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STATUS OF SURVEY PUBLICATIONS

Bulletin 76. Igneous geology of the Lake Altus area, Oklahoma, by C. A.
Merritt. 70 pages, 6 plates, including colored geologic map, one figure
(aeromagnetic map), 10 tables. Price $2.75 bound in blue cloth, $2.00
in paper. Released January 31, 1958.

Bulletin 77. Geology of the south and west flanks of the Ozark uplift,
Oklahoma, by G. G. Huffman. 281 pages, 26 tables, 22 figures, 5 col-

ored geologic maps, structural map. Book and structural map printed,
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Bulletin 78.  Stratigraphy and paleontology of the Hunton group in the
Arbuckle Mountain region. Part II. Haragan articulate brachiopods.
by Thomas W. Amsden. Part III. Supplement to the Henryhouse
brachiopods, by Thomas W. Amsden. Part IV. New genera of barchio-
pods, by Arthur J. Boucot and Thomas W. Amsden. Approximately
200 pages, 14 plates, 42 figures. In press, available in June.

Bulletin 79. Geology of Pawnee County, by Paul B. Greig. Map in draft-
ing room. Manuscript completed.

Bulletin 80. Geology of Harper County, by Arthur J. Myers. Manuscript
and maps completed. Drafting and edited started.

Bulletin 81. Geology of Creek County, by Malcolm C. Oakes and Louise
Jordan. Mapping completed, drafting begun. Manuscript in first draft.

Guide Book VI. Subsurface stratigraphic names of Oklahoma, by Louisc
Jordan. 220 pages, 212 figures. Released December 31, 1957. Price
$3.00.

Mineral Report 34. Mineral industries of Oklahoma 1956 and 1957, by
Peter Grandone and William E. Ham. Ready in May. '

Mineral Report 35. Gypsum resources of the Clinton-Weatherford area.
Field work and chemical analyses completed.
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A CHITINOZOAN FAUNULE FROM THE
SYLVAN SHALE OF OKLAHOMA

L. R. WiLsoN

Chitinozoans are extinct marine chitinous or “pseudochitinous™ micro-
fossils whose stratigraphic range is known to be from the Middle Ordo-
vician to the Middle Devonian. They appear to be related to the rhizopod
protozoans. The lithologies from which these microfossils have been re-
covered in acid residues are limestones, cherts, and shales. The greatest
abundance has been found in gray shales whose environment of deposmon
appears to have been shallow marine to brackish water.
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sively in the Arbuckle Mountains. Over much of that area it is a greenish-
gray shale and contains a megascopic fauna of seven species of graptohtea
and one species of brachiopod (Amsden, 1957).

The location at which the chitinozoans reported in this note were col-
lected is approximately four and one-half miles south of Davis on U. S.
Highway 77. It is on the west side of the highway at the first exposure of
the Sylvan shale as one enters the mountains from the north. The descrip-
tion is as follows: NE¥| SEl4 NWi4 sec. 30, T. 2 5., R. 2 E. in Murray
County, Oklahoma. The Sylvan shale here is exposed in a cliff and the
strata are dipping steeply. Spot samples were collected from the lower
contact with the Viola limestone and up through the section at approxi-
mately five foot intervals. All of the chitinozoans reported here are fromn
approximately one hundred feet above the base of the Sylvan shale.

The literature on Chitinozoa is sparse, consisting of less than two
dozen papers, most of which are European. The name Chitinozoa was first
used by Eisenack in 1931 for an undescribed group of chitinous micro-
fossils found in the Ordovician and Silurian rocks of East Prussia. In 1933,
Stauffer reported the first chitinozoan from North America under the name
Rhabdochitina? minnesotensis. In 1942, Cooper described the additional
occurrence of chitinozoans in the Ordovician, Silurian, and Devonian rocks
of the United States, but published only an abstract with no localities.
Whittington, in 1955 reported finding Stauffer’s chitinozoan species in the
Viola. llmestone, Upper Ordovician, of Oklahoma. The first detailed study
of American chitinozoans also appeared in 1955, the work of .Collinson
and Schwalb. In their paper the occurrence, systematic position, paleo-
biology, paleoecology, systematic paleontolocry of families, genera, and
species are discussed. Two new genera, Ampullachz,tma and Lllichitina,
eleven new species, and transfer of thirteen earlier described species Lo
other genera are proposed.

An-examination of the Sylvan shale has revealed the existence of five
named Chitinozoan genera and specimens distinctive enough to warrant
the description of two additional genera. A total of eleven species, all of
them undescribed, were observed in the faunule. In the assemblage an
abundance of hystrlchosphaerlds and graptolite fragments, and also a few
scolecodonts occur. In this preliminary notice the chitinozoan fauna is
heing illustrated without applying names other than generic where they
exist. The illustrated specimens are in the University of Oklahoma geology
collections.
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Methods

The recovery of chitinozoans from their rock matrices is usually quite
simple with the use of acids. They occur with the insoluble residues if the
rocks are processed in acetic, hydrochloric, or hydrofluoric acid. Calcareous
rocks should be treated first with hydrochloric acid if the use of hydro-
fluoric acid is anticipated. This order will prevent the formation of cal-
cium fluoride crystals within the microfossils and reduce the associated
sediment on the microslides. Chitinozoans can often be “picked” from the
washed acetic or hydrochloric acid residues without further processing, but
if the lithology is shale it is desirable to process the rock sample with
hydrofluoric acid. A schedule of that method is shown in Figure 1. It also

FLOW DIAGRAM FOR PREPARATION OF SINGLE
FOSSIL MICROSLIDE MOUNTS

Allow slide to dry

Sample, 50 grams in 52 %
before storage

HF ocid, 12 hours

Ploce drop of Diaphane on
microslide, invert prepared
cover slip & lower it into

Heal to boil, add H20

position
Centrifuge & repest Under microscope,
washing until free of orient fossil with neadle,
HF cool jeliy to harden

With needle lift and transfer fossil
and enclosing jelly to prepared
cover slip

Store 172 of sample
in 30% alcohol

Warm microslide cover slip, odd

R i j !
Add glycerine jelly, \ smatl drop of glycerine jelly 1o
. t center, spread bul_leove approx.
mix gently 5mm of glass margin, maintgin
low heat

With fine-pointed needle
remove glycerine jelly from
vicinity of fossil

Spread thin layer of preparation
on microstide,
atlow to harden

Examine slide under low
magnification of microscope,
locate fossils
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includes the procedure for making single specimen microslide mounts of
chitinozoans and other similar fossils.

If one desires to clear chitinozoans and make them translucent for
internal study, that may be done by processing the insoluble residue with
potassium chlorate and nitric acid. Care must be taken to prevent over-
treatment for the fossils are destroyed soon after reaching a translucent
state. When the thoroughly washed residue has been obtained the excess
water is removed and the residue covered with two or three times its vol-
ume by a saturated solution of potassium chlorate. To the residue and
potassium chlorate solution carefully add two or three times the volume
of concentrated nitric acid. When the initial reaction has ceased a test
slide may be made by securing with a pipette some of the residue from the
bottom of the container. This residue is placed in a watch glass and care-
fully washed. A microsiide mount may then be made of the residue and
examined under the microscope. Usually the clearing process requires less
than an hour to be completed and several test slides should be made. To
stop the chemical reaction in the container, water is added and the residue
is concentrated either by decantation or centrifuging.

Chitinozoans are amber-colored, brown, or black and require no stain,
but stain may be useful if the associated microfossils are studied. Safranine
0 is a satisfactory stain for most of these fossils and they are more affected
if the solution is slightly alkalized with sodium or potassium hydroxide.
The degree of staining can be determined by test slides.

Photomicrography is an important part of chitinozoan studies and
the employment of infrared photography and color transparencies often
reveals greater detail of certain morphological structures than the usual
black and white films. A striking example of photomicrography with Plus-
X and Infrared films is shown on Plate 1, Figures 8 and 9. To the eye and
to Plus-X film the specimen in Figure 8 is opaque under the microscope,
but in photomicrographs taken with Infrared film, Figure 9, a structure
is apparent at the aboral end of the chamber and presumably inside. This
illustration, and others, suggests that greater use of infrared photography
for morphological studies might permit the separation of closely related
species. Color transparencies are easily made through the microscope and
when projected reveal features not always apparent to the microscopist.
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ExrrANATION OF Prate I*

F1c. 1. Lagenochitina sp. 1. Slide No. 37. Length 48 mu, width 31 mu.

Fic. 2. Lagenochitina sp. 2. Slide No. 39. Length 46.5 mu, width 33 mu.

Fic. 3. Angochitina sp. 1. Slide No. 40. Length 49.5 mu, width 34.5 mu.

Frc. 4. Desmochitina sp. 1. Slide No. 46. Length 120 mu, width 37.5 mu. Com-
pare with Figure 13, an untreated specimen.

Fic. 5. Ampullachitineg sp. 1. Slide No. 41. Length 43.5 mu, width 37.5 mu.
Fic. 6. Ampullachiting sp. 2. Slide No. 44-1. Length 55 mu, width 30 mu.

Fic. 7. Desmochitina sp. 2. Slide No. 44-2. Length 22.5 mu, width 33 mu.

Fic. 8. Genus A, sp 1. Slide No. 11. Length 64.5 mu, width 48 mu. Specimen

photographed with Plus-X film.

Fic. 9. Genus A, sp. 1. Same as Figure 8, but photographed with Infrared film.
Note internal structure at aboral end and spines on surface.

Fic. 10. Genus B, sp. 1. Slide No. 44-3. Length 48 mu, width 48 mu.

Frc. 11. Genus B, sp. 1. Slide No. 48. Length 52.5 mu, width 37.5 mu.

Fic. 12. Rhadbdochiiing sp. 1. Slide No. 42-1. Leongih 150 mu, widih 43.5 inu.
F1. 13. Desmochitina sp 1. Slide No. 13. Length 105 mu, width 33 mu.

*All specimens except those in Figures 8, 9, and 13 have been treated with
potassium chlorate and nitric acid to render them translucent.

New Topographic Mapping in Oklahoma

Oklahoma has long suffered from sparsity of coverage by adequate
maps. They are needed for geologic work, for highway planning, for irri-
cation surveys, for civic development programming, for tax assessments,
pipe lines, and many other purposes. The best standard map is the U. S.
Geological Survey topographic quadrangle. Progress has been slow in
building a coverage in Oklahoma because State agencies have not been
able to contribute matching funds. Recent arrangements have greatly ac-
celerated the mapping.

Seventeen new 7%%4-minute quadrangles are planned for the Tulsa
Metropolitan Planning Commission, of which 8 are now published. Twelve
7Y5-minute quadrang]es and one 15-minute quadrangle in the Oklahoma
City area are now available. The Oklahoma Clty water district has spon-
sored 13 7V5-minute guadrangles in its reservoir area and 13 along the
pipe line route. Some of these will be printed soon. Five 15-minute and
two 7Y4-minute quadrangles around Vance Air Force Base (Enid) are
printed. Four 15-minute quadrangles around Clinton Air Force Base are
nearly finished and 7 more are scheduled.

Six 714-minute quadrangles in Ottawa County are scheduled. The
Warner and Briartown sheets are to be prepared. Ten 15-minute quadran-
gles in McCurtain and LeFlore Counties are being surveyed. Four 15-
minute quadrangles along the Red River in Bryan and Marshall Counties
are in preparation. Eight 15-minute quadrangles along the Red River in
southwestern Oklahoma are authorized. Twenty-three 7Y4-minute quadran-
eles in the Wichita Mountains have been issued by the Army Map Service,
but the civilian edition will not be available until December 1958.

The 1/250,000 topographic map series is scheduled for completion by
1960. Fourteen sheets will be needed for full coverage, and of these 7 have
heen issued (the Clinton sheet was released in November).

The tabulation of topographic coverage shows:

State Coverage Issued Scheduled  Remainder
1-250,000 14 7 7 0
1-125,000 83 38 0 45
1-62,500 317 51 32 - 224,
1-24,000 1219 62 & AMS 24 50 1088
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The 30-minute (1-125,000) maps are old and obsolete. The area of
99 15-minute quadrangles is covered only by these. In terms of 7%%-minute
quadrangles, of which 1,219 are needed for coverage, the present status is:

Issued at 1-24.,000 62
at 1-62,500 only 148
at 1-125,000 only 412
at 1-250,000 only 124,
Scheduled at 1-24,000 74
Scheduled at 1~62,500 101
Authorized at 1-62,500 19
Scheduled at 1-250,000 284,

New Names for Pennsylvanian Mollusks

It has long been realized that assignment of Paleozoic clams to such
living genera as Leda, Nuculana, f’Vucula and Yoldia was probably not
good practice. Girty set up the genus Nucu,lopszs for one species and
Schenck moved many species to Nuculopsis and Palaeonucula. Elias has
set up the genus Girtyana for a Morrowan species which had been referred
to Leda. He also imported Chernyshev’s genus Polidevcia for Nuculana
vaseyana, Nuculana altenuata, and Nuculana bellistriata (Stevens).
placed Yoldia glabra in Orthoyoldia Verrill and Bush, a Recent subgenus
of Yoldia. Leda inflate is placed in Phestia by Chernyshev. In a recent
paper, Lintz has established the new genus Culunana for shells of the type.
Leda bellistriata Stevens and the new genus Paleyoldia for Yoldia glabra
Beede and Rogers.

We now have a superflmty of generic names for nuculid and ledid
shells. Oklahoma species affected are:

* Leda' rugosa Honess 1924 (nude name) = Glrtyana honessi Elias 1956

Nucula anodontoides Meek 1871 — Palaeonucula? anodontoides

Nucula parva McChesney 1860 — Nuculopsis croneisi Schenck

Nucula wewokana Girty 1911 = Palaeonucula wewokana

Nucula arata Hall 1852 — Culunana arata

Nucula ventricosa Hall = Nuculopsis ventricosa

Leda bellistriata Stevens — Culunana bellistriata

Leda bellistriata attenuata Meek 1872 — Culunana attenuata

Leda meekana Mark — Culunana meekana

Leda prolongata Morningstar — Culunana prolongata

Yoldia glabra Beede and Rogers 1898 — Paleyoldia glabra

Nuculites vaseyana McChesney 1860 — Polidevcia vaseyana

Nuculopsis ventricosa of Girty = Nuculopsis girtyi Schenck

Nucula (Nuculopsis) subventricosa Elias 1957 = Nuculopsis subven-
tricosa :

Nucula {Nuculopsis) anodontoides minuta Elias 1957 — Palaeonucula
anodontoides minuta

Lintz studied specimens of Paleyoldia glabra from the Wewoka near
Ada and from the Otterville from near Gene Autry. His paper is on the
fauna of the Ames and. Brush Creek shales of the Conemaugh formation
of western Maryland (Jour. Paleontology, vol. 32, p. 97-112, pl. 16, Jan.
1958) . Paleontologists should not seek a classical origin of the name
Culunana for the author states that it is an anagram of Nuculane.

