OKLAHOMA GEOLOGY NOTES

OKLAHOMA GEOLOGICAL SURVEY

NoRMAN, OKLAHOMA

VoLuMmE 20, NUMBER 2 SineLe NUMBER $0.25
FEBRUARY, 1960 SusscripTION  $2.00



GASTRIOCERAS IN RED EAGLE LIMESTONE

Aun itemn of Oklahoma geology is tucked away in a recent report on
the Sacramento Mountains of New Mexico. The cephaloped Gastrioceras
drukei Miller is stated to occur in the Red Lagle limestone in the quarry
south of U. 8. Highway 60 aboul a mile eust of Burbank, Osage County,
Oklahoma. The fact is stated by Otte as a personal communication from
A. L. Bowsher and in a discussion of the age of the Taborcita formation.

Laborcita is a new name for the Early Permian unit in the La Luz
Canyon area that had been refcrred to the Bursum formation. It is the
formation from which the cephalopods described by Boese and by Miller
were collected.
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PERMIAN OFHIUROID OCCURRENCES

In 1958 H. W. Miller, Jr., described an ophiuran (snake star-fish) from
the Americus limestone of central Kansas. His report is the first to men-
tion an oceurrence in Permian rocks. Hattin has now reported and figured
the same species from the Speiser shale of Butler County, Kansas. He als)
mentioned a third specimen, this one from the Cottonwood limestone of
Osage County, Oklahoma (N% NEY sec. 2, T. 28 N., R. 5 I.).
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PERMIAN SALT BEDS IN LAVERNE GAS AREA
HARPER COUNTY, OKLAHOMA

Louise Jordan

Salt in the Permian of western Oklahoma presenls the seismologist
with one of the more troublesome problems he may encounter in seismic
stndies of the arvea. Salt is alsn a factor in drilling of wells and in the
cementation of casing. From a different point of view, salt beds of suffi-
cient thickness have an cconomic value in that they are suitable for con-
struction of washed-ont caverns in which liguid petrolewm hydrocarbons
or atomic wastes might be stored. The location of potash salts in an evap-
orite sequence also could be of economic importance.

Gasoline-plant operators in Texas have developed 110 storage caverns
in salt layers; 17 of these are in Carson, Gray and Hutchinson Counties
in (he panhandle of Pexas (Oil and Gas Journal, 1959). Phillips Petrolenm
Company has developed storage capacity Lor 3,300.000 barrels of butane
and propane in 12 caverns in Hutchison County, Texas. In Kansas, pre-
pared caverns in salt layers nwmber 40 and have a total capacity of
2,740,000 barrels. Thirty of these washed-out cavities are along the eastern
boundary of the Hutchinson salt member of the Wellington formation in
Meclherson, Reno and Kingman Counties of south-central Kansas; and
seven at one locality in Grant County in southwestern Kansas are con-
structed in the Blaine evaporite sequence. Oklahoma has two underground
storage caverns in salt layers of the Blaine evaporite sequence: one with
a ecapacity of 16,000 barrels in Elk City Field, Beckham County, (Jordan,
1959, and Saye, 1936), and one with a capacity of 33,000 barrels in the
Camrick District of Beaver County (0Oil and Gas Journal, 1959).

In the Laverne Gas Area of Harper and Beaver Counties, salt beds
occur at four stratigraphic positions: 1) below the Blaiue formation in
beds equivalent to the Flowerpot shale, 2) below the Cimarron anhydrite
(Stone Corral of surface nomenclature), and 3) in two stratigraphic posi-
tions in the Wellington formation. The salt strata are quite extemsive in
distribution as salt at these positions is recorded in Xansas to the north
(JYewett, 1956, p. 26, and Kulstad, 1939, p. 241), and occur in all directions
away from the field., Logs used to illustrate positions of the sall strata
include gamma ray, neutron-gamma ray, caliper and guard logs of Cities
Service 0il Company No. 1 Dunnaway “B” in NW¥ SEY sec. 9. T. 26 N,,
R. 25 W. (Figures 1-3).

To those unfamilar with such types of investigations made in a drilled
hole, a brief summary of some of the physical properties of salt, anhydrite
and shale as measured by eacl type of log is given below. Salt and an-
hydrite have relatively low natural radicactivity and can not be differ-
entiated by gamma ray alene. Neutron-gamma ray logs measure induced
radioactivity of rocks, but, wherc a hole is enlarged owing to salt solution,
the hydrogen-ion of waler in the drilling mud filling the hole acts as a
neutron absorber. The position of salt is indicated then by diminished
recorded radioactivity; hence under this condition, salt and shale may not
be differentiated on a neufron-gamma ray log.
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The caliper log shows the variations in hole diameter. The position
of salt is indicated by enlargement of hole size if the section in the area
is known to be rock other than shale. Thus a focused-type log, such as a
guard, laterolog or induction, which records electrical resistivity or con-
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Fig. 1.

