD 192, P3
BOPD, Gravity 42° from Stanley sand 148-192. Drid 1954.
NE NW NW ~ Croxton 31 Green, TD 200, dry. Drld 1932.
SW SW SW Collins #1 Cole, TD 375, oil well. Production
figures unknown. Producing zone is in Atoka formation at
100-300 feet. Drld 1956.

NE SW SE Curtis #1 Kontze, TD 995, dry. This well was
drilled into the Jackfork sandstone on the west flank of the
Tuskahoma syncline.

SW SW NW Bickley and Pearson #1 Brown, TD 1,289.
This well was driiied in Jackfork sandsione on a nartow anti-
cline west of the Jumbo fold and is reported to have made
some oil. Drilled in 1937.

NW NW NW Stauffer #1A Sandlin, TD 2,169, FI 8 mill
CFGD from 2,153-2,169. This well is located just west of the
Choctaw fault and probably produces from the Hartshorne
sandstone. Drilled 1952.

NW SW NE Pierce #1 Aetna Life Insurance Co., TD 4,004,
dry. Several shows of oil and gas recorded. This well was
first abandoned because of crooked hole trouble and then re-
drilied after skidding rig. Well started in Atoka formation in
faulted zone of Ouachitas. No tops available.

NE SE NE Twin State #8 West, TD 793, oil well. No data.
Drilled 1919.

SW SE NW  Shelby #1 Wolf, TD 451. Drilled 1932, no data
available. This well is in the McGee Valley area and probably
encountered Stanley shale from surface to TD.

NW NE NW Madden #1 Ellis, TD 760, dry. Comments
same as well above.

NW NW NW Madden #1 Wyrick, TD 551, dry. No shows.
Drilled 1953.

SE SW NW Ohio Fuel #1 State, TD 993, dry. No data.
Drilled 1953.

NW NW NE Redwine 31 Miller, TD 330. No data avail-
able, probably drilled about 1930. Reported show of oil at
265-295 (Stanley).

NE SW SE Gratz #1 Sparks, TD 453. No data available.
Drilled 1939.

SW SE SE L and L #1 Mason, TD 300, dry. No data avail-
able. Drilled 1937.

C NW NW Vaughan #2 State, TD 580, oil well. No data
available. Drilled 1952.

NE NE NE Vaughan #1 Miller, TD 937, oil well. No data
available. Drilled 1953.

NW NW SW  Buck #1 Mason, TD 1,000, dry. No data avail-
able. Drilled 1953.

NE SW SE  Booth #6 Crockett, TD 205, P 5 BOPD. gravity
42°, from sand in Jackfork? 185-205. Reported top Jackfork
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26-1N-17E

6-1N-20E

16-2N-14E

22-2N-15E

8-2N-16E

8-2N-16LE
30-2N-16E

10-2N-18E

14-2N-18E

16-3N-22E

183, Stanley at surface. This well is near the center of the

‘McGee Valley area and it is doubtful if the reported sand is

actually: Jackfork. It seems more likely that the production is
from the “Miller sand,” a Stanley sandstone.

NE SW NE Tom Lott #1 De Bogory, TD 625, plugged.
This well is reported to have made as much as 30 BOPD from
a Stanley sand at a depth of 345 feet. Gravity of the oil, 52°.
Operator reports this well plugged because of difficulties with
the land owner and because of extremely cold weather. The
well is located near the west side of the Kiamichi anticline
on the flank of what appears to be a small subsidiary closure.
Note: The National Oil Well Index reports two deep gas wells
in TIN R17E, the Tascosa #1 Gum in section 3, and the
Texas Co. #1 Miller in section 10, both drilled in 1951. The
location shown would place these wells near the axis of the
Tuskhoma syncline in a very mountainous wooded area and it
is considered unlikely that the location is correctly reported.
SW Empire #1 Wood, TD 3,537, dry. Drilled 1923. No data
available. This location is on the north side of Kiamichi Moun-
tain, on the flank of the Lynn Min syncline. The well prob-
ably started in Jackfork sandstone and may have gone deep
enough to test the Stanley.

NE SE Southwest Exploration #1 Hoehman, TD 8,744, dry.
Drilled 1954. This well was drilled in a supposed fault outlier
(klippe) in the outer folded and faulted zone of the Ouachita
Mtns. According to Misch and Oles (’58) the well has shown
the hypothesis of a klippe to be incorrect. _
NE SE Hedges #1 Roland, TD 750, dry. Drid 1956. This
well was drilled in Jackfork sandstone in a severely faulted
portion of the McGee Valley. Two oil saturated sands were
encountered but no production obtained. '
NW NW NW Craig #1 Hailey, TD ? P 10 BOPD Gravity
40.2°. Drilled 1946. Comments same as for well above.

SW NW NW Craig #1 Wilkins, TD ? No data available.
Probably dry.

NW SW NW Mack 1 Smith, TD 345, dry. Drilled 1947.
No data available. This well was drilled in the McGee Valley
area, probably starting in Stanley shale.

SE NE NW Herndon #£1 Flatt, TD 2,000, dry. Drilled 1956.
No shows. This well was drilled on the Sardis anticline about
one half mile east of the grahamite mines. No tops available
but the entire well was probably in Stanley.

SE NW NW Mack #1 Kindred, TD 330, dry, no shows.
This well is also reported as being in T2N. R16E, in the Mec-
Gee Valley. |

Note: The National OQil Well Index lists a well, Cities Service
#1 Myers, in 8-2N-14E. TD 2,823, gas production. This is
probably a mis-location.

W SW NW Kiamichi Valley #1 Allen, TD 1,407, F 1,250.-
000 CFGD. Drilled 1921. This well is situated in the Talihina
area east of the Potato Hills. Probably produces from the
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21-2N-15E
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28-2N-15E
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33-2N-15E

8-2N-16E
11-2N-16E
4-2N-24F,

4-2N-24E
4-1S-16E

35-25-13E

Stanley. Rock pressure was very low (574 ) and production
no doubt declined rapidly.
NW NE SE Miller #1 McGowan, TD ?, dry. No data avail-

able.
C NW NE Sellers #1 Jones, TD 5,005, dry. Drilled 1950.

ADDENDA

SE SW SW Fletcher #1 Cole, TD 243, plugged. Swbd 2
BOPD first 24 hours. Probably in Atoka.

C NE NW Vaughan #1 Schoolland, TD 902, P3 BOPD
from 480-510 in Stanley sand.
NI, S, N, NW  Vaughan #
BOPD, gravity 43° from Stanley sand.
SW NW SE Max Pray #1 Wyrick, TD 12,088, dry. Sev-
eral shows of oil and gas encountered. Stanley at surface; Big-
fork 8,420, Womble 9,098 (electric log tops). DST: 8,431-
9,852, open 5 hrs., gas in 4 minutes, est 300,000 cfd; DST:
8,293-8,303, open 4 hrs,, gas in 12 minutes, est 200,000 cfd.
Completed Sept., 1958.

NE NE SE NE Tom Lott, #2 De Bogory TD 247, dry. See
notes under Lott #1 De Bogory.

SE SE SE SE  Hedges #1 James, TD 379, dry. Drld 1957.
NE NE NE NE Webb #1 Darley, TD 992, P 1.2 BOPD
with some butane. Asphaltic oil. Drld 1958.

ElY, NE NE Able #3 James, TD 621, P 1 BO and 2%
BSWPD. Drld 1952.

El, Wi NE NE Able #4 James, TD 365, P 8 BOPD. Drld
1952. These wells are in the McGee Valley, probably produc-
ing from the Stanley.

NE NE NE NE Sterling #4 James, TD 402, dry. Show of
oil at 300 feet in Stanley.

NW NW NE NE Smith #1 Hewitt, TD 300, dry, no shows.
Drld 1953.

NW NE NW SW Miller #2 Smith, TD 760, dry. Ran elec-
tric log. Drld 1956.

NW NW NW Edgar #2 Wilkins, TD 227, dry. This well is
in the very complexly faulted area west of the McGee valley.
NE NW NE Wright 41 Mitchell, TD 440, dry. No data
available. No log.

NE NE NE NW Lippert #1 New Jersey Oil, TD 703, dry,
no shows, drilled 1956. This well is in the Talihina area east
of the Potato Hills. Probably all in Stanley.

N1, SW NE Hudspeth #1 Pendleton, TD 503, dry, no
shows. Ran electric log. Drld 1956.

SE SW NE Newman #1 Baskett, TD 382, dry. Shows of
oil and gas. Drilled 1947. This well is near the axis of the
Tuskahoma syncline in Jackfork sandstone. Probably in Jack-
fork at TD.

SéWPEE SE McDermott #1-A DOK Ranch, TD 497 P 2

!

m
]
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9.95.15E SW SE SE Sikes-Burkhalter #2 Denton-Perrin, dry. TD
5,480. This well is located on the Jumbo anticline and was
drilled after the Southwest Exploration 1 Perrin in an at-
tempt to exploit the gas sands discovered in that well. Several
non-commercial shows of gas and distillaie were encountered
and the well is now flaring gas. Drilled in Stanley from sur-
face to TD.
33.35.16E NW NW NW Rissler #1 Atterbury, TD 576, dry, no shows.
This well is in the Stanley valley southeast of the Octavia
fault but west of the axis of the Big One anticline.
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Oil and Gas in Ellis County

Louise JoRDAN

Ellis County is in the northwestern part of Oklahoma just south of the
Laverne Gas District of Harper County where in recent years large reserves
of gas have been developed and some oil has been discovered. Ellis County
has a land area of 1,222 square miles or 782,080 acres. At the beginning
of 1958 more than 552,000 acres were under lease by major oil companies
and active exploration for hydrocarbons actually commenced with the
drilling of 22 tests which resulted in eight gas-productive wells in five new
field areas. Previous to 1958, only 13 tests, three of which recovered gas,
had been drilled in the entire County. As of August 1, 1959, Ellis County
has 13 producing areas, (Figure 1), the latest discovered being that in the
Pan American No. 1 Phillips (C SW14 NE1j, sec. 15, T. 24 N., R. 24 W.)
where open-flow tests in Pennsylvanian rocks yielded 3.65 million cubic feet
of gas from Missourian sandstone (Tonkawa sand) at 5,834-5,839 feet and
16 million cubic feet from Morrowan sandstone at 7,654-7,657 feet. This
is the first well in the County to have commercial production at two strati-
graphic levels. Production is from Morrowan sandstone in all areas except

that west of Harmon (T. 19 N., R. 22 W.}. All gas wells are shut in
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awaiting construction of a transmission pipeline to the West Coast.

In 1926 before any wells had been drilled through the Pennsylvanian
in northwestern Oklahoma and little information existed about the Permian
section, R. L. Clifton (1926, p. 24) stated that no test exploring for oil
“should be started in Ellis County unless it planned to drill to a depth
of 5,000 feet. Even at this depth the drill will not test the full section
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of Pennsylvanian rocks that should underlie the area.” Revised estimates
of the thickness of Permian and Pennsylvanian rocks as well as that of the
Mississippian section were necessary in 1930 when Sinclair drilled the
No. 1 Howell {sec. 14, T. 26, N., R. 24 W.) in southern Harper County.
The test, deepest in the state at that time at a total depth of 8,589 feet,
penetrated nearly 4,100 of Permian and 2,000 feet of Pennsylvanian rocks.
Actual thickness of the section near the north and south boundaries . of
Ellis County were not known until the Continental No. 1 Berryman (sec.
15, T. 17 N, R. 23 W.) was drilled in 1953.

Cenozoic rocks with a maximum thickness of about 300 feet, consisting
of clay, sand, and gravel, in part calcareous and well-cemented, uncon-
formably overlie Permian rocks in most of the County. The Cloud Chief

r T Wikitahaves ovouln OF F ] woe cron Oiir alon
formation and Whitehorse group of Permian age crop oul 21008 the North

Canadian and Canadian Rivers.

In the subsurface the Permian section, consisting of red and variegated
shale, fine sandstones to siltstones, salt and anhydrite, is 4,300 feet thick
in the north and 5,000 feet thick in the south. Thickness of the Pennsyl-
vanian ranges from 4,000 feet at the north to 7,300 feet at the south.
The rocks, consisting of limestone, sandstone, and shale, are divided into
five series (descending order) and increase in thickness southward as
follows: Virgil, 700 feet; Missouri, 450 feet; Atoka-Des Moines, 1,250
feet; Morrow, 1,100 feet. Mississippian limestones, divided into Chester,
Meramec, Osage and Kinderhook series (descending order), range in
thickness from 2,200 feet at the north to 2,800 feet in sec. 1, T. 19 N,
R. 24 W. Only two wells in the County drilled through the Mississippian
and penetrated part of the Ordovician. At the north, Sinclair No. 1
Barry (sec. 14, T. 24 N, R. 25 W.) was drilled 336 feet into Arbuckle dolo-
mite and limestone to a total depth of 11,255 feet. This test encountered
a normal section except that no Sylvan shale nor Hunton limestone are
reported. Sunray No. 1 Hanan (sec. 1, T 19, N, R 24 W.) was drilled to

Table 1. Results of exploratory and development tests and annual footage
drilled in Ellis County, 1944-1958.

Year? Gas-condensate Dry Total Footage drilled
1944 0 1 1 9.305
1945 0 2 2 13,168
1950 0 2 2 26,302
1952 1 0 1 9,806
1953 1 1 2 22,404,
1954 0 1 1 8.285
1957 3 1 4 35,200
1958 8 14 22 207,304

13 22 352 331,774

1Source of data: National Qil Scouts and Landmen’s Association, year-
books; and Oil and Gas Journal, annual review issues.

20nly years listed in which holes were drilled.

3Ten of the 35 holes drilled are considered development tests, spacing 640
acres. Four tests resulted in gas-condensate wells; six tests were dry.
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15,047 feet and penetrated the upper part of the Simpson group (Wilcox
sand). Sylvan is present and Hunton is reported as 281 feet thick. These
two wells were drilled in 1950.

Only five tests, totaling 48,775 feet, were drilled in the seven year
period, 1944-1950 (Table 1). The sixth test, Carter No. 1 Rosendale, drilled
in 1952, discovered the South Salon field. This well was the first production
for the County and tested 2.5 million cubic feet of gas and 27 barrels per
day of 52.6° gravity condensate through 34-inch choke from Morrowan

Field,

date discovered|

Discovery well,
location

Initial production (24 hrs)
0

depth in feet and name

2
f
TEesServolr

Catesby, N Skelly 1 Alexander |128 bbls. oil, 43.3° gravity, 14”
12-1958 25-24N-26W choke. Morrow: 8,131-54
Catesby, NE Shell 1 Peetom 2,400 Mcf gas, open flow
5-1957 20-24N-25W Morrow: 7,961-76, 8,032-43
Chaney, S Pan American 1 Catesby 481 Mcf, 34” choke
12-1958 Unit 2 Morrow: 8,525-74
14-23N-25W
Fargo, S Pan American 1 Moore [6,880 Mecf, 145” choke
2-1958 14-21N-23W Morrow: 9,358-9,543
Fort Supply, SW Pan American 1 16.500 Mcf, open flow, 83 bbls.
11-1957 Tune Unit cond. 60° gravity.
35-24N-23W Morrow: 7,855-77
Goodwin, E Pan American 1 1,550 Mcf, 13 bbls. cond. 62°
3-1958 Schoenhals gravity, 34 choke
‘ 23-20N-25W Morrow: 10,745-47
Linscott, N Pan American 1 12,200 Mecf, 17 choke
2-1959 Shattuck Unit 1 Morrow: 9,088-94
11-22N-.26W
Salon, N Pan American 1 Herndon|l,714 Mcf, 17 choke
1-1959 35-24N-24W Morrow: 7,980-8,106
Salon, S Carter 1 Rosendale 2,477 Mef, 34" choke, 27 bbls.
6-1951 22-23N-24W cond. Morrow: 8,455-8,510
Shattuck - |Pan American 1 Batt Unit{1,817 Mcf, open flow
12-1958 32-21N-25W Morrow: 9,722-10,107
Shattuck, W. | Magnolia 1 Schoenhals |4,350 Mcf, open flow, 135 bbls.
6-1958 24-21N-26W cond. 55.7° gravity.
Morrow: 9,243.9,683
unnamed Magnolia 1 Meier  |12.000 Mcf, open flow
2-1959 36-20N-26W Marrow: 10 668-12.245
unnamed Odessa Natural 1 Potter {312 bbls. oil on pump, 40°
2-1959 12-19 N-22 W gravity,

Cottage Grove: 7.980-94

Table 2. Discovery well of fields in Ellis County, date of completion, initial
production depth and name of producing sandstone. (Mcf=thousand cubic

feet).
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sandstone at 8,455 to 8,510 feet. At total depth of 9,806 feet, Meramecian
limestones were penetrated. A development well drilled one mile south
in 1953 did not obtain commercial production.

In 1957, four tests were drilled and two fields, Northeast Catesby
and Southwest Fort Supply, were discovered. (See Table 2 for discovery
well and initial production, and depth of reservoir of fields). In 1958
oil was found at North Catesby; gas-condensate at South Chaney, South
Fargo, East Goodwin, Shatuck and West Shattuck. (See oil and gas map,
Figure 1). Wildcat drilling in 1959 has already found two new gas fields
with Morrowan production, North Salon and an unnamed field in sec. 36,
T. 20 N., R. 26 W; and an oil field west of Harmon in sec. 12, T. 19 N,,
R. 22 W, where production is from Cottage Grove sandstone (Missourian
sandstone below the Tonkawa).

Exploration will continue in Ellis County and may increase in the
southern townships depending in part upon the economic success of the

Magnolia No. 1 Young (sec. 3, T. 15 N., R. 24 W., Roger Mills County)
which will test Pennsylvanian rocks just south of Ellis Countyy.
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A Re-Illustration of the Trilobite Lonchodomas
mcgeheei Decker From the Bromide Formation

(Ordovician) of Southern Oklahoma
by
Patrick K. SuruerLAND and THoMas W. AMSDEN

In 193} Charles E. Decker described (p. 154, fig. 1) a new trilobite
species from the Bromide formation in_ southern Oklahoma which he
called Ampyx (Lonchodomas) mcgeheei. He designated and figured only
the holotype, now in the collection of the U. S. National Museum. This
specimen, here refigured (Pl I, fig. 4), has lost the free cheeks and genal
spine; the glabellar spine has been broken since originally figured by
Decker, but the specimen shows the typical features of the pygidium and
thorax and most of the features of the cranidium. Later, Decker was given
a specimen with the genal spines preserved and gave a description of this
added feature (1940, p. 107) although he did not figure the specimen,
which is here illustrated (Pl I, fig. 3). One other specimen in the Univer-
sity of Oklahoma collection (Pl. 1, fig. 1) has a label in Decker’s hand-
writirg identifying the species and recording the locality and stratigraphic
position.

All of the above mentioned specimens are from “Rock Crossing.” a
well known Ordovician fossil locality on Hickory Creek in the Criner Hills
about 8 miles southwest of Ardmore, N4 S% sec. 35, T. 5 S., R. 1 E. (fig.
1). At this locality the upper part of the Bromide formation and the lower
50 feet of the overlying Viola formation, also of Ordovician age, are ex-
posed in the creek bed.
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Decker (1931. p. 1551 did not record the exact stratigraphic position
at Rock Crossing where he collected the holotype but stated that the species
“is found in marly limestone in Zone 2 near the top of the Bromide forma-
tion on both sides of the bridge across Hickory Creek.” Decker and Mer-
ritt (1931, p. 83) recorded 15 zones for the Bromide at Rock Crossing

(numbered from the top downward}, their Zone 2 being 24 feet & inches

Figure 2. Lower limestones of the Pooleville member of the Bromide formation.
looking north across Hichory Creek 110 jeet east of iron bridge. Arrow points to
contact of Puoleville meniber with underlying Mountain Lake member. Specimens
of Lonchodomas have not becn observed tn this part of section.

Figure 3. Detail of limestones 40 to 50 jeet above base of' Pooleville member of the
Bromide formation. Lonchodomas common in these layers. Picture taken looling
southwest, at sharp bend of creel 150 feet south of iron bridge.
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to 63 feet 8 inches below the top of the formation. This would be the aré¢a
of the creek bed just under the iron bridge. However, better exposures of
the same stratigraphic interval are found about 150 feet southward along
the strike where these steeply dipping limestone beds are exposed again
in the creek bank downstream around a sharp bend in the creek (figs. 1
and 3). Sutherland visited this locality with Decker in 1944 who pointed
out this second spot as the best place to collect this trilobite species. It
therefore appears likely that the holotype came from this location. In any
case, the total area is small and the lithology distinctive, so it seems rea-
sonable to recognize all specimens from Rock Crossing as topotypes.

Cooper (1956, p. 120) divided the Bromide formation in southern
Oklahoma into two memhers the lower Mountain T.ake member and the
upper Pooleville member. At Rock Crossing the upper part of the Moun-
tain Lake member and the whole of the Pooleville member are well ex-
posed (fig. 2). The upper member has a total thickness at Rock Crossing
of about 130 feet and includes Decker’s Zone 2 mentioned earlier. Loncho-
domas mcgeheet is common in the beds from about 25 feet to about 100
feet above the base of the Pooleville member. In the locality 150 feet south
of the iron bridge specimens are most common in a sequence from about
40 to 70 feet above the base of this member (figs. 1 and 3). This interval
has some thin beds which contain great numbers of broken fragments of
this trilobite. At this most southerly location the uppermost part of the
Pooleville member is eliminated by the Criner fault which does not affect
the exposure immediately under the iron bridge. Most recognizable speci-
mens show only the cephalon without the genal spines but the glabellar
spine is not uncommonly preserved. Complete specimens are few.

Lonchodomas mcegeheei Decker 1931
Plate 1, figs. 1-4; Plate II, fig. 1.
Ampyx (Lonchodomas) mcgeheei Decker, 1931, Jour. Paleontology, vol. 5,
p. 154-155, figs. 1, 2.

Ampyx (Lonchodomas) mcgeheei Decker, 1940, Okla. Academy Science,
Proc., vol. 20, p. 107.

Dimensions of figured specimens:

Greatest Length of Length Length Length of Length of
Specimen width of cephalon of of glabellar  genal
cephalon  excl. spine  thorax pygidium  spine spine

PL T fig. 1 95mm 6)lmm 31lmm 21mm __ - -

Pl I, fig. 2 95mm 7.6mm 33mm __ _ - 13.6 mm

PLI, fig. 3 92mm 65mm __ - - 153 mm _ _

Holotype

PL 1, fig. 4 94mm 68mm 3.0mm 22mm __ - -

PL 1L, fig. 1 108mm 69mm __ 23mm _ _ _ -
(Crushed?)
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PLATE 1

The following description is based on seven more or less complete speci-
mens, including the holotvpe and topotoypes here figured. and on several
dozen isolated cephalons. a considerable number of which have the glabel-
lar spine but not the genal spines preserved. Loose pygidia are also com-
mon. All of the figured specimens appear to represent mature stages. One
of the unfigured, complete specimens, presumably an immature form. has
proportionately smaller dimensions. Measurements of the figured speci-
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mens given above suggest a consistency in mature forms of this species of

the length of the pygidium, length of the thorax and width of the cephalon.
However, considerable variation occurs in the length of the cephalon.

Cephalon. The cephalon, which has no brim, forms an almost perfect

isosceles triangle. The occipital furrow is shallow and coincides laterally

with a well marked posterior border furrow. The posterior margin of the

cephalon is turned under in a distinct flange (not seen from exterior).

The glabella is diamond-shaped and in most cases featureless with smooth

sides rising gently to a low ridge along the axis. The glabella is produced

anteriorly into a long median spine, directed more or less horizontally,

which is quadrate in section with a groove on each of the four sides. The

length of this spine appears to be variable and that shown on PL 1, fig. 3

is longer than on any other specimen thus far observed. The species is

eyeless and the fixed cheeks are smooth. Long, curved genal spines are

present which are similar in cross-section to the glabellar spine in being

quadrate and with grooves on each of four surfaces. Each genal spine is

attached to a small free check, the part located on the dorsal surface being

confined to a small crescentic spur fitting around the rounded genal angle

corner of the fixed cheek and a narrow plate extending forward for two

or three mm bordering the outer edge of the fixed cheek (Pl II, fig. 1).

The cephalon shows the following distinctive pairs of pits on the dorsal
surface. The first and second are present on all specimens studied.

(a) A single pair of small, elongated pits 0.5 mm in length located in

the axial furrow opposite the widest point of the glabella (PI. 1,

figs. 1.3). They coincide on the ventral interior with small,

elongated ridges.

(b) A single pair of elongated pits 0.3 mm in length located near the

- distal extremities of the posterior border furrow (Pl I, fig. 1).

(c) Most specimens have a smooth glabella but a single specimen

(PL I, fig. 2) has a pair of distinct narrow pits located 0.7 mm

to each side of the crest of the glabella and 1.5 mm in front of the

occipital furrow. A few other specimens show slight discolor-

ations in this area and a few specimens show faint irregular

depressions. The one specimen available for study of the ventral

interior shows no markings on the under side of the glabella wall.

ExpranATION OF PraTE I

Figure 1. Lonchodomas mcgeheei Decker x 4. Bromide formation, Pooleville mem-
ber, Rock Crossing, Carter County, Oklahoma; N4 S14 sec. 35, T. 5 S,
R. 1 E. From about 30 feet below top of member. Collected by C. E.
Decker. O. U. Cat. No. 3118,

Figure 2. L. mcgeheei Decker x 3. Same formation and locality as above; from about
60 feet above base of Pooleville member, 150 feet south of iron bridge.
Collected by P. K. Sutherland and Richard Hedlund. O. U. Cat. No. 3176.
Pygidium probably present but downturned in matrix.

Figure 3. L. mcgeehei Decker x 4. Same formation and locality as above. Collected
by W. T. Watkins. This is the specimen described but not figured by
Decker (1940, p. 107). O. U. Cat. No. 3177. Pygidium present but
downturned.

Figure 4. L. mcgeehei Decker x 3. Holotype. Same formation and locality as above.
Collected by C. E. Decker. This specimen is in the collection of the U, S.
National Museum, Cat. No. 114537; plastoholotype, Q. U. collection, Cat.
]lgo.k3196. The glabellar spine has been broken since originally figured by

ecker.
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The above features have been interpreted by some authors as dorsal
surface reflections of internal muscle attachment scars (Harrington, 1959,

p. 097).

Thorax. The thorax consists of five segments with a maximum width
of about O to 9.5 mm. The ends of the segments form smooth arcs with
the anterior and posterior segments being shortened.

Pygidium. The pygidium is short, broad and smoothly rounded along
the gently curved posterior margin, which is marked by a relatively wide,
steeply tilted border. This border, ornamented by fine, even, closely spaced
line, forms an angle of about 120 degrees with the upper surface of the

ExpranaTiON OF PrAaTE II

Figure 1. Lonchodomas mcgeheei Decker x 514. Same formation and locality as
Plate I; from about 50 feet above base of Pooleville member, 150 feet
south of iron bridge. Collected by Allen Graffham. O. U. Cat. No. 3198.
The cephalon is slightly crushed giving broader appearance to cephalon
than is natural. This specimen shows particularly well the way in which
the narrow free cheek, including the genal spine, is attached to the
cranidium. Compare with Pl. I, fig. 1 which has the free cheeks missing.
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pygidium and its width is equal to about one-half the length of the upper
surface. The pleural lobes show five pairs of pleural furrows of which
the posterior two are faint (Pl. I, fig. 1). The axial lobe is normally
smooth but on some specimens the shell is sufficiently transparent to see
five or perhaps six transverse rows of dots, largest near the lateral margins
of the glabella, which presumably indicate markings on the ventral surface.
In addition, a few specimens have scarcely perceptible pairs of shallow
depressions on the dorsal surface corresponding to these dots. One speci-
men (Pl I, fig. 3) shows faint transverse grooves on the dorsal surface
of the axial lobe suggesting segmentation.

None of the complete specimens studied is curled up, but two (see
PL I, figs. 2, 3) have the pygidium sharply downturned in relation to the
thorax.
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Recumbent Folding in the Velma Area

Pamip A. CHENOWETH

The Velma oil pool, now a part of the Sho-Vel-Tum district, situated
in Stephens County, Oklzhoma, has often been cited as an example of
complex folding and faulting (Mallory, 1948, Rutledge, 1956, and others).
The original anticline apparently began as a faulted, though relatively
simple fold in the Early Pennsylvanian (Wichita) orogeny. Later Penn-
sylvanian (Arbuckle) orogenic movements also strongly affected the area
and the folds were rejuvenated, many of the older faults dislocated again
and some fault planes folded. Still later, though lesser, movements have
occurred in the region leaving an exceptionally complicated faulted anti-
cline along which deep intermittent erosion has produced profound un-
conformities.

Many deep wells in the field have passed through one or more of the
fault planes and unconformities, exposing to the drill entirely new sets of
geologic conditions. One well, however, the Skelly Oil Company’s #1
Leonard, a dry hole in SW1; SW1/ NEL} sec. 6, T. 2 S., R. 4 W., drilled
through a remarkable fold in the County Line limestone, an Upper Penn-
sylvanian (Missourian) unit, at a relatively shallow depth. The limestone
was first encountered upside down at a depth of 1,665 feet, again right side
up at 1.895 feet, and still again upside down at 2,020 feet. A reverse fault
was drilled at approximately 2,200 feet and the County Line limestons
once more at 2,390 feet in its normal position (see cut). From this depth
the well passed through a normal section of Pennsylvanian and Mississip-
pian rocks, to reach a depth of 5,878 feet in the Sycamore limestone.
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Folding of this sort is, of course, indicative of the intensity of the
orogenic forces which have been brought to bear in the area. Although it
can be expected that this folding is more or less common close to the faults
and in the areas of extreme compression the closely spaced wells in the
field have failed to reveal any large scale folds of this type. Indeed, the
fold here described cannot be traced for any distance away from the well.
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A portion of the electric log of the Skelly #1 Leonard, sec. 6, T.2S8,R. 4W,
showing folding in the County Line limestone.
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A NOTATION ON PENNSYLVANIAN CONULARIA

Harrell L. Strimple

Although specimens of the Conulariidae are found in many horizons
of the Pennsylvanian, they are relatively rare forms. As pointed out by
Sinclair (1952) the only Pennsylvanian form described prior to that time
was Conularia crustula holdenvillae Girty (1911—see Girty,1915). Sinclair
(1952) proposed a classification of the Conulariidae and described a Penn-
sylvanian species as Cealloconularia sirimplei Sinclair which was taken as
the genotype of Calloconularia Sinclair under a new subfamily Paraconul-
ariinae Sinclair. He also mentions the existence of six undescribed species
from the Pennsylvanian of Oklahoma and Texas.

The six specimens (holotype and five parvatypes) of Calloconularia
sirumpiei were listed as being from the “Ochilate group—north-northeast of
Capan, Oklahoma”. They were collected by me and the misspelled words
were due to my poor handwriting on the label. The exact location and hori-
zon should read: Pennsylvanian, Missouri series, Ochelata group, an un-
named shale 30 feet above the Torpedo sandstone member. SW1% NW1I4 sec-
tion 10, T. 28 N, R. 13 8., Washington County some two miles north-northwest
of Copan, Oklahoma.

Sinclair noted that the apex and the apertural lobes of the species,
and therefore of the genus and subfamily, were either missing or too poorly
preserved for observation. It is therefore of comsiderable importance to
have discovered a specimen of the genus that is complete in both of these
respects.

A complete specimen and two smaller, incomplete specimens were col-
lected on a field expedition of July 27, 1959 in the exposure of the Barnsdall
formation of Oakes (1952), Virgil series, 14.4 miles by highway west of Skia-
took in Osage County, Oklahoma. The exact horizon is about 35 feet below
the Wildhorse dolomite in a blue shale just above a foot-thick red limestone.
This is the same horizon and locality that had produced Ezocrinus wir-
gilensis Strimple (1949), Perimestocrinus politus Moore (1939) and other
interesting"":‘crinoids, and was formerly known as the Nelagoney formation.
The legal description is SW¥% section 21, T. 22 N,, R. 10 E., Osage County.

Description is not attempted here because the forms would be better
handled in the forthcoming monograph by Sinclair on the conulariids.
Permanent depository is the paleontological collections of the School of
Geology, University of Oklahoma, No. 3195. C(verall measurements are,
length 33.2 mm, maximum width 15.5 mm at the aperatural opening (mildly
distorted due to lateral compression).
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The Continuing Search for Commercially
Acceptable Shales and Clays

RE: Duck Creex SHALE, MaRsHALL COUNTY
by
Albert L. Barwell

A majority of the shales cropping out ir Oklahoma that are used in
the manufacture of brick and tile “fire” to some shade of red or salmon.
Since there is considerable demand in Oklahoma for buff-colored brick, the
Oklahoma Geological Survey continues to look for light-burning clay and

shale. Buff-burning clays and shales have heen reported by Snvder (191111

Sheerar (1932)2 and more recently by Burwell and Branson (1955)3.

Brick and tile plants operating in QOklahoma are located in Creek, Cus-
ter, Garfield, Lincoln, Oklahoma, and Tulsa Counties. The products are,
generally speaking, from dark red to light salmon. Where building con-
struction requires buff or yellowish color for the brick, they are usually
imported from Kansas, Texas, or other states.

The ability of a particular clay or shale to yield a white, cream, buff
or other light-colored product may depend upon a number of factors includ-
ing composition, atmosphere during firing and rate and temperature. The
composition of the raw material is the factor of greatest importance. The
presence of iron, manganese, and other elements which yield colored oxides,
especially under oxidizing conditions, is objectionable from a light-color
standpoint. However, a relatively large percentage of finely-divided free
silica, in silt or smaller particle size, will reduce or change the color due to
formation of light-colored silicates at the firing temperature. Further, the
presence of an adequate amount of calcareous material will usually assure
a buff-colored product. According to Ries (1927)4, if the temperature of the
kiln is raised beyond that at which the carbonate ingredients decompose to
liberate carbon dioxide and ecalecium oxide and “if some of the mineral par-
ticles soften, a chemical reaction begins between the lime, iron, and some
of the silica and clay, the result being the formation within the clay of a
new silicate of very complex composition. According to Seger, if the lime
is three times that of the iron, the clay burns to a buff color.” Of the
Oklahoma clays and shales examined and reported which burn to a white,
cream or buff color, a few are relatively free from color-producing ele-
ments, a few others contain an appreciable amount of free finely divided
silica, but the majority, especially those that burn to a buff, are highly

calcareous.
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During 1953, shorily after completion of State Highway No. 99 fro
U. S. No. 70, east of Tishomingo, to Madill, the writer noticed an exposu
of bluish-gray shale in the fresh road cui about one and one-half mile
south of the Marshall-Johnston County line and about four miles northea:
of Madill. This location corresponds to the section line between sectior
5 and 6, T. 5 S, R. 6 E,, Marshall County and about half way between t}
north and south lines of the sections. The thickness of this shale bed
not known. However, approximately four feet is exposed above the roa
with a thin overburden of soil. Channel sample was taken from the we:
bank and later one from the east side. According to Bullard’s map «
Marshall County in Okla. Geol. Survey Bull. 39, a shale exposure at th
location should be in the Duck Creek formation. This has been verified ¥
Neville M. Curtis, Jr., geologisi on the Survey staff, who states: “the as
of the shale exposed in a 15 foot road cut, 1.8 miles south of the county lir
on State Highway 99, is Duck Creek. The shale is 30-40 feet from top
Kiamichi or base of the Duck Creek.”

Examination of this particular sample discloses plates or small nodule
of hard material, identical in color with the shale. In order to remove th
material, the crushed shale was soaked in water, agitated to form a th!
suspension which was facilitated by addition of a small amount of ammoni
and wet screened through a sixty-mesh sieve. The particles retained on tt
screen amounted to approximately six percemt of the crushed material, ar
were later identified and classed as argillaceous limestone.

The slurry was dehydrated to a plastic condition, part of which we
used in ceramic tests and a smaller portion was dried and used for chemic:
analysis. Table I gives the result of the chemical analysis and the probah:
mineral composition calculated from the analysis.

TABLE 1

Chemical Analysis of Shale after removing plus-60-mesh particles
Lab. Sample No. 10086

Si0. 29.25% Cal 26.49% P0s 0.064"
AleDs 12.26% Mgl 2.10% Sos 0.59 '
Fe.l; 2.54% K0 1.51% V203 0.0!
Ti0= 0.50% Na.0 0.35% H.0 0.51 ¢
Mno0: tr. LOI 24.39% CO: 20.32'
Mineral composition, (calculated) Calecium carbonate -46.2
: Calcium sulfate - 1.0¢
Clay and other minerals -52.8'

Composition of clay and other minerals (calculated)
Si0- 55.4% Cal nil K0 2.8
Al.0; 23.2% Mg0 4.0% Na-0 0.7
Fe0s 4.8% Ti0: 0.9% LOI 7.6

Firing Tests

A portion of the plastic mass was cast in standard test bars (1”x1”
cut into 31%” lengths, and oven dried at 320°F. The working properties «
the material were not very satisfactory; the mass was sticky and warpe
and cracked on drying. The color of the fired product was dependent ¢
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the temperature used and ranged from a distinct salmon to a yellowish
cream. Table IT shows the results on firing and the physical properties of
the products.

TABLE II
No. Firing Density Porosity Absorption Color of
temp. bulk % by vol. % by weight product
1 1650°F 1.61 28.7 17.8 salmon
2 1740°F 155 28.8 18.6 salmon
3 1830°F 1.54 315 20.5 pale salmon
4 1920°F 1.58 31.9 20.2 yvellowish creamn

The unsatisfactory working properties of the plastic material and
equally unsatisfactory products led to tests with addition of powdered silica
(silica flour made from glass sand) to the plastic mass. The undesirable
properties were largely overcome. Further tests were then made by blend-
ing “popped volcanic ash” (pumicity popcorn)5, with the plastic clay-shale.
The blend was prepared using 38.26% clay-shale (dry basis), 11.75% “popped
volcanic ash”, and 50% water, all thoroughly worked to a smooth paste.
1" x 1” test bars wer cast, dried at 320°F., then fired at 1920°F, the tempeocra-
ture being gradually attained over a 5 hour period, and maintained for 1
hour, then allowed to cool to room temperature. Table III lists the pro-
perties of the unfired and fired test pieces.

TABLE III
Linear shrinkage on drying 4.0%
Weight loss on drying 50.0%
Linear shrinkage on firing 6.3%
Weight loss on firing 13.7%
Bulk density of product 0.97%
Crushes under pressure (psi) 1,425 1bs.
Color of product light tan

The properties of the fired test pieces of this blend of shale and ex-
panded pumicite indicate the posibility of ceramic insulation brick and tile
of relatively light weight from such blends.

Further, the effect of silica flour on the working properties of the shale
and the color of the fired product can be closely duplicated by the use of
highly siliceous clay occurring in the Trinity formation in nearby areas for
example, a yellowish clay found in the El4, sec. 25, T. 4 S, R. 5 E. which
analysed better than 83% Si0. or silty clay portions of the Trinity sand in
the W14 of the same section.

Expansion Tests

The current interest in shales that will bloat or expand to yield light-
weight products suitable for use as aggregate in concrete and other com-
positions led to tests on this particular shale. The lumps of dried shale,
as taken from the exposure, was crushed to minus 34”, then screened to
remove “fines” (less than 14"). After the granular material had been dried
at 320°F, a portion in a refractory clay crucible was introduced into an elec-
tric furnace the muffler of which had already attained a temperature of
2100°F. After exposure to this temperature for 15 minutes the crucible and
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contents were withdrawn and cooled. On examination the product we
found to consist of two different kinds of material, a distinction base
on hardness only observed in the raw shale. One kind was glassy, dar
drab in color, and cellular in structure. The other appeared to be porot
rather than cellular, was not expanded, and was cream colored. A simils
portion of granular shale subjected under similar conditions to a temper:
ture of 2200°F confirmed the distinction. At 2200°F the dark pieces wet
mere glassy and might be classed as over-bloated, whereas the cream-colore
pieces appeared the same as those produced at 2100°F. Specimens of the dar
glassy bloated grain and of the cream-colored unbloated grains were picke
from fired material. On immersing in distilled water, the pH of the wate
containing the dark glassy particle remained near 7, whereas the pH of th
indicating the presence of free lime {(calcium oxide) in the particle. Alsi
on the addition of a small amount of hydrochloric acid to the water contair
ing the dark glassy particle no action was observed whereas pronounced a«
tion was observed on the cream-colored particle, leaving a soft friable re:
idue, and a solution containing both iron and calcium.

Other Tests

The possibility of this shale qualifying as suitable for the manufactur
of hydraulic cement was checked with negative results. Finely-ground ca
cine was mixed with silica sand (Oil Creek), slaked with small amount ¢
water, cast in barmold, and water cured. The color of the product ws
light tan, but the physical properties were not acceptable.

Conclusions

This shale is highly calcareous and contains about six percent of ai
gillaceous limestone either as plates or nodules. It is possible to separat
the limestone portion from the shale by weathering or by soaking, followe
by washing out the clay-size material. The clay-sized may serve as a ra"
material for ceramics only if blended with suitable silica or siliceous mater
ials., The granular shale, due to the limestone particles, would not produc
a marketable expanded product unless it is subjected to a beneficiation prc
cess. This shale does not yield a satisfactory hydraulic lime but should b
suitable for portland cement if properly blended, although a lower magnesi
content would be preferred.

Apparently, the usefulness of thig shale will be limited to certain spe
cialized items in the field of ceramics. It should be noted, however, tha
other portions of the Duck Creek may bhe free from objectionable limeston
strata or nodules and therefore be more acceptable for commercial use
Reference should be made to Oklahoma Geological Survey Bulletin 39, b
Bullard, already cited.

Gas in Custer County, Oklahoma

Louise Jordan

Seventy of Oklahoma’s 77 counties are commercially productive of hy
drocarbons since the discovery, early in 1959, of the North Custer Cit:
Field in the northeastern part of Custer County. The discovery well, Mag
nolia No. 1 Boyd Miller (sec. 22, T. 15 N, R. 16 W.), flowed at a daily rat
of 95 million cubic feet of gas (open-flow gauge) from two stratigraphi
levels in carbonate rocks of the Hunton group. The significance of th
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discovery lies not only in that a new area of gas accumulation has been
found, but also, that rocks of the Hunton group are established as a major
objective throughout the deeper parts of the Anadarko basin. A seeond
producing area for the County may be added this year, 1959, by successful
completion in Springer sandstone of a small gas well, Gulf No. 1 Burgtorf
(sec. 6, T. 13 N, R. 15 W.) about six miles northeast of Arapaho. (See Figure}.
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GAS IN CUSTER COUNTY

Custer County, in western Oklahoma, is approximately 1,000 square
miles in area. The northwest-trending axis of the Anadarko basin is post-
ulated to pass near the southwest corner of the County. The two discoveries
of gas accumulation are in the deep portion of the northern flank of the
basin. Late Permian rocks consisting of the Rush Springs, Cloud Chief
and Quartermaster formations crop out at the surface. Cretaceous rocks
occur as erosional remnants, not more than a few acres in extent, in the
southwestern part of the County along the Washita River. The average
thickness of Permian rocks penetrated in Custer County is about 5,500 feet
with a reported thickness of 5,800 feet in T. 12 N., R. 19 W. The base of the
Permian dips toward the basin at an average rate of 30 feet per mile.
Pennsylvanian rocks increase in thickness from about 6,500 feet (T. 15 N,,
R. 16 W.) to over 10,000 feet (T. 15 N.,, R. 16 W.)} in a distance of 16 miles.
The base of the Pennsylvanian dips southward at an average rate greater
than 275 feet per mile.

