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Tue ELk Crry Browout

February 23, 1973, the Oklahoma Geological Survey received a
telephone inquiry about huge rocks that appeared to be sprouting from
smooth pasture land owned by James Walter about 5 miles south of
Elk City, Beckham County, Oklahoma (sec. 22, T. 10 N, R. 21 W.).
Initial investigation revealed that a blowout had occurred, resulting
in a hole about 30 by 50 feet wide and 15 feet deep plus several large
cracks parallel to a creek bed. Fifty- and even 100-pound blocks of
red siltstone and shale of the Doxey Shale of Permian age were
thrown as far as 75 feet, several 30-ton boulders were lifted to an
upright position (cover picture), and 15-foot trees in the vicinity
were tilted 45°.

The blowout site is about 2,000 feet south of Shell Oil Company’s
Yelton LPG well, where liquefied petroleum gas (LPG), mostly pro-
pane, has been pumped into a pear-shaped storage cavity dissolved
from salt of the Blaine Formation of Permian age at a depth of 1,360
1,411 feet (see Oklahoma Geology Notes, v. 19, no. 2, Feb. 1959, p.
32-34). After personnel from Shell and the U.S. Bureau of Mines
detected 1 to 2 percent or more of total hydrocarbons, including 75
to 85 percent propane, emanating from the cracks at the blowout site,
Shell tested the storage system for leakage and found that approxi-
mately 30 gallons of propane per day was escaping.

So the blowout was apparently caused by the escaping propane
—not from the storage cavity itself but from a leak in the well bore.
The propane must have moved laterally along a thief zone or zones
in the shallow subswface until it had built up sufficient pressure to
cause a noncombustible eruption at the topographically lowest point
in the area, the creek bed.

In late March, Shell evacuated the remaining propane from the
storage cavity and began operations to pinpoint the source of the
leak. Meanwhile, on March 12, the boulders pictured were bulldozed
to rubble and the blowout feature destroyed. Thus the strange emer-
gence of the rocks near Elk City has been relegated to history.

—Robert O. Fay
(Photograph of Survey geologist R. O. Fay by Kenneth S. Johnson)

Editorial staff: William D. Rose, Rosemary Croy, Elizabeth A, Ham

Oklahoma : Geology Notes- is published: bimonthly by’ the Oklahoma
Geological Survey. It contains -short: technical - articles, mineral-
"industry .and petroleum news and statistics,” an annual bibliography
of Oklahoma geology, reviews, and announcements of general per-
tinence. to . Oklahoma ' geology.” Yearly ' subscription,  $2.00. All: sub-
-scription orders should be sent.to the address on the front cover.

Short értic_les on é.spects of Oklahoma geology. are welcome from-.
contributors. A set of guidelines will be forwarded on request.
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stratigraphy, 185

Pittsburg: highway construction, 10

Pontotoc: paleentelogy, 212

Roger Mills: exploration, 254

Sequoyah: lime plant, 186

Texas: Glorieta Formation, hydrology, 157; Postle area, petro-
leum, 16, 17, 101; subsurface Morrow sands, 15, 16, 17

Tulsa: geophysical recordings, 69
Wagoner: palecntology, 213
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Woods: Cherokee Group, subsurface, 132; field-trip sites, 105
Woodward: field-trip sites, 105
Cretaceous: biomes, Gulf Coast province, 196; Gulfian, East Texas
embayment, 209; northwest Oklahoma, 105; Washita, McCurtain
County, shales, 46
Devonian:
Boktukola syncline, 59
Hunton Group, 75
miospores, Carter County, 236
Misener Sandstone, 5
Woodford Shale, palynomorphs, 237
directories: earth sciences, 70; geoscience departments and faculties,
93
earth-science education: field-trip guidebook, 105; guidebook prepara-
tion, 106
earth sciences, bibliography, 70
EcoNoMmic GEOLOGY:
carbonate minerals, 187
carbon black, 202
cement, 23, 184
clays and shale, 13, 14, 80
coal, 65, 66, 67, 229, 247
coke and coal chemicals, 201
copper, 108, 194
crushed stone, 188
feldspar, 243
fluorspar, 250
gallium, 27
gas, see PETROLEUM AND NaTURAL Gas
general, 107, 133, 134, 161, 166, 204, 205
germanium, 8
gypsum and salt, 44, 103, 104
helium, 223
lead and zinc, 50, 95, 146
lime, 177, 187
magnesium, 26
metallic minerals, 50, 95, 146
mineral statistics, see MiNERAL INDUSTRIES and PETROLEUM AND
NaTuraL Gas
petroleum, see PETROLEUM aAND NATURAL Gas
sand and gravel, 53
stone, 54
tripoli, 29
electron microscopy studies, 173
energy resources, U.S. Bureau of Mines energy program, 207
engineering geology: highway construction, 10, 46, 90, 111, 119; sym-
posium proceedings, 111
ENVIRONMENTAL (GEOLOGY:
methane emission from coal mines, 100
petroleum pollution, 142, 198
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salt-water disposal, 157
subsurface waste disposal, 178, 182
water-pollution control, 159
Eocambrian, Wichita-Red River uplift, 127
Geochemistry: Excello Shale, organic-geochemical studies, 9, 102;
Pennsylvanian shales, geochemical variation, 35
geodes, 113
geographic names, decisions, 227, 228
(GEOMAGNETISM |
Anadarko basin, magneto-telluric data in exploration, 238
archeomagnetic dating, 55
map, Cleveland and MecClain Counties, 156
Spavinaw Granite, paleomagnetism, 206
Wichita Mountains, Precambrian paleomagnetic measurements,
203
Geomorphology: northwest Oklahoma, 105; Oklahoma, general, 107,
109:; Tesesquite Creek valley, 248; Washita River basin, 74
GEOPHYSICS:
He, Ne, Ar measurements in cosmic-ray studies, Keyes, 253
isoseismal studies, earthquakes, Midcontinent, 49
seismic data: Amchitka blast, 123; earth structure, 69; recordings
of earth potentials, 64
tectonophysics, formation of Quachita Mountain system, 110
guidebooks: Arbuckle Mountains, Paleozoic geology, 79; nontechnical
guidebook for field trips in Oklahoma, 105; preparation of non-
technical guidebooks, 106
Hunton arch, 127
Hyprovrogy:
Altus Reservoir, sediment survey, 122
annual report, Oklahoma Water Resources Board, 162
aquifer problems: salt-water disposal, 15; survey, 19
Caddo County, ground-water investigations, 125
geohydrology, Lower Verdigris River valley, 218
Glorieta Formation, salt-water disposal, 157
ground-water investigations: Caddo County, 125; effect of salt-
water disposal, 15; levels, 144; Ogallala Formation, 57; re-
charge, 84, 85
ground-water resources: Caddo County, 125; north-central Okla-
homa, 161; south-central states, 230
irrigation development, Ogallala Formation, 57
lake evaporation, Lake Hefner studies, 39
Lower Verdigris River valley, 218
Payne County, 185
precipitation studies, Washita River watershed, 152
salt-water disposal into aquifers, 157
sediment survey, Altus Reservoir, 122
surface water: evaporation, Lake Hefner, 39; farm ponds, 225;
north-central Oklahoma, 161; quality, 232
temperature-profile stations, 39
Verdigris River valley, 218
water-pollution control, 159
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water quality, 232
water resources: Caddo County, ground water, 125; general, 107;
ground-water levels, 144; ground-water recharge, 84, 85; Lake
Hefner, 39; north-central Oklahoma, 161; Ogallala Formation,
57; south-central states, ground water, 230; Washita River
watershed, 152
water-use estimate, 149
index, Oklahoma geology, 97
iodine and uranium in sedimentary rocks, 11, 33
lead and zinc: bibliography, 180; mineralogy, 95; statistics, 50, 95, 146
maps: magnetic map, McClain and Cleveland Counties, 156; state
maps, geologic, geomorphic, mineral, oil and gas, topographic,
water sources, 107
metallic minerals: ccpper, 108; lead and zinc, 50, 95, 180; manganite
and hausmannite, 94
meteorites, Lost City, 12, 190
Mill Creek, remote sensing, 233, 234, 235, 239, 240, 241