Logs of Cities Service No. 1 Dunnaway “B”, 250-650 fcet, showing gypsum
strata in Blaine fermation and salt in Flowerpot shale. Leftward excursions
of caliper log curve shew increasing hole diameter. Rightward excursions of
gamma and neutron gamma curves indicate increasing counts per second;
and of guard log, increasing resistivity.
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duetivity of the rock in the hole, is needed to differentinte salt and an-
hydrite from shale, Both anhydrite and salt have high electrical resistivity.
whereas shale has low electrical resistivity. Focused-type logs have deep
penetration and are much less affected by hole diameter variation than
is the neutron-gamma ray log. Ilence, with a combination of caliper and
focused logs, salt can be distingnished from both shale and anhydrite.
The neutron-gamma ray log may be used to indicate presence of a washed-
out hole inasmuch as where the hole is enlarged, induced radioactivity is
diminished. Unfortunately not all neutron-gamma ray logs of wells in the
arca have the good boundary definition between different types of rock as
shown in the illustrated log (Figures 1-8) owing to various factors such
as choice of time constant and of logging speed for the formations being
ce of casing, and holes not filled with

Tanornrd sy e 1) o4 .
logged, us well as presence or

fluid.
GAMMA  NEUTRON GAMMA . GALIPER  GUARD LITHOLOGY
GIMARRON % % ANHYDRITE
_—

doe rrrestrebrsrerans cese eesserstrascrsirecercrsrasesrsirrscres|800

Fig. 2. Logs of Cities Service No. 1 Dunnaway “B”, 1,150-1,500 feet, showing
Cimarron anhydrite and salt in shale section below. Explanaticn of
lithologic symbols given in Figure 1.
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It has been assumed above that all salt in the Permian section is
halite. However, potash salts exhibit high radioactivity and are soluble.
They should show high radioactivity on gamma ray logs and low induced
radioactivity on neutron-gamma ray logs, and might not be differentiated
from shale without the use of a focused-type log.

1. Salt below ithe Blaine formation (Figure 1). Salt beds nearest
the surface occur below the base of the Blaine formation in the Flowerpot
shale and underlying formation. Flowerpot shale, 30 feet thick, rests upon
a section essentially salt, possibly 250 feet in thickness in sec. 3 T. 25 N.,
R. 25 W. The salt in sec. 9, T. 26 N, R. 25 W. (Figure 1), underlying
about 60 feet of Flowerpot shale, is found between 475 and 625 feet below
the derrick floor, and is about 70 feet in thickness or nearly 50 percent
of the total thickness. The interval containing salt in the field area ranges
from 150 to 250 feet. Unfortunately few logs record top of the salt be-
cause at many places surface casing is cemented in the salt-bearing strata.
Purity of the salt is not known but presumably the salt contains shale
stringers normully less than one foot in thickness. (If any person has a
core of the salt, a gift to the Survey would be appreciated.)

2. Salt below the Cimarron anhydrite (Figure 2). The Cimarron
anhydrite (8tone Corral of surface nomenclature) occurs at 1,178 to 1,198
feet (Figure 2) and consists of three beds of anhydrite interbedded with
shale. Top of the uppermost salt stratum below the Cimarron is at 1,246
feet and the section containing salt interbedded with shale is 280 feet thick.
Although some lithologic logs of wells in the vicinity have shown thin beds
(two feet or less) of anhydrite im this salt sequence, any such stringers
can not be recognized by means of the illustrated logs. Other lithologic
logs show as much as 200 feet of salt with minor amounts of shale. As-
suming that the high resistivity section in conjunction with large-hole
diameter in the Dunnaway “B” logs represents salt, approximately 125 feet
or more than 50 percent of the scetion is primarily salt. Beds of the lower
portion of the 230-foot interval contain a higher percentage of salt.

3. Upper Wellington salt section (Figure 8). The Wellington forma-
tion, slightly over 1,000 feet in thickness, consists of interbedded salt,
anhydrite, and gray shale. Top of the Wellingtion formation is normally
placed by means of subsurface rock sumples at the top of the uppermost
occurrence of gray shale above anhydrite strata. DBecause this horizon
can not be determined by electric or radiation logs, most geologists place
the top of the of the formation at the uppermost anhydrite stratuin, which
in the No. 1 Dunnaway “B” occurs at 1,836 feet. The upper 200 feet of
the Wellington contains anhydrite and shale in the upper portion and shale
in the lower portion. Ten salt strata ranging in thickness from 5 to 20
feet are interbedded with shale and anhydrite from 2,040 to 2,265 feet
(Figure 3). From depths of 2,265 to 2,400 feet, the section is essentially
anhydrite and shale.

4. Lower Wellington salt scction (Figure 3). The lower salt section
from 2,400 to 2,490 feet contains the thickest salt bed, 31 feet, in the
Wellington. In this 90-foot interval, there is approximately 49 fect of salt,
17 feet of anhydrite, and 24 feet of shale. From 2490 feet to 2,765 feet,
the Wellington is essentially anhydrite with thin (less than four feet)
stringers of shale.
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Fig. 3. Logs of Cities Scrvice No. 1 Dunnaway “B”, 2,030-2.500 feet, showing
upper and lower salt beds in Wellington formation. Explanation of
lithologic symbols given in Figure 1.
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About two miles south in sec. 21, T. 26 N, R. 25 W., the caliper log
of the Cities Scrvice No. 1 Shuman “A” is closely similar to that of the
Dunnaway “B” well in the sections below the Blaine and Cimarron, and
practically identical in the Wellington tormation. Unfortunately, the radi-
ation log (gamma and neutron) is of poor quality for definition of an
individual stratum. A present project of the Oklahoma Geological Survey
is a study of the evaporite deposits in the Permian of western Oklahoma.
Because caliper logs are not normally distributed through cominercial serv-
ices, the Survey would appreciate any such logs sent to it.
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MORE OKLAHOMA PERMIAN INSECTS

Permian fossil insects have been known since 1864, the first ones from
Germany. Later they were reported from Czechoslovakia, United States,
Australia, Russia, and other countries. Sellards first published on Amer-
jean Permian insects (the inscets earlier found in Pennsylvanian are prob-
ably Pennsylvanian in age) from Kansas in 1908, Raasch found fossil in-
sects in a dolomite bed of the Midco member of the Wellington formation
in 1939. Carpenter described some of the forms in 1947. On December 11,
1959, Tasch and Zimmerman reported additional finds. They discovered an
additional fossil layer eight to 10 feet above the bed found by Raasch and
traced both beds across Kay County into Kansas. The preliminary note is
“New DPermian insects discovered in Kansas and Oklahoma”, by Paul Tasch
and T. R. Zimmerman, Science, new series, vol. 130, no. 3389, p. 16i56.

