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the Globigerinoides trilobus datum of the tropics; this 
is approximately equivalent to the base of the Sauce­
sian Stage of California. In ascending order, the lower 
Miocene Catapsydrax dissimilis, C. stainforthi, and 
Globigerinatella insueta zones correlate with the 
Saucesian and basal Relizian Stages. Assemblages 
characterizing the Catapsydrax stainforthi zone have 
been identified in the upper part of the lower Sauce­
sian Stage of Reliz Canyon, California. Further, 
SphenoUthus belemnos is a good index of the lower 
Miocene of tropical areas and of the Saucesian Stage 
of California. 

The orbuline datum of the tropics, which is in the 
uppermost part of the Globigerinatella insueta zone, is 
the base of the middle Miocene. This level appears to 
correspond to the base or the lower part of the Reli­
zian Stage of California. In ascending order, the mid­
dle Miocene Tiirborotalia peripheroronda and Glohoro-
talia peripheroacuta zones correlate with the Relizian 
Stage, and the Globorotalia praefohsi and Globorota-
lia fohsi zones correlate with the Luisian Stage. 
SphenoUthus heteromorphus occurs in the Relizian 
Stage and also in the Globigerinatella insueta and Tur-
borotalia peripheroronda zones of the tropics. Discoas-
ter kugleri is an index of the uppermost zone of the 
G. fohsi sequence and it is identified in the upper 
Luisian Stage of Newport Bay, California. Orbulines 
first appear in the Luisian Stage in California. 

The Globorotalia menardii datum is the base of the 
upper Miocene in tropical areas, and it corresponds 
approximately to the Globigerina pachyderma datum 
of California or the base of the lower Mohnian. The 
dextral Globigerina pachyderma zone of the lower 
Mohnian contains Catinaster coalitus and Discoaster 
bollii, which are indices of the Turborotalia mayeri and 
Globorotalia menardii zones of the tropics. The sinis­
tral Globigerina pachyderma zone of the upper Mohn-
ian_ and basal Delmontian Stages represents the first 
major cool event in the middle Neogene; it correlates 
with the Turborotalia acostaensis {Globigerina bull-
aides) zone of tropical areas and with the sinistral O. 
pachyderma zone of the Messinlan of Italy. 

The base of the Pliocene is marked by the appear­
ance of "Sphaeroidinella dehiscens" and by the change 
from sinistral to dextral populations of Neogloboquad-
rina dutertrei. 

ANDREW SOUTAR, Univ. of California, Scripps 
Inst, of Oceanography, La JoUa, Calif. 

SEDIMENTATION IN SANTA BARBARA BASIN, CALIFORNIA 

The Santa Barbara basin off California (depth, 575 
m) obtains its surface water from the California Cur­
rent, which brings cold, nutrient-rich waters from the 
north and from the subsiurface through upwelling. This 
combination of events causes a high level of plankton 
productivity. The deep basin water is derived from the 
oxygen-minimum zone below the California Current, 
which is centered between 500 and 1,000 m depth and 
which is a consequence of in situ oxygen depletion by 
decay and respiration processes and of advection of 
oxygen-poor water. The bottom water of the basin is 
trapped below sill depth (480 m) and is nearly de­
pleted of oxygen, because the only exchange is with 
low oxygen water and because the sediments have high 
organic content. 

Burrowing animals therefore are absent in the center 
of the basin and sediment deposition is undisturbed. 
Sediments come from two sources, plankton and land 

detritus. The winter rains increase the supply of terri­
genous detritus, whereas summer production supplies 
organic material. This biannual variation is recorded in 
the sediment as annual layers or varves. 

Varves develop only below sill depth, and sediments 
away from the central region show progressively less 
stratification. Freeze coring and other new sampling 
techniques, as well as X-radiography, show that the 
varying extends from the surface to at least a 2-m 
depth in the central basin sediments, except where tur-
bidite layers disturb the sequence. The characteristics 
of varved sediments may be useful in reconstiucting 
the history of ancient anaerobic basins. 

WOLFGANG H. BERGER, Univ. of California, 
Scripps Inst, of Oceanography, La Jolla, Calif. 

ANAEROBIC BASIN SEDiMENiArioN AND DIEFERENTIAI-
PRESERVATION OF PEANKTONU FORAMINIFERA 

In paleoclimatic reconstruction, fossil planktonic 
Foraminifera usually are related to ancient surface-wa­
ter conditions. Processes on the ocean floor, however, 
are able to alter faunal composition drastically. 

Ten core samples from various depths were tuken in 
the Santa Barbara basin which is anaerobic below a 
sill depth of about 480 m. Sixteen samples were analy­
zed for their microfossil content, in four size fractions. 
In each size fraction there is a pronounced difference 
in composition between samples above and below sill 
depth. The anaerobic, black, laminated seilinients ob­
tained below sill depth contain numerous species and 
specimens, including very fragile forms such a Hastige-
rina digiiala. Fragments are almost absent; pelagic gas­
tropods and pelecypods (aragonite) are plentiful, as 
are thin-walled calcareous benthonic Foraminifera, 

Just above sill depth, sediments are dark green and 
homogeneous, suggesting moderate aeration. The per­
centages of Globoquadrina duwrlrei and of Globige­
rina pachyderma s.s. are much greater there than in 
the anaerobic samples. Fiagments of both planktonic 
and benthonic Foraminifera are abundant. Thin-walled 
benthonic Foraminifera are much scarcer than in the 
deeper samples; aragonitic shells are virtually absent. 
Well above sill depth sediments are light green anil 
homogeneous and appear well aerated. Both planktonic 
and benthonic foraminiferal numbers are greatly re­
duced and G. dutertrei strongly dominates all but the 
finest fraction. Fecal pellets are abundant. 