Only five tests (Table 1) had been drilled into Pennsylvanian rocks
previous to the 1959 discoveries. Three tests in the area of North Custer
City Field were drilled to depths of about 12,000 feet, and penetrated Early
Pennsylvanian or Late Mississippian rocks. The Magnolia No. 1 F. Jones
originally was completed in 1954 as a low-capacity gas well with open-flow
initial potential of 1,690,000 cubic feet and 27 barrels of 45° gravity oil.
The well was abandoned in 1956, In the three holes, gas was encountered
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and tested as non-commercial at places in all series of rocks except Virgit
The North Custer City Field discovery is the first test to penetrate the
stratigraphic section of Mississippian and older rocks in a large area of
western Oklahoma on the north flank of the Anadarko basin. Depths ir
feet from surface datum to the top of a series or formation in the Magnolic

No. 1 Miller are listed below:

Permian (suriace elevation datum: 1,810 feet) 0
Pennsylvanian:
Virgil-Missouri 5,250
Des Moines 9,405
Atoka 10,447
Morrow, Springer (age in guestion) 10,858
Mississippian;
Chester 11,792
Meramec-Osage-Kinderhook 13,080
Devonian:
Woodford shale 14,258
Devonian-Silurian:
Hunton group 14,380
Ordovician:
Sylvan shale 14,823
Viola limestone 14,920
Simpson sandstone 15,420
Arbuckle group 16,072
Total depth 17,000
Table 1, Tests drilled in Custer County, 1944-1959
Year Name, location of test Elevation Age or formatior
at total depth
1944 Fox & Fox, 1 Derrickson 1,984  Virgilian, 7,150

NE NE 19-12N-19W
1951, 53 Parker (Brill), 1 Newcomb, OWDD 1,686 Springer 13,859
NW NW 10-12N-16W

1953 Parker, 1 Miller 1,806 Mississippian, 11,97¢
NE SW 22-15N-16W

1954 Magnolia, 1 F. Jones 1,834 Mississippian, 12,006
SE SE SE 21-15N-16W

1955 Magnolia, 1 W. W, Jones 1,794 Springer, 11,672
SW NW 24-15N-16W

1959 Huber, 1 Wagner 1,708 Springer, 15,606
NE SW 10-12N-16W

1959 Magnolia, 1 Miller 1,810  Ordovician, 17,000
SE NW 22-15N-16W

1959 Magnolia, 1 Carter 1,802 Drlg. below 15,000
SE NW 15-15N-16W

1959 Gulf, 1 Burgtorf 1,822  Mississippian, 14,07¢

SE NW 6-13N-15W

The Miller No. 1 was completed as a gas producer after light acidization
in two formations of the Hunton: Bois d’Arc limestone at 14,383 to 14,472
féet, and Chimneyhill limestone at 14,773-14,818 feet. Encouragement to
deep drilling for Hunton rocks in the Anadarko basin is the existence of 12
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percent average porosity in the Bois d’Arc and 8 percent in the Chimneyhill.
Permeability is described as “good”.

In addition to commercial flows, small showings of gas and oil in
Early Pennsylvanian or Late Mississippian sandstones, in three zones of the
928 feet of penetrated Arbuckle and in Simpson sandstones were recorded
in the test. Arbuckle and Simpson rocks were tested through perfora-
tions. A five-point initial production test was made. The fifth-point test
flowed through 20/64 inch choke for four hours, tubing pressure 4,798
pounds-per-square-inch gauge, at a rate of 9,994,000 cubic feet daily, 6.5 bar-
rels acid water production.

A second test in North Custer City Field, Magnolia No. 1 Carter, is being
drilled one mile to the north of the discovery. A drill stem test, open for
four hours in the upper zone of the Hunton at 14,686 to 14,751 feet, showed
gas in 50 minutes flowing at the rate of 2,310,000 cubic feet daily with water
flowing at the rate of five barrels per hour at the end of test. Flow pres-
sure rose from 1,852 to 1,860 pounds, while shut-in pressure reached 6,445
pounds-per-square-inch in one hour. Gas shows in coresg of lower Hunton
at 15,036 to 15,071 feet will be tested. The top of the Woodford shale in the
well (elevation: 1,802 feet) was encountered at 14,572 feet, or 322 feet lower
than in the Miller No. 1.

The second gas producing area in the County is at the location of Gulf
No. 1 Burgtorf, now being tested. Sandstones called Springer were per-
forated at 13,365-378 feet, at 13,410-425 feet, at 13,532-536 feet, and at 13,670-
580 feet. Current daily rate of flow ig 1,920,000 cubic feet of gas with 10
barrels of fluid through 14 inch choke. Fluid is approximately 38 percent
mud and 62 percent condensate of 47° gravity. Approximately 150 feet of
slightly oolitic silty limestone considered Ches'erian (Mississippian) in age
was penetrated. Placement of the Mississippian-Pennsylvanian boundary in
southern Oklahoma is in question. Faunal evidence, clay studies, and re-
gional correlation at present indicate that Springer rocks may be of Missis-
sippian rather than of Pennsylvanian age.

SOURCE OF THE VAMOOSA QUARTZITE PEBBLES
By
Philip A. Chenoweth

The Vamoosa formation (Early Virgilian) crops out in a narrow north-
south band across Oklahoma from the northern edge of the Arbuckle
Mountains to Kansas. As described by Morgan (1924), Levorsen (1930), Tan-
ner (1956), and others, the formation consists of lenticular sandstone, con-
glomerate, shale, calcareous sandstone, and calcarecus siltstone. It rests
unconformably on the Hilltop shale and is overlain by the Ada formation
which gradually overlaps and truncates the Vamoosa southward, The
formation thickens northward in Seminole County, reaching a maximum
thickness of about 1000 feet. The southward thinning is the result of num-
erous periods of erosion,

In Seminole County the Vamoosa consists principally of shale and
sandstone, but the general appearance of the unit is that of a rather coarse
conglomerate. Resistant ledges of chert conglomerate are quite conspicuous
wherever the unit crops out, and are quarried in several large pits in north-
ern Seminole County. The coarsest conglomerates oceur in the middle and
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lower portions of the formation, coarsening towards the north but becom-
ing less abundant in the same direction. In the northern part of Seminole
County only the lowermost layers of the formation contain conglomerate.

The pebbles and cobbles of the Vamoosa range is size up to a maximum
of 7 inches in diameter and are largely chert. Tanner (1956) distinguished
four principal classes of pebbles:

1. buff, subangular chert (the most common)

2. banded buff and green subangular chert

3. brecciated (tectonic) chert

4. miscellaneous (i.e., chalcedony, quartzite, quartz, clay plates).
He presented evidence which strongly suggests a south or south-southwest
source for the chert breccia pebbles. According to him it is not necessary to
seek a source in the Quachita Mountains or to the southeast for the chert
pebbles.

Pebbles of quartzite are much less common than either of the first two
classes of chert pebhbles, but in many layers of the formation (particularly
in exposures along Oklahoma Highway 9 east of Seminole) far exceed the
breccia pebbles in abundance. The writer has also found rare pebbles of
fossiliferous limestone. In contrast to the chert pebbles which are usually
subangular, the pebbles of quartzite, which have been found up to three
inches in diameter, are well rounded. Tanner (p. 96) has suggested that
more than one provenance may have supplied material to the Vamoosa, and
indeed the difference in angularity between the chert and quartzite pebbles
appears to bear out such a theory. In view of the fact that quartzite is un-
known in either the Arbuckle or Ouachita Mountains (the two most likely
sources of the chert pebbles) the existence of another source area seems
obvious. Several possibilities may be considered:

1. the Rocky Mountains

2. the Wichita Mountains

3. the Appalachian Mountains

4. the Canadian Shield

5. a southerly source (”Llanoria”).

The Rocky Mountains, the Canadian Shield, the Appalachian Mountains,
and the Wichita-Red River Uplift all contain metamorphic rocks including
dense, tough (probably Precambrian) quartzites. Stratigraphic relations in
Oklahoma eliminate the Rocky Mountains as a possible source: Virgilian
strata between central Oklahoma and the Rocky Mountains contain no ex-
tensive conglomerates, but rather shale and marine limestone are the do-
minant rock types in western Oklahoma and southwest Kansas. The only
known guartzite in the Wichita Mountains is the Meers formation which
occurs in a small outcrop area on the north flank of the mountains in a
direction almost due west from the Vamoosa outcrops. Between the Meers
outcrop and the Vamoosa of Seminole County the Virgil consists mostly of
shale and sandstone and generally lacks conglomerates of any sort. Like-
wise, the Canadian Shield is separated from Seminole County by a vast area
in which the Upper Pennsylvanian strata are composed principally of shale
and limestone with no coarse clastics. The Appalachian Mountain region,
while affording a large source of metamorphic rocks is located such a great
distance east of the Vamocosa outcrop that it too is considered an unlikely
provenance.
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Figure 1. Hypothetical stream system of Late Pennsylvanian time in the Okla-
homa-Arkansas-Louisiana-Texas area as deduced from study of the
chert and quartzite pebbles of the Vamoosa formation.

Elimination of the Rocky Mountains, the Canadian Shield, the Wichita
and Appalachian Mountains narrows the possibilities of source areas to the
south and southeast. In that direction from Seminole County though, there
are no known exposures of metamorphic rocks. Deep wells along the Muen-
ster-Waurika Arch in Jefferson County, Oklahoma, have, however, encoun-
tered gneiss beneath the Upper Pennsylvanian, and a metamorphic terrane
{probably metasedimentary) is regarded as existing beneath the Pennsyl-
vanian and Cretaceous cover in north central Texas and south central
Oklahoma (Denison, 1958). The Muenster-Waurika arch can be traced
southeast to Denton County, Texas. It was, at least in part, a positive area
in Late Pennsylvanian time. Assuming that the metasedimentary strata of
Jefferson County are present in a band along the southeastern extremity of
the Muenster-Waurika Arch, and further assuming that quartzites make up
a significant portion of the terrane, a southerly source is thus established.

A southeasterly source is another likelihood. Both Hugh D. Miser and
William E. Ham recognized many chert and breccia pebbles in Tanner’s
collection as being similar to portions of the Arkansas novaculite of the
Ouachita Mountains. The writer has collected dozens of pieces of brec-
ciated Arkansas novaculite which are identical, except for the degree of
weathering, to the breccia pebbles of the Vamoosa, Tanner regarded the
breccia pebbles as having originated in the Arbuckle Mountains rather
than in the Ouachita Mountains. Assuming that the breccia and much of
the chert was derived from the Ouachita Mountain region still does not ex-
plain the source of the quartzite, for extensive deposits of this material
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are absent in the Ouachitas as well. If the source of the quartzite pebbles
lay to the southeast from Seminole County it must have been beyond
(south of) the present Ouachita Mountains, possibly in the Louisiana—East
Texas area, and could conceivably be a southeastward continunation of the
Muenster-Waurika Arch (Wichita Mountain Uplift) as suggested by P. B.
King (1951, p. 140),

Summary

The quartzite pebbles of the Vamoosa formation of central Oklahoma
most likely were eroded from a high area which, during Virgil time, lay
south of the Red River in north central Texas, east Texas, and Louisiana.
Streams which rose in this positive area traversed the QOuachita Mountain
region enroute to the sea. They were no doubt joined near the coast by
shorter, more vigorous streams originating in the rising Arbuckle Moun-
tain area. The conclusions of Taff (1901), Morgan (1924), Levorsen (1930),
and Qakes (1948), according to whom the source of the Vamoosa gravels
lay to the southeast, cannot be dismissed.
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LATE PALEOZOIC LLANORIAN RIVERS
IN OKLAHOMA

By
Philip A. Chenoweth

At least two features of the Late Pennsylvanian and Early Permian
strata in central Oklahoma indicate that a land mass of great areal extent
existed in the area of the present East Texas basin and the Gulf Coast geo-
syncline. That a highly elevated and probably volcanic land was present
in that area during Mississippian time appears quite obvious when one con-
giders the nature of the strata belonging to that system in the Ouachita
Mountains of Oklahoma and Arkansas (Miser, 1921). The land which sup-
plied the debris now composing the Stanley, Jackfork, and Hot Springs
formations of Oklahoma and Arkansas and the Parkwood formation of
Alabama endured a long history probably including periods of rapid uplift,
periods of volcanic activity, times of prolonged erosion, and repeated inun-
dations. During Virgilian and Wolfcampian times the broad low-lying land-
mass at the site of former volcanic highlands was drained to the north and
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northwest by at least two large rivers which reached the sea in central
Oklahoma.

The Chickasha and Duncan formations (Permian) together make up a
large wedge of deltaic sediments between the Hennessey shale and the Mar-
low sandstone. This delta, referred to as the Duncan Delta, crops out in a
horseshoe shape around the flanks of the Anadarko syncline. The units
thin northward and northwestward from the vicinity of Duncan, Stephens
County, and give way to the marine shale, dolomite, and gypsum of the
Flowerpot, Blaine, and Dog Creek formations. Northward along the east
flank of the Anadarko syncline the Duncan sandstone disappears at about
the latitude of the Canadian River, the Chickasha clay gall conglomerates
can be traced as long tongues another 40 miles northward to the vicinity of
Kingfisher, Kingfisher County. Westward along the south {fiank of the
Anadarko syncline the Chickasha can be traced into Kiowa County, north
of the Wichita Mountains, and the Duncan sandstones are mapped at least
as far west as Greer County. The subsurface extent of this sandy wedge is
not known precisely but it is supposed that the outer edge of the former
delta is now an irregular line of facies change between Kingfisher and
Greer Counties.

The present Duncan delta is but a remnant of a probably much larger
wedge of sandstone and conglomerate. It has been preserved by virtue of

DELTA OF THE NILE

AND CHICKASHA-DUNCAN i
DELTA REMNANT DRAWN

TO SAME SCALE

-3

IOlO milea

its having been folded into a syncline; the sides of the delta have been re-
moved by post-Permian erosion, the top was beveled by pre-Marlow erosion.
Nevertheless, even this remnant is of considerable extent, approximately 100
miles northwest-southeast, and it compares quite favorably in size and shape
with the exposed delta of the modern Nile River (Figure 1).

The major rivers of the world, such as the Nile, the Amazon, and the
Mississippi, follow approximately straight courses for hundreds of miles
before reaching their deitas. Assuming then that the river which deposited
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the Duncan delta was nearly of the size of the Nile, since the deltas cor-
respond so closely, and that it flowed in a straight course approximately
perpendicular to the edge of the deposit, it probably drained a land of large
area southeast of central Oklahoma (Figure 2).

OKLA.

, Q\QB%Z ARK.

TEX.

PENNSYLVANIAN AND
PERMIAN RIVERS OF
THE SOUTHWEST,

The Vamoosa formation (Virgil) of central Oklahoma sheds some fur-
ther light on the drainage of this ancient land. Conglomerate beds in the
VYVamoosa contain rather commeoen pebbles and cobbles of dense tough quart-
zite and rare pebbles of igneous material. The quartzite and the igneous
rock are entirely foreign to Oklahoma. For various other reasons the quart-
zite of the Vamoosa is thought to have been carried from some distance south
of the present Arbuckle and Ouachita Mountains (Chenoweth, 1959) by a
stream (called *“Chert River” by Oakes, 1948) which flowed in a course
somewhat east of the Permian river responsible for the Duncan-Chickasha
deposits.

Another delta, intermediate in age between the Vamoosa and the Dun-
can, is represented by the upper portion of the Garber-Wellington forma-
tions of central Oklahoma. Only a fragment of this delta is preserved, owing
to the westward tilt of the strata and deep post-Permian erosion, but Qakes
has postulated that this deposit was likewise laid down by a stream flowing
from the southeast across southern Oklahoma.
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Deep drilling in north Louisiana has revealed the presence of a thick
marine shale (Morehouse shale) which is regarded as Middle Pennsylvanian
(Desmoinesian) in age. The southern limit of the Morehouse formation is
unknown. It is succeeded by non-fossiliferous salt and anhydrite beds which
are in turn unconformably overlain by beds of Middle Jurassic age. The
interval represented by this post Des Moines—pre Jurassic unconformity is
most likely the time of existence of the landmass which supplied the debris
now incorporated In the central Oklahoma deltas.

Summary

In Late Pennsylvanian and Early Permian time a broad land area in the
region of East Texas and Louisiana was drained towards the northwest by
large rivers. The earlier of the two streams which are known reached the
sea in east-central Oklahoma, bringing from the interior quantities of coarse
gravels composed of guartzite and minor amounts of igneous rock. The
younger of the two known rivers followed a somewhat longer course to
build a delta in central western Oklahoma. This river was no doubt a
more mature stream and the remnant of the delta is consequently com-
posed of sand and silt with some arkose.
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ARKOMA BASIN

Louise Jordan

C. C. Branson (1956, p. 83) suggested that the area north of the Oua-
chita Mountains in Oklahoma and Arkansas, where the Pennsylvanian geo-
syncline orginated at the beginning of Atokan time, might be called the
Arkoma basin. ¥For the most part, the Oklahoma portion is known as the
McAlester basin and the portion in Arkansas as the Arkansas basin, al-
though the two areas make up a single geologic province. Apparently no
single acceptabie term for the basin exists as the geologists of the Tulsa
Geological Bociety (1951} in discussing possible future petroleum provinces
in the Mid-continent region refer to the Arkansas Valley region of eastern
Oklahoma and western Arkansas as the Arkansas-Oklahoma coal basin.

The names Arkansas coal field or basin (Hendricks 1937, p. 1403),
Arkansas River basin (Petroleum Week, p. 12, fig.), and Arkansas valley
(Caplan, 1958, p. 101) have been applied to the portion which lies in Arkan-
sas. Hendricks (1937, 1939), Knechtel (1937), Dane and others (1938) de-
.scribed the geology and fuel resources of the McAlester basin under the
term, Oklahoma coal field. Arbenz (1956) on the tectonic map of Oklahoma
refers {o the entire area as the McAlester-Arkansas foredeep, but on the
tectonic map of the United States (1944), it is called the Arkansas basin.

Confusion in nomenclature is resulting now that this basin, one of the
country’s large and virtually unexplored areas, is promising to be of im-
portance in increasing the gas reserves of the nation. Writers may refer to
the entire basin as either the McAlester basin (Gardmner, 1959, p. 143) or
the Arkansas valley (Ballard, 1957, p. 264 and Morrisey, 1958, p. 194.)
Arkansas valley is a physiographic division (Hendricks, 1937, fig. 1, p. 1404)
which consists of the area south of the Brushy and Boston Mountains and
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north of the Ouachita Mountains. Although names of physiographic pro-
vinces are applied at many places to geologic provinces, the basin lies south
of the Arkansas River in Okahoma. Branson (1956, p. 83) notes that “north
of a belt in the general position of the Arkansas River valley, the rocks are
in the platform facies . . . .” Just as the term Anadarko is used for the
basin extending into Texas, the name Arkoma may be applied to the basin
north of the Ouachitas in both Oklahoma and Arkansas without causing
loss of face to either state. In bibliographies, all articles on geology and
exploration for oil and gas in the basin then will be listed under one term.
Perhaps also, geoclogical reports on the basin will not be affected by the
state line boundary.
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Palynological Meeting in Oklahoma

On January 17 Dr. Guunar Erdtmann, Director of the Palynologiska
Laboratoriet at the University of Stockholm, spoke in the auditorium of the
Petroleum Science Building at Tulsa University. The meeting was spon-
sored by Jersey Production Research Co., Pan American Oil Co. and the
Department of Geology of Tulsa University. Dr. Erdtmann is a specialist
on morphology and taxonomy of modern spores and pollen. He explained
the nature of palynological ecological work as related to glacial retreat and
outlined the application of such studies in a variety of fields. He described
and showed slides prepared by photomicrography with compound, inter-
ference, phase, fluorescent, and electron microscopes. Case histories of
applicaiion of ihese iechniques in taxonomic and other problems were pre-
sented. Dr. Erdtmann outlined the.new ecological terminology for glaciated
regions and defined the terms protocratic, mesocratic, teleocratic, and cryo-
cratic.

During the question period Dr. Erdimann outlined the proposed arti-
ficial system of classification of pollen and spores.

The lecture was attended by about 150 geologists of whom 16 are
palynologists and five are students of the subject. Palynologists and stu-
dents present were:

A. C. Cridland—University of Kansas, Lawrence

Aureal T. Cross—Pan American Research Laboratories, Tulsa
Philip Davis—student, University of Oklahoma, Norman

William Evitt—]Jersey Production Research Laboratory, Tulsa

J. W. Funkhouser—Jersey Production Research Laboratory, Tulsa
Patsy Garner—student, University of Oklahoma, Norman

John Grayson—Magnolia Research Laboratory, Dallas

Richard Hedlund—student, University of Oklahoma, Norman

W. S. Hoffmeister—Jersey Production Research Laboratory, Tulsa
A. L. Hornbaker—Kansas State Geological Survey, Lawrence
FEugene Jones—student, University of Oklahoma, Norman

Robert M. Kosanke—I!linois Geological Survey, Urhana, Illinois
Harry A. Lefiingwell—Jersey Production Research Laboratory, Tulsa
Stella Leopold—U. S. Geological Survey, Denver

D. E. Potter—Sinclair Oil and Refining Co., Tulsa

Lili Ronai—Jersey Production Research Co., Tulsa

Lewis Stover—Jersey Production Research Laboratory, Tulsa

E. A. Stanley—Pennsylvania State University, University Park, Pa.
Robert Tschudy—Palynological Research Laboratory, Jamestown, Colo.
Dwight Waddell—student, University of Oklahoma, Norman

L. R. Wilson—University: of Oklahoma, Norman

The lecture meeting was remarkable in that about one-fourth of all of
the geological palynologists in the United States were in attendance.

C. C. B.
Enid Rock Hound Society

A new society was organized in 1958 and already has about 35 mem-

hers. The first president is Mrs. Ada Immel, 1716 West Main, Enid. The
club becomes the fifty-eighth to affiliate with the Rocky Mountain Fed-
eration.

42





Location of Some Oklahoma Type Specimens

The Department of Geology of Washington University (St. Louis) has
deposited its type fossil specimens in the U. S. National Museum. Four of
these are Oklahoma specimens, as follows:

The holotype of Holaster simplex Shumard, 1853, p. 198-199,

pl. 3, fig. 2. USNM No. 129186.

The holotype of Hemiaster elegans Shumard, 1853, p. 198, pl. 2,

figs. 4 a-c. USNM No. 129187.

Probably the specimen of Amimonites vespertinus Morton dis-

cussed by Shumard, 1853, p. 196. USNM No. 129190.

Possibly the specimen identified as Pecten auadricostatus Sower-

by by Shumard and discussed but not figured. USNM No. 129188.

All of these specimens were labeled “Fort Washita”, which is a former
miljtary station in northwestern Bryan County. Fort Washita was estab-
lished in 1842 and was abandoned in 1861. The ruins are on the east side
of Lake Texoma near Nida. The specimens probably were collected from
the Ft. Worth limestone of the Washita series (Upper Cretaceous) . Hemi-
aster elegans is now referred to the genus Macraster. The form identified
as Ammonites vespertinus is probably Oxytropidoceras belknapt (Marcou),
a species described from the Kiamichi of nearby Texas. The specimen
called Pecten quadricostatus_may be Pecten (Neithea) wrighti Shumard.

The article is by Fllen James Trumbull, Journal of Paleontology, vol.
32, pages 893-906, November, 1958. C. C. B.

Occurrence of Cordaites michiganensis

in Oklahoma
E. J. TYnAN

A specimen of fossil wood discovered in Oklahoma has been identi-
fied as Cordaites michiganensis Arnold, 1931. The fossil stump was col-
lected by Drs. C. C. Branson and L. R. Wilson in the southeast corner of
section 12, T. 15 N., R. 11 E,, Okmulgee County, three miles north and
two miles west of the town of Beggs, Oklahoma. Thin sections of the fossil
prepared for this study are in the Oklahoma Geological Survey fossil plant
collection.

The- specimen was collected from the upper part of the Dawson coal.
The Dawson coal at this locality is nine to ten inches thick. It is underlain
by one to two feet of underclay, and overlain by a buff siltstone. The Daw-
son coal is contained in the Seminole formation, which in northeast Okla-
homa is a shale and sandstone unit lying above the unconformity at the
base of the Missourian series and below the base of the Checkerboard
limestone. In Tulsa County, a few miles north of the above locality, the
Seminole formation is composed of a lower brown sandy zone, a middle
shaly zone containing the Dawson coal, and an upper 'sandy zone. Coal
occurs in all three members, but the Dawson seam in the middle shaly
zone is the only one of economic importance (Oakes, 1952, p. 48-49).

The only published occurrence of Cordaites michiganensis is the orig-
inal description by Arnold (1931). This description was made from a
specimen collected by a party from the Museum of Paleontology of the
University of Michigan at a quarry along the south bank of the Grand
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River, about one mile west of Grand Ledge, Michigan. The horizon from
which the specimen described was taken appears doubtful, being recorded
as lower Pennsylvanian, probably Saginaw. The Saginaw formation of
Michigan is roughly equivalent to the entire Atokan series of Oklahoma.

Comparison of Michigan and Oklahoma specimens of C. michigan-
ensis.
Michigan specimen Oklahoma specimen

Transverse section
Diameter of tracheid

35p 35-45u
Shape of tracheid
Square to slightly oblong, Square to rectangular,
reguiar in size and shape variable in size and shape
Growth rings
Lacking Lacking
Tangential section
Wood rays
Uniseriate, occasionally Uniseriate, occasionally biseriate
biseriate near middle of ray near middle of ray
Dimensions
Equal in height and width Average of 25p in diameter,

slightly higher than wide
Number of cells high
2-10 1-33, 70% less than 10
Radial section '
Pit arrangement

Alternating Alternating
Shape

Hexagonal Hexagonal

Rows of bordered pits
Chiefly 2 (3-4) 2-4, chiefly 2
Dimension of bordered pits '

Not reported 12.8u
Lumen

Not reported Slit, nearly equal to

the diameter of pit

Length of ray cells
Single cell crosses Single cell crosses
1-4 tracheids 1-3 tracheids

Prate 1

Fic. 1. Transverse section of Oklahoma specimen of Cordaites michiganensis Arnold
showing the tracheids and wood rays. The cells of the latter are narrower than
those of the tracheids.

Fic. 2. Tangential section of the same specimen showing tracheids in longitudinal
view and the wood rays in transverse view. The latter range from 1-33 cells high
with 70% less than 10.

Fic. 3. Radial section of the same specimen showing both tracheids and wood rays
in longitudinal view. The tracheids possess araucarioid type bordered pits which
cover the entire radial wall. Enlargements of these are shown in the figures
be].OW'.

Fic. 4. Enlargement of a single tracheid showing bordered pits and lumen.

Fic. 5. Enlargement of a single tracheid showing alternate arrangement and hexa-
gonal shape of araucarioid type bordered pits.
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The excellent preservation of both the type material and the Okla-
homa specimen permitted a close comparison. At least until primary tissues
are found, the Oklahoma specimen is identified as Cordaites michiganensis
Arnold, 1931. ‘

The Oklahoma specimen of Cordaites michiganensis extends the geo-
graphic and geologic range of the species. The Michigan rocks are classed
as Atokan and can be no younger then Early Desmoinesian, whereas the
Oklahoma specimen is from Early Missourian strata.
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Genotype of Densosporites Berry, 1937
L. R. WiLsoN

The genus Densosporites containing three species was described by
Willard Berry in 1937 from the Pennington coal (Mississippian) of Ten-
nessee. In 1944, Schopf, Wilson, and Bentall emended Berry’s description
of the genus and transferred to it three of Loose’s (1934) species. Num-
erous additional species have since been assigned to this genus. In 1954
Potonié and Kremp also emended Densosporites. The holotype was not
seen by the emenders either in 1944 or in 1954 which probably accounts
for the different interpretations. After the publication of Schopf, Wilsou,

and Bentall the writer borrowed the mieroslide containing the helotype
from Dr. Berry and photographed the specimen (PL 1, fig. 2). Unfor-
tunately, when the slide was returned, it was damaged and subsequently it

was discarded.

The genotype was designated by Berry (1937) as D. covensis (Pl. 1,
fie. 1) on Slide L; (85.4 x 47.1). The description given for the genus is
as follows: “Characterized by a thick opaque wall, thickness about one-
third the diameter of the spore; central portion clear, no triradiate split,”
and for the species D. covensis: “Spore oval; wall very thick, about one-
third of diameter, very dark and opaque, very smooth and even; central
portion more or less clear and roughly trapezoidal in shape, margins very
clearly marked, no apparent connection between inside and outside. Length
“about 58u; width 50p.” Discussing the fossil species Berry states, “This
grain is fairly abundant but less than D. densus, from which it differs in
Leing more oval and with much smoother surface. These two species are
quite like those figured by Raistrick and Simpson (1933) as A; from the
Plessey, Tilley, and Beaumont coals of Northumberland, England. 1 would
refer those forms to this genus.” (P11, fig. 5).

When the specimen designated as the holotype was studied, close
agreement was found with the description by Berry except the dimensions
were 50 x 56.1u rather than 50 x 58y, and the shape was more angular
than indicated by the rough diagrammatic sketch used to illustrate D. co-
vensis. Much carbonaceous debris was present on the slide and one particle
lay over a portion of the spore in such a manner that on first examination
it might be interpreted as one ray of a trilete germinal structure. The spore
was carefully studied but no germinal structure was found. The fossils were
mounted in glycerine jelly and there was evidence of dehydration of the
medium. This may have caused the specimen to have rotated slightly and
thus account for the observed differences in size and shape.

In the emendation of Densosporites by Schopf, Wilson, and Bentall a
weak trilete was noted as being apparent in well-preserved specimens (PL
I, fig. 3), also that “fissures” penetrating to the margin occasionally do
occur. The latter may be essentially haptotypic continuations of the trilete
sutures. In some coal preparations this feature has been observed related
to the over-maceration of the spores. Potonié and Kremp (1954} state in
their emendation of the genus that trilete sutures are weak to strongly de-
veloped, and they have illustrated the genus with a drawing which shows
the trilete ridges extending across the cingulum (Taf. 13, Fig. 57, also this
article Pl. 1, fig. 4). In Berry’s original description such latitude of form
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was not indicated and the photomicrograph of the holotype clearly shows
what element of this spore complex was chosen by Berry to be Denso-
sporites. The genus in its present state of description varies widely in its
morphological range. At one end of the series the species are like the geno-
type with an opaque equatorial thickening, and at the other end of the
series the equatorial development (cingulum) is composed of translucent
scale-like projections extending outward from the thicker and opaque part
of the cingulum. The width of the denser portion ranges from approxi-
mately 75 to 10 percent of the cingulum. Some of these forms have well
‘marked trilete sutures and extreme examples resemble some of the fossil
spores which might be assigned to Cirratriradites. Intermediate forms

which would be included in Potonié and Kremp’s definition of the genus
{1ORE7)\

have heen separated cout of the complex by Hacguebard and Rarss (1957)
as species of Cincturasporites and Labiadensites.

Densosporites as a genus is in need of critical study and monograph-
ing. It is an important genus in Paleozoic stratigraphy for it contains a
large number of species which have very restricted ranges. The species in
the Pennington coal should be re-examined and a neotype should be chosen
to replace the discarded holotype.

The affinity of Densosporites has been a mystery for many years. Re-
cently, Chaloner (1958) has described a lycopod cone containing both
megaspores and microspores. The former are similar to Triletes hirsutus
and the latter are identified as Densosporites sp., ¢f. D. loricatus. With this

important discovery at least one afhnity of Densosporites becomes known.

Prate 1

Fic. 1. Photograph of Berry’s original illustration of Densosporites covensis (Fig.
11, 1937). “a”, represents the “clear” portion of the spore and “b”, the “thick
opaque wall”.

Fic. 2. Photomicrograph of the holotype, D. covensis, from Slide L1 (85.4 x 47.1),
The central portion is shown with debris lying across it. No trilete suture was
present in the specimen. : _

Fics. 3, 3a 3b, and 3c. Ilustrations from Schopf, Wilson, and Bentall (PL I, figs.
9-9¢, 1944) showing their interpretation of Densosporites. Fig. 3, segment cut
away to show thickening of peripheral region of spore coat; 3a, axial (longi-
tudinal) plan uncompressed; 3b, form such spores habitually assume under nor-
mal compression; 3c, equatorial (transverse) plan. _

Fic. 4. Photograph of Potonié and Kremp’s illustration of Densosporites (Taf. 13,
Fig. 57, 1954). A markedly well-developed trilete structure is shown extending
across the cingulum of the spore. Such an interpretation is not in accord with
that of previous authors, nor with the holotype.

Fics. 5, 5a, and 5b. Photograps from Raistrick and Simpson (Al, Fig. 2, 1933),
illusirating the spores referred to by Berry (1944) as belonging to the genus
Densosporites.
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Another Russian Geologic Atlas

For more than 20 years Russia has been gathering scientific informa-
tion on certain subjects in the form of “atlases”, more nearly defined in
English as encyclopedias. One recently received is Atlas of the Leading
Forms of the Fossil Flora and Fauna of the Permian Beds of the Kuznetsk
Basin. This basin, which lies in Siberia along the Tom and Ob River val-
leys, is a sedimentary basin consisting of a thick (10,000-20,000 feet) se-
quence mainly of fresh-water and brackish-water Permian rocks.

The first fossils described from these rocks were ostracodes and sup-
posed ostracodes named by T. R. Jones in 1885. The present volume brings
together earlier results and presents new species as follows:

Vermes (p. 31, by Khalfin) Spirorbis sp. .

Lamellibranchiata (p. 32-57, by Khalfin) 17 genera, 37 species (2 new

by Betekhiina).

Barnacles (p. 57, by Khalfin) Cirravus yavorskyi Tschernyschew. A

supposed goose-neck barnacle. '

Ostracodes (p. 58-109, by Mandelstam) 7 genera, 4 new, and 77 spe-

cies, 67 new. Thirty-nine species of Darwinula (all but one new,
seems excessive).
Plant compressions (p. 110-206, by Radchenko) 22 genera, 3 new, 54
species, 24 new of which 3 are from Gorelova’s manuscript; and
one new subspecies. ,

Spores and pollen (p. 207-271, by Andreeva) Five form genera,
" Azonatriletes with 60 species (37 new) and 14 varieties (all
new) ; Azonaletes, with 12 species (7 new) and 3 varieties (one
new) ; Zonatriletes, with 9 species (4 new) and one new variety;
Zonaletes, with 20 species (12 new) and 4 new varieties; and
Coniferaletes, with 22 species (21 new).

All of the illustrations of the spores, pollen and ostracodes are draw-
ings. Without being able to read the text and with no data on stratigraphic
ranges, one is inclined to reject most of the ostracode species. Many of the
illustrated specimens are crushed and a large number are decorticated.

Stratigraphic information is by Yavorski. The section is:

Erunakova beds
I’insk beds
Kuznetsk beds
Balakhonsk beds

The book is published by the VSEGEI, the All-union Scientific Re-
search Geological Institute, 411 pages, 60 plates, charts in pocket, 1956.

C. C. B.
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PUBLISHED PAPERS ON OKLAHOMA
GEOLOGY IN THE YEAR 1958

Compiled by NeviLLe M. Curtis, Jz.

Aldrich, L. T., et al., 1958, Radioactive ages of micas from granitic rocks
by Rb-Sr and K-A methods: Amer. Geophysical Union, Trans., vol.
39, no. 6, p. 1124-1134, 1 fig., 9 tables. Gives ages for granite in the
Wichita Mountains as 460 to 550 million years based on zircon and

biotite.
Amsden, T. W., 1958a, Additions to the catalog of Ordovician fossils:
Okla. Geology Noies, vol. 18, no. 1, p. 13. Climaceconus bromidns Sin-

clair and Girvanella sp. Rezak added to catalog.

1958b, Recently published illustrations of the Haragan ostracod

Beyrichia fittsi Roth 1929: Okla. Geology Notes, vol. 18, no. 1, p. 14.

Brief review of “Size, lobation, velate structures and ornamentation

in some beyrichiid ostracods”: Jour. Paleontology, vol. 31, p. 997-

1009, pls. 127-130.

1958¢, Geologic range of Dictyonella in the Hunton group: Okla.
Geology Notes, vol. 18, no. 2, p. 31-32. Dictyonella may not occur in
the Haragan formation in Oklahoma.

‘ 1958d, Addition to the catalog of Ordovician fossils: Okla. Geology
Notes, vol. 18, no. 3, p. 34. Cephalopod species Nybyoceras ulrichi
Foerste and Teichert 1930 in McLish formation to be added to catalog.

1958¢, Recently published illustrations of the Haragan brachiopod,

“Delthyris perlamellosa”: Okla. Geology Notes, vol. 18, nos. 6 and 7,

p. 123. Taxonomic discussion.

1958f, Two unusual Oklahoma crinoids described by Harrell Strim-

ple: Okla. Geology Notes, vol. 18, nos. 6 and 7, p. 128. Review of

H. L. Strimple’s paper in the November issue of the Journal of the

Washington Academy of Sciences (vol. 47, p. 369, 1957). Reference

to Laudonocrinus sp. and Phanocrinus alexanderi Strimple.

1958g, White Mound: Okla. Geology Notes, vol. 18, nos. 8 and 9,

p. 131-135, 5 figs. History of White Mound (famous fossil locality

for Lower Devonian material) and composite Hunton section from

area described. :

1958h, Stratigraphy and paleontology of the Hunton group in the

Arbuckle Mountain region. Part V—Bois d’Arc articulate brachio-

pods: Okla. Geol. Survey, Bull. 82, p. 1-110, 18 figs., 5 pls., 2 tables.

Discussion and distribution of brachiopods, range of brachiopods

through Henryhouse-Haragan-Bois d’Arc, paleoecology, and age and

correlation.

and Boucot, A. J., 1958, Stratigraphy and paleontology of the

Hunton group in the Arbuckle Mountain region: Okla. Geol. Survey,

Bull. 78, p. 1-199, 42 figs., 14 pls., 17 tables. Presented in three parts.

Part 2. Haragan articulate brachiopods; Part 3. Supplement to the

Henryhouse brachiopods; and Part 4. New genera of brachiopods.

Primarily description of brachiopods.

and Huffman, G. G., 1958, Frisco brachiopod from a Hunton core,

Pottawatomie County: Okla. Geology Notes, vol. 18, no. 4, p. 73-76,

2 figs. Description of the first fossil (a brachiopod) from the Frisco
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formation in the subsurface and a brief discussion on the stratigraphi
relations of the Frisco and Bois d’Arc formations.

Bado, John, 1958, East Pond Creek field, Grant County, Oklahoma: Shals
Shaker, vol. 8, No. 10, p. 13-14, 3 figs., 1 table. Shake Shaker, Diges
I, vols. 6-8 (1950-1958), p. 449-450, 3 figs., 1 table. Discovery anc
production history, reservoir conditions, and brief account of strati
graphy.

Barby, B. G., 1958, Subsurface geology of the Pennsylvanian and Upper

Mississippian of Beaver County, Oklahoma: Shale Shaker, Digest II.
vols. 6-8 (1955-1958), p. 133-154, 13 figs.

Benoit, E. L., 1958, The Desmoinesian series, Edmond area, central Okla-
homa: Shale Shaker, Digest II, vols. 6-8 (1955-1958), p. 338-350,
9 hgs.

Bizal, Robert, 1958, Growing storage to help L P G pricing: Oil and Gas
Jour., vol. 56, no. 39, p. 40-43, 2 tables. Location by county of under-
ground L P G storage in Oklahoma. Type of storage, capacity in bar-
rels, and company using underground storage.

Blaik, W. M., 1958, Important wells in Oklahoma: Shale Shaker, vol. 8,
no. 5, p. 8. Brief account of production and geology in the An-Son
Petroleum Corporation et al. No. 1 Laverty, Harper County, Okla-
homa. '

Bleakley, W. B., 1958, 24,002 ft. to become world’s second-deepest well:
Oil and Gas Jour., vol. 56, no. 49, p. 77-79, 1 fig. Drilling method
used in drilling Shell Oil Co.’s No. 5 Rumberger in Beckham County,
Oklahoma.

Blumenthal, Morris, 1958, Subsurface geology of the Prague-Paden area,
Lincoln and Okfuskee Counties, Oklahoma: Shale Shaker, Digest II,
vols. 6-8 (1955-1958), p. 155-170, 4 figs., 4 pls.

Boeckman, C. H., 1958, A subsurface study of the Lower Pennsylvanian
sediments of northern Grady and Caddo Counties, Oklahoma: Shale
Shaker, Digest II, vol. 6-8 (1955-1958), p. 97-114, 10 pls.

Bohart, P. H., Jr., 1958, Subsurface geology of the Purdy oil field, Garvin
County, Oklahoma: Shale Shaker, vol. 9, no. 1, p. 2-17, 2 figs., 9 pls.
Stratigraphy, structure, geologic history, and field development.

Branson, C. C., 1958a, No Paluxy in Oklahoma?: Okla. Geology Notes,
vol. 18, no. 1, p. 15, 1 fig. Review of paper by J. M. Forgotson in
which the Paluxy sand formation in Oklahoma is placed in doubt.

1958b, Mesozoic rocks of Kansas subsurface: Okla. Geology Notes,

vol. 18, no. 1, p. 16. A review.

1958c, Oklahoma Academy of Science meets at Phillips University :

Okla. Geology Notes, vol. 18, no. 1, p. 12-13. List of geologic papers

given at meeting.

1958d, New topographic mapping in Oklahoma: Okla: Geology

Notes, vol. 18, no. 4, p. 71-72. Scheduled topographic maps of Okla-

homa.

1958e, New names for Pennsylvanian mollusks: Okla. Geology

Notes, vol. 18, no. 4, p. 72. New names for several Oklahoma Paleo-

zoic clams. _

1958f, Final chapter of Redoak Hollow fauna: Okla. Geology

Notes, vol. 18, no. 4, p. 76. Tables list number of genera, new genera,
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species, and new species, and 1956 nude names and how treated in
1958.

1958g, Coal resources of Oklahoma: Okla. Geology Notes, vol. 18,
no. 4, p. 79-80. Review of “Coal resources of Oklahoma” by James
V. A. Trumbull.

1958h, Two Oklahoma Foraminifera: Okla. Geology Notes, vol. 18,
no. 4, p. 80. Two species from the Cretaceous of Oklahoma.

1958i, Some Oklahoma underclays: Okla. Geology Notes, vol. 18,
nos. 6 and 7, p. 123-124. A review of L. G. Schultz’s paper “Petrology
of underclays”, Geol. So¢. America, Bull., vol. 69, p. 363-402, April,
1958. See Schultz, L. G.

1958;, Ancient fossi! stump at El Rens: Okla. Geolegy Notes, vol.
18, nos. 6 and 7, p. 125. Historical account of Cordaites (Pennsyl-
vanian seed-bearing plant) specimen at El Reno, Oklahoma.

1958k, Permian snails, and some Oklahoma forms: Okla. Geology

Notes, vol. 18, nos. 6 and 7, p. 127-128. A review of several papers

written by Batten, R. L. (1956 and 1958) and Yochelson, E. 1. (1956

and 1958). A few Oklahoma specimens are mentioned in the papers.

19581, Two Mississippian species of Conocardium: Okla. Geology

Notes, vol. 18, nos. 8 and 9, p. 137-142, 1 pl. Figures and describes

Conocardium peculiare Girty and another species of the above genus.

A specimen of C. peculiare has been found in the Pitkin limestone,

Cherokee County, Oklahoma.

1958m, Marine clam in fresh-water sediments: Okla. Geology

Notes, vol. 18, no. 10, p. 146. Report of Pterinopectinella cf. P. wel-

leri from plant-bearing bed in Wagoner County, Oklahoma.

1958n, Notes on a rare cystoid from Oklahoma: Okla. Geology

Notes, vol. 18, no. 11, p. 178-179, 1 fig. Brief note on occurrence of

Eumorphocystis multiporata in Bromide formation in Pontotoc County.

19580, Earliest description of an Oklahoma fossil: Okla. Geology

Notes, vol. 18, no. 11, p. 180-181. Localities given from first three

papers describing fossils in Oklahoma.

1958p, New Oklahoma sea urchin: Okla. Geology notes, vol. 18,

no. 11, p. 182. Announcement of description of Archaeocidaris im-

manis new species (Smithsonian Miscellaneous Collections, vol. 135,

no. 9, August 4, 1958.

1958q, Some Oklahoma cephalopods: Okla. Geology Notes, vol. 18,

no. 11, p. 183-184. Review of the paper “Middle Pennsylvanian

Schistoceratidae (Ammonoidea)”, by A. K. Miller and W. M. Furnish,

Journal of Paleontology, 1958.

and Amsden. T. W., 1958, Conocardium frpm the Hunton group:
Okla. Geology Notes, vol. 18, no. 10, p. 147-149, 1 pl. Description of
Conocardium cf. C. inceptum and Conocardium sp.