—C. C. B.
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FLORINITES PELUCIDUS AND ENDOSPORITES ORNATUS
WITH OBSERVATIONS ON THEIR MORPHOLOGY*

L. R. Wilson

A restudy of the types of Endosporites pelucidus Wilson and Coe, 1940
(Wilson, 1938) showed that they are not Endosporiles as the genus is
presently understood but rather a species of Florinites closely related to
the type species, F. antiquus Schopf, 1944, Recognizing this fact the species
was transferrved to Floriniles as F. pelucidus. Recently acquired coal ball
peels containing pollen sacs and pollen of Cordaianthus schuleri give addi-
tional information about the morphology and Cordaitelean affinity of
Florinites. Also outside of these pollen sacs are various other spores in-
cluding several sectioned spores of Endosporitcs ornatus which provide mor-
phological data not previously observed.

The Paleozoic pollen genuns Florinites was established by Schopf, Wil-
son, and Bentall in 1944 and named in honor of Dr. Rudolf Florin who bas
contributed much to our knowledge of Paleozoic gymnosperms. Although
less than a dozen unquestioned specics have been described, Florinites is
an important genus in Pennsylvanian coals and shales. A few species are
of Mississippian and Permian age and some of the pollen observed in the
Lower Triassic rocks may be assignable to Florinites. Geographically it
is one of the more widely spread Paleozoic pollen grain genera and probably
has been observed wherever Carboniferous rocks have been studied for
plant microfossils. Endosporites, like Florinites, has essentially the same
long geologic and wide geographic range, also the number of described
species is not large. DBoth genera appear frequently together and pre-
sumably had the same ecology.

A review of the original descriptions of the genera Fndosporites and
Florinites reveals an interesting refinement in palynological interpretation.
In 1940, when Wilson and Coe established the genus Endosporifes, three
species were included. The basis for the genus was essentially the pres-
ence of a bladder-like structure surrounding an internal spore body. The
central body possesses u trilete germinal aperture although in one species
(. pelucidus) this character did not appear to be definite. The eruptions
in the central body of that species were interpreted as an undeveloped
trilete aperture. This later proved to be au erroneous inference. In addi-
tion the central bodies of the two species F. ornatus und E. angularis are
more nearly spherical than they ave in E. pelucidus. The bladder of the
first species appears round and the second angular when seen in equatorial
view. In polar views the bladders of both species may be round to cresecent-
shape depending upon their preservation. The bladder and central bedy of
the last species ave elliptical in equatorial view. Soon after the description
of the genus Endosporites, fossils similar to E. pelucidus (Florinites pelu-
cidus) were found in cone-like structures resembling Cordeienthus. These
occurred in coal balls collected at What Cheer, Iowa, above the coal from
which B. pelucidus was described. In the same year Darrah (1940) described
similar fossil strobili from the Shuler Mine, near Waukee in Dallas County,

* Preliminary report of one study being conducted by National Science Founda-
tion Grant No. G6589.
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] DESCRIPTION OF PLATE I
Fig. 1. Cordaianthius schuleri (Slide No. 97) with one pollen sac and porticns of
three others containing pellen grains, Greatest diameter of complete
pollen sac 260 microns, pollen sac wall 6 microns thick. Pollen grains
4¢.80 microns long, 30-57 microns wide; central body 21-39 microns long,
19-29 microns wide. All photomicrographs with Carl Zeiss Photomicroscope

and Plus X film.
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Fig. 2. ‘Dctail of nine pollen grains in pollen sac of Cordaienthus schuleri (Slide
No. ¢8). Most of the grains appear in equatorial view and show the
central body and surrounding bladder. Dimensions of hottom central grain
51.2 microns long, 41.7 microns wide; central body, 29.5 microns long, 21.6
microns wide.

Fig. 3. Partially compressed pollen grain of Cordaianthus schuleri (Slide No. 96)
in longitudinal-pclar section showing attachment of central body to bladder
below equator in the distal hemisphere. Photomicrograph oriented with
proximal side of pollen grain at top. Length of bladder 68.%2 microns,
greatest thickness 31.5 microns; length of central body 31.5 micrens, widih
(polar axis) 25.6 microns; bladder wall, smooth outside, finely reticulate
inside, 1.6 microns thick; ccntral body wall, smooth externally and in-
ternally, 2 microns thick. Photographed with Neofluar 40/0.75 chjective

Optivar selting 2, mag. 6.3, and medinm green filter,

Fig. ¢. Same as Fig. 3 but photographed with Phase 2, Neofluar 25/0.60 objective,
Optivar setting 2, mag. 6.3, and mcdium green filter. This photemicro-
graph shows with betier definition, by phase contrast microscopy, the
association of the central body and pollen grain bladder.

Fig. 5. Endosporites ornctus (Slide No. 96). Spore in transverse-polar section
showing proximal hemispheric attachment of central body te the bladder
wall.  Greatest hladder length (diameter) 108 microns, height (polar
axis) 63 microns; central body diameter 39 microns, height 35.6 microns.
Bladder wall 1.2 microns thick, finely reticulate on both surfaces; central
body wall 2 microns thick, finely reticulate on outer surface. Photography
same as for Fig. 3.