There are several possible causes for the pronounced 
change in fossil fauna across the anaerobic-aerated 
boundary; I I) changes in supply, (2) mechanical de­
struction by benthonic organisms, and (3) chemical 
dissolution. 

A change in supply from the overlying water is un­
likely, because the efl'ects of the aeration boundary do 
not extend into the productive zone. Mechanical de­
struction by benthonic animals is possible in the aer­
ated zone. The siliceous skeletons of diatoms and Ra-
diolaria, however, are much less affected by the aera­
tion boundary than are calcareous fossils, which sug­
gests that chemical dissolution is the most important 
factor. Two mechanisms may be responsible: (I) pro­
duction of CO, by the oxygenation of organic matter 
in the aerated zone, and (2) a more vigorous exchange 
of interstitial solutions with bottom water by burrow­
ing activity. These two effects of bottom aeration 
should enhance calcite solution. 

The study of the distribution of the resistant Fora­
minifera, such as G. dutertrei. G. pachyderma s.s., G. 
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truncatuUnoides, and G. inflata, in ancient Californian 
sediments should lead to a better understanding of pa-
leobasin oceanography by making it possible to deter­
mine sill depths and oxygen minimum distributions. 
Such studies have obvious applications in the determi­
nation of petroleum source rocks, because organic 
material is preserved in anaerobic conditions but de­
stroyed in aerated sediments. 

typically siliceous Monterey Formation on the main­
land, it can be correlated with these mainland expo­
sures on the basis of fossil Foraminifera. Paleoecologic 
and paleotopographic studies based on field relations 
and foraminiferal paleoecology indicate that the shal­
low part of the basin was on the east or northeast, and 
that the deeper areas extended westward and perhaps 
southward. 

F R E D A. AVILA, Pan American Petroleum Corp., 
Denver, Colo. 

MIDDLE TERTIARY STRATIGRAPHY OF SANIA ROSA IS­

LAND, CALIFORNIA 

(No abstract submitted) 

D A V I D D O E R N E R , Dept. of Geology, Univ. of 
California, Santa Barbara, Calif. 

PALEOOENE SEQUENCE IN NORTHERN C H A N N E L ISLANDS, 

CALIFORNIA 

Cretaceous and /o r lower Tertiary marine sedimen­
tary rocks crop out on the three major northern Chan­
nel Islands. Study of the rocks and their contained 
foraminiferal assemblages reveals many faunal and 
lithologic similarities between these three islands. 

On Santa Cruz Island foraminiferal assemblages in­
dicate that deposition of Cretaceous and Paleocenc 
strata took place in a shallow-water marine basin 
which became continuously deeper during Eocene time 
until lower bathyal depths were present by the end of 
late Eocene time. Sedimentary structures and textures, 
as well as lateral thickening of strata, suggest source 
areas on the north or northeast. 

On Santa Rosa Island, where the oldest rocks ex­
posed are of middle and late Eocene ages, foraminif­
eral assemblages indicate a similar deepening. 

On the west, however, foraminifers from Cretaceous 
and early Tertiary strata of San Miguel Island indicate 
continuous deep-water conditions and open-ocean cir­
culation during Cretaceous, Paleocene, and Eocene 
times. 

The writer suggests that all three depositional sites 
were part of a single basin or two closely contiguous 
basins with a northwest-southeast axial trend. 

S. ROBERT BERESKIN, Dept. of Geology, Univ. of 
California, Santa Barbara, Calif. 

M I O C E N E BIOSTRATIORAPHY OF SOUTHWESTERN SANTA 

C R U Z ISLAND, CALIFORNIA 

A 2,265-ft conformable sequence of marine con­
glomerate, sandstone, and mudstone crops out along 
continuous sea-cliff exposures on southwestern Santa 
Cruz Island. Disconformably overlying rocks of late 
Eocene age, the Vaqueros Sandstone, the Rincon For­
mation, the San Onofre Breccia, and the Monterey 
Format ion contain moUusks and foraminifers, which 
indicate the presence of a Miocene sequence of Zemor-
rian through Mohnian{?) ages. 

The southwestern corner of the island is structurally 
represented by a doubly plunging anticline trending ap­
proximately N40°W. Outcrops of the Vaqueros, Rin­
con, and San Onofre formations are on both the 
southwestern and northeastern limbs of the fold envel­
oping a Paleocene-Eocene core. The Monterey Forma­
tion is exposed only on the southwestern limb and, al­
though this unit is not lithologically identical to the 
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ROBERT F. MAXVVELF and P. A. G A E C H T E R , 
Marquard t Corp., Los Angeles, Calif. 

GEOPHYSICAL SURVIY A P P L K A I I O N OF D O P P L E R SONAR 

NAVIGATION SYSTI 'MS 

Recent developments in Doppler sonar-velocity-mea­
surement techniques have made available a new navi­
gational aid for marine survey operations. This paper 
describes the capabilities of the Marquard t Doppler 
sonar system. A description of currently available 
equipment, a summary of its performance in the oper­
ational marine environment, and applications of this 
equipment to geophysical survey navigation also are 
presented. 

G. B. MORRIS, R. VV. RAITT, and G. G. SHOR, JR., 
Univ. of California, San Diego, and Marine Physical 
Laboratory of Scripps Institution of Oceanography. 
La Jolla, Calif. 