Burwell, A. L., 1958a, The use of natural pozzolans in Oklahoma: Okla.
Geology Notes, vol. 18, no. 3, p. 64. Volcanic ash used as a pozzolan
in construction of concrete dam at Lake Altus. Volcanic ash deposit
located in Oklahoma.

1958b, Feldspars in the Quanah granite: Okla. Geology Notes, vol.

18, no. 10, p. 159-160. Analysis of feldspar fraction in granite from

Comanche County, Oklahoma.
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1958¢, The question of priority: Okla. Geology Notes, vol. 18, no.

11, p. 170-171. A reminder that exploration data are needed in ordex

to attract industry to Oklahoma.

1958d, Delayed expansion in lightweight concrete: Okla. Geology
Notes, vol. 18, no. 12, p. 188. Rehydration of aggregate in lightweighi
concrete is cause of delayed expansion.

Caplan, W. M., 1958, Arkansas Valley region develops new gas reserves:
World Oil, vol. 146, no. 6, p. 101, 103-107, 113, 4 figs. Stratigraphy,
structural geology, and petroleum possibilities in the Arkansas Valley,
Arkansas. :

Carpenter, Everett, 1958, The East Watchorn Field: Shale Shaker, vol. 8,
no. 10, p. 7-11, 8 figs., 1 table. Shake Shaker, Digest II, vols. 6-8
(1955-1958), p. 444-448, 8 figs., 1 table. History, stratigraphy, struc-
ture, and production data for field in northwestern Pawnee County
and southwestern Osage County, Oklahoma.

Caylor, J. W., 1958, Subsurface geology of western Garfield County, Okla-
homa: Shale Shaker, Digest II, vols. 6-8 (1955-1958), p. 202-221, 16
figs.

Clinton, R. P., 1958, The geology of the Osage Country: Shale Shaker,

- Digest I, vols. 6-8 (1955-1958), p. 325-337, 11 figs.

Cole, J. A., 1958, Subsurface geology of east central Lincoln County, Okla-
homa: Shale Shaker, Digest 1I, vols. 6-8 (1955-1958), p. 79-96, 4
figs., 2 tables, 7 pls.

Cronenwett, C. E., 1958, A subsurface study of the Simpson group in east-
central Oklahoma: Shale Shaker, Digest II, vols. 6-8 (1955-1958), p.
171-187, 10 figs.

Curtis, N. M., Jr., 1958, Published papers on Oklahoma geology in the
year 1957: Okla. Geology Notes, vol. 18, no. 3, p. 35-51; Index, p.
52-57.

Dapples, E. C. and Sloss, L. L., 1958, Facies patterns and oil accumulation
in Pennsylvanian of southern Oklahoma. (Abstract) : Amer. Assoc.
Petroleum Geologists, Bull.,, vol. 42, no. 1, p. 211. Résumé of classi-
fication of stratigraphic units having trapping characteristics.

Davis, L. V., 1958a, Ground water in the Arbuckle and Simpson groups in
the Arbuckle Mountains, Oklahoma: Okla. Geology Notes, vol. 18, no.
10, p. 152-157, 1 fig. Description of ground-water in the Arbuckle
and Simpson groups and present and potential sources of several cities
in Garvin, Murray, and Carter Counties.

1958b, Oklahoma’s underground water: Okla. Geology Notes, vol.
18, no. 12, p. 189-202, 7 figs. Aquifers grouped into five classes and
each class discussed and shown on state map. :

DeVore, S. F. and Wright, F. F., 1958, A retrospective look at a profitable
water flood: Jour. Petroleum Technology, vol. 10, no. 4, p. 21-24, 8
figs., 2 tables. History and water-flood development and performance
in Alluwe pool, Nowata County, Oklahoma.

Dickey, J. W., 1958, Theses, University of Oklahoma, Geology and Geo-
logical Engineering, 1955-1958: Shale Shaker, Digest II, vols. 6-8
(1955-1958), p. XI-XIV.

Dickey, P. A., 1958, Oil is found with ideas: Qil and Gas Jour., vol. 56, no.
37, p. 284-291, 5 figs. Brief history of oil discoveries as new ideas
and methods evolved in geology and geophysics.
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Dover, T. B., et al., 1958, A look at the water resources of Oklahoma:
Shale Shaker, Digest II, vols. 6-8 (1955-1958), p. 283-296, 14 figs.,
2 tables. '

Edwards, A. R., 1958, Facies changes in Pennsylvanian rocks along north
flank of Wichita Mountains. (Abstract): Amer. Assoc. Petroleum
Geologists, Bull., vol. 42, no. 1, p. 211. Area of investigation from the
Cement field to Oklahoma-Texas boundary.

Eisner, S. M., 1958, The lithology of the “Marchand” conglomerate: Shale
Shaker, Digest I, vols. 6-8 (1955-1958), p. 44-58.

Elias, M. K., 1958. Late Mississippian fauna from the Redoak Hollow for-
mation of southern Oklahoma. Pt. 4: Gastropoda, Scaphopoda, Cepha-
lonoda, Ostracoda, Thoracica, and Problematica: Jour. Paleontology,
vol. 32, no. 1, p. 1-57, 45 figs., 4 tables, 4 pls. Descriptions are given:
(1) twenty-one species and varieties of gastropods, (2) five species of
cephalopods, (3) twenty-three species and varieties of ostracods,
(4) ete. Correlation is made with European species.

Fay, R. 0., 1958a, A key to conodont genera and subgenera-addenda: Okla.
Geology Notes, vol. 18, no. 11, p. 178.

1958b, A key to conodont genera and subgenera: Okla. Geology

Notes, vol. 18, nos. 6 and 7, p. 103-120, 132 figs. Key to identification

of conodont genera and subgenera.

1958c, A recent sink hole in central Blaine County, Oklahoma:

Okla. Geology Notes, vol. 18, no. 3, p. 58-64, 8 figs. Description and

origin of sink-holes developed in Blaine County, Oklahoma. -

1958d, Permian stratigraphy of Blaine County, Oklahoma—a pre-
liminary report: Okla. Acad. Sci., Proc., vol. 38, p. 82-86, 1 fig.
Lithology, thickness, and stratigraphic relationship of Permian strata.

Flawn, P. T., 1958, Subsurface Ouachita structural belt: World Oil, vol.
137, no. 6, p. 141-142, 174, 1 fig. Brief description of the lithologies
and structure of the subsurface Quachita structural belt.

Gahring, R. R., 1958, History and development of North Madill field, Mar-
shall County, Oklahoma. (Abstract): Amer. Assoc. Petroleum Geol-
ogists, Bull., vol. 42, no. 1, p. 213.

Gardner, F. J., 1958a, Wildcatters move into northeastern Oklahoma: Oil
and Gas Jour., vol. 56, no. 51, p. 93, 1 fig. Stratigraphic traps may
contain oil in Craig and Mayes Counties.

1958b, Two-gun approach hits multiple bull’s-eye: Oil and Gas

Jour., vol. 56, no. 35, p. 213. Geologic and production data for new

five-pay field in McClain County. Discovery well is the Kirby Petro-

leum Co.’s No. 1 Weeden, Jr.

1958¢c, Nothing settles dust better than oil: Oil and Gas Jour., vol.

56, no. 26, p. 125. Résumé of new production in western Oklahoma

during last two weeks (June 16-June 30).

1958d, Panhandle wildcats jump the hump: Oil and Gas Jour., vol.

56, no. 14, p. 229, 1 fig. Report of new production in the Hollis Basin,

Jackson County, Oklahoma.
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White Mound Devonian fossil locality, Amsden (g)

Wichita Mts.: age of granite, Aldrich; Atokan, pre-, oil production, Schweers; bora-
cite and sassolite, Huang (a); Lake Altus area, igneous rocks, Merritt; Penn-
sylvanian strata, Edwards; prehnitization of gabbro, Huang (c); riebeckite,
Huang (b) ; structure, Riggs

Woodford shale, conodonts, Hass

zircon, Wichita Mts., age, in granite, Aldrich

Photograph of the specimen from the Excello shale, X 6.

An Unusual Snail From the Excello Shale

CArL C. Branson

The Excello shale is the black fissile shale which lies above the Breezy
Hill limestone and below the Blackjack Creek limestone (Lower Fort
Scott). It is the highest unit of the Cabaniss group. The shale bears abun-
dant phosphatic nodules, most from one-half inch to over an inch in
diameter. Many of the concretions have a fossil organism at the center
and in 1953 Herbert Ware and I in cracking open some of the concretions
found a small problematic fossil. It was then thought to be an edestid, a
symphysial element of a late Paleozoic shark. Upon recent re-examination
the specimen proved to be a snail.

The specimen as preserved is the umbilical slope and the rim of the
first whorl together with the external mold of the same area. It is 11.5 mm
in greatest dimension. The shell surface is marked by six small revolving
ribs near the umbilicus, by two central broad folds, by a narrow rib which
divides and divides again to make three near the aperature, and the outer
margin is a broad flange, somewhat scalloped. Above the flange (beneath
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on the specimen) five tooth-like projections extend outward and forward.
These are hollow and are progressively larger towards the aperture.

Spine-bearing gastropods as relatively rare in the Paleozoic. The De-
vonian genus Tubina has spines, as does the Silurian genus Tremanotus.
Conradella {Ordovician) has fluted frills, Luciella has a scalloped flange,
and Trachydomia has nodes. The Oklahoma specimen most closely resem-
bles Echinocirrus Ryckholt, 1860, a genus based upon Cirrus armatus
Koninck, 1843, from the Visean of Belgium. The shell of Echinocirrus
bears spines or spine-like tubules on the shoulder of each of the last
three whorls.

The Oklahoma specimen was prepared and photographed -by Dr.
Thomas W. Amsden. The specimen was collected in the SEY; sec. 36,
T 24 N., R. 16 E., Rogers County, Oklahoma. It is No. 297 in the paleon-
tological collection.

Two New Vertebrates From the Permian Fort Sill
Locality (a review)
Davip B. KiTTs

Discoveries of fossil vertebrates in the Permian redbeds of Oklahoma
have been relatively rare. This rarity probably results from the lack of
extensive badlands development and the small proportion of predominant-
ly continental as opposed to marine deposits in the Permian outcrop area
of Oklahoma. In contrast to the rarity of fossil vertebrates in the Permian
redbeds, the Fort Sill deposits of early Permian age have yielded an abun-
dant and diversified vertebrate fauna. The deposits consist of clays which
have accumulated in solution cavities within the Arbuckle group of lime-
stones in Comanche County. The known Fort Siil fauna was described by
Gregory, Peabody and Price in 1956 (Yale Univ., Peabody Museum Nat-
ural History, Bull., vol. 10, p. 1-177). Since the publication of this paper
there have been two additions to the described Fort Sill fauna.

In a recent issue of the Journal of Paleontology (vol. 32, no. 5, p.
981-991) Vaughn has described a new reptile, Colobomycter pholeter,
from the Fort Sill locality. The type specimen is a partial skull. Vaughn
states that the new genus is closely related to Eothyris and shows signs of
relationship to the caseids. The specimen thus sheds light on the problem
of the early evolution of the Pelycosauria.

Vaughn has described another new Fort Sill reptile in a paper which
appeared in the Journal of the Washington Academy of Sciences (vol. 48,
p. 44-47). Thus peculiar little pelycosaur, to which Vaughn has given the
name Basicranodon fortsillensis, is one of the very few reptiles ever de-
scribed in which teeth are present on the parasphenoid.

There is abundant material from the Fort Sill fissures on hand in
museum and university collections throughout the country. The fissures
now exposed contain bone-bearing clays which have by no means been
exhausted of their fossil content, and there is reason to believe that new
fissures will be exposed during continuing operations in the Dolese Broth-
ers quarry at Richards Spur, Comanche County. In view of these facts we
can expect further additions to the Fort Sill fauna in the future.
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Ficure ‘1. Crilidiopsis reedsi (Amsden) ; posterior view, x 8 (OU 3126); Henry-
house formation, SEY4 sec. 4, T. 2 N,, R. 6 E., Pontotoc Co., Okla. (TWA P3-P).

Ficure 2. C. rcedsi (Amsden); posterior view of brachial valve, x 8 (OU 3125);
Henryhouse formation, NW14 SW14 sec. 4, T. 2 N., R. 6 E., Pontotoc Co., Okla.
(TWA PI1-R).

Ficure 3. Schuchkertella attenuata (Amsden) ; posterior view of brachial valve, x 8,
(OU 1098) ; Henryhouse formation (Amsden 1958, pl. 14, fig. 31).

Ficure 4. S. attenuata {Amsden) ; pedicle palintrope, x 8 (OU 1099) ; Henryhouse
formation (Amsden 1958, pl. 14, fig. 29).

Ficure 5. Schuchertella haraganensis Amsden; posterior view, x 5 (OU 1116} ;
Haragan formation (Amsden 1958, pl. 13, figs. 18-20).

Ficure 6. Schellwienella marcidula Amsden; pedicle palintrope, x 3, (OU 996)
Bois d’Arc formation (Amsden 1958, pl. 5, fig. 5).
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Chilidiopsis Boucot: A Recently Described
Brachiopod Genus, With Some Remarks
on the Hunton Orthotetacea

Tuomas W. AMSDEN

In a recent issue of the Journal of Paleontology A. J. Boucot (1959,
p. 25-26) has erected a new genus, Chilidiopsis, the type species being
Fardenia reedsi Amsden (1951, p. 84, pl. 17, figs. 1-8) from the Henry-
house formation of Oklahoma. This genus embraces almost all of the
American Silurian orthotetacids which were formerly assigned to Lamont’s
genus, Fardenia; in addition to the genotype, it includes Schucherteiia
roemeri Foerste (1909, p. 82-83, pl. 2, figs. 27a-c; Amsden 1949, p. 53,
pl. 5, figs. 23-28) from the Brownsport formation, Strophomena subplana
Conrad' (1842, p. 258) from the Lockport formation, and Strophomena
alterniradiata Shaler (1865, p. 63) from the Gun River formation of Anti-
costi. The primary difference between Chilidiopsts and Fardenia (Boucot
1959, p. 26, fig. 1) is in the structure of the chilidium; in Fardenia the
brachial opening is only partly closed by discrete chilidial plates, whereas
in Chilidiopsis these plates are fused into a large, tent-like chilidium (both
genera have dental plates). According to Boucot, Fardenia is confined to
the Ordovician and Early Silurian whereas Chilidiopsis ranges from the
Early Silurian (late Llandoverian) to the late Silurian (early Ludlovian).

The orthotetacid brachiopods are known -to be represented. in the
Hunton group by the following species (fig. 1 : Chilidiopsis reedsi {Ams-
den) and Schuchertella aitenuata (Amsden 1951, p. 84-85, pl. 17, figs. O-
14; 1958A, pl. 14, figs. 26-31) from the Henryhousc formation; Schucher-
tella haraganensis Amsden (1958A, p. 83, pl. 5, fies. 1-2; pl. 10, figs. 27-
30; pl. 11, figs. 1-4; pl. 13, figs. 18-20) from the Haragan and Bois d’Arc
formations; Schellwienells marcidula Amsden (19584, p. 90, pnl. 5, figs.
3-9; pl. 13, fig. 25: 1958B, p. 66, pl. 2, fies. 16-17) from the Bois d’Arc
formation. It should be noted that both Schuchertella and Schellwienella
are used in a broad sense as the type species have never been adequately
defined for either genus (Amsden 19584, ». 89, 152). Two of the afore-
mentioned species, C. reedsi and S. marcidula, have well-developed dental
I.()}:iatesl, )whereas in S. attenuata and S. haraganensis the plates are lacking
fig. 1).

Some of the more interesting and diagnostic features of these ortho-
tetacid brachiopods are found in the structures modifying the delthyrium
and notothyrium. The notothyrium of Chilidiopsis is closed by a conspicu--
ous arched chilidium which forms a hood over the posterior end of the
cardinal process (pl I, figs. 1, 2); the pedicle delthyrium, on the other
hand, is largely open, being only slightly restricted by a pseudodeltidium
along the postero-lateral margins (pl. I, fig. 1). Schuchertella attenuata
(Amsden) which is found associated with C. reedsi in the Henryhouse
strata, shows an almost complete reversal of these structures; the chilidium
is small and inconspicuous (pl. I, fig. 3), whereas the delthyrium is closed
by a large arched pseudodeltidium (pl. I, fig. 4). The Haragan-Bois d’Arc
species, Schuchertelle haraganensis, has a chilidium and pseudodeltidium
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like that of S. attenuata (pl. I, fig. 5). The Bois d’Arc species, Schellwien-
ella marcidule Amsden, has a conspicuous pseudodeltidium like that of S.
atlenuate and S. haraganensis; none of my specimens clearly show the
chilidium, but there is enough material to indicate a structure like that of
the schuchertellas.

Frisco
formotion

Bois d’Arc

formation

Schellwienella marcidulo

=
<1
=
S |
>
L
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Horagan
formation

Schuchertella  haragonsnsis

Henryhouse

Schuchertella ottenuata

Chil[giopsis reedsi

SILURIAN

i S M

Chimneyhill
formation

Ficure 1. Chart showing the range of Hunton orthotetacid brachiopods.

C. reedst has a pedicle opening at the posterior end (pl. I, fig. 1) but
I suspect this was not functional at maturity. This species has no tendency
towards asymmetrical growth of the pedicle valve, but a few shells of S.
attenuata show a slight distortion of this valve which may be primary.
Some mature shells of S. haraganensis show a distinct twisting of the ped-
icle valve (pl. 1, fig. 5), although this is in no case as marked as in some
of the later Orthotetacea.
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The Hunton species shew some interesting stages in the development
of the Orthotetacea. Several paleontologists have studied the phylogeny of
this group of brachiopods, one of the earliest studies being that of Dunbar
and Condra (1932, p. 73, fig. 2) with an interesting graphic chart showing
the inferred relationship for the entire superfamily. Considerable new in-
formation has come to light in the last 25 years and these data have been
incorporated in the phylogeny proposed by Stehli (1954, fg. 11) and,
more recently, bv Boucot (1959, p. 26, fig. 1). Present information indi-
cates that the orthotetacid brachiopods arose in the Ordovician with Far-
denia, or some similar type, representing the ancestral form. Fardenia has
a weakly biconvex shell with narrow, subequal pedicle and brachial palin-
tropes; it has discrete. narrow, chilidial plates, a small pseudodeltidium,
and dental plates. By Henrvhouse time (early Ludlovian) at least two dis-
tinct stocks were present: Chilidiopsis with its conspicuous chilidium and
well developed dental plates, and Schuchertella s. 1. with a prominent
pseudodeltidium and no dental plates (dental lamellae are present only as
ridges bordering the delthyrium and touch the valve floor only at the pos-
terior end). The Henryhouse representatives of these two genera have
weak, subequally hiconvex shells with moderate pedicle palintropes and
no tendency towards resupination. By Haragan time (Helderbergian), how-
ever, the representatives of Schuchertella s. 1. had developed an unequal
convexity, the brachial valve being distinctly the deepest, and on some
shells (pl. I, fig. 5) the pedicle umbo shows a distinet distortion. The Bois
d’Arc (Helderbergian) representatives of Schellwienella s. 1. have a promi-
nent pedicle palintrope (pl. 1, fig. 6), a deep, almost swollen brachial valve,
and a flat to weakly resupinate pedicle valve.

REFERENCES

Amsden, T. W., 1949, Stratigraphy and paleontology of the Brownsport formation
{Silurian) of western Tennessee: Yale Univ., Peabody Museum Nat. History,
Bull. 5, p. 1-138, 34 pls., text figs.

———, 1951. Brachiopods of the Henryhouse formation (Silurian) of Oklahoma:
Jour. Paleontology, vol. 25, p. 69:96, 6 pls. :

———, 1958A. Stratigraphy and paleontology of the Hunton group in the Arbuckle
Mountain region; Part IT—Haragan articulate brachiopods; Part I1I--Supplement
to the Henryhouse brachiopods: Okla. Geological Survey, Bull. 78, p. 1-156. 14
pls., text figs.

———, 1958B. Stratigraphy and paleontology of the Hunton group in the Arbuckls
Mountain region; Part V—Bois d’Arc articulate brachiopods: Okla. Geological
Survey, Bull. 82, p. 1-110, 5 pls., text figs.

Boucot, A. J., 1959. A new family and genus of Silurian orthotetacid hrachiopods:
Jour. Paleontology, vol. 33, p. 25-28, 3 pls., text fig.

Conrad, T. A., 1842. Observations on the Silurian and Devonian systems of the United
States with descriptions of new organic remains: Acad. Natural Science, Phila.,
vol, 8, p. 228-280, illust. :

Dunbar, C. O., and Condra, G. E., 1932. Brachiopoda of the Pennsylvanian system
in N;:'bravska: Nebraska Geological Survey, Bull. 5, Znd series, p. 1-377, 44 pls,,
text 1igs.

Foerste, A., 1909. Fossils from the Silurian formations of Tennessee, Indiana and
Tllinois: Denison Univ. Scientific Lab., Bull. vol. 14, p. 61-107, 4 pls.

Shaler, N. S, 1865. List of Brachiopoda from the Island of Anticosti, sent by the
Museum of Comparative Zoology to different institutions in exchange for other
specimens: Harvard Univ., Museum Comparative Zoology, Bull., vol. 4, p. 61-79.

Stehli, F. G., 1954. Lower Leonardian Brachiopoda of the Sierra Diablo: Amer. Mu-
seun Natural History, Bull., vol. 105, article 3, p. 1-358, pls. 17-27, text figs.

77





Sixth Geological Symposium

At the Sixth Geological Symposium sponsored by the School of Geol-
ogy and the Extension Division of the University of Oklahoma and held
February 24 and 25, papers on the geological problems of stratigraphy,
sedimentation, paleontology and hydrocarbon production of Mississippian
rocks in Oklahoma and Kansas were presented and discussed before an
audience of some 200 geologists. Carl C. Branson opened the symposium
by posing the problems of Mississippian boundaries and subdivisions in
the Mid-Continent area. George C. Huffman described the stratigraphy and
tectonics of the Oklahoma Ozark area. A regional picture of the deposi-
tional environments of Mississippian limestones in Oklahoma was advanced

by Doris M. Curtis and S. C. Champlin. L. R. Wilson discussed the use of
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Stratigraphy and thickness maps of Mississippian rocks in the sub-
surface of northeastern Oklahoma and the McAlester basin were presented
in two papers by Louise Jordan and T. L. Rowland, and B. W. Lynch re-
spectively. P. A. Chenoweth described the lithology, stratigraphy and age
of the Sycamore limestone and related formations in the Ardmore Basin,
Arbuckle Mountains and area to the north. C. A. Caswell showed a pre-
Pontotoc subcrop map of the Komalty area along the Wichita Mounlain
front. The structure and stratigraphy of Mississippian system and oil and
gas occurrence in these rocks in southeastern and southwestern Kansas,
Oklahoma and Texas panhandles and northwestern Oklahoma were de-
scribed and illustrated in three papers by four geologists,—Daniel F. Mer-
riam and E. D. Goebel, Victor Veroda and B. W. Beede. Mississippian oil
production and prob]ems related to production were discussed by Rick P.
Clinton:

Copies of symposium papers will be available in about two months
from the Business and Industrial Services of the Extension Division, Uni-

versity of Oklahoma. L. J.

Rates of Chemical Reactions in Nature
By ArBerT L. BURWELL

Chemical reactions are taking place between components of the earth’s
crust at this very moment just as they have been taking place over the ages.
Normally chemical reactions appear to progress in one direction only iut

it should be remembered that the direction may be reversed under certain
conditions, the factors controlling the direction include temperature, pres-
sure, presence or lack of moisture, the escape or removal of a product or
products from the system, and if the materials are in solution, the con-
centration of the several reactants and products. However, from the chem-
ist’s viewpoint most of the chemical reactions in Nature take place at what
to him is a very slow rate, especially the changes in rocks and minerals.
The changes that occur in the growth of vegetation are more rapid but
often are distressingly slow when compared with what may be desired.
Nature requires from six weeks to six months, usually, to change nitro-
genous matter, phosphatic matter, carbon d10x1de and other materials into
cellulose, protein, oil or fat, and mineral matter that are the major con-
stituents of vegetation, whereas Nature may require many years to change
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a crystal of iron sulfide to a hydrated iron oxide. In the first instance,
Nature makes use of photosynthesis, but in the second instance depends
upon a slow oxidation whereby the sulfide sulfur is converted to a gaseous
or water-soluble sulfur derivative that is readily removed from the environ-
ment of the parent material. Perhaps the currently popular phrase “with
all deliberate speed” should be applied to the rate of reactions in Nature.

The word deliberate has at least two meanings, one is slow and the
other is cautious. Similarly, the word speéed may refer to rate or velocity
or it may mean to go fast. Obviously when the courts used the phrase “with
all deliberate speed” in the decision involving civil rights they had in mind
a definite procedure but they did not interpret the intent. As a result the
decision is confusing. If the phrase is applied to chemical reactions in
Nature, it implies slow rate of speed.

The guestion arise as to whether the changes that occur naiurally in
rocks and minerals always proceed “with all deliberate speed” or are there
conditions prevailing in some instances which may either decrease or ac-
celerate the rate at which the reactions take place. In the laboratory the
chemist may control the rate of reaction, using inhibitors to decrease the
rate and catalysts to increase the rate. Are there instances in Nature where
there are naturally occurring inhibitors or naturally occurring catalysts
which influence the rate of reaction?

Few persons seem to realize that preservatives are actually used to
delay an expected chemical reaction, or that the presence of small amounts
of certain salts will retard oxidation and corrosion, or that tetraethyl lead
retards the rate of burning of gasoline, or that the control-rods in a nuclear
pile, by removing neutrons in controlled amounts, decrease the rate of
reaction and permit the harnessing of nuclear energy.

Robert T. Hill, An Anecdote

RoBerT O. FAY

In a book of incidents and people on the old Chisholm Trail, a story
is related about Robert Thomas Hill (1858-1941), prominent early Texas
geologist. The Chisholm Trail roughly follows the 98th meridian starting
at the Red River at Doan’s Crossing, extending north into Oklahoma near
Duncan, Chickasha, El Reno, Kingfisher, Hennessey, Enid, and ending in
Dodge City, Kansas. It was used mostly for cattle drives northward from
Texas to the railroad at Dodge City. The following is quoted from “The
Chisholn Trail and other routes,” by T. U. Taylor, pp. 183-186, I'rontier
Times, Bandera, Texas, 1936.

‘All the former references have dealt with experiences on the trail
while going north. Many of the cowboys had individual thrills on the re-
turn trip. Some of them became broke in Abilene and Dodge City and had
to hobo it back to Texas. There was Robert T. Hill, now the great geologist.
In 1877 he arrived in Dodge City with the Holmsley herd from Comanche.
Once he stated that one side of the street in Dodge City was built up with
rather high-toned business houses, while on the other side the saloons,
gambling houses, and painted women were thick.

Some way or some how, at the end of two days, Robert T. Hill found
himself flat broke, with not a cent in his pocket and Comanche, Texas,
some five hundred miles away. A train load of cattle was leaving Dodge
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City for St. Louis, and he made arrangemenis with the owner of the cattk
to make the tiip for his board. His duties were to punch the cattle with
sharp stick whenever they tried to lie down. At every station some steer;
would lie down and endanger their lives by being trampled to death. Thers
were several bovs whose sole duty was to slay awake and let no steer li
down. The trip from Dodge City to St. Louis was through the states o
Kansas and Missouri. He arrived in St. Louis flat broke, hungry and dirty
but with plenty of pride. He visited a relative and was welcomed to hi:
home. This uncle said, “Bob, you had better hand your Aunt Ellen you:
money purse or wallet so she can keep it safe for you while you are ir
St. Louis.”

“] had no wallet, no purse, and no money; so I promptly replied,
left my purse in the stockyards.’ [ left the stockyards in Dodge City.”

He soon pulled away for Texas, beating his way on the trains. When he
had to quit one train, he struck a job for his meals. He saw a man float
ing cross ties out of a lake or stream. He applied for the job, and here the
greal scientist spent hours with a long pole, hooking, snaring, and drag
ging cross ties from the water out on the bank. '

The freight train finally reached the Ozarks, and Hill was hungry:
he appealed to a farmer for work and was assured by the farmer that
good hand was needed to cut up corn. The “cut up corn” followed the
custom of .the North and East. Hook knives with Jong handles were used
Each stalk of corn was grasped with the hand above the ear, and the hool
knife cut the. corn.about two inches from the ground. A good cutter coulc
cut about a dozen hills and collect them_in the crook of his left arm. These
were taken to the center of a square about forty feet on the sides, or six
teen rows each way. This would make some 250 stalks in a shock. Here
the tops were tied together, and they were permitted to stay here until latc
fall. The embryo_geologist and cowboy._cut up corn for a full week for -
Missouri farmer, before he started again.

Farther down the road he landed a job as a section hand on the rail
road. His special duties were“to help pump the old hand car from the stor
ing bin to the place of work. It was up grade and down grade. He had
force that hand car to the place of work for the day.

On another occasion he crawled into a lumber car that had shingle:
on top. He crawled in early and went to the back of the car. Later abou
thirty or forty tramps crawled into the same car. Some time before day
light a brakeman suddenly appeared in the car with a lantern and a sis
shooter and made every man in the car shell out every cent he had. Bu
then he let them go back to sleep. It was highway robbery at the muzzle
of a six shooter.

At last he arrived on Texas soil at Denison, dead broke and hungry
Here, with others, he waited for a box car. He crawled in and went to sleet
with the intention of jumping off at Dallas. He awoke in Waco, where he
janded as a boy several years before; and again, for the second time, he
was in Waco flat broke, and to this day he cannot remember how he go
to Comanche.’

Robert Thomas Hill was born in August 1858 in Nashville, Tennes
see, where he spent his childhood. In 1873, at the age of 15, he went tc
Comanche, Texas, where he worked on the newspaper “The Comanche

80





Chief” for 8 years. As a representative for the newspaper he traveled to
many places, one of which was Dodge City as related above. Hill began to
study the abundant fossils that occur around Comanche, thus starting his
career as a geologist. He left Comanche in 1881 for Ithaca, New York,
where he enrolled at Cornell University in 1882 and graduated in 1886.
He then joined the United States Geological Survey and published his first
work in 1886. In 1888 he helped to establish the Texas Geological Survey
and for a short while was an assistant professor of geology in the State
University while still working for the United States Geological Survey. He
returned to Washington in 1892 and worked on the geology of Texas, Mex-
ico, Oklahoma, Kansas, West Indies, and Central America. The majority
of his 148 publications are on the Cretaceous system of these areas.

in 1903 he resigned from the Survey and became a consuiiing geologist
in New York until 1910 or 1911 when he moved to Los Angeles. He re-
mained here until 1931 and then went to Dallas, Texas, where he was a
feature writer for the Sunday edition of the “Dallas Morning News.” He
continued to publish geologic articles on a wide variety of subjects, with
his last article appearing in 1937.

He died on July 28, 1941 and his ashes were scattered over Round Moun-
tain, Comanche County, Texas, the place from which he began his geo-
logical career. More detailed biographical data is given by Thomas Way-
land Vaughan’s “Memorial to Robert Thomas Hill” in the Proceedings of
the Geological Society of America, Annual Report for 1943, p. 141-168,
plate 5, April 1944.

Grain Size in Silica Sand for Glass Manufacture

Not many years ago writers on glass manufacture were critical of
Oklahoma silica sand; not account of its chemical composition, but because
of its smaller particle size as compared with sand from other sources. As
if to prove the old adage among scientists “What is true today may be
false tomorrow,” now research on glass refining as reported in the August
(1958) issue of the Glass Industry (p. 435-6) has shown that “decreasing
the sand grain size increases the number of seed formed but shortened the
batch-free time, increased the rate at which a particular size of bubble
disappeared, increased the average size of seed, and so the rate of refining,
and also improved the homogeneity of the melt. As a result, well-refined
and homogeneous glass was produced most quickly by using the finest
sand.” Perhaps Oklahoma glass makers have known this all along.

A L. B

Oil and Gas Field Map

A map showing the oil and gas fields of Oklahoma was issued in early
1958 by Research Oil Reports, Oklahoma City. Oil fields in green, gas
fields and highways in red are printed over a black base showing county
lines, public land divisions, towns, cities and names of fields. The map
called Oil-Road Atlas is 32 x 44 inches, a convenient size for desk or wall
display, and is on a scale of one inch equals 10 miles. L. J.
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SOME PROBLEMATICAL FOSSILS
CarL C. BrRANSON

Conical fluted bodies have been found in Pennsylvanian rocks at a
few scattered localities, and these have been generally referred to the genus
Conostichus. The genus was described by Lesquereux (1876, p. 142} from
a single specimen which he considered a marine alga. The synonymy of
the genus is as follows:

Conostichus Lesquereux, 1876, Indiana Geol. Survey, 7th Annual Re
port, p. 142.

Conostichus Lesquereux, 1880, Penn. Geol. Survey, Report of Prog
ress P1, p. 15, 16, 16, 899, and explanation of Plate B (p. 1 in Atlas).

Conostychus Lesquereux, 1880, same, p. 14, 883, 933.

Conostychus Lesquereux, 1883, Indiana, Dept. Geology Nat. History
13th Annual Report, p. 34-35.

The genotype by monotypy is Conostichus ornatus Lesquereux, 1876
The synonymy of the species is:

Conostichus ornatus Lesquereux, 1876, Indiana Geol. Survey, 7th An.
nual Report, p. 142-144, pl. 1, fig. 6.

Conostichus ornatus Lesquereux, 1880, Penn. Geol. Survey, Report of
Progress P 1, vol. 1, p. 17, Atlas pl. B, fig. 4.

Conostychus ornatus Lesquereux, 1883. Indiana Dept. Geology Nat
History, 13th Annual Report, p. 35, pl. 2, fig. 5.

Conostychus ornatus Lesquereux, Lesley, 1889, Penn. Geol. Survey
Report of Progress P 4, p. 143, text figure.

The type locality was given as “a sandstone bed of the coal measures
between coal No. 1 and No. 2 of the Illinois Geological Reports, or the
stratum No. 5, in section p. 230, vol. 5, of the same report.” The bed i
clearly not Bed No. 5 (a limestone, Seville?), but Bed No. 4, in the Liver
pool cyclothem, basal part of the Carbondale group, below the Colcheste:
coal. The locality is on Walnut Creek, Rock Isand County, Illinois. Lesquer
eux mentioned that other and larger specimens were in the collection of the
Illinois Geology Survey.

The species was described as a series of six successive layers increas
ing in size, divided into short lobes apparently coming like rays from the
smallest disk, which is divided into equal wedge-like segments. The speci
men was illustrated with smallest disk upwards and the lobes were showr
as alternating in position in the second and third layers, serial in the las
three. The smallest disk is divided into ten equal wedge-like segments
lobed at the outside, and there is a circular inner core.

ExPLANATION OF PLATE

Ficre 1. Fluted cone. A specimen from the Coffeyville formation near Berryhill
Oklahoma. Collected by Jack Hood.

Ficure 2. Lateral view of same specimen.

Ticure 3. Constricted type of fluted cone, lateral view. Collected by Jack Hoos
from the Holdenville formation.

Ficure 4. Basal view of same specimen.

Ficure 5. An Indian head, Lateral view of a broken compound fluted cone fron
the Coffeyville formation.

Ficure 6. Lateral view of a cylindrical form with paired rows of nodes. Holden
ville shale, Tulsa.

Photographs by Dr. Thomas W. Amsden; all natural size.
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In 1880 the specimen was shown (pl. B, fig. 4) with small end down
and the lobes were shown more or less in series throughout. The 188
figure (pl. 2, fig. 5) is a crude reproduction of the 1880 figure. The speci
men was described as composed of ‘superposed layers increasing in widt]
from the base upward, and regularly lobate diverging from the basal disk

The species is utterly unlike any of the forms subsequently describes
and referred to the genus, and those species are here removed fron
Conostichus.

No second specimen of this general type was described until Stou
(1956, p. 31, figures 1-2) illustrated specimens with lobate basal disk, bu
without lobate annular layers. His specimens came from Pottsville shale
below the Quakertown coal in Scioto County, Ohio, a bed commonly be
lieved to be equivalent to part of the Aioka formaiion.

King figured like lobate discs (1955, pl. 1, figs. 3-4) from the Hickor:
Creek member of the Platisburg formation, Johnson County, Kansas, an
established the species as genotype of a new genus of medusoids, Duodeci
medusa. He described a second species of the genus from the Lower De
vonian of Bolivia, and a third species from the Calhoun shale of Green
wood County, Kansas.

Masters found an excellent specimen (Branson, 1956, p. 23) in thi
shale between the Reading and Elmont limestones, Emporia formation, it
Lincoln County, Oklahoma. The specimen is like the illustrated specimen o
Lesquereux’ genotype in that there is a twelve-part basal disk succeeded b
Jayers with plate-like lobes. It differs in that there are 12 lobes in eacl
layer and the specimen is nearly cylindrical. A poorly preserved specimer
from a sandstone in Kansas City, Kansas, is in the University of Oklahom:
collections, and a lobate basal disk from the Hogshooter limestone nea
Bristow, Creek County, Oklahoma, is also in the collections.

- Conostichus ornatus and the Lincoln County specimen are alike in hav
ing serial plate-like lobes in annular sequence, but the lobes in C. ornatu.
may alternate in the first three rows. King’s specimens, Stout’s specimens
-and - possibly -the-Hogshooter specimen are related to each other. Lesque
reux and White believed the genus to be algal in nature, and Stout (1956
thought it a fresh-water or brackish water plant.

An occurrence of Conostichus ornatus was found by Jack G. Blythe
in the Atoka formation (NW14 sec. 10, T. 17 N., R. 19 E., Cherokee Coun
ty, Oklahoma) in a roadcut on Oklahoma Highway 51 in a sandstone abou
40 feet above the base of the formation. Two specimens, neither well pre
served, are in the collection. They have a twelve-lobed basal disk, abovi
which are layers of plate-like structures arranged in series and piled so a:
to form a cone and to present a scalloped outer edge. One specimen show:
12 layers in the cone. The specimens occur with more numerous specimen:
of the fluted cones of the broadheadi type and with subeylindrical bodie:
which seem to be made up of phosphatic pellets. .

Lesquereux in 1880 described two additional species, C. broadhead
and C. prolifer, both from the sandy clay below the Bluejacket sandstone
He redescribed these in 1883 (p. 34-35) and White expanded the descrip
tion (1899, p. 12-13). C. prolifer is a synonym of C. broadheadi, being n
more than a succession of specimens cupped one within another, a type o
occurrence which is uncommon, but observed at many places. The cone
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invariably lie with pointed end down and there are as many as four stacked

specimens (Greene, personal communication).

(Conostichus) broadheadi Lesquereux 1880 Penn. Geol. Survey, Report of
Progress, P, vol. 1, p. 15-16, pl. B, figs. 1-2. From shale below the
Bluejacket sandstone, Savanna formation, Krebs group, Desmoinesian.
Shale slope above Warner sandstone bluff in SW14 sec. 5, T. 35 N,
R. 32 W., Vernon Co., Mo. White (1899, p. 12) refers to his plate 2,
figure 4 as an example from Arkansas, but p. 314 states that figures
3-5 are of the same specimen.

(Conostichus) prolifer Lesquereux 1880 Penn. Geol. Survey, Report of
Progress, P, vol. 1, p. 16, pl. B, fig. 3. Same locality and horizon as
C. broadheadi. Other specimens from an unspecified locality and hori-
zon in Kentucky. The species 1s obviously a series of specimens cupped
one in the other, a type of occurrence recognized frequently. The spe-
cies is here referred to the synonymy of C. broadhead:.

A specimen was found by Richard Alexander in the Savanna shale
below the Bluejacket sandstone near Eufaula, Oklahoma. This specimen
has four raised striated bands extending from the point to the four sides
of the broad part of the cone. Frank Greene reports finding (letter of May
14, 1954) cupped specimens and notes that A. C. Carpenter has found a
similar form in the Muncie Creek shale west of Kansas City. This writer
found poorly preserved specimens in the Atokan on the slope of Horse
Ridge northeast of Alamogordo, New Mexico.

Mr. Jack Hood of Berryhill, Oklahoma, found thousands of specimens
in the Coffeyville shales near Red Fork. As boys, he and his friends col-
lected them and called them Indian heads. Specimens with a broken side
look in profile like a chief in war-bonnet. The specimens he collected vary
from simple cones to multiple cones, a few have tubes, and the cones are
of all shapes and with all types of longitudinal flutings and grooves. The
occurrence is in layers through some 50 feet of shales, probably near the
top of Oakes’ Zone 1 (1952, p. 58).

Conical forms of this type are clearly not referable to Conostichus
since they lack the lobate basal disk and are not segmented. They are ir-
regularly fluted, and some consist of a small simple basal cone expanding
suddenly into a fluted larger upper part. The specimens illustrated by Stout
are like them excepting in the presence in Stout’s specimens of a lobate
basal disk. The fluted cones and Stout’s specimens occur in the non-marine
portion of cyclothems. Fossil wood and A4sterophycus but no other organ-
isms, have been found in association. King’s specimens, the Lincoln County
specimen, and the Hogshooter specimen were in beds with abundant ma-
rine invertebrates. '

Pogue and Parks (1958) reported upon fluted conical pits in the basal
sandstone of the Waldrip shale (Wolfcampian) of Brown County, Texas.
These marks had been considered amphibian tracks, but the authors show
that a tube leads from below into the conical opening, and they conclude
that the features are burrows of marine worms. These specimens are be-
lieved to be the reopened molds of the burrows, whereas the fluted cones
of the breadheadi type are sand casts of the burrows.

Specimens of similar form were called “roots of Buthotrephis” by
Hall (1852). The specimens are from the Clinton group in Oneida County,
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New York. They were named by Chadwick (1918) as follows:

Roots of Buthotrephis? sp. Hall, 1852, pl. 7, fig. 2: Conostichus?
medusa Chadwick 1918, p. 342, 366. Sanquoit beds.

Roots of Buthotrephis Hall, 1852, pl. 10, figs. 9, 10: Conostichus?
polygonatus Chadwick 1918, p. 342 366. Sanqumt beds.

Root of a marine plant, Hall 1852, p. 25, pl. 10, fig. 4: Conostichus?
circulus Chadwick 1918, p. 366.

None of these species is believed to belong to the genus Conostichus,
but they are quite probably worm burrows.

Mr. Hood has recently found a new locality and has collected fluted
cones from it in a zone in the Holdenville shale. His specimens range from

rntembad Aubad annn 19 1Ll
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above a'constriction into broad fluted cones. His collection includes spe(:1-
mens of a cylindrical unrelated form which has a rounded base and is
marked longitudinally by five pairs of nodose ridges. One specimen pene-
trates diagonally the upper part of a fluted cone. Dr. L. R. Wilson and the
writer visited Hood’s Holdenville locality and in a little over an hour col-
lected the following:

53 fluted cones, only one of which was paired, none retained the pointed
end, and none was cupped in another
8 constricted cones, only two complete
108 cylindrical specimens with paired nodose ridges
23 worm casts
2 annular trails of worms (7)

No marine organism was found, and our collection represents the total
megafauna. Dr. Wilson has found spores and woody tissue in insoluble
residues from within the cylindrical bodies, a normal occurrence in a pit
filling. The fossils occur in gray shale with siltstone and sandstone layers
through a zone about six feet thick below a sandstone member. The localltv
is on Interstate Highway 44 in the cuts west of Sheridan Avenue in the
center of SE14 SE1/ sec. 22, T. 19 N,, R. 13 E., Tulsa County.

Dr. R. M. Kosanke has lent two specimens from the Illinois Geological
Survey collections {No. 8689). The specimens are labeled Conostichus
broadheadi, Lower Coal Measures, Rock Island County, Ilinois. One has a
tape fastened to it which reads “S 15-T 8 R 7 Worthen” ('7) The two
specimens are clearly of the broadheadi type. The larger is 80 mm in
diameter, 48 mm high; the smaller is 72 mm in diameter, 60 mm high.

The history of work on these problematic organisms is indeed a
humorous one. Lesquereux repeatedly misspelled his own generic name.
Marple (1956) placed the topotype locality in Pennsy]vama White wrote
erroneously of an Arkansas specimen. Marple gives the wrong date for the
genus. Lesquereux erred in his data on the stratigraphic level. Authors
variously have referred to the forms as roots of Buthotrephis, stems of
Asterophycus, sponges, jelly fish, worm borings, algae related to Aceta-
bulariae, and the resemblance of some specimens to cone-in-cone is evi-
dent. Even Andrews (1955, p. 135), who spells the generic name correctly
and wisely lists the genus as incertae sedis, places the locality as Indiana.

