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two thirds of the Tallahatta in western Alabama, 
whereas it is interlaminated with clinoptilolitic clays 
in central Alabama. In the eastern part of the state 
the upper Tallahatta claystone consists of cristohalite 
and montmorillonite. 

No evidence indicates that montmorillonite is other 
than a detrital constituent in the clay and coarser 
grained sediments of the Naheola and Hatchetigbee 
Formations and the Tuscahoma Sand. However, mont
morillonite could be considered a diagenetic mineral 
where it occurs as a part of a mineralogic suite that 
includes cristohalite and/or the diagenetic sedimentary 
zeolites cUnoptiloUte and heulandite. 

Considering these mineral suites, it is suggested that 
clinoptilolite was formed from volcanic ash of a 
rhyolitic composition in a nearly closed hydrated sys
tem. Paragenetically, heulandite and then montmoril
lonite would develop from clinoptilolite through a de-
silicification process whereby cristohalite would have 
evolved as a byproduct. Conversely, it is plausible 
that, except for clinoptilolite, each zeolite species and 
montmorillonite were formed individually from vol
canic ash in an open hydrated system. In the case of 
heulandite some silica would need to be deleted from 
the reacting system. Hovvever, montmorillonite devel
opment would entail not only a deletion of some sil
ica but also an addition of magnesium. Therefore, 
similar mineral suites could evolve in either of two 
reacting systems, open or closed. 

Cristohalite, where it occurs as distinct but lens-like 
strata and not associated necessarily with the sedi
mentary zeolites or montmorillonite, is believed to be 
a primary mineral precipitated locally on a broad 
marine-shelf area according to Oswald's step rule. 

RICHARDS, ADRIAN F., Dept. of Geology, Univer
sity of Illinois, Urbina, 111., AND GEORGE H. 
KELLER, Institute for Oceanography, Miami, Fla. 

MEASUREMENT OF SHEAR STRENGTH, BULK DENSITY, 
AND PORE PRESSURE IN RECENT MARINE SEDI
MENTS BY in-situ PROBES: RESULTS OF 1067 SHAI-
LOW-WATER TESTS 

Three telemetering probes designed to rest on or in 
fine-grained sediments of the sea floor and to make 
in-place measurements were used successfully at sea 
from the USC&GS ship Davidson during the summer 
of 1967. The test and evaluation site was a pocket of 
clay in the Wilkinson basin. Gulf of Maine; water 
depths ranged from 240 to 290 m. A tower about 4 m 
high and 2.4 m wide at the base was lowered to the 
sea floor. Within the tower was contained a motor-
driven shaft to which was attached either a torque 
assembly and a vane for measuring shear strength, (jr 
a two-legged probe containing a Cs-137 isotope source 
in one leg and a scintillation detector in the other for 
measuring bulk density by gamma-ray transmission. 
The motor was operated remotely by command from 
the ship. Vane rotation measurement made by strain 
gauges was telemetered through .3.6 km of electrical 
cable to the surface and recorded on an x-y plotter 
aboard the vessel. Pulses from the gamma-ray a|)pa-
ratus were transmitted directly over the elecl rical 
cable to the ship, where they were counted. 

Shear strength was measured at eight localities in 
successive 30-cm intervals to a depth of 2.5 m below 
the bottom. Bulk density was measured at five locali
ties in successive 2.S-cm intervals to a depth of 1.,'! m 
below the bottom. The in-place results have been 

compared with laboratory measurements of shear 
strength and bulk density made on sediment cores 
collected in 1966 from the same localities. In-place 
vane shear strength distinctly is higher than labora
tory vane shear strength and lower than laboratory 
Swedish fall-cone shear strength. All bulk density 
values determined by in-place and laboratory gam
ma-ray transmission methods and by the 
weight/volume laboratory method are nearly identical. 

Pore pressure was measured successfully in place at 
one location by a differential piezometer probe that 
telemetered results over the electrical cable to a ship
board computer. The results obtained from this probe 
are not conclusive bei:ause of problems with the cable. 