C.C.B.
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FRISCO BRACHIOPOD FROM A HUNTON
CORE, POTTAWATOMIE COUNTY

TroMAs W. AMSDEN and GEORGE G. HUFFMAN

It has been the common practice of most subsurface investigators to
refer the coarse- to fine-grained cherty limestones of the upper part of the
Hunton to the Bois d’Arc formation. The recent stratigraphic and paleon-
tologic study of the Hunton group in the cutcrop area by Amsden (1957)
suggests that at least locally the Bois d’Arc of subsurface usage may well
include some Frisco strata, although in the ahsence of faunal data this is
only conjectural. Recently the writers have identified a brachiopod, “Rens-
selaeria elongata”™ {Conrad}, from a Huuton core obiained from ithe Smith
Bros. No. 1 Kytle-Ray at a depth of 4,930 feet (SW14 NE1; NW14 sec.
36, T. 8 N,, R. 2 E., Pottawatomie County). This fossil, which is reason-
ably complete and well preserved, permits an accurate correlation with the
Frisco formation of the outcrop area in Pontotoc and Coal Counties. In
so far as the writers are aware this is the first Frisco fossil to be identified
from the subsurface and therefore a brief discussion on the stratigraphic
relations of the Frisco and Bois d’Arc formations is included.

The Bois d’Arc formation was described by Reeds in 1911 (p. 265),
the type locality being on Bois d’Arc Creek in Pontotoc County. In his
first publication this author included all of the upper part of the Hunton
in this formation, although he did note that in the type area the upper 40
feet might be Oriskany in age. Some years later Reeds (1926, p. 13) re-
moved the upper, thick-bedded limestones which carry an Oriskany fauna
from the Bois d’Arc formation and placed them in the Frisco formation.
In 1957 these two formations were redescribed by Amsden (p. 38-45, pl. 3)
in a paper which included a discussion on lithology, fauna and surface dis-
tribution. The Bois d’Arc formation was divided into two members, the
lower composed primarily of cherty marlstones, the Cravatt member, and
the upper of relatively pure calcarenites (locally cherty), the Fittstown
member. The contact between these two members was described as grada-
tional and it was noted that the entire Bois d’Arc probably represented a
facies of the Haragan (faunal studies made since the publication of this
paper fully support the stratigraphic evidence of a facies relationship).
The Fittstown member can be easily distinguished stratigraphically from
the overlying Frisco formation as the latter is thicker-bedded and almost
free of silt and clay. Faunally these two are distinct, the Fittstown beds
carrying a Helderbergian fauna whereas the Frisco has a Deerparkian
(Oriskany) fauna. Although the Frisco and Fittstown beds are readily dis-
tinguished at the surface on both stratigraphic and faunal grounds, they
are lithologically enough alike to make their separation extremely difficult
on the basis of subsurface data. The microfauna of the late Hunton is
largely unknown, and in view of the rarity of identifiable megafossils in
cores it seems probable that in most wells these surface divisions of the
upper Hunton will not be recognizable.

The fossil from the Kytle-Ray core is an unusually large terebratuloid
brachiopod which is over three-fourths free from the matrix (fig. 1). Tt
has a strongly biconvex shell which is relatively thick in proportion to its
width; the dimensions are: length 65 mm (estimated), width approxi-
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mately 38 mm, thickness 46 mm. The posterior tip of the pedicle valve is
broken, but otherwise the preservation is good, including that of the finely
costellate ornamentation. The writers are not altempting a precise specific
identification as the Frisco fauna is currently under detailed study by
William Ventress, but this specimen is clearly a large member of the sub-
family Rensselaeriinae, and is similar in many respects to Rensselaeria
elongata (Conrad 1839; see Cloud 1942, p. 57, pl. 4, figs. 21-24) from the
Oriskany sandstone,

Ficure 1. Lateral view of “Rensselaeria elongata” (Conrad)} (x1). This speci-
men is from a core taken at a depth of 4930 feet, Smith Bros., No. 1 Kytle-Ray;
SW\NE NW sec. 36, T. 8 N, R. 2 E,, Pottawatomie County.

“R. elongata” is certainly a Frisco fossil of Deerparkian age. Amsden
has collected similar large terebratuloids from strata of undoubted Frisco
age in the outcrop area. Moreover, extensive collecting from the Bois d’Arc
formation has failed to yield any large costellate Rensselaeriinae, the only
terebratuloid in this formation being the small, paucicostate Rensselaerina
haraganana Cloud (which is also present in the Haragan formation}.

The enclosing matrix is an oil-stained, coarse-grained, fossiliferous
limestone that is predominantly a bioclastic calcarenite. Much of the fossil
debris is crinoidal and shows some evidence of fragmentation and reerys-

tallization. The HC1 insoluble residue (calculated by weight) is a surpris-
ing 30 percent, with most of the residue composed of clear, subangular
quartz fragments ranging up to 0.2 mm in diameter. The Frisco at the
surface is also predominantly a bioclastic calcarenite (locally cherty}, but
it differs in having a much lower insoluble residue. Four different speci-
mens of Frisco have been chemically analyzed and these have a CaCOs con-
tent ranging from 97 percent to over 99 percent (Amsden 1957, p. 48).
The MgCO03 content is also low, less than one percent, and this is probably
also true of the rock from the core as it reacts strongly to dilute HCI.
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Ficure 2. Map showing the location of the Kytle-Ray well and the surface dis-
tribution of the Frisco formation in its type area, Arbuckle Mountain region.

The relationship of the Kytle-Ray well to the outcrop of the Frisco
formation in the type area is shown in- figure 2. The Frisco formation has
also been identified in the vicinity of Marble City in the northern part of
Sequoyah County (Schuchert 1922, p. 669; Huffman 1958, p. 33-35).
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Final Chapter of Redoak Hollow Fauna

Dr. Maxim K. Elias has completed his study of the fauna of the Red-
oak Hollow sandstone member of the Goddard formation. Part 4: Gastro-
poda, Scaphopoda, Cephalopoda, Ostracoda, Thoracica, and Problematica
appeared in the Journal of Paleontology, vol. 32, no. 1, p. 1-57, Jannary
"1958. The total fauna consists of :

genera  new genera  species  new species

F oraminif era 4 7) 4 0
Cr1n01dea 6 0 6 2
Echinoidea 1 0 1 0
Annelida 2 0 2 1
Penetrating orgamsms 3 0 3 1
Bryozoa 17 1 41 22
Brachiopoda 20 0 31 11
Pelecypoda 26 1 37 15
Gastropoda ' 16 0 21 6
Scaphopoda 2 0 2 0
Cephalopoda 4 0 5 2
Trilobita 1 0 1 0
Ostracoda 15 0 23 14,
Thoracica 2 1 3 3
Problematica 2 1 2 1

Total 123 4 186 81

The weight of the fossil evidence is that the Goddard is Mississippian
in age. In that case, Penn Caney becomes a misnomer and should be elimi-
nated from stratigraphic terminology.

The nude names of Elias’ paper of 1956 continue to cause confusion.
The following nude names are validated ox otherwise treated in 1958.
1956 nude name 1958 name

Bucanopsis reticulatus B. (Retispira?) reticulata
Baylea (Trepospira) inflata B. (T.) stellaeformis Hyde

. _ B. (T.) inflata n. sp. on p. 8
Cerithioides? gleanensis donaldi C. ? gleanensis n. var.
Amaurotoma knighti A. 7 knighti
A. ? aspeniana floweri A. ? knighti
Auriptygma primitia A.sp. A, but A, primitia on p. 9
Protocycloceras randolphense meeki Cycloceras meeki
Leaia americana ‘ not described
Sansabella bassleri S. keslingi
Glyptopleura geissi G. geisi, G. geissi on p. 25, p. 35
Polytylites kelletae P. ? kellettae
Turrilepas stenzeli T. whithersi
Clarkeolepis clarki C. clarkei

The above deviations illustrate the undesirable characteristics of nude

names. No editor should permit their use.
Flias concludes that the Goddard shale is Mississippian in age al-
though there are many Pennsylvanian species in its fauna. C.CB.
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A Record of Psaronius in the Wolfcampian
of Oklahoma |

Davip L. Vossurc
Department of Geology, University of Oklahoma, Norman

INTRODUCTION

A silicified stem fragment of the late Paleozoic tree-fern, Psaronius
Cotta, was collected by the writer from the Wolfcampian in Osage County,
Oklahoma, near the town of Fairfax. This is believed to be the first record
of Psaronius in the state.

Psaronius was described (1832) from German specimens, and to date,
most of the Psaronius sindies have been on Europesn material. Stenzel
(1864) (1906) discussed the anatomical structure of several species, and
critically reviewed the literature on Psaronius. Zeiller (1890) described
several species from the Coal Measures and Permian of Autun and Epinac
of France. A comparison between Psaronius and the modern Marattiaceae
was made by Rudolph (1906). Hirmer (1927) developed a classification
based on the number of peripheral leaf bundles observed in transverse sec-
tion, and on the vertical or spiral arrangement of leaves on the stem.

Discovery and study of Psaronius in North America has been chiefly
confined to the eastern Mid-Continent region of the United States. Farmer
and Hill (1902} published a discussion of the vascular system of some
Marattiaceae, and included Psaronius as having possible affinity with the
family. Macbride (1904) described Psaronius borealis Macbride from the
Des Moines series of the Pennsylvanian in Iowa. Farr (1914) reviewed the
genvs and suggested that Psaronius might be a seed-fern and a member of
the Pteridospermae. He based his theory on the association of Psaronius
“wood with the leaves of Pecopteris sterlzeli (sic, Farr) which resembles
the seed-bearing Pecopteris pluckeneti Brogriart. Hoskins (1928) included
the genus in a review of Pennsylvanian plants from Illinois, and Noé
(1931) reported Psaronius in Pennsylvanian coal-balls of Illinois and other
states of the Mid-Continent region. Graham (1935) also reported the genus
in coal-balls of Illinois, but made no specific determination. Psaronius
peoriensts Gillette and Psaronius septangulatus Gillette were described from
Iilinois in 1937, with a discussion of the morphology of Psaronius giffordi
(Lesqx.) Andrews and Mamay (1952) reported an undetermined species
from the coal pits of the Pittshurg and Midway Coal Mining Company
near the town of Mineral, Kansas, in the eastern part of that state.

In South America, Solms-Laubach (1904) and F. Pelourde (1912)
reported one species, Psaronius brasiliensis Brongniart, from Brazil.

he youngest rock known to contain the genus is the Triassic Bunter
beds of Germany, from which Frentzen (1920) described Psaronius tri-
assicus. o '

The genus Psaronius, as reported, ranges from the Lower Coal Mea-
sures of England to the Lower Triassic of Germany. Approximately thirty-
four species are described, six from North America. The greatest number
is found in the Lower Permian, the Rotliegende of Europe. A review of
the literature cited at the end of this paper reveals the following strati-
graphic distribution of Psaronius species: Lower Carboniferous, one spe-
cies; Middle Carboniferous, one species; Upper Carboniferous, three spe-
cies; Lower Permian, iwenly-seven species; Middle Permian, one species:
and Lower Triassic, one species.
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DESCRIPTION OF SPECIMEN

The silicified specimen of Psaronius sp. reported in this paper was
collected during the summer field season in 1953. Unfortunately it was not
found in place, but at the base of the grass-covered Foraker limestone
escarpment in the NEV} section 36, Township 25 North, Range 6 East, in
Osage County, Oklahoma. Since no other stratigraphic unit occurs higher
in the vicinity where the fossil was collected, and because the specimen
shows little evidence of transportation, it may be assumed that the fossil
weathered out of the sandstone facies of the Lower Permian Foraker lime-

stone.

Ficure 1. Cross section of silicified stem of Pseronius sp. from the Wolf-
campian series near Fairfax, Oklahoma.

Before the specimen was cul for study, it measured approximately 16
cm long, 12 cm wide, and 5-em thick. Two morphological zones are present
in the specimen, the inner or stem region, and the outer or root zone. These
are shown in Figure 1. The stem zone is approximately 14 centimeters in
diameter, and the root zone 1.5 centimeters wide. It is assumed that a con-
siderable portion of the root zone is missing. The vascular structure of the
stem is not well enough preserved in the sections studied to make a com-
parison with that of described species. The roots are typical of those found
in the region commonly referred to as the innermost root zone. Here they
are imbedded in a dense filamentous tissue formerly interpreted as corli-
cal. Each root is encased in a band of sclerenchyma and contains phloem
and xylem. The latter, though poorly preserved, appears to have a tetrarch
arrangement. The phloem and associated parenchyma are preserved only
as isolated cells.
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Coal Resources of Oklahoma

An excellent report on Lhe coals of Oklahoma was issued in December
by the U. 5. Geological Survey. The investigation was done by James V. A.
Trumbull in cooperation with the Oklahoma Geological Survey.

Reserves are estimated conservatively and are not counted without rea-
sonable proof. They are given for coal 14 inches or more thick under less
than 3,000 feet of overburden. Reserves are termed “measured” where ob-
served in working or in drill holes. “Indicated” reserves are those pro-
jected one mile. “Inferred” reserves are based upon regional knowledge
and are 2 miles or more from observed points. Reserves are calculated as
3,672.82 millions of tons; remaining reserves as 3,245.49 millions of tons.

The remaining reserves can be tabulated (millions of short tons) as
follows:

: Measured Indicated Inferred
Coal 14 to 28 inches 124.76 419,23 627.03 1,171.02

Coal 28 to 42 inches 188.55 634.22 428.61 1,251.38
Coal 42 inches up 233.67 549.99 39.43 823.09
Total 546.98 1,603.44 1,095.07 3.245.49

Sixty percent of the reserves are under less than 1,000 feet of over-
burden. Reserves are estimated also by county and by coal bed. In terms
of reserves LeFlore County is first, Pittsburg County second. Far behind
are Latimer County, Haskell County, Okmulgee County, Coal County, and
Craig County. Eight other counties have known coal reserves in beds 14
inches or more thick.

Reserves in terms of coal beds are 1. Lower Hartshorne, 2. McAlester,
3. Hartshorne, 4. Upper Hartshorne, 5. Lehigh, 6. Henryetta. Nineteen
beds are differentiated and given estimated reserves.

The youngest workable coal is the Dawson coal, of Missourian age,
of Tulsa and Rogers Counties. The oldest coal is the Lower Hartshorne bed.
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The estimate of rcserves is low because it depends almost entirely upon
proven occurrence within 2 miles. Present economic conditions should be
considered in order to arrive at an estimate of currently workable coal.
This is being done by the Oklahoma Geological Survey which classifies as
workable by stripping coal of 10 inch thickness to a depth of 30 feet, as
workable by shaft coal of 30 inch thickness to a depth of 500 feet, and as
workable by slope coal of 20 1nch thickness to a depth of 3,000 feet.

The fine report received is “Coal resources of Oklahoma” by James
V. A. Trumbull, U. S. Geological Survey Bulletin 1042-J. It is obtainable
from the Superintendent of Documents, U. S. Gov’t Printing Office, Wash-
ington 25, D. C. for $1.00 a copy. C.C.B.

Two Oklahoma Foraminifera

The United States National Museum has just issued a handsome vol-
ume of foraminiferal studies containing articles by six authors (Bulletin
215, 323 pages, 74 plates). Principal author is Alfred R. Loeblich, Jr., a
graduate of the University of Oklahoma and now with California Research
Corporation. His wife, Helen Tappan, also an O. U. graduate and daughter
of Frank G. Tappan, David Ross Boyd emeritus professor of electrical
engineering, is co-author of 5 of the 12 papers.

