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An objective of the geology party on ARA Islas Orcadas
cruise 12 was to recover piston cores for a study of amino
acids in high-latitude marine sediments. This preliminary
report discusses some of the early results of these analyses,
performed on the foraminiferal fraction of a southern ocean
core.

Islas Orcadas piston core 12-77-24 is 1,185 centimeters long
and was raised at 680 10.0 1 S. latitude, 1 1°58.8'E. longitude
from a depth of 1,862 meters. The light olive gray color sand-
y-silty clays are interlayered with zones of foraminiferal ooze
3 to 6 centimeters thick down to a depth of 522 centimeters.
Paleontologic age assignments must remain tentative since
only a few diagnostic diatoms are present. However, Cos-
cinodiscus elliptipora occurs at 359-360 and 799-800 cen-
timeters, and Actinocyclus ingens occurs throughout the core.
These diatoms characterize the Actinocyclus ingens/Coscinodiscus
elliptzpora zone, which is approximately 0.7 to 1.6 million
years old (McCollum, 1975). The foraminiferal component
is predominantly left-coiling Globigerina pachyderma, which
also has a wide age range (Kennett, 1972).

The extent of racemization of amino acids contained in
foraminiferal tests perhaps can be used as a new dating tech-
nique once the kinetics of racemization are better understood,
particularly if monospecific samples are used (see King and
Neville, 1977). Since the foraminifera in Islas Orcadas piston
core 12-77-24 are largely Globigerina pachyderma, they furnish
essentially monospecific samples. The amino acids in the
foraminifera from eight intervals in the piston core were iso-
lated using the method of Bada and Man (1973) and were
resolved by gas chromatography (Kvenvolden et al., 1972)
with the goal of providing an additional perspective on the
sedimentary history.

A plot of amino acid enantiomeric (D/L) ratios vs. depth in
the core is presented in the figure. The two most important
characteristics of the graph are: (a) there is only a minor
change in each amino acid D/L ratio with depth (although a
trend toward increasing D/L ratios is present); and (b) the
amino acids show significant apparent racemization even at
the top of the core. Although alanine shows more variability
with respect to other amino acids down-core, the order of
racemization is as follows:

aspartic acid alanine leucine glutamic acid valine.
This order is consistent with other studies that have reported
more than one amino acid (e.g., Kvenvolden et al., 1973). The

sedimentary structure in the core does show signs of flow-in
up to a depth of 561 centimeters, but it appears that this effect
has not been too severe since increases of D/L ratios with
depth are seen through the affected section of the core. The
consistent rate order and lack of gamma-aminobutyric acid
indicates that contamination has been minimized in this
study (Schroeder, 1975).

The relationship of the slope of the points plotted in the
figure is a function of sedimentation rate, diagenesis of
foraminifera protein, and, possibly, reworking of the sedi-
ments. We cannot say with certainty whether the low rate of
increase of amino acid enantiomeric ratios with depth in the
undisturbed section of the core is caused mainly by rapid
sedimentation or by the effect of slow rates of racemization.
However, slow rates of epimerization of isoleucine are ob-
served in foraminifera more than 400,000 years old (King
and Neville, 1977). The age estimate by diatom biostratigra-
phy supports slow rates of racemization in the foraminiferal
tests in core 12-77-24. We cannot estimate age using amino
acids because we lack information about the diagenesis of
proteins (and racemization of amino acids) in the
foraminifera analyzed.

In this preliminary report we have used organic geochemi-
cal reactions dependent on time and temperature which are
stored in the foraminiferal tests to provide a graph that clearly
suggests erosion and/or nondeposition at the surface of Islas
Orcadas piston core 12-77-24. Assuming that the diatom speci-
mens are not reworked, this observation is confirmed by the
occurrence of Actinocyclus ingens in the 0- 1-centimeter inter-
val. Amino acid geochemistry can provide a useful backup
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technique, especially in cores in which a hiatus or variable
sedimentation rate is suspected. Continued progress in the
study of protein diagenesis and amino acid racemization
should provide workers in marine geology with an important
stratigraphic and sedimentologic tool.
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I have recently synthesized southern ocean paleontological
data (Kennett, in press) to evaluate biogeographic evolution,
through the Cenozoic, of the planktonic realm at high
latitudes of the Southern Hemisphere encompassing water
masses south of about 50'S. (the Subantarctic and Antarctic).
The development of biogeographic patterns has been evalu-
ated within a framework of plate tectonism. Continental and
plate reconstructions have been made at various intervals of
geologic time to evaluate controls on changing circulation
patterns (figures 1 and 2) and, in turn, the effects these have
had on biogeographic evolution. A rather detailed discussion
of the biogeographic development of southern ocean
planktonic groups through the Cenozoic is presented
elsewhere (Kennett, in press). Some highlights of this
development are summarized here:

1. The evolution of planktonic foraminifera and
calcareous nannofossils has occurred primarily outside of the
antarctic and subantarctic regions. Migration of these forms
into subantarctic and antarctic waters often took place much
later than their evolution at lower latitudes.

2. Unlike the calcareous microfossil forms, a high propor-
tion of the evolution of the siliceous groups has taken place
within the antarctic -subantarctic region, producing a con-
spicuous endemic assemblage. This evolution has been most
conspicuous since the early Neogene when the Antarctic
Water Mass and the Antarctic Convergence became well
established. Paleogene siliceous and calcareous microfossil
assemblages seem more cosmopolitan.

3. Diversity in all microfossil groups is relatively low in
high-latitude regions and generally becomes greater with
decreasing latitude. Although the antarctic region has been
the most important siliceous biogenic province in the oceans,
during the Late Cenozoic, species diversity in the siliceous
groups is still lower than in warmer oceanic areas.

4. Evolution during the Neogene appears to have
progressed in siliceous microfossil groups as quickly in ant-
arctic and subantarctic areas as in the tropics. This is not the
case among calcareous microfossils, the evolution of which is
essentially nonexistent in the polar regions. The temperate
latitudes represent staging areas for possible later plantonic
migration into subantarctic and antarctic regions. This
largely has not been the case in the siliceous microfossil
groups.

5. During the Cenozoic, there has been no simple pattern
of evolution toward greater diversity within subantarctic and
antarctic assemblages. This suggests that the antarctic
ecosystem is still unstable. If stability increases as a
biogeographic province ages (Dunbar, 1977), then diversity
might be expected to increase. This has not happened in the
southern ocean. Subantarctic planktonic foraminiferal
assemblages of late Quaternary age do exhibit a higher diver-
sity than those of early Quaternary and Pliocene age, but
other microfossil groups show no such simple pattern.
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