A Route to Late Cenozoic Temperature History?

The recent report by Bada et al. (I)
shows that racemization of the amino
acid isoleucine to alloisoleucine occurs
in fossil material in marine sediments
from near the crest of the Mid-Atlantic
Ridge and that the degree of racemiza-
tion can be used to calculate late Cen-
ozoic dates and sedimentation rates for
the enclosing sediments, provided that
a temperature history is known. They
also show, however, that the first-order
rate constant for interconversion of iso-
leucine is strongly temperature-depend-
ent, with the result that sediment dates
and sedimentation rates determined by
this method for their example are in
agreement with results from paleomag-
netic or radioactive nuclide decay tech-
niques only if an average temperature
history of 2°C is assumed. The rate of
racemization of isoleucine increases by
about 20 percent per degree in the
range of 0° to 4°C. As a general meth-
od applicable to other late Cenozoic
examples, would it not be profitable to
accept paleomagnetic, paleontologic, or
radioactive nuclide decay dates as given
and then, on that basis, to derive infor-
mation about the temperature history of
ancient sediments from the amount of
racemization of various amino acids re-
maining in the contained fossils?
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The suggestion of McKenna that the
temperature history of ancient sedi-
ments and fossils might be determined
from the amount of racemization of
various amino acids if the age had been
determined by another method is an
interesting possibility and one that we
have, in fact, been investigating. In
collaboration with M. Lewis and A.
Lerman of the Canada Centre for In-
land Waters, one of us (J.L.B.) has been
studying the racemization of several
amino acids in a 16-m piston core taken
from Lake Ontario. By determining the
radiocarbon ages of the sediments, we
hope to use the racemization Kinetics
to estimate changes in the bottom water
temperatures of the lake during the last
10,000 to 30,000 years.

1t is doubtful that this method could
be applied to exposed sediments and
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fossils. These specimens have been sub-
jected to large temperature fluctuations
between day and night and also from
season to season. These large tempera-
ture fluctuations would complicate the
racemization XKinetics of the amino
acids and make any interpretation diffi-
cult.

There may also be some problems in
using the method to estimate tempera-
ture fluctuations in oceanic bottom
waters where the temperature changes
between glacial and interglacial ages
may have amounted to only a few de-
grees. The age of the sediment would
have to be determined with an uncer-
tainty of less than =20 percent in order
to observe temperature fluctuations of
1° or 2°C. For isoleucine an un-
certainty of =25 percent in an age of
a million years would yield an average
temperature with an uncertainty of
+1°C. Therefore, it may be difficult to
determine whether fluctuations of 1°
or 2°C were real or just artifacts aris-
ing from the uncertainty of the age
estimate. Temperature fluctuations of
~5°C should be readily distinguishable.

Another possibility that we are now
investigating is the use of the amino
acid racemization reaction to determine
heat flows in sediments. In the 5-m
core used in our investigations of the
dating of marine sediments with the iso-
leucine racemization reaction (I, 2),

the increase in temperature from the top
to the bottom of the core amounted to
only a few tenths of a degree. How-
ever, in much longer cores or in cores
taken from areas of high heat flow, the
temperature increase should have a sig-
nificant effect on the racemization kin-
etics. The slowly increasing temperature
with depth in the sedimentary column
would cause a corresponding slow in-
crease in the racemization rates of the
various amino acids. By determining
the age of the sediments by another
method, the racemization rates in the
sedimentary column could be used to
calculate the in situ temperature of
the sediment and, therefore, the thermal
gradient.
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Inactivation of Potassium Conductance in

Slow Postsynaptic Excitation

Weight and Votava (/) propose that
the slow excitatory postsynaptic poten-
tial (EPSP) of frog sympathetic ganglion
cells is generated by an inactivation of
resting potassium conductance of the
membrane. In addition to confirming
observations (2, 3) that membrane
resistance may be increased during the
slow EPSP and that conditioning hyper-
polarization can reverse the polarity of
some of the slow EPSP, Weight and
Votava (I) reported that the reversal
potential of the slow EPSP was similar
to the estimated potassium equilibrium
potential (E,). I would like to raise two
difficulties, based on direct observa-
tions, that are not accounted for by
their proposal.

First, the so-called “reversal” of the
slow EPSP during conditioning hyper-

polarization does not have the charac-
teristics appropriate to their proposal.
Kobayashi and Libet (3) noted that the
phase of “reversed” polarity had a
much shorter duration than that of the
usual depolarizing slow EPSP; this dif-
ference appears also to be visible in
figure 1C of Weight and Votava (1).
Kobayashi and Libet also observed that
the response of the conditioned hyper-
polarized cell still showed a depolariz-
ing phase, lasting 20 seconds or more
after the brief phase of reversed polar-
ity, and that the “reversed” hyperpolar-
izing phase seemed to have a distinctly
shorter latency than the slow EPSP of
the unconditioned cell (3). If the slow
EPSP were generated by a change in
potassium conductance the whole re-
sponse should reverse in a mirror image
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