A comparison of size may be of some value.
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height breadth

Conostichus ornatus 3.5 cm 4.0 cm
(specimens four times as thick said to have been seen).
(C.) broadheadi 5.0 cm 8.0 cm
Stout’s specimen 14.4 7.4
Coffeyville specimens 2.3-5.9 2.4-4.8
Holdenville cones 3.5-5.7 3.8-:9.5
Duodecimedusa typica 5.0 2.8-3.0
D. wycherleyi ' 0.2 1.0-1.1
D. ulrichi 0.6 3.3-3.4
pentamerous cylinders 3.0-6.0 1.9-2.2

The pentameral symmetry and 12- part symmetry of the cvlindrical

ALL FELE LTS

Holdenville form and ‘of Conostichus ornatus and the suppoqed jellyfish
suggest’ echinodermal affinities, but some of the -occurrences are in fresh-
water deposits. The fresh-water specimens are not likely to be algae nor
can they be jellyfish.

It is possible to state at this time that the genus Conostichus has but
the one species, C. ornaius; that some of the marine specimens may be
medusoids; that some of the types are probably burrows of marine worms.
Close examination of specimens in place in the rock and of the associaled

biota is necessary to a real understanding of these four similar types of
fossil.
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Spring Meeting of the Oklahoma Academy

of Science

The Spring Meeting of the Oklahoma Academy of Science will be held
at Camp Egan about 10 miles east of Tahlequah, Oklahoma, on Friday,
Saturday and Sunday, May 1-3, 1959. This meeting 1s primarily a field
meeting and all members of the Academy and others interested in any
phase of science are urged to attend. According to the constitution, the
arrangements for this meeting shall be the responsibility mainly of the
chairman of Section A (Biological). The members of the committee in
charge of arrangements this spring are Dr. Doyle McCoy, Chairman, of

Fast Central State College, Dr. Cecil Williams of Phillips University and
Dr. David Kitts of the University of Oklahoma.

Field trips are being planned for those interested in Botany, Zoology,
Entomology, Birds, Geology, Geography, Conservation, etc. Programs are
being arranged for Friday and Saturday evenings in which the field trip
leaders will speak and outline the biological and physical features of the
areas to be visited the next day. All who are interested in the geology of
the area may hear Dr. George G. Huffman on the Friday evening program
and accompany him on the field trip on Saturday. Dr. Huffman has di-
rected many masters theses in this part of northeastern Oklahoma and all
who attend will find the trip very worthwhile.

The details concerning the total program, meals and accommodations
at Camp Egan will be mailed to all members of the Academy and publi-
cized in newspapers by April 1st. Mark this date on your calendar and plan

to attend.

E. L. Lucas, President

Second Deepest Hole in the World in Elk City
Field, Beckham County

Louise JorpaN

Shell 0il Company’s deep test (No. 5 Rumberger C SWi4 sec. 16, T.
10 N., R. 21 W.), in the Elk City Field of Beckham County, Oklahoma,
drilled to a depth of 24,002 feet is the second deepest hole in the world.
It ranks second after the Phillips Petroleum No. EE-1 University, a dry
hole drilled into the Ellenburger to 25,340 feet in Pecos County, Texas.
Shell’s test exploring for deeper production was spudded July 12, 1957
and drilling was completed October 4, 1958, a total of 450 days. Drilling
of this deep venture was apparently accomplished without any great time-
consuming difficulties but did demonstrate the need for advances in tech-
nique and equipment for such tests. Various types of diamond bits were
used to drill from 20,250 to 23,953 feet and two 25-foot cores were cut
from 23,953 to 24,004 feet with recoveries of 88 and 100 percent respec-
tively. These are the deepest cores ever recovered ( Petroleum Week, vol. T,
no. 19, Nov. 7, 1958, p. 27).

The Rumberger test is on the southwest flank of the elongate and nar-
row northwest-trending Elk City anticline. Oil and gas-condensate produc-
tion is obtained from arkose sand conglomerate (granite wash), Missourian
in age, between the depths of 8,800 and 10,300 feet in an area about eight
and one-half miles long and three miles wide. The gross productive section
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in the Elk City Field is approximately 1,500 feet thick with a net average
of about 100 feet. These 100 feet represent a total of eight productive zones
and there is no well in which all zones are productive. The deep Rumberger
test is about 200 feet lower than wells at the crest of the anticline based on
a structure map contoured on an electric log marker within the Missourian
sequence near the middle of the productive section.

The Permian Quartermaster formation crops out at the surface, and
in the No. 5 Rumberger (elevation: 2,019 feet), Permian rocks are pene-
trated to a depth of 6,480 feet where the top of the Pennsylvanian Virgilian
series is placed. The depths below surface of Pennsylvanian series are re-
ported as follows: Virgilian, 6,480 feet; Missourian, 8,275 feet; Desmoi-
nesian, 10,630 feet; Atokan (tentative), 12,215 feet; Morrowan (tenta-
tive), 17,142 feet; Springeran (tentative), 21,475 feet. At 22,048 fcot, the
lithology changes from the sandstone and shale section above to a cal-
careous shale or marlstone which was penetrated to total depth. This lower
section is thought to be most probably Mississippian in age. Some geolo-
gists believe that those rocks called Springeran are also Mississippian.
Thus the thickness of Pennsylvanian rocks penetrated is either 14,995 or
16,468 feet depending on placement of Mississippian boundary. At any
rate the Pennsylvanian-Mississippian boundary is considerably lower in
the column than that commonly reported in published literature and based
on information obtained from the Continental No. 1 Proctor (sec. 28, T.
10 N., R. 20 W.), total depth, 14,582 feet.

Shell Oil Company has tested Springeran sandstones without obtain-
ing commercial production. In February of 1959, the well was plugged
back to 14,965 feet and testing of possible productive zones in rocks below
the present producing reservoirs of the field is now proceeding.

Citation of References to Periodicals

Geologists have spent hundreds of hours searching in libraries for
references incorrectly or incompletely cited. This expenditure of time is
unnecessary and the author who. forces his colleagues to waste their time
in such manner is either careless or inconsiderate. An author should re-
member that his citation may be used by a Chinese, a Spaniard, or a Rus-
sian and it may be used a hundred years after his time. He should express
his citation with exactness and in an international form.

An example is:

Bulletin of the State Geological Survey of Kansas. The scientist can
look in the library under Bulletin, under State, under Geological Survey,
and still find ro such card entry. The correct citation is:

Kansas, State Geological Survey, Bulletin.

The difficulty is compounded when the citation is of a journal in an
unfamiliar language, such as: Trudy Geol. Inst.

This citation should read: Akademiia Nauk SSSR, Geologicheskii In-
stitut, Trudy.

One author cited: Journal of Geology (Kiev).

This journal is Akademiia Nauk Ukrainskoi RSR, Instytut geologii,
Geologichnyi Zhurnal.

Some of the difficulty arises from transliteration of languages not in
the Latin alphabet or from translation to other languages. A recent author
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rendered “Akad. d. Wiss. d. Ud SSR.” The actual citation is of Akademiia

Nauk SSSR. Institut Geologicheskikh Nauk, Trudy.

We must have some standards and the following are used by the Okla-
homa Geological Survey.

1. Transliteration of non-Latin alphabets. Use the system of the Li-
brary of Congress. Cards showing the system are available from that li-
brary for a small charge.

2. Form of citation. In general use form of the Union List of Serial
Publications and the List of Serial Publications of Foreign Governments.
Use the present title of the serial or cite the present form in parenthesis
after the title of the time of the reference. For instance,

Russkoe paleontologicheskoe obshchestvo (Vsesoiuznoe paleontologich-
eskoe ohshchestvo) | Ezhegodnik.

Oil Weekly (World Oil).

3. Abbreviations

Use U. S. Geol. Survey, Suggestions to authors of the reports of the
United States Geological Survey, Fifth Edition, 1958, p. 111-122, excepting
use Amer. for American, agri. for agrlcultural pub] for pubhcatlon(s)
and in general do not abbreviate non-English words.

4. Form of citation in list of references.

Cite all references in the order and with punctuation as given.

Name of author, surname first, comma, initials or full given name if the
author uses only one, but avoid confusion in such cases as Williams,
James Steele and Williams, James Stewart by giving full name.

Initials are followed by comma and year, then comma.

Title of article, initial letter and initial leters of proper names capitalized
(use no abbreviations other than those used by author) ; followed by
colon.

Periodical name, given as in Union List.

Examples: Bureau of Geology [Oklahoma], Bulletin

Psyche (Cambridge Entomological Club)
Denmark, Kommision for ledelsen af de geologii i geografi
undersggelser i Grgnland, Meddelelser om Grgnland

The name of the publishing organization is set off from the title of
the journal by a comma, and the particles of the citation are separated by
commas (unlike style of U. S. Geological Survey).

Example: Amer. Assoc. Petroleum Geologists, Bull., vol. 27, p. 86-88.

The words standing for volume, part, page, plate, figure are rendered
in English. All numbers are in Arabic numerals. Page and pages are ab-
breviated p.

A proper citation enables a scientist to proceed directly to the card
catalog of the library and to find the journal without further trouble. An
author owes his colleagues the courtesy of a complete and accurate citation.

C. C. B.

90





A Method of Determining a Useful Microfossil
Assemblage for Correlation
L. R. WiLson

Palynological studies are well suited to utilize statistical methods in
stratigraphic correlation. The minute sizes of spores and pollen permit
fossilization of complete structures in many more deposits than is probable
for larger organisms. Their great abundance and their dispersal by wind
and water make them common fossils in most sedimentary deposits.

The problems of sampling and analyzing palynological assemblages
have received considerable attention in the writings of Erdtman (1931),
Bowman (1931), Barkley (1934), Wilson (1946), and Taegri and Otte-
stad (1949). In the analysis of a palynological sample the number of
spores and pollen grains that must be identified and counted to obtain a
sufficiently reliable count for correlation has been placed from 100 to 1,800
by various authors. Two factors appear in the problem of correlation.
These are the number of similar species and the composition of the fossil
assemblages. A fossil assemblage must also be recognized as representing
only that biota which was preserved, and that it may not accurately re-
flect the palececology from which it came.

Palynologists are now generally agreed that the average sample will
be sufficiently analyzed if between 150 and 200 grains are counted. In strati-
graphic studies involving many thousands of feet of samples, one frequent-
lv encounters strata that contain several score of species and a count of
two hundred grains does not appear to be sufficient to secure a reliable
spectrum for the sample. In other instances one or two species may be
exceedingly abundant and when only two hundred fossils are counted, the
less abundant species may not be recorded in the assemblage. In order to
secure a graphic evaluation of the assemblage, the following method may
be used to determine the number of grains that should be counted for cor-
‘relation purposes. The method- proposed is here called a species-stratum
curve in contrast to the species-area curve long in use by plant ecologists
(Cain, 1938, Rice and Kelting, 1955). Whereas the species-area curve
utilizes quadrat areas for comparison of species assemblages, the species-
stratum curve is concerned with volume of sedimentary rock from specific
stratigraphic positions. The construction of the graph is similar to the
species-area curve except specimens replace guadrats on one axis of the
graph. In practice the ploited curve trends upward as the number of spe-
cies observed increases with additional counted specimens and continues
thus until the number of species in the assemblage is nearly exhausted;
then the curve flattens strongly. At this point in the flattening of the curve,
tew additional species will be added regardless of the number of speci-
mens counted (Fig. 1). This point in the counting has been referred to as
the “break-off point” and it is usually the practical stopping place for the
correlation of palynological assemblages. In Fig. 1 the “break-off points”
are indicated at A, B, C, D, and E for five palynological assemblages and
vertical dashed lines are drawn downward to the number of specimens
counted for each.

Several mechanjcal factors that control the rise of the curve may be
noted. (1) If the entire count is made from one microslide, there tends to
be fewer species recorded than if the count is made from several micro-
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slides. (2) More species are observed while using the high magnifications
of the microscope. (3) Microslides that are thinly spread with microfossils
permit the distinction of more species. (4) Method of sample preparation
usually determines the abundance of the microfossils and similar methods
should be used wherever possible when comparing fossil assemblages.

Some intrinsic factors in the study of fossil assemblages are the type
of lithology and speed of sediment deposition in which the preservation
took place. Assemblages with an abundance of species, but with few indi-
viduals of these species, require larger counts than assemblages containing
fewer species and moderately abundant individuals of each. If the assem-
blage contains a few exceedingly abundant species with others that are
scarce, large counts are also required in order to overcome the masking
affect of the few.

Species — Stratum curves
of five palynological assemblages
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Figure 1

The five palynological assemblages shown in Fig. 1 illustrate a num-
her of the factors mentioned above. The Porter, Oklahoma, coal is a 19-
inch Pennsylvanian bituminous deposit that contains 21 species of spores.
This coal has been studied as four segments of a channel sample and the
“break-off point” in each occurs between 100 and 150 specimens. The
stratum used in the illustration had its “break-off point” at 175 specimens.
No more species were recorded in the next 90 specimens.
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The species-stratum curve of the Brandon, Vermont, lignite shows a
strong flattening at 100 specimens and no more species were encountered
in the next 100 specimens. This deposit, according to Traverse (1955),
contains a fossil spore and pollen flora of 76 species. The small sample
from a single stratum examined by the writer contains only 15 species.

The Greenfield, Massachusetts, Pleistocene peat deposit contains a
total of 25 observed species. In the stratum illustrated in Fig. 1, 11 species
are present and the curve flattened at 125 specimens. In the vicinity of the
Greenfield peat deposit the living flora consists of nearly 300 species of
vascular plants.

The fossil assemblages of the Como, Colorado (Cretaceous) coal and
Bauxite, Arkansas (Eocene, Wilcox) coal are much richer in species than
the other assemblages. The Como species-stratum curve fattened at 150
specimens, but the Bauxite species-stratum curve did not reach the “break-
off point” until the 350 specimen count. Ames (1951) reported 44 species
of spores and pollen in the Como deposit. The Bauxite fossil spore and
pollen flora consists of more than 100 species in a one-foot core sample
studied by the writer. A one-inch stratum from the core contains 44 species.

The Bauxite palynological assemblage is an example of a fossil biota
of many species with relatively few individuals of each, the Greenfield
assemblage suggests fewer species with relatively greater number of indi-
viduals of each, and the Porter assemblage has a predominance of indi-
viduals of a few species. '
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Re: Shale for Lightweight Aggregate

When sampling a shale outcrop to determine the bloating properties
of the shale it would be well to remember that the greater the ratio of
ferrous iron to ferric iron the greater the probability of a satisfactory
bloat. This is the gist of an address by W. Arthur White at the Mid.
America Minerals Conference during October 1958. He calls attention to
the fact that outcrops are weathered and the iron content of the shale has
oxidized but if the weathered material is stripped away the unoxidized
material of most of the samples examined was found to be self-expanding,
that is, needed no additive. In other words, bring in unweathered material

only. _ A. L. B
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Generic Assignment of Some Fossil Clams
Carr C. BransonN

Two papers appeared in January which affect classification of im-
portant Oklahoma fossils. In one of these Wilson (1959) follows the his-
tory of the naming of Allorisma King and shows that the genus is an
objective synonym of Edmondia de Koninck; both genera being -based
upon Hiatella sulcata Fleming 1828 (Sanguinolaria sulcata=Allorisma sul-
cata—=Edmondia sulcata). Accordingly Wilson suppresses Allorisma and
establishes the generic name Wilkingia, a name apparently contrived from
the given name and family name of William King, for the shells long called
Allorisma. The genotype is Venus elliptica Phillips, 1836; the species
which King identified as Aliorisma suicaia. Curiousiy, Girty tendercd the
generic name Allerisma, a more correct form from a classical point of
view.

Some species in the Oklahoma area and elsewhere which must now
be transferred are:

Allorisma costatum Meek and Worthen = Wilkingia costata (Meek
and Worthen)
Desmoinesian: Il]., Ohio, Jowa, Okla., Mo.
Allerisma terminale Hall = Wilkingia terminalis (Hall}
Desmoinesian: Kansas, Okla.
Allorisma walkeri Weller = Wilkingia walkeri (Weller)
Batesville sandstone, Arkansas
Allerisma neglectum Girty = Edmondia neglecta (Girty)
Batesville sandstone, Arkansas
Allorisma subcuneatum Meek and Hayden, 1858 = Wilkingia sub-
cuneata (Hind, 1900, p. 418 incorrectly placed in synonymy of
A. maxima (Portlock).
Allorisma? albequus Beede 1907 = Edmondia albequus
Doe Creek sandstone, Oklahoma
Allorisma chouteauense Branson, 1938 = Wilkingia chouteauensis
Chouteau limestone, Missouri
Allorisma snideri Elias, 1957 = Edmondia snideri
Goddard fm., Oklahoma
Allorisma maynardwhitei Elias, 1957 = Edmondia maynardwhitei
Goddard fm., Oklahoma
Allorisma girtyi Elias, 1957 = Edmondia girtyi
Batesville sandstone, Arkansas
Allerisma wyomingense Branson, 1930 = Wilkingia wyomingensis
Phosphoria formation, Wyoming
Allorisma rothi Newell 1940 = Wilkingia rothi
Dozier dolomite and Doe Creek member, Whitehorse sandstone

It further appears that many species referred to Allorisma do not be-
long to Wilkingia. A. geinitzi and A. costatum, for instance, have features
unlike those of the genotype.

In the same journal, Ramsbottom (1959} discusses the American
genus Caneyella Girty in its relationship to Posidoniella de Koninck and to
Posidonia Bronn. The author separates these genera as follows:
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Posidoniella de Koninck 1885

Genotype Inoceramus vetustus Sowerby 1829

Umbo terminal, hinge edentulous

P. vetusta (Sowerby) 1829

P. variabilis Hind 1879

Caneyella wapanuckensis Girty (part) fig. 9
All other .species referred here are more probably species of Posidonia,
a name for which the name Posidonomya was illegally substituted.

Posidonia Bronn 1828
Genotype Posidonia becheri Bronn 1828
Restricted to noncostate species with umbo centrally placed on short hinge-
line.
P. becheri Bronn 1828
P. corrugata Etheridge
P. obliquata (Brown) 1841
P. insignis (Jackson) 1927
P. gibsoni Salter 1862
Caneyella wapanuckensis (part), figs. 6,7, 11

Caneyella Girty 1909
Genotype Caneyella richardsoni Girty 1909
Restricted to costate and a few non-costate species with long hinge-line
and with umbo towards anterior end.
C. richardsoni Girty 1909 _
C. membranacea (McCoy) 1855 new comb., Ramsbottom
C. nasuta Girty 1909—referred to C. membranacea
not C. vaughani Girty—referred to Posidonia becheri
C. semisulcata (Hind) 1897, new comb., Ramsbottom
C. rugata (Jackson) 1927, new comb., Ramsbottom
C. multirugata (Jackson) 1927, new comb., Ramshottom
C. percostata Girty 1909
C. hopkinsi (Weller) 1897 = Posidoniella? hopkinsi

It would seem inadvisable to suppress Girty’s C. nasuta as a synonym
of €. membranacea without comparison of specimens. These forms are
known only from crushed specimens.

The papers referred to are:

Wilson, R. B., 1959, Wilkingia gen. nov. to replace Allorisma for a
genus of Upper Palaeozoic lamellibranchs: Palaeontology, vol. 1, part 4,
p. 401-404, pl. 71, figs. 1-7.

Ramsbottom, W. H. C., 1959, Distinctions between the Carboniferous
lamellibranch genera Caneyella, Posidonia, and Posidoniella: Palaeontol-
ogy, vol. 1, part 4, p. 405-406, pl. 71, figs. 8-15.
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Fort Smith Geological Society Announces
Field Trip

The newest geological society of this region has announced that it
will sponsor a field trip in the western Arkansas gas area April 30 to May
2, 1959. Registration will be in the lobby of the Ward Hotel in Fort Smith
from 2:30 to 6:00 P. M. on Thursday, April 30. A banquet is scheduled at
7:30 at Fort Chaffee Officers Club; to be followed by short talks by Nor-
man F. Williams, B. W. Miller, and James H. Quinn.

The first day’s trip will be led by Dr. James H. Quinn of the Univer-
sity of Arkansas and will be to illustrate his material on buried structures
of the Boston Mountain region. The second day’s trip; leader, Charles S.
Bartiett of Guif Oil Corporation, is on structure and stratigraphy of the
southwest Arkansas Valley province.

Room reservations must be made with the Housing Committee, Fort
Smith Geological Society, Box 1037, Station A, Fort Smith, Arkansas, and
must be .made and paid for by April 27. Cost of the trip, including regis-
tration, guidebook and two field lunches will be $13.00.

Covered Wagon Geologist

The University of Oklahoma Press has announced publication of the
autobiography of Charles N. Gould under the above title. Gould was the
first teacher of geology at the University of Oklahoma, where he taught
from 1901 to 1908. He served as geologist on the Territorial Department
of Geology and Natural History, and became State Geologist in 1908 when
the Oklahoma Geological Survey opened its doors. From 1911 to 1924 he
was engaged in petroleum exploration, and from 1924 to 1931 was again
State Geologist.

During his long career he published 261 papers on geologic subjects.
His interests were extremely wide, as is shown by a sampling of titles of
his published. papers, “The Oklahoma salt plains,” “Geography of Okla-
homa,” “Geology of natural gas,” “Radiate structure of sand barite crystal
masses,” “The usefulness of the useless,” “My friend Glyptodon and his

als.”
- The book is sponsored by the Oklahoma City Geological Society. It
contains 272 pages, and is available at a price of $4.00.
C. C. B.
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Early Days of the Geology Librafy

Recently Mr. Jack Dickey, Geology Librarian, found a manuscript in
the files of the Geology Library. It is in three drafts, one of which is
labeled “Dr. Gould’s final copy.” The manuscript and accompanying photo-
graph are original records of the first years of the University and of the
Survey. Gould appears to have written the material in 1924 or soon after-
ward, The title of the paper would seem to have been intended to read
“History of the Geology Library.” The paper and the photograph are
printed here to give permanent availability to some notes of the first pro-
fessor of geology at the University who was also geologist on the Terri-
torial Natura! History Survey 110011908, first State Geologist 11908.

1911), and State Gedlogist in the most active era of the Survey (1924.-
1931). In so far as can be determined the paper has not been printed

elsewhere. C. C. B

In June 1900 when I came to the University of Oklahoma to organize
the Department of Geology, there was only one building, in the center of
a 40-acre campus. This building stood just west of the present Chemistry
Hall. At that time there were eight members of the faculty, namely,
David R. Boyd, president; Edwin DeBarr taught chemistry; J. S. Buchanan
carried history; J. F. Paxton had ancient language; Fred S. Elder, mathe-
matics; V. L. Parrington, English and French; A. H. Van Vleet, all the
biological sciences; and Grace King (Mrs. J. D. McGuire) taught music
and elocution. George A. Bucklin was registrar and secretary to the presi-
dent, and Maud Rule (Mrs. C. C. Roberts) was librarian. The University
Library contained about 3,000 volumes.

Five young men came to the University in 1900, namely, L. E. Cole,
in psychology; W. H. Matlock, for modern languages; L. M. Upjohn, to
start the medical school; J. W. Sturgess, ancient languages, in place of Pro-
fessor Paxton who had leave of absence to travel in Europe; and Charles N,
Gould in geology.

There were no class rooms for geology, no books, no specimens, no
apparatus, nothing but a young chap fresh from the University of Nebraska
to attempt to carry on the work. After a few weeks on the campus with the
permission of President Boyd, I brought from my home at Winfield, Kan-
sas, my private library consisting of about 100 volumes, chiefly govern-
ment publications, including reports of the United States Geological Survey
and of the Bureau of American Ethnology. The University paid the freight
of these books. There was no place to display them and they were piled on
the floor in the corner of a room.

After some months, and as the result of considerable persuasion on
my part, President Boyd authorized the University carpenter, Frank Flood,
to build wooden shelves to hold these books. They were displayed in the
office of Professor Van Vleet, head of the Department of Biology, where
I was permitted to have a desk. These book shelves are shown in the ac-
companying photograph taken (I believe) in the fall of 1901. To this
small beginning, from time to time, I added other books including some
textbooks, a few state reports, and a number of government publications.
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This library was totally destroyed by fire on January 3, 1903, at which
time practically everything of a scientific nature which I possessed went up
in smoke. The fire started in a basement room in the night. To this day no
one knows how it was started. I had been working in that room until 10
o’clock that night. When the fire was discovered about midnight, all that
part of the building was in flames. When the building burned, 1 lost every-
thing I had—my diplomas, my specimens, my library, and my lecture notes.

The next year after the fire a building, now known as the Science
Building located on the North Oval, was erected to house the science de-
partments. In this building geology occupied the top floor, and one room
was set aside for a library. President Boyd assisted me in soliciting books
from all available sources. Funds were scarce in those days and very few
volumes could be purchased, but we secured, largely through the efforts of
the Oklahoma delegate in Congress—Dennis T. Flynn—a number of pub-
lications from the various scientific departments in Washington. These
reports dealt chiefly with Oklahoma and surrounding regions. We also
solicited reports of state geological surveys, especially from Texas, Kansas,
Arkansas, Missouri, Iowa, Kentucky, Illinois, Indiana, and West Virginia.

About this time we also began to accumulate textbooks and reports on
water supply, a subject in which I had become interested. I spent three
summers—1903, 1904, 1905 in covered wagon in western Oklahoma, the
Panhandle of Texas, northeastern New Mexico, and southeastern Colorado
securing data for the Bureau of Reclamation. These data were published
in Water Supply Papers 148, 154, and 191 of the United States Geological

Survey.

The Department of Geology grew and classes became more numerous.
As additional subjects were added other men were employed as assistants—
E. G. Woodruff, Frank F. Grout, and Chester A. Reeds. As these men came
to teach, additional volumes were added to the library.

In 1908, I was appointed Director of the Oklahoma Geological Sur-
vey. Dr. D. W. Ohern, a graduate of Johns Hopkins University, took over
the work of the department, and a year later Charles H. Taylor from the
University of Chicago came as his assistant. Both of these men brought
with them certain volumes, and the library in the top floor of Science Hall
began to assume respectable proportions.

In 1920, the present Geology Building was occupied. Professor J. B.
Umpleby was then head of the department, and the departmental library
was moved from Science Hall to its present location in the Geology Build-
ing where it has since remained.

In 1908, during the governorship of Charles N. Haskell, I was ap-
pointed State Geologist by the State Geological Commission consisting of
Governor Haskell, A. Grant Evans, President of the University, and E. D.
Cameron, Superintendent of Public Instruction. During the time of the
meeting of the Constitutional Convention in 1906-7, T had seen to it that
a provision was included 'in the constitution for the establishment of a
Geological Survey and I wrote the law passed by the first legislature
vitalizing this constitutional provision and providing for the administration
of the Survey.

By this time, the University had grown to such size all of the rooms
in all buildings were occupied and there was no room on the campus for
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housing the Geological Survey. I rented rooms in two small residences near
my home on West Apache Street opposite the present McFarlin Memorial
Church, where for two years I carried on the work of the Survey. Again
it was necessary to start a geological library. This time it was not quite so
difficult for now we had something to offer in exchange. In the meantime I
had become a member of the Geological Society of America, the American
Institute of Mining Engineers, the American Mining Congress and other
scientific bodies, and had made friends and acquaintances among the geol-
ogists throughout the United States. It was the policy of the Survey to
publish as much material on Oklahoma as possible. My motto was to sup-
ply people of Oklahoma as much information as possible at the lowest
possible cost and the shortest possible time. I contacted by letter the greater
number of State Geologists and Heads of Departments in Universities in
America, as well as some in other parts of the world, and arranged for
exchange of publications. Ours, of course, were chiefly in the lap of the
future, but a number- of the men to whom I wrote responded generously
and sent their published works in considerable quantities. We established
a mailing list for future volumes and I again endeavored to build up for
the third time, a library of geology on the campus of the University of
Oklahoma.

In the meantime, a second fire had destroyed the main building on the
campus in which was housed practically all of the departments except the
sciences. Some wooden buildings were soon erected just west of the present
Administration Building to serve as temporary structures to house some of
the departments, and one of these was assigned to the Geological Survey.
The Department of Geology still occupied the top floor of Science Hall.
I brought the books from the buildings on Apache Street to the new wood-
en building on the campus, where the library occupied one room. It con-
sisted very largely of reports of the various state surveys in this country
along with a goodly number of government reports, especially those of the
United States Geological Survey, the Bureau of Mines, the Bureau of
American Ethnology, the Reclamation Service, the Department of Agricul-
ture, and such other bulletins as related to scientific subjects.

In October of 1911, I resigned my position as director of the Geo-
logical Survey to engage in private practice, Dr. D. W. Ohern was ap-
pointed my successor and carried on the work of the Survey. For a time
the Survey was located in the basement of Carnegie Library, now the Edu-
cation Building, In 1920, it was moved to the Geology Building where it
has since remained.

Type Locality of Earliest Known Oklahoma Fossil
Carr C. Branson
In the Notes (vol. 18, p. 180) the locality from which Goniatites

choctawensis Shumard was collected was quoted from Shumard as “on

the farm of Mr. J. Blackburn, in the Choctaw Nation.” Dr. A. M. Gibson
of the University of Oklahoma Division of Manuscripts found that no such
name as J. Blackburn appears on the tribal rolls. Mr. R. H. Dott, who
was Director of the Oklahoma Geological Survey for 17 years, took a keen
interest in the history of early exploration. He wrote, after seeing the
Note, that he has a print of “Military Map of Indian Territory” by Lt.
E. H. Ruffner, published in 1875 and that it shows a “Mrs. Blackburn’s”
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about 20 miles east and 6 miles north of Limestone Gap. Dr. Gibson lent
me a copy of the map from the Phillips Collection and as nearly as can
be determined Mrs. Blackburn’s house is near the present village of Weath-
ers in southeastern Pittsburg County. '

In Girty’s redescription of Goniatites choctawensis (U. S. Geol. Sur-
vey, Bull. 377, 1909) he notes the occurrence of the species at six localities.
One of the better localities is Station 2047, blue shale and limestone con-
cretions, north of center of sec. 16, T. 3 N_, R. 18 E., in creek bed. This
locality is about 10 miles northeast of Weathers. Locality 2078 is equally
oood and is about 10 miles west of Weathers (from concretions in black
shale in lower part of Caney shale, near center of sec. 4, T. 2 N, R. 15 E.,
where small run crosses chert ridge).

M rvciderine tha nmeartainte af lanatinn af tha Rlasnkhiirn nlare and tha
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probability that the collections were made at a distance from the house, it
seems likely that this is the Blackburn farm meant and that the type local-
ity of Goniatites choctawensts is in southeastern Pittshburg County or south-
western Latimer County in Johns Valley shale.

Associated species at Locality 2047 are {(Girty, 1909, p. 9) : Gastrio-
ceras caneyanum. and Canevella nasute; at Locality 2078: Caneyelle wapa-
nuckensis, C. nasuta, C. richardsont, C. percostata, Orthoceras caneyanum,
O. crebriliratum, O. indianum, Gastrioceras caneyanum, Girtyoceras. mes-
lerianum, Trizonoceras lepidum. Either of these faunules accords with that
of the Delaware Creek member.

Propane Storage in Shale, Seminole County,

Oklahoma

Louise Jorpan

Construction of a 110,000-barrel underground storage facility for pro-
pane in Seminole County was completed in the middle of July 1955 for
Sinclair Oil & Gas Company. The location of the underground cavity was
determined by the economic and geological requirements that the cavern
be (1) sufficiently close to Sinclair’s No. 13 Gas Products Plant, and (2) in
an area relatively condemned for oil exploration, uncomplicated by faults
or fractures where a non-porous limestone to be used as a roof at a depth
of over 250 feet is underlain by a shale preferably over 20 feet in thick-
ness and devoid of sandstone or other porous strata.

A tentative location, SW14 NW1j sec. 9, T. 8 N,, R. 7 E., was se-
lected for detailed geological study by core drill. In all, six core holes
were drilled and cored into the Nellie Bly shale; electric logs were made.
Hole No. 6 was cored with 334-inch bit from a depth of 10 feet to 339
feet, total depth, and some sections were cored in the other five tests. The
location satisfied the requirements for an underground propane cavity in
that (1) the Belle City limestone, argillaceous and dense, varying in thick-
ness from 11 to 13 feet, has 2,68 to 5.4 percent porosity and practically
no permeability; (2) a massive 40-foot bed of shale underlies the lime-
‘stone at a depth ranging from 276 to 345 feet; (3) no faulting is present;
(4) the location is less than five miles from No. 13 Gas Products Plant
in an area practically condemned for oil production.

Rock sections encountered in three core tests (Nos. 1, 5 and 6) are
:illustrated in Figure 1. Test No. 1 is 650 feet from the west line and 350
feet from the south line of SW14 NW14 sec. 9. Test No. 5 is 50 feet north-
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Ficure 1. Diagrammatic sketch of underground propane storage facility mined in shale of Nellie Bly formation

showing correlation of three core test and electric log in one test.
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west of No. 1 and No. 6 is 50 feet northwest of No. 5. The Vamoosa for-
mation, Early Virgilian in age, crops out at the surface. Cores from test
No. 6 indicate that red shales are present only in the upper portion. The
lower portion of the Vamoosa consists of interbedded medium- to fine-
grained sandstone and gray shale. Pebbles of limestone, cherty limestone
and chert occur at various positions within the formation and at the base
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of the formation in five core tests. In test No. 6, the hole was not cored
from 190 to 210 feet, and it seems probable that a chert conglomerate is
also present but was not obtained in samples. Tanner (1956, p. 92), de-
scribing the Vamoosa in Seminole County, states that chert cobbles in the

abondoned

/‘ oil well

i2" shaft

o | 2

feet

Frcure 2. Plan of underground propane storage facility of Sinclair Oil & Gas Com-
pany, SW14 NW1{ sec. 9, T. 8 N,, R. 7 W., Seminole County, Oklahoma.
O location of core hole.

lowest 100 feet of the formation increase in diameter from a maximum of
three inches in T. 6 N., to a maximum of seven inches in T. 11 N. Near
the Wewoka Brick and Tile Company shale pit about 1,200 feet north of
U. S. Highway 270, sec. 11, T. 8 N,, R. 7 E., Tanner (1956, p. 154) de-
scribes a conglomerate with chert pebbles up to four inches in diameter,
and an undulatory contact with the underlying Hilltop formation exhibit-
ing about 12 feet of relief in the distance of 50 feet. Parts of cores taken
by a 334-inch bit could be a part of a cobble.

The Hilliop formation, overlain by the Vamoosa formation, ranges in
thickness from 96 feet in test No. 1 to 104 feet in test No. 6. It consists
of gray thin-bedded shale containing thin beds of fine-grained calcareous
sandstone in the upper part and becoming calcareous in the lower pait.
The Belle City is described as a gray-brown fossiliferous limestone with
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thin interbeds of calcareous shale. The underlying Nellie Bly formation
consists of over 40 feet of gray calcareous shale, in part fossiliferous,
resting upon about 10 feet of gray fine-grained shaly sandstone.

Conventional mining methods and equipment were employed by Fenix
and Scission, Inc., Tulsa, to form a modified room-and-pillar mine for
storage of propane. The shaft was located where the Belle City limestone
is nearest the surface at 308 feet (585 feet above sea level) in the area;
was sunk to a depth of 335 feet (558 feet above sea level); and floored
with concrete after 26-foot high drifts or tunnels had been started. (A piec-
ture of the headframe above the shaft where the 42-inch casing was ce-
mented after excavation iy on the cover of the January 1959 issue of the
Shale Shaker.) Nellie Bly shale was excavated to form the storage cavern.
Drifts were cut along the strike and downdip from the mine shaft as shown
by the plan of the cavity (Figure 2). Height of the tunnels ranges from
15 feet at the western edge to a maximum of 28 feet at the eastern edge;
average width of tunnels is 8 feet. The highest part of the cavity is at the
location of the 42-inch shaft. A 14-inch well was drilled through the Belle
City limestone 150 feet north of the main shaft and 12-inch casing set to
allow installation of a standby pump. Pipe strings of 8%-inch diameter
with foot valves at the bottom were run into both the 42-inch and 12-inch
casings. The foot valve opens when the pump is set in place and closes
when it is necessary to pull the pump. Pump pressure of 200 pounds per
square inch at the gasoline plant’s storage tanks transfers the propans
from the tanks into the underground cavity and two 4- by 7-inch deep-
well type centrifugal pumps remove it for shipment. Liquefied propane
under 150 pounds-per-square-inch pressure is stored in summer and with-
drawn in winter to meet market demand. This method of storage is rela-
tively new and only a few such cavities have been constructed in the United
States.

ReFERENCES: Oklahoma City Geol. Soc., 1955, Highway geology of
Oklahoma: Oklahoma City Geol. Soc. p. 82. Oklahoma City Geol. Soc.,
1959, Cover Comments: Shale Shaker, January, vol. 9, no. 5, p. 1. Oil and
- Gas Journal, 1954, Sinclair nears completion on 110,000-barrel mine for
LPG: Oil and Gas Journal, June 14, 1954, vol. 53, no. 6, p. 100.

Tanner, W. F., 1956, Geology of Seminole County, Oklahoma: Okla.
Geol. Survey, Bull. 74, 172 p. 9 pl., 20 fig.

Some Available Publications

Several geologists have recently found copies of C. W. Honess’ report
on “Geology of the southern Ouachita Mountains of Oklahoma” on second-
hand book dealers shelves. These were variously priced at $3.50 to $5.00.
This fine bulletin is Oklahoma Geological Survey Bulletin 32, printed in
1923 with funds subscribed by geologists of the State. It is not out-of-
print, but can be obtained from this office for sixty cents, postpaid.

The organization called Bureau of Geology was founded by C. W.
Shannon when Jack Walton closed the Oklahoma Geological Survey (1923-
1924). In its brief career it published Bulletin 2, “Geology of the Stone-
will quadrangle,” by George D. Morgan; Circular 2, “Boggy unconform-
ity and overlap in southern Oklahoma,” by George D. Morgan; Circular 3,
“Geology of southern LeFlore and northwestern McCurtain Counties, Okla-
homa,” by C. W. Honess; and Bureau Monthly, vol. 1, no. 1. Neither Bulle-
tin 1, nor Circular 1 was issued, and the monthly died with its first num-
ber. Bulletin 2 is obtainable at this office for $1.10 and the two circulars
are ten cents each. C. C. B.
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The Geology of the Ouachita Mountains
A Symposium

On March 20 and 21, after the annual meeting of the American As-
seciation of Petroleum Geologists, a highly important field trip was held
in the Ouachita Mountains. Dr. Lewis M. Cline of the University of Wis-
consin was leader and the field trip committee had arranged for many of
the geologists who had worked in the Ouachitas to be there and to partici-
pate in the discussions. Some of these contributors were H. D. Miser, Bruce
Harlton, Thomas E. Hendricks, Maxim K. Elias, Allan M. Bennison, Rich-
ard B. Laudon, Horace Griley, Richard Laudon, William D. Pitt, William
E. Ham,  C. W. Tomlinson, Peter T. Flawn, August Goldstein, Berton J.
Scull. Contributions to the discussion were by Walter H. Bucher, Marland
Billings, John Maher, and others. The trip was excellently arranged by
Dan E. Feray, William J. Hilseweck, William B. Heroy, Philip F. Oetking
and many others of the Dallas Geological Society and the Ardmore Geo-
logical Society.

A symposium volume was issued with the guide book. The volume of
208 pages and 17 maps and cross sections contains 17 original articles pre-
senting latest data on Quachita Mountain problems. The book represents a
significant contribution to understanding of the geology of this complex
area. The editors and others who helped them deserve most high praise
and many thanks from all geologists.

The symposium volume contains 16 geologic articles. In his chapter,
Dr. Tomlinson presents evidence against low angle overthusts and fensters,
discusses the exotic boulders, and speculates on the age of the oldest rocks
in the core area and of the Stanley and younger beds.

Flawn presents a regional concept of Ouachita structural relationships
and concludes that orogeny began in Mississippian time and persisted at
places into late Permian. H. D. Miser outlines evidence for presence of
fensters, attributes the exotic boulders to submarine landslips from fault
scarps, discusses metamorphism and vein quartz occurrences. Thomas A.
Hendricks summarizes the evidence for low angle thrusting and dates the
movements as Atokan to Middle Pennsylvanian, and possibly as late as
Early Permian. B. J. Scull writes of mineralization and dates the emplace-
ment of the igneous rocks and minerals as early Upper Cretaceous.

William E. Ham points out that the Bigfork, Polk Creek, and Middle
Arkansas are like their Arbuckle Mountain equivalents. He contrasts thick-
nesses of units in the Arbuckles and Ouachitas and concludes that the
Oklahoma Quachita area was not geosynclinal in pre-Stanley time. Wil-
liam D. Pitt summarizes his evidence for interpretation of the core area
in Oklahoma as an anticlinorium and gives his conclusions regarding the
Arkansas core area. Charles E. Decker, in a posthumous paper, the cor-
rected copy of which was received one week before his death, summarizes
the graptolite faunas of the Ouachitas.

August Goldstein, Jr., gives an account of his petrographic work on
the sandstones and concludes that there were Ordovician and Mississippian
geosynclines in the mountains. Carl C. Branson attempts to fit Ouachita
late Paleozoic stratigraphy into the regional pattern. Richard B. Laudon
gives his interpretation of relationships to McAlester Basin strata. Bruce H.
Harlton modifies and redefines his earlier concept of the Round Prairie

106





and Prairie Mountain formations and introduces the new name Game
Refuge formation for the upper unit of the Jackfork group.

Maxim K. Elias describes the conodont faunas of Mississippian for-
mations. He describes the new subgenus Harltonodus, four new species
and one new subspecies. Scull, Glover and Planalp present a detailed de-
scription of Atoka sedimentation, classify the main area of deposition as
geosynclinal, and conclude that the source area was to the east. Cline and
0. B. Shelburne compare the Stanley-Jackfork-Johns Valley-Atoka siquencs
to flysch. They describe the formations and present their conceptions of
correlation and age. Their discussion of the ¢xotic boulders is the most
complete of any presented heretofore. C. C. B.

Gypsum as an Oxidizing Agent

A1BERT L. BURWELL

Gypsum an oxidizing agent? Yes, it is under certain conditions. The
essential conditions are the presence of an oxidizable material and a tem.-
perature sufficiently high to enable the reaction to take place. To illustrate:
it may be assumed thai gypsum dissociates as follows:

C&SO4.2H20 — Ca0 + 2H20 4+ SOg + 0
and that the oxygen is consumed by an oxidizable material also present.
If the oxidizable material is a reduced sulfur compound such as pyrite,
then the reaction might take place in this manner:
ZFGSQ + 20 — FCQE;; + 503

In the glass industry advantage is taken of the oxidizing property of
gypsum, and of other sulfates, to control the color of the product. For
example, it is known that the natural amber color of glass is due to the
presence of iron sulfide (FeS) and that to produce an emerald green col-
ored glass most of thic sulfur must be oxidized. Also, it should be noted
that the batch prepared for melting often contains carbon even though
gypsum is another batch ingredient the carbon being added to reduce
pyrite (Fe32) to ferrous sulfide (FeS), thereby obtaining amber color
tending toward the red rather than toward the green. The INCongruous use
of both a reducing and an oxidizing agent in a batch can be explained by
the fact that the reducing agent, carbon, is consumed before the dissocia-
tion of the oxidizing agent, gypsum, takes place. A similar situation exists
when both sulfur and gypsum are ingredients in a batch.

Another advantage in glass manufacture obtained from the use of gyp-
sum lies in its aid as a “fining agent,” that is, its aid in producing a clear
seed-free product. The whole subject of oxidation and fining through the
use of gypsum in the glass batch is treated in “Gypsum in Glass” by
Tooley, Hopkins, and Hamilton. This pamphlet is published by the United
States Gypsum Co., 300 W. Adams St., Chicago, IIi.