Oklahoma specimens do not enter into the studies except incidentally.

Planomaling caseyi new species is typically from the Gault clay of Eng-
land, but paratypes are reported (p. 24) from near the top of the Duck
Creek formaiion on the west bank of the Red River in Love County.
" The other Oklahoma species has a curious history. It was described as
Globige'rina seminolensis by Harlton and was believed to be from the upper
part of the Glenn formation (Pennsylvanian). The locality is on the Brock
anticline in Hoxbar beds at about the position of the Anadarche limestone
(SW14 SEYL NWij sec. 20, T. 5 S., R. 1 E., Carter Co.). The species is
represented only by a smgle poorly preserved specimen. It was made
- genotype of Hedbergina by Bronniman and Brown in 1956. Bolli, Loeblich
and Tappan give the species a new combination, Praeglobotruncana9 semi-
nolensis (Harlton) (see p. 39-40, pl. 9, figs. da- 6).

They also state that the species is Cretaceous and was either contami-
nation in Harlton’s sample or came from an unmapped Cretaceous outlier.
Frederickson’s map (0.G.S. Map GM-4) shows Cretaceous outcrop half a
mile west of the locality. : C.C.B.
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THE MINERAL INDUSTRIES
OF OKLAHOMA IN 1956 AND 1957

by

Perer Granpone® and WiLriam E. Ham®

Part 1

THE MINERAL INDUSTRIES
OF OKLAHOMA IN 1956

Annual Advance Summary

Oklahoma’s phenomenal mineral production attained a record total of
$757 million in 1956, compared with $711 million in 1955 and $650 mil-
lion in 1954. Production of 13 minerals and 5 mineral fuels was reported
from 74 of the state’s 77 counties. Compared to other states in 1956, Okla-
homa was the third largest producer of natural-gas liquids and natural gas,
and fourth largest producer of crude petroleum. Appreciable quantities of
zinc, lead, cement, coal, gypsum, sand and gravel, and stone also were
produced.

The mineral fuels—petroleum, natural gas, natural-gas liquids, and
coal—were the state’s most important minerals in value, accounting for 95
percent of Oklahoma’s total value of mineral production. Metals and non-
metals were responsible for the remaining 5 percent. Petroleum was pro-
duced in 58 of Oklahoma’s 77 counties, natural gas in 56 counties; non-
metals in 70 counties, and metals (lead "and zinc) only in Ottawa Counly
0il and natural gas were produced in a wide belt extending from the north-
eastern part of the state to the southwestern and northwestern parfs; non-
metal mining was widely distributed over the northeast, north-central, and
central regions, and in the Arbuckle and Wichita Mountain areas of the
southern part.

1 Prepared under cooperative agreements for the collection of mineral statistics be-
tween the United Siates Bureau of Mines, Department of the Interior, and the Okla-
homa Geological Survey.

2 Commodity-industry analyst, Division of Mineral Industries, U. S. Bureau of Mines
Region IV, Bartlesville, Oklahoma.

3 Geologist, Oklahoma Geological Survey, Norman, Oklahoma.
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REVIEW BY MINERAL COMMODITIES
MINERAL FUELS

Oklahoma continued to be a leading domestic producer of the nation’s
crude petroleum and natural gas in 1956 and remained a major supplier
of refined products. Native asphalt and a substantial quantity of a low-
bituminous coal also were produced.

Asphalt (Native) —Output of native rock asphalt (bituminous lime-
stone and bituminous sandstone) was -reported from Murray County 1n
1956. Production in 1956 was up 41 percent over the previous year.

Coal—Coal production in Oklahoma, which underwent a 6-year de-
cline trend to the end of 1054, gained in 1955, and then dropped 7 percent
in 1956. Part of the loss was due to closing of the Lone Star Steel Co. mine
near McCurtain following two explosions. The state had 35 operators in 11
counties, Haskell, Rogers, Pittsburg, LeFlore, and Sequoyah Counties were
the 5 principal producers, each reporting over $1 million in value. Total
output in 1956 was 2 million short tons valued at $12.3 million.

Natural Gas.—Oklahoma continued to rank third in the nation in mar-
keted production of natural gas. Marketed production amounted to 679 bil-
lion cubic feet valued at $54.3 million, a 10-percent gain in volume and a
19-percent gain in value compared with 1955. Production was reported
from 56 counties of which Texas, Garvin, Beckham, Oklahoma, and Grady
Counties led in the order named. The 1ndustry continued its search for
more reserves in 1956 by completing 317 gas wells out of a total of 8,052
wells of all types as reported by The 0il and Gas Journal. Exploratory
drilling alone accounted for 39 gas discoveries out of 863 exploratory tests.
Most promising.of this e‘cploratory drilling was in the Anadarko basin,
where gas discoveries were made in Harper and Woodward Counties. Deep
Simpson gas reserves in southern Oklahoma were tapped in Grady County.
Estimated proved recoverable reserves of natural gas increased 4 percent
in Oklahoma during 1956 to 13,755,049 million cubic feet, according to
the Committee on Natural Gas Reserves' of the American Gas Association.

 Natural-Gas Liquids.—Production of natural-gas liquids from a total
of 76 natural gasoline plants and 2 cycling plants in Oklahoma amounted
to 1,069 million gallons in 1956 and was valued at $50.0 million. This was
a year of rapid additions to storage of all light liquids. Demand for LP-
gases for fuel was less than anticipated and markets for natural gasoline
were depressed by excessive motor-fuel stocks in 1956. Natural gasoline
and cycle products accounted for 46 percent of the quantity and 53 per-
cent of the value, LP-gases for the remainder. According to the American
Petroleum Institute, estimated proved recoverable reserves of natural-gas
liquids in Oklahoma in 1956 were 355.6 million barrels a gain of only
1.2 million barrels over 1955 estimates.

Petroleum.—QOklahoma remained the nation’s fourth largest producer
of petroleum in 1956 with an output of 216 million barrels valued at $600.1
million. This 6-percent production increase over 1955 still did not reach
the 1927 record, when oil productlon was unregulated. Petroleum was re-
ported from 58 counties, the leading 5 producers being Garvin, Osage, Car-
ter, Stephens, and Creck. More than half of the 1956 producllon came from
unallocated fields which include secondary-recovery projects.
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The average price per barrel of petroleum at the wells was $2.78 in
1956, the same as in 1955. According to The Oil and Gas Journal, a total
of 8,052 wells were drilled in Oklahoma in 1956, and of these, 4,825 were
oil wells, 2,476 were dry, and the remainder were either gas or service
wells. The search for more oil led to the drilling of 865 test wells in 1956,
third in the nation. These 865 tests compared with 832 in 1955 and in-
cluded 154 oil-productive and 39 gas-productive wells. Also, these tests
discovered 93 oil fields and 39 gas fields, according to the Mid-Continent
0il & Gas Association.

Exploratory crews made many significant discoveries during the year.
Success was widespread in the deep areas of southern, southwestern, and
northwestern Oklahoma The Anadarko basin and the counties on and ad-
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activity. Osage County, first in both exploratory and field development
wells, accounted for 16 new fields out of 18 successful exploratory wells.
Beaver County, second with 13 new fields, owing to the intense drive for
natural gas, was followed by Payne, with 7 fields, and McClain, with 5
fields. At the vear end, special attention was centered on Cleveland County
where 3 deep pools were tapped.

The state’s depth record of 14,510 feet for a producing well was made
by British-American Oil Producing Co. in the Knox field, Grady County.
This discovery set off a deep search throughout the southern part of the
vast Anadarko basin and is considered one of the 3 top discoveries of the
year in the Mid-Continent region. Estimated proved reserves of crude oil
in Oklahoma were reported by the American Petroleum Institute at 2 bil-
lion barrels, 6 million barrels less than 1955 estimates.

At the end of 1956, Oklahoma had 15 operating refineries, with a
daily crude oil capacity that totaled 352,000 barrels, and 2 nonoperating
refineries.

METALS

Output of metallic minerals in 1956 continued to decline for the third
consecutive year owing to depletion of the higher-grade ore reserves and to
increasing imports of concentrates and slab zine. Production loss of zinc
in 1956 was attributed mainly to cutbacks in the automotive 1ndustry,
principal consumer of this metal. The 1956 total value of lead and zinc,
$11.4 million, represented a 21 percent drop from 1955. Government stock-
pile buying of lead and zinc had a stabilizing effect on prices.

Cadmium, Germanium, Indium, and Gallium.—These minor metals,
occurring as trace elements in the lead-zinc concentrates of Oklahoma, were
recovered from the flue and zine duts of zinc retort smelters and from the
precipitates of electrolytic zinc smelters. Production of these metals could
not be assigned to state of origin, because they were recovered at the
smelters from the accumulated flue dusts and residues of ores from various
domestic and foreign sources.

Lead.—Mine production of lead in 1956, all from Ottawa County, was
8 percent less than in 1955 in terms of concentrates and 13 percent less in
terms of recoverable metal. The value of the 12,350 short tons of recover-
able lead, produced in 1956, was $3.9 million, a loss of 8 percent from the
1955 value. The largest ploducer of lead in the state was Eagle-Picher Co.,
followed by American Zinc, Lead & Smelting Co.
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The price of lead opened the year at 16.0 cents per pound, New York,
rose to 16.5 cents in January, dropped back to 16.0 cents the same month,
and remained unchanged to the end of the year.

Zinc—Mine production of recoverable sinc in 1956, all in Ottawa
County, declined 34 percent from the previous year to 27,515 tons even
though metal prices remained steady during 1956. Zinc output, valued at
$7.5 million, declined 26 percent from the 1955 value. Eagle-Picher Co.
was the principal producer in the state, followed by American Zinc, Lead
g Smelting Co., Buffalo Mining Co., C. & M. Mining, and Contack Mining

0., Inc. ’

Zinc metal price at the beginning of 1956 was quoted at 13.0 cents
per pound, East St. Louis, rose to 13.5 cents per pound on January 6, 1950,
and remained stable to the end of the year.

A Bureau of Mines report dealing with the recovery of germanium
and cadmium from Oklahoma zinc ore was published during the year. This
is Bureau of Mines Report of Investigations 5190, “Laboratory Recovery
of Germanium and Cadmium in Sphalerite Concentrates,” by H. Ken-

worthy, A. S. Slarliper, and A. Ollar.

Three zinc retort smelters in Oklahoma operated in 1956. They were
American Metals Co., Ltd., located at Blackwell, Kay County; Eagle-Picher
Co., located at Henryetta, Okmulgee County; and National Zin¢ Co., at
Bartlesville, Washington County. .

Uranium.—Prospecting for the occurrence of radioactive mineraliza-
tion was reported in Roger Mills and LeFlore Counties. A uranium dis-
covery near Cheyenne, Okla., where ore was reported to be valued at $60
a ton, was inspected by an A.E.C. geologist.

A significant report, “Uranium-Bearing Carbonaceous Nodules .of
Southwestern Oklahoma,” was published by James W. Hill as Mineral Re-
port 33 of the Oklahoma Geological Survey.

Manganese—Wayne Misner Ore Co. announced discovery of manga-
nese in the Kiamichi area, Pushmataha County. The Kiamichi strike was
reported to be higher grade ore and in larger quantities than the manga-
nese being mined in Arkansas.

NONMETALS

Oklahoma, endowed with abundant resources of nonmetals, yielded
$28.6 million worth of these commodities in 1956 compared with the rec-
ord $31.3 million established in 1955. A return to a more normal amount
of construction activity in 1956, from the booming 1955 year, accounted
for most of the reduction. Also, a 96-day labor stoppage at one of the
state’s 2 cement plants caused an 85,000-ton production loss. Despite these
reversals, the 1956 value of nonmetals still remained 11 percent higher
than the 1954 value.

Commodities that established individual all-time high values in 1956
were sand and gravel, stone, lime, and common salt.

Cement.—Cement, the second leading pfoduct in terms of value of
nonmetals produced in Oklahoma, underwent a one-fifth reduction from
1955. Two plants, at Dewey in Washington County and at Ada in Pontotoc
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County, operated throughout 1956. A third plant was under construction
" near Locust Grove, Mayes County, by the Ozark Portland Cement Co., Inc.
(formerly Hercules Cement Co.). This plant, with planned capacity of
1.500 barrels daily, is situated in the midst of a reported 100-year supply
of a limestone deposit of late Mississippian age.

Clays—Oklahoma has extensive clay resources. Production in 1950
was used primarily in the manufacture of brick and tile, and to a lesser
extent for the ‘manufacture of portland cement and lightweight expanded
clay products. Brick and tile were produced in Creek, Custer, Garfield,
Greer, Lincoln, Oklahoma, Pittsburg, Seminole, and Tulsa Counties. Ben-
tonite was produced in Dewey County. Expanded lightweight aggregale
was made from clay in Tulsa and Oklahoma Counties.

Clay sold or used in 1956, including ciay used for cemeni, was 70D
thousand tons, valued at $701,000. This tonnage was slightly less than that
of 1955. The Stroud Clay Products Co. in Lincoln County, which was idle
for 3 years, changed management and underwent extensive remodeling and
expansion. By the end of the year, this onekiln plant expected to be
operating 8 kilns with a total capacity of 2 million bricks yearly.

Gypsum.—Tonnage and value of gypsum recorded in Oklahoma in
1956 remained relatively high, about the same as in 1955, in response to
continued demands for wallboard, plasters, and portland cement. Most of
the production was from Blaine County, where the United States Gypsum
Co. operated quarries and plants to manufacture wallboard and plasters.
At Southard, Universal Atlas Cement Co. operated a quarry near Watonga,
and S. A. Walton a quarry near Southard. Production for the first time
was reported from Caddo County. A survey of gypsum deposits in the area
of Weatherford and Clinton, Custer County, was completed by the Okla-
homa Geological Survey. The survey showed gypsum deposits suitable for
the manufacture of wallboard and plaster in sufficient quantity to meet the
needs of the entire nation for the next 129 years at the current rate of
consumption.

Lime.—Lime production in the state, all by the St. Clair Lime Co. in
Sequoyah County, was slightly less than in the 1955 record year, but the
value increased 14 percent.

Pumice.—Production of pumice in 1956, reported by one operator in
Beaver County, was comparable with production and value in 1954. No
pumice was produced in 1955. B. M. Sayler, Jr., announced purchase of a
mine in Harper County. The deposit, sufficiently close to the surface to
permit open pit operation, will be reopened. A promising use for the ma-
terial is as a filler for fertilizers.

Salt—Output of salt, reported by 3 producers in 3 counties, increased
12 percent over 1955. At Sayre in Beckham County, salt continued to be
produced by injecting fresh water through wells into a salt bed and recov-
ering the brine for surface evaporation. In Woods County, salt was pro-
duced from surface encrustations on the Big Salt Plain of the Cimarron
River; and in Harmon County, it was recovered by solar evaporation of
brine from springs. Principal uses were for stock food and for recharging
of water softeners.

Sand and Gravel.—Sand and gravel deposits suitable for concrete ag-
oregate amd road surfacing, occur along and adjacent lo moslt of the larger

1) g . .
streams in Oklahoma. Production was reported from 57 counties in the
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state in 1956. Johnston, Tulsa, Cherokee, Pontotoc, Logan, and Murray
were the leading counties, accounting for half of the total value.