Fig. 6. Central bcdy of spore shown in Fig. 5 photographed with Neofluar,
100/1.30 Oel objective, Optivar setting 2, mag. 6.3 and medium grecen filter,
Details of bladder and central walls, the germinal structure, and the
ornamentation on the central body are shown,

Iowa. The name Cordaionthus shuleri was given the fossils., Beciiige of
the similarity of E. pelucidus (Florinites) to the pollen in Cordaianthus
shuleri the writer stated in Schopf, Wilson and Bentall (1944, p. 45) that
Endosporites had been found in the male strobilus of a Cordaitelean. Under-
standing the present status of E. pelucidus, now IF. pelucidus, it should be
emphasized that Fndosporites (s. str.) was not found in the strobilus of
a Cordaitelean.

When the genus Florinites was erected by Schopf e¢f al. in 1944, the
type was not seen by the writer, consequently the relationship of F. entiquus
and E. pelucidus was not realized.

Florin, in a note within the paper by Crookall and Morris (1952),
stated that “contrary to what is said by Schopf and others, I do not think
that there are any Cordaianthus species with the Endosporites type of
pollen”. The quotation is reprinted in Clialoner’s paper (1953) announcing
the discovery of a new species of Lepidostrobus containing megaspores of
the Triletes auritus type, and microspores assignable to Endosporites. 'This
important discovery in a heterosporous lycopod conc seems to resolve the
affinity problem of Endosporites.

Several Cordaianthus schuleri sections which contain numerous pollen
sacs.and an abundance of pollen grains were acquired from W. C. Darrah.
These were collected near Waukee, Iowa, from the Des Moines series,
Middle Pennsylvanian age. Some of the pollen grains are cut showing the
relationship of the bladders and central bodies. Three pollen-sacs contain-
ing many grains of Florinites type pollen are illustrated in fig. 1 on Plate I.
Figure 2 is a detailed equatorial view of one pollen grain and-several other
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grains associated with it. The pollen sacs contain pollen in various stages
of development but no grains were found that could be considered still in
the tetrad state.

In the original illustration of Florinites (Schopf, et al. 1944, Plate II,
figs. 13, 13a) the distal surtace was drawn as a single line, suggesting a
central body about which a bladder was attached some distance below its
distal pole. A similar interpretation is also given by DPotonié and Kremp
(1954, p. 149, fig. 84). The section of Cordaiunthus schuleri pollen illus-
trated on Plate I, figs. 8 and 4 is in agreement with the drawings of Schopf
and ¢f DPotonié and Kremp. The two photomicrographs, fig. 3, with bright
light, and fig. 4, with phase contrast, are of a slightly compressed speci-
men. The longitudinal and polar axes are shown in the photomicrographs.
No cvidence of a double wall is apparent on the distal side, where the
central body is attached to the bladder, and no attachment of the central
body occurs on the proximal side. Other specimens in the same pollen sac
support. these conclusions. The single wall at the distal side appears to
be at variance with Florin’s (1936) observations. The silicified fossils
studie@ by Florin may be better preserved than the calcified lowa material
and reveal greater detail. An additional point of variance is the construc-
tion of the central body. Many of the so-called walls inside the central
body appear as folds or creases when viewed with phase contrast optics.
These may have formed during fossilization. Further study of well pre-
served specimens should be made with the available new optics to resolve
these problems,

The germinal apparatus in Florinites appears to be an indefinite rup-
ture on the distal side of the central body. In the early stages this rup-
ture may roughly simulate a trilcte mark but later it becomes more ir-
regular and seen in distal surfuce view may appear as an angular aperture
surrounded by several flap-like folds.

Two of the several FEndosporites ornaetus spores found in the coul ball
peels with the Cordaienthus strobili are cut in polar axial section. One of
these is illustrated by figs. 5 and 6 on Plate T. The attachment of the
central body has been variously interpreted by Wilson and Coe, Schopf.
¢t al., and Potonié. Although not definitely stated in the original descrip-
lion by Wilson and Coe (1940) the authors interpreted the central body
as being completely swrrounded by a thick intine which kept it centrally
supported. It was rcasoned that upon fossilization the intine disappeared
and the central body became displaced. In the Annotated Synopsis of Dale-
ozoic Spores (Schopf, et al, 1944, Plate 2, figs. 14, 14a) the central body
is illustrated as being attached both proximately and distally to the bladder.
Potonié (1952, p. 152, fig. 8, C and D), and Potonié and Kremp (1954,
p. 149, fig. 81) have illustrated the attachment as only on the proximal
side. The Endosporiles ornatus section illustrated here shows the central
body attached to the bladder only on its proximal surface. In the fignres
approximately one-third of the central body’s circumference is shown in
contact with the bladder. Both walls are distinet though apparently fused.
This and other sections support the interpreted central body and bladder
relationship described by Potonié (1952).

The sections also indicate that the trilete germinal structure is well
developed in the central body wall and that in the bladder wall it appears
to be initially not as marked.
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Figure G shows a finely reticulate external surface on the central
body wall of Endosporites ornatus. In the Cordaianthus sections the cen-
tral body walls are smooth.