Of course, depending npon one’s viewpoint, it might be contended
that gysum is not really an oxidizing agent but instead is itself reduced
through the agency of sulfur or sulfides or of carbon or reducing gases.
This would be more reasonable where gypsum or other calcium sulfate is
substituted for limestone in the manufacture of portland cement, thereby
yielding sulfur dioxide rather than carbon dioxide as a byproduct. In this
case the reducing agent is finely ground coal or coke although it is claimed
that hydrogen, water gas, or other hydrocarbon material may be used. The
main reduction is obtained at about 1100°C whereas the sintering to yield
cement granules is done at about 1450°C. The gases leaving the kiln con-
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tain about 10 percent SO: with minor amount of oxygen. Therefore, the
proper amount of air is introduced and the S0, converted in the usual
menner to S0z, then to sulfuric acid.

Perhaps it would be better to say that in both the manufacture of
olass and the manufacture of portland cement where gypsum is a batch
ingredient, reactions take place involving oxidation and reduction.

Our main purpose in discussing the question is to again call attention
to the diverse uses of gypsum and anhydrite and the fact that Oklahoma
possesses tremendous quantities of high quality material waiting to be
utilized.

First Production in Custer County, Oklahoma

Macnolia Petrolenm Company has determined the character of its
gas discovery in the Hunton limestone at the No. 1 Miller (SEl, NWi4
sec. 22, T. 15 N, R. 16 W.) in Custer County. Gas flowed in a test from-
Hunton limestone perforated at 14,383 to 14,472 feet at a rate of 7.2 mil-
lion cubic feet daily and from a lower zone in the Hunton at 14.773 to
14,818 feet at a rate of 8.4 million cubic feet daily. After light acid treat-
ment, open flow potential was 95 million cubic feet of gas daily. This is
the first commercial production for the County and also is one of the few
wells to penetrate Arbuckle limestone in this part of the State. Previous
deep Silurian-Devonian production had been found in Caddo County by
Denver Producing and Refining in discovery of the Cogar Field, sec. 16,
T. 10 N., R. 9 W., where, establishing the world’s deepest producing rec-
ord in 1948, Hunton produced gas at 14,550 feet. Chester (Mississippian)
rocks were reached at 11,792 feet, Woodford (late Devonian) at 14,258
feet, Hunton (Silurian-Devonian) at 14,386 feet, Sylvan (Ordovician) at
14,823 feet, Viola at 14,920 feet, Simpson at 15,420 feet, dolomite at
15,850 feet and Arbuckle from 16,072 to 17,000 feet, total depth.
’ Shallow wells, 1,000 feet or less, were drilled in Custer County as
early as 1920. In 1923, a well reached the depth of 4,212 feet in the
northeast corner of T. 15 N., R. 15 W., but it was not until 1951 that a
deep test over 9,000 feet was drilled in the County. The well, No. 1 New-
comb in sec. 10, T. 13 N., R. 16 W., was deepened in 1953 by Parker
Drilling Company to 13,589 feet. High pressure caused a blowout of gas
and condensate during coring from sandstones believed to be Morrowan
(Early Pennsylvanian) in age. This was the first definite evidence of pos-
sible hydrocarbon production for the County. Drilling difficulties resulted
in junking and plugging of the hole. Huber Corporation in its well just
one 40-acre location to the south is testing currently at 11,710 to 11,786
feet.

Three deep tests were drilled in T. 15 N., R. 16 W, in the three-year
period 1953-1955. Parker No. 1 B. Miller {(C NE14 SW14 sec. 22, a 40-
acre location south of the present discovery), penetrated Upper Missis-
sippian rocks to a total depth of 11,973 feet in December, 1952. Magnolia
drilled the No. 1 W. W. Jones to 11,672 feet in sec. 24 in 1955, but in
1954, drilled the No. 1 F. Jones (C SE14 SEY4 sec. 22), which was com-
pleted as a low-capacity gas well in Springeran sandstones, and was tem-
porarily abandoned in 1956. Historically, this well must be considered the
first production for the County, but the new well is the first commercial
well and production is from a new zone for the area, the Hunton limestone.

L. J.
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Rock for Portland Cement Manufacture

“Lack of uniformity in portland cement is an important cause of non-
uniform concrete strengths. That there are large differences in the strength-
producing properties of cements from different sources is well known,
although not as generally taken into account in concrete control as it should
be. That significant differences, above specification minima, occur for dif-
ferent shipments from the same mill has not been generally recognized.”

This_quotation is taken from “Variations in Portland Cement” by
Stanton Walker and Delmar L. Bloem in recent publication No. 76, Na-
tional Ready Mixed Concrete Association.

It is not difficult to understand that cements from different mills pro-
duce different quality concreie since the raw material (rock) used by each
mill is bound to be different. Differences in quality of concrete mixed from
cement produced by a certain mill is not so easily understood. According
to Nathan C. Rockwood in the September (1958) issue of Rock Products
“the timeworn alibi that there are so many variables in making and plac-
ing concrete that one can seldom pin some defect on a single factor—the
kind of coarse aggregate, fineness modulus of the sand, even the water-
cement ratio, etc., is no longer an entirely satisfactory answer.”

Of course, the rock used by any particular cement mill is not uniform
in composition. Generally, its composition varies both laterally and with
depth. Limestones are generally stratified, with each stratum differing from
every other one. Some strata are relatively thick, and others relatively thin.
It seems evident that the procurement from a quarry of a batch charge
exactly like any previous or future charge is not likely. Therefore, in order
to obtain uniform cement, dependence must be placed upon chemical analy-
sis of each bath and proper blending. Further, a petrographic examination
of each batch of raw material might uncover mineralogical changes in the
rock. If the mineral composition and chemical composition are constant,
some factor other than the rock used in the cement manufacture must be
responsible for differences in the finished concrete. A. L. B.

New Oklahoma Topographic Maps

In April 1958 the Notes carried an article on new topographic map-
ping in the State (vol. 18, p. 71-72). Progress on such maps has been and
is rapid. Coverage on the 1:250,000 scale is now complete and sheets of
the entire State are obtainable. The names of these sheets are Dalhart,
Perryton, Woodward, Enid, Tulsa, Clinton, Oklahoma City, Ft. Smith, Law-
ton, Ardmore, McAlester, Wichita Falls, Sherman, Texarkana.

The old 1:125,000 series has not been added to since 1909, yet they
are the largest available scale of topographic mapping in all or large parts
of 30 quadrangles.

The 1:62,500 (15-minute series) now has 57 published sheets and 55
in progress, scheduled, or authorized. The 1:24,000 (7%-minute) series
has 85 published sheets and 50 sheets being prepared. Complete coverage
divided into 7Y%-minute areas would require 1,219 sheets. Of this area the
equivalent of 502 sheets is now covered by completed or planned modern
mapping on a scale of 1:62,500 or greater. Conspicuous for complete lack
of topographic maps at a scale greater than 1:250,000 are the Oklahoma
panhandle and the adjacent counties, Harper, Ellis, Woodward, and Woods.

C. C. B.
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A Water-Miscible Mountant for Palynology
L. R. WiLson

Mounting media used in palynological studies include Canada balsam,
Diaphane, Euparal, glycerine jelly, polyvinyl alcohol, corn syrup, HEC
solution, and others. The first three mentioned require dehydration of the
fossil preparation either by a series of alcohols and xylol or other solu-
tions. The remaining several mountants are water-miscible and all, except
HEC solution which has been recently described by Jeffords.and Jones
(1959), have been in use for a number of years.

In palynological work it is desirable to use mountants that harden
auickly, do not discolor, form bubbles, crack, crystallize, and are not af-
fected by heat. The microslide preparations also must be permanent and
should not require special temperature or moisture storage facilities. Clear-
col is such a mountant, and though it has been known for many years, it
seems to have escaped the attention of palynologists. Recently it has been
subjected to a number of tests in the Oklahoma Geological Survey paly-
nology laboratory and has proven superior to all other mounting media in
common usage. Clearcol is a liquid with a refractive index of approxi-
mately 1.4 and consists of a mixture of plastics and solvents which on dry-
ing becomes a clear non-crystalline solid. Earlier descriptions of Clearcol
have been given by Zuck (1947, 1959). In 1947 Zuck reported that fungi
in the collections of the Bureau of Plant Industry that had been mounted
in Clearcol were in excellent condition after 18 years.

The Clearcol slide-making schedule that has proved satisfactory is as
follows: (1) Lay out alcohol-cleansed slides and cover glasses on the lab-
oratory table. (2) Pour several cubic centimeters of aqueous palynological
preparation into a watch glass and place it under the low power of a
microscope. (3) Spread a thin film of Clearcol on a cover glass leaving a
1/16th to 34 inch of glass margin around the edges. (4) Revolve the
watch glass under the microscope to concentrate the microfossils and with
a slender pipette withdraw a small drop of the preparation. (5} Transfer
the drop to the Clearcol film and with a glass rod thoroughly but gently
mix. Do not let the solution reach the edge of the cover glass. (6) Place the
cover glass on a slide-warming table or in an oven with a temperature
not above 40° C. Drying will be completed in about 20 minutes and the
preparation will be hard. The fossils should be resting in contact with the
cover glass and not suspended in the mounting medium. (7) Invert the
cover glass and place it preparation-side down in a drop of Canada bal-
sam, Diaphane, or Bio-plastic. The narrow margin about the Clearcol
mountant will now be occupied by the balsam, etc., and will become an
effective sealant. (8) Place the slide on a warming table or in an oven for
ap}()irozlcimately one hour and then cool the slide if it is to be immediately
studied.

While testing Clearcol, it was found that too rapid drying occurs if
the temperature of the oven is warmer than 40° C. Minute cracks develop
around the edges of the preparation. Bubbles may develop if the prepara-
tion is stirred vigorously. Fresh spores and pollen that have been fixed in
acetic acid can be mounted directly into Clearcol and Bismark brown ap-
pears to be one of the best stains for spores and pollen mounted in this
medium. The speed of hardening, permanence, and transparency make
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Clearcol nearly ideal for the palynologist. It may be secured from H. Wil-
lard Clark, 33 South High Street, Melrose 76, Massachusetts.
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Quicksand

A stratum of quicksand halted progress on a tunneling operation near
Grand Rapids, Minnesota. Attempts to stabilize this sand by means of
grouting failed, and soil-solidification chemicals were resorted to, with
very satisfactory results. The process is called the Joosten process after a
Dutch mining engineer who developed the method.

The process is carried out in two steps. First, an almost saturated solu-
tion of sodium silicate (water glass) is forced into the sand under pres-
sure. This is immediately followed by a strong saline solution, usually cal-
cium chloride, which reacts with the silicate to form a gel that fills the
spaces between the sand particles, cementing them, and effecting a com-
plete seal. The pressure will have driven the water back, and on release
the gel prevents the return of the water. '

The particulars of this tunneling operation, together with more com-
plete information on the process, its good points and its limitations are to
be found in the February issuz of Industrial & Engineering Chemistry
(1959). The reader will undoubtedly think of other applications for this
process. A.L.B.

Permian Sea-Scorpion From Oklahoma

CarL C. Branson

A recent paper by Kjellesvig-Waering in which he reclassifies the
eurypterids (sea-scorpions) recalls the lone representative of the group
known from Oklahoma. The specimen was found and described by C. E.
Decker as Eurypterus oklahomensis. Dr. Decker and I sought for the
specimen in the paleontology collections, but ‘were unable to find it. The
locality was given as “near Red Rock.” Dr. Decker told me that the spot
is 1Y% miles southeast of Red Rock, Noble County, in a ledge near the
road on the slope of a small hill. It is possible that the locality from which
L. R. Wilson and I collected plants last fall is Decker’s locality.

Decker had overlooked the paper in which C. O. Dunbar had described
Eurypterus (Anthraconectes) sellardsi from beds of comparable age in
Kansas. The Oklahoma specimen is now regarded as belonging to that
species and the species is referred to the genus Adelophthalmus. This
genus, described by Jordan and Meyer in 1856, is placed in the family
Hughmilleriidae, the only eurypterid family which survived the Devonian.

The Permian has provided to date only Adelophthalmus chinensis
Grabau (L. Permian of Chihli, China), A. sellardsi (Dunbar) , A. douvillei
(DeLima) from Portugal, and the bizarre Campylocephalus oculatus
(Kutorga) from near the city of Perm in Russia.
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The Oklahoma specimen was collected from a gray fine-grained sand-
stone in the Wellington formation. This level is the fourth Fallis sandstone
as mapped by Roger L. Billings (1956), who figures the locality (Figure
18). The fossil bed is a channel fill at the base of the sandstone and above
the underlying dolomite and greenish gray shale.
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Status of Survey Publications

Bulletin 79. Petrography of Pennsylvanian sandstones and conglomerates
of the Ardmore Basin, by Lynn C. Jacobsen. In press.

Bulletin 80. Geology of Harper County, Oklahoma, by Arthur J. Myers,
with a section on petroleum geology of Harper County, by Louise
Jordan, J. Durwood Pate, and Sydney R. Williamson. 108 pages, 20
figures, 3 plates, 1 panel, 4 tables. February, 1959. Bound in blue
cloth, $4.00, in paper, $3.00.

Bulletin 81. Geology of Creek County, Oklahoma, by Malcolm C. Oakes,
with a section on petrolenm geology, by Louise Jordan. In' press.
Bulletin 82. Stratigraphy and paleontology of the Hunton group in the
Arbuckle Mountain region. Part V. Bois d’Arc articulate brachiopods,
by Thomas W. Amsden, December, 1958. 110 pages, 5 plates, 18 fig-

ures, 2 tables. Bound in blue cloth $2.25, in paper $1.50.

Bulletin 83. Geology of Pawnee County, by Paul B. Greig. Ready for the
press.

Bulletin 84. Stratigraphy and paleontology of the Hunton group in the
Arbuckle Mountain region. Part VI. Stratigraphy, by Thomas W.
Amsden. In press.

Circular 47. The Atoka formation on the north side of the McAlester
Basin, by Jack G. Blythe. In press.

Circular 48. Geology of northern Latimer County, Oklahoma, by Dearl T.
Russell. Ready for the press.

Circular 49. Microflora of the Flowerpot shale, by L. R. Wilson. In press.

Mineral Report 36. Mineral industries of Oklahoma in 1957 and 1958, by
Peter Grandone, L. E. Edwards, and William E. Ham. March 24,
1959. 24 pages. $0.25.

Guide Book VII. Guide to Robbers Cave State Park and Camp Tom Hale,
]éy Dearl T. Russell. 23 pages, 2 plates, 12 figures. December 1958.

0.60.

Guide Book VIII. The composite interpretive method of logging drill cut-
tings, by John C. Maher. In press.

Guide Book IX. Guide to Roman Nose State Park, by Robert O. Fay. In
press.

Guide Book X. Guide to Beavers Bend State Park, by William D. Pitt. In

preparation.
Guide Book XI. Lexicon of Oklahoma stratigraphic names. In preparation.
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Color Transparencies of Microfossil Species
Types and Typical Specimens

During the past two years the palynological laboratory of the Okla-
homa Geological Survey has been assembling a collection of 35 mm color
transparencies of microfossil species types and typical specimens. These
illustrations consist of spores, pollen, hystrichosphaerids, chitinozoans, and
other microfossils. Because color transparencies are excellent illustrations
and are conveniently handled, they have become an important part of the
Survey microfossil depository. The photomicrographs are made at various
magnifications and focal levels in order that the morphological features
can be studied as projections. The microscopes used in the photography
are ihe Leiiz Ortholux and the Zeiss Photomicroscope. Two or more -illus-
trations are usually made of each specimen and at present the collection
consists of several hundred transparencies.

These illustrations are used for quick comparison of study materials
with type specimens. It is anticipated that these transparencies may be of
interest to other investigators and they will be loaned since microslides
containing species types are not permitted outside of the laboratory. Copies
of the 35 mm color transparencies are also available by exchange or pur-
chase. These can be secured from the Oklahoma Geological Survey and will
cost one dollar each. A list of the present available transparencies can be
secured from the Geological Survey. The list will be revised periodically.

L. R.W.

Censorship on Water Resources in Israel

Nigev is the Hebrew word meaning “dry land” or “Southland”. Today
it designates the arid southern half of the State of Israel. In ancient times
it applied to a broader area stretching from the foothills of Judea and
Edom (in present Jordan) to the confines of Egypt proper in the “Wilder-
ness of Shur” and reaching through the “Wilderness of Pa’ran” into that
peninsula which became known as Sinai only in post-biblical days. What-
ever its precise boundaries, the Negev is the only land bridge connecting
Africa and Asia.

The Geological Survey of Israel issued Sheet 19, the ’Arava Valley
Quadrangle Series A, the Nigev. The report, consisting of 66 pages writ-
ten in English by Yaacov K. Bentor, Geological Survey of Israel and He-
brew University and "Aqiba Vroman, also of the Survey and of the Institute
of Technology (Technion), was published in Jerusalem in 1957 by the
Government Printer. It is the 78th contribution from the Geological Survey
and includes geological and structural maps on the scale of 1:100,000,
maps showing drainage basins and geomorphological units on a scale of
1:250,000, and a plate with four cross sections. It contains descriptions of
stratigraphy, tectonics, and economic geology, and includes a chapter en-
titled paleogeographic summary which discusses areal distribution of time-
rock units and geologic history.

The geographical introduction reviews the geomorphology of the area,
drainage system and hydrology of springs. Springs are enumerated and
the rate of discharge is given as well as the amount of chlorine in the
water. It is here that the censor has used jet black thick ink or paint to
cover the important economic information for such an area, the rate of
flow per hour and the amount of chlorine per liter. L. J.

114





CRINOIDS FROM THE MISSOURIAN
NEAR BARTLESVILLE, OKLAHOMA

HarreLL L. STRIMPLE
PREFACE

The author privately published a small paper on November 21, 1938,
and distributed some 250 copies to various paleontologists, museums and
institutions of learning. In order to make the study perpetually available,
the paper is here reprinted with revisions. A few annotations and current
designations are used where necessary. A brief explanation of the abbrevi-
ations and symbols used in the original paper is given herc:

Radial plate—R, plural RR

Basal plate—B, plural BB

Infrabasal plate——IB, plural IBB

Radianal—Ra

Right posterior—r. post. or RP (as a prefix)}

Left posterior—l. post. or LP (as a prefix)

Right anterior—r. ant. or RA (as a prefix)

Left anterior—I. ant. or LA (as a prefix)

Anterior—ant. or A (as a prefix)

Brachial-—Br

First brachial (primibrach)—IBr

Second brachial, after first branching (secundibrach)
The original introduction with modifications is given below:

INTRODUCTION

In some of the formations of northeastern Oklahoma, conditions were

favorable for the preservation of some larviform and immature crinoids,
along with those more typical of the Pennsylvanian period. It is hoped
that with consistent collecting and study, considerable material of much
biologic and stratigraphic interest will be brought to light. Presented here-
in is the following: ‘
Allagecrinus bassleri Strimple, 1938 named in slight token of respect to
Dr. R. S. Bassler, U. S. National Museum, whose guidance, assistance and
friendship has made my work in this field possible; a study of the growth
of Apographiocrinus typicalis Moore and Plummer (Graphiocrinus car-
bonarius) and Erisocrinus typus; Synbathocrinus melbe Strimple, 1938
dedicated to its finder, my wife, Mrs. Melba Strimple, whose marvelous
collecting ability has brought forth a good portion of the material herein;
Paragassizocrinus (Agassizocrinus) tarri Strimple, 1938 named for my
good friend and collaborator in field work, Mr. Tom Tarr, who originally
found the location with the occurrence of this species; and two new species
of Ethelocrinus particularly interesting in their lack of spectacular orna-
mentation which has been associated with the genus, designated as Ethelo-
crinus plattsburgensts Strimple, 1938, and Ethelocrinus expansus Strimple,
1938. We thus have the smallest and the largest species occurring in this
locale. I take this opportunity to acknowledge the invaluable technical aid
of Dr. Edwin Kirk?, of the U. S. Geological Survey.

1Deceased.
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DESCRIPTIONS
ALLAGECRINIDAE Carpenter and Etheridge, 1881
ALLAGECRININAE Moore, 1940

ALLAGECRINUS Carpenter and Etheridge, 1881, emend. J.
Wright, 1932
ALLAGECRINUS BASSLERI Strimple, 1938

Plate 1, figures 18 to 23

The dorsal cup is bowl shaped, rather high in immaturity, depressed
in maturity. The largest observed cup has a diameter of approximately
6.0 mm, ithe smallest about one-third as large. The heighi of the cup is
approximately one-half the diameter. Mature cups are slightly elliptical
when viewed from above or below, maximum diameter from L. post. to
R. ant. Young specimens are substellate in outline, mature specimens pen-
talobate.

The basal disk 1s tripartite with the plates normally very difficult to
discern. In all observed instances, the smallest plate is L. post. in position,
the sutures to RPR, LPR, and AR.

Five large radials constitute the majority of the cup, and are definitely
asymmetrical in maturity. Largest and most robust is the LPR. The left
shoulder of the RPR is slightly lowered and carries the brachial-like anal
plate, as is characteristic of the genus. Observed positions of the arms are
summarized as follows:

RPR RAR AR LAR LPR

robust  small small  robust small
arms arms arms arms arms
Smallest observed
specimen______ 8 arms 1 2 1 1 3
' 9 arms 1 2 2 1 3
10 arms 1 2 3 1 3
Medium
specimens _____ 12 arms 1 3 3 1 4
13 arms 1 3 3 1 5
Largest observed
specimen______ 14 arms 1 3 4 1 5

The only observed variation to the above is in the largest observed
crown, wherein the LAR carries a single small arm in addition to the nor-
mal robust one, and the LPR only carries four small arms instead of the
normal five for this size specimen. Articulation facets are well developed
inward, forming an uninterrupted articulation shelf save for the parabolic
notch of the posterior side. The position of each arm is well marked by a
shallow depression hounded by converging ridges.

Articulation between radials and brachials is rather weak, as it is also
between brachials, so that the arms are seldom found in absolute align-
ment, and rarely in their entirety. In the robust arms there is consistently
a short primibrach followed by a long brachial, with subsequent brachials
variable in length when present. In the small, thread-like arms the primi-
brach is followed by slightly longer brachials of fairly consistent length.
Averaging many measurements, it is found that in the robust arms the
length of the first primibrach is approximately 0.9 mm, of the later brachi-
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als 4.2 mm. For the small arms the length of the brachials averages 1.0
mm. The robust arms are highly convex, tending toward a triangular back,
whereas the small arms are almost flat.

The surface of the entire crown is granular, each granulation sup-
porting five or six web partitions and forming a reticulate meshwork ahout
pores. This characteristic is not so apparent on mature cups.

For a limited distance from the cup, the proximal columnals taper
rapidly; however, they change entirely from thin segments to rather elon-
gate bead-like segments, which are apparently slowly tapering.

is species is closely related to Allagecrinus strimplei Kirk from
which it is most easily distinguished by its two robust rays, all other rays
being small. It is not to be confused with any other known form.

All specimens were collected at the Bartlesville Mound, Bartlesville,

Oklahoma. Type specimens are in the Springer Collection, U. S. National
Museum. The legal description of the exposure is SElj sec. 3, T. 26 N,
R. 12 E., Osage County, Oklahoma. The exposure is considered to be a
crinoidal facies of the Wann formation, Ochelata group, Missourian series.

The specimens are U. S. N. M. number 5 4285.

APOGRAPHIOCRINIDAE Moore and Laudon, 1943
APOGRAPHIOCRINUS Moore and Plummer, 1940
APOGRAPHIOCRINUS TYPICALIS Moore and Plummer, 1940

Plate I, figures 1 to 11; Plate II, figure 1.

The study presented by me in 1938 covered a growth series of a
species reservedly assigned to Graphiocrinus carbonarius (Meek and
Worthen), 1861. Moore and Plummer (1940) described the species as
Apographiocrinus typicalis Moore and Plummer and noted that my speci-
mens were probably referrable to their species, which was taken as the
genotype species of Apographiocrinus Moore and Plummer. Later the fam-
ily Apographiocrinidae Moore and Laudon (1943) was established for the
reception of these forms. Subsequent observation of innumerable speci-
mens from various horizons has not revealed any necessity for any change
in the original discussion, which is given below.

The species is an excellent stratigraphic marker for the Missourian
series and is geographically widespread. It is especially prevalent in the
Ochelata group of Oklahoma and comparable strata of adjacent states.

The material closely studied, measured, and used in the preparation
of this paper consists in the main of 25 crowns and 10 cups. Innumerable
specimens have received cursory. examination over a period of years. It is
not my purpose to redescribe this well-known species but to merely point
out facts disclosed by a study of the growth. The specimens have funda-
mentally five small IBB confined to a basal concavity, five large BB with
their lower extremity composing the sides of the basal concavity, five large
RR. and a single anal plate within the cup. '

Crowns range in length from 4.0 mm to 22.0 mm, of which the cup
comprises some 20 percent in immaturity or 15 percent in maturity, the
loss due to greater development of width in the plates and slight increase
in proportionate length of arms. The cup is inclined to be turbinate in
immaturity, definitely bowl shaped in maturity, the change effected by
greater development in width of plates. development of tumidity in the
BB and RR, and absorption of the lower extremity of BB in the expanding
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basal concavity. IBB comparatively small, in all cases confined to the basal
cavity (whereas in very young specimens they are difficult to discern,
when preserved}, and form internally a small dome. The RR develop from
1.0 mm width by 0.95 mm height, to a width of 6.0 mm by 4.7 mm height.
A tooth-like projection, well shown by plate I, figure 10, is present at the
meeting of the inward-developed articulation shelves of the RR, in all
stages of development. Anal X is primarily elongo-quadrangular save for
truncation of the upper extremity for the reception of two smaller anal
plates. There is considerable variation in the exact displacement of this
plate; however, this fact is not of apparent biologic importance. Normally
the plate is half in, half out of the cup, becoming tumid in maturity, par-
ticularly the upper extremity, which tends to spread out. In one young
specimen, what appears to be at least one ray of an arm-like continuation
of the anal system has been observed.

The arms are 10, branching taking place on the IBr, following num-
ber of brachials ranging from one to 16 in those crowns observed. Un-
questionably of most interest are the extreme variations exhibited in the
primibrachs. Cursory examination led me to the helief that these plates
follow a consistent formula: one long, two slightly shorter, and two equally
the shortest. Actual measurements show that in some specimens this does
not hold true; however, by taking an average, the following facts are dis-
closed:

In 60 percent of the crowns the ant. IBr is longest

In 68 percent of the crowns the l. ant. IBr is shortest

In the smallest observed crown the mean length of the IBr is 2.3 mm,

width 0.6 mm.
Average length of IBr— r. post. r. ant. ant. 1l ant. 1 post.
2943 2743 3.188 2535 2.846 mm
Thus, in average, the ant. is longest, r. ant. and 1. ant. comparable, and
r. post. and . post. comparable.

The slender, elongated IBr of immaturity develop only laterally, so

that they become short and rather squat, due of course to the increasing

EXPLANATION OF PLATE I

Figs. 1-11. Apographiocrinus typicalis Moore and Plummer, growth stages.
1, 5 and 8, anterior views; 4, 6 and 7, posterior views; 2
and 9, 1. ant. radials to fore; 3a, r. post. radial to fore; 3b
diagonal view of same from below; 10, view of mature cup
from above; 11, same from below. All figures X2.

Figs. 12 and 13. Synbathocrinus melba Strimple. 12, view from side; 13,
view from below. Figures X2.

Figs. 14-17. Erisocrinus typus Meek and Worthen, growth stages. Fig-
ures X2.

Figs. 18-23. Allagecrinus bassleri Strimple. Fig. 18, yougest crown, right
ant. radius to fore. Fig 19, basal view of young individual.
Fig. 20, intermediate stage, right anterior radius to fore.
Figs. 21 and 22, mature cups; 21, view from above; 22, view
from below. Fig. 23, largest crown, left post. radius to fore.

All figures X3.
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weight of the arms. In immaturity the IBr first constrict, then widen and
thicken, which was sufficient for the support of the few brachials. With
the additional weight of brachials the apex of the IBr develops outward.
It is easy to understand the development of elongate projections in some
crinoids when one observes these growth series. Internally, not shown
when first secundibrachs are in place, the apex develops a tooth-like pro-
jection similar to those observed on the articulation shelves of the radials.
In the very young, all brachials are rather elongate, but with subsequent
addition, the secundibrachs become rather quadrangular, wider than high,
with almost flat backs, the main tapering in all cases taking place in the
last few brachials.

Ornamentation is apparenily a mark of youth in this species, and con-
sists of a granular surface, together with a definite raised ray running
the length of the RR and the arms. First to disappear is the ray on the
RR and the granulation of the cup, then the granulation of the arms, and
lastly the ray on the arms.

The few attached columnals observed are round low plates, alter-
nately expanded, crenulated about the circumference, and pierced by a
minute round axial canal.

All specimens were collected at the Bartlesville Mound, Bartlesville,
Oklahoma, and are in the Springer Collection of the U. S. National Mu-
seum. The legal description of the exposure is the SE1] sec. 3, T. 26 N., R.
12 E., Osage, County, Oklahoma. The exposure is considered to be a
crinoidal facies of ther Wann formation, Ochelata group, Missourian
series. The specimens are U. 5. N. M. number S 4288.

ERISOCRINIDAE S. A. Miller, 1889

ERISOCRINUS Meek and Worthen, 1865
ERISOCRINUS TYPUS Meek and Worthen, 1865

Plate 1, figures 14 to 17; Plate II, figures 2 to 5
A Study of the Growth Stages

A study of the Erisocrinus specimens of this locale discloses: that
we are dealing with at least two species, one E. typus, the other similar in
appearance to F. planus White (1880); that is, more rounded as in
Delocrinus. At this time only those specimens assignable to . typus are
under consideration.

As the species is well known there is no object in more than a brief
diagnosis. Five small IBB, five large BB, five large RR, no anal in cup;
heavy biserial arms, ten in number, branching on the first brachial. The
rapid widening of the cup from a small rather flat basal area comprises
the main basis of distinction herein.

In the specimens at hand the IBB form in main the basal area,
“which is normally rather flat, the outer sharply upcurved edges being
formed by the lower extremity of the BB together with the apex of
the IBB. One is not to be confused by finding apparent depression, as
this area was apparently very weak and is usually found crushed inward.
Interiorly the IBB form the slightly convex floor of the cup.

The specimens vary from a cup 2.1 mm high with a mean diameter
of 3.45 mm, to a normal cup 9.7 mm high with a diameter of 21.0 mm.

120





In the very young specimens, the arms are uniserial, composed of nar-
row, elongate brachials, the primibrachs averaging 3.65 mm in length
as against a width of approximately 2.0 mm. A slightly more developed
stage has a crown 10.8 mm long with the primibrachs averaging 3.63
mm in length, 2.44 mm wide. It is of special interest that in this stage
the arms are cuneiform. All subsequent stages possess biserial arms,
with the occasional exception of the first secundibrachs retaining their
cuneate nature. The subsequent widening of the primibrachs, indicated
by the above measurements, is well shown by the figured specimens,
and is of no particular interest save that the plates are elongate in im-
maturity whereas they are considerably wider than high in maturity. The
vanation i lengths ot these plates in 1mmaturity i1s considered of par-
ticular interest, as is also the variation in width of the radial plates.

In immaturity the IBr follow the same formula previously presented
for Graphiocrinus carbonarius’. One IBr is more elongate than the
rest, comparable to the anterior of G. carbonarius*; two of equal length,
comparable to the shorter r. post. and 1. post.; two comparatively short,
comparable in orientation and size to r. ant. and. 1. ant.; and even the
one designated as 1. ant. is normally the shortest. This is not thought,
however, necessarily to link these species, but rather to show possible
common heritage.

Of the RR, in immaturity two adjoining plates are narrower than
the remainder. Oriented by the formula presented before for the IBr
these plates would be right and left posterior, one substantiating the
other formula. This certainly indicates that in immaturity this species is
still subject to the eliminated anal X. In maturity the RR are of equal
width, the IBr of equal height, and pentamerous symmetry is attained.

All specimens from the Bartlesville Mound, Bartlesville, Oklahoma,
and are in the Springer Collection of the U. S. National Museum. The
legal description of the exposure is the SEl4 sec. 3, T. 26 N., R. 12 E.,,
Osage County, Oklahoma. The exposure is considered to be a crinoidal

facies of the Wann formation, Ochelata group, Missourian series. The
specimens are U. S. N. M. number S 4289.

SYNBATHOCRINIDAE S. A. Miller, 1889
SYNBATHOCRINUS Phillips, 1836
SYNBATHOCRINUS MELBA Strimple, 1938

Plate I, figures 12 and 13, text-figures 1 and 2

This is the only species of the genus reported from rocks of Penn-
sylvanian age in North America. The holotype was collected by Mrs.
Melba Strimple from an exposure on the northeast side of the Bartles-
ville Mound, an exposure that no longer exists. It is the only representa-
tive of the species ever found. Dr. Porter Kier, U. S. National Museum,
has been kind enough to prepare camera lucida drawings of the holotype,
drawings which are presented herein to supplement the original illus-
trafions.

Cup low, typical Synbathocrinus shape, composed of a BB disk and
five RR. BB three unequal elements, firmly fused into a low disk, the
center of which is excavated by a round, comparatively large, sharply
slanting columnal scar. The columnal depression is radiately furrowed.

1. Now Apographiocrinus typicalis.
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RR are comparatively large, rather thin, very slightly convex, pentagonal
plates. A minute crescentic slit occupies the upper extremity, widening
at the median portion to show from a side view when the arms are not
in place. No notch for the reception of anal plate has been observed;
however, as the specimen is not perfectly preserved, its absence cannot
be certain.

Text figures 1 and 2, Synbathocrinus melba Strimple, Camera lucida drawings pre-
pared by Dr. Porter Kier, U. S. National Museum. Fig. 1, view from side; 2, view
from below.
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Two first brachials are all of the arms preserved. These are stout
appearing, slightly tapering plates.

IBB disk has a diameter of approximately 1.3 mm, the columnal
depression 0.8 mm. The RR are 1.7 mm wide by 1.1 mm long.

The specimen at hand is certain to be in a young stage of develop-
ment. To the extent of my knowledge this is the first recording of
Synbathocrinus from the Pennsylvanian of North America.

Material consists of the single figured cup, from the Bartlesville
Mound, Bartlesville, Oklahoma. The holotype is in the Springer Collection,
U. S. National Museum. The legal description of the exposure is the
SE14 sec. 3, T. 26 N., R. 12 E., Osage County, Oklahoma. The exposure

1 1 3 1 P ~ P S Fatn IR T
is considered to be 2 crincidal facics of the Wann formaiion, Ochelata

group, Missourian series. The specimen is U. S. N. M. number S 4285.

AGASSIZOCRINIDAE S. A. Miller, 1889
PARAGASSIZOCRINUS Moore and Plummer, 1940
PARAGASSIZOCRINUS TARRI (Strimple), 1938

Plate II, figures 7, 10 and 13

This species was described on the basis of two partial dorsal cups,
one of which retained a few arm segments, and several infrabasal cones
and isolated plates. It was assigned to Agassizocrinus Owen and Shumard,
1851. In 1940, Moore and Plummer used the species as the genotype
species of their new genus Paragassizocrinus. They give a very wide geo-
graphic distribution to the species based on infrabasal cones and isolated -
plates with the exception of one hypotype from the Stanton formation
near Wayside, Kansas, which was a complete dorsal cup with some arm
segments attached.

Cup high, turbinate, slightly elliptical, composed of IBB
cone, five large BB, all pentagonal save post., five comparatively
small pentagonal RR, and a single anal plate. As the two figured
specimens with associated plates are of comparable size, measure-
ments are presented as a complete cup; maximum width from
right to left-18.0 mm, maximum width from post. to ant.-12.0
mm, height-20.45 mm. The IBB cones show no evidence of plate
sutures. There is no evidence of columnar attachment save in
the smallest observed cone, which does possess a minute depress-
ion at its apex. This may be considered as evidence of columnar
attachment al some younger stage; however, it is more likely
hereditary influence in immaturity as previously pointed out
in Erisocrinus typus, where the influence of the eliminated anal
plate is still shown by the immature specimens. The anal plate
is six-sided, two-thirds in cup, upper one-third faceted for the
reception of three tube plates.

RR depend almost entirely on their natural thickness for
arm articulation facet. Small crescentic facet to the fore, shal-
low muscle scars to the right and left of facet, broken by very
low incurved ridges. Shallow median groove to the notch in
interior edge. The radials do not exhibit that definite variation
in width formulated by Springer (1926, p. 59), as the ant.
R in this specimen is one of the larger.
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r. post. r.ant. ant. 1l ant 1. post.
After Springer 5.6 7.05 6.2 7.15 5.8 mm
Figured specimen 8.0 875 8.65 81 815 mm

Of the arms we have only the first few brachials of three
rays. The three first primibrachs (r. post., r. ant. and ant.),
have a width twice their height, the two second primibrachs (r.
post. and r. ant.), are comparable in size and are truncated
for the reception of two secundibrachs. From this evidence it
is safe to assume that the species followed the normal generic
ten, possibly nine arms, heavy, composed of low, wide brachials.

Anal proboscis unknown.

It is interesting to note that this species demonstrates the
generic elimination of the anal plates from the cup, by having
only one plate left. Unfortunately we have no other suitabie
material from the Pennsylvanian System with which we
may compare the present species, save for a few IBB cones
(Agassizocrinus magnus and A. caliculus Moore and Plummer,
1938), none of which is similar. The legal description is
NE1; sec. 1, T. 25 N., R. 12 E., Washington County, Oklahoma.
Specimens in the Springer Collection of the U. 5. National Mu-
seum.

The exposure is a molluscan faunal facies of the Wann formation,
Ochelata group, Missourian series. There is a weak limestone several
feet below the shale horizon that might be the equivalent of the Stanton
limestone of Kansas, as propounded by Moore and Plummer (1940,
p. 342). It is my understanding, from discussion with the senior author,
that their dorsal cup was found in the shale bed a few feet above the
limestone exposed near Wayside, Kansas, which shale does contain a
molluscan fauna. A thin, highly calcareous shale immediately overlying
the Stanton at Wayside, Kansas, is highly crinoidal, but does not con-
tain agassizocrinid remains.

The syntypes are U. N. N. M number S 4290.

EXPLANATION OF PLATE II

Fig. 1. Apographiocrinus typicalis Moore and Plummer, 1. ant. radial
to fore. Largest observed crown. 4/5 natural size.

Figs. 2-5. Erisocrinus typus Meek and Worthen. 2 to 4, side views show-
ing later stages of growth. 5, mature cup shown from below.
4./5 natural size.

Figs. 6, 9 and 12. Ethelocrinus plattsburgensis Strimple. 6, view of cup
from above; 9, same from below; 12, same from posterior side.
4/5 natural size.

Figs. 7, 10 and 13. Paragassizocrinus tarri (Strimple). 7a, infrabasal
cone from above; 7b, same from below; 10, associated cup plates
combined into one illustration posterior view; 13, same, anterior
view. 4/5 natural size.

124,





125





EUPACHYCRINIDAE S. A. Miller, 1889
ETHELOCRINUS Kirk, 1937
ETHELOCRINUS PLATTSBURGENZSIS Strimple, 1938
Plate II, figures 6, 9 and 12

The original description of this species is adequate with the ex-
ception of that of the articulating facets of the radials. The inner edges
of these plates were crushed and distorted, and I erroneously interpreted
a narrow facet with azygous plates protruding from under the facet.

In 1940, Moore and Plummer proposed the genus Parulocrinus
with Ulocrinus blairi Miller and Gurley as the genotype species. The
arms for that species are not known, but the arms of Parulocrinus mar-
quisi Moore and Plummer (1940) were considered by those authors to
represent the genus. The arms are ten, of biserial structure. I am in-
clined to believe that Ulocrinus blairi is a bona fide representative of
Ulocrinus, which is not known to have ten upniserial arms (Wright and
Strimple, 1945). In any event the present species is now known to have
more than ten biserial arms and can not be referred to Parulocrinus

as proposed by Moore and Plummer (1940, p. 363).

Cup low, bowl shaped, 14 mm high, 18 mm diameter. 1BB
five, circlet in basal cavity occupying an area with a mean dia-
meter of 10.5 mm. Proximal columnals of stem attached, dia-
meter approximately 3.0 mm, apparently regular segments with
rounded edges. BB five, large, lower extremity completing the
basal concavity, Posterior B supporting very large radianal on its
right, the anal x above. Posterior B supports the lower extrem-
ity of the Ra. RR five, large, upper extremity developed inward
slightly as articulation facets. The upper edge of RR has a
long thin slit with slightly raised lips, back of which, in the
facet proper, is another smaller slit not running the width of
the plate. Muscle scars faint. The usual notch is so pronounced
that the median portion of the facet is only about the normal
thickness of the plates. A row of azygous plates protrudes
from under the articulation shelves in this specimen. Anal X
large, six-sided, two-thirds in cup. Ra more or less quadrangular
with lower portion expanded at the expense of the posterior
B. All plates have smooth surfaces and are rather thick.

The species is typically Ethelocrinus but is easily distin-
guished from other species by the smooth plates, lack of depres-
sion at sutures, and large almost flat BB and RR.

Specimens studied consisted of the single figured cup, nuro-
erous dissociated plates, particularly the BB and RR, which are
rather common at this horizon. Specimens collected at the Bar-
tlesville Mound, Bartlesville, Oklahoma. The type specimens
are in the Springer Collection, U. S. National Museum. The le-
gal description of the exposure is the SEY/ sec. 3, T. 26 N, R.
12 E., Osage County, Oklahoma. The exposure is considered to
be a crinoidal facies of the Wann formation, Ochelata group,
Missourian series. The holotype is U. S. N. M. number S 4287.
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ETHELOCRINUS EXPANSUS Strimple, 1938
Plate II, figures 8 and 10

Cup low, bowl shaped, 12.5 mm high, 28.0 mm mean diameter.
IBB five, small, circlet occupies an area with a mean diameter of 8.0
mm. BB five, large, comprising major area of cup, lower portion curved
under to form sides of basal concavity. Posterior B carries the large
quadrangular radianal on the right, the anal x on its upper edge. Right
posterior B supports lower edge of Ra. RR are comparatively small
pentagonal plates. The anal x and Ra have almost obliterated one facet
of the r. post. R. All plates are tumid, thick, rather smooth and are
- strongly depressed at point of meeting. Sutures are regularly bridged
across, leaving the impression of pores rather than sutures. Arm ari-
culation shelves of the RR too poorly preserved for adequate description
Anal x six sided, two-thirds in cup, one-third above, truncated for re-
ception of two tube plates.

In general structure this species may be compared with E. tuber-
culatus (Meek and Worthen), 1866, but is easily distinguished by the
lack of spectacular ornamentation.

Material studied consists of one cup and several dissociated plates,
all collected at the Bartlesville Mound, Bartlesville, Oklahoma. Speci-
mens are in the Springer Collection, U. S. National Museum.

The legal description of the exposure is SE14 sec. 3, T. 26 N.,
R. 12 E., Osage County, Oklahoma. The exposure is considered to be
a crinoidal facies of the Wann formation, Ochelata group, Missourian
series. The specimens are U. S. N. M. number S 4286.
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New Rock Crusher in Kay County

PmiLip P. CHANDLER

The Ponca Rock Company, owned and operated by W. L. and Gene
Auterson of Ponca City, is currently operating portable rock crushing
equipment three miles southwest of Ponca City. The quarry is on a four
and a half acre lease on the Walter Mullins farm in the NW1, NW1/ of
section 17, T. 25 N., R. 2 E. .

In addition to the rock crusher, manufactured by the Rogers Iron
Works of Joplin, Missouri, the company has two loaders and a number of
trucks. Six people are employed by the company.

The temporary quarry produces crushed rock from the Permian Her-
ington limestone, which is the uppermost formation of the Wolfcampian
series in northern Oklahoma and Kansas. The limestone is gray to red,
dense, and ranges in thickness from three to six feet.
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Operations in Ponca Reck Company qualry.

The operation involves the blasting of the limestone and its removal
by truck to the crusher where it is broken up into sizes ranging from one-
half inch to two inches in diameter. The crushed rock is hauled by truck
to the location where the aggregate is used as base material for asphalt
roads now under construction in Ponca City.

The Ponca Rock Company plans to remain at its present location for
only a short time and then to move to a Herington limestone site north of
Ponca City for further operations.