Most of the sand and gravel produced in Oklahoma was used for pav-
ing concrete and mortar. Second in tonnage and value was high-purity glas:
sand, produced at 2 plants in the Arbuckle Mountain district. In addition
to glass manufacturing, a small part of the high-purity sand was used a-
foundry sand and for making sodium silicate.

Sand and gravel (including glass sand) produced in Oklahoma during
1956 amounted to 5.9 million tons valued-at $4.8 million.

- Stone—Oklahoma stone producers in 1956 reported 10.5 million tons
of crushed limestone, crushed granite, dimension granite, dimension sand-
stone, dimension limestone, crushed sandstone, and miscellaneous stone.
The reported value of $12.4 million showed little change from 1955. Pro-
duction was reported from 31 counties with Tulsa, Comanche, Murray, and
Ottawa accounting for the major stone tonnage in the state. Crushed lime-
stone, reported by 19 producers who operated 34 quarries in 1956, was
used primarily for cement, concrete aggregate, and road construction.

Chat—Chat is the term used in the west central states to denote the
coarse tailings obtained in milling zinc and lead ores. The material is com-
posed mostly of chert or micro-crystalline silica, together with small quan-
tities of limestone, sphalerite, galena, marcasite, and pyrite.

Most of the chat sold was used for railroad ballast, concrete aggregate,
and road surfacing. In 1956, operators reported 35 percent more tonnage

than in 1955.

Granite—The dimension granite industry of Oklahoma is centered in
the Wichita Mountains, in the southwestern part of the state, where 5 pro-
ducers operated 5 quarries in Greer and Kiowa Counties in 1956. Crushed
granite was produced at 1 quarry in Kiowa County. Dimension granite also
was produced in Johnston County in the Arbuckle Mountain region.

Production was from Precambrian granites which are predominantly
pink and red. Dimension granite was used mostly for monumenial stone
and partly for exterior trim. Much of the stone was finished in plants in
the Wichita Mountains, and some was shipped as rough rock to other states.
In 1956, granite production was reported to be 15,074 tons with a value
of $532,570.

Limestone and Dolomite—In 1956, limestone and dolomite were
quarried in 23 counties; the largest production was from Tulsa, Comanche,
and Murray Counties.

Chemical grade limestone was quarried at Marble City in Sequoyah
County for lime making and for a flux in glass manufacturing, fertilizers,
and mineral feeds. '

Dimension limestone was quarried for building stone in the Arbuckle
Mountains in Pontotoc County, in Caddo County, and near Eldorado in
Jackson County; limestone for portland cement was quarried in Washing-
ton and Pontotoc Counties. '

Sandstone.—Dimension sandstone produced in Oklahoma was used for
building and veneer stone in building construction. The stone was cut in
slabs 13% to 6 inches thick from shallow- open-face quarries in Okmulgee,
Sequoyah, Mayes, and Pushmataha Counties. Approximately 1,000 tons
valued at $12,000 was produced in 1956,
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Stonz, Crushed (Government-and-Contractor ).—Stone crushed by mu-
nicipal, county, and state agencies included limestone and sandstone ob-
tained from local quarries through the state. '

Sulfur (Recovered)—Decreases of 11 percent on hoth tonnage and
value of sulfur, produced from waste natural gases by Joe L. Parker at
Madill, Marshall County, were reported in 1956,

Tripoli.—Tripoli, mined in eastern Ottawa County in 1956, was 18
percent less than that produced in 1955. All of the tripoli mined was
shipped to Seneca, Mo., where it was processed by the American Tripoli
Division of the Carborundum Co. and sold chiefly for buffing compounds
and foundry use.
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TABLE II.—Value of mineral production in Oklahoma by counties,
1955-561

Couniy 1955
Adair _______ % 2
Alfalfa ______ 50,222
Atoka _______ 289,871
Beaver ______ 2,148,831
Beckham _.__ 26.060,772
Blaine _____. 2
Bryan _._____ -~ 2,016,431
Cadde ______ 13,887,291
Canadian ___ 323,414
Carter ______ 58,949,629
Cherokee ____ =
Choctaw ____ 2
Cimarron ___ 1,447,760
Cleveland ___ 7,947,487
Coal ______._ 2,205,728
Comanche ___ 2,550,103
Cotton ____.._ 4,813,058
Craig .._____ 110,753
Creek _..____ 31,276,145
Custer ______. 2
Delaware ____ 2
Dewey ______ 2
Elis - _____ 2
Garfield ._.._ 7,278,812
Garvin _____. 81,626,943
Grady ..____ 16,735,306
Grant ._.._.. 1,783,855
Greer _______ 189,002
Harmon ..___ 174,122
Harper __.___ 25,935
Haskell ____.. 4,189,584
Hughes ____. 12,822,773
Jackson _____ 1,964,499
fefferson __._ 2,362,831
Johnston ____ 1,278,097
Kay _.___.__ 12,519,079
Kinglisher _.. 1,146,063
Kiowa ___.__ 965,988
Latimer ._.__ 315,801
LeFlore __.._ 2,102,590
Lincoln _.____ 24,268,790
Logan ______ 10,347,395
Love .______ 534,706
Major __..__ 2,865,231

1956

365,295
257,951
2,936,262

22,683,546

2
1,844,464
13,831,911

328,248
61,641,664

534,420
23,449
1,647,715
13,684,376
1,978,215

2,517,057

4,418,543
221,153
31,031,687

367,402
%8,090

7,783,835
99,725,969
21,789,241

1,991,254
509,539
18,200
43,549
2,617,127
10,603,304

1,006,593
3,205,422
1,812,645

12,119,080

875,729
1,143,126

389,150
2,380,770
25,064,864
10,932,125

1,132,533
2,310,055

Minerals produced in 1956 in order
of value

Petroleum, sand and gravel, natural gas.

Stone, petroleum, sand and gravel.

Petroleum, natural gas, sand and gravel,
pumicite.

Petreleum, natural-gas liquids, natural gas,
salt.

Gypsum.

Petroleum, sand and gravel, natural gas.

Petroleum, natural gas, gypsum, sand and
gravel, stone.

Petroleum, naturai gas, sand and gravel.

Petroleum, natural-gas liquids, natural gas,
sand and gravel.

Sand and gravel, stone.

Sand and gravel.

Natural gas, petroleum, sand and gravel.

Petroleum, natural gas, natural-gas liquids.

Petroleum, stone, natural gas, coal, sand
and gravel.

Stone, petroleum, sand and gravel, natural
gas.

Petroleum, sand and gravel, natural gas.

Coal, stone, petroleum, natural gas.

Petroleum, natural-gas liquids, natural gas,
clays, sand and gravel.

Natural-gas liquids, clays.

Stone.

Bentonite, sand and gravel.

Petroleum, natural-gas liquids, natural gas,
clays.

Petroleum, natural-gas liquids, natural gas,
stone, sand and gravel.

Petroleum, natural gas, natural-gas liquids,
sand and gravel.

Petroleum, natural gas.

Petroleum, stone, clays, sand and gravel.

Salt.

Natural gas, petroleum, sand and gravel.

Coal, natural gas.

Petroleum, natural gas, natural-gas liquids,
sand and gravel.

Petroleum, natural-gas liquids, natural gas,
stone.

Petroleum, natural gas.

Sand and gravel, stone.

Petroleum, natural-gas liquids, natural gas,
stone, sand and gravel.

Petroleum, sand and gravel, natural gas.

Stone, petroleum, sand and gravel, natural
gas.

Cnal, natural gas, sand and gravel.
Do.

Pe'roleum. natural-gas liquids, natural gas,
stone, clays.

Petroleum, natural gas, natural-gas liquids,
sand and gravel.

Petroleum, stone.

Putroleum, natural-gas liquids, natural gas,
sand and gravel.
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TABLL 11.—Value of mineral production in Oklahoma by counties,

1955-561 (

Sequoyah ___ 1,416,971 2,786,748
Stephens _.__ 57,929,516 59,003,172
Texas ... 21,584,128 26,852,160
Tillman _____ 862,774 1,638,025
Tulsa ___.___ 6,523,799 7,082,548
Wagoner ____ 1,108,834 1,165,168
Washington . 20,002,323 16,749,979
Washita ____ 1,780,224, 1,094,564
Woods ______ 787,314 665,988
Woodward ___ 2 2,855
Various _.__ 178,089 —
Value of items
that cannot
be disclosed = 1,616,771 1,393,122

Total _____ $711,089,000 $757,116,000

County 1955 1956
Marshall ____. 5,694,620 8,007,989
Mayes __..____ 115,346 7,009
McClain ___. 6,570,047 7,214,912
McCurtain __ 254,370 136,025
Meclntosh ___ 628,929 680,503
Murray _____ 2,007,591 2,140,311
Muskogee ___ 1,492,850 937,479
Noble _______ 8,871,939 9,676,220
Nowata _____ 13,683,708 15,681,295
Okfuskee ____ 11,971,541 10,132,686
Oklahoma ___ 35,248,226 35,065,312
Okmulgee ___ 7,680,766 7,821,495
Osage _______ 56,223,179 68,558,343
Ottawa ______ 15,153,134 12,511,898
Pawnee _._.___ 6,845,128 7,946,312
Payne ______ 13,386,137 13,448,121
Pittsburg __._ 2,014,983 2,373,938
Pontotoc ____ 18,784,928 17,436,733
Pottawatomie 12,830,112 16,227,843
Pushmataha _ 222,750 53,763
Rogers ______ 4,720,823 5,649,402
Seminole ____.. 33,293,324 28,532,761

continued)

Minerals produced in 1956 in order
of value
Petroleum, natural-gas liquids, natural gas,
recovered sulfur, stone, sand and gravel.
Stone, petroleum, sand and gravel.
Petroleum, natural gas, sand and gravel.
Sand and gravel.
Coal, petroleum, natural gas, sand and
gravel.
Stone, asphalt, sand and gravel, petroleum,
natural-gas liquids.
Petroleum, sand and gravel, natural gas.
Petrolenm, natural gas, natural-gae liguids,
sand and gravel,
Petroleum, stone, natural gas.
Petroleum, natural gas, natural-gas liquids,
stone, sand and gravel.
Petroleum, natural-gas liquids, natural gas,
sand and gravel, clays.
Petroleum, coal, natural gas, stone.
Petroleum, natural-gas liquids, stone, nat-
ural gas, sand and gravel.
Zine, lead, stone, tripoli, sand and -gravel.
Petroleum, sand and gravel, natural-gas
liquids, natural gas.
Petroleum, natural gas, sand and gravel.
Coal, natural gas, stone, clays, sand and
gravel, petroleum.
Petroleum, cement, natural-gas liquids,
sand and gravel, natural gas, stone.
Petroleum, natural-gas liquids, natural gas,
sand and gravel.
Sand and gravel, stone,
Petroleum, coal, stone, clays, sand and
gravel, natural gas.
Petroleum, natural-gas liquids, natural gas,
clays, sand and gravel.
Coal, lime, stone, natural gas, sand and
gravel.
Petroleum, natural-gas liquids, natural gas,
sand and gravel,
Natural gas, natural-gas liquids, petroleum,
sand and gravel,
Petroleum, sand and gravel.
Petroleum, stone, sand and gravel, clays,
natural gas, natural-gas liquids.
Petroleum, stone, sand and gravel, coal,
natural gas.
Petroleum, cement, stone, natural gas.
Petroleum, natural gas, sand and gravel.
Natural gas, petroleum, sand and gravel,
salt.
Sand and gravel.

1 Roger Mills County not listed because no production was reported.
2 Included with “Value of items that cannot be disclosed” to avoid disclosing indi-

vidual data.
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Part 11

THE MINERAIL INDUSTRIES
OF OKLAHOMA IN 1957

Preliminary

The total value of 1957 mineral production in Oklahoma amounted to
2 new record of $817.1 million, 8 percent over the 1956 previous record
value of $757.1 million. Mineral fuels accounted for 96 percent of this
total 1957 value, nonmetals for 3 percent, and metals 1 percent. Six of the
18 minerals produced showed a gain over the 1956 value.

MINERAL FUELS

The search for more oil in 1957 in Oklahoma led to the drilling of 747
exploratory wells (3,350,000 feet), third in the nation, resulting in the
completion of 107 oil wells and 31 natural-gas wells. This total of 138 pro-
ductive exploratory tests compared with 195 for 1956 according to The Oil
and Gas Journal. Impressive reserves were tapped in the south-central coun-
ties, new producing depth records were made, and development of the
Panhandle area was continued. Important discoveries were made along the
" south flank of the Anadarko basin and new interest appeared in the south-
eastern counties. Overall discoveries, however, were widespread in 46 coun-
ties. Beaver County, where the drive for natural gas continued, was first
with 13, next was Grant (9}, Cleveland, Harper, Lincoln, Osage, and Ste-
phens (7 each), and Alfalfa, Logan, McClain, and Okfuskee (5 each). In
addition to the exploratory wells, the industry drilled 5,488 field wells of
which 3,429 were oil productive, 203 were gas productive, and 317 were
service wells. : '

Coal: Coal production declined 6 percent in Oklahoma in 1957. The
1,950,000 tons reported in 1957 was from 13 counties, the largest tonnage
being from Haskell County. The Lone Star Steel Company’s mine near
McCurtain, Oklahoma, remained closed because of damage from explosions.
However, the company maintained production by acquiring the Kleaner
Coal Company mine in LeFlore County.

Natural Gas: Marketed production of natural gas in 1957, about the
same as in 1956, was 682,000 million cubic feet valued at $57 million.
More than 50 counties in Oklahoma reported natural gas production with
Texas County being the principal producer.

Natural-Gas Liguids: The value of natural-gas liquids produced in
Oklahoma in 1957 was $50 million, about the same as in 1956. Most of the
existing. markets for LP-gases remained strong and demand for domestic
heating and for production of petrochemicals continued to grow. In the
West Moore oil field, south of Oklahoma City, Continental OQil Company
completed a natural gasoline plant to process 60,000,000 cubic feet of gas
daily.
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Petroleumn: Production of crude oil in Oklahoma decreased 1 per-
cent in 1957 to 214 million barrels from 1956 production; value gained 11
percent because of unit-price advance. This quantity made the state the
fourth largest oil producer in the nation for the 12th consecutive year.
Crude oil production was valued at $665 million which was 81 percent of
Oklahoma’s total mineral value in 1957. Production was reported from 56
of the state’s 77 counties. Osage, Garvin, Stephens, and Carter Counties
were the leading producers. In the refining industry, the race toward up-
erading of motor fuels was continued. As a result, one small plant at Cush-
ing remained shut down and a second plant at Drumright changed owner-
ship for modification and-expansion.

METALLIC MINERALS

Cadmium, Germanium, and Indium: Several minor metals as cad-
mium, germanium, and indium occur in minute quantities in the lead and
zinc ores of Oklahoma and are recovered in varying amounts from the flue
dusts of the zinc smelting operations. It is impossible to assign the state
origin of these minor metals, since their minute quantities in the ores pre-
cludes competent assay data "and. because the flue dusts from which these
metals are recovered are the combined dusts of both domestic and im-
ported ores.

Lead: There was 6,500 tons of recoverable lead valued at $1.9 mil-
lion produced in Oklahoma in 1957. This was 47 percent less in quantity
and 52 percent less in value than 1956. Oklahoma accounted for 60 percent
of the lead produced in the Tri-State District in 1957.