The establishment of affinities for Fndosporites and Florinites has
congiderably advanced Paleozoic spore and pollen paleoecology. It is now
possible to recognize these two important spore types as natural floristic
nnits rather than as two unknown spore genera. In the Croweburg coal
seam Wilson and Hoffmeister (1936, p. 38, fig. 4) showed that Calamospora
(Calamarian spores), Endosporites, and Florinites reached the maximum
of their relative abundance in the top third of the seam. This same abund-
ance and position has been observed in numerous other Oklahoma coal seams
and appears to represent a successional stage in the coal swamp develop-
ment. If this biofacies in coal deposits proves to be constant if will be
useful in stratigraphic studies.
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SODIUM HYPOCHLORITE, A NEW OXIDIZING AGENT FOR
THE PREPARATION OF MICROFOSSILS
. William S. Hoffmeister*

In trying to find a good bleaching agent for acid-insoluble microfossils,
Miss Janie M. Heard, a technician at the Jersey Production Research Com-
pany, Tulsa, Oklahoma, found that sodium hypochlorite was not only an
excellent bleaching agent, but also a safe, efficient, and cheap oxidizing
agent for coals and other carbonaceous material. The new method is re-
ferred to as the Heard Method.

To oxidize bituminous coals and carbonaceous shales, workers in paly-

nelegy have long depended on Schnlze’s so
aqueous solution of IKC1Q; with two or three parts of cold concentrated
HNOs), or the dry method, in which concentrated HNO; is added to a mix-
ture of equal parts of coal and dry KC10:. As far as the writer knows,
prior to the Ieard method, no suitable oxidizing technique had been de-
vised for breaking down anthracite coals. The microfossils in anthracite
coals had to be studied in usually unsatisfactory thin sections.

It is not necessary to go into the steps comprising the Heard Method
of oxidation ; the method differs from those of many published accounts of
oxidation, such as the Schulze’s solution or the dry method, only by the
substitution of a 5.25 percent solution of sodium hypochlorite, which is the
ordinary household Clorox, for other oxidizing agents. We have achieved
very good results in using the IHeard Method to break down both bituminous
and anthracite coals as well as carbonaceous shales. It is often desirable
to follow the sodium hypochlorite treatment with a base such as NH.OIIL

It is assumed that the sodium hypochlorite breaks down into nascent
oxygen and free chlorine upon contact with an oxidizable material. This
action is shown by the following chemical reaction:

NaC10+H.0-»HC10-0+C1+H:0

The advantages of sodium hypochlorite over Schulze’s solution and
the dry method are listed below:

(1) It is cheap. Cowmmon household Clorox, which is a 5.25 percent

‘solution of sodium hypochlorite, is adequate.

(2) It ig fast. Most bituminous coals and carbonaceous shales break

down immediately upon being treated with sodium hypochlorite.

(8) It is safe. No violent reaction occurs when bituminous coals are

treated with sodium hypochlorite, nor is there any danger of
acid burns. This is in particular contrast to the dry method
in which there is always the possibility of an explosion.
(4) It is gentle. Tests so far have shown that the acid-insoluble
microfossils extracted by sodium hypochlorite are better pre-
. gerved than those extracted with most oxidizing agents.

(5) It vreaks down anthracite coals. Sodium hypochlorite has been
used successfully to break down these coals, where Schulze’s
solution and other chemicals have failed. The process for treat-

on (one part of a saturated

part of a saturated

* Jersey Production Research Company, Box 801, Tulsa, Oklahoma. The writer,
wishes to thank the company for permissicn to publish this article.
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ing anthracite coals with sodium hypochlorite is somewhat longer
than that involved in oxidizing bituminous coals, although we
have broken down some of these coals in a period of two days.
‘When the coals are resistant to the treatment, more sodium hypo-
chlorite is added as needed. Sometimes it is desirable to remove
the used sodinm hypochlorite and to add a fresh solution. By
repeating this treatment, the coals are gently broken down. A
small amount of diluted HCl added to the mixture will increase
the oxidation action.

(8) It iz a good bleaching agent. Acid-insoluble microfossils such as
chitinozoans and fragments of graptolites found in the residucs
after treatment with sodium hypochlorite are bleached so that
minor details can be recognized for more accurate determinations.

STARFISH IMPRESSIONS FROM THE HILLTOP SHALE
Philip A. Chenoweth

Fogsil starfish are among the rarer of Paleozoic fossil animals and are
considered as the choice specimens of many museums. This is probably due,
however, not so much to the relative scarcity of these creatures in the seas
of Paleozoic time as to the accidents of preservation and the destruction of
the skeletons by weathering. None has been described from Oklahoma and
only a single specimen has heretofore been known, this being one in the
collection of the Oklahoma Geological Survey simply listed as having been
found “near Barnsdall” (Osage County). Attempts to find the exact lo-
cality from which this fossil was collected have heen unsuccessful.

This note describes an occurrence of starfish impressions in the Hill-
top shale (Missourian) in Seminole County. The fossils have been collected
in the quarry of the Wewoka Brick and Tile Company located on old U.S.
route 270 about 3 miles west of Wewoka in SWi sec. 11, T. 8 N,, R. T E.,
Scminole County. This is the type locality of the formation, which here
consists of 127 feet of bluish-gray and green shales, thin tan to buff silt-
stones, and in the upper part massive tan to buff siltstones. The unit rests
conformably upon the Belle City limestone and is overlain unconformably
by the Vamoosa formation (Virgilian). The thin siltstone beds near the
middle of the formation are commouly ripple-marked and hoth the upper
and under surfaces of the beds are covered with irregular fucoidal im-
pressions, grooves, scratches, trails, worm castings, and other unidentifiable
markings. The starfish occur hoth as shallow star-like impressions on the
beds and as slightly raised molds. All arc small: of the 8 specimens col-
lected the average distance from Llip to tip is about 14 millimeters. None
is well enough preserved to permit identification, although the specimens
appear to have the characteristics of forms generally assigned to the sub-
class Asteroidea; simple, straight, sharply tapering arms which are pro-
longations of the central disk (Figure 1).

