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phologies have specific roles in one or more of the fol-
lowing phases of reef development: (stage 1) mud trap-
ping; (stage 2) substrate stabilization; and (stage 3) reef
building. Important parameters that probably influ-
enced this succession were intensity and periodicity of
sedimentation, energy as a function of depth, light
availability, and substrate characteristics.

Ideal succession of stages is better developed in the
eastern Peran section. Detrital matrix of these reefs is
generally grain-supported, whereas interreefal deposits
consist of fossiliferous marls. Organic banks of the west-
ern Luanco section contaift 4 muddy matrix, and true
reef development (stage 3) is rarely attained. Interbank
deposits include gray bioturbated mud which contains
tentaculitids, trilobites, and clearly transported ele-
ments. These observations suggest that the Peran sec-
tion was formed under very shallow-water conditions
on the shelf edge, facing deeper waters toward the west.
This shelf edge thins eastward toward a major topo-
graphic high in the present-day vicinity of the Picos de
Europa. Such a paleogeographic picture is decidedly re-
versed to that of the now famous Devonian reefs of
Belgium and Germany.
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G. M. LARBERG, Shell Oil Co., New Orleans, LA,
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Hydrodynamic Flow in Lower Cretaceous Muddy For-
mation, Northeast Powder River Basin, Wyoming
and Montana

Hydrodynamic flow in the Muddy aquifer is general-
ly downdip to the west with an average gradient of 25
ft/mi (5 m/km). Flow patterns are controlled by the
distribution of porous sandstone so that the regional
patterns of flow reflect the total thickness of the Muddy
aquifer. Local potentiometric highs appear to represent
isolated areas of high pressure and downward flow from
Mowry Shale (source rock) to the Muddy aquifer.

Lenticular Muddy sandstones form stratigraphic oil
traps, but oil columns are determined largely by hydro-
dynamic flow. Calculations suggest that hydrodynamic
flow accounts for 130 ft (40 m) of the total 150 ft (46 m)
of the oil column at Recluse field; for 230 ft (70 m) of
the total 250 ft (76 m) at Gas Draw field; and for 100 ft
(30 m) of the total 150 ft (46 m) at Bell Creek field.
Larger oil columns are the result of vertical flow. A
potentiometric high of 6,000 ft (1,830 m) occurs at Kitty
field, about 4,000 ft (1,220 m) in excess of the expected
hydrostatic head, and the vertical pressure gradient
probably accounts for a large part of the total 850 ft
(259 m) of oil column. Vertical flow results in updip
gradients and reduction of total oil column as at LX Bar
field.

Potentiometric surface maps show that the Muddy
aquifer is a dynamic system of both downdip and verti-
cal, cross-formational flow. Observed oil columns are in
equilibrium with present flow. Migration of oil down-
ward from Mowry source rock has taken place in rela-
tively recent time and is still occurring; it may result
from montmorillonite dehydration at temperatures in
excess of 200°F (94°C). The early history of fluid mi-
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gration is obscured by present flow but may have been
updip, eastward toward the basin flank. Flow of com-
paction waters may have been great enough to have
prevented early oil accumulation. Exposure of the Mud-
dy aquifer was post-Laramide and resulted in recharge
by meteoric waters. Therefore Muddy oil fields are late
accumulations as suggested by their present equilibrium
with basinward flow.

BERGSTROM, STIG M., Ohio State Univ., Columbus,
OH

Early Paleozoic Conodont Biostratigraphy, Biogeogra-
phy, and Paleoecology

Extensive work, particularly during the last 25 years,
has led to the recognition of several hundred species
and more than 100 genera of Cambrian, Ordovician,
and Silurian conodonts. Wide distribution, short verti-
cal range, and abundant occurrence have made cono-
donts some of the best early Paleozoic index fossils
known. Most detailed conodont work has been done in
North America and Europe but significant data are
available from South America, Asia, and Australia.
Cambrian conodonts, still poorly known and appar-
ently not greatly varied taxonomically, are less useful
biostratigraphically than Ordovician and Silurian cono-
donts. No Cambrian conodont zone succession has
been proposed but some conodonts have considerable
stratigraphic potential in the Late Cambrian. Ordovi-
cian conodonts are characterized by explosive taxonom-
ic diversification and striking provincial differentiation.
Two sequences of 15 to 20 conodont zonal units are in
common use, one in each main province. Conodonts
permit, in many places, a greater stratigraphic resolu-
tion than is achieved using any other fossils. Silurian
conodonts are less diversified taxonomically (about 15
genera) and less differentiated provincially than those
of the Ordovician. They form the basis of a succession
of about 15 standard zones. Both Ordovician and Silu-
rian conodonts have been tied into graptolite biostratig-
raphy producing a detailed and regionally useful frame-
work.

Apart from various aspects of biostratigraphy, bio-
geography, and taxonomy, current early Paleozoic
conodont research includes paleoecology which has re-
sulted in a greatly improved understanding of the envi-
ronmental significance of these enigmatic fossils.

BEUS, STANLEY S., Northern Arizona Univ., Flag-
staff, AZ

Devonian Paleogeography and Paleoenvironments in
Northern Arizona

Devonian strata in the northern half of Arizona are
mostly early Upper Devonian (Frasnian) carbonate
rocks up to 160 m thick but include some terrigenous
clastics of latest Middle Devonian (Givetian) and Fras-
nian age. Devonian sediments were deposited on a shal-
low-marine cratonic platform bordered by the Defiance
lowland area to the east and by the continental shelf
adjacent to the Cordilleran geosynclinal belt to the west.