Zinc: Mine production of recoverable zinc in Oklahoma declined 48
percent to 14,300 tons in 1957 from 1956 output, a decline trend that pre-
vailed throughout the Tri-State District because of oversupply on world
markets. Oklahoma zinc was valued at $3.3 million compared to the 1956

value of $7.5 million and represented 48 percent of the zinc produced in
the Tri-State District in 1957.

Uranium: A minor amount of ore was reported produced from Cad-
do and Custer Counties in 1957.

Smelters: Three zinc retort smelters were operating in Oklahoma in
1956; the Bartlesville smelter of National Zinc Company, Inc., the Henry-
etta smelter of the Eagle-Picher Company and the Blackwell smelters of
American Metals Company, Ltd. The Henryetta smelter experienced a 4-
month work stoppage during the year. .

Tri-State District: Mine production in the Tri-State District of South-
west Missouri, Oklahoma, and Kansas amounted to 1,803,000 tons of zinc-
lead ores. This yielded 55,600 tons of zinc concentrates containing 30,100
tons of recoverable zinc and 15,000 tons of lead concentrates yielding
10,800 tons of recoverable lead. Zinc concentrates were valued at $4.4 mil-
lion and lead concentrates at about $2.7 million. Oklahoma accounted for
about 48 percent of the district’s recoverable zinc and about 60 percent of
the recoverable lead; Kansas was responsible for the remainder as South-
west Missouri had no production. These 1957 figures for recoverable metal
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in the Tri-State District represent a 46-percent decline for lead and a 48-
percent decline for zinc from 1956. The declines resulted mainly from a
4-month shutdown of mining and milling operations because world supply
exceeded demands.

Metal prices dropped throughout 1957. Zinc opened at 13.5 cents, East
St. Louis, dropped gradually to 10.0 cents October 10 and remained fixed
through December. Lead opened the year at 16.0 cents, New York, and
dropped gradually to 13.0 cents on December 26, 1957.

NONMETALLIC MINERALS

The estimated value of nonmetallic minerals (exclusive of mineral
fuels) produced in Oklahoma in 1957 was $32 million, slightly less than
the record value established in 1955 and 1956. Losses were shown for all
nonmetallic minerals except cement, lime, and tripoli.

Asphalt (Native): Output of native asphalt from Murray County in
1957 was one-third less in both quantity and value than in 1956.

Cement: Cement production in 1957 in Oklahoma gained 20 percent
over 1957. This gain was attributed mainly to one of the two Oklahoma
plants that was not effected by the nation-wide cement strike. Ideal Cement
Company had under construction additional facilities at Ada, Oklahoma.
Upon completion, it will bring the company’s cement capacity at Ada to
3,700,000 barrels yearly.

Clays: Production of clays in Oklahoma in 1957 was estimated to be
628,000 tons valued at $664,000, a drop of 11 percent in tonnage and 5
percent in value compared with 1956.

Gypsum: Output of gypsum, all from Blaine and Caddo Counties,
decreased one-sixth in 1957 in both production and value compared to 1956.

Lime: Lime production in'1957 increased over 1956 to a new record
as demand for chemical lime and building materials continued. St. Clair

Lime Company in Sequoyah County remained the only lime producer in
Oklahoma.

Pumice (Volcanic Ash): Production and value of pumice (volcanic
ash), all from Beaver County, approximated the 1956 figures.

Salt:  Salt was reported from Beckham, Harmon, and Woods Coun-
ties by three producers. The 1957 output and value were approximately
the same as in 1956.

Sand and Gravel: The output of sand and gravel operations in 1957
in Oklahoma was an estimated 5.7 million tons valued at $4.4 million. Pro-
duction trend of this construction material which had been increasing stead-
ily during the 5-year period ending in 1956, declined in 1957 because heavy
rainfall retarded both production and construction.

Stone: Stone output in Oklahoma decreased slightly in 1957 when
an estimated 10.2 million tons valued at $12 million was produced. The
most important commodities in this group are crushed limestone, chat, and
dimension granite.

Sulfur: " Sulfur was recovered from waste natural gases in Marshall
County in 1957,

Tripoli:  Output and value of tripoli produced in Ottawa County were
slightly more than the 1956 figures.
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New Publications

Huffman, G. G., Geology of the south and west flanks of the Ozark uplift,
northeastern Oklahoma. 281 pages, 22 figures, 16 tables, 6 maps (o
colored geologic maps, map of structural features). Oklahoma Geologi-
cal Survey, Bulletin 77. Price $7.00 bound in blue cloth, paper $6.00.

Grandone, Peter, and Ham, W. E., The mineral industries of Oklahoma
in 1956 and 1957. Oklaboma Geol. Survey, Mineral Report 34. 24
pages, 13 tables. Price $0.25.

Amsden, Thomas W., Stratigraphy and paleontology of the Hunton group
in the Arbuckle Mountain region. Part II. Haragan articulate brachio-
pods. Part III. Supplement to the Henryhouse brachiopods. Part
1V. New genera of brachiopods {Arthur J. Boucot and Thomas W.
Amsden ). Oklahoma Geol. Survey, Bulletin 78. 199 pages, 14 plates,
42 figures. Price bound in blue cloth $3.75, in paper $3.00.

STROMATOPOROIDEA

The namz of the order means layered pore-bearing forms. J. J. Gallo-
way of the University of Indiana has recently published his monograph on
the morphology and classification of the stromatoporoids. They belong
to the Class Hydrozoa and according to Galloway are found in rocks from
Chazyan (Middle Ordovician) to late Devonian in age. The organisms
were colonial and deposited calcareous matter in laminae, curved plates,
and pillars.

Galloway divides the order into 5 families and 35 genera. He considers
that the reported Mississippian genus (Aphralysia) is an alga. The reported
Permian and Mesozoic genera he places in the order Sphaeractinoidea,
censidered to have descended from the Stromatoporoidea and to be ances-
tral to the Cretaceous to Recent order Hydroidea. Galloway refers Aulocer-
ium to the bryozoan genus Fistulipora; Caunopora is a coral complex;
Diapora is a commensuval complex of corals and stromatoporoids; Dictyos-
troma, Kentlandia, and Kitakamiia are tabulate corals.

No stromatoporoid has been reported from Oklahoma, and specimens
should be sought in the Simpson and Hunton groups.

The reference of late Paleozoic forms to the Sphaeractinoidea elim-
inates the forms listed by this reviewer from Permian rocks (Branson, Geol.
Soc. America, Mem. 26, 1948, p. 115-117). Araeopora (2 species) and
Carnegiea are tabulate corals; Amphipora and Pdlaeoaplysina are prob-
ably sponges; Myriopora verbeeki is probably an Upper Jurassic form of
Sphaeractinoidea; the remaining ten genera and twelve species are mem-
bers of the family Disjectoporidae, order Sphaeractinoidea.

Galloway rejects the name Beatricea Billings 1857 as a synonym of
Aulacera Plummer 1843. The new genus Cystostroma is erected for two
Middle Ordovician species. Cryptophragmaus is considered a stromatoporoid
of which most specimens consist only of the cystose column.

This excellent contribution to an understanding of a difficult group
of organisms is “Structure and classification of the Stromatoporoidea”,
Paleont. Research Institution, Bulletins of American Paleontology, vol. 37,
no. 164, p. 341-480, 7 plates, 1957.
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PHOTOGRAPHIC ILLUSTRATIONS OF
FOSSIL SPORE TYPES FROM IOWA

L. R. WiLson

In 1940 Wilson and Coe described and illustrated with line drawings
four genera and eleven species of Paleozoic fossil spores. The types were
at that time mounted in glycerine jelly or Diaphane. In the course of the
eighteen years since they were prepared a number of the glycerine jelly
mounts have channeled and the fossils have been destroyed. It has been
possible to repair some of the slides and they should now remain rela-
tively permanent. Since the fossils are types of important genera and species

e T e ¥+ d +h y 1
it is desirable to rccord them photographically even though thev are not

all in the same condition as when they were first illustrated.

All of the specimens have been remeasured and though most are the
same as when originally reported several vary slightly. This is due prob-
ably to faulty optics. Shortly after the 1940 paper was published the
microscope used in the study was found to be slightly out of alignment.
The new measurerzents are recorded-on the page containing the plate
dscripiion.

In 1944, Schopf, Wilson and Bzntall published an annotated synopsis
of Palcozoic fossil spores and placed the genus Phaseolites Wilson and
Coe in synonymy with the genus Laevigatosporites Ibrahim. The two species
in the genus Phaseolites thus became L. desmoinesensis and L. minimus
as new combinations. From the genus Cirratriradites the species C. micro-
papillatus became the genotype of a new genus Lycospora. Also into this
genus was placed the species C. minutus. The results of a restudy of this
‘second species indicates that it may be better at this time to retain that
species in the genus Cirratriradites until a clearer statement is made con-
cerning the spores of Cirratriradites. Within the genus there are several
elerzenis which can be separated from one another rather sharply. It might
be bast to retain those spore species simulating C. maculatus, the genotype,
in the genus Cirrairiradites and to erect at least one other genus to contain
the others that arc wnlike it.

Two species of Triguitrites (T. verrucosus and T. deltoides) in the
Wilzon and Coe paper were transferred by Schopf, Wilson, and Bentall to
Granulatisporites. One became G. verrucosus and the other G. deltiformis.
The latter is a nomen novum since the name G. deltoides was already occu-
pied.

In the genus Endosporites three species were originally described bhut a
resivdy of the material indicates that the species E. pellucidus does not have
a well developed trilete mark and because of its shape and the proximal-
distal association of the central body to the bladder it should have been
transferred to the genus Florinites when Schopf, Wilson, and Bentall estab-
lished that genus in 1944. The new combination is given below.

Florinites pellucidus (Wilson and Coe) Wilson, comb. nov.
Endosporites pellucidus Wilson and Coe, 1940. American Mid-
land Naturalist 23: 184. Plate 1, fig. 3.
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PraTE I ExpLANATION

Endosporites angulatus Wilson and Coe. Slide No. 183P-2. Diam-
eter 102.5 mu, central body 50 mu. Size ranges, diameter 105-120
mu, central body 45-50 mu.

Endosporites ornatus Wilson and Coe. Slide No. 161P-1. Diameter
92.5 mu, central body 67.5 mu. Size ranges, diameter 87-93 mu,
central body 50 mu.

Florinites pellucidus (Wilson and Coe) Wilson comb. nov. Slide
No. 152P-2. Diameter 57.5x 72.5 mu, central body 25x35 mu.
Size ranges, 50 x 70 mu to 58 x 76 mu, central body 20 x 30 mu
to 25x 36 mu. Cotypes on slides 171-180 were not suitable for
photography consequently a specimen from Slide No. 152 has
been chosen for illustration. This specimen constitutes a lectotype
since it came from the same preparation. It compares closely
with the cotypes.

. Laevigatosporites desmoinesensis (Wilson and Coe) Schopf, Wil-

son, and Bentall. Slide No. 112P-1. Length 72.5 mu, width 30 mu.
Size ranges, length 60-75 mu, side width 30-42 mu.

. Laevigatosporites minimus {Wilson and Coe) Schopf, Wilson,

and Bentall. Slide No. 121P. Length 25 mu, width 16 mu. Size
ranges, length 20-30 mu, side width 16-20 mu.

Lycospora micropapillata (Wilson and Coe) Schopf, Wilson, and
Bentall. Slide No. 152P-1. Diameter 22.5x27.5 mu, flange 1.5 mu.
Size ranges, diameter 25-30 mu, flange 1-1.5 mu.

Cirratriradites maculatus Wilson and Coe. Slide No. 136P. Diam-
eter 82.5 mu, flange 12.5 mu wide. Size ranges, diameter 80-90
mu, flange 10-14 mu wide.

Triquitrites arculatus Wilson and Coe, Slide No. 200-1. Diameter
42 mu. Size range, diameter 40-49 mu.

. Granulatisporites deltiformis Schopf, Wilson, and Bentall.

(Triguitrites deltoides Wilson and Coe). Slide No. 193P-5. Diam-
eter 35x37.5 mu. Size range, Diameter 26.5-37.5 mu.
Granulatisporites verrucosus (Wilson and Coe) Schopf, Wilson,
and Bentall. Slide No. 200P-5. Diameter 30 mu. Size range, 23-30
mu. A lectotype is used as an illustration for this species since
none of the cotypes is suitable for photography.

Cirratriredites minutus Wilson and Coe.

(Lycospora minuta (Wilson and Coe) Schopf, Wilson, and Ben-
tall). Slide No. 141P-1 Diameter 27 x 30 mu, flange 4-5 mu. Size
ranges, diameter 25-30 mu, flange 4-5 mu. ‘
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North American Pleistocene mammalian
faunas, a review

Davip B. KitTs

A recent paper by C. W. Hibbard (Summary of North American
Pleistocene mammalian local faunas, Michigan Acad. Sciences, Arts, and
Letters, Papers, vol. 43, pp. 3-32, 1958) presents a list of North American
Pleistocene mammalian local faunas which he believes to have sufficient
stratigraphic and faunal control to allow at least a tentative age deter-
mination. The paper also contains a systematic list of Pleistocene mammals
showing their stratigraphic occurrence. Hibbard directs most of his atten-
tion to pre-Wisconsin faunas,

There are hundreds of locaiities in Oklahoma {rom which Pleisiocene
mammals have been obtained, but there are only two pre-Wisconsin locali-
ties which have yielded material in sufficient abundance and variety to
allow age determination. The first of these localities is in the Holloman
gravel pit situated about 2 miles north of the city of Frederick in Tillman
County. The Holloman assemblage is not strictly speaking a local fauna,
according to Hibbard, because it contains vertebrates of various ages.
Hibbard believes that the topographic position, and the association of
Stegomastodon and Maemmuthus indicate that the older members of the
fauna are of Kansan age.

Hibbard believes that the Berends local fauna, which was obtained
from deposits above the Pearlette ash 414 miles north and one mile west
of Gate, Beaver County, is of Illinoian age. This age determination is
based largely upon the presence in the fauna of the extinct beavers Paradi-
poides stovalli and Castoroides sp., and the stratigraphic position of the
fauna above the Kansan Pearlette ash.

There will be those who disagree with Hibbard on some of his corre-
lations, but all will agree, I believe, that the paper represents an extremely
useful contribution, the first of its kind and scope in many years.

Petroleum and Radioactivity

Recently several articles have appeared in the chemical journals deal-
ing with the use of radioactivity in the refining of petroleum, and telling
of the changes in molecular structure of products due to their exposure to
radiation. Presently attention is being given to the effects of radiation on
those viscous crude oils which are difficult to remove from underground by
either conventional primary or secondary recovery processes. According
to George W. Crawford, University of Texas professor of physics and
assistant director of the Texas Petroleum Research Committee, gamma
radiation bombardment of heavy viscous crude “by injection of radioactive
wastes is expected to break molecular bonds, thereby producing lighter
molecules and decreasing viscosity”. Secondary recovery methods could
then be used to recover the oil. (Chemical Week, March 8, 1958).

Do vou suppose that the variations in viscosity and composition of
crude petroleum are the result, even partially, of differences in the amount
of radioactive radiation to which the crude has been exposed in nature?