Working face in Ponca Rock Company quarry.
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GEOLOGIC SIGNS ALONG HIGHWAY 77

Fach traveler on the highway across the Arbuckle Mountains from
Ardmore finds added interest and pleasure in the trip because signs along
the right of way identify the rocks and give some facts about them. The
idea of marking the points of geologic interest was conceived by Dr.
Charles N. Gould of the Oklahoma Geological Survey in 1926. At the sug-
gestion of C. W. Tomlinson, the Lions Club of Ardmore erected the first
seven signs in that year.

Some years fater Dr. Tomiinson planned 18 more signs {25 in al}

were erected) and these were built and painted by CCC labor in the shop
in Lake Murray State Park under the direction of the National Park Serv-
ice. Sites were selected by Dr. Tomlinson and the signs were erected in
1037 hy a crew working on a WPA project sponsored by the Oklahoma
Geological Survey. These signs were placed along Highway 77 at points
from near Overbrook, south of Ardmore, to the Sylvan shale at the north
edge of the Arbuckle Mountains.

At the crest of the mountains is a large sign showing diagrammatically
in color the geologic structure of the range. This highly useful and interest-
ing sign was one of the first group erected.

Four signs were also placed along Highway 70 on the outcrops of the
Goodland limestone, the Devils Kitchen sandstone, the Bostwick conglom-
erate, and the Red Beds. Copy for all signs was written by Dr. Tomlinson.

The signs have to be repainted every two or three vears, and renlaced
at longer intervals. The 1957 tornado blew down some sigps. Once during
World War II, when paint and painters were hard for civilians to obtain.
the Oklahoma Highway Department did the repaint job. The Ardmore
Geological Societv contributed to the cost of the most recent repair and
repaint job. The Ardmore Lions Club has provided all other needed main-
tenance for a third of a century now. Widened and rerouted highways
have resulted in some cases in poorer outcrops, hardly worthy of signs;
but signs are still maintained on 17 different formations along Highway
77. Vandalism has been remarkably little compared to that along most
American highways.

The sign in the hair-pin curve has had to be changed as geological
information improved. It first read Pontotoc conglomerate, then Franks
conglomerate, finally Collings Ranch conglomerate. The Sylvan shale was
originally recorded as Lower Silurian, but now reads Ordovician. The age
designation of the Woodford has varied between Devonian and Mississip-
pian in accordance with what seemed to be prevailing paleontological
opinion at the time.

The signs are a service to travelers along the highways and as such
have been favorably commented upon by visitors from many states. Dr.
Tomlinson and the Lions Club of Ardmore richly deserve the thanks of
all citizens of the State and of all visitors to the Arbuckle Mountains.

C. C. B.
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NONMETALLIC MINERAL PRODUCERS IN OKLAHOMA, 1958
William E. Ham

The most recent published list of mineral producers in Oklahoma
i« that contained on the Mineral Map of Oklahoma, issued by the Okla-
homa Geological Survey in 1955. Significant changes have been made
since that date, and a new list of nonmetallic mineral producers for
1958 is given in this report. The list is based on files prepared cooper-
atively by the Survey and the U. S. Bureau of Mines, Region IV, Bar-

tlesville, Oklahoma. It includes producers of nonmetallic rock and min-
eral products that arc offered for sale on the open market, and thus
embraces what is commonly called “commercial production”. The Ilist
excludes “noncommercial producers”, such as the Oklahoma State High-

way Department and private contractors producing for State or Federal
construction jobs.

During 1957 approximately 135 quarries and pits in Oklahoma pro-
duced nonmetallic minerals, and gross value of crude mineral production
was $34 million. The principal commodities are limestone, dolomate,
granite, gypsum, shale, sand and gravel, salt, and silica sand, all present
in virtually inexhaustible deposits. Also produced in lesser volume are
tripoli, volcanic ash, fullers earth, and sulfur. From these mineral re-
sources several hundred useful products, in the following general cata-
gories, are made.

Twelve glass plants in Oklahoma utilize the natural combination of
silica sand, limestone, dolomite, and natural gas for making plate and
window glass, pyrex glass, and flint-glass for containers, tableware. and
art objects.

More than 150 gypsum products are made from thick beds of

psum in western Oklahoma, where four quarries are active. Wallboard,
plasters, fillers, agricultural gypsum; and gypsum for use as retarder
in the manufacture of portland cement are the chief uses.

Portland and masonry cement are made in two large plants, using
limestone, shale, and natural .gas. Lime.is produced from deposits of
nearly pure limestone in eastern Oklahoma. In addition to the use of
lime for water treatment, building mortar, and. metallurgy, it is the raw
material used for the manufacture of calcium carbide in a plant near
Pryor.

Pottery, brick, tile, and expanded construction aggregates are made
in 16 major plants widely distributed over the state.

Salt for stock use and for recharging water softeners is produced at
three plants in western Oklahoma. Pink, gray, and black granite for
monumental and decorative use is worked at six quarries in southwestern
and southern Oklahoma. Building sandstone and limestone, mostly for
home and building construction, are worked in eight quarries. Fullers
earth, a special type of clay found in western Oklahoma, is extensively
used as an adsorbent. Tripoli and volcanic ash, entirely different in
origin but similar in physical properties, are produced from large de-
posits in northwestern and northeastern Oklahoma. And, finally, the
important materials of construction — crushed stone, sand, and gravel
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— are produced from a hundred quarries and pits throughout the State
for concrete roads, streets, bridges, driveways, and general construction

use,

The following summary of commodities is listed by principal uses,
number of producers, and county or counties of production.

Cement, poriland and masonry
Two plants.
Clay

Sixteen pits or plants, pro-
ducing fullers earth, lightweight ag-
cregates, pottery clay, and structural
-lay products.

Gypsum

Four plants, producing gyp-
sum  plasters, wallboard, fillers, ce-
nent retarder, and agricultural gyp-
surm.

Lime

One plant, producing quick-
lime and hydrated lime for water
ireatment, manufacture of calcium
carbide, building mortar, and metal-
lurgical flux.

Salt

Three plants, producing for
livestock use and for recharging wat-
er softening systems.

Sand and Gravel

Fifty-seven plants produc-
ing sand and gravel for building ag-
sregates, road surfacing, filter sand,
and wellpacking gravel.

Silica Sand

Two plants producing high-
purity silica sand for the manufacture
of glass, pottery, and sodium silicate,
and for foundry sand, fillers, and
abrasives.
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Pontotoc and Washington Counties

Creek, Custer, Dewey, Garfield,
Greer, Lincoln, Oklahoma, Pitts-
burg, Rogers, Seminole, and Tulsa
Counties

Blaine and Caddo Counties

Sequoyah County

and Woods

Beckham, Harmon
Counties

Alfalfa, Blaine, Bryan, Caddo.
Cherokee, Dewey, Garvin, Grady,
Greer, Harmon, Johnston, Kay,
Kingfisher, Kiowa, Logan, Major,
Muskogee, Murray, Oklahoma,
Pawnee, Pottawatomie, Seminole.
Texas, Tillman, Tulsa, Woods, and

Woodward Counties

Johnston and Pontotoc Counties





Stone

Forty-eight quarries produc-
ing asphaltic limestone and sandstone
for road building; chat for railroad
ballast and construction aggregates;
crushed dolomite for glass manufac-
ture and mineral fillers; limestone,
dolomite, and sandstone for building
stone; granite for monuments and ex-
terior trim; and crushed limestone for
riprap, concrete and asphaltic aggre-
gates, road metal, railroad ballast, ag-
ricultural limestone, asphalt filler,
glass manufacture, filter stone, coal
mine dusting, and mineral feeds.

Sulfur

One plant produces elem-
ental sulfur from natural gas for
making sulfuric acid.

Tripolt

One plant produces tripoli
for use as a fine abrasive in scouring
and polishing compounds, as facing
for foundry sands, and as-admixture
in concrete.

Volcanic Ash

One plant produces-volcanic
ash for use as a fine abrasive and as
admixture in concrete.

Atoka, Caddo, Coal, Comanche,
Greer, Jackson, Johnston, Kay,
Kiowa, Mayes, Murray, Nowata,
Okmulgee, Osage, Ottawa, Paw-
nee, Payne, Pontotoc, Pushmata-
ha, Sequoyah, Tulsa, and Wash-

ington Counties

Marshall County

Ottawa Counly

Beaver County

The list of companies engaged in nonmetallic mineral production
in Oklahoma +is given below. Although the list is revised each year,

hased on information available to the

Geological Survey and Bureau of

Mines, it probably does not contain all the active producers in the State.

This results in two great

disadvantages. The annual mineral production

canvass, which is made from this list, is believed to be incomplete and

to represent less than actual total values.
Federal agencies responsible for statistical

answer fully those requests from consumers about sources of raw ma-

terials.

Furthermore, the State and
mineral data are unable to

Any producer omitted from the list will confer a favor by reporting
his name, location of quarry and plant, and kind of product, sending it

to the Director, Oklahoma Geological Survey,
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NONMETALLIC MINERAL PRODUCERS IN OKLAHOMA, 1958
CEMENT, PORTLAND AND MASONRY

Producer Quarry or Pit Other Business Address
Dewey Portland Cement Dewey, Washington Co.
Idgﬁ. Cement Co. Lawrence, Pontotoc Co. Ada, Okla.
CLAY
Fullers Earth L. S. Fisher, Wood-
Filtrol Corp. Camargo, Dewey Co. ward, Okla.

Lightweight Aggregates
Chandler Materials Co. Catoosa, Rogers Co. Tulsa, Okla.
Oklahoma Lightweight  Choctaw, Oklahoma Co.

Aggregate Corp.

Pottery Clay
Frankoma Pottery Co.  Sapulpa, Creek Co.

Structural Clay Products

Acme Brick Co. Clinton, Custer Co.
Acme Brick Co. Oklahoma City, Oklaho-
ma Co.

Acme Brick Co. Tulsa, Tulsa Co.
Enid Brick and Tile Mfg.

Co. Enid, Garfield Co.
Mangum Brick and Tile

Co. Mangum, Greer Co.
Oklahoma State Penitenti-

ary McAlester, Pittsburg Co.
Sapulpa Brick and Tile :

Corp. Sapulpa, Creek Co.

Stroud Clay Products Co.Stroud, Lincoln Co.

United Brick and Tile Co.Oklahoma City, Oklaho-
ma Co.

United Brick and Tile Co. Tulsa, Tulsa Co.

United Brick and Tile Co. Collinsville, Tulsa Co.

Wewoka Brick and Tile

Co. Wewoka, Seminole Co.
GYPSUM

Harrison Gypsum Co.,

Inc. Cement, Caddo Co. Lindsay, Okla.
Universal Atlas Cement

Co. Watonga, Blaine Co.
U. S. Gypsum Co. Southard, Blaine Co.
Walton and Sons Gyp, Blaine Co. Fairview, Okla.

LIME

St. Clair Lime Co. Sallisaw, Sequoyah Co. Oklahoma City, Okla.
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Producer Quarry or Pit

SALT

E. S. Blackmon Freedom, Woods Co.
Oklahoma Salt Industries,
Inc.

Salton Salt Works

Sayre, Beckham Co.
Northern Harmon Co.

SAND AND GRAVEL

Amis Sand and Gravel Co. Camargo, Dewey Co.
Arkansas River Sand Co. Tulsa, Tulsa Co.
Bagby Harris Sand Co. Tulsa, Tulsa Co.

m1 1 11 C ... .
DIACKWCEILL ..J"a.ud aud Gra-

vel Co.
Briggle Sand and Gravel

Blackwell, Kay Co.

“hoctaw Co.

0.
Chandler Materials Co.  Tulsa, Tulsa Co.

D. J. Cox Mangum, Greer Co.
Craft and Bates Material
Co. Asher, Pottawatomie Co.

Curry Materials Co. Antlers, Pushmataha Co.

Davis Sand and Gravel
Co.

Osage Sand Co.

The Dolese Co.

The Dolese Co.

{iowa Co.
Cleveland, Pawnee Co.
Guthrie, Logan Co.
Oklahoma City, Oklaho-
ma Co.
Dover, Kingfisher Go.
Tuttle, Grady Co.
Guymon, Texas Co.
Granite, Greer Co.
Asher, Pottawatomie Co.
Muskogee Co.
Hydro, Caddo Co.
Grandfield, Tillman Co.
Byron, Alfalfa Co.
Woodward, Woodward
Co.
Tishomingo, Johnston Co.
Tishomingo, Johnston Co.
Cleo Springs, Major Co.
Pauls Valley, Garvin Co.
Wynnewood, Garvin Co.

The Dolese Co.

The Dolese Co:
Francis and Behue
Granite Gravel Co.

H and H Material Co.
Johnson Gravel Co.
Ray H. Karlin

Floyd King

Earl Kirkpatrick
Klines Sand Pit

Claude Kreger

Claude Lamb

Orin Law

Lamar Lawson

Elmer Long

Lugert Sand and Gravel |

Co. Kiowa Co.
M and K Sand and Gra-
vel Co. Bryan Co.

John McConnel

Makins Sand and Grave
Co. Dougherty, Murray Co.

Makins Sand and Gravel Oklahoma City, Oklaho-
Co. ma Co.

Crescent, Logan Co.
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Other Business Address

Erick, Okla.

Elk City, Okla.

Antlers, Okla.

Oklahoma City, Okla.

Oklahoma City, Okla.
Oklahoma City, Okla.

Konawa, Okla.

Clinton, Okla.

Denison, Texas

Oklahoma City, Okla.





Producer Quarry or Pit Other Business Addres:
SAND AND GRAVEL (Cont’d)

Oliver May Harmon Co. Hollis, Okla.
McMichael Concrete Co. Tulsa, Tulsa Co.
Midwest Concrete Supply Blackwell, Kay Co.
Co.
Mohawk Sand Co. Tulsa, Tulsa Co.
Muskogee Materials Co. Muskogee, Muskogee Co.
Pitts Sand and Gravel

Co. Elmer, Jackson Co. Wichita Falls, Texas
H. C. Rustin Sand and

Gravel Co. Durant, Bryan Co.
Sand Products, Inc. Oklahoma City, Okla. Co.

Sand Springs Sand Co. Sand Springs, Tulsa Co.
Sizemore Sand and
- Gravel Co. Oklahoma City, Okla. Co.
Smith Sand Co., Inc. Tulsa, Tulsa Co.
Sober Bros. Sand and
Gravel Co. Ponca City, Kay Co.
Southwest Sand Co. nyder, Kiowa Co.
Standard Industries, Inc. Tulsa, Tulsa Co.
Stewart Bros. Sand and Guymon, Texas Co.
Gravel
Thompson Sand Co. Cromwell, Seminole Co.
Tindel Materials Co. Geary, Blaine Co.
Tindel Materials Co. Hydro, Caddo Co.

Tulsa Sand Co. Pawnee Co. Tulsa, Okla.
Tulsa Sand Co. Tulsa, Tulsa Co.
Wavnoka Sand and

Gravel Co. Waynoka, Woods Co. Enid, Okla.
Morris Weryavah Walters, Cotton Co.
Yahola Sand and Gravel Fort Gibson, Muskogee

Co. Co.
Yahola Sand and Gravel

Co. Cherokee Co. Fort Gibson, Okla.

SILICA SAND
Mid-Continent Glass

Sand Co. Roff, Pontotoc Co.
Pennsylvania Glass Sand

Corp. Mill Creek, Johnston Co.

STONE
Asphaltic Limestone and Sandstone, Crushed
Producer Quarry or Pit Other Business Address

United States Asphalt

Corp. Dougherty, Murray Co. Santa Fe, New Mexico
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Producer Quarry or Pit Other Business Address
Chat (Crushed Chert and Limestone)

American Zinc-Lead

Smelting Co. Picher, Ottawa Co. Joplin, Missouri
Baxter Chat Co. Picher, Ottawa Co. Baxter Springs, Kansas
Eagle-Picher Co. Picher, Ottawa Co. Miami, Okla.

S. A. Fones, Inc. Picher, Ottawa Co. Baxter Springs, Kansas

Dolomite, Crushed
Rock Products Mfg.

Corp. Mill Creek, Johnston Co.
Dolomite, Building Sione
J. W. McPhearson Hydro, Caddo Co.
Masters Stone Co. Creta, Jackson Co. Duke, Okla.
Granite, Monumental and Bldg.
Century Granite Co. Snyder, Kiowa Co. Frederick, Okla.
Century Granite Co. Mill Creek, Johnston Co. Frederick, Okla.
J. P. Gilman Granite Co. Mountain Park, Kiowa Kansas City, Kansas
Co.
Pellow Bros. Monument Granite, Greer Co.
Works
Roosevelt Granite Co. Mountain Park, Kiowa
Co.
Wichita Granite Co. Snyder, Kiowa Co.
' Limestone, Building Stone
Ada Stone Co. Pontotoc, Johnston Co. Oklahoma City, Okla.
Townsend Quarry Fittstown, Pontotoc Co.

Limestone, Crushed

Anchor Stone and

Materials Co. Tulsa, Tulsa Co.

Atlas Stone Co. Pryor, Mayes Co.
Burbank Rock Co. ‘Burbank, Osage Co.
Chandler Materials Co.  Tulsa, Tulsa Co.
Cookson Stone Co. Ponca City, Kay Co.
Cookson Stone Co. Pryor, Mayes Co. Ponca City, Okla.
Cookson Stone Co. Ralston, Pawnee Co. Ponca City, Okla.
Cookson Stone Co. Cushing, Payne Co. Ponca City, Okla.
Cookson Stone Co. Drumright, Creek Co.
Cookson Stone Co. Avery, Lincoln Co.
Cookson Stone Co. Pawhuska, Osage Co.
Dolese Bros. Co. Bromide, Coal Co. Oklahoma City, Okla.
Dolese Bros. Co. Richards Spur,

Comanche Co. Oklahoma City, Okla.
Dolese Bros. Co. Big Canyon, Murray Co. Oklahoma City, Okla.
Dolese Bros. Co. Rayford, Murray Co. Oklahoma City, Okla.
Matoaka Stone Co. Bartlesville, Washington

Co.
Mervine Stone Co. Uncas, Kay Co. Ponca City, Okla.
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Producer Quarry or Pit Other Business Address
STONE (Cont’d)

Mervine Stone Co. Betts, Osage Co.
Peerless Rock Co. Lenapah, Nowata Co. Coffeyville, Kansas
Roosevelt Material Co.  Mountain View, Kiowa
Co.
St. Clair Lime Co. Marble City, Sequoyah
Co.
E. C. Schroeder Co., Inc. Carnegie, Caddo Co.
Southwest Stone Co. Stringtown, Atoka Co.  Dallas, Texas

Standard Industries, Ine. Tulsa, Tulsa Co.
Standard Industries, Inc. Tulsa, Tulsa Co.

Townsend Quarry Fittstown, Pontotoc Co.

Park Ward Co. Cement, Caddo Co. Oklahoma City, Okla.

Yzhola Sand and Gravel

Co. Cherokee Co.
: Sandstone, Building
Producer Quarry or Pu Other Business Address

Ada Stone Co. Henryetta, Okmulgee Co. Oklahoma City, Okla.

Mike Emery : Moyers, Pushmataha Co.

Z. L. Langston Locust Grove, Mayes Co.
SULFUR

Central Chemical Co. Madill, Marshall Co. Tulsa, Okla.
TRIPOLI

American Tripoli Divi-
sion, The Carborun-

dum Co. Peoria, Ottawa Co. Seneca, Missouri
VOLCANIC ASH
LaRue-Axtell Co. Gate, Beaver Co. Calaway, Nebraska

A STRATIGRAPHIC LEAK

Daniel J. Jones of the University of Utah recently discussed occur-
rences in which fossils are found in beds younger or older than the time
at which they lived (1958). These stratigraphic leaks occur in many ways:
older fossils may be in glacial till, vounger fossils may pass down into
solution openings, exotic boulders may be incorporated in later sediments.
An unusually complicated case is known in the Criner Hills.

In April, 1958, (Okla. Geol. Notes, vol. 18, p. 80) this writer re-
viewed a paper in which a Cretaceous foraminiferan was recognized in a
Pennsylvanian outcrop. The history of this form is extremely confused.
Harlton (1927, p. 24-25, pl. 5, figs. 7a-b) described a form as Globigerina
seminolensis. The single specimen (U. S. Nat. Museum No. 71380) was
listed as from an outcrop of the Upper Glenn, SW1j SWi/ NW1j sec. 20,
T.5S., R. 1 E, Carter County, Oklahoma, “about four miles north of

Ardmore.”
Tomlinson (1929, p. 72, 78) suggested that the locality is actually in
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T.5S., R. 2 E., a locality near the horizon of the Arnold limestone mem-
ber of the Deese formation. The original locality as given by Harlton would
be seven miles southwest of Ardmore, as given by Tomlinson it would be
four miles south of Ardmore. Harlton (1929, p. 308) gives the locality as
NW1, NW14 sec. 2, T. 55, R. 1 E.

The specific name seminolensis is not explained, but Harlton had many
specimens from scattered localities and may have named it for specimens
he had from subsurface samples in the Seminole district. Plummer (_19‘4‘3,
p. 264) recognized that the species is unlikely to be found in Pennsylvanian
strata.

In 1956 Brénniman and Brown (p. 529) described the new genus
Hedbergina and designated Globigerinu seminolensis Harlton as holotype
and figured a Cuban specimen referred !o the species, They Tecognized
that the strata from which it came are Cretaceous. Bolli, Loeblich and
Tappan (1957, p. 39-40, pl. 9, figs. 4a-c) recognized the Cretaceous age
of the species and referred it with question to the genus Praeglobotruncana,
tentativelv reducing Hedbergine to synonymy. They overlooked Tomlin-
son’s revision of the locality, as did this reviewer (1958, p. 80}.

Bronnimann and Brown (1958, p. 15-17) later examined the holotype
and recognized that Globigerina seminolensis does mnot rtepresent the
generic concept they had in mind and they erected the new genus H edber-

ella for the group of species typified by Anomalina lorneiana trocoidea
{Gandolfi). They stated that Hedbergella is a new name. They referred
the Cuban specimen formerly referred to Hedbergella to the type species,
elevated from varietal rank as Hedbergella trocoidea. They considered
Harlton’s species to be Upper Cretaceous, a seemingly impossible assign-
ment.

Todd (1958, p. 78) interpreted Brénnimann and Brown’s 1958 paper
as replacing the name Hedbergina by Hedbergella, whereas, as Burma
(1959, p. 15) points out, the name Hedbergina must remain with its type
and they in fact erected a new genus Hedbergella.

We have a choice of three localities for the holotype of Globigerina
seminolensis:

Harlton 1927—sec. 20, T. 5 S., R. 1 E., a point shown by Frederick-
son (1957, map) to be above the Anadarche limestone and below
the Daube limestone, but within one half mile of Trinity outcrops.

Harlton 1929—sec. 2, T. 5 S., R. 1 E., a locality on the outcrop of the
Dornick Hills group within the Lake Murray formation and more
than three miles from Cretaceous outcrops.

Tomlinson 1929—sec. 20, R. 5 S., R. 2 E., near the outcrop of Arnold
limestone and several miles from Cretaceous rocks.

It would seem necessary to seek and study the species in the Trinity north-
west of the Criner Hills in order to settle finally the questions of the prob-
able original locality, the nature of the genus Hedbergina, and the strati-
graphic position of the species. On the basis of propinquity of Cretaceous
outcrop, Harlton’s 1927 locality description would appear to be correct.

C. C. B.
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1958 STATISTICS OF THE PETROLEUM INDUSTRY IN OKLAHOMA

The source of the following data on drilling for, production of,
and reserves of crude oil, natural gas, and natural-gas liquids, except
where noted, is the annual review issue of the Oil and Gas Journdl,
vol. 57, no. 4, January 26, 1959. One must accept one source in com-
piling annual statistics of the petroleum industry as there is little -agree-
ment between sources. As an example, the Oil and Gas Journal reports
a total of 854 wildcats drilled in 1958 in Oklahoma. World Oil reports
770 wildcats, and the committee on statistics of exploratory drilling of
the American Association of Petroleum Geologists lists 1,196 wildecats for
the same period. All related information differs similarly.

Drilling
Exploratory tests :
Completions in 1958: crude, 116; condensate, 25; gas, 40; dry holes,

673. Toial: 854

Results of exploration: 16.5% oil and condensate; 4.7% gas; 78.8%
dry.

Exploratory footage; 674,344 feet, oil; 225,789, condensate; 217,280
feet, gas; 2,487,804, dry. Total: 3,605,217 feet. Average: 4.222 feet.

Completions in 1957: 474

Forecast for 1959: 838

Development tests

Completions in 1958: crude, 3,135; condensate, 97; gas, 300; dry,

1,663; service, 305. Total: 5,500.

Footage: 9,761,265 feet, oil; 706,163 feet, condensate: 1,416,886 feet,
gas; 4,888,274 feet, dry; 635,640 feet, service. Total: 17,408,228 feet.

Completions in 1957: 5,488

Forecast for 1959: 6,840

Total exploratory and development tests

1957 1958 Forecast 1959
Number of wells: 6,235 6,354 7,678
Amount of footage: 21,594,609 21,013,444 25,575,000
Average footage: 3,463 3,307

Wells drilled by cable tool in 1958: 1,358
Wells drilled by rotary in 1958: 4,996
Total: 6,354
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Second deepest hole in world: Shell No. 5 Rumberger, Elk City Field,
Beckham County, at 24,002 feet in Mississippian rocks.

Second deepent producing well in the United States: British American
No. 1 Krieger, Knox Field, Stephens County, producing condensate
and gas from 16,912 feet in Ordovician rocks.

Production
Crude oil and lease condensate 1957 1958
Total annual production (barrels) : 214,661,000 199,953,000
Daily production (barrels of crude) : 558,438 547.817
Total number of producing wells: 77,610 79.425
Daily average per well {barreis) : 7.5 S TR
Wells flowing naturally (percent) : 3.7
Number of stripper wells:! 59,983
Daily average of stripper wells (barrels) :! 4.2

Natural gas
Total annual marketed {millions of cubic

feet): 719,794, 763,000
Total number of producing wells:2 4,407 4,801
Estimated reserves at end of year
1957 1958

Crude oil (thousand barrels) : 2,228,164 2,141,000
Natural gas (billion cubic feet) : 14,260 14,800
Natural-gas liquids (thousand barrels): 342,643 355,000
Primary crude oil reserves of 59,983 stripper

wells (thousand barrels) :? 612,640
Secondary crude oil reserves of above wells

(thousand barrels) :1 704,740

Total: 1,317,380
Reserves of Oklahoma’s 20 “giant”* fields
(thousand barrels) :? 1,030,000 or 949.000 or
48.1% of all reserves 42.6% of all reserves
*Allen, Avant, Bowlegs, Burbank, Cement, Cushing, Earlsboro, West Ed-
mond. Elk City, Fitts, GlennPool, Golden Trend, Healdton, Hewitt, Little
River, Oklahoma City, Seminole, Sho-Vel-Tum, St. Louis, and Tonkawa
Fields are “giant” fields which have or will produce over 100 million
barrels of oil. Oklahoma City Field has produced over 710 million bar-
rels, Sho-Vel-Tum nearly 500 million barrels, Cushing about 410 million
barrels and Burbank nearly 350 million barrels.
Refineries, Natural Gasoline Plants, Cycling Plants
Number of refineries: 143
Crude capacity per calendar day: 391, 780 barrels
Number of natural gasoline plants: 664
Capacity: 2,282,600,000 cubic feet per day (incomplete)
Number of cycling plants: 2%
Capacity: 273,900,000 cubic feet per day.

! Oil and Gas Journal, vol. 57, no. 11, March 9, 1959, p. 87.

2 World Oil vol. 148, no. 3, February 15, 1959, p. 148.

% Oil and Gas Journal, vol. 57, no. 14, March 30, 1959, p. 128.

* Oil and Gas Journal, vol. 57, no. 18, April 27, 1959, p. 134.
L. J.
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Cottonwood Cave, Sequoyah County, Oklahoma

NevicLe M. Curtis, Jr.

In a recent issue of Oklahoma Geology Notes (vol. 19, no. 2, p. 20
31) there appeared a résumé of caves in the Arbuckle Mountains area.
The Oklahoma Geological Survey, in the hope of publishing all available
data on caves in Oklahoma, presents an account of Cottonwood Cave.

Data and map were made available by Jack Burch who surveyed the
cave with the help of L. C. Perryman.
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Cottonwood Cave is located in the NW1j; SW1/ sec. 1, T. 13 N.. R.
23 E. in Sequoyah County, Oklahoma. The cave is a series of intermingling
passages with four or more different levels. About 1,000 feet from the
entrance is a large, partially dry room, roughly 60 feet wide, 7 feet high,
and 400 feet long. Many of the rooms in Cottonwood Cave have widths of
100 feet and more and one large room has a lake 70 feet long and 30
feet wide.

Cottonwood Cave has formed in the St. Clair formation, which 1s
Silurian in age. The formation is a gray to pink, heavy-bedded limestone.

Guano Deposits in Caves of Oklahoma

My, Jack Burch of Springer, Oklahoma, recently stated that there
are at least six caves in Oklahoma containing deposits of guano.

Guano is now being mined in Bat Cave, Greer County, Oklahoma, and
according to Mr. Burch, this deposit is the largest in Oklahoma. It has
been estimated that up to 3,000,000 bats use this cave. Two other caves,
Bat Cave and Ice Box Cave, located in northern Woodward County have
been leased for their guano deposits.

It has been reported that Corbyn Cave in Cherokee County contains
approximately one ton of guano, as does Twin Cave. The deposit in Twin
Cave is not centralized, but is scattered. A small amount of guano has
been reported from Bat Cave, south of Kansas, Oklahoma.

The main use of guano is as a fertilizer and in 1955, the United
States imported 7,625 long tons valued at $673,5541. In 1956 the import
was increased to 11,157 long tons valued at $949,180. In 1957 the United
States imported 16,685 long tons valued at $1,542,385%.

N. M. C.
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A PLIOCENE BADGER
Pliotaxidea nevadensis (Butterworth)
from Harper County, Oklahoma
Davip B. Kirts and ARTHUR J. MYERS

During the summer of 1955, A. J. Myers found a nearly complete
mustelid right mandible with M, and M, and the roots of Py, Ps, and P,
(0 U.S.M. No. 2100) which had weathered out of the Ogallala formation
in Harper County, Oklahoma. Several horse teeth which have been de-
posited in the University of Michigan Museum of Paleontology (UMMP.
Noe. 320821 QQQRA.\ were found in assoaciation with the mnc:fﬂ]u'] lnw T]'\pv
have been identified by Dr. Donald E. Savage of the Umver51ty of Cali-
fornia Museum of Paleontology as pertaining to Nannippus ?, Neohip-
parion cf. N. eurystyle and Pliohippus sp., and are believed to be of mid-
dle or late Hemphillian age. :

The outcrop in which the badger was found is a horseshoe-shaped
outlier of Pliocene Ogallala formation on the Raymond Bently ranch in
the NE1/ sec. 34, T. 27 N, R. 24 W. in Harper County. The Pliocene
Ogallala formation lies unconformab]y above the Permian Whitehorse for-
mation. The exposure consists of 54 feet of moderately well sorted, poorly
consolidated, sand and gravel. The lowermost 5 feet contains red s sandetone
pebbles up to 4 inches in diameter, black iron-stained pebbles ranging in
diameter from %3 inch to 2 inches, and white caliche pebbles ranging in
diameter from 3 to 6 inches. The remaining 49 feet is medium- to fine-
grained sand. There are two zones of consolidated beds: a 3.7 foot bed. at
the top and a 1.8 foot zone of thin lenticular beds 39 feet from the base.
The badger was found 5 feet below the lenticular zone. Pebbles of quartz
and orthoclase, 14 to 114 inches in diameter, mantle the hill top.

The alluvial sand and gravel were deposited by streams flowing east-
ward from the Rocky Mountains. The Pliocene streams flowing across the
Permian rocks carried pebbles derived from the Permian, the Cretaceous
Kiowa shale, and Tertiary formations in addition to material from .the
Rocky Mountains. The coarseness of the gravel indicates that at times the
ve]oc:ty was relatively high. As the load was deposited the stream shifted
its channel and migrated over a large area, forming a broad alluvial plain.
The total thickness of the alluvium was greater and covered a much larger
area than it does at present. With the melting of the Pleistocene glaciers
in the Rocky Mountains, the melt water stream flowed across this area and
transported the feldear and quartz pebbles from the Rocky Mountains.
At one time this area was probably covered with Pleistocene alluvium
which may have been tens of feet thick; however, subsequent erosion has
removed everything except the pebbles.

The morphology of the molars and jaw suggest the meline affinities
of the specimen and comparison indicates that it can confldently be as-
signed to Pliotaxidea nevadensis (Butterworth) 1916.

The type specimen of Taxidea nevadensis from the Thousand Creek
formation of Nevada consists of a right mandibular fragment with Ps-M,
(University of California Museum of Paleontology No. 22290). Butter-
worth stated that the species differed from Taxidea taxus in having a rela-
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tively larger heel on M, less specialization of the heel tubercles of M; for
cutting, and more prominent, more anterior protoconid. The teeth of the
Harper County specimen are well-worn and consequently the cusp relation-
ships are not evident. The relative size and form of the heel of My is, how-
ever, like that of the type specimen.
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Hesse (1936) assigned to Taxidea a left P%, a left M! and a left M;
from the late Hemphillian Optima fauna of Texas County, Oklahoma
(U.C.M.P. Nos. 30440-30442). Hall examined these teeth in 1936 (see Hall,
1946, p. 15) and was at that time unwilling to identify these specimens as
pertaining to a species different from Taxidea taxus because of the lack of
material of the recent species for comparison.
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Hall (1946), on the basis of the type specimen of Taxidea nevadensis,
a skull and the left lower cheek teeth from Harney County, Oregon'; a
partial P* from the Fsmeralda beds of Esmeralda County, Oregon
(U.CM.P. No. 27130) ; and the Optima material erected the genus Plio-
taxidea. Hall cites a number of skull and tooth characters which distin-
guish Pliotaxidea from Taxidea and there is no doubt that generic distine-
tion 1s fully warranted.

With respect to the My, the only diagnostic tooth which is well pre-
served in the Harper County specimen, Hall points out that in Plotaxideu
the talonid is wider. in relation to the trigonid, and that the trigonid is
transversely wider in relation to its length. An examination of Table 2
will reveal that the Harper County specimen is almost identical to the
other specimens assigned to Pliotaxidea in the size and proportions of M.
A small piece of the posteroexternal portion of M; is missing, and conse-
quently the talonid appears to narrow rather sharply. (see F igure 1).

Fic. 1. Pliotaxidea nevadensis (Butterworth), 0.U.S.M. No. 2100, right lower
jaw. a. Lateral view. b. Crown view x2.
REFERENCES CITED _

Butterworth, E. M., 1916, A new mustelid from the Thousand Creek Pliocene of
Nevada: Calif., Univ., Publ., Dept. Geol. Sciences, Bull, vol. 10, p. 21-24.

Hali, E. R., 1946, A new genus of American Pliocene badger, with remarks on the
relationships of badgers of the northern hemisphere: Carnegie Inst. Washington,
Publ. 551, p. 11-25,

Hesse, C. T., 1936, A Pliocene vertebrate fauna from Optima, Oklahoma: Calif.,
Univ., Publ.,, Dept. Geol. Sciences, Bull., vol. 24, p. 57-70.

1 Hall did not give the catalog number of the specimen. At the time his paper was
published the specimen was in the collection of the California Institute of Tech-
nology,
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TABLE 1

Harper County, Thousand Creek, Optima,
Oklahoma Nevada Oklahoma
0.USM. U.CM.P. U.CM.P.
NO. 2100 NO. 22290 NO. 30442
Length from anterior 25.4
border P to posterior
border M.
Anterior-posterior 9.3 2.5 10.3
diameter M,
Transverse diameter 4.7 4.5 4.9
of M, at protocone
Anterior-posterior 4.0 3.9 4.3
diameter of talonid
Transverse diameter of 4.4 4.5 5.0

talonid

Comparative measurements of three specimens of Pliocene bhadgers.

Changing Times

“Quartzite: tough and expensive . . . but hard to beat for railroad
ballast” is the title of an article in the November issue of Rock Products.
The writer is reminded of & contractor who attempted to produce novacu-
lite for use as riprap. He quit that endeavor in a hurry. The operating and
maintenance costs were far too high for him to make a profit.

With quartzite and novaculite in somewhat the same category as re-
gards composition, and cost of quarrying and crushing, the title did not
& ake sense.” However, on reading further it was soon evident that there
were considerations other than quarrying and crushing expense. The Chi-
cago and North Western Railroad is actually producing a Wisconsin quartz-
‘te for use as ballast and substituting it for the currently-used softer and
less rugged gravel and limestone throughout their system. The C&NW found
by a series of tests that quartzite possesses advantages over the other bal-
last materials that more than offset the much higher cost.

The difficulty with most ballast materials is that the abrasion between
particles caused by fast trains, heavy trains, and heavy traffic disintegrates
the ballast,—wearing the desired rough edges that interlock, and produe-
ing quantities of fine dust. The dust clogs the road bed and prevents drain-
age. This necessitates highly expensive maintenance operations. This did
not happen with quartzite.

Quartzite occurs in Oklahoma. The best known occurrence is in the
Wichita Mountain area, near Meers, but it is doubtful that the quantity is
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sufficient to warrant a quarry operation for railroad ballast. However, as
Dr. Ham suggested to the writer, certain other Oklahoma mineral materials
possess similar composition and similar physical properties to quartzite
and might be equally suitable and desirable for railroad ballast. He men-
tioned not only novaculite from the Ouachita Mountains of southeastern
counties but also the “chat” from the zinc-mining area in the extreme
northeast and highly siliceous limestones and cherts found not only in the
northeastern counties but also in the Arbuckle Mountains area.

Perhaps it would be not such a bad idea if railroads operating in
Oklahoma would secure materials of several kinds along their lines and
subject them to comparative tests under present-day operating conditions.

Low-cost ballast may not he good economy. A L. R,

At UuAsaaisaaa

THE OKLAHOMA MINERAL EXHIBIT AT THE
ST. LOUIS WORLDS FAIR

by
Chas. N. Gould

At the time of the Louisiana Purchase Exposition, usually spoken
of as the St. Louis Worlds Fair, 1904, Oklahoma had been a territory
a little more than ten years. In 1902 the territorial legislature made an
appropriation of $40,000 for all purposes to take care of Oklahoma’s part
in the big show. Governor Cassius A. Barnes appointed as a commission
to look after the matter the following men: Joseph A. Meibergen, a
merchant of Enid, Otto A. Shuttee, a banker of El Reno, and Fred L.
Wemer of Guthrie who was at that time secretary to the governor.
Later, on account of press of other duties, Mr. Wenner resigned and
Mr. Edgar A. Marchant, an editor, of Aline, was appointed. Mr. Meiber-
gen was chairman of the commission, Mr. Marchant secretary, and Mr.
‘Shuttee treasurer. '

At that time I had been teaching geology at the University of
Oklahoma only about two years, but was already becoming enthused
with the vast possibilities of the development of the mineral wealth
of the twin territories, Oklahoma and Indian Territory. This was six
years before statehood, but at that time many of us believed that the
two territories would eventually become a single state.

I conceived the idea that it would be a profitable thing to have an
exhibit of the minerals of Oklahoma at the Worlds Fair and with this
thought in mind I wrote Secretary Wenner at Guthrie regarding the
matter, and received from him a very courteous reply. A few weeks
later I was asked to attend a meeting of the commission at which time
arrangements were made for me to have active charge of the mineral
exhibit, and I was instructed to begin collecting the materials for such
an exhibit.

It was then that my troubles began. I really knew very little about
exhibits of any kind and had never attended a very large exposition,
and really did not know just how to go about the matter. Another dif-
ficulty was that the Territory of Oklahoma did not at that time have any
considerable amount of minerals. Oil was unknown. There was no coal,
lead or zine, and about all that we had in the Territory was an abun-
dance of red dirt, some gypsum, salt and building stone. I determined,

147





however, to make the best showing possible of the things we had, and
during the winter, I employed a student at the University, Mr. Eck F.
Schramm, of Newkirk, to collect samples of building stone. Mr. Schramm
visited quarries in Kay, Osage, Pawnee, Noble and Payne Counties, and
the material collected was shipped to the campus at Norman. I employed
a stone mason to dress the stone into cubes about eight inches square,
giving a different finish to each of the faces. These blocks of building
ctome were sent to St. Louis and afterwards returned and served for a
number of years at the State Fair at Oklahoma City, and are now back
on the campus at the University.

The exposition was held at Forest Park, a suburb of St. Louis. A
large number of buildings were constructed mainly of staff, or gypsum
plaster mixed with excelsior. The mineral buiiding was about the size
of two city blocks. Oklahoma was assigned a space near the center
of the building about midway between two doors. On one side of us
was Indian Territory and on the other Kansas. Across the aisle were
Arkansas and Montana. Most of the states at that time greatly exceeded
Oklahoma in variety and abundance of mineral wealth, and it looked
as if we were doomed to be lost in the shuffle.

During the year 1903 and the spring of 1904 1 made several trips
to St. Louis to arrange for space and for tables and shelving. During
these trips 1 saw a number of prominent men; David R. Francis, ex-
governor of Missouri and ex-Secretary. of Interior in Cleveland’s cab-
inet, was president of the Exposition. I remember seeing Grover Cleve-
land, Theodore Roosevelt, who was then president, Cardinal Gibbons,
and a number of other men of national reputation.

The two chief objects of interest in the Oklahoma exhibit were,
first, a plaster model of the Territory painted in vivid colors, and sec-
ond, two immense blocks of gypsum. The model had been prepared at
Norman by a model maker, D. J. M. Finney. It occupied a prominent
space in the center of the exhibit. After the close of the exposition it
was shipped back to the campus of the University and for many years
has been in the Science Building of the University.

The blocks of gypsum were used rather effectively to advertise the
resources of the State. As I have said, there was at that time no large
amount or great variety of minerals in Oklahoma. Gypsum was in fact
our leading mineral. I arranged with the manager of a gypsum com-
pany in Blaine County to send us two large blocks of gypsum just as
they were quarried from the ledges. These blocks of gypsum were
about three feet square at the base, and stood about eight feet high, tap-
ering slightly toward the top. Instead of setting these blocks at the rear
of the booth, near the wall, T decided to put them out in front. Two extra
heavy tables were made, and we were obliged to reenforce the floor
beneath. These two heavy blocks of gypsum were arranged flush with
the center aisle of the building, which led past the booth.

I used to get a kick out of standing off at one side and watching
the people coming into the building. A man would enter the door, look
down the long aisle, and his eye would be attracted by these pillars of
white gypsum standing upright near the center of the building, and it
almost seemed as if they would draw like a magnet, and the man would
focus his eye on the gypsum and would march past much better exhibits
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than ours, those with brass rails and plate-glass cases, and stand before
our rather crude exhibit of gypsum. This was the time when we took
the opportunity of preaching to him the gospel of Oklahoma, the new
Territory.

Since 1904 I have had the pleasure many times of having people
from all parts of the State tell me that the first time they ever became
interested in Oklahoma was at the mineral exhibit in St. Louis when
they were standing by the big block of gypsum and listening to the boys
tell of the wonders of the new Territory.

In conducting an exhibit of any kind it is not only essential to
collect the material, but it is even more essential to have some one who
can explain it to visitors. This was our difficully. We had no money to
pay a salary to any onme to remain with the exhibit, so I hit upon the
following plan. At that time there were a number of young fellows in-
terested in geology at the University who were willing to spend two weeks
in St. Louis for expenses only. I arranged with the commission to pay
the railroad fare and board of a number of men, each of whom was
to stay at the exhibit for two weeks. The plan was that one could be
sent up from Oklahoma each week, and each man spent the first week
learning what it was all about and seeing the rest of the exposition and
the second week in teaching the new man who came on the job. I am
not quite sure that I can remember all the names of the men who were
employed, but the following list is approximately complete:

Eck F. Schramm
Chester A. Reeds
Ralph Sherwin

A. M. Alden
Pierce Larkin

Tom B. Matthews
Charles Long

Robt. Severin

E. L. Edwards
Clarence Reeds

L. L. Hutchison
Chas.. T. Kirk
William Low

Harry B. Tosh
Everette L. De Golyer
Ira W. Montgomery

Mr. Schramm and Mr. Kirk aided in installing the exhibit and
Mr. Matthews had charge of dismembering it and sending the material
back to Norman.