The Beckers Butte Member of the Martin Formation
accumulated as fluvial to subtidal sands in a small em-
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bayment southwest of the Defiance area during latest
Givetian or earliest Frasnian time. In early Frasnian
time, the Aneth Formation and unit 1 of the Jerome
Member, Martin Formation, were deposited as fine-
grained intertidal carbonates in northeastern and cen-
tral Arizona, while the lower Temple Butte Formation
carbonates formed in a more open circulation subtidal
marine environment in northwestern Arizona. Between
these two areas the Marble Canyon-eastern Grand Can-
yon area was a positive feature (here called the Grand
Canyon shelf) that remained very near sea level and
received little or no sediment.

By late Frasnian time depositional environments in
northeastern Arizona had changed from intertidal-su-
pratidal conditions to those of a shallow subtidal sea
with restricted circulation in the east (the Elbert Forma-
tion pelleted carbonate rocks) and more open-marine
circulation toward the south and west (the fossiliferous
carbonate rocks of the upper Jerome Member and west-
ern Temple Butte Formation). The Grand Canyon shelf
received carbonate sediments in intertidal channels and
on a shallow subtidal platform to form the thin Temple
Butte Formation.

BLAKEY, RONALD C. Northern Arizona Univ.,
Flagstaff, AZ

Pennsylvanian and Early Permian Paleogeography,
Southern Colorado Plateau and Vicinity

Pennsylvanian and Lower Permian sedimentary
rocks of the southern Colorado Plateau have been the
subject of controversy concerning their correlation and
origin. Paralic sediments of the Supai group (Morro-
wan, Atokan, Virgilian, and Wolfcampian) were depos-
ited in the Grand Canyon embayment. A persistent
southwest-trending unstable area, herein named the Se-
dona arch, confined all Supai sediments, except Virgili-
an, to the Grand Canyon and western Mogollon Rim
regions; older strata are truncated by the sub-Virgilian
unconformity.

Marine rocks of the Naco Group (Desmoinesian,
Missourian, and Virgilian) were deposited on the Mo-
gollon Shelf. Only Virgilian rocks cross the Sedona
arch. Thus the bulk of Supai and Naco sedimentary
rocks are not as closely related as most previous work-
ers had thought.

The northwest-trending Kaibab arch provided the
barrier between the Hermosa Group of the Paradox ba-
sin and the Supai and Naco to the south; therefore,
most of the Supai, Naco, and Hermosa groups were de-
posited in distinctly separate basins.

The Wolfcampian Esplanade and Cedar Mesa Sand-
stone Members and Halgaito formation form a distinct
eastward-thinning wedge of sedimentary rocks west of
the Sedona arch. These high-energy marine shoreline
and supratidal sedimentary rocks grade westward into
thick marine carbonate rocks of the Cordilleran geosyn-
cline. A widespread red-bed sequence comprising conti-
nental and possibly tidal shoreline deposits of the Her-
mit and Organ Rock formations was deposited across
the entire study area.

The youngest sequence studied consists of sandstone,
red beds, evaporites, and carbonate rocks of the Schne-
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bly Hill formation and DeChelly Sandstone (Leonardi-
an). These units are centered around the Holbrook ba-
sin and represent a complex of shallow-marine, high-
and low-energy shoreline, eolian, and sabkah deposi-
tional environmerts. Both formations grade upward
into the overlying Coconino Sandstone and related
rocks.

BLANK, RICHARD G, Stratigraphic Services Co., Se-
attle, WA, and C. HOWARD ELLIS, Marathon Oil
Co., Littleton, CO

Applications of Probable Range Concept to Biostratig-
raphy

The probable range is the most frequently observed
range of a taxon. Probable ranges are derived from a
snythesis of local ranges characterized among a group
of geologic sections. The local ranges provide the empir-
ical biostratigraphic data from which the time and
space distribution of a fossil is integrated. This distribu-
tion is approximated by the probable range.

The probable range concept is currently being ap-
plied to the biostratigraphy of many regions and is dem-
onstrated using a North Atlantic Ocean data set of 228
species of Cenozoic and Mesozoic calcareous nannofos-
sils occurring at 53 sites drilled by the Deep Sea Drilling
Project. A major result of the application is a standard-
ized range chart for the data set. Comparison of the
range chart with published range data shows a good
correlation. The rigorous application of the probable
range concept sets no theoretical limits on the maxi-
mum size of a data set. This offers the potential of very
high resolution and equally reliable alternatives to stan-
dard biostratigraphic zonations. The global application
of the probable range concept will have a fundamental
impact on the earth sciences by providing a standard
biostratigraphic reference system invaluable to the in-
terpretation of the time and paleoenvironmental rela-
tions among geologic sections.

BLOCH, S., and KENNETH 8. JOHNSON, Oklahoma
Geol. Survey, Univ. Oklahoma, Norman, OK

Distribution and Alteration of Ogallala Volcanic-Ash
Deposits and Their Possible Relation to Uranium
Mineralization in Western Oklahoma

Diagenesis of the Ogallala (upper Miocene-Pliocene?)
and Pearlette (Pleistocene?) rhyolitic volcanic ash in
western Oklahoma was studied. The Ogallala ash ranges
from relatively fresh to highly altered. Chemical
changes during its devitrification are characterized by a
loss of silicon, sodium, potassium, and uranium, and
addition of magnesium to the ash. The thorium to ura-
nium ratios range from 4:1 to 10:1 for relatively unal-
tered ash to 16:1 to 64:1 for the highly altered ash. The
average loss of uranium due to devitrification is greater
than 3 ppm. Migration of the released uranium in the
alteration system was made possible by carbonate com-
plexing agents.

Study of the Ogallala Formation in the high plains
and equivalent formations in the Gulf coastal plain in-
dicates that these strata originally were widespread over
most of Oklahoma but that the sediments were removed