A L. B.
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A key to conodont genera and subgenera
By‘ RoBerT 0. Fay

Since 1949, approximately 34 new genera have been proposed, several
old genera emended or resurrected, and several subgenera created. In
order to serve as an aid to teachers of micropaleontology, the intention of
the author is to be objective and to use the characters of each genus as set
down by the various workers on conodonts. After scan reading approxi-
mately 85 main articles published from 1949-1958, several conodont hom-
onyms were noticed. The new names for these homonyms appear in this
article but formal designations are resexved for an article to be published in
the Journal of Paleontology. '

The range of each zenus or subgenus is not given because changes have

been made in the concept of genera and approximately 355 new species
have been described, thus altering old ranges as understood in 1949.

In order to understand the terms used in the key, it is advisable to
refer to “Cataloguz of conodonts” by R. O. Fay, University of Kansas,
Paleontological Contributions, Publication 12, Vertebrata, Article 3,
p. 1-206, figs. 1-109, December 1, 1952, Lawrence, Kansas. One alteration
is necessary in order to remain consistent with reference to oral bar, lateral
process, anterior, and posterior. In forms like Hibbardella, Trichonodellu,
Keislognathus, Apatognathus, Tripodellus, etc., with the posterior bar to
the observer’s right, the inner side is toward the observer, the outer side
away from the observer, and the anterior side is to the left of the observer.
The apical lamella would be the anterior process, and the oral bar the
outer lateral process. The two main limbs in Hibbardella or Trichonodel’a
and allied forms would be considered inner and outer lateral processes.

1. Fibrous conodonts ___________ . 2
 Lamellar conodonts . ____ __ . ____ 18
2. Cones — 3
Blades, Bars, and Platforms . ____________ . ___ 7
3. Simple cones .. ___.__________ . IS 4
Cones with additional denticles or lobes on base _______________ 5
4. Escutheon cbsent .. ________ . Stereoconus (Fig. 1, x17}
Longitudinally grooved éscutcheon ______ Archeognathus (Fig. 2, x7)
5. One to 3 small denticles or lobes on base, no buttress ___..______ 6
Large denticles on base, buttress -
present ononeside ______________ Microcoelodus (Fig. 3, x27)
6. Escutcheon present __________________ Multioistodus (Fig. 4, x16)
Escutcheon absent _____________________ Mixoconus (Fig. 5, x20)
7. Blades and bars ________________ - - 8
Platforms _ . ___ 17
8. Escutcheon on side of unit, extending to aboral surface ._.______ 9
Escutcheon on aboral surface or absent ______________________ 10
9. Hand-shaped dental units; denticles discrete and
subcircular in cross section ________ Chirognathus (Fig. 6, x34)
Units as above; denticles laterally
fused and bladelike __________ Leptochirognathus (Fig. 7, x31)





10.
11.
12.
13.
14.

-]
_O\

17.

18.
19.
20.

21.

22,

23.

24.

26.
27,

Escutcheon deep ____________ S 11
Escutcheon shallow orabsent - _______________. 15
Base straight in side view ________________________ ___ _____ 12
Base arched at an obtuse angle in side view _.________________ 14
Bladelike, thin crenulate oral edge . _______ Coleodus (Fig. 8, x17)
Bladelike, deeply notched oral edge _________________________ 13
Main cusp on end, no buttress __________ Neocoleodus (Fig. 9, x17)
Main cusp in middle with buttress ~_____ Microcoelodus (Fig. 3, x27)
Buttress on both sides,

escutcheon moderately deep —_______ Erismodus (Fig. 10, x34)
Buttress on one side, escutcheon deep __Microcoelodus (Fig. 3 x27)
Base strongly arched in side view ______ Curtognathus (Fig. 11 x27)
Base straight in sideview ._______________ _  _ __ 16
Unit fong, discrete

divergent denticles ____________ Trucherognathus (Fig. 12, x27)
Unit short, discrete

aligned denticles _______ _ Polycaulodus (Fig. 13, x27)
Oxe row of discrete aligned denticles,

not heart shaped in top view _‘_~_.__Polycaulodus (Fig. 13, x27)
Discrete divergent denticles,

beart shapzd in top view ____________ Cardiodella (Fig. 14, x27)
Simple cones __ ______.__________ _____________________ 19
Bars, Blades, and Platforms ____________ e 34
Escutcheon present __________________________________. _. 20
Escutcheon absent __________ e Clavohamulus (Fig. 15, x37)
Escutcheon deep ... _____ o __ 21
Escutcheon shallow (form not well known,

may be fish jaw) ____________ Prionognathodus (Fig. 16, x9)
Low units, wider than high ._______ Lepognathodus (Fig. 17, x34)
High units, higher than wide or about high as wide ____________ 22
Unit about as hichaswide __________ Sagutodontus (Fig. 18, x50)
Unit higher than wide ______________._________ " 23
Escutcheon almost twice as wide as high ___________________ . 24
Escutcheon about as high as wide _________________________ 26
Bilaterally symmetrical wnits . .25
Bilaterally asymmetrical units,

one side grooved, other smooth ________ Paltodus (Fig. 19, x27)}

. Lower anterior margin rounded, not

indented, not extended aborally ;

posterior concave to keeled, lateral

facessmooth _____________________ Acontiodus (Fig. 20, x34)
Lower anterior margin indented, ex-

tended aborally; posterior side

may be sharp, lateral faces may

have ridges ..____________________ Ulrichodina (Fig. 21, x44)
Bilateralty asymmetrical unmits 27
Bilaterally symmetrical units ______________________________ 28
One lateral face has narrow ridge,

other is flat or concave ________________ Acodus (Fig. 22, x27)
One lateral face has wide convex ridge,

otheris convex ____________________ Scandodus (Fig. 23, x25)










28.

29.

30.

31.

32.

33.

34.

35

36.

37.

38.

39.

40

41.

42.

Anterior margin projects aborally

into a prong . _______________ Distomodus (Fig. 24, x17)
Anterior margin without aboral prong ______________________ 29
Lateral faces grooved —_______________ Scolopodus (Fig. 25, x27)
Lateral faces ridged or smooth .____________________________ 30
Base of cone sharply extended

posteriorly and laterally _____________ Oistodus (Fig. 26, x34)
Base of cone not as above _______________________ _________ 31
Small denticles present on posterior margin

of cone proper (nrot on base) ______ Acanthodus (Fig. 27, x20)
Denticles absent on posterior margin of cone proper __________ 32
Lateral faces with ridge _—______________ Distacodus (Fig, 28, x27)
Lateral faces smooth _______________________ __________ 33
Sharp anterior and posterior edges _____ Drepanodus (Fig. 29, x27)
Cross section round or elliptical __________ Oneotodus (Fig. 30, x65)

Bars, without inner and outer lateral processes
together, with discrete denticles; with or
without main cusp, with main cusp on end
or in middle, and some genera with discrete
denticles on posterior or anterior margin of

base of simple cone ______ . _______ 35
Bars with inner and outer lateral processes to-

gether, Blades, and Platforms . __________________ S 66
Units without prominent main cusp - _____________________ 36
Units with prominent main cusp ___________________________ 38
Outer lateral process present near anterior end,

S-shaped in top view __________ Centrognathodus (Fig. 31, x17)
Lateral process absent, straight in top view _________________ 37
Straight in side view, posterior end

of bar denticulate ___ . _______ Lonchodus (Fig. 32)
Arched in side view, posterior end of bar

bar blunt, non-denticulate ________ __Prioniodella (Fig. 3, x10)

Units with one prominent cusp, with smaller
denticles on the posterior edge of cone
proper; denticles may or may not extend

slightly to base ________________________ 39
Units without denticles on posterior edge of cone proper ________ 40
Denticles not on base,

inclined toward base ______________ Acanthodus (Fig. 27, x20)

Denticles extend to base, parallel with base __Belodus (Fig. 34, x48)

One anterior denticle arises from base

(otherwise like Drepanodus) _. Strachanognathus (Fig. 35, x25)
No anterior denticles, or more than one arise from base _____.__. 41
Units without anterior process, lateral processes, and anticusp __ 42
Units with above features, or any of these in combination ______ 50

Posterior denticles present, in most genera on base of main cusp _ 43
Denticles absent, merely nodes on a )
domelike bar, deep escutcheon ________ Nericodus (Fig. 36, x30)

. Posterior denticles adjacent to main cusp

decrease in size posteriorly ____________________________ 44
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45.

46.

47.

48.

49.

50.

ol.

S52.

o3.
4.
55.
56.

o7,
58.
59.

60.

Posterior denticles either not adjacent to main
cusp, or if present, there is a distinctly large
denticle (as large or larger than cusp) in
middle of posterior denticles

Posterior denticles on base of main cusp
As above, but anterior denticles

present on base
No posterior bar present
Posterior denticulate bar present

Posterior bar thin, escutcheon deep

Posterior bar thick, escutcheon shallow __Cyrtoniodus (¥ig.

No ridge on inner lateral face
and anierior margin
Ridge on inner lateral face and
anterior margin
Large posterior denticle present
Large posterior denticle absent

Anterior margin denticulate, cusp

with outer lateral ridge
Anterior margin not denticulate,

cusp with no ridge
Anterior process not denticulate
Anterior process denticulate
Main denticle wide, with slight

backward curvature ___..________ Neoprioniodus (Fig.
Main denticle long, with sharp

backward curvature

Denticles on anterior process smaller than main cusp
Denticle anterior to main cusp
larger than main cusp _________ Metalonchodina (Fig.

Anterior process not in same plane as posterior bar
Anterior process almost in same plane as posterior bar
Long bar with alternating large and small denticles
Denticles not as above
Inner lateral process absent
Inner lateral process present
Bar with large flange on one side of main cusp;

wide lamella connects the bar with the anterior process
Bar without flange, lamellar connection present or absent
Aboral surface laterally expanded
Aboral surface thin, bladelike
Lamellar connection absent
Lamellar connection present
Unit with anterior and

posterior deflections
Unit without deflections
Anterior process arises from side of

main cusp (45°), unit arched
Anterior process arises from end of

main cusp (90°), unit not arched ____Ligonodirna (Fig.
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__________________ Zygognathus (Fig.
______________ Cordylodus (Fig.

____________ Paracordylodus (Fig.

____________ Hindeodella (Fig.
- _Kladognathus (Fig.

__________ Oulodus (Fig.
_________ Gyrognathus (Fig.










61.

62.

63.

64.
65.

60.

67.

68.

69.

71.
72,
73.
74.
75.
76.
7.

78.

Unit thickened laterally,

slightly arched _______ —______ Geniculatus (Fig. 55, x30)
Unit not thickened laterally, ,

strongly arched __________________ Lonchodina (Fig. 56, x20)
Anterior process and posterior

bar short ________ o ___ Ptiloconus (¥ig. 57, x27})
Posterior bar long, anterior process shortorlong —_____________ 63
Inner lateral process present ___ . _____ Prioniodus (Fig. 58, x30}
Inner lateral process absemt _____ . ____________ 64
Main cusp long, directed

" upward or forward _____________ Euprioniodina (Fig. 59, x20)

Main cusp wide, directed backward ________________________ 65

Anticusp short, unit sharply arched ____Neoprioniodus (Fig. 45, x30)
Anterior process long or short,

unit gently arched _______________ Prioniodina (Fig. 60, x20)
Blades, without inner and outer lateral proc-

esses present together; main cusp may be on

end or in middle, denticles bladelike. Inner

lateral process may be present . 67
Blades and bars with inner and outer lateral

processes present together, and platforms —____________ 95
Main middle cusp present _____________ 63
Main middle cusp absent .. ________ . _______ 88
Posterior and anterior limbs ‘

not denticulate ___________________ Cornuramia (Fig. 61, x27)
Either or both limbs denticulate __.___________ . ______ 69
Anterior limb denticulate, posterior

limb not denticulate ________________ Falodus (Fig. 62, x34)
Anterior and posterior limbs denticulate 70
Unit S-shaped in top view ____________ Pravognathus (Fig. 63, x44)
Unit not S-shaped in top view - 71
Unit with both anterior ‘

and posterior deflections __ . ____ Falcodus (Fig. 64, x13)
Unit may have one deflection but not two . 72
Limbs short and high . ______ 73
Limbs more elongate _____________ 74
Unit strongly arched _________ . __ Palmatodella (Fig. 65, x20)
Unit not arched __________________ Pinacognathus (Fig. 66, x15)
Unit strongly arched . __ 75
Unit gently arched or not arched .. 78
Inner lateral process present ___________ Prioniodus (Fig. 58, x30)
Inner lateral processabsent _______ 76
Main cusp recurved backward 77

Main cusp not recurved backward ____Synprioniodina (Fig. 67, x27)

Escutcheon shallow, main cusp large __Neoprioniodus (Fig. 45, x30)
Escutcheon thin, long, deep,

main cusp small o ___.__Subbryantodus (Fig. 68, x27)
Escutcheon thin, long, deep 79
Escutcheon shallow, with slight pit beneath main cusp - 82
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79.

80.

81.

85.

817.

88.

89.

90.

9l.

92.

93.

94.

95.

Escutcheon not expanded much

beneath main cusp _—___________ Subbryentodus (Fig. 68, x27)
Escutcheon much expanded beneath main cusp ___________ 80
Limbs off-set laterally . _____________________ . ____ 81
Limbs not off-set laterally _.__________ Bryantodina (Fig. 69, x80)
Denticles blunt, basal

expansion gentle _______________ Aphelognathus (Fig. 70, x25)
Denticles sharp, basal

expansion sharp . ______________ Dichognathus (Fig. 71, x28)

. Aboral edge bluot ___________ .. 83
Aboral edge sharp . ___ - 87
. Basal flanges developed on

both sides of unit _____________ ___Bryantodus (Fig. 72, x20)
Flanges expanded laterally into plates . ________ 84,
Plates on one side developed more than

other, oral surface not concave ______________ . ______ 85
Plates developed same on both sides,

oral surface concave ____________ Polygnathoides (Fig. 73, x34)
Larger plate extends full length of upit . __________ 86
Larger plate does not extend full

length of wnit ________________ Nothognathella (Fig. 74, x27)
Denticles subequal, unit very

gently arched ____________________ Solenodella (Fig. 75, x15)
Middle denticles much higher than others,

unit more strongly arched ___.____ Polygnathellus (Fig. 76, x20)
Posterior end of blade not flexed —_______ Ozarkodina (Fig. 77, x34)
Posterior end of blade flexed ______ Plectospathodus (Fig. 78, x34)
No anticusp present . _____________ . ____ 89
Anticusp present . ______________ 94,
Units with sharply bowed end, no main

denticle present ______________ Bactrognathodus (Fig. 79, x34)
Units not bowed sharply, large denticleonend _______________ 90

Large, hornlike, isolated denticle on one end,
base platform-like with large pit __Pelekysgnathus (Fig. 80, x34)
Subequal denticles, with ones near anterior end

slightly larger than the remainder ____._ . __________ 01
Escutcheon absent __.____ Ctenognathodus (Mehlina) (Fig. 81, x45)
Escutcheon present . _______________ . 92
Escutcheon subcentral _______ . _______. __ _ .- 93
Escutcheon on anterior end ______________ Loxodus (Fig. 82, x30)
Escutcheon small ______________ Ctenognathodus (Ctenognathodus)

(Fig. 83, x9)

Escutcheon broad —_____________ Ctenognathodus (Pandorinellina)
| (Fig. 84, x30)

Inner lateral process present __________ Prioniodus (Fig. 58, x30)
Inner lateral process absent __________ Neoprioniodus (Fig. 45, x30)

Blades and bars with inner and outer lateral -
processes present together _____________________________ 96
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96.