MINERAL INDUSTRIES:

histery: coal industry, 66; Tri-State district, 153

resources: bibliography, 180; carbcnate minerals, 187; clay and
shale, 13, 14; coal, 65, 66, 67; copper, 108; general, 107, 138;
gypsum and salt, 103, 104; lead and zinc, 95; lime, 186; me-
tallic minerals, 197; north-central Oklahoma, 161; petroleum,
185

statistics: carbonate minerals, 187; carbon black, 202; cement, 23,
184; clays and shale, 13, 14, 80; coal, 229, 247; coke and coal
chemicals, 201; copper, 194; crushed stone, 188; feldspar, 243;
fluorspar, 250; gallium, 27; general, 143, 134, 138, 166, 204,
205; germanium, 8; gypsum, 44, 103, 104; helium, 223; lead
and zine, 50, 95, 146; lime, 177, 187; magnesium, 26; natural
gas, 86; natural-gas liquids, 87; petroleum and natural gas,
2, 3, 4,71, 99, 118, 183; sand and gravel, 53; stone, 5§4; tripoli,
29

MINERALOGY:

bismuth in meteorites, 190

clay mineralogy: Camargo bentonite, 114; Havensville Shale, 124

manganite and hausmannite, 4

Precambrian formations, 51

MISSISSIPPIAN
Caney Shale, 59, 88, 220
Chester, 15
Chesterian, ammonoids, 191
Chickasaw Creek Formation, 68, 150
conodonts, 34, 211
epeirogeny, 175
Goddard Formation, 59, 211
Meramec, 15
Pitkin Formation, paleontology, 220
Springer Formation: conodonts, 211; diagenesis, 242
Stanley Group, 59, 154
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mudrock, quartz size distribution, 62
QOgallala Formation, irrigation development, 57
Oklahoma Department of Mines, annual report, 166
Oklahoma Geological Survey, annual report, 139
Oklahoma geology, bibliography and index, 97
Oklahoma Water Resources Board, annual report, 162
ORDOVICIAN:

acritarchs, 129, 219

Arbuckle Group, 56

bathyurid facies, 18

Boktukola syncline, 59

conodonts, 60, 141, 176, 217

faunal succession, 47

Kindblade Limestone, algae, sponges, 181

Qil Creek Formation, diagenesis, 173

oil reservoir, 58

West Spring Creek Formation, carbonate environments, 24

OuacHITA MOUNTAINS:
Boktukola syncline, 59
Chickasaw Creek Formation, 68, 150
exploratory oil well, 254
origin of Ouachita system, 110
Paleozoic stratigraphy, 140, 221, 222
Springer Shale, clay diagenesis, 242
Stanley Group: flysch deposition, 154; tuffs, 155
Stanley-dackfork, flysch facies, 145

palecbotany: algae, Kindblade Limestone, 181; algal oolites, Wood-
ford Shale, 33; general, Wewoka Formation, 245

PALEOECOLOGY:
Buckhorn Limestone, 208
Ervine Creek Limestone, 76, 77
Francis Formation, biofacies, 128
West Spring Creek Formation, 24
Wewoka Formation, 245
Woodford Shale, palynomorphs, 237
Paleozoic: Arbuckle Mountains, 78, 79, 168: lithology, 189; Permian
basin, 96; Woodford Shale, iodine-rich brines, 33

ParLrEozooroGy:
ammonoids, 191, 220
amphibian, 163, 164
bathyurid province, 18
brachiopods, 72, 245, 252
bryozoans, 151
conodonts, 5, 32, 34, 47, 60, 73, 120, 141, 176, 179, 211, 212, 217,
224
crinoids, 212, 213, 214, 215
cystids, 167
Diplocaulus parvus (amphibian), 164
dipnoian, 165
Dissorophoides, 163
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ecoevaluation, Francis Formation, 128

Epiphyton, 181

Fayella chickashaensis, 163

fish, 258

foraminifers, 226, 245

fusulinids, 61

general: Buckhorn Limestone, 208; Ervine Creek Limestone, 76,
77; Gulfian Cretaceous, 209; Hale Formation, 137; Hunton
Group, 75; Viola and Sylvan Formations, 1

Gnathorhiza, 165

Isoallegecrinus strimplei, 215

lithistid sponges, 181

molluscans, 196, 245

oysters, 143

Parazophocrinus, 212

Renalcis, 181

trilobites, 47

Tundracrinus, 214

vertebrates: amphibians, 163, 164; bibliography, 25, fish, 258

palynology: acritarchs, Ordovician-Silurian, 129, 219; Caney Shale,
88; miospores, Devonian-Mississippian, 236; palynomorphs, Wood-
ford Shale, 237
PENNSYLVANIAN:

Ardmore basin, stratigraphy, 169

Atokan, subsurface stratigraphy, 15

Bartlesville Sandstone, correlation by logs, 199

biostratigraphy, conodonts, 120

Boktukola syncline, 59

Buckhorn-Bartlesville sandstones, genesis, 200

Buckhorn Limestone, paleontology, 208

Cherokee Group, subsurface, 132

conglomerates, stratigraphy, 216

Deese Formation, 41

deposition and orogeny, 157

Desmoinesian: coal, 66; geochemistry, 102

Devils Kitchen Member, Deese Formation, stratigraphy, 41

Dewey Limestone, crinoid, 215

Elgin Sandstone, genesis, 200

Ervine Creek Limestone, paleontology, 76, 77

Excello Shale, organic geochemistry, 9

Francis Formation, bicfacies, 128

geochemical variation in shales, 35

Hale Formation, stratigraphy, 137

Holdenville Formation, crinoid, 214

Hughes Creek Shale, fusulinids, 61

Kessler Limestone, name change, 31

Keyes sand, subsurface stratigraphy, 15, 16

Leavenworth Limestone, biota, 226

Morrowan, subsurface stratigraphy, 15

Morrow sands: pressure relationships, 21; subsurface stratigraphy,
15, 16, 17; well-log salinity, 256
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Morrow-Springer trend, 42, 43

Savanna Formation, crinoids, 213
sedimentation, marine environments, 91, 175
Spiro sand, diagenesis, 173

Springer Formation, conodont dating, 211
Springer-Goddard, highway geology, 46
stratigraphic analysis, subsurface, 132
Vamoosa, highway geology, 46
Wapanucka Limestone, cementation, 81
Warner Sandstone, genesis, 200

Wewoka Formation, palececology, 245

PerMIAN:
Chickasha Formation, amphibians, 163, 164
copper-shale deposits, 108
correlation with Permian basin of Texas, 96
Crouse Limestone, stratigraphy, 246
Glorieta Formation, hydrology, 19, 157
Havensville Shale, clay mineralogy, 124
Hennessey Formation, dipnoian, 165
northwest Oklahoma, guidebook, 105
Pontotoc Formation, petrology, 40
Verden Sandstone, sedimentation, 48
Wreford megacyclothem, 151

PETROLEUM AND NATURAL GAS:

Anadarko basin: exploration, 238, 254; faulted fold belts, 83;
magneto-telluric exploration, 238; Morrow-Springer trend, 42,
43; natural gas in deep basin, 92; Postle field, 15, 16, 17, 101;
record-depth well, 112, 116, 158; relation to Boktukola syn-
cline, 59; Star-Lacey field, 249; subsurface Morrow, 15, 16,
17; well-log evaluation, 172; West Campbell (northeast Ce-
dardale) gas field, 89