ROBERTS, J. M , Mobil Oil Libya Ltd., Tripoli, 
Libya 

AMAE FIELD, LIBYA 

Oil was discovered in .November 1959 at Amal field, 
Libya, located in the eastern part of the Sirte basin, 
in well Bl-Concession 12. The exploration technique 
utilized was reflection seismic because there is no sur
face topographic expression in this area. The field 
now includes more than 100,000 acres and extends 
north-south for .SO mi and east-west for approxi
mately 10 mi. To date 81 wells have been drilled in 
the field, 76 of these being producers. The outer con
figuration of the gross reservoir has been defined on 
the north and on the southeast. The gross oil column 
is as thick as 600 ft in the most favorable areas. 

The Amal field accumulation is on a plunging horst 
block extending northwe.st from the old ancestral 
basement knob, the Rakb high. The field is inter
preted from seismic and gravity data to be bounded 
on the west and east flanks by large fault systems. 

The principal reserves in the field are contained in 
the Amal Formation, a fractured, quartzose sandstone 
of Cambro-Ordovitian age and the Early Cretaceous 
Maragh Formation, a sandstone interbedded with silt-
stone and shale. The Amal Formation in most of the 
field is unconformable below the Cretaceous Rakb 
Formation, and is at a depth of 10,000 ft. The Mar
agh Formation is on Ihe north and east flanks of the 
main horst block; it i s a trmsgressive marine Lower 
Cretaceous unit. 

Several prolific oil fields have been discovered in 
association with the ancestral Rakb high. These are 
the Amal field (1959), the Natoora field (1965), and 
the Augila field (19ht)). Several hundred milUon bar
rels of reserves have been established by the operating 
companies in this geological province since Mobil's 
first discovery. .-Xdditional exploration within this 
general area will rii.S(over new and additional petro-
leimn accumulation^. 

ROTHWELL, W. T., JR., Atlantic Richfield Co., 
Dallas, Tex. 

MIRROR IMAGE OF CLIMAXI;-C\USED FORAM EXTINC
TION : PACIFIC AND GULF COASTS 
Pacific Coast foraminiferal correlations combined 

with those of Lamb (1964) show that there are syn
chronous mirror-image biostratigraphic trends in the 
Oligo-Miocene of the Pacific and Gulf coasts of 
North America. Correlation has been established by 
using restricted but jjhylogenetically overlapping, rap
idly evolving uvigerinid lineages, planktonic forami-
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nifer zones of Bolli (1965), Bermudez (1966), Banner 
and Blow (1965), and radiometric dating of terres
trial mammalian remains (Evernden et al., 1964). 
"Warm" and "cold" are used to denote complex cli
matic events in which temperature is one of many 
factors influencing the biostratigraphic record. 

An Oligo-Miocene plankton correlation model 
(Rothwell, ms., Geneva, 1967) shows great mobility 
of benthonic lineages synchronous with poleward ex
tension of planktonic zones of Blow et al. (1965) 
during warm transgressive cycles. Conversely, there 
are trends toward restricted mobility of both fossil 
plankton and benthos during major cold climatic 
changes at approximately 17, 24, 30, and ,>7 m.y.B.P. 

Radiometric dating within representative sequences 
of mammalian provincial ages and superposition of 
Pacific marine and nonmarine strata have established 
a nearly complete North American Cenozoic biostrati
graphic history. No stage name has been accepted yet 
in Europe for an approximate 7-m.y. interval of the 
"upper Oligocene/lower Miocene" which is well repre
sented by Pacific and Gulf Coast faunas and in the 
world tropical planktonic foraminifer zonation a])-
proximately in Nl to within N4 of Banner and Blow 
(1965). 

An Upper Cambrian correlation model, using the 
trilobite data and biomere concept of .4. R. Palmer 
(1965), illustrates mirror-image biostratigraphic rela
tions of benthonic and "planktonic" trilobites of Pa 
cific and Atlantic sources, suggesting three major cli
matic cycles in the Upper Cambrian correlated with 
Palmer's biomere boundaries. 

Both the Cenozoic and Cambrian studies illustrate 
mirror-image biostratigraphic trends between widely 
separated geographic regions, suggesting major irregu
lar synchronous climatic cycles of 3-8 m.y. duration. 
Uniformitarian physical (Nairn, 1965) and biologic 
principles can explain the analogies between the Cam
brian and Oligocene-Miocene fossil occurrences which 
are modified by complex climatic causes resulting in 
unique physical and evolutionary histories. 

ROYSE, CHESTER F., JR., Dept. of Geology, .Ari
zona State University, Tempe, Ariz. 