97.

08.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Platforms _ 112

Only outer and inner lateral processes present ________________ 97
Above present, with one more limb or bar present

(if more than 1 see109) ___________ __________________ 99
Discrete denticles, escutcheon aboral 98
Fused denticles, escutcheon on

posterior side —_______________ Rhipidognathus (Fig. 85, x30)
Denticles about same size,

unit straight ___________________ Stephanodella (Fig. 86, x20}
Main denticle large, unit arched —_______ Hibbardella (Fig. 87, x23)
Posterior process present, anterior process absent _____________ 100
Posterior process ahsent, anterior process present _____________ 106
Posterior process denticulate _____________________ e 101
Posterior process not denticulate ______ Trichonodella (Fig. 88, x34)
Posterior process bladelike ____________ Ptilognathus (¥Fig. 89, x30)
Posterior process barlike, with discrete denticles ______________ 102
Lateral processes bladelike - __.._____________________________ 103
Lateral processes barlike . ________________________ 104
One row of denticles in same plane ________ Elsonella (Fig. 90, x30)
Two .or more rows of denticles, :

not in same plane _______________ Diplododella (Fig. 91, x27)
Outer lateral process not denticulate ____Keislognathus (Fig. 92, x25)
Outer lateral -process denticolate _________________________ 105
Escutcheon present —____________________ Roundya (Fig. 93, x30;
Escutcheon absent ______________________ Ellisonia (Fig. 94, x40)
Lateral processes fused into ' '

one large blade ______________________ Scutula (Fig. 95, x40)
Lateral processes discrete, barlike _________________________ 107
Inner lateral process.net.denticulate ____Holodontus (Fig. 96, x100)
Inner lateral process denticulate - ___________________________ 108

Anterior process short, not denticulate;
main cusp curved toward outer lat-

eral process ___________________ Apatognathus (Fig. 97, x27)
Anterior process long, denticulate; main

cusp curved posteriorly _____._______ Tripodellus (Fig. 98, x40)
Four processes present (anterior, posterior,

inner and outer lateral) _______________________________ 110
Five processes present (same as above with

1 extra anterior process) __________ Avignathus (Fig. 99, x100)

Simple cone, with outer and inner lateral ex-
tensions of base denticulate; anterior and
posterior edges may or may not be den-

ticulate __________________ Trapezognathus (Fig. 100, x30)
Elongate lateral processes and posterior bar __________________ 111
Posterior bar denticulate, other

3 processes arenot ——_____________ Oepikodus (Fig. 101, x30)

Anticusp may or may not be denticulate,
other 3 processes denticulate ____Tetraprioniodus (Fig. 102, x30)}
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112.

113.

114.

115.

118.

119.

120.

121.

122.

123.
124.

125.

126.

Escutcheon wide, large, elongate almost

the length of the specimen ____________________________ 113
Escutcheon small, elongate, or limited to a small rounded pit ___127
Unit cross-shaped in top view ________ Staurognathus (Fig. 103, x34)
Unit not cross-shaped intop view __________________________ 114
Large hornlike cusp on end of blade, almost as

bigasblade __________________ Pelekysgnathus (Fig. 80, x34.
Units without above cusp —_______________________________ 115
Long, moderately high, bladelike carina extends the

full length of the platform ____________________________ 116
Long, very low carina may or may not extend

full length of platform, or carina may be absent __________ 119

. Carina completely on platform ____. ... 117
Carina extends anteriorly beyond platform proper - ___________ 118
. One denticulate outer lateral

process present _________________ Ambolodus (Fig. 104, x100})

Several denticulate inner and outer
- lateral processes present __.__. Amorphognathus (Fig. 105, x100}
One set of denticles on platform ______.._Gnathodus (Fig. 106, x48)
(Fig. 106a, x24)
Two sews of denticles on platform _____Balognathus (Fig. 107, x100)

Units covered with blunt nodelike denticles on
on oral surface, occasionally connected

laterally to form eoarse. transverse ridges ____.___ 120
Units. with medium to fine transverse
- ridges on oral surface of platform _____________________ 123
Nodes regular, aligned in rows ____________________________ 12

Nodes irregular, in- two rows, connected-longi-

tudinally and laterally by low narrow

ridges; escutcheon widens evenly ______ Icriodina (Fig. 108, x17)
Nodes in two to three aligned rows-—________________________ 122
Nodes in one row, anterior portion not in

line with posterior-portion;-posterior por-

tion consists of coarse ridges _______ Icriodella (Fig. 109, x100)
Unit widest at base, escutcheon

flares widely at one end _____________ Icriodus (Fig. 110, x27)
Unit widest at top, escutcheon niarrow. does

not flare as above _______________ Seyphiodus (Fig. 111, x40)
Units with no median carina, but a lateralone - ____ 124
Units with median carina ________ S 125
Unit with a well-pronounced deep oral trough

separating two parapets ____..___ -Cavusgnathus (Fig, 112, x34)
Unit with no deep trough

and no parapets ______________ Polygnathodella (Fig. 113, x22)
Unit with no median suleus - _________ Idiognathodus (Fig. 114, x24)-
Units with median sulews .. . ____ 126
Escutcheon wide, mostly

beneath platform __________ Streptognathodus (Fig. 115, x27)
Escutcheon long, almost extending full

length of specimen ___________ Taplrognathus (Fig. 116, x30)
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127.

128.
129,

130.

131.

132.

135.

136.

137.

138.

139.

140.
141.
142.
143.

144.

Units with a central escutcheon . _________________________ 128
Unit with elongate escutcheon,

terminally expanded - _________ Gondolella (Fig. 117, x27)
Units with one keel on aboral surface -___________  ________ 129
Units with several keels on aboral surface .. _________ 140
Carina does not project beyond platforma ___________________ 130
Carina projects beyond platform __________ 132
Oral surface deeply concave, plates

equally developed - ____________ Polygnathoides (Fig. 73, x34}
Oral surface convex, inner plate more strongly developed ______ 131
Large denticles near middle of carina;

plates tuberculate ______________ Polygnathellus (Fig. 76, x20)
Carina with subequal deniicles; small nodes

occasionally on margin of inner plate __Solenodella (Fig. 75, x15)
Carina projects beyond anterior end of platform,

but not bevond posteriorend —___________ . ___ 133
Carina projects beyond anterior and
posterior ends of platform ___. Ctenopolygnathus (Fig. 118, x40}

Platform broad, posterior extremity turned up or down ________ 135
Posterior end turned down ___________ Palmatolepis (Manticolepis)

(Fig. 120, x40)
Posterior end turned up .. __________ Palmatolepis (Palmatolepis)

(Fig. 121, x10)

Large central denticle in middle of platform _________ e
(a) carina median ____________ Nothognathella (Fig. 74. x27)
(b) carina on oneside ..._____._.__ Mestognathus (Fig. 122, x20)
Largest denticles near anterior end of carina __ . _____. 137
Escutcheon limited te a small central pit _.____ . ______ 138
Escutcheon about 3 times as large
as above, flaring __________ Pseudopolygnathus (Fig. 123, x15}
Transverse ridges present on either side of central
carina that extends to.posterior end of platform ____ 139

Concentric ridges present that-grade-into tu-
bercules; carina does not extend to pos-

terior end of platform __________ Polylophodonta (Fig. 124, x8)
Posterior end straight _______________ Polygnathus (Fig. 125, x27)
Posterior end deflected downward
into a shallow trough ________ ____Siphonodella (Fig. 126, x15)
Units with 2-21% keels or 4-5 half keels on aboral surface ____.__ 141
Units with 114 keels or 3 half keels on aboral surface .._____.__ 142
Unit with 4 half keels ________________ Ancyrodella (Fig. 127, x20)
Unit with 5 half keels ___ ____________ Ancyropenta (Fig. 128, x20)
Unit anchor-shaped ________________ Scaliognathus (Fig. 129, x34)
Units not anchor-shaped ______ . 143
Carina sigmoid in top view ________. . _______ 144
Carina not sigmoid in top view ____________ . ______ 146
Posterior end straight _______________ Palmatolepis (Deflectolepis)
(Fig. 119, x40}
Posterior end turned upordown _____________ . _______ 145
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145. Posterior end turned down __ Palmatolepis (Manticolepis)
(Fig. 120, x40}

Posterior end turned up ——__ ————__ Palmatolepis (Palmatolepis)
(Fig. 121, x10)

146. Carina restricted to anterior

half of platform _______ . ___ Ancyroides (Fig. 130, x27)
Carina extends to middle of platform and then
bifurcates posteriorly into two carina .- 147

147. Medium high carina projects anteriorly

beyond platform; oral surface with
irregular nodes _______________ Ancyrognathus (Fig. 131, x27)

Carina restricted to platform, low at pos-

terior end; oral surface with regular
transverse ridges or nodes ________ Doliognathus (Fig. 132, x33)
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Water-Flood Projects in Oklahoma

Louise JoRrDAN

In 1957, Research Oil Reports published “Analysis of Available Data
on Secondary Recovery in Oklahoma.” This report lists the status of 364
water-flood projects by fields in the state, giving the name of the oil pay,
average depth to pay, acreage being flooded, the number of active oil
wells, average daily oil production, number of input wells, daily amount of
water ‘injection and water production. -

Eighteen fields are listed as currently producing 2,474,500 barrels
of oil per month by this secondary method of production. Burbank, Little
Chief, Naval Reserve and Flat Rock in Osage County accounted for
1,123,000 barrels per month, In the northeast counties of the state (Nowata,
Rogers, and Washington}, the Delaware, Childers, Nowata, Alluwe, Canary,
Weber and Dewey {ields produced 622,500 barrels. In the Sholom Alechen
field of Stephens County, 205,000 barrels were being produced from the
Sims sand. The Olympic field in Okfuskee and Hughes Counties produced
130,000 barrels; Yale-Quay in Payne County, 127,000 barrels; Davenport
in Lincoln County, 100,000 barrels; Jones in Oklahoma County, Mt. Vernon
in Lincoln and Bald Hill in Okmulgee accounted for another 167.000
barrels. At the time, an estimated 3,600,000 barrels per month or nearly
121,000 barrels per day were being produced by means of water-flood in
Oklahoma.

From the point of view of a geologist, it is interesting to know from
which pay horizons water-injection projects are recovering oil. In the
December 1957, Monthly Supplement of Research Oil Reports, 462 projects
were listed alphabetically by operators. From this list, data including the
number of acres under flood, number of active oil wells, and average
daily oil production per project have been compiled according to the
ages of the named productive pays.

Permian (Wolfcampian)

: No. of Daily Prod.
Name of Qil Pay acres Oil Wells  (bbls.)
Fortuna, Noble-Olson __________________ 790 23 322
Hoxsey, Hotson ___________  ________ 240 7 23

Pennsylvanian (Virgilian)

Soldiers Creek, Cache Creek,

Zypsie, Walters ___.________________ 3,150 192 2,366
Crews, Sams _________________________ 2,340 59 432
Hoover __ _ _______ . ____ 772 6 - 73
e oo e oo —— —— __Pennsylvanian (Missourian)

Farris, Patty, Muncrief _______________ 1,000 28 4381
Layton, Cleveland, Checkerboard, Burns __ 12.309 266 4,167
Loco, Healdton, Wade ____- . _________ 1,360 378 1,645
Pennsylvanian (Desmoinesian)
Wayside, Peru _________ ______________ 5,316 257 1,463
Prue, Calvin ____________________ 8,190 345 4,138
3rd Deese, Gibson _________________ 14,990 301 6,115.
Senora, Allen ________________________ 7,454, 560 5,316





Skinner ____ 8,594 206 2,538

Red Fork, Earlsboro . ________________ 10,201 309 6,690
Burbank _ ... _______________________ 47,170 1,803 37,780
Bartlesville __ . __._ 100,777 10,091 37,739
Booch ____. ... 13,620 389 3,210
McAlester, Thurman . _________________ 1,135 59 432
Boucher (?age) . ______________ 160 3 32

Pennsylvanian (Atokan-Morrowan)
Dutcher, Cromwell, Gilcrease,

Timber Ridge - _________ 3,465 135 2,098
Springeran

Sims 2,910 227 7,826

Mississtppian
“Chat” ______ 4,015 89 972
Misener __.___________ . ______ 661 21 1,350
Devonian-Stlurian

Hunton . _________ S 1,750 39 813
Ordovician

Viola __ .. __ . _ e 120 6 6

Wilcox, Simpson, McLish ___________.___ 4,980 121 1,993

TOTAL _. _______ 257,469 15,916 130,050

Are Rare Minerals Rare?

A list of the rare elements might include lithium, berylium, boron,
scandium, vanadium, gallium, germanium, indium, as well as a number of
others less known such as samarium, europium, gadolinium and terbium.
All of these elements are widely distributed, normally in minute concen-
trations, but very definitely not in the sense that they are “rare”. Of
course, lithium and boron are found in considerable concentration in a
few localities but they, together with the others named, are found in many
of the rocks of the earth’s crust although the amount present may be quite
small.

Nathan C. Rockwell in the February issue of Rock Products states that
samarium occurs in most igneous rocks and in certain shales, the average
in igneous rock being about 6% grams per ton. Europium is found in
igneous rock in about 1 gram per ton and also in some shales. Gadolinium
occurs in igneous rock in about the same amount as samarium, whereas
terbium in igneous rock amounts to less than 1 gram per ton, but it is

there.

It is difficult to accept the usual definition of the word rare, that is,
infrequent or exceptional, to characterize elements that are so widely dis-
tributed. Little is known about them, it is true, but little by little uses for
each and every element occurring in the earth’s crust are being discovered
in modern chemistry and metallurgy. Published chemical analyses are not
sufficiently complete and therefore are of no help in looking for these
“rare” elements. Looks as if there is a big job ahead for geologists, geo-
chemists, and chemical analysts. A.L. B.
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Recently Published Illustrations of the Haragan
Brachiopod, “Delthyris Perlamellosa”

Tromas W. AMSDEN

In a recent issue of the Senckenbergiana Lethaea (1957, vol. 38,
p. 311-334, pls. 1.3) Dr. A. J. Boucot illustrates several specimens of a
Haragan brachiopod which he identifies as Kozlowskiella (Megakozlow-
skiella) sp. This brachiopod, which is common in the Haragan, has gen-
erally been considered to be conspecific with Spirifer perlamellosus Hall
from the New Scotland of New York, a species which has for many years
been referred to Dalman’s genus Delthyris. In the above mentioned paper
Boucot erects a new genus, Kozlowskiella, and two new subgenera, K. (Kos-
lowskiella) and K. (Megakozlowskiella), for those Spiriferidae possessing
frilly lamellae. The type of Kozlowskiella (Kozlowskiella) is K. (K.) strawi
Boucot from the Wenlock of Great Britain, and the type of Kolowskiella
(Megakozlowskiella) is Spirifer perlamellosus Hall from the Helderberg
of New York. The Haragan representatives of Kozlowskiella (Megakozlow-
skiella) differ from the New York shells in several respects and in a forth-
coming paper the writer is removing them to a new species.