Oklzhoma only put on two exhibits at the exposition; the agricul-
tural exhibit housed in another building was in charge of Mr. C. A.
McNabb. The Oklahoma State building at the fair, which was the head-
quarters of Secretary Marchant and Oklahoma visitors, was afterwards
removed to El Reno where it has since served as the Elks Club. I re-
member that when Governor Ferguson came to visit the fair at the time
of the opening, Mr. Schramm and I, who had been occupying a room
at the Oklahoma building, had to go outside the grounds and rustle
another place to sleep.
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In thinking back over the events, I am convinced that the mineral
exhibit and the agricultural exhibit at the St. Louis Exposition were
worth many times over what it cost. They helped to put Oklahoma on
the map, and while no one will ever know accurately how many people
they brought to the State, I have no doubt at all that thousands of peo-
ple were attracted to Oklahoma on this account.

I will go a step further and say that it is my deliberate judgement
that money spent in this kind of advertising is always well spent and
Oklahoma will always make a mistake if she does not take advantage
of these opportunities.

What a change there has been in the last 24 years from 1904 to
1028. At that time the value of the mineral resources of Oklahoma and
indian Territory approximated $6,000,000 a year. it is now $570,000,000.
At that time Oklahoma and Indian Territory together ranked 33rd
among the states of the Union in the value of mineral products. Today
she ranks second. At that time the oil produced in Oklahoma was only
a few thousand barrels a year. Now it is 175,000,000 valued at over
$400,000,000. At that time there was practically no natural gas pro-
duced. Today the value of natural gas is over $40,000,000 annually.
Natural gas gasoline had not been invented at that time. Today the value
of this material in Oklahoma is over $40,000,000. In 1904 Oklahoma
produced no lead nor zinc. In 1927 the value of these products was over
$50,000,000. From nothing to our present eminence all within a quarter
of a century. What will the future bring?

Note: The above article was written probably in 1928. The copy from
which it is now published was cataloged in the Geology Library January
14, 1936.

Fifth World Petroleum Congress, New York City
May 30th throuch June 5th, 1959

With approximately 5.000 attending delegates and 1.000 wives from
48 countries and virtually every state of the United States the Fifth
World Petroleum Congress met in New York City’s big Coliseum for
five days of technical session. More than 300 papers were read in one
of the official laneuages, French or English, and were discussed in both
languages. The technical papers presented were divided into 1 sections,
two of which were geology and geophysics. which met concurrently.
The other sections were 1} drilling and production, 2) oil processes
and refining, 3} chemicals from petroleum and natural gas, 4} com-
position. analysis and testing, 5) utilization of petroleum products, 6)
engineering equipment and materials. 7) transportation and distribution,
8) operations research, statistics and education, and 9) symposium on
applications of atomic energy to the petroleum industry. The Congress
sponsored on three floors of the Coliseum an exposition which featured
commercial equipment and the services of some 250 leading companies
serving the petroleum and petrochemical industries. Among the exhib-
itors were nearly all of the leading engineering and contracting firms;
companies serving the geological and producing sectors of the industry:
numerous United States oil companies; and manufacturers of geophysical
and geochemical instruments, petrochemicals, chemicals and catalysts,
electrical equipment and electronic control instruments. More than twenty
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companies from outside the United States participated.

About 60 papers dealing with geological and geophysical problems
were presented in two concurrent sections. The subjects ranged from an
investigation of modern carbonate deposition in the Gulf of Batabano,
Cuba, and evidence of olistosiromes in Italy to studies cf direct oil
detection methods in Russia and gravity measurements in Chile. Geo-
logical or geophysical observations concerning part or the whole of the
following foreign countries or areas were presented: Alberta, Angola,
Argentina, Austria, Belgian Congo, Brazil, Chile, Equatorial French Af-
rica, Gabon, Germany, India, Iran, Israel, Italy, Netherlands New Guin-
ea, Oman, Pakistan, Peru, the Sahara, Sicily, Turkey, U.S.S.R., Vene-
zuela, and Yugoslavia. The Petroleum Week, January 23, 1959 lists the
papers presented and copies of any paper can be obtained at a cost of
twenty-five cents from the Fifth World Petroleum Congress, Inc., 527
Madison Avenue, New York, 22, New York. Geology and Geophysics,
Section I, Proceedings of the Congress including discussions of each
paper, will be available for $12.50.

Entertainment included a reception at the Waldorf-Astoria, tickets
to Radio City Music Hall and to a concert of the New York Philharmonic
Orchestra at Carnegie Hall. Fifteen foreign countries and many of the
major oil producing states of the United States were represented by
newspaper men personally covering the activities of the congress. The
Oil and Gas Journal, June 8, 1959 issue, reports on the Congress and
includes reprints of a few papers presented at the meeting. On page 91,
H. D. Ralph tells why the Russians, who wrote 19 papers for the Con-
gress, boycotted the meetings. Primarily the Russian writers did not
come because the State Department drew a “crazy quilt pattern” of
places and areas on a map of the United States where they could not
go in retaliation for the Russians’ refusal to let U. S. tourists and business-
men visit important areas in the USSR. In Oklahoma, Osage County
and the Panhandle were two such areas.

Status of Survey Publications

Bulletin 79. Petrology of Pennsylvanian sandstones and conglomerates
of the Ardmore Basin, by Lynn Jacobsen, 144 pages, 44 figures, 17
tables. May 15, 1959. Bound in blue cloth, $2.00, paper $1.50.

Bulletin 80. Geology of Harper County, Oklahoma, by Arthur J. Myers.
with a section of petroleum geology by Louise Jordan, J. Durwood
Pate, and Sydney R. Williamson. 108 pages, 20 figures, 3 plates,
I panel, 4 tables. February 1959, $3.00.

Bulletin 81. Geology of Creek County, Oklahoma, by Malcolm C. QOakes,
with a section on petroleum geology, by Louise Jordan. About 130

pages, 20 figures, 3 plates. Available in September. Bound in blue
cloth, $3.50, paper $3.00.

Bulletin 82. Stratigraphy and paleontology of the Hunton group in the
Arbuckle Mountain region. Part V. Bois d’Arc articulate brachipods,
by Thomas W. Amsden. 110 pages, 5 plates, 18 figures, 2 tables.
Bound in blue cloth $2.25, paper $1.50.

Bulletin 83. Geology of Pawnee County, by Paul B. Greig. In press,
available in November.
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Bulletin 84. Stratigraphy and paleontology of the Hunton group in
the Arbuckle Mountain region. Part VI. Stratigraphy, by Thomas
W. Amsden. In press, available in December.

Bulletin 85. Geology of the Boktukola syncline area of the Ouachita
Mountains, by O. B. Shelburne. Available early in 1960.

Bulletin 86. Ground water resources of southern McCurtain County,
by L. V. Davis. In press, available in December.

Bulletin 87. Ground water of Canadian County, by Joe L. Mogg, Stuart
L. Schoff and E. W. Reed. Probably available March 1960.

Bulletin 88. Geology of Blaine County, by R. O. Fay. Probably available
May 1960.

Circular 47. Atoka formaticn on the north side
by Jack G. Blythe. About 60 pages. July 1, 1959. Bound in blue
cloth, $1.25, paper, $0.75.

Circular 48. Cenozoic geology of northern Roger Mills County, Okla-
homa, by D. B. Kitts, and A Pliocene vertebrate local fauna from
Roger Mills County, by D. B. Kitts and Craig C. Black. 43 pages, 9
figures, 2 plates. July, 1959. Bound in blue cloth, $1.50, paper $1.00.

Circular 49. Microflora of the Flowerpot shale, by L. R. Wilson. In
press, available in October.

Circular 50. Geology of northern Latimer County, by Dearl T. Russell.
In press, available in October.

Circular 51. Geology of the Cavanal syncline, by Philip K. Webb. Prob-
ably available in December.

Guide Book VIII. The composite interpretive method of logging drill
cuttings, by John C. Maher. 48 pages, 1 plate, 14 figures, 6 tables.
June 18, 1959. $1.50.

Guide Book IX. Guide to Roman Nose State Park, by R. O. Fay. In
press, available in August. §1.00.

Guide Book X. Guide to Beavers Bend State Park, by W. D. Pitt. In
preparation.

Guide Book XI. Stratigraphic units of Oklahoma. In preparation.
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An Unusual Type of Ripple Mark

Puirir A. CHENOWETH

The common types of ripple marks have formed so that the long di-
mension is roughly perpendicular to the direction of current or to the
direction of wave motion. An occurrence of rather puzzling ripple marks
which apparently contradict this rule has been observed in the bed of
Wewoka Creek near Lima, Seminole County. Wewoka Creek is a per-
manent stream, carrying a very small amount of water, principally oil
field waste, in the summer months, but subject to rapid increases in water
level. During high-water periods the stream, which is 75 to 100 feet wide,
is full of water ten or more feet deep moving at relatively high velocities.
No doubt the stream carries a great load at such times for the bedrock
over which it flows contains many layers of friable sandsione and con-
glomerate. At low-water times, of course, this load makes up the bed of
the stream.

WOODED FLOODPLAIN

j«—40 Feet —>i

Sketch of Wewoka Creek showing position of ripples.

At the locality in question the creek has steep banks, 10 to 12 feet
high, and is approximately 108 feet wide. A wide sand bar entirely spans
the creek at low water, except for a 3 to 4 foot channel along the south
bank (Sketch map, figure 1). On this sand bar, extending up and down
stream about 50 to 100 feet, are large numbers of deep, evenly spaced
furrows with intervening ridges that resemble in every way the large rip-
ples so often found on Paleozoic limestones and called pararipples. In this
instance the ripples (and it seems most appropriate to refer to these ridges
and troughs as ripples) have an average amplitude of 41/ inches and an
average wave length measured from crest to crest of 251% inches. They
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are remarkably parallel in comparison to the Paleozoic pararipples for the
latter are most often anastomosing in plan where large exposures can be
observed.

Pararipples of the sort referred to in ancient Jimestones are considered
to originate from strong currents, probably tidal currents augmented by
storm waves, and are assumed o have formed perpendicu]ar to the prin-

View of bed of Wewoka Creek showing ripples.
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cipal current direction. In some instances the predominant current direc-
tion has actually been determined by study of oriented elements, fossil
shells in particular, associated with the rippled strata.

View across Wewoka Creek.

The rippled sand bar in Wewoka Creek, however, presents quite the
opposite picture. The long dimension of the ripples is very nearly parallel
to the direction of the stream channel~and most certainly the ripples, if
such they may be called, formed parallel to, not perpendicular to, the cur-
rent direction. A dead tree along the north bank of the stream provides a
very effective current indicator; with a large mass of earth and rock still
caught in the roots of the tree the trunk swings about this anchor like a
weather vane. Cursory analysis of the size of the sediments that make up
the ripples and the troughs shows that the troughs are floored with coarser
heavier material and the crests made up of fine light material, a feature
supposedly diagnostic of the more familiar oscillation-type ripple mark in
which, due to the to-and-fro motion of the generating waves, a sorting of
this kind is inevitable.

One possible explanation presents itself. The sand bar on which the
ripples are exposed may be only a small segment of a much greater set of
sand waves, or metaripples, which form in many streams during high
water periods. The smaller grooves on the surface of this sand wave may
be relatively tiny channels etched out by the waning currents. This could
account for the orientation parallel to current direction and perhaps, in
some obscure way for the difference in size of material in the troughs and
on the crests—assuming that the fine material is washed out of the chan-
nels (or troughs) leaving a residue of coarser material. If this is the
proper explanation, no doubt such features could be of any size depending
on the strength of the currents and local conditions of stream load.
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TYPE OF GONIATITES CHOCTAWENSIS

Cart C. Branson, Maxiv K. Evias, and THOMAS W. AMSDEN

Two notes have been written by Branson on the subject of the original
locality from which George Shumard collected the specimen described in
1863 by his brother Benjamin as Goniatites choctawensis. The locality was
_ given merely as “a dark compact limestone supposed to belong to the Coal
Measures, on the farm of Mr. J. Blackburn, in the Choctaw Nation.” (B. F.
Shumard, 1863, p. 109-110). R. H. Dott referred Branson to a map show-
ing Mrs. Blackburn’s and he wrote a second note on the locality (1959,
p. 101-102). Dott recently called attention to Lang’s book, which gives
data on the Blackburn Station. The Oklahoma Historical Society has just
issued a paper which settles the matter effectively. The stage station called
Blackburn’s Station was at the home of Casper B. Blackburn. J. G. Black-
burn was known to have had a store at Brushey, a settlement of which
only traces of the cemetery remain, the cemetery located at SE1j4 SW1j
sec. 5, T. 2 N., R. 15 E. (Conkling, 1947, p. 258). The station itself was
about a mile east of Brushy Creek near the east line of sec. 5, probably in
the NE1j SE1/, west of the present section-line road leading to Pine Top
School (Okla. Hist. Society, 1959 p., 17). Incidentally, Pine Top School,
about half a mile north, is the type locality of the Pinetop chert (Lower?
Devonian). The locality from which Taff and Girty collected Goniatites
choctawensis on November 28, 1898, and from which Taff and Ulrich col-
lected later, is “Locality 2078, near center of sec. 4, T. 2 N, R. 15 E,,
where small run crosses chert ridge. Caney shale (lower part, but not base;
from concretions in black shale)” (Girty, 1909, p. 73).

Dr. M. K. Elias examined the area for the Survey on June 5 to 7,
1959, and reports that the only occurrence of goniatite-bearing concretions
is along the creek which runs just west of the east line of SE14 NE1j
NW1, sec. 4 from just south of the south line of the NW1j to a point
120 feet south of the east-west graveled road. He found specimens of
Goniatites choctawensis in a zone of large concretions about 125 feet above
the base of the formation. In and associated with the concretions in Bed
22 of the measured section he also found:

Caneyella voughani Girty (common). Topotypes.

Caneyella percostata Girty (common). Topotypes.

Canevella wapanuckensis Girty (common).

“Qrthoceras” indianum Girty (rare). Topotype.

“Orthoceras” cf. “0.” caneyanum Girty (rare). Type locality.
“Orthoceras’ cf. “0.” crebriliratum Girty (rare). Type locality.
Lyrogoniatites caneyanum (Girty) (common). Topotypes.
Idiotheca new species (rare).

Girty (1909) described from this locality in addition to the above forms,
Trizonoceras lepidum Girty. and renorted Caneyella rickardsoni Girty and
Girtyoceras meslerianum (Girty) . The several good specimens of Goniatites
choctawensis are smaller than the largest of Girty’s specimens, but agree
closely with his figures.

A measured section of the Caney in NW14 NE14 sec. 3, T. 2 N, R.
15 E., was published by Hendricks and Gardner (1957, p. 23-24, 1959,
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p. 20-21). The locality given is probably in error for sec. 4. Hendricks’
map shows a narrow belt of Caney shale south of a fault, the belt extending
southwestward from south of the center of sec. 4 through the sites of
Blackburn’s Station and Blackburn’s store. The weak nature of the Caney
shale and of the overlying “Springer” shale has permiited the shales to
weather to a valley between “Atoka” ridges, and their surface is thus the
likely course of the stage road (U. S. Geol. Survey, Topographic Branch,
McAlester quadrangle, 1909).

COLUMNAR SECTION MEASURED ALONG CREEK AT GIRTY’S
STATION 2078
by Maxim K. Elias, June 6, 1959.

From top down (starting at E-W barbed-wire fence):

Goddard shale:

Thickness
in feet

58. Shale, gray, clayey, mostly covered. In lower part

dark gray-brown friable ferruginous concretions,

disintegrated into soft fragments, probably a few

inches across ________ . o 24,
57. Shale, black, flaky and crumbly _____________________ 3.
56. Shale, light-gray, flaky, with flakes of selenite __________ 4.
55. Covered _________ 13.5
54. Shale, black, flaky to crumbly . ___________________ 3.
53. Covered _____ 38.
52. Shale, black, flaky; 1.5 feet below top is a limonitic

streak, sandy, fissile . ____________________________ 18.

Total: 103.5

Caney shale (Delaware Creek shale member)
51. Shale, siliceous, black, very compact, fissile

unfossiliferous; makes small water fall in creek;

dip 80°85° _____________ 1.6
50. Shale, black, flaky to erumbly _______________________ 56.
49. Covered _______ 10.
48. Shale, black, fiaky to crumbly _______________________ 50.
47. Clay, gray ——____________ . 10.
46. Shale, black, flaky to crumbly _______________________ 4.5
45. Shale, gray, flaky . _____________________ 0.5
44. Shale, black, flaky ______________________ 18.
43. Shale, black, fissile, medium-compact _________________ 1.
42. Covered ____ _________ o 14.
41. Shale, black, flaky to crumbly _______________________ 6.
40. Hard crust, crumbly, dark gray ______________________ 0.5
39. Shale, black, flaky to crumbly ________ . _____________ 24.
38. Covered _______ . _ _ 14.
37. Shale, black, fissile _.__________ ______________________ 3.

36. Shale, dark gray (black below), flaggy to fissile,

with scattered conodonts: Spathognathodus cf.
S. commutatus Branson and Mehl, 1941 (Caney
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35.
34.
33.
32.

31.

30.
20,

28.

27.
26.

25.

24.
23.

22.

21.
20.

19.
18.
17.
16.

conodonts) ; Prioniodella? (new genus?) sp. 4

(same as undescribed species from Delaware Creek
shale of Ardmore basin); and Hamulosodina n. sp.,
aff. H. parilis Cooper, 1931 (Woodford conodonts}.

Conodonts well preserved and fairly common ________

Shale, black, flaky - ________________________________
Covered ____ ... _ .
Shale, gray, fissile to flaky . . _____
Shale, gray, medium-compact, very fissile; makes bench __

Shale, gray, fissile, with scattered conodonts and
sponge spicules: Spathograthodus cf. S. commutatus
Branson and Mehl, 1941 (Caney conodonts) ; Neo-
priontodus n. sp., aff. “Prioniodus ? sp.,” Elias, 1956
Sand Branch conodonts) and aff. undescribed species
from Delaware Creek shale of Ardmore basin; two
kinds (thick and thin) of monaxon and one of tetraxon
sponge spicules __________._ ______________________
Shale, gray, fissile __.____________ __ __ _____
Shale, gray, thinly fissile; in upper part many
scattered elliptical limestone concretions
0.5 feet in diameter _____________________________

Shale, gray, fissile, compact; with many scattered
conodonts: Solenodella (—=Subbryanthodus of authors)
aff. S. roundyi: Hass (Barnett sh.) ______ ___________

Shale, gray, fissile ______________ _________________
Shale, black, flaky _________________________________

Zone of large (to 2 feet across) gray limestone
concretions, some partly irregularly septarian;
with occasional goniatites .____

Shale, black, flaky . __  _________________

Shale, gray, flaky, with few thin (0.1 to 0.2 feet across)
marly concretions, in which occasional goniatites
and Caneyella _ . __________________  _________

Main fossiliferous zone of large (2 feet plus in
diameter) very dense gray limestone concretions;
and roughly fissile light-gray marly lenticular
concretions, with goniatites, Caneyella, “Orthoceras”,
and other fossils in both; also very few small
phosphatic concretions with Idiotheca new species and
Caneyella wapanuckensis Girty.

Shale, gray, fissile .. ____________________
Zone of moderately large (0.7 feet across) gray
elliptical limestone concretions, apparently .
unfossiliferous ________ _______________

Shale, black, flaky . _______________________________
Shale, dark-gray, fissile, moderately compaet ___________
Shale, gray, flaky ____________ __________________
Shale, gray, fissile to flaky . _______________

Thickness
in feet





Thickness

in feet

15. Zone of 0.8 to 1 foot thick very dense gray

elliptical limestone concretions, apparently

unfossiliferous - 2.
14. Shale, gray, flaky to fissile; dip 80°-85° N. 12.
13. Shale, siliceous, gray, mostly fissile - 26.
12. Covered _ 44.

(continued on east side of creek) :
11. Shale, dark-gray fissile, siliceous for about 1 :

foot at base

10. Shale, black, fissile, moderately compact .~ ———— 6.
0. Shale, dark-gray, fissile, compact; upper 3 feet '
more massive and less fissile ____ . __ 7.
8. Shale, black, fissile . 1.
7. Shale, dark-gray, fissile; many scattered (1 foot ‘

in diameter) dense elliptical limestone concretions ___- 2.

6. Shale, soft, gray, flaky 6.
Total: 484.3 feet

“Woodford” chert:

5. Shale, siliceous, flaggy to fissile . - 1.5
4. Chert, dark-gray 0.8
3. Shale, gray, siliceous, coarsely fissile .- 3.5
2. Chert, flaggy, with many scattered phosphatic

concretions (mostly subspherical) 10.4+

Total: 15.84

1. Covered (measured south to middle of east-west graveled

road o 128.

Girty noticed slight differences in the finer ornamentation of Gonia-
tites choctawensis, specimens from sec. 4 (U.S.G.S. Loc. 2078) showing
“fine revolving lirae with very subordinate transverse ornamentation” (p.
61). Girty thought that Shumard’s form more nearly approached his from
sec. 14, T. 2 S., R. 7 E., Johnston County, and he based his description
mainly on specimens from that locality. He was -certainly incorrect in his
assumption and he had no data on the site of Shumard’s locality.

The locality is clearly Girty’s Locality 2078 and is doubtless the one
from which George Shumard obtained his specimen, now lost. The geology
is shown on Hendrick’s map (1947, Sheet 1), from which the accompany-
ing figure is taken. The J. Blackburn farm may have included the site, or
Shumard may have been taken to the locality, which is about half a mile
from the old stage station, or Blackburn may have given him the specimen.
' Dr. Thomas W. Amsden has taken pictures of a topotype specimen
collected by Dr. Elias, and has prepared a suture diagram. The specimens
are to be assigned to Goniatites choctawensis choctawensis Shumard, a
designation of the typical subspecies given by Miller and Youngquist (1948,
p. 659, pl. 98, figs. 4-5). Their specimen came from the east side of Okla-
homa Highway 48 in sec. 1, T. 2 N., R. 6 E., Pontotoc County. It appears
to belong to the typical subspecies.
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View of left side of neoholotype of Goniatites choctawensis. Photograph by
Thomas W. Amsden. X2. 0. U. Paleontological Collection No. 3142,

The specimen figured here is designated the neoholotype inasmuch as
the holotype is lost and it is the first specimen to be figured from the type
locality. The specimen is a largely decorticated stout shell 2 cm in diameter
and 1.7 cm wide. The umbilicus is small. The shell surface is ornamented
by fine revolving lirae (about 40 to a centimeter) and by slightly coarser
transverse lirae (about 33 to a centimeter). The neoholotype is No. 3142
in the 0.U. Paleontological Collection.

View of shell surface of neoholotype showing ornamentation. Photograph by
Thomas W. Amsden. X5.

Miller and Furnish (1940, p. 361-363, pl. 46, figures 1-13} have re-
described G. kentuckiensis S. A. Miller, 1889, from topotypes collected
from Meramecian rocks in Rockcastle County, Kentucky. The action of
Miller and Youngquist (1948, p. 659) in reducing the species to subspecies,
G. choctawensis kentuckiensis, seems justified. The principal difference
from the typical subspecies is in having strong revolving lirae and weak
transverse lirae. )
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Fxternal suture of Goniatites choctawensis choctawensts Shumard, taken where
shell js 18 mm in diameter. Drawn by Thomas W. Amsden.

Specimens from the Rarnett shale near Mason, Texas, were referred
to G. choctawensis cumminsi (Hyatt) by Miller and Youngquist (1948, p.
659, pl. 98, figs. 6-8). These are poorly preserved and inadequately known.
Barnett specimens with a narrower conch and test with transverse lirae
only were placed in a new subspecies, G. choctawensis barnettensis (Miller
and Youngquist, 1948, p. 659, pl. 99, figs. 16-19). They are closely allied
to typical G. choctawensis choctawensis. Specimens from Arkansas identi-
fied as G. striatus, G. crenistria, and G. choctawensis come from the Moore-
field (Girty, 1911, p. 97-99, pl. 15; figs. 1-7), the Ruddell shale, the Bates-
ville sandstone, and the Fayetteville shale. These appear to be more obese
than C. choctawensis choctawensis. Youngquist has described specimens
from the White Pine shale of Nevada (1949, p. 206-299, pl. 62, fig. 7, pl.
63, figs. 1-8, pl. 64, figs. 1-12) and has noted that his specimens include
individuals of the choctawensis, barnettensis, and kentuckiensis types (see
also Miller and others, 1949, p. 608, pl. 99, figs. 7-8). The species is also
known from the Rancheria formation of West Texas and from Meramecian
rocks c;f Utah (Miller and others 1952, p. 153-154, pl. 25, figs. 8-9, pl. 26,
fig. 16).

View of left side of neoholotype (not whitened). Photograph by Thomas W.

Amsden. X3.
Ventral view of neoholotype (not whitened). Photography by Thomas W. Ams-

den. X3.
163





In the absence of comparative material of young and mature speci-
mens from the various localities, it is better to regard the subspecific names
as denoting geographic occurrences. An attempt to secure sufficient topo-
type material of G. choctawensis to reveal ontogenetic changes and varia-
tion of specimens in the one locality and horizon will be made.

The specimens described and figured by Girty (1909, p. 59-62, pl.
13, figs. 1-11) are sufficiently like the neoholotype to be assigned to the
same subspecies. The shape, ornamentation, and suture pattern vary within
reasonable limits. Girty’s figures 1 to 10 are of specimens from his Station
2083, center of north side of sec. 14, T. 2 S., R. 7 E., Johnston County.
The specimen illustrated by his figures 11, 1la and 11b is from Station
2047, north of center of sec. 16, T. 3 N, R. 18 E., Latimer County. Shells

re v

2 F
from this locality are said to have appreciably coarser senlpture.
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Fusulinid genera Protriticites, Pseudotriticites,
and Putrella

Maxim K. ELias
Subfamily PSEUDOTRITICITINAE Putrja, 1943

In 1948 Putrja proposed to unite in a new subfamily Pseudotriticitinae
three genera: Protriticites, Pseudotriticites, and Hemifusulina, primarily
on the similarity of their wall structure. :

However, subsequent investigations by various workers induced the
following remarks by Rauser-Chernousova (1951, p. 22-23) :

g £ o3 R TR T, S P N N N il b ini
Some of the genera. liere incluacd in ing subfamily Fusnlininae have

a2 wall structure somewhat different [from that in the more typical genera
of the subfamily], and these are differentiated by some investigators
(Putrja, 1948) into a separate subfamily Pseudotriticitinae. The wall in
these genera is characterized by disappearance of diaphanotheca, reduc-
tion of number of layers, and conspicuous enlargement of the lumen of
pores, which nevertheless preserve their simple, tubular character, clearly
and invariably discernible under the microscope. Such is the structure of
the wall in Hemifusulina, Protriticites, Pseudotriticites, Putrella, and Quasi-
fusulina. Ahmost every genus of this group has its own special type of wall,
which is understood to be a result of independent divergence of each genus
at different levels of the fusulinid evolution, and also of a fast and diverse
process of differentiation of their characters at a transitional period [in
each]. Most significant is the fact that almost all of the genera occur in
the upper part of the middle [Moscovian] and the lower part of the upper
[Uralian] division (otdel) of the Upper Carboniferous, and only in one
or another border parts of these divisions. Incidentally, four of these genera
[except Quasifusulina] have been established by the Russian investigators
and have particular significance for our columnar section in which a com-
plete series of transitional Middle and Upper Carboniferous deposits is
represented. However, their segregation into a subfamily is not justified,
because they are blind and very short [phyletic] branches, which diverged
from different forms at different levels in the development of the sub-
family [Fusulininae] and they are not connected by common origin.”

Taking all this into consideration Putrja modified his understanding
of the subfamily Pseudotriticitinae thus (1956, p. 467) :

“Shell from short-ventricose to subcylindrical, moderate to large in
size. Wall multi-layered, coarsely porous in all or only in outer volutions.
Septa intensely fluted. Additional deposits represented by chomata, usually
only in early volutions, seldom (in earlier forms) also in later volutions.
Aperture [tunnel] single.

The following genera belong to Pseudotriticitinae: Pseudotriticites,
Putrella, Rugosofusulina, and Pseudofusulina (in part).

Remark. 1 have originally included in the subfamily Pseudotriticiti-
nae the following three genera: Protriticites, Pseudotriticites, and Hemi-
fusulina, primarily on the similarity of their wall structure. However, inas-
much as the enumerated genera belong to different phylogenetic branches,
ascending toward the subfamily Schwagerininae, it became necessary to
change the contents and volume of both subfamilies, thus establishing be-
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tween their genera a closer relationship, than as shown in the existing [phy
letic] schemes. Analysis of these generic relationships permits one to sug
gest the following four onto-phylogenetic branches: _

(1) Feebly fluted fusulinids: Protriticites-Triticites-Schwagerina (?)
comprising the subfamily Schwagerininae;

(2) Strongly fluted fusulinids: subfamily Pseudotriticitinae; .

(3) Strongly fluted fusulinids with conspicuous axial fillings: Quasi
fusulina-Pseudofusulina (?) (in part), comprising subfamily Quasifusu
lininae, new subfamily; _

(4) Regularly fluted fusulinids: Hemifusulina-Quasifusulina (?) (i
part) —Pseudofusuling (7) (in part), comprising subfamily Hemifusulini
nae, new subfamily.”

Obviously Puirja iakes excepiion to Rauser-Chernousova’s belief ii
the “blind” nature of the short phyletic branches represented by the five
genera enumerated by her; and he attempts to connect them phyletically
with some geologically later genera, such as Schwagerina and Pseudo
fusulina.

Genus Protriticites

The genus Protriticites was introduced in 1948 by Putrja (Putrya)
for Russian fusulinids displaying structure transitional between Fusulinells
and T'riticites. The main character on which Protriticites became differenti.
ated from Fusulinella is a distinct keriothecal (iransversely striated) nature
of the main layer of the wall called diaphanotheca. Putrja calls it “alveo-
lar,” but it is not alveolar in the sense of American students of fusulinids.
They mean by alveolar the keriotheca in which some or all of the neighbor-
ing transverse “striae” fuse outwardly.

The transversely striated wall in Protriticites would correspond to that
in “higher Fusulina” from Texas and Oklahoma, as shown diagrammati-
cally by M. P. White (1932, fig. 1-C on p. 7), except that the holotype of
the Russian genus has a much thicker inner tectorium, which besides has
a coarser transverse striation than in the overlying diaphanotheca (White
has united under Fusulina both Fusulina and Fusulinelle). However, in the
latest diagnosis of the genus Protriticites by Rozovskaya (1958, p. 79) no
mention is made of coarser structure of the inner tectorium as a generic
character, and in all of her diagnoses of the genus (1948, p. 1635; 1950,
p- 9; also by Rauser-Chernousova and others, 1951, p. 317) there is no
mention of great thickness of the inner tectorium as a generic character.
Because several new species introduced by Rozovskaya are placed by her
in Protriticites her somewhat broader understanding of the genus than that
originally formulated by Putrja must be taken into account (see translation
of her definitions below).

The earlier recognition of the porosity in the wall of fusulinids (by
H. H. Hayden) was substantiated through observation and logical analysis
by M. P. White (1932), and photomicrographically demonstrated by Hen-
best (1937) and Dunbar and Skinner (1937). It is now realized that the
wall of Fusulinelle (and other earlier fusulinids) is as porous as that of
Triticites, but its porosity is much finer, its magnitude measured by few
microns. It is because the coarseness of the porosity generally increases
phylogenetically, that it was first discovered in Triticites, its visibility be-
ing the sharpest in the thickest layer of the wall, the keriotheca. Thus the
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Ficure 1. Reproduction of Plate 1 of Putrja 1948.

Figs. 1, 2, and 4—Protriticites globulus Putrja. Holotype. Fig. 1: x 33; fig. 2:
x 13; fig. 4: x 67,

Fig. 6—Protriticites; probably P. globulus; probably x 67.
Fig. 3—Apparently P. globulus; probably x 13,
Nore: The original explanation was not received, and therefore this ex-

planation and magnifications have been composed by the translator, as per the
translated text and the illustrations.

diaphanotheca of the earlier fusulinids (which corresponds to the kerio-
theca of the later fusulinids) is also porous, but its porosity is only rarely
easily observable in the better preserved and more advanced forms. In view
of all this the original character of the differentiation of Protriticites from
Fusulinella, the coarsely porous wall of the former, becomes a quantitative
rather than a qualitative distinction; and of greater diagnostic value be-
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comes the number of layers in the wall, a character clarified by Rozovskaya
in her modification of Putrja’s original diagnosis of Protriticites. She em-
phasized that the four-layered nature of the wall in the inner volutions of
Protriticites changes to the three-layered wall in the outermost (“mature”)
volutions. There is a discrepancy in the interpretation as to what the inner
layer of the outermost volutions in Protriticites represents: Putrja believes
that it is the inner tectorium, which is “crowding out the diaphanotheca in
outer volutions” (1948, p. 91}; Rozovskaya claims that it is the inner
tectorium that is lost in the outermost volutions, though she admits that it
is not always possible to detect diaphanotheca “in the median volutions”
(1950, p. 9) ; and she calls the main layer of the ultimate volutions “pro-
theca” (overlain by the tectum).

In spite of this difference of opinion the iwo auilirs agree that the
wall in mature volutions of Protriticites is three-layered, with an outer tec-
torium in the outer side. .

As White originally summarized, there is a phyletic change in the
structure of the wall, from four-layered in “Fusulina” (=Fusulina and
Fusulinella of authors) to two-layered in Triticites (1932, fig. 1 on p. 7).
He also pointed out the existence of “intermediate form” (fig. 1-D) with
three-layered wall, which he did not describe and left without generic as-
signment. We are now confronted with a taxonomic problem about such
intermediate forms in America, with a possibility of their assignment
(some or all) to the genera introduced in Russia.

Genera Pseudotriticites and Putrella

The genus Pseudotriticites was introduced in 1940 by Putrja for Rus-
sian fusulinids comparable to Fusuling in the intense fluting of septa but
having a wall with “fnely-alveolar keriotheca” (1940, p. 61). In the course
of further studies Putrja included in Pseudotriticites some forms which do
not quite conform to his original diagnosis of the genus, as pointed out by
Rauser-Chernousova, and she introduced for these a new generic name,
Putrella (1951, p. 319). Because of the lucid analysis of the fusulinids in-
volved (by Rauser-Chernousova), it seems desirable to translate in entirety
both Putrja’s original descriptions, and Rauser-Chernousova’s subsequent
discussions and re-definition of the genus Pseudotriticites in the light of
her differentiation from it of the genus Putrella. Just as is the case with
the genus Protriticites, no American species has been as yet assigned to
Pseudotriticites or Putrella.

Genus Pseudotriticites Putrja, 1940

After quoting the -description of the generotype, P. donbassicus
(Putrja) from Putrja, 1939, p. 139, Rauser-Chernousova emphasizes
(Rauser-Chernousova and others, 1951, p. 322) that in this species “cho-
mata are fairly well expressed in all volutions, while axial fillings are
ahsent.

“Obviously the characters of the genotype do not guite correspond to
the later diagnosis of the genus [Putrja, 1948]. Pseudotriticites donbassicus
(Putrja) is substantially a mere Fusuline in which pores became coarser
and are visible from the first volutions, whereas in Fusulina they usually
appear only in latest volutions; and diaphanotheca became very obscure,
while tectoria are feeble and inconstant. Such development is observable
_occasionally in Fusulina from the Myachkovo and Teguliferina horizons,
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and therefore in some cases it is difficult to draw a line between these two
genera.

. . . When publishing his diagnosis of Pseudotriticites F. C. Putrja
also described P. fusulinotdes, which differs substantially from the geno-
type in several characters: (1) wall is thin, consisting of tectum and finely
alveolar keriotheca, which according to Putrja is almost indistinguishable
from the theca of Quasifusulina, that is, two-layered, with transverse pores;
(2) chomata only in first two to three volutions, and in next volutions
pseudochomata, and (3) axial fillings weak in first three volutions. Very

Ficure 2. Reproduction of part of Plate 3 of Putrja 1939,

Figs. 14-17. Pseudotriticites donbassicus (Putrja).
Fig. 14— Specimen No.
Fig. 15—Specimen No.
Fig. 16—Specimen No.
Fig. 17—Specimen No. 4.

Magnification slightly over x 12 for all figures.

Norte: The original explanation was not received, and therefore this ex-

planation and magnifications have been composed by the translator, as per the
translated text and the illustrations.

M= w

No holotype for P. donbassicus designated by Putrja.

similar forms are widely distributed in the Teguliferina horizon of the
Moscow basin. These forms are distinctive only by the inconstant and weak
development of the inner tectorium and by the very rare transluscence of
the diaphanotheca in the first volution. Because these characters indicate
proximity of the forms of the Pseudotriticites fusulinoides type to the
pseudotriticites of P. donbassicus type, it seems possible to refer the Mos-
cow basin forms also to the genus Pseudotriticites. In the future, however,
after working over the topotypes of P. fusulinoides, a problem is apt to
arise regarding differentiation of a group of P. fusulinoides into (p. 323)
a genus that would be closer to Quasifusulina than to Fusuling. These
forms differ from Quasifusulina only by a inconstant presence of inner
tectorium; more tightly coiled and not infrequently fusiform early volu-
tions; presence of weak chomata in early volutions; and weaker axial fill-
ings which are developed in narrow spots and only in the early volutions,
while in Quasifusulina they are usually very wide and reach their oreatest
width in the last volutions.” °
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Genus Putrella Rauser, 1951

“Generotype: Pseudotriticites brazhnikovae Putrja, Lvovskogo Geolo-
gicheskogo Obshchestva, Trudy, paleontologischeskaya seriya, 1948, vypusk
1, p. 9899; pl. 1, fig. 1.

“Age: Upper part of Moscow stage.

“Remarks: The genus Putrella is being differentiated from the genus
Pseudotriticites on the evidence of different structure of wall, character of
fluting, and different phyletic origin. Wall in Putrella two-layered, begin- -
ning from second volution fairly thick (to 50u), with distinct large pores;
o trace of tectoria in which respect it reminds well of Triticites. Fluting
is very characteristic: high though irregular, its archlets narrow, loop-
like, wavy or triangular, with wide base and narrow apex. Chomata and
pseudochomata practically absent, chomata occurring only in first volu-
tion; additional deposits in middle region common, from weak to mod-
erate, and axial fillings absent. Putrellas occur at base of Podolsk horizori,
possibly also from the very upper part of Kashirsk horizon; pseudotriticites
(of Pseudotriticites donbassicus Putrja group)—from the upper part of
Myachkovo horizon.

Ficure 3. Reproduction of Plate 57, figures 5 and 6 from Rauser-Chernousova and
others, 1951. Putrella brazhnikovae (Putrja).
5. Axial section of a typical specimen. Vas’kino village. Basal part of Podol'skii
horizon. x 1T.
6. Same Svistunovo village, Podol'skii horizon. x 17.

 “The later forms in their ontogeny clearly recapitulate wall structure
of Fusulina, being very similar to the latter genus, whereas in Putrelle the
wall is two-layered from second volution. It is obvious that putrellas could
not give rise to pseudotriticites of Pseudotriticites donbassicus group, and
themselves originated from another stock. In the structure of wall they are
close to Hemifusulina, but differ by absence of chomata, presence of addi-
tional deposits only in middle region (in H emifusulina septa frequently are
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thickened along the axis), and high, irregular, angular fluting. Putrellas
are nearest to fusulines of the Fusulina ozawai group, from which they
probably originated through modification of wall structure at a very early
stage of its development. To Putrella are referred, besides P. brazhnikovae
(Putrja) and its variety fusiformis Putirja, also Schwagerina ? donetziana
Lee and Fusulina (?) susint Putria. Besides, Lee indicates and describes
a wall, seemingly like that in Putrella, from the suite M of the Donetz basin
as Schwagerina (7) sp. nov. (?) (Rauser-Chernousova and others, 1951,
p- 319).

. “Rauser-Ckernousova illustrates and describes all mentioned forms.
In 1956 Putrja described (p. 468-469) still another species of Putrella,
P. gurovi n. sp., which occurs principally in the suite CoM, rarely in the
uppermost Col. (limestone Lg) of the Eastern Donetz basin; he repeats
briefly Rauser-Chernousova’s diagnosis of the genus Putrella.”

Nore

The translations in the following sections were made by Elias from photographic
copies of extracts from the original papers of Putrja. The extracts were receivad
from the Paleontelogical Institute of the Akademiva Nauk S.S.S.R., Moscow, letter
of transmittal signed by N. N. Kramarenko, Learned Secretary. The translations
were prepared for Humble Oil and Refining Company, which has given permission
for their publication.

Translation of Original Definition of Protriticites Putrja, F. S.—1948
—Protriticites—novyi rod fusulinid: L’vovskogo Geologischeskogo Obsh-
chestva pri Gosudarstvennom Universitete imeni Ivana Franko. Trudy,

Paleontologicheskaya seriya vypusk 1.1
1'The paper was already prepared for publication in 1940; it is now published with-
out change of the text [footnote by Puirjal.

(p- 89)

Wall structure is one of the most important generic characters in evo-
lution of fusulines. White (1932) earlier noted the importance of this
character, as he pointed out that the process of gradual differentiation of
wall, accompanied by enlargement of its structural elements, is the most
evident and principal trend disclosed in the study of the fusulines; and it
permits one to trace their step-by-step development [evolution] in the
course of time. D. M. Rauser-Chernousova has studied the phylogeny of
* fusulines in fair detail.

Definite stages in the evolution of the wall in fusulines are obviously
correlated with their overall phyletic increase in size, and on them is based
the differentiation of the fundamental classificatory units: subfamilies and
genera.

When studying the Foraminifera of the Upper Carboniferous deposits
of the eastern part of the Donetz basin I encountered a fairly peculiar
group of fusulines, which does not possess very clearly expressed generic
characters, but nevertheless deserves differentiation into a new genus:
Protriticites.

The generic characteristics of Protriticites combine, on one side, the
characters of the genus Fusulinells Moeller (theca with well expressed
diaphanotheca and weak fluting of septa), and on the other side, the char-
acters of the genus Trizicites Girty (theca with obvious karyotheca in all
volutions of shell). Thus, the newly described genus Protriticites has a
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wall that seems, at first glance, to possess a structure typical of Fusulinella.
It is made of a fairly thin dark layer; tectum; a comparatively light and
thick layer; diaphanotheca; and two tectoria: thin outer, and considerably
thicker inner. However, it is also clear that its wall structure is unlike that
of Fusulinella in other respects: its diaphanotheca, tectoria, and chomata
have a finely alveolar texture, distinctly non-uniform for the different layers
in the theca and the chomata; and the inner tectorium has the coarsest
alveolar texture, its trabeculae being much sharper, the pore-canalicules
being substantially wider than in the overlying diaphanotheca (pl. I, figs.
1, 4 and 6). The difference in the type of the alveolar texture between the
inner tectorium and the diaphanotheca is fairly noticeable in medial volu-
tions, but is particularly clear in outer volutions, where the contact of the
two Yinds of the alveclar texture is sccasionally marked by a thin irregular
line (fig. 1). In the course of the further development of the inner tec-
torium, as seen in the ultimate volution, the contact line disappears, so that
the structural elements in the wall of Protriticites become but little differ-

ent from the same in Triticites Girty.

The new genus thus confirms most obviously the gradualness of the
evolution of the wall structure, expressed in complication of its structural
elements not only in the phylogeny of the fusulines, but also in the indi-
vidual development or ontogeny.

It seems possible that the complex, non-uniform wall structure of
Protriticites has somewhat hindered gaseous exchange between the proto-
zoan in the shell, and the surrounding water medium; and, if so, could
have resulted in shortening of the geologic duration of Protriticites in time
and space. '

Thus, Protriticites is characteristic only for the deposits of suite
(svita) CsN, where it is associated with other fusulines, which preserve
their transitional, that is Middle Carboniferous aspect. But in the lower
part of the next formation, C30, Protriticites is replaced by a typical Up-
per Carboniferous triticitic complex of fusulines.

The mentioned characteristic features of Protriticites determine 1ts
place in the scheme of fusulinid classification between the genera Fusuli-
nella and Triticites, and indicate its assignment to the subfamily Schwag-
erininae Dunbar and Henbest.

Genus Protriticites, n. gen.