Bartlesville sand, water and propane flooding, 98

Boktukola syncline, 59

Bromide sand, log analysis, 148

Cement field, surface evidence, 52

classification, 117

computer control, 101

Criner Hills, 36

drilling technology, 112, 116, 158, 257

Dutton-Verden-Norge trend, 192, 193

energy program, 207

exploration and development, 7, 99, 117, 254

Hewitt Unit waterflood, 37

history, Star-Lacey and West Campbell fields, 117

map, Oklahoma oil and gas, 107

Misener Sandstone, 5

Morrow sands, pressure relationship, 21

Morrow-Springer trend, 42, 43

north-central Oklahoma, 161

organic geochemistry, Cherokee Group, 9
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Pauls Valley field, Oil Creek sand, 58
pollution: abatement, 198; effects, 161
Postle field, 15, 16, 17, 101
propane flooding, 98
radiometrics for exploration, 7
record-depth well, 112, 116, 158
reservoir engineering, 37
southern Oklahoma, 45
Star-Lacey field, 117, 248
statistics, 2, 3, 4, 71, 86, 87, 99, 118, 205, 254
sulfur compounds, 174
technology, oil-recovery, 20
unitization, Pastle area, 101
Velma field, sulfur, 174
waterflooding, 37, 98, 101
well logs: evaluation, 148, 172, 255, 256, 257; use in correlation,
199
West Campbell field, 89, 117
West Cement field, infrared-imagery exploration, 126
Wilburton field, 257
PETROLOGY:
cementation and lithification of sandstone, 40
Chickasaw Creek Formation, 68
diagenesis of quartz, 173
genesis and geometry of sandstone, 200
tuffs, Stanley Group, 155
Precambrian: granite basement, 127; paleomagnetic measurements, 203;
stratigraphy, origin, age, 51
proto-Atlantic Ocean, relationship with Oklahoma Ordovician, 18
Quaternary, northwest Oklahoma, 105
radiccarbon dating, Spiro site, 38
REMOTE-SENSOR STUDIES:
discrimination of silicate rocks, Mill Creek, 233
geologic mapping on reflections, Mill Creek, 241
interpretation of infrared images, Mill Creek, 240
petroleum exploration, West Cement field, 126
quartz sand, infrared imagery, Mill Creek, 235
rock and soil discrimination, Payne County, 195
silicate rocks, Mill Creek, 234
spectral reflections, Mill Creek, 239
sandstone: cementation and lithification, 40; determination of trends
from sections and log maps, 199; diagenesis of quartz in sand-
stones, 173; genesis and geometry, 200
SEDIMENTOLOGY:
ancient sedimentary environments: barrier coastlines, Verden
Sandstone, 48; shallow-marine deposition, Oklahoma Penn-
sylvanian, 91
bathyurid facies, Ordovician, 18
carbonate deposition, Arbuckle Group, 24
cyclothems, Cherckee Group, 9
diagenesis, Springer Shale, 242
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flysch deposition: lower Stanley Group, 154; Stanley-Jackfork,
145
genesis and geometry of sandstones, 200
Misener Sandstone, 5
Morrowan: Postle field, 16; Texas County, 15
mounds, Ordovician Kindblade, 181
orogeny and deposition, Wichita Mountains, 175
Paleozoic, Midcontinent, 189
Permian basin, Paleozoic sedimentation, 96
sand-bar deposition, Arkansas River, 210
volcanics and graywackes, Cambrian, 127
shale behavior, highway geology, 119
Silurian: acritarchs, 219; conodont biostratigraphy, 179; Henryhouse
Formation, crinoid, 212; Hunton Group, 75
Spiro archeological site, radiocarbon dating, 38
stratigraphic names, changes, 31
STRATIGRAPHY:
Arbuckle Group: Arbuckle Mountains, 56; carbonates, 24
biostratigraphy: Buckhorn Limestone, 208; Caney Shale, 224;
Goddard Shale, 224; Ordovician bathyurid province facies,
18; Upper Cambrian, lowest Ordovician, 141; Wreford mega-
cyclothem, 151
Caney Shale, 82
Cherokee Group, 132
Criner Hills, 78
Devils Kitchen Member, Deese Formation, 41
general, Oklahoma, 109
Gulfian Cretaceous, 209
Hale Formation, 137
Hoxbar Group, subsurface, 193
Hunton Group, 75
Misener Sandstone, 5
Morrow, Texas County, 15, 16
northwest Oklahoma, 105
oil and gas fields, 117
Paleozoic: Arbuckle Mountains, 79, 168; Midcontinent, 189;
Quachita Mountains, 140, 221, 222
Payne County, 185
Pennsylvanian: Ardmore basin, 169; Arbuckle Mountains, 216
Precambrian, 51
Simpson Group, 30
Stanley Group: Chickasaw Creek, 68, 150; tuffs and stratigraphy,
155
Star-Lacey field, 249
Sycamore Limestone, 82
Sylvan Formation, 1
Timbered Hills Group, 121
Viola Formation, 1

STRUCTURAL GEOLOGY:
Anadarko basin, faulted fold belts, 83
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Arbuckle Mountains, Criner Hills, 78
fault-zone lineaments, 95
Oklahoma: cross sections, 107; general, 109
Pennsylvanian, Postle field, subsurface Morrow, 15, 16

Tertiary: northwest Oklahoma, 105; Ogallala Formation, volcanic ash,
170, 171

Tishomingo Granite, chronology, 45

topographic map, Oklahoma, 107

Tri-State district: bibliography, 180; history, 153; source of lead in
galena ores, 50

Verdigris River valley, geohydrology, 218

volcanic ash, alteration, Ogallala Formation, 170, 171

Washita River basin, geomorphology, 74

Washita River watershed, water resources, 152

West Cement field, petroleum exploration, remote sensing, 126

Wichita Mountains: Kindblade reefs, algae, 181; paleomagnetism,
Precambrian rocks, 203; relation to Boktukola syncline, 59; source
of materials in Anadarko basin, 83

Kansas Survey Oepens New Buirping
AND Honors Ravymonp C. Moore

S 5]

View of new 6-story building occupied by the State Geological Survey of
Kansas.

The State Geological Survey of Kansas has just moved into its
new building on the west campus of The University of Kansas in
Lawrence. The new $1,350,000 building was named Raymond C.
Moore Hall in recognition of Dr. Moore’s long and honored position
as geology teacher, department chairman, and state geologist. The
6-story structure’s 34,000 square feet of floor space affords ample
“elbow room” for the 70 full- and part-time survey staff members.
Equipment in the new facility is valued at $450,000.
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A ribbon-cutting ceremony on February 2, 1973, gave friends of
the survey and the public a splendid excuse to visit the new building
en masse and tour the facilities. More than 200 visitors arrived at the
appointed hour to see Dr. Moore and Governor Robert B. Docking
cut the ribbon. William W. Hambleton, state geologist and survey
director, introduced both Dr. Moore and Governor Docking as well
as Frank C. Foley, director emeritus of the survey, and other digni-
taries from the university community. Drs. Moore, Foley, and Ham-
bleton have reason to be proud of this moment of accomplishment,
for they each had a part in building the new facility: the three geolo-
gists have directed the survey since 1916 and have guided it to its
present position as one of the best in the country.

Formal dedication of the building is scheduled for September
28-29, 1973, and will feature a symposium on “Elements of a Na-
tional Energy Policy.” Among the participants will be Rogers C. B.
Morton, secretary of the U.S. Department of the Interior, Robert D.
Ray, governor of Iowa, and Vincent E. McKelvey, director of the
U.S. Geological Survey.