According to Boucot Kolowsktella ranges from the Middle Silurian
to the Lower Devonian, although in the Hunton group it is restricted to a
single species from the Haragan-Bois d’Arc strata. This author restricts
Dalman’s genus Delthyris to those Spiriferidae with non-frilly lamellae and
gives the North American range as Middle to Upper Silurian (in Europe the
genus is present in the Lower Devonian). This genus is represented in the
Hunton group by the Henryhouse species, Delthyris kozlowskii Amsden.

Some Oklahoma Underclays

Underclays are the relatively structureless light-colored clays at the
base of coal beds. They are thought to be the soils upon which grew the
vegetation which made the coal. A study of such clays in the central United
States has been published by Schultz'in a recent paper. Four hundred
samples from 10 stratigraphic zones were collected and the clays were
analyzed, mainly by the x-ray diffraction method. The clays were found
to be mainly illite, with lesser amounts of mixed-layer illite-montmorillo-
nite, quartz, and a vermiculite to chlorite complex. Basinal clays and earlier
Pennsylvanian clays contain a greater proportion of kaolin. Schultz con-
cludes that the clays are not residual soils. .

- The correlation table (Table I, p. 365) contains many errors. The
Hartshorne and Riverton coals are placed in the Morrow, Lampasas is
spelled Lampass and Marmaton is rendered as Marathon. The Cherokee
is shown above the Lampasas and “Boggy redbed” is placed with the
Tebo and Weir-Pittsburg coals.

The Oklahoma specimens are as follows:

Zone 2 (Upper Morrow). 34. Underclay of Lower Hartshorne coal
in road cut just south of Adamson, Pittsburg Co. This zone is in the Harts-
horne formation, Krebs group. The locality is east line sec. 7, T. 5 N., R.
17 E. (see Hendricks, U. S. Geol. Survey, Bull. 874-A, p- 12, 1937).

35. Underclay of Upper Hartshorne coal. “I1-2 miles northwest of
Wilburton”. This coal is also in the Krebs group.
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36. Underclay from Evans Coal Co. strip mine, “SE 14 sec. 1,
1-2 miles north of Bokoshep.” This locality is probably the underclay of
the Lower Hartshorne coal in sec. 17, T. 9 IN., R. 24 E., 4 miles north
of Bokoshe, LeFlore Co.

Zone 3 (Middle part of Krebs group). 19. Old strip mine just north
of U. S. Highway 270, about 0.8 miles east of Alderson. This is underclay
of the McAlester coal in NE14 sec. 21, T. 5 N., R. 16 E., Pittshurg Co.

20. From slope mine of Lone Star Steel Co., 4 miles east of
Krebs. This is underclay of the McAlester coal.

Zone 4 (Upper part of Boggy formation). 35. Underclay of Secor
coal by old mine, possibly in SE14 sec. 21, T. 6 N., R. 16 E.

36. NW1j4 sec. 28, T. 6 N., R. 16 E. about 80 feet below Secor

ansl L. o ond d iarnl ; : R rmati
coal. This coal and underclay would lie low in the Bogay formation.

Zone 5. Maroon shale. in Boggy formation on U. S. Highway 270
5 miles west of McAlester and 1% mile east of Coal Creek bridge. The
exposure is at the base of ihe fourth Boggy sandstone of the area and is
near the level of the Boggy coal bed exposed north of Heywood. The
locality is in NW14 sec. 31, T. 6 N., R. 14 E., Pittsburg Co.

Zone 6 (Cabaniss group). 38. Underclay of Croweburg coal in strip
pit 3 miles west of Sequoyah, Rogers Co.

39. Underclay of Croweburg coal in strip pit in SE14 sec. 33, T.
20 N., R. 15 E,, Rogers Co.

40. Underclay of Henryetta coal in McInnis and Grafe Coal Co.
strip pit, probably in NE4 sec. 17, T. 11 N, R. 13 E. '

4]1. Shale in road cut on U. S. Highway 270, apparently in the
Senora formation from a shale tongue in the sandstone member, possibly
sec. 15, T. 5 N., R. 11 E., Hughes Co. |

42. Shale from upper member of Senora formation below Calvin
sandstone, west center sec. 22, T. 6 N., R. 10 E., Hughes Co. ,

Zone 7 (Fort Scott formation). 13. On U. S. Highway 60, SEl4
sec. 35, T. 26 N. (given as 36 N.), R. 18 E., about 4 miles west of Estella
(given as Estelle). This would be the underclay of the Iron Post coal at a
locality 214 miles west of Estella, Craig Co.

' 14. Underclay of Croweburg coal if locality is correctly given,
0.1 mile west of SE cor. sec. 36, T. 23 N., R. 16 E., Rogers Co.

15. Underclay of Iron Post coal, near south 14 cor. sec. 11, T.
21 N., R. 15 E., Rogers Co.

Zone 8 (Upper part of Marmaton group). 24. Underclay of
Lexington coal in SW cor. sec. 27, T. 20 N,, R. 18 E., Craig Co.

Zone 10 (Virgilian). 14. Shale in road cut on Okla. Hy. 99 14 mile
south of Seminole City limits. This is a red shale in the Ada formation.

The conclusions and the pattern of distribution of clay types are
largely invalidated by inaccurate data which could have been checked by
consultation with geologists familiar with local stratigraphy.

Schultz, Leonard G., “Petrology of underclays.” Geol. Soc. America,
Bull., vol. 69, p. 363-402, April, 1958. - GCGC B
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Ancient Fossil Stump at E1 Reno

In the grounds of the Rock Island railroad station at EI Reno, about
100 feet east of the building, is a specimen which makes the geologist
take a longer look. He is sure the specimen did not come from the roeks
around El Reno. The sign on the specimen clarifies the matter. It reads,
“Petrified tree. This tree was found March 14, 1914 at a depth of 40 feet,
while sinking shaft No. 9 of Rock Island Coal Mining Company, at Alder-
son, Oklahoma.” This shaft was in SEY} sec. 24, T.5 N, R. 15 E., one
mile southeast of Alderson, Pittsburg County. The stump came from the
basal part of the Savanna formation or the upper part of the McAlester
formation. It is what is termed a sand-cast. As ihe stump decayed the
cavity was filled with fine sand washed into the opening. The sand grains
were slowly cemented and the cast remained as a resistant mass in the accu-
mulated clay and mud, which became shale.

When the stump was emplaced at El Reno it was about 8 feet high
and several specimens of parts of the underground stems of tree ferns were
in position on top. The loose specimens have all been carried away and
only about half of the stump remains. The photograph was taken in 1939.

The plant was a Calamites of tree size. They were common during
the Pennsylvanian period (200 to 250 million years ago).

C. C. B.
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A Note on Russian Paleontology

American geologists have great trouble with the flood of Soviet paleon-
tological literature, since 19438 printed only in Russian. Evidence that
Russians have difficulties with English language papers is clear in a recent
article by Mandelstam (M. J. Mandelstam, Materialy po Paleontologii, new
series, no. 12, p. 138-139, 1956) . He cites the genus Theriosynecum Teich-
ert 1039 and emends the genus. Cypris purbekensis Forbes is given as type
species. Jonesina of Roth 1933, is placed in synonomy and Morrisonia
Moore, Lalicker, and Fischer is given as a synonym.

This reviewer can see Mandelstam’s errors (although he can not read
the text) because the genus was actually described by the reviewer. The

correct citation is:
Morrisonia Branson 1935, Jour. Paleontology, vol. 9, p. 521. Genotype

HMorrisonia wyomingensis Branson 1935, Not Morrisonia Grate 1874.

Theriosynoecum Branson 1936, Jour. Paleontology, vol. 10, p. 323,
new name.

I do not consider that the specimens referred to Jonesina by Roth in
1933 belong to the genus Theriosynoecum. Mandelstam errs in these par-
ticulars:

He misspells the generic name as Theriosynecum.

He attributes the genus to Teichert 1939 (in this article Teichert gave
the new generic name Rayella to an Ordovician genus originally given the
preoccupied name Basslerites).

He incorrectly cites Cypris purbeckensis as genotype and misspells
the trivial name (purbekensis). :

He refers Metacypris persulcata Peck from the Bear River of Wyom-
ing to Theriosynoecum. Peck had the types of Theriosynoecum and the
species is certainly not a Thertosynoecum.

He describes a new species, T. difensorum (p. 139,.pl. 26, fig. 5) from
the Cretaceous of the Transbaikal. The species clearly does not belong o
the genus; probably is a Metacypris. :

He figures (text fig. 51) a form as T. kristaphovitshi Mandelstam
as gen. et sp. nov. Obviously this is not a new genus and probably the
specific name was a manuscript name that leaked through into print.

Mandelstam’s article is but one of many in the book in which 135
new genera of fossils, animals and plants are described. If the other genera
are as badly handled as the one familiar to the reviewer, the fact that the
entire text is in Russian will be the least of the difficulties of paleontolo-
gists who try to use the book.

The book is Vsesouiznia Nauchno-Issledovatel’skii Geologicheskii In-
stitut (vsegem), Ministerstva Geologii i Ocbranii nelr SSSR, Novaya Seria,
Vesnick 12, Paleontologia, Materialy po Paleontologii, novye semeistva 1

rodyi, Moscow, 1956, 354 pages, 43 plates.
C. C. B.

Rock Salt as Cement in Sediments

Occasionally a short paper is of unusual significance. W. A. Wald-
schmidt has published a five-page paper (two of which are illustrations)
in which he shows that halite constitutes 0.24 to 29.0 pounds per cubic
foot in the rocks examined. Halitic sandstones are common in the Permian
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Seven Rivers and Yates sandstones. The mineral is identified in crushed
samples immersed in index liquids or in thin sections ground in oil. Per-
haps the occurrence of halite as a cementing material explains the fairly
common sandstones which resemble on surface the blighted soils adjacent
to brine wells. '

Waldschmidt, W. A., “Halite as a cementing material in sandstones.”
Amer. Assoc. Petroleum Geologists, Bull., vol. 42, p. 871-875, April, 1958.

C.C.B.

Permian Snails, and Some Oklahoma Forms

ML . npenmllant facci ; i
The excellent fossils extracted by acid from Permian rocks of Texas

and New Mexico have enabled paleontologists to reevaluate genera and
species of many groups. The latest sections to be published are those on
the gastropods. Part 1, by Ellis L. Yochelson, was printed in 1956, and
covers 6 superfamilies. Part 2, by Roger L. Batten, has just been issued,
and is concerned with the Pleurotomariacea. Our understanding of the
Permian snails is distinctly improved. The plates are excellent and the

descriptions are detailed.

Yochelson erected 6 mew genera and 30 new species; Batten 2 new
genera and 28 new species. In addition, Yochelson had erected a new genus
and species in 1956 and Batten 5 new genera and 5 new species in 1956.

'Some comments need to be made on some of the work. Batten extends
the range of Phymatopleura brazoensis (Shumard) into the Wolfcampian
(p. 205) and gives the locality of the single specimen as U.S.N.M. 712
This collection was made by the reviewer and was etched by Knight from
blocks of limestone in the cap of the small isolated hill south of the rail-
road station at Orogrande, Otero County, New Mexico. The specimen fig-
ured as Plate 36, figure 16 is from U.S.N.M. 702t, from shales believed
to be Wolfcamp near Gaptank, Glass Mountain area, Texas. Locality 712
yielded Glyptotomaria marginata Batten, 1958, Tapinotomaria globosa
Batten, 1958, Omphalotrochus cochisensis Yochelson, 1956, Anomphalus
varescens Yochelson, 1956, and Dichostasia simplex Yochelson, 1956. The
latter two are figured by Yochelson and clearly have a different preserva-
tion than the specimen of Phymatopleura. Batten also gives Paragoniozona
of P. nodilirate Nelson from Locality 712 (p. 206), but his figure (pl
36, fig. 17) is of a specimen from 702t. There is evidently a tvpographical
error in both cases. U.S.N.M. locality 712b is the same bed and locality
and the etch blocks were collected by this reviewer at a later time than
712. This lot contains Discotomaria nodosa Batten, 1958 (figured para-
type, pl. 37, figs. 19-20), Glyptotomaria marginata Batten, 1958, Euom-
phalus cornudanus (Shumard), 1859, Omphalotrochus obtusispira (Shu-
merd), 1859, Anomphalus varescens Yochelson, 1956, Dichostasia simplcx
Yoch-lson, 1956, and a platycerid.

Other species listed or described aze from U.S.N.M. localities 712 h.
712 i. This locality (it is but one) deserves further mention. The material
was collected by this reviewer and Jack S. Baker in 1946. The snails were
sent to Knight, the cephalopods to A. K. Miller, the brachiopods to J. 5.
Williams and G. A. Cooper, and the clams to N. D. Newell. The locality-
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has been inaccessible for some time as it lies in an army ordnance range.

The beds crop out in a small wash on and near the crest of a low divide

on an isolated hill developed on a fault block. The small collecting area

is just north of the center of the south line of the southwest quarter of
sec. 20, T. 22 S., R. 10 E. above nearly barren dolomites, and flooring the
dry wash is a limestone containing abundant specimens of Antiquatonia.

This bed is overlain by five feet of barren shale above which lies the

molluscan bed, three feet of light brown calcarous silty shale, which at

most places is weathered to clay with calcareous nodules. The fauna con-
sists of Pseudoschwagering sp. (one specimen), Amphiscapha (Amphis-
capha) proxima Yochelson, 1956 Aviculopinna sp., Medlicottia sp., Thalas-
soceras milleri (Boese), 1919, Bransonoceras bakeri Miller and Parizek,

1948, Properrinites sp., Derbyia sp., and several unidentified species. The

fossil bed lies about 600 feet above the base of ihe Hueco liimestond, Lelow

which is the Powwow conglomerate member.

A few Oklahoma specimens enter into the two papers. Yochelson iden-
tified Omphalotrochus wolfcampensts Yochelson, 1956, in the Red Eagle
limestone in the southern and abandoned part of the rock quarry near
Burbank, Osage County.
~ Batten refers to specimens of Phymatopleura brazoensis (Shumard)
from the Wewoka (p. 205), to an undescribed species of Borestus from the
Wann shale (p. 206), to a species of Glypiotomaria (Glyptotomaria) from
Pennsylvanian shales of Oklahoma (p. 214), and he figures a specimen of
Phymatopleura sp. from the Wann shale near Copan, Washington County
(p.- 36, fig. 18).
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Two Unusual Oklahoma Crinoids Described
By Harrell Strimple

The November issue of the Journal of the Washington Academy of
Sciences (vol. 47, p. 369, 1957) has an interesting description of two aber-
rant crinoids by Mr. Harrell L. Strimple. One of these, Laudonocrinus
sp., came from the Avant limestone (Pennsylvanian) of Osage County,
and is unusual in having the posterior interradius occupied by six elements
instead of the normal three. The second specimen, Phanocrinus alexanderi
Strimple, came from the Fayetteville formation (Mississippian) near Afton,
Oklahoma, and also bears extra plates in the posterior interradius. The
author notes that this plate structure is unusual in late Paleozoic crinoids.
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