According to Schuchert (1915) starfishes are most often preserved in
fine-grained sandstones and muddy siltstones and least often in limestones.
They usuallly occur as fine mvlds since all the calcium carbonate has been
dissolved. out by atmospheric waters. Conditions for their preservation
W'eré:‘ﬁ\yell satisfied during deposition of the Hilltop shale and it is quite
possible that further search will result in the finding of more readily
identified specimens.
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L SR
Fig. 1. Slab of siltstone from Hilltop formation showing casts of starfish. Natural
size.

Fig. 2. Detail of part of same slah showing three ol the starfish specimens. Twice

natural size.
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A STUDY OF THE TEMPERATURE NECESSARY TO
DETERMINE THE PURITY OF GYPSUM
BY DEHYDRATION
John A. Schleicher

The presence of much high-purity gypsum in the Blaine formation of
western Oklahoma, which is extensively utilized in the manufacture of
portland cement retarder, plasters, wall board and commercial fillers,
causes a continuing interest in these deposits by the Oklahoma Geological
Survey.

Recent discrepancies between chemical analyses and purity assays in
the Geochemical Laboralory of the Oklahoma Geologicul Survey have cast
considerable doubt upon the accuracy of assays for the purity of gypsum
based upon dehydration at an accepted temperature. For many years the
standard method for this assay (Scott, 1939, p. 214) has been as folows:
a one-gram sample, ground to -60 or -100 mesh, is dricd at 40° Centigrade
to remove adsuorbed water, aud then further heated at 215° to 230° Cénti-
grade to a constant weight, The loss in weight is then multiplied by a
factor of 4.7787 and divided by the original sample weight. Multiplie@ by
100, the result is the percentage of pure calcium sulfate dihydrate (gypsum)
in the sample. The accuracy of this method is, of course, dependent upon
the presumption that all combined water associated with the gypsum is
removed at or below 230° C. This presumption is borne out by the exist-
ing literature on the subject, which states that three-fourths of the combined
water is given off at a temperature of 128° O, and the remaining one-
fourth at or below 163° C. TIn actual practice, it is well known that gypsum
begins to dehydrate at a temperature as low as 50° C. Some of the water of
hydration is so loosely bound in the crystal structure ihat a portion of it
will be removed, even at room-temperature, by storing the powdered sample
at atmospheric pressure over an efficient desiccating agent such as con-
centrated sulfuric acid, phosphorus pentoxide or anhydrous magnesium
perchlorate. Droste and Grim (1959) in investigating the first step in de-
hydration of gypsum, from the dihydrate to the hemihydrale, have shown
that there is no transitional stage between the two forms. Their work,
furthermore, although done in steam rather than air, indicates to this
aathor another substantiation of the idea that there is no fixed transitional
point in the initial dehydration of gypsum.

Some of the water is bound to the molecule very strongly indeed, but
there has been little work donc to determine the true conditions required
to dehydrate completely a gypsum sample. Toward this purpose, this study
was initiated.

To assist in the performance of this study under as nearly exactly
known conditions as possible, a quantity of large crystals of selenite was
generously donated by the United States Gypsum Company laboratory at
Southard, Oklahoma, Mr., W. Dale Reynolds, Quality Superintendent. These
crystals of naturally occuring CaSO,-2H.0 were presumed to be as nearly
pure as possible. A subsequent average of careful assays and analyses of
three samples of this material gave a purity of 99.997 percent CaSQ, -2I1,0.
A portion of the crystals was ground by hand with porcelain mortar and
pestle. in the Geochemical Laboratory. Another portion was ground in the
laboratory of the U. S. Gypsum Company at Southard where a laboratory-
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size Raymond mill was used. The sample at the Geochemical Laboratory
wag ground to between 60 and 100 mesh. The sample ground in the Ray-
mond mill, which uses a centrifugal impellor made up of small, hinged
hammers to smash the particles of sample as they fall through the mill,
without contacting any other surfaces, and then blows the smaller particles
out- through a peripheral screen, was sieved and found to contain more than
85 percent of -200 mesh particles. This differential in grain size was found
to be of importance in the dehydration study, as was suspected. It was
impossible to grind the selenite to such a small grain size by hand, since
compaction of the powder in the mortar resulted from reduction of the
particle size below 100 mesh.
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Fig. 1. Influencc of particle size and duraticn of heating on dehydration of
selenitc gypsum at 225° C. Tinely ground sample is more completcly
dehydrated, but neither sample shows as much as 99.0 percent gypsum
purity at this temperature.

Samples of both grindings were heated in a drying-oven at 225° C.
for varying lengths of time, one sample of the -60 mesh powder being left
at this temperature overnight. The result of this experiment is shown in
Iigure 1. It was suggested by Mr. Reynolds that a partially debydrated
gypsum was so deliquescent that it might take up water even from a strong
desiccating agent. It was decided, therefore, to weigh the samples as: soon
as they became cool enough to be weighed with no turbulence in the analy-
tical balance. A standard time of exaclly three minutes seemed adequate.
In the case of the 3%-hour sample of -60 mesh powder, the time of cooling
was extended, with the result that its dehydration distorted the curve, in-
dicating that gypsum was, in fact, a stronger desiccant than the anhydrous
magnesium perchlorate used as drying agent in the cooling-desiccator. It
will be noted that neither of the groups of samples was completely de-
hydrated at the heretofore standard temperature of 223° C., although the
-200 mesh sample approached the theoretical value closer than did -the -60
mesh samples. Even drying at this temperature for 16 hours (overnight)
did not produce a closer assay than 98.69 percent on the -60 mesh material.
It was decided, in light of this information, to determine at what temp-
erature the selenite wonld be thoroughly dried. Accordingly. a number of