—Kenneth S. Johnson

Ribbon-cutting ceremony, with (from left) Dr. Raymond C. Moore, Gov-
ernor Robert B. Docking, and Dr. William W. Hambleton. (Photographs
courtesy of State Geological Survey of Kansas.)
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THe Late EARLY OrpoviciaN GasTropop Ceratopeq
IN THE ARBUCKLE MOUNTAINS, OKLAHOMA'

Evrirs L. YocHELsON®

Abstract — The gastropod Ceratopea, best known from its massive
operculum, is an important fossil for differentiating zones within the Kind-
blade and West Spring Creek Formations and for correlating to other
regions. A summary of the occurrence of species of Ceratopea was pub-
lished in 1957, but no details were presented. In the present work, the
geographic localities and stratigraphie positions of collections made by
the late W. E. Ham are given for the first time.

INTRODUCTION

The Early Ordovician gastropod Ceratopea is important to strati-
graphic studies of the Arbuckle Group. This gastropod is characteristi-
cally represented by its massive operculum rather than by its shell.
The operculum may be replaced by silica and can ke readily etched
from the limestone. Vertical distribution of Ceratopea species provides
a useful stratigraphic framework (fig. 1) for subdividing the great
thickness of limestones in the Arbuckle Mountains. A general sum-
mary that included a description and the stratigraphic distribution of
species of Ceratopea in Oklahoma was published by Yochelson and
Bridge in 1957. The present note provides details about the collection
used to write the summary.

HISTORY OF THIS NOTE

Ceratopea was named by E. O. Ulrich in 1911. Although Ulrich
did not describe species from Oklahoma at that time, he and Josiah
Bridge began a major study of the genus in the early 1930’s, and this
study included specimens from the State. The incomplete manuscript
based on the study was modified by Bridge and P. E. Cloud, Jr., to
include material from the Llano uplift of Texas, but it was not com-
pleted. After Bridge’s death on April 30, 1953, the manuscript was
eventually turned over to Yochelson, who revised it for publication
(Yochelson and Bridge, 1957).

In January 1950, the late William E. Ham of the Oklahoma Geo-
logical Survey submitted a large number of Arbuckle Mountain Cera-
topea to Bridge, who reported on them 2 months later. I did not
consult with Bridge on the Ceratopea manuscript, but a great deal of
information was transmitted to me indirectly via his report. The Ham
collections were exceptionally well documented as to geographic and
stratigraphic position; details as shown on the original labels are given
in tabular form in this note. Most specimens were well preserved, all
having been etched free from the matrix. However, after the zonal
arrangement had been worked out, Ham placed increasing reliance

"Publication authorized by the director, U.S. Geological Survey.
*Geologist, U.S. Geological Survey, Washington, D.C.
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Figure 1. General range of Ceratopea species in Arbuckle
3.
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on cutcrop identification of species. Thus, the Ham collections, al-
though extremely important, do not provide a fully accurate guide to
relative abundance or detailed geographic distribution of specimens in
the Arbuckle Mountain region.

Ham and Yochelson agreed that it would be useful to give more
specific details about Ceratopea in the Arbuckle Mountains than could
be presented in the summary work (Yochelson and Bridge, 1957). To
this end, a short manuscript was prepared by Yochelson, but the press
of other duties led Ham to other projects and he could not complete
the work. The present study is limited mainly to raw data on occur-
rence, identification, and number of specimens in the 1950 Ham col-
lections.

Recently, there has been considerable work in later Early Ordovi-
cian rocks of Arkansas by O. A. Wise, Jr., and E. E. Glick. As a result
of their efforts, large collections of Ceratopea opercula and some ac-
companying shells have been accumulated. In connection with their
study, the Ham material was reexamined. The zonal scheme remains
unmodified, but some of the clear-cut zones in Oklahoma are not quite
so clear-cut in Arkansas. In part, this may be the result of faster sedi-
mentation in the micgecsyncline, relative to the shelf, so that ranges
are stratigraphically longer and therefore less likely to overlap. In part,
it may be that the barren zones of the Arbuckle Group constitute a
facies unfavorable to Ceratopea. In part, this may be a consequence of
the Arbuckle collections being smaller, and, because they were pre-
pared in the laboratory, not subject to modification in shape and weath-
ering on the outcrop. The zonal arrangement still holds, but much
remains to be learned about Ceratopea in terms both of individual
variation and range of its various species.

By and large, my determinations of species in 1955 and again
recently have been the same as those of Bridge in 1950; only a few
minor changes have resulted. Possibly, further collections from the
Arbuckle Group might require additional changes in the concept of
a particular species.

Although this paper is based on collections more than two decades
old, the data provided are still pertinent to understanding the stratig-
raphy of the Arbuckle Group in its type area. This note is respectfully
dedicated to the memory of Jo Bridge and Bill Ham, who, among other
things, taught me to appreciate Ceratopea.

KINDBLADE FORMATION

In a summary section compiled early in 1955, Ham plotted the
Kindblade occurrences of Ceratopea through an interval of 1,300 feet.
On an apparently earlier plot, found among Ham’s manuscript papers,
he shows these cccurrences through a 1,450-foot interval, noting that
the Kindblade may be 1,000 to 1,450 feet thick but that the greater
thickness was the average for the Tishomingo and Arbuckle anticlines.
This formation does show some change in thickness from east to west
(Ham, 1955, p. 2, fig. 1). Most of the “extra” thickness is in the middle
of the formation where no Ceratopea were collected. I have used the
shorter plot, but where additional details or notes were available on
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the earlier version I have added them, This plot is given in figure 2;
positioning and annotations are from Ham’s sections. The Kindblade
is readily divided into two zones where Ceratopea opercula are mod-
erately common; these zones are separated by a wider interval, where
they are virtually unknown.

The lower zone carries opercula of four species: C. capuliformis
Oder, C. incurvata Yochelson and Bridge, C. germana Yochelson and
Bridge, and C. corniformis Yochelson and Bridge. The first three oper-
cula are easy to identify, being relatively short, strongly curved in the
early growth stage, and inflated but having a sharp carina. They are
also easy to distinguish among themselves on the degree of curvature
and on the degree of twisting out of a plane of symmetry. In the Ar-
buckle Mountains, C. germana is far less common, and, judging from
other areas, it is generally rare.

The operculum of C. corniformis is much more elongate and thus
resembles those in the overlying West Spring Creek Formation; it
differs from the younger forms in being generally smaller and in having
a more circular cross section. The occurrence of opercula of C. corni-
formis and C. capuliformis together in three collections (Ok 106, 120,
121) is definite. Its marked difference in shape from the other opercula
strongly suggests that C. corniformis might represent a somewhat dif-
ferent stock within the Ceratopea complex.

Though Ham did not attempt to distinguish any subzones, the
available material indicates that the lower 50-200 feet of the Kindblade
is characterized by C. capuliformis and C. corniformis, occurring either
separately or together, The interval from 250 to 375 feet above the
base is characterized by C. incurvaia or C. germana, again occurring
separately or together (Ok 104). More collections from the lower part
of the Kindblade might help prove whether C. germana is a true bio-
logic species. As noted, elsewhere in Early Ordovician rocks C. ger-
mana is exceedingly rare. It is certainly closely related to C. incurvata,
and there is a possibility that it may be a spurious form, modified by
solution or wear. At this time, however, I consider it a distinct species.

The upper zone of the Kindblade is characterized by C. tennes-
seensis. The operculum of this species is short, broad, flattened, and
virtually uncurved. It is shaped like a crude arrowhead and is readily
distinguishable from all four older species. So far as can be determined,
there is no difference between the specimens above and below the
apparent gap at the 1,100-1,200-foot interval,

Ok 128, the only occurrence in the barren zone, presents special
problems. It is plotted at the stratigraphic interval indicated on Ham’s
earlier section and is in approximately the same relative position on
his shorter section (fig. 2). Were the position plotted at 850 feet above
the base of the shorter section, it would fall only a short distance below
the lower of the two subzones of C. tennesseensis. Clearly, this locality
should be reinvestigated to see if the distances from the top and from
the base of the section are correct, or, alternatively, if minor faulting
is involved.

