
Valley, the sedimentology of Unit B in Ross Sea cores,
benthic foraminifera from dirt bands on the McMurdo
Ice Shelf, and diatoms in Ross Sea cores.

Five new publications appeared during this period:
Kellogg, Osterman, and Stuiver, 1979; Kellogg and
Truesdale, 1979; Kellogg, Truesdale, and Osterman,
1979; Osterman and Kellogg, 1979; and Truesdale and
Kellogg, 1979.

We were assisted in the field by Carolyn Lepage. We
thank the officers and men of U.S. Navy Antarctic De-
velopment Squadron (vxE-6) for their assistance in mak-
ing our field project successful. This work has been sup-
ported by National Science Foundation grant DPP 77-
21083-AO1.
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Response of deep-sea benthonic
foraminifera to development of

psychrosphere near Eocene/
Oligocene boundary

BRUCE H. CoRLIss

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543

It has been suggested that the initiation of vigorous
antarctic bottom water and the development of the psy-
chrosphere (lower cold layer of a two-layer ocean with
temperatures of less than 100 C) occurred near the
Eocene/Oligocene boundary. The oxygen isotope curve
from Deep Sea Drilling Project (DSDP) site 277 for the
Late Eocene-Early Oligocene (see figure) shows a sharp
temperature drop (4° C) in the earliest Oligocene, which
Kennett and Shackleton inferred to be associated with
the development of the psychrosphere (1976). Previous
studies suggested that the temperature drop associated
with the development of the psychrosphere caused a
crisis for deep-sea ostrocodes (Benson, 1975) and ben-
thonic foraminifera (Douglas, 1973).

To study the benthonic foraminiferal response to the
development of the psychrosphere, I examined ben-
thonic foraminifera in 15 closely spaced sediment sam-
ples, cores 16 to 24, from site 277 (52°13.43'S/166°

11.48'E, at 1,222 meters in the Southern Ocean. Ap-
proximately 300 benthonic foraminifera (greater than
125 micrometers in size) were picked from each sample
and identified. The accompanying figure shows biostrat-
igraphic ranges of 41 taxa. Numerically important spe-
cies include Alabamina wilcoxensis Toulmin, Anomalinoides
alazanensis (Nuttall), Astrononion pusillum Hornibrook,
Cibicidoides dutemplei (d'Orbigny), Epistominella umboni-
fera (Cushman), Globocassidulina subglobosa (Brady), Gy-
roidinoides complanatus (Cushman and Stainforth), Gyro-
idinoides peramplus (Cushman and Stainforth), Oridorsalis
umbonatus (Reuss), Pullenia eocenica (Cushman and Sieg-
fus), and Pullenia quinqueloba (Reuss).

A majority of the species show no response to the
inferred temperature change (column a in figure). First
or last occurrences of 19 other taxa are shown in column
b of figure. Twelve first appearances and four last oc-
currences are recorded before the isotopic drop, one
first appearance and one last occurrence during the
event, and one first appearance and five last occurrences
are recorded after the isotopic drop. Species that exhibit
faunal changes are all of minor importance (equal to or
less than 6 percent of the assemblage).

Species frequencies of 4 dominant taxa, C. dutemplei,
E. umbonfera, G. subglobosa, and 0. umbonatus, are shown
in column c of figure. The inferred temperature drop
did not affect the relative abundance of three of these
species, but had a pronounced effect on the relative
abundance of E. umbonfera and changed the composi-
tion of the assemblage.

The faunal patterns indicate that only two fauna]
changes coincided with the development of the psy.
chrosphere. Faunal changes coming before and after the
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Summary of benthonic foraminiferal blostratigraphic data of 41 taxa from DSDP site 277 Key: Left-hand columns = inferred
age, core recovery, planktonic foraminiferal zones, and isotopic curve based on mixed benthonlc foraminifera (Kennett and
Shackleton, 1976); tick marks alongside column a = samples examined for benthonic foraminiferal analysis; column a = taxa
lacking first or last occurrences, open arrows = first appearances; solid arrows = last occurrences); column b = taxa exhibiting

first or last occurrences; column c = quantitative data of four dominant benthonic foramlniferal species.
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isotopic change appear to have occurred gradually.
These data and other faunal data from the Pacific
(Douglas, 1973) and Atlantic (Boersma, 1977; Proto De-
cima and Bolli, 1977) suggest that the faunal turnover
documented in Eocene-Oligocene time occurred in a
gradual manner and that the immediate response of the
benthonic foraminifera to the inferred temperature
change was limited to a few taxa. The lack of faunal
change occurring immediately after the bottom-water
temperature drop suggests that the species must have
had fairly wide environmental tolerances and that sten-
otopic species, such as those found presently in the deep
sea, evolved sometime after the development of the psy-
chrosphere.

The isotopic data at site 277 show a pronounced cool-
ing in bottom waters occurring in the Mid-Early Eocene
followed generally by a steady decrease in bottom tem-
peratures to the Eocene/Oligocene boundary where the
sharp temperature drop is observed (Shackleton and
Kennett, 1975). The decrease in bottom temperatures
during the Middle-Late Eocene may reflect the initial
and gradual development of the psychrosphere, with the
isotopic change near the Eocene/Oligocene boundary
representing part of this development and caused by
some event that marks a threshold in Southern Ocean
paleocirculation. If the psychrosphere did develop grad-
ually, this would account for the gradual changes in ben-
thonic foraminifera observed during the Late Eocene
previous to the isotopic drop near the Eocene/Oligocene
boundary.

This research has been supported by National Science
Foundation grants DPP 78-21105 and DPP 77-06687.
Discussions with J . P. Kennett are acknowledged.
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Amino acid stereochemistry in
siliceous oozes: Indications of

bacterial activity
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We are continuing our studies of enantiomeric (D-L)
ratios of amino acids in Southern Ocean sediments, par-
ticularly with respect to the possibility of using such ra-
tios as age indicators (Warnke, Blunt, and Pollock, in

press). We have investigated D-L ratios in both calcareous
sediments (Blunt, Warnke, and DeFelice, 1978; Blunt
and Warnke, in press) and siliceous sediments (Blunt,
Warnke, and Pollock, 1977; Warnke, Blunt, and Pollock,
in press).

These studies have confirmed that D-L ratios of amino
acids increase with time because of the diagenesis of pro-
teinaceous skeletal debris. Our initial observations of
amino acid D-L ratios in siliceous materials from the
Weddell Sea showed only slight increases for proline and
aspartic acid (of seven amino acids investigated). How-
ever, early results from cores collected during two ARA
Islas Orcadas cruises (July 1975 and December 1977)
showed such increases much more clearly.

We have now analyzed (near-) surface sediments from
cores raised east of the Scotia Arc. The experimental
cores consist essentially of diatomaceous ooze, with some
volcaniclastic and other admixtures (taken from Cassidy
et al., 1977). We washed samples from these cores with
distilled water and hydrolyzed them. The hydrolysate
was removed, desalted, and the amino acid extracts were
derivatized as N-pentafluoroprOprionyl-(+)-(2)-butyl es-
ters. These derivatives were resolved by gas chromatog-
raphy on stationary phases of Carbowax 20M and UCON
75H-90,000 in a stainless steel column measuring 200
feet by 0.02 inch. Details of the procedures are provided
in Warnke, Blunt, and Pollock (in press). The resulting
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