38




samples of both grindings were placed in a muffle-furnace, and the tem-
perature raised to 300° (. held at that temperature for one hour, and a
sample of each grinding removed and weighed after exactly three minutes
of cooling. The temperature of the furnace was then raised to 3850° C.,
held for one hour and a sample of the -680 mesh sample only removed and
weighed. This procedurc was repeated with both grindings at 400°, with
only the -60 mesh at 450°, and with both grindings at 500° C. and 1000° F.
(588° C.). The results are shown in figure 2. It will be seen that the
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Fig. 2 Influence of particle size and duration of heating of selenite gypsum at
225-538° C. The data show that the sample ground to -200 mesh must
be heated to approximately 500° C. before being nearly completely
dehydrated.

-200 mesh powder approached the theoretical value, within experimental

error, at both 500° and 538° C. The slight decrease seen between 500° and

538° cun be said to be also experimental error. However, the -60 mesh ma-
terial still was 0.46 percent away from the truc value at 538°, and the con-
tinuously decreasing values between 350° and 500° are inexplainable. It

was apparent that three hours at 400° was insufficient even for the -200

mesh powder, and that 500°-338° was probably the best temperature at

which to effect complete dehydration. .

Some gypsums, however, contain varying amounts of carbonates as
impurities, and it was felt thal heating to 300°-538° might cuuse some’ loss
of CO: from any dolomite present. Accordingly, samples of the -200 mésh
powder were mixed with a very pure powdered dolomite in the ratio of
3 grams of selenite to 0.5 grams of dolomite. Samples of this mixture were
heated at 1000° F. for 1 to 4 hours. All of these samples lost some CO.,
as is shown in figure 3, the weight-loss computed to the assay-percent on
the basis of the 5 grams of selenite alone,

Samples of the mixture and of the unmixed selenite were (hen heated
to 500° C. for 1 and 2 hows. (Fig. 8) Two hours at this temperature
was insufficient to remove all the water of hyvdration from the pure selenite,
but this time and temperature was ample to canse the decomposition of
some of the dolomite from the mixture.
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Fig. 3. Thermal decomposition of selenite gypsum compared to selenite mixcd
with a small amount of pure dolomite. 3.0 grams of selenite was used
to minimize errors in weighing. All loss greater than 20.926 percent is
loss of CO. from the dolomite. The curves show that significant positive
error can be intrcduced in the assay of rock gypsum containing dolomite
at temperatures of 500° or 538° C.

Other samples were heated to the temperatures and for the times
shown in the following table with the results obtained:

Samples Time-Temp. Conditions
1hr @ 400° 1 hr @ 450° 3 hrs @ 450° 8 hrs @ 450°  overnight
@ 475°
Selenite 99289, 99.43% 99.90%
Selenite
+  99.37% 99.80% 99.96% 100.15% 100.02%
Dolomite

The samples assaying at 100.02 percent and 100.15 percent are within the
limit of accuracy of the determination, considering the large conversion
factor from weight-loss to percent calcium sulfate dihydrate.

To determine the time required for complete dehydration at a temper-
ature of 475°, several samples of purc selenite were heated at that temper-
ature for increasing lengths of time. The results are shown in Figure 4.
‘The sample removed after three hours was allowed to remain in the desic-
cator over anhydrous magnesium perchlorate for ten minutes instead of the
usual three minutes. Some water was regained by the sample, as shown.

The conclusion indicated by this study of the dehydration characteristics
of calcium sulfate dihydrute seems to be thut a temperature of 450° C. to
538° C. is necessary to insure the complete dehydration of the mineral at
a particle size of -200 mesh. When any appreciable amount of dolomite is
present as an impurity, the temperature must be not more than 475° C.
The time required for water loss is not less than four hours, and preferably
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five hours at any of these temperatures. To illustrate further this prin-
ciple, a sample of rock gypsum, previously assayed by the standard wmethod,
was reported as having a purity of 94.71 percent. This was a sample of
the Shimer gypsum taken from the quarry of the U. S. Gypsum quarry at
Southard, Oklahoma. Upon reassaying by the new method, the true purity
was found to be 97.98 percent, a difference of 3.22 percent. A difference
of this magnitude would be of great importance in determining the type of
use, ag well as the economic value of the gypsum.
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Fig. 4. Influence of duration of heating on -200 mesh selenite gypsum heated
to 475° C. Sample at three hours regained water through standing in
desiccator for 10 minutes beforc weighing; all others werc weighed exactly
3 minutes after removal from furnace.

An interesting sidelight was noted during these studies. If a sample
of powdered gypsum is almost, but not quite completely, dehydrated at a
high temperature, and then allowed to cool and rehydrate even to a slight
degree, the regained water is extremely difficut to remove, even at the
elevated temperatures shown above. It might bhe postnlated that some
chdnge in crystal structure or position of vehydration permits the forma-
tion of a stronger bond than that held by any of the original water mole-
cules. Some further study along this line may be indicated.
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INDEX TO GEOLOGIC NAMES OF OKLAHOMA

The United States Geological Survey has recently released its Index
to the Geologic Names of North America (Bulletin 1056-B, 215 pages).
Names are indexed under each state, province,.country, or territory of the
type locality in groups according to age. The n@xmes are those of the
Wilmarth lexicon (Bulletin 896} and of the 1936-1953 list (Bulletin 1056-A).
and the index shows changes in age assignment and Federal actions on
acceptance or rejection of names made before July 1, 1959.