The last species in the Kindblade is C. keithi, known only from
Ok 123. This operculum is essentially like that of C. tennesseensis,
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WEST SPRING CREEK FORMATION
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Figure 2. Occurrences of Ceratopea opercula collected by Ham in
Kindblade Formation, Arbuckle Mountains (from W. E. Ham, un-
published section).
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except somewhat longer. Its possible range in position is indicated by
a bracket on figure 2. Placing it within or near the zone of C. tennes-
seensis is reasonable and is comparable with cccurrences in Georgia
(Charles W. Cressler, Calhoun, Georgia, oral communication, 1970).
However, on the earlier chart, Ham indicated 60 feet below Ok 118
as the approximate horizon of C. keithi. There is a notation “at two
localities in Hunton anticline only.” Again, reinvestigation seems

desirable.

No gastropod shells or shell fragments that might be attributed to
Ceratopea opercula occur in the Kindblade Formation. Locality details

for the Kindblade collections follow.

COLLECT ON
NUMBER

Ok 100

Ok 101

Ok 102

Ok 103

Ok 104
(Holotype,
USNM 128186)

Ok 105

Ok 108

Ok 107

Ok 108
(Hypotype,
USNM 128181)
Ok 109

Ok 110

Ok 111

Ok 112

Ok 113
(Hypotype.
USNM 128188)
Ok 114

Ok 115

Ok 116

Ok 117

Ok 118

GEQGRAPH C
LOCALITY

150 feet N., 150 feet W. of SE.
corner sec. 4, T. 2 S, R. 1 W,
Murray County
200 feet N., 200 feet W. of SE.
corner sec. 4, T.2 S. R. 1 W..
Murray County
1.400 feet W., 2,100 feet N. of SE.
corner sec. 4, T.28, R 1 W,
Murray County
1.300 feet W., 2,050 feet N. of SE.
corner sec. 4, T. 2 S, R. 1 W,
Murray County
200 feet E., 1,400 feet S. of NW.
corner sec. 3, T.2 85, R. 1 W,
Murray County
200 feet E.. 1,350 feet S. of NW.
corner sec. 3, T.2 S, R. 1 W.,
Murray County
2,000 feet E. of SW. corner
sec 3, T.2S8.R. 1E.
Murray County
1,000 feet N., 900 feet W, of SE.
corner sec. 4, T.2 S, R. 1 E..
Murray County
2,400 feet E., 2,150 feet N. of SW.
corner sec. 6, T.2 S, R. 1 E,
Murray Countly
2,300 feet E., 400 feet S. of NW.
corner sec. 11, T.2 S, R. L E,,
Murray County
SEl, sec. 5, T.1 S, R.1 W,
Murray County
2,550 feet W., 2,250 feet N, of SE.
corner sec. 30, T. 1 S, R. 1 W..
Murray County
NEY,NW, sec. 4. T.2S,R. 1 W,
Murray County
SEl, sec. 10, T.2 8, R 1 W,
Murray County

NEY,NW1, sec. 30, T. 2 8.

R. 1 W., Murray County

1,250 feet S. of NW. corner
sec. 23, T.2 S, R. 2 E.,

Carter County

2,400 feet E., 50 feet N. of SW.
corner sec. 18, T. 28, R. 4 E.,
Murray County

650 feet W., 600 feet N. of SE.
corner sec. 18, T.28, R. 4 E,,
Murray County

1,000 feet W., 700 feet N. of SE.
corner sec. 18, T. 28, R. 4 E..
Murray County
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STRATIGRAPHI(C
POSIT:ON
30 feet below
top

50 feet below
top

243 feet below
top

304 feet below
o

279 feet above
base

265 feet above
base

160 feet above
base

140 feet above
base

100 feet above
base

75 feet above
base

30 feet below
top
30 feet below
top

30 feet below
top

30 feet below
top

30 feet below
top
34 feet below
top

29 feet below
top

298 feet below
top

343 feet below
top

NUMBER OF
SPECIMENS

16

[~
S -

N o

SPECIES
IDENTIFIED
C. tennesseensis

C. tennesseensis

C. tennesseensis

C. tennesseensis

C. germena

C. incurvata

C. incurvata
(Orospira sp. also
in collection)

C. capuliformis
C. corniformis
C. capuliformis
C. corniformis

C. capuliformis

C. tennesseensis

C. tennesseensis

C. tennesseensis

C. tennesseensis

C. tennesseensis

C. tennesseensis

C. tennesseensis

C. tennesseensis

C. tennesseensis



Ok 119 1,650 feet W., 250 feet N. of SE. 328 feet above 4 C. germana

(Holotype, corner sec, 17, T.2 S, R. 4 E,, base

USNM 128129; Murray County

paratype,

USNM 128180)

Ok 120 1.400 feet W., 300 feet N. of SE. 174 feet above 2 C. capulifom.lis
corner sec. 17, T. 2 S, R. 4 E,, base 2 C. corniforml§
Murray County (Archeoscyphia sp.

also in collection)

Ok 121 250 feet E., 500 feet N. of SW. 265 feet above 8 C. capulifom.tis
corner sec. 4, T. 38, R. 4 E,, base 3 C. corniformis
Johnston County

Ok 122 600 feet E., 400 feet N. of SW. 198 fcet above 1 C. capuliformis
corner sec. 4, T.3 S, R. 4 E,, base
Johnston County

Ok 123 1,100 feet N, 700 feet W, of SE. About 200 feet 76 C. keithi
corner sec. 26, T. 1 N, R. 5 E., below top
Pontotoc County

Ok 124 350 feet S., 1,600 feet W. of NE. 30 feet below 5 C. tennesseensis
corner sec. 4, T. 1 S, R. 5 E., top
Johnston County

Ok 125 1,000 feet N, 1,700 feet W. of SE. 282 feet above 3 C. incurvata
corner sec. 14, T 2SS, R. 7E,, base
Johnston County

Ok 126 1,050 feet N., 1,600 feet W. of SE. 318-320 feet above 7 C. incurvata
corner sec. 14, T. 2 S, R. 7TE,, base
Johnston County

Ok 127 750 feet E., 2,000 feet S. of NW. 236 feet below 3 C. tennesseensis
corner sec. 19, T. 2 S, R. 2 E,, top
Carter County

Ok 128 800 feet E., 400 feet N. of SW. 607 feet below top; 1 C. tennesseensis

corner sec. 17, T.2 S, R. 4 E,,
Murray County

862 feet above base

(Tritoechia cf. T.
delicatula also

delicatula
WEST SPRING CREEK FORMATION in collection)

In contrast to the opercula in the underlying Kindblade, those in
the West Spring Creek are not readily distinguishable from each other.
The problems of stratigraphic utility are compounded by more pro-
nounced differences between the fossils of the Arbuckle-Tishomingo
anticline and those from outcrops in the eastern Arbuckle Mountains.
Again, in the Ham papers there is a plot of the stratigraphic positions
in which collections from these two areas were distinguished (appar-
ently earlier than the one used by Yochelson and Bridge in 1957).
I have reproduced the plot in figure 3, except for the eastern collection
numbers that were duplicated on the Arbuckle-Tishomingo anticline
column. Eastward thinning of the West Spring Creek is more pro-
nounced than in the Kindblade (Ham, 1969, p. 33, fig. 27).

In figure 4, the part of the summary sheet in which Ham at-
tempted to place the eastern collections in presumed proper strati-
graphic sequence is reproduced. A great deal depends here on the
interpretation of the species concept. I now believe that this correlation
of the two areas may not be entirely correct. It may be that the 150
feet or so of strata between Owsc 109 and Owsc 110 is approximately
the same as the 350 feet between Owsc 123 and Owsc 120 (as shown
in fig. 8); it may be that the species in the eastern facies coexisted with
a different species in the Arbuckle-Tishomingo anticline area. Alter-
natively, it may be that the ranges of individual species are shorter
but that the species are not so readily distinguished. Without additional
collections, this problem cannot be resolved. In any event, the data do
support the notion that the western sections are thicker.