SEDIMENTOLOGIC ANALYSIS or TONGUE RIVER AND 
SENTINEL BUTTE FORMATIONS (P.ALEori-,NE), 
WESTERN NORTH DAKOTA 

The contact between the Tongue River and Senti
nel Butte sequences of western North Dakota has 
been regarded by many workers as a vague color 
boundary within a relatively homogeneous sequence 
of continental Paleocene strata. Recognition of dis
tinctive stratigraphic relations at the Tongue River— 
Sentinel Butte contact, and documentation of their 
regional persistence, demonstrate that the Sentinel 
Butte interval is a mappable lithostratigraphic unit 
which merits formational rank. Granulometric analy
sis of approximately 500 sediment samples from 11 
stratigraphic sections amplify textural differences of 
the units; Tongue River sediments are finer grained 
and less well sorted than the Sentinel Butte I'orma-
tion and median diameter and skewness are environ
mentally sensitive particle-size statistics. 

CM patterns illustrate the fluvial origin of these 
Paleocene deposits and are used to differentiate sedi
ment-transport types and depositional environment; 
channel, floodplain, and backswamp facies are recog
nized. Significant differences in the regimes of fluvial 

systems which existed during middle and late Paleo
cene times are suggested by differences in the relative 
abundance of facies types. 

Sedimentation models have been formulated for 
each sequence. Tongue River strata were dispersed 
eastward across the North Dakota part of the Willis-
ton basin by slow-moving streams which drained a 
low-lying source area on the west. Paleoslope gradient 
was low and sediments were transported primarily in 
suspension. The fluvial system was stable and pro
tected backswamps developed. Basinal subsisdence 
was uniform and controlled the rate of sedimentation 
during most of the episode; western North Dakota 
was near base level during the time of Tongue River 
deposition. Near the close of the episode, the eleva
tion of the source area was reduced, basinal subsi
dence exceeded sedimentation, and swamp conditions 
prevailed through much of western North Dakota. 

Sentinel Butte deposition was begun by an influx of 
coarse sediment dispersed eastward and southeast
ward, in deltaic fashion, across the last Tongue River 
swamps. Streams had slighlly greater velocities than 
those of the previous episode, but sediment transport 
was still primarily by suspension. The paleoslope ap
pears to have been variable, both in magnitude and 
direction, and reflects mid-Paleocene tectonism on the 
west and northwest. The elevation of western North 
Dakota above base level intreased during the time of 
Sentinel Butte dejiosition, probably due to vertical ac
cretion and eastward overstepping of the Sentinel 
Butte sequence. 

S.'\NDERSO\', (lEORGE A., AND GEORGE J. 
V'ERVILJ.E, Pan .American Petroleum Corp. Re
search Center, Tulsa, Okla. 

MORPHOLOGIC VAiuAEiirnv OF GENUS Schwagerina IN 
PERMIAN WKEFORD I.IMLMONE OF KANSAS 
Fusulinids referable to the genus Schwagerina occur 

in the basal part of the Threemile Limestone Member 
of the Permian Wreford Formation in Chase County, 
Kansas. Three hundred specimens from six collecting 
localities in four townships in Chase County were 
used in this study. The restricted stratigraphic range 
and limited geographic distribution of the fusulinid 
fauna within the intracratonic, cyclical succession tend 
to minimize the effects of diachronism, and it is pre
sumed that the coUectinns approximately are contem
poraneous. 

Considerable morphologic variability is evident 
within the Threemile fusulinid fauna, and affinities 
with several previously described species of Schwage
rina can be demons!rated Studies of measurable mor
phologic parameters suggest that all the Wreford 
schwagerinids 3am|)led are referable to a single popu
lation, and thu.> the \iiddity of several established 
taxa is open lo challcngt* 

S.A-NFORD, JOH.N T.. Dept, of Geology, Wayne 
State University, Detroit, Mich,, AND ROBERT E, 
MOSHER, 2008 t Burgess, Detroit, Mich, 

AN.'VLyircAL .\pi'RoA(-]i lo NIAGARAN STRATIGRAPHY, 
MICHIGAN BASIN-

Analytical techniques utilizing very small samples 
make it possible lo work with drill cuttings as well as 
cores and surface samjiles and obtain quantitative 
chemical analyse.-, of ihc livdrochloric acid soluble 
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