The Oklahoma section occupies seven pages on which 539 names are
listed. Of these names 171 are accepted by the I'ederal survey, 167 have
not been considered, 59 are rejected, and 162 are subsurface names not con-
sidered as formal names. One name (Drywood) is restored to Missouri in
“eorrections” on page 622, Memorial shale is nnder Kansas, but was named
for Memorial Park in Tulsa. Noxie sandstone is placed in Kansas, but the
town is in Nowata Connty, Oklahoma. The Kinnison shale member of the
Senora is spelled “Kennison” and is placed in the “Cherokee formation.”
The Royer dolomite appears as Royer marble, The Paola limestone mem-
ber of the lola formation is again misspelled Paoli, as it was in Wilmarth.

It would have been wise to omit subsurface names. The book has only
162 of the 416 given by Dr. Jordan (Okla. Geol. Survey, Guide Book VI)
and of those given Prue is spelled “Prune”, Prosperity “Propserity”, Sikes
“Sykes”, and Nichlos “Nicholas”. At least ten are placed in the wrong
system (Patsy, Wilson, Belveal, Hotson, Vann, Mounds, Sapulpa, Jefferson,
Pugh, Simons).

The listing by ages is not really useful, at least for Oklahoma naimes,
because of the numerous changes and mncertainties. The Springer and its
members City Lake, Castle Rock, Take Ardmore. Overbrook, Rod Club,
and Target are placed in the Morrow. They would better have beeu listed
under Lower Pennsylvanian (?). Listed under Lower Pennsylvanian are
Big Branch, Frensley, Bostwick, Pumpkin Creek; all of them Middle Penn-
sylvanian of normal classification.

The Chickachoe chert is under Atoka where Taft originally put it,
but it is Morrow, as all later authors have recognized.

The Onachita units Pushmataha, Tenmile Creek, Wesley, Wildhorse
Mountain, Chickasaw Creek, Markham Mill, Moyers, Jackfork, Johns Valley,
Round Prairie are under Lower l'ennsylvanian, but Prairie Hollow, Smith-
ville, and Tuskahoma are under Mississippian. The Stanley is given as
Mississippian and I’ennsylvanian,

The Sycamore should be moved wp to Middle instead of T.ower Missis-
sippian.  The Tepee Creek facies of the Post Oak conglomerate is under
I'recambrian, but the Post Oak is under Permian.

The index would have been more useful had the units been listed
alphabetically and had subsurface names been omitted.

Oklahoma names omitted arve:
Lower Cretaceous

Marietta beds (in Wilmarth)
Pevmian

Agawam gypsum member (of Marlow formation)

Asphaltum sandstone

Gracemont shale member (of Marlow formation)

>ao0li sandstone member (of Wellington formation)

Pocasset gypsum
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Pennsylvanian
Cabin Creek sandstone (member of McAlester formation)
Eaton formation (Marmaton group)
Red Oak member (of Atoka formation)
Jesse member (of Atoka formation)
Shawnee sandstone
Ordovician
Bodine sandstonc
Dixon sandstone
Oklahoma stratigraphic names proposed since 1953 (and therefore not
given) are:
Ahloso member (of Caney shale). Elias 1956, emended 1957.
Bayou Manard member (of Moorefield formation). Huffman 1958.
Bowring limestone member (of Vamoosa formation). Tanner 1956,
Camp Ground member (of unnamed formation in Deese group). Hicks,
published by Ramay 1957.
Clarita member (of Chimneyhill formation). Amsden 1937.
Corbin Ranch formation (of Simpson group). Harris 1957.
Cornell Ranch member (of Sycamore formation). Drestridge 1939,
Delaware Creek member (of Caney shale). Elias 1936.
Tittstown member (of Bois d’Arc formation). Amsden 1957,
Game Refuge sandstone (formation). IIarlton 1939.
Gano shale (formation). Branson 1956.
Gene Autry shale member (of Golf Course formalion). Elias 1956.
Golf Course formation (of Dornick Hills gr:up). Harlton 1956,
Grindstone Creek member (of Goddard shale). 7Tomlinson 1959. Name
is presccupicd and will be replaced by Tomlinson.
Hallett shale (formation). Branson 1956.
Ideal Quarry member (of Chimneyhill formation). Amsden 1957.
Jarvis Church chert eomglomerate member (of Konawa formation).
Tanner 1956.
Kiheki sandstone member (of Vamossa formation). Tanner 1956.
TLake Ardmore formation (of Springer group). 7T .mlinson and McBee
1959. New unit containing sandstone membder formerly called
Lake Ardmore sandstone.
Lake Murray formation (of Dornick Hills group). Harlton 1953,
Lindsey Bridge member (of Movrefield formation). Huffman 1958,
Maud chert conglomerate member (of Konawia formation). Tanner
1956.
Orduance Plant member (of Moorefield firmation). Huffman 1958,
Redoak Hollow member (of Goddard formation). Elias 1956
Rhoda Creek formation (of Springer group). Elias 1956,
Sand Branch member (of Caney shale). Elias 1936,
Snomac member (of Ada formation). Tanner 1936.
Van Vacter gypsum member (of Blaine frmatirn). Scott and Ham
1957.
Warren Ranch conglomerate facies (of DIeese group). Tomlinson and
McBee 1959.
West Arm formation. Harlton, published by ‘l'omlinson and McBee
1959.
Worthey member (of Sycamore formation). DIrestridge 1959,
—C. C. B,
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