The lowest group of collections in the formation. fortunately, are
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JOINS FORMATION
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Figure 3. Oceurrences of Ceratopea opercula collected by Ham in two
outcrop areas of West Spring Creek Formation, Arbuckle Mountains
(from W. E. Ham, unpublished section).
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Figure 4. Combined stratigraphic position of Ceratopea collections
in upper two-thirds of West Spring Creek Formation in eastern
and Arbuckle-Tishomingo anticline areas of outcrop, as suggested
by Ham in 1956 (from W. E. Ham, unpublished section).
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not involved in any uncertainty. All specimens in the lowest six col-
lections are referred to C. ankylosa Cullison. This is a wide, flattened,
short, abruptly expanding hooked form, having two muscle pits con-
nected with a groove. Its range is separated by almost 200 feet of
presumably unfossilifercus strata from the next younger group of col-
lections. In passing, it must be pointed out that Bill Ham noted a
drafting error in Yochelson and Bridge (1957, p. 293, fig. 103); C. anky-
losa does not occur near the top of the section in the El Paso Lime-
stone.

Above the occurrence of C. ankylosa, five collections from the
Arbuckle-Tishomingo anticline area contain opercula of C. buttsi. This
is a long (thick) form, very little curved, and expanding gradually in
width; it has one deep pit within the general muscle-attachment area.
The position of Owsc 112 is given as the same as that of Owsc 108;
there is a discrepancy between the plotted position and the stratigraph-
ic data in these two collections. One additional collection from the
eastern areas of outcrop, Owsc 122, is assigned to this species.

Within this interval, collection Owsc 114 contains a single speci-
men, the holotype of C. hami Yochelson and Bridge. Although it is not
the intent of this paper to modify the systematics of Ceratopea sub-
stantially, upon reexamination I do not find it feasible to differentiate
between that species and C. knighti Yochelson and Bridge, directly
overlying in Owsc 113. Accordingly, C. knighti is herewith placed in
the synonymy of C. hami.

My current view of C. hami is that this is a far more variable
species than could be surmised from the lone original specimen, Oper-
cula of this species are broadly hook shaped, though some opercula of
C. buttsi, which are more strongly curved, approach them in shape. The
opercula are relatively wider and higher than those of C. buttsi but
not commonly as long. The attachment surface bears a pit almost as
prominent as that of C. buttsi. However, there may be a second shallow
pit—this is a variable feature—with a connecting ridge, so that small
worn specimens appear similar to C. ankylosa. I now think that some
specimens collected from the eastern facies should be identified as C.
hami. A group of these were considered by Ham (fig. 4) as a “zone of
praecursor to C. unguis”—quite a reasonable assignment.

However, two specimens in Owse 122 constitute what might be an
undescribed species; they are stratigraphically below two other poorly
preserved specimens in Owsc 127 that might be identified as C. hami.
If one assumes that the occurrence of C. buttsi in the eastern outcrops
is at about the same level as its lowest occurrence to the west, the
resulting correlation indicates that the section to the east is thinner
but has fossiliferous beds extending through a greater thickness. The
two youngest collections, Owsc 118 and Owsc 120, each contain a few
rather large, sturdy opercula. They are differentiated with difficulty
from C. hami but seem to show more of the features of C. unguis, the
youngest species. The transitional form of these specimens is further
complicated by erosion of their exterior. Once again, it would be de-
sirable to have a larger collection for study.

With the eastern facies specimens assigned, with varying degrees
of assurance, to several species, the specimens from this general interval
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in the Arbuckie-Tishomingo anticline are assigned to C. unguis Yochel-
son and Bridge. The operculum is another large form. It is more
strongly curved than that of C. buttsi and slightly less strongly curved
than typical C. hami opercula, though in this feature there is overlap
between the two. Opercula of C. unguis seem to widen at a slightly
slower rate than those of C. hami and at a slightly faster rate than
those of C. buttsi, though again there is overlap. The prime distin-
guishing feature of the operculum is a deep cup-shaped muscle-
attachment surface which contains one deep pit. Although this is dis-
tinctive, incomplete specimens can be confused with the other two
elongate forms of opercula in the West Spring Creek.

Although C. unguis can be distinguished from the underlying C.
buttsi and C. hami, care should be taken that one is not misled by poor
material. In the Arbuckle-Tishomingo anticline area, C. unguis marks
the upper part of the formation and has a wide stratigraphic separation
from underlying species.

Shell {ragments are known along with opercula of C. hami from
Owsc 117. Well-preserved shells were found by Ham and Yochelson
with opercula that are probably conspecific with the type of C. buttsi.
These were collected 400 feet west and 200 feet north of the EY} corner
sec. 17, T. 5 S,, R. 1 E., Carter County, Oklahoma (Yochelson and
Bridge, 1957, pl. 37, figs. 27, 30, 31, 33, 34). Not unexpectedly, these
are similar to the one in a life asseciation of C. unguis shell and oper-
culum found at Smithville, Arkansas (Yochelson and Wise, 1972).

Locality details for the West Spring Creek collections follow.

COLLECT ON
NUMBER

GEQGRAPHIC
LOCALITY

STRATIGRAPHIC
POS'TION

NUMBER OF
SPECIMENS

sPECIES
(DENTIFIED

Qwse 100 NEY,NEY, sec. 9, T. 2 S., R. 354 feet above losa
1 W., Murray County base

Owsce 101 750 feet W., 1,550 feet S. of '563 feet above 7 C. buttsi
NE. corner sec. 9, T. 2 8., base; 810
R. 1 W, Murray County feet below top

Owsc 102 1,100 feet S. of El4 corner 238 feet below 31 C. unguis

(Paratype. sec. 9, T.2S.,  R. 1 W.. top

CSNM 128185) Murray County

Owse 103 1,100 feet 8. of El/, corner 229 feet below 27 C. unguis
sec. 9, T. 2 8., top
Murray County

Owsc 104 1,150 feet S. of EY, corner 196 feet below 6 C. unguis
sec, 9, S, R 1W, top
Murray Count_v

Owse 103 200 feet N., 1,800 feet W. of 179 feet below 10 C. unguis
EY4 corner sec. 9, T. 2 8., top
R. 1| W., Murray County

Owse 106 SWI4ASWY, sec 19, T.2S., R. 2 E. 270 feet below 8 C. unguis
Carter County top

Qwse 107 1,700 feet E., 500 feet S. of NW. 169 feet above 3 C. ankylosa
correr sec. 19 T.2S.. R. 4 E. base
Murray County

Owse 108 1,400 feet E., 1,700 feet N. of SW. *About 550 feet 6 C. buttsi

(Holotype corner sec. 6, T.3 8., R. 4 E., above base;

USNM 128183) Johnston County about 900 feet

below top

Owse 109 Center SEVY] sec. 24 T. 1 8., R. 550 feet above 6 C. buttsi
2 W., Carter County base

Owse 110 1.000 feet W, of NE corner sec. 800-805 feet 40 C. buttsi

5, T.28., R 4E.
Murray County
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Owsce

Owsc

(Paratype.
USNM 128184)

Owse

(Holotype
C. knighti,
USNM 128187)

Owse

(Holotvpe,
USNM 128182)

Owsc

Owse

Owsc

Owsc

Owse

Owsc

Owsc

Owse

Owsc

Qwsc

Owsc

Owsc

Owsc

11t

112

113

114

115

116

17

127

1,050 feet E., 750 feet S. of NW.
corner sec. 19, T. 28, R. 4 E.,
Murray County

1,500 feet E., 1,000 feet N. of SW.
corner sec. 10, T. 238, R. 1 E,,
Murray County