Shell short-ventricose to sub-cylindrical, moderate in size. Wall mod-
erately thick, less frequently quite thin, or quite thick.

(p- 91)

Wall structure quite complex, consisting of tectum, diaphanotheca,
and two tectoria. Diaphanotheca, tectoria, and chomata have a finely alve-
olar texture, the inner tectorium having the coarsest alveolar texture among
them. The vigorous development of the inner tectorium is crowding out
the diaphanotheca in outer volutions. Septa weakly fluted. Chomata prom-
inent in all volutions. Aperture single. Septal pores occasionally developed.
Genotype: Protriticites globulus, sp. nov.
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Protriticites globulus, sp. nov.
Pl. I, figs. 1-2

1939 Fusulinella pseudobocki [as identified by] Brazhnikova, Akad.
Nauk S.S.S.R., Institut geologii, Trudy, vol. 6, fasc. 1-2, p. 259-260, pl. 3,
figs. 1-2.

Shell ventricose, much inflated in the middle, with slightly convex
sides, which rapidly narrow toward bluntly acuminate to rounded ends.

Size moderate: L = 3.0 to 5.5 mm; D = 1.2 to 2.3 mm; L:D averages
2.4:1. Dimensions of holotype: L = 5.04; D = 2:10; L:D = 24:1; at
fourth volution: L:D = 1.56:1.

Spiral not wide in inner three to four volutions, but expands fairly
rapidiy in the succeeding volutions. Diameter of fourth volution from 0.70
to 0.90 mm, occasionally reaching up to 1.5 mm. Diameter of holotype:
Ist volution = 0.20; 2nd volution = 0.32; 3rd volution = 0.56; 4th
volution = 0.90; 5th volution = 1.29; 6th volution = 1.83; 6% volu-
tion = .2.10 mm.

Number of volutions 5 to 7, occasionally to 714
Proloculus spherical, with average outer diameter 0.10 mm.

Theca comparatively thick, gradually increasing in thickness toward
ultimate volution. Thickness of theca in holotype: lst volution = 0016
mm; 2nd volution = 0.030; 3rd volution = 0.042; 4th volution = 0.052;
5th volution = 0.068; 6th volution = 0.072; 614 volution = 0.076.

Septa thinner than theca; weakly fluted in equatorial region; mod-
erately fluted in polar regions. Septal pores observed in polar regions of
some specimens.

Aperture narrow; not high in inner and median volutions: noticeably
widening in outer volutions. Width of aperture in last two volutions 0.48
and 0.62 mm respectively, with its height one-third of chamber lumen.

(p. 92) |

Chomata massive, occupying about two-thirds of height of chamber
lumen; chomata developed in all volutions; chomata wide in inner volu-
tions, narrower and subquadrate in outer volutions.

Comparison. Genotype of Protriticites approaches fairly closely
Triticites umbonoplicatus Rauser and Beljaev in the shape and size of
conch, height of spiral, fluting of septa, thickness of theca, and shape and
size of chomata; but has a substantially different wall structure. The de-
scribed difference in wall structure emphasizes close phylogenetic relation-
ship of the compared forms.

Occurrence. Severo-Kamensky and Belo-Kalitvensky districts in lime-
stones of Og; and also in many districts of the central part of the Donetz
basin, where Brazhnikova established the presence of Protriticites globulus
in limestones of CN3 and in O; of COj; suites. It is rarely encountered in
limestone Ny and N,.

Translation of Definition of Pscudotriticites and Its Type Species
Putria, F. S., 1940, Foraminifery i stratigrafiya verkhne-kamennougol’nykh
otlozheny vostochnoi chasti Donetskogo basseina: Azovsko-Chernomorskoe

Geologischeskoe Upravlenie, Materialy po geologii i poleznym iskopaemym,
Shornik 11. '
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Ficure 4. Reproduction of Figure 2 of Rozovskaya 195C.
Evolution of the stock of the genus Triticites.
1. Protriticites.
2. Montiparus.
3. Triticites and Rauserites.
4. Jigulites and Pseudofusulina.
a) diaphanotheca; b) inner tectorium; ¢) pores: d) keriotheca; e) outer tec-
torium; f) tectum; g) alveoli.
174





Subfamily Schwagerininae Dunbar and Henbest 1930

Genus Pseudotriticites, gen. nov.
(p. 61) )

Shell elongate-fusiform to subcylindrical, of moderate to large size.
Theca thin, made of tectum, finely-alveolar keriotheca, and outer tectorium.
Theca may be four-layered, with finely alveolar diaphanotheca, in initial
two to three volutions. Septa regular, moderately to intensely fluted along
the whole length of volutions. Chomata in all volutions, less frequently in
inner volutions only. No axial filling. Aperture single.

Genoholotype: (?) Fusulina donbassica Putrja, Azovsko-Chernomor-
skoe Geologicheskoe Upravlenie, Materialy po geologii i poleznym isko-
paemym, Shornik 10, 1939, p. 139-140, pl. 1II, figs. 14-17.

Age:__Upper part of middle and lower part of Upper Carboniferous
of Donetz basin. '

Pseudotriticites donbassicus Putrja

Typical specimens of the species, with the characteristic finely-alveolar
keriotheca in the outer volutions, and a similar, finely-alveolar texture of
diaphanotheca in the inner volutions, are not infrequent in the lower part
of formation CNj in the eastern part of the Donetz basin. They do not
differ from a form from Tsymlyansk bore-hole.

Occurrence and age. Fairly common in the limestone II above N;
as exposed along Nizhne-zhernovaya balka [ravine] in VI-31 quadrangle
of Donbas geological map.

Translation of Description of (?) Fusulinag donbassica Putrja, F. S.,
1939. Materialy k stratigrafii verkhnego karbona vostochnoi okrainy
Donetskogo basseina: Azovsko-Chernomorskoe Geologicheskoe Upravlenie.
Materialy po geologii i poleznym iskopaemym. Sbornik 10.

(?) Fusulina donbassica, sp. nov.
Pl III, figs. 14-17
(p. 139)

Shell ventricose, much elongated along axis of winding, gradually
narrowing toward poles, which are rounded, or occasionally acuminate.
Surface with noticeable but not deep septal furrows.

Size large: L = 5.75-6.50 mm; D = 1.44-1.68 mm; L:D about 4:1.

Changes in length of shell L (in mm) and of L:D ratio in volutions:

Table 51
Specimens

. 1

Volutions ————- — LD — L:D
1 045  1.80:1 034  136:1 048  1.76:1
2 0.73  203:1 070 194:1 078  1.86:1
3 137 254:1 129 230:1 140  92.37:]
4 218 283:1 238 3051 241 2874
5 378 3381 400 3651 42 356
6 575  4.00:1 650  414:1 644  3.89.]
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Spiral increases in height gradually: from compactly wound in the
inner volutions to looser coiling in the outer ones.

Changz of shell diameter (D) in volutions:

Table 52
Specimens
Volutions 1 2 3 i
proloc. 170 150 180 470
1 250 .250 .280 270
2 360 .360 460 420
3 540 560 700 | 590
4 770 .780 980 840
5 1.120 1.120 1.340 1.180
6 1.140 1.570 —— 1.680

Volution number: 6, less frequently smaller. Proloculus spherical, of
moderate size, 0.150 to 0.180 mm, diameter.

Theca thin, made of very thin tectum, broad and light diaphanotheca,
and two tectoria. However, only inner tectorium is more or less well de-
veloped. Diaphanotheca thinly alveolar in all volutions; alveoli thread-like
(pores?), traverse not only diaphanotheca, but also remaining layers of
wall, and occasionally even chomata. .

Changes in thickness of theca in volutions:

Table 53

Specimen Numbers

Volutions
1 2 3 4
1 016 018 .018 .018
2 020 025 023 023
3 030 031 030 030
4 032 034 .036 .031
5 032 035 030 034,
6 032 030 - 036
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Septa fluted uniformly and intensely along the whole length of ‘volu-
tions. Archlets have an appearance of loops with expanded base and
rounded upper part, their height up to two-thirds of lumen of chamber.
Thickness of septa much smaller than thickness of theca.

Number of septa not observed. Aperture elongate-ovate, regularly dis-
posed in all volutions (when displacement is observed, it is always insig-
nificant).

Changes in size, width and height of aperture in volutions:

Table 54

Specimen Numbers

Volutions 3 2

width height width height
1 .045 020 044 .020
2 050 024, 065 025
3 .073 033 - .110 .043
4 150 .040 160 043
5 252 073 336 073
6 450 .090

Chomata present in all volutions, and faiﬂy distinct; they are sub-
quadrate or tubercle-like, about one-half the height of chamber lumen.

Comparison. Because of the shape, fluting of septa, development of
chomata, and thickness of theca, the described specimens are referred to
the genus Fusulina Fischer von Waldheim. However, the well-developed
alveolar structure in all layers of theca, and occasionally also in chomata,
distinguishes the described form from the known representative of genus
Fusulina, this difference being apparently of generic significance.

Occurrence. Eastern part of Donetz basin, bore-hole No. 14 (Stanitsa
Tsymlianskaya), in limestones from 692.65 to 693.00 meters depth. Upper
Carboniferous, lower part of suite N.

Comment on Stratigraphic Terminology in the U.S.S.R.

The Carboniferous is divided into three parts: Lower, Middle, and
Upper, which correspond approximately to the Mississippian, Lower Penn-
sylvanian (Springer—Des Moines) and Upper Pennsylvanian (Missouri—
Virgil) of North America. The stratigraphic column of the Donets coal
basin is not differentiated into named units, but is divided into suites of
limestones, characterized chiefly by brachiopods (by Theo. Tschernyshev),
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and designated by capital letters in the order of the Latin alphabet in
ascending order. Individual limestones in a suite are given arabic numbers.

The boundary between the Middle and the Upper Carboniferous is
placed on the paleontological evidence between the limestone suites N and
0, and in these limestones Puirja discovered his transitional genera of
fusulines. '
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Available Federal Publications on
Oklahoma Geology

Nearly all U. S. Geological Survey publications on Oklahoma which
are more than ten years old are out of print.

The available reports are:

(Bulletins and water supply papers are for sale by Superintendent of
Documents, Government Printing Office, Washington 25, D. C.)

BULLETINS

1015-F. Geology and coal resources of the Henryetta mining district,
Okmulgee County, Okla., by R. J. Dunham and J. V. A. Trum-
bull. 1955. p. 183-225. $1.00.

1042-J. Coal resources of Oklahoma, by J. V. A. Trumbull. 1957. p. 307-
382. $1.00.
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WATER SUPPLY PAPERS

1227-B. Floods of May 1951 in western Oklahoma and northwestern Tex-
as. 1954. p. 135-199. 70c.
1300. The industrial utility of the public water supplies of the United
States, 1952, pt. 2, States west of the Mississippi River, by
E. W. Lohr and S. K. Love. 458 p. $1.75.
1311.  Compilation of records of surface waters of the United States
through September 1950, part 7, lower Mississippi River basin.
1955 (1956). 606 p. $2.50,
Also annual data on quality of surface waters, on observation
wells, on stream measurements.

CIRCULAR

361. Summary of annual records of chemical quality of water of the
Arkansas River in Oklahoma and Arkansas, 1945-52, a prog-
ress report, by T. B. Dover and J. W. Geurin. 1955. 20 p. Free.
(Write to Director, U. S. Geological Survey, Washington 25,

D. C. All maps listed are obtainable from that office.)

COAL INVESTIGATIONS MAPS

Northern LeFlore County, Okla., by M. M. Knechtel, assisted by W. J.
Souder. 1944. Shows geologic structure, coal beds, natural gas fields,
location of coal mines and prospects, and status of wells drilled for gas.
Scale, 1 inch = 4,000 feet. Size, 37 by 64 inches. 50c.

Coal maps of four areas in southeastern Oklahoma:

Howe district, LeFlore and Latimer Counties, by T. A. Hendricks and.
others. 1935. Scale, 1 inch = 14 mile. Size, 32 by 64 inches. $1.00.
(See also Bulletin 874.)

Lehigh district, Coal and Atoka Counties, by T. A. Hendricks and others.
1935. Scale, 1 inch = 14 mile. Size, 32 by 64 inches. $1.00.

McAlester district, Pittshurg and Latimer Counties, by T. A. Hendricks,
and others. 1935. Scale, 1 inch = 14 mile. Size, 32 by 64 inches. $1.00.
(See also Bulletin 874.) ' :

Wilburton district, Latimer County, by T. A. Hendricks and others. 1935.
Scale, 1 inch = 14 mile. Size, 30 by 64 inches. $1.00. :

Geologic map of the Lehigh district, Coal, Atoka, and Pittsburg Counties,
Okla., by M. M. Knechtel and others. 1935. Scale, 1 inch — 1 mile. Size
32 by 27 inches. 25¢.

Preliminary map showing geologic structure of the Quinton-Scipio district,
Pittsburg, Haskell, and Latimer Counties, Okla., by Carl H. Dane and
others. 1935. Scale, 1 inch = 1 mile. Size, 43 by 44 inches. 25c.

OIL AND GAS FIELDS OF THE STATE OF OKLAHOMA, by G. B.
Richardson, assisted by Jane Hanna. 1939. Shows the productive oil and
gas fields in the State. Scale, 1:500,000, or 1 inch = about 8 miles. Size,
34 by 64 inches. 50c.
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OIL. AND GAS INVESTIGATIONS CHARTS:

Correlation and subdivision of subsurface Lower Ordovician and
Upper Cambrian rocks in northeastern Oklahoma, by H. A.
Ireland, assisted by A. P. Wishart. 1944. Geologic section from
southwestern Missouri across northeastern Oklahoma. Scales,
1 inch — 4 miles and 1 inch — 16 miles. Size, 28 by 43
inches. 35c.

Subsurface cross sections of pre-Pennsylvanian rocks from Mor-
ton County, Kans., to Gray County, Tex., by J. B. Collins.
1952. 40c.

OIL AND GAS INVESTIGATIONS MAPS

Geologic map of the Dougherty asphaii area, Murray Couity,
Okla., by J. M. Gorman, assisted by G. M. Flint, Jr. 1944.
Map of about a quarter of a square mile. Scale, 1 inch = 300
feet. Size, 16 by 23 inches. 25c.

Geologic map of the Sulphur asphalt area, Murray County, Okla.,
by J. M. Gorman, G. M. Flint, Jr., C. E. Decker, and W. E.
Ham. 1945. Map of about 1 square mile. Scale, 1 inch = 300
feet. Size, 28 by 41 inches. 40c.

Maps of northeastern Oklahoma and parts of adjacent States
showing the thickness and subsurface distribution of Lower
Ordovician and Upper Cambrian rocks below the Simpson
group, by H. A. Ireland and J. H. Warren. 1946. Scale, 1 inch
— 8 miles. Size, 37 by 43 inches. 60c.

Geology of the western part of the Ouachita Mountains, OKla.,
by T. A. Hendricks, L. S. Gardner, M. M. Knechtel, and Paul
Averitt. 1947. Geologic map of about 957 square miles in
southeastern Oklahoma. Scale, 1 inch = 24 mile. 3 sheets, each
44, by 56 inches. $1.00 a set.

Pre-Pennsylvanian geology of southwestern Kansas, southeastern
Colorado, and the Oklahoma Parnhandle, by J. C. Maher and
J. B. Collins. 1949. Scale, 1 inch = 16 miles. 4 sheets, each
34 by 43 inches. $1.00 a set.
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Natural Gas Storage in Oklahoma

Louise Jordan
Introduction

The earliest successful underground natural-gas storage was completed
in 1915 in Welland County, Ontario, Canada. In 1916 operations were
begun at Zoar Field near Buffalo, New York. but developments of many
such facilities did not commence until 1937. By 1939, only eight billion
cubic feet of natural gas was stored in the United States. Ten years
later in 1949, there were 100 storage fields with a capacity of 440 billion
cubic fect( Davis, 1951, p. 103). The American Gas Association (1939,

. 7) reporis 205 storage pools in operation and seven under construction

in 19 states, and estimates that capacity for storage will reach more than
2,780 billion cubic feet during the year. This information differs slightly
from that of the Oil and Gas Journal’s 1959 survey (Bizal, 1959. p. 05).
which reporis 207 projects in operation or planned in 21 states. The total
capacity of underground-storage facilities for natural gas has increased
68 percent since 1955. All the marketable gas produced in 1958 could
be stored in Oklahoma, Kansas, New Mexico, West Virginia and Calif-
ornia, yet except for West Virginia, the total storage capacity in any
one of these states is less than that of Oklahoma. Oklahoma ranks fifth
(Table 1) among the states in this respect, primarily due to the fore-
sight of the Oklahoma Natural Gas Company.

Table 1

Total planned and completed underground storage reservoir capacity
for natural gas in the United States, by rank of States, in million cubic
feet (American Gas Association, 1959, p. 8, 9.)

1. Ohio 468,769 11. Kansas 83,623
2. Pennsylvania 456,696 12. New York 65.257
3. Michigan 383,671 13. Wyoming 62,972
4. West Virginia 333.728 14. New Mexico - 61,033
5. Oklahoma 179.988 15. Texas 54,536
6. lilinois 159.302 16. Kentucky 25.388
7. Towa 140,770 17. Indiana 9,594
8. California 106,117 18. Arkansas 5.063
9. Missouri 90,495 19. Mississippi 4,051
10. Montana 89.270 TOTAL 2,780,323

The more desirable locations for underground natural-gas storage
are near large sales areas farthest removed from source of supply and
favorably located with respect to existing pipe lines. Storage is needed
to meet peak sales requirements and to maintain constant pressure of
the gas to the consumer. A storage facility is valuable for the conservation
of gas produced with oil which otherwise is wasted because of lack of
market: it creates a safety measure for pipe line failures; and insures
a just share of purchases in highly competitive supply areas. An under-
ground storage area requires a closed geologic structure where the gas
reservoir is partially or completely depleted and has high permeability
and porosity. The relation of “cushion gas” to annual turn-over should
be as low as possible. N
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In Oklahoma, six old fields have been converted to natural-gas storage
by three companies. Pertinent statistics compiled by the subcommittee
on underground gas storage statistics of the American Gas Association
{December 31, 1958) concerning capacity of these storage facilities
are listed in Table 2 by companies and fields.

Table 2
Underground natural gas storage in Oklahoma. in million cub'_‘;[‘c ff;Pt.
ofa
Companvy Working-gas  Required as capacity of
Field or area  County capacity cushion gas reservoir
Consolidated Gas Utilities Corp.
Ulan—Piitsbure . _ ____ 7.455 0.505 13,500
Oklahoma Natural Gas Co. '
Depew—Creek ____ .___19,600 37,400 57,000
Haskell—Muskogee _.___ 2.500 8,400 10,900
Osage—OQsage __..._____ 830 1,900 2,730
Sayre—Beckham __ ____63,500 25,800 89.300
Southwest Natural Gas Co.
North Ada—Pontotoc . 993 5,564 6,557
Total ___________ 94.918 85,069 179,987

Information on the geology, development. and costs of the six stor-
age areas has been supplied by the operating companies.

Gas Storage near Depew, Haskell, Sayre and Tulsa

Oklahoma Natural Gas Company has in operation four natural gas
‘storage fields named respectively Depew. Haskell. Osage, and Sayre. One
additional field area now under study will be converted to use probably
by 1960. Because of storage capacity; Oklahoma Natural has not cur-
tailed service to its more than 300,000:customers in eight years. For the
cold day, January 17, 1957. a record 69 percent of the natural-gas re-
quirements was supplied from storage. Total operating expenses of the
four underground facilities amount to about 11 cents per thousand cubic
feet .of gas withdrawn. The capital costs of finding suitable structure,
acquiring storage rights, and then conditioning the structure for retention
of stored gas are high. The costs of plugging and re-plugging of 99 old
wells in order to create the storage alone amount to $3.9 million as of
‘December 1, 1957. The difficulties encountered in plugging wells are
numerous and expensive because of 1) incomplete or inaccurate original
well data, 2) inaccuracy of available plugging records, 3) crooked holes,
4) junk thrown into hole when originally plugged, and 5) high pres-
sure now in reservoir. Drilling of new wells for injection and withdrawal
of gas adds to the capital outlay.

The four storage areas of Oklahoma Natural Gas Company have a
total capacity of 159,930 million cubic feet of gas of which 54 percent
or 86,430 million is available for delivery during any input-output cycle.
The total volume of gas injected since conversion amounts to 215,654
million and that withdrawn to 129, 856 million cubic feet as of January
1, 1959. Figure 1 is a map of Oklahoma showing the locations of the
storage fields and in a generalized manner some of the transmission pipe
lines which indicate the area serviced by the Company.
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The Depew storage is under a 7.360-acre Lract in the Big Pond Field,
secs. 25, 36, T. 15 N., R. 7 E., and secs. 19, 20, 30,31, T.15 N, R. 8 E..
Creek County. The facility, completed in May 1950, supplies gas to Okla-
homa City and Tulsa, respectively 80 and 50 miles distant. A Pennsyl-
vanian sandstone termed Dutcher, probably Atokan in age at this place,
and at a average depth of 3,250 feet is used for storage. Dry gas at an
original pressure of 1,500 psig (pounds per square inch gauge) was dis-
covered in the sandstone in 1922. The structure of the field is an anticline
and the sand body is reported to be a continuous sheet in the area. Tem-
perature of the reservoir is 112° F. Water encroachment is from the edge
of the structure.

Prior to conversion to storage use, 32 wells in the area produced
about 54.600 million cubic feet of gas, Six producing gas wells remained
in the field at time of conversion. Some 46 wells have been replugged
since conversion at a cost of over $3,000.000. Ten new wells used for
injection and withdrawal of gas have been drilled and one test is used
for storage-pressure observations. The maximum net volume of foreign
gas 1o be stored in the field will be the same as that which has been
produced prior to conversion so that the highest pressure used in storage
will not be above the original pressure at time of discovery.

The Haskell storage is under 7,000 acres in parts of secs. 7-10,
14.20, T. 15 N., R. 15 E., Muskogee County, in the area of the old
Boyle pool of 1935 official nomenclature but now included in the Bald
Hill Field by the Oklahoma Nomenclature Committee. This storage field,
completed in June 1944, supplies gas to Tulsa and Muskogee, respectively
30 and 19 miles away. Early Desmoinesian sandstone termed Booch sand
occurs on an anticline at an average depth of 800 feet, and also grades
to shale forming a stratigraphic trap. Dry gas was discovered in the
Booch at an original pressure of 325 psig in 1914. Temperature of the
reservoir is 76° F.- '

Prior to conversion 51 wells had produced 10.6 billion cubic feet
of gas and 46 wells had been abandoned. Since conversion 78 wells have
been re-plugged and 16 new wells have been drilled. The cost of plugging
one of these comparatively shallow holes ranges from $1,000 to $30.000.
Four wells are used for pressure observations and 14 wells for injection
and withdrawal of gas. Since time of conversion to. January 1, 1959, the
total volume of gas injected has been 47,460 million cubic feet and
of that withdrawn has been 35,535 million cubic feet.

The Osage storage is under a 1,920-acre tract centering about sec.
29, T. 20 N., R. 12 E., Osage County, in the field once called Country
Club, now Turley District, 1.5 miles from the city of Tulsa. Dry gas
discovered in 1922 at an original pressure of 565 psig and at an average
depth of 1,600 feet was produced from the Burgess sand, a basal Des-
moinesian sandstone of Middle Pennsylvanian age. The structure is an
anticline and the sand body is continuous. Temperature of the reservoir
is 65° F. Six wells had produced gas but none was producing at the time
storage was commenced in April 1943. Re-plugging of the six wells cost
over $100,000. Seven new wells were drilled for injection and withdrawal
purposes. The maximum net volume of foreign gas stored in the field
is 2.670 million cubic feet. As of January 1, 1959, 16,846 million cubic
feet has been ‘injected and 14,530 million has been withdrawn.

185





The Sayre storage is located south of Sayre in secs. 20, 21, 27, 28
T. 9 N., R. 23 W., Beckham County. It serves the Clinton-Sayre pipeline
system and is 19 miles from Elk City and 45 miles from Clinton. Thi
storage field of 5,000 acres is in the Sayre Gas District where 32 well:
prior to conversion had produced gas from the Panhandle dolomite o
Early Permian age at an average depth of 2,650 feet and at an origina
pressure of 940 psig. The structure is anticlinal and the reservoir contains
edge- and possibly bottom-water. Temperature of the reservoir is 85° F
Eight wells were producing gas at the time of conversion in October 1953
Two wells have been replugged and seven wells have been reworked fo
injection and withdrawal purposes at a total cost of over $50,000. The
maximum net volume of foreign gas which can be stored in the fielc
is 86.000 million cubic feet. As of January 1. 1959, 16.567 million enbhic
feet has been injected since conversion and 130 million cubic feet with.
drawn.

Gas Storage North of Ada, Pontotoc County

Southwest Natural Gas Company stores gas north of Ada in a strat-
igraphic trap in part of the depleted gas field called Ada gas field by
R. A. Conkling (1927, p. 26) in his report on the geologv of Pontotoc
County. The oil producing area is now officially named West Oakman
District. The storage reservoir extends under approximately 2,000 acres
of land in secs. 8-10, 16, 17, T. 4 N.,, R. 6 E. (Figure 2). Primary
market served is the town of Ada but the company has a pipeline to
Seminole and some gas is moved there during the winter period.

The earliest gas discovery in the area, according to Oklahoma Geo-
logical Survey files. was the Rex-Corsicana No. 1 R. C. Jeter (SW1/,
SW14 SWii sec. 8, T. 4 N, R. 6 E.) completed in December 1915
with an initial production of 9,240.000 cubic feet of dry gas. Later in
1917. American Oil and Refining Company completed in the SW1/ of
the section several wells which tested as much as 16,000.000 cubic feet
per day at a rock pressure of about 400 psi. Most of the gas wells in
the storage area were drilled in the early twenties. The field area is es-
sentially an anticline bisected by a major strike fault and at least one
minor dip fault. The reservoir is defined by the faults and by wedge-out
of the upper Cromwell sand. Structure of the reservoir is shown in Figure
2 by a map contoured on top of the upper Cromwell sand, a Morrowan
sandstone near the base of the Pennsylvanian. Upper Cromwell sand is
at a depth of 1,200 to 1,400 feet and at greater depths in downthrown
fault blocks. The sandstone underlies Union Valley limestone in down-
dip position, but, at higher points on structure, the Union Valley is ab-
sent and part of the upper Cromwell seems to be missing.

G. D. Morgan (1924, pl. 7, p. 43) in his report on the Stonewall
quadrangle shows an east-west trending fault through secs. 7 and 8 on
a structure map contoured on top of the Hunton terrane. Two wells and
two surface outcrops are used as control points in the township. He mapped
a northwest-trending fault at the surface just east of Byng in secs. 3 and
4 (pl. 24). R. C. Conkling (1927, p. 26) illustrated the structure of the
field contoured on top of the “producing horizon”. His data do not con-
form to present interpretation based on more reliable information.
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Figure 2. Structure map using upper Cromwell sand as datum, showing gas storage
area of Southwest Natural Gas Company, north of Ada in Pontotoc County, location
of injection and withdrawal wells, and other drilled holes.

According to the map, Figure 2, the upper Cromwell sand is beveled
along a northeast-trending line in secs. 8 and 17. Maximum gross permeable
sandstone is 150 feet thick in a downdip direction, but, where post-Mor-
rowan erosion is greatest, the permeable section ranges from 60 to 30
feet in thickness within the reservoir area. Gas in the storage area was
discovered in the early twenties. No record of the amount of original
gas produced was made but estimates range from 28 to 60 billion cubic
feet. At the time the field was developed, gas was not measured and each
well had a flat yearly rental. In 1930, working pressure of the field had
declined to 35 psi from an original pressure of somewhere between 425
to 451 psi. From 1930 to May 1944, the field floated on the line, and
beginning in May 1944, all gas injected and withdrawn has been measured
and accurate records have been made.
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Since 1944 four wells have been abandoned and plugged at an aver-
age cost of $3,500 per well. One well (Figure 2, well A in SE14 NE1j
NEL, sec. 17) is used for injection and withdrawal of gas. Gas can be
withdrawn also from two other wells (Figure 2, wells B}.

Several years ago Southwest Natural Gas Company believed, as a
result of geological studies of the area based on information of old drilled
holes and of electric logs of new holes, that they had leases on the land
surface above the storage reservoir. However, a location drilled by others
just outside of the controlled area brought in a “g00d” well from the
company’s stored gas. Such a problem may confront a company where
eas or liquefied petroleum gas is stored in a reservoir in a faulted area.

Gas Storage at Ulan, Pittshurg County

Consolidated Gas Utilities Corporation converted the Ulan gas field
(officially named East Ulan Field) into a storage reservoir in January
1953. The field was discovered in March 1945 by the Public Service
Company of Oklahoma No. 1 Wayne Travis (NW1j NE1/4, sec. 5, T.
7 N., R. 14 E.) which produced from Booch sand in the McAlester for-
mation {Desmoinesian, Pennsylvanian) at a depth of 1,884 to 1,920 feet.
The well tested 4,248.000 cubic feet of gas per day with 470 pounds rock
pressure. By the middle of 1946 Public Service completed nine productive
wells with individual open-flow potential ranging from 1,500,000 to
25.000.000 cubic feet of gas per day. In 1947, Consolidated bought the
property and formed its McAlester Division which includes a gas trans-
mission system and gas distribution systems in the cities of McAlester,
Krebs, and Savanna (Figure 3). The United States Naval Ammunition
Depot near Savanna is one of the large customers. The Ulan field, 13
miles northwest of McAlester and underlying approximately 1,700 acres
in secs. 31-33, T. 8 N., R. 14 E. and secs. 5, 6, T. 7 N,, R. 14 E., has been

the principal source of gas supply for the Division.

The structure controlling the accumulation of gas is an anticlinal
fold with an east-west trending axis (Figure 4). Two transverse faults
roughly paralleling one another in north-south direction delimit the gas-
producing portion of the structure. Gas is obtained from two strati-
graphic levels: sandstone in the Savanna formation, locally termed Savan-
na sand, at about 1,000 feet; and Booch sand, probably equivalent to
the surface Warner sandstone member of the McAlester formation, at
an average depth of 2,000 feet.

Consolidated had brought the total number of producing wells to
10 in 1949 by drilling its No. 3 Mickle (SW1, NE1/ sec. 31, T. 8 N.. R.
14 E.). At the end of 1951, the Savanna sand had been proved product-
ive in six wells and was being produced in three dual completions. Orig-
inal gas in place in the reservoir was calculated to be in the order of one
billion cubic feet, of which 850 million cubic feet was considered recov-
erable. Booch sand had an original average shut-in well-head pressure
of 455 psi and the indicated original volume of gas in place in this
sandstone was calculated to be about 13 billion cubic feet, of which 11
billion were considered recoverable. This source of supply based on re-
maining reserves and rate of withdrawal had a future life of about 6
years.

189





o

\ARRY RARPRRRNY

\

Z~~|2®~

-

<
&Wellg drilled for input-output

Figure 4. Structure map shewing gas storage area at Ulan field in Pittsburg County
operated by Consolidated Gas Utilities Corporation, and location of two wells
drilled for injection and withdrawal purposes when the field was converted to storage.

Because of the rapidly depleting gas supply which could deliver only
60 percent of a winter peak-day requirement, Consolidated in 1952 de-
cided to convert Ulan field into a gas storage field. Gas for underground
storage became available through a long-term contract for purchase of
off-peak gas from Oklahoma Natural Gas Company. Consolidated built
14.7 miles of 6-inch and 8-inch pipe line from its McAlester compressor
station west to the Canadian River. Oklahoma Natural built 20.46 miles
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of 8&inch pipeline from its 16-inch transmission line which crosses the
northwestern corner of Hughes County line to connect with Consolidated’s.
Consolidated, under terms of the contract, may purchase up to 15 million
cubic feet of gas per day during the 210 days of off-peak summer months.
Mineral rights to a depth of 2,200 feet were purchased and gas storage
Jeases to the same depth were acquired under 3,520 acres of the storage
area held by approximately 300 different owners of royalty and surface
interest. Because the storage project was started before Ulan field was
depleted, Consolidated had to purchase the remaining gas reserves. The
reservoir contained about 6.0 billion cubic feet of native gas when the
rock pressure registered 236 psi gauge, or, in effect, was about 44 per-
cent depleted of native gas. Two of the existing wells were reworked in.
order to increase the ability of the sandsione reservoir io iake gas. Two
new wells were drilled to increase the rate of injection and to add to the
open flow for withdrawal of gas during the winter peak periods.

Most of the preliminary work was either completed or was in prog-
ress when actual gas injection into the underground storage started in
January 1953. The cost of conversion was in the order of $650,000.
Gas was injected at an average rate of eight million cubic feet per day
throughout the summer of 1953. Eight of the 12 wells in the area are
used as injection and withdrawal wells. The remaining four wells are
shut-in and are used for pressure observations. The capacity of the res-
ervoir is estimated to be approximately 13.7 billion cubic feet at the ini-
tial rock pressure of 470 psi gauge.

The supply of gas available to Oklahoma Natural Gas Company from
its connections in the gas-rich areas of Garvin and Stephens Counties
is ample to assure continuous replenishment of the supply available to
Consolidated’s McAlester Division for many years, and the Ulan storage
reservoir is adequate in all respects to accommodate the volumes of gas
necessary to afford dependable service at all times.
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Evolution of Coined Words

The noun “outcrop” and its variant, “outcropping,” have long been
part of the English language. The verb “to crop out” is preferred over
the more recent form, “to outcrop.” Thus one writes, “There is an ex-
cellent outcrop of the Haragan marlstone at White Mound, and the for-
mation crops cut in hills north of the Mound.” The Merriam-Webster
dictionary of 1942 even lists “outcropper”, one who works an outcrop,
presumably in distinction from an underground miner.
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Subsurface geologists have invented the mnoun “subcrop” for ex-
posures which existed at an unconformity and are now rocks immediately
below the overlapping rocks. A map showing the distribution of rock
units on the pre-Woodford unconformity surface (for example) is termed
a “subcrop map”. This map is not precisely like a paleogeologic map,
in which pre-Woodford structural conditions are restored. By extension,
the coined word “subcrop” is now being used as a verb, “to suberop”.
For instance, “The Sylvan subcrops locally at the base of Desmoinesian
rocks in Oklahoma County.” To be consistent with “to crop out” the
verb might be required to be “to crop sub”, a ridiculous form. The dan-
ger in coined words lies in the invention of analagous parts of speech.
We can expect to see subcropped, subcropping, subcrop-like, non-sub-
cropping, pseudosubcrop.

A ianguage grows by use, bui ihere should be so
ceptance. The monstrosities of “Business English” (to research, to con-
tact, insurance-wise, seventeenth instant) and of “Federal Prose” (build-
ing engineer for janitor, under review for shelved and inactive) are suf-
ficient warning of what can happen when standards are lacking.
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An Outlier on the Muenster-Waurika Arch

By
Philip A. Chenoweth

The Muenster-Waurika arch is a buried mountain range extending
diagonally across southern Oklahoma and north Texas. It diverges at a
small angle from the Wichita-Amarillo range in northern Tillman County,
Oklahoma, and plunges gently southeastward to Denton County, Texas, a
distance of more than 125 miles. It probably continues southeastward as
a gentle upwarp beneath the Tertiary, Cretaceous, and the Quachita facies
in the Tvler basin. Except for the very northwestern extremity in the
western Wichita Mountains, the entire uplift is concealed by Permian,
Pennsylvanian, and Cretaceous rocks. In spite of the present lack of
topographic expression the arch actually represents a mountain range of
considerable magnitude. It was raised by tectonic forces in Late Missis-
sippian and Early Pennsylvanian time, forces which created a mountainous
land mass in the Red River region from the Texas panhandle across
southwestern Oklahoma to northeast Texas. The arch is estimated to have
had a topographic relief in excess of 5,000 feet. Erosion following the
greatest period of uplift in early Pennsylvanian time removed all sed-
imentary rocks from parts of the uplift so that by Middle Pennsylvanian
time the bedrock in the higher portions of the range consisted of Pre-
cambrian crystalline rocks; granite, volcanics, and metasedimentary rocks.
Elsewhere, all the early Pennsylvanian, Mississippian, Devonian, Silurian,
and Ordovician rocks were stripped off and the crest of the arch con-
sisted of rocks of the Timbered Hills and lower Arbuckle groups (Cam-
brian). The eroded units are preserved in the intermontane Marietta basin
to the north and the Fort Worth basin to the south.

In south-central Jefferson County, Oklahoma, however, a deep graben
very near the crest of the range protected from erosion the Viola, Simp-
son, and uppermost Arbuckle groups. It is quite probable that parts of the
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Sylvan shale are likewise preserved in this down-faulted block. The Cities
Service Oil Company’s No. 1 Linton, a dry hole in SW1j SW1/ SW1/; sec.
7,T.7S,R 6 W, encountered Viola limestone at a depth of 4,734 feet
beneath a thin cover of detrital limestone. The Simpson was entered at
5,206 feet, and the upper Arbuckle, West Spring Creek, at 5.894 feet.
The well is situated between two large northwest-southeast faults which
bound a triangular graben on the south flank of the Muenster-Waurika
arch. The nearest known occurrence of Viola limestone is approximately
16 miles northeast, near the trough of the Marietta syncline, and the trun-
cated Sylvan shale probably lies another 3 or 4 miles beyond. This out-
lier with the near-by pre-Pennsylvanian exposures of granite, testifies to
the complexity of faulting and folding along the arch, although it has
been noied that this arch, of the many which comprise the Red River
Uplift, lacks evidence of thrust faulting and overturning of folds.

The Use of the Emission Spectograph in the
Geochemistry laboratory

Part 1
John A. Schleicher

Part 1 of this series dealt with some general considerations of the
role of the Emission Spectrograph in the Geochemistry Laboratory. This
article will cover some of the more specific uses and limitations of the
instrument.

The primary standard of wave length, and hence the starting-point
from which the true wave lengths of all the other lines of the emission
spectrum are determined is the color emitted by cadmium at a wave
length of 6438.4696 Angstrom Units (A. U.). Because cadmium is not
generally found in all types of rocks, but iron is normally present spec-
trum lines of iron are used as a secondary standard, whereby the position
of a line of an unknown element is determined by its proximity to an
iron line, whose position is known by comparison with the primary stan-
dard line. Another benefit derived from the use of iron lines as a secondary
standard of wave length, besides its ubiquity, is the fortunate circumstance
that, after cerium and uranium, iron emits the greatest number of lines
of any element. Of the 100,000 principal lines in the emission spectrum
to 10,000 A. U., these three elements furnish 15,750 lines, of which 4757
are iron lines. In any region of the spectrum under examination, therefore,
there will be spectrum lines of iron in near enough proximity to allow
exact wave length measurements.

The common method of qualitative analysis of a sample of rock or
mineral of unknown composition is to place, in juxtaposition with the
spectrum of the unknown, a comparison spectrum which contains no!
only the principal emission lines of all the common elements, but also ¢
spectrum of iron in rather extensive detail, that is, not only the strongesi
iron lines, but also the lines of medium strength and many of the more
common weaker ones. The two spectra are then oriented by aligning the
corresponding iron lines, and compared for the presence of lines of othe
elements. From such a comparison, a certain degree of mineral identifica
tion can be made, as the major components can be readily distinguisher
from the minor simply by observation. It can be immediately seen, fo:
instance, whether a clay mineral is primarily a sodium rather than :
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potassium silicate, even though a certain minor amount of the potassium
mineral may be included in the sample. On the other hand, in such a
sample, it is not possible to determine by this method whether there is also
present an appreciable amount of uncombined silica. For this purpose, a
quantitative spectral analysis procedure must be followed, which, how-
ever, as explained in Part I would not be as accurate as a quantitaiive
chemical analysis.

Qualitative or quantitative determination, by classical means, of ele-
ments which belong to a group, all of which are similar in their chemical
behavior, is the bane of analytical chemistry. The worst-offending group
in this respect is the rare-earth, or lanthanide group. It is, even with the
most advanced wet methods, time-and-effort consuming in the extreme
to produce an analysis of even moderate accuracy of minerals containing
a mixture of these elements. Any substance which contains one of the
fourteen members of this group invariably contains greater or lesser
amounts of several of the others. Their spectra, too, are complex and inter-
mingled, but to analyze them accurately spectrographically requires only
extra care in interpretation of the mixed spectra, and very little or no
extra effort or time is consumed in obtaining an accurate result. Other
eroups which require considerable expenditure of time and effort in their
conventional analysis, but which are easily analysed spectrographically
are mixtures of calcium, strontium and barium, mixtures of lithium, sod-
ium, potassium, rubidium and cesium, and the so-called “amminia Group™:
aluminum, iron, manganese, titanum, vanadium, zirconium,, chromium,
cobalt, molybdenum and nickel. The latter group can be determined ac-
curately by conventional means, but the separation of any one from the
others is time-consuming. Spectrographic analysis has also made possible,
through its rapidity of analysis, the large-scale exploration for elements
which are found nowhere in concentration but are present in many places
in small amounts. These elements are usually economically valuable enough
so that the difference between a small amount and a very small amount
makes the difference between an economic and a non-economic deposit.
Such elements as germanium, niobium and others fall within this cate-
gory. In point of fact, many of the elements have first been discovered
by their spectra being found as impurities in the spectra of common and
well-known members of the same group of elements. Among others, gal-
lium was discovered spectrographically as an impurity in aluminum, an
rubidium and cesium as impurities in sodium and potassium compounds.

The Occurrence of Galateacrinus
Allison1 1n Oklahoma
Harrell L. Strimple

The unique and distinctive genus Galateacrinus Moore (1940) is one
of the rarer crinoids of the Pennsylvanian system. When the genus was
established by Moore, he only reported eight dorsal cups, five of which
were types of G. stevensi Moore (1940) from the Oologah formation,
Marmaton group, Des Moines series, at Garnett Quarry east of Tulsa,
Tulsa County, Oklahoma. It is therefore of considerable interest to re-
cord the discovery of another specimen from the Wann formation, Ochelata
group, Missouri series. at a road cut just west of the El} corner section
25, T.24 N, R. 12 E,, about 3 miles west of Ramona, Washington County,
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Oklahoma. The specimen is assigned to G. allisoni Moore (1940), the
holotype and only recorded specimen of which came from the upper part
(probably the orange-yellow crinoidal clay) of the Tola formation, Miss-
ouri series, at the Portland Cement quarry, Iola, Kansas. The Oklahoma
specimen is from a calcareous shale clay zone just above the weak lime-
stone about 30 feet above the lola formation. This is Zone 1 of Oakes
(1952) in the Wann formation. The location and horizon are identical
with the type locality of 4pographiocrinus arcuatus Strimple (1949) and
Exocrinus pallium Strimple (1949).

The holotype of G. allisoni is reported to be devoid of surface orna-
mentation, whereas the Oklahoma hypotype has weak granules marking
the outline of the basal and radial plates, as well as the distad edge of
the primibrachs. These markings are net visible without magnification
and, because the structure and appearance of the dorsal cup are so close
to those of the holotype, there is little hesitation in assignment to the
species. The hypotype has three primibrachs attached, though not in place.
In addition to the weak granulations reported above, there is 2 light
median keel that extends to the base of the small broken spine marking
the apex of the plate. All three primibrachs are axillary, narrowing below
mid-length and widening almost imperceptibly at the distal extremity.
They are unequal in length.

The three anal plates of the posterior interradius are of the “Normal
type” (see Strimple, 1948) in both the holotype and typotype; how-
ever, a distinctive characteristic that heretofore has not been mentioned
is the common plane formed by the upper surfaces of anal X and the
right tube plate. This characteristic is apparently of generic significance
from existing evidence, since it is common to all described species of
the genus, and has been reported for several unrelated forms; for example,
Haerteocrinus and Texacrinus (see Strimple, 1952a and 1952b). In most
genera having three anal plates the right tube plate projects higher than
the anal X. '

Four or five alternatingly large and thick, and small and thin seg-
ments of the column are in place on the hypotype. The larger segments
have longitudinally curved outer surfaces.

Measurements of the hypotype are; height of dorsal cup 2.8 mm,
maximum width 9.5 mm, width of stem 1.5 mm, approximate width of
infrabasal circlet 2.1 mm and width of basal circlet 5.6 mm.

The hypotype has been deposited in the paleontological collection
of the University of Oklahoma School of Geology, No. 3178.
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