Center NEV4 sec. 5, T. 2 S,

R. 1 W, Murray County

300 feet W., 950 feet N. of SE.
corner sec. 14, T.2S, R. 2 E,,
Murray County

2,400 feet W,, 1,100 feet S. of NE.
corner sec. 13, T. 28, R. 1 W,
Murray County

1,350 feet W., 700 feet S. of NE.
corner sec. 24, T. 1 8., R. 2 W,
Carter County

1,600 feet N., 1,300 feet E. of SW.
corner sec. 16, T. 1 S, R. 5 E,,
Johnston County

400 feet S., 900 feet W. of NE.
corner sec. 17, T.1 8, R. 5 E,,
Johnston County

1.000 feet S., 650 feet E. of NW.
corner sec. 22, T. 1 S.. R. 5 E,
Johnston County

2,300 feet N., 1.300 feet E. of SW.

corner sec. 3, T.1 N, R. 6 E,,
Pontotoc County

1,900 feet 8., 1,100 feet W. of NE.
corner sec. 33, T.2 N, R. 6 E,,
Pontotoc County
NEVNEYV,SWVY, sec. 21, T. 2 S..
R. 6 E., Johnston County

500 feet N., 2,300 feet E. of SW.
corner sec. 25, T.1 N, R. 4 E,,
Murray County

1,000 feet N., 1.800 feet E. of SW.
corner sec. 28, T. 1 N, R. 4 E,,
Murray County

1,750 feet E., 300 feet S. of NW.
corner sec. 30, T. 28, R. 4 E..
Murray County

2,000 feet S.. 1.500 feet E. of NW.
corner sec. 19, T. 1 N.,, R.§ E,,
Pontotoc County

2,300 feet S., 500 feet E. of NW,
corner, sec. 25, T. 1 8., R. 6 B,
Johnston County

*Plotted position on Ham's log is 690 feet above base.

“Plotted position on Ham’s log is about 600 feet above base.

region: Oklahoma Geological Survey Guide Book 3, 61 p.

335 feet above
base

595 feet above base;
about 960 feet helow
wp

610 feet above

base

About 600 feet
above base

About 370 feet
above base

Lower middle
Owsc

About 350 feet
below top

Upper({?) part
Upper(?) part
Upper part
210 feet below
top

500 feet below
top

About 500 feet
below top

About 350 feet
below top

395 feet above
base

450 feet below
top

About 200 feet
below top
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USGS Assesses World Resources

The U.S. Geological Survey has announced publication of results
of the first assessment of critical mineral and fuel commodities ever
attempted on a worldwide scale. The ambitious project netted data
on production, imports, exports, proved reserves, and estimated re-
serves of oil and gas, copper, nickel, cobalt, and manganese for 120
nations and 6 continents. In addition, historical trends and the impact
of probable future developments were considered.

According to the report, Asia (including the USSR) and North
America, currently the dominant oil-producing regions of the world,
also have the largest reserves for the future. Proved oil reserves for
the world total about 634 billion barrels (511 onshore and 101 offshore
plus an additional 22 billion for which onshore-offshore distribution
data are not available). The United States has 45.3 billion barrels of
proved reserves (39.6 onshore and 5.7 offshore), while the Soviet
Union has about 75 billion barrels (less than 73.6 onshore and greater
than 1.4 offshore). Asia alone contains over 70 percent of the total
reserves of all 120 countries considered.

Oil and gas production in the United States is rising dramatically
—from about 2,900 million barrels of oil and 14,945 billion cubic feet
of gas in 1960 to 4,091 million barrels of oil and 23,905 billion cubic
feet of gas in 1971. However, the report indicates that oil and gas
production is shifting from North America to Africa and Asia. Also
interesting if not disturbing is the prediction that the center of the
world supply and production of gas may shift from North America to
an area of the USSR east of the Ural Mountains.

Prepared by a task force of USGS scientists under the direction
of Dr. John P. Albers, associate chief geologist and senior author of
the publication, Summary Petroleum and Selected Mineral Statislics
for 120 Countries, Including Offshore Areas has been released as
USGS Professional Paper 817. It can bhe purchased from the Super-
intendent of Documents, Government Printing Office, Washington,
D.C. 20402, for $2.10 a copy.

Resurts oFr AIPG QUESTIONNAIRE
ON REGISTRATION IN OKLAHOMA

Following several months’ discussion of the pros and cons of the
recognition of the professional practice of geology and geophysics in
Oklahoma by State registration, the Oklahoma Section of the Ameri-
can Institute of Professional Geologists decided to prepare and mail
out a questionnaire so that a consensus on this question could be ob-
tained from the largest possible number of geclogists and geophysicists
in Oklahoma.

The purpose of the questionnaire was twofold: (1) to guide the
Oklahoma Section of AIPG in determining whether or not to advance
a registration bill to the State Legislature and (2) whether or not the
“Model Bill Providing for the Registration of Geologists and Gee
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physicists in Oklahoma™ was an appropriate vehicle for registration.

The questionnaire itself comprised three main sections requesting
personal data, opinions on the proposed Model Bill, and opinions on
statutory registration. Copies of the questionnaire were mailed out in
August 1972 and were to have been returned by September 1, 1972.

John W. Ramsey, Jr., was appointed chairman of the committee
tc handle the distribution and tabulation of the questionnaire. His
committee members were Louis R. Wilson, Ralph H. Espach, Jr., and
Joe W. Ferguson (a member of SExG). The work of John and his
committee is acknowledged and appreciated.

A total of 1,481 questionnaires were distributed in the following
manner: 1,114 to members of The American Association of Petroleum
Geologists residing in Oklahoma, 41 to members of the Ardmore Geo-
logical Society not cn the AAPG list, 97 to members of the Geophy-
sical Society of Oklahoma City, 121 to members of the Oklahoma
City Geological Society not on the AAPG list, 76 to members of the
Tulsa Geological Society not on the AAPG list, and 32 picked up by
geologists using the Oklahoma City Geological Society library. (The
membership of the Geophysical Society of Tulsa was inadvertently
omitted from the mailing because of an oversight; this oversight is
regretted.) _

By September 1. 1972, the closing date, 439 questionnaires had
been received, representing a return of 30 percent. Following is a
detailed breakdown of the information obtained from the returned
questionnaires.

A Personal Data

1. Years of professional experience: 0-5 years, 18 persons; 5-15 years,
76 persons; 15-25 years, 225 perscns; 25-35 years, 69 persons; over
35 years, 48 persons; no answer, 3.

2. Employment status: major company, 113; independent company, 131;
teaching, 12: consultant/independent, 178; government agency, §;
retired, 7; other, 14; no answer, 3.

3. Principal endeavor: research, 60; administration, 66; operations, 299;
other, 57; no answer, 22.

4. Are you: a geologist, 363; a geophysicist, 25; both a geologist and
geophysicist. 42; other. 11; no answer, 3.

5. Is your principal membership in: Tulsa Geological Society, 105; Geo-
physical Society of Tulsa, 21; Oklahoma City Geological Society, 252;
Geophysical Society of Oklahoma City, 37; Ardmore Geological So-
ciety, 38; no answer, 36.

6. Are you a member of: AAPG, 364: SExG, 70; AIPG, 71; no answer, 47.

7. Do you practice professionally in states other than Oklahoma? Yes,
327; no, 95; no answer, 17.

B Model Registration Bill

1. Have you carefully read the “Model Bill Providing for the Registra-
tion of Geologists and Geophysicists in Oklahoma”? Yes, 329; no, 99;
no answer, 11.

2. Did you attend any meeting where the Model Bill/registration was
the principal topic of discussion? Yes, 182; no. 244: no answer, 13.

This bill was drafted early in 1972 by a joint committee representing the
State’s geological and geophysical societies. The draft was published in
the Shale Shaker (v. 22, no. 4), the official organ of the Oklahoma City
Geological Society.
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3. Which one of the following statements most nearly reflects your
opinion? (a) I would like this bill introduced into the Legislature at
the earliest appropriate moment, 68; (b) this bill should be shelved
until statutory registration is forced upon us by outside interests, 136;
(c) this bill is unsatisfactory and efforts toward registration should
be discontinued, 189; no answer, 46.

C Statutory Registration

1. Which one of the following statements most nearly reflects your view?
(a) I favor statutory registration, 53; (b) I favor statutory registration
but do not feel strongly about it, 48; (¢) I am neutral, 37; (d) T am
opposed to statutory registration but do not feel strongly about it, 94;
(e) I am strongly opposed to any form of statutory registration, 202;
no answer, 5.

2. If a registration law is passed in Oklahoma in the next 5 years, will
you: (a) have to apply for registration, 173; (b) not have to, but
probably would, apply for registration, 155; (c) not have to, and will
not, apply for registration, 77; no answer, 34.

3. If registration becomes law in any state adjoining Oklahoma, how
would you feel about registration in Oklahoma? Would favor, 137;
would oppose, 262; no answer, 40.

4. Do you believe that some form of registration will ultimately be
necessary? Yes, 152; no, 262; no answer, 25.

5. As an alternative to statutory registration, would you prefer official
state recognition of certification by existing national geological and
geophysical organizations? Yes, 300; no, 108; no answer, 31.

In view of the information obtained from this questionnaire, the
Oklahoma Section of AIPG has dropped all efforts to seek statutory
registration as a means for recognizing the professional practice of
geology and geophysics in Oklahoma until such time as the geocom-
munity requests that it be recalled.

—Executive Committee, Oklahoma Section, AIPG

AAPG SoOUTHWEST SECTION-SEG MIDWEST SOCIETIES
JOINT MEETING
ForT WorTH, TEXAS, MARCH 14-16, 1973

The following abstracts are reprinted from the February 1973
issue, v. 57, of the Bulletin of The American Association of Petroleum
Geologists. Page numbers appear in brackets below each abstract. Per-

OKLAHOMA ABSTRACTS is intended to present abstracts of recent
unpublished papers relating to the geology of Oklahoma and adjacent areas
of interest. The editors are therefore interested in obtaining abstracts of for-
mally presented or approved documents, such as dissertations, theses, and
papers presented at professional meetings, that have not yet been published.
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mission of the authors and of A. A. Meyerhoff, managing editor of
AAPG, is gratefully acknowledged.

Application of Reservoir-Pressure Data in Prospecting

P. A. DICKEY and L. MASROUA, Department of Earth Sciences,
The University of Tulsa, Tulsa, Oklahoma

The search for stratigraphic traps is basically the search for bar-
riers to the movement of fluids. Such barriers can be identified more
surely by pressure information than by stratigraphic correlation. We
think of normal reservoir pressure as “that necessary to sustain a col-
umn of water to the surface.” However, when oil or gas is in lenticular
sands, the initial reservoir pressures may be much less or much more
than ‘“normal.” Examples of low pressures are found in the Cretaceous
of New Mexico and Alberta, and the Morrow of western Oklahoma.
Abnormally high pressures are found in many areas of the world,
especially in Tertiary sediments, but also in the Pennsylvanian Mor-
row sandstones of central Oklahoma. In Blaine County there are about
10 separate Morrow reservoirs. All the wells in each reservoir have sim-
ilar initial pressures and subsequent pressure-decline histories, which
differ markedly from one reservoir to another. It should be possible
from well performance, or even good drillstem-test data, to tell which
reservoir a wildcat well has penetrated, or whether it has found an
entirely new reservoir. Thus the regional extent of each reservoir can
be ascertained very early during exploration. [420]

Stereo and Mosaic Aerial Photo Study of Part of the Central Ouachita
Mountain System in Oklahoma and Arkansas*

F. A. MELTON, School of Geology and Geophysics, The University of
Oklahoma, Norman, Oklahoma, and K. S. JOHNSON, Oklahoma Geo-
logical Survey, Norman, Oklahoma

A careful study of stereo aerial photographs of a central part of
the Ouachita Mountains in Oklahoma and Arkansas, followed by a
related study of photo-index sheets of a much larger area in the Ouach-
itas, yields the following tentative conclusions:

1. The earliest structural dislocations of field dimensions are a
series of approximately parallel “early bedding faults” in the Stanley
Shale, increasing in number downward in the section. A slight schis-
tosity and (or) cleavage, also nearly parallel to bedding, may likewise
increase downward. The prime source of this deformation was probably
an underthrusting basement moving northward. There is a scarcity of
proven overthrusts, as opposed to underthrusts, but there are a great

'Abstract expanded at authors’ request.
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many thrust faults with a normal age sequence of formations across
the fault.

Other investigators have pictured the predominant faulting. as
overthrusting. Some overthrusts should form even with predominant
underthrusting, and some are believed to exist. The most likely place
for this is in the western part of Windingstair Mountain and in the
Ti Valley fault zone. These are cutside the area of this study.

2. The next major episode seems to be steep faulting, probably
involving the basement and overlying sediments, producing semi-fault-
block structures with tight broken anticlines; this was. followed' or
accompanied by a ccllapse of the sediments into deep. synclines. Most
of the high synclinal and more complicated ranges have straight or-
gently curved bordering steep faults in the adjacent lowlands.

3. The next recognizable tectonic movements were probably the
uplifts of three main anticlincria. At this time the Ouachitas began
to shed coarse as well as finer clastic sediments toward the west and
prcbably in other directions. The Fallis, Garber, and Duncan-San
Angelo sandstone stratigraphic wedges may have been deposited to
the west in Oklahoma at this time.

4, The Mid-Continent regional uplift which included the Ouachi-
tas must have produced a flood of coarse clastics adjacent: to the
mountains. These tectonic conglomerates have been removed. by sub-
sequent deep erosion, except for their distal equivalents—the three
units mentioned in item 3 and the Whitehorse (Marlow and Rush
Springs) sands—which are present in the Lower and Middle Permian
of western Oklahoma and the western part of north-central Texas.
This episcde cannot be definitely separated from those. of item 3 above:

5. The nearly vertical Big Cedar (Y City?) fault extends nearly
200 mi from near Big Cedar, Oklahoma, to Jacksonville, Arkansas,
northeast of Little Rock. It probably was formed during a period of
relaxation or tension in Jurassis or Cretaceous time; and may roughly
parallel other faults in the Coastal Plain in southwest Arkansas. The
Big Cedar fault touches 9 or 10 separate local structures along its
length. B

Plate Tectonics and New Proposed Intercontinental Reconstruction

C. L. ROWETT and J. L. WALPER, Department of Geology, Texas
Christian University, Fort Worth, Texas )

Published reconstructions of the pre-drift positions of North and
South America have failed to take into account many geologic continu-
ities present in the Paleozoic fold belts of southwestern United States,
Mexico, Central America, and northwestern South America. The well-
known Bullard “fit” terminates Mexico at about 23°N lat., but if south-
ern Mexico and Central America are added, they overlap the Guianan
shield of South America. Dietz and Holden attempted to solve this
problem by postulating crustal blocks that filled the Gulf of Mexico
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gnd subsequently rotated southwestward to form part of Central Amer-
ica.

We propose a new reconstruction in which the Gulf of Mexico is
completely closed by northern South America and where Mexico is
adjacent to northern and northwestern South America. The evidence
for this reconstruction is found in the similar geologic history of the
Appalachian, OQuachita, Marathon, and Coahuila fold belts as well as
throughout the eastern Andean Cordillera of Venezuela, Colombia,
Ecuador, and Peru. We further propose that the Gulf of Mexico re-
sulted from (1) the separation of North and South America by spread-
ing and transform faulting, (2) the opening of a sphenochasm to
produce the Mississippi embayment, and (3) great left-lateral dis-
placements of the initially linear Paleozoic mobile belt along the
Wichita, Texas, Coahuila, and other megashears. [422]
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