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MIOCENE PALEOTEMPERATURES

By Reese Barrick
University of Southern California

Studies of ocean paleotemperatures are important for increasing our
knowledge of past oceans and climates. These studies have principally
been carried out by using oxygen isotope ratios in fossils as paleother-
mometers. The oxygen-18 to oxygen-16 (180/16/0) ratios incorporated into
the shell and bone of marine animals reflect the isotopic composition and
the temperature of the seawater in which they live.

Most paleotemperature studies have used carbonate fossils (molluscs
and certain microfossils) as the recorders of the ancient isotope history.
This method however is complicated by several problems. The carbonate
fossil may have had the original isotopic ratio which was incorporated
into the shell while the animal was alive altered after it had died and
undergone burial. These processes of alteration are represented by the
term diagenesis. These diagenetic processes include overgrowth of the
fossil by calcium carbonate in the sediment which may have different iso-
topic ratios from the original fossil and would change the initial ratio.
Another process which changes the initial isotopic ratio is the ready ex-
change of oxygen atoms between seawater and carbonate atoms of the fossil.

It has been shown by researchers that using phosphatic fossils as
recorders of thée oxygen isotope history of the ocean avoids the problems
of diagenesis.

The exchange of oxygen atoms between phosphate ions and seawater is
negligible at low temperatures (100-200°C) unless biologically catalyzed
during which exchange is extremely rapid. Thus biogenic phosphates
(bones, teeth) accurately record the oxygen isotope record at the time
of formation while preserving that record perfectly after the death of
the animal.

The next problem that must be tackled is distinguishing the tempera-
ture-composition components of the isotopic signal. Warm-blooded animals
such as mammals keep a constant body temperature (35-37°C). The oxygen




isotope ratio incorporated into the phosphate of their bones and teeth
should reflect their body temperatures as the body water of these animals
with which the phosphate is exchanging will reflect this temperature.
Any deviation from their body temperature as determined by phosphate
analysis should be due to compositional differences in the animal's
drinking water and food. Thus by knowing an animal's body temperature
and finding the relationship between body water and drinking water we
should be able to determine the composition of the water. Then using
this compositional factor with temperatures recorded from fish and cold-
blooded animals' bones phosphate collected from the same area we can
accurately determine the temperature of the water in which these animals

lived.

The Calvert Cliffs provide an ideal testing ground for this model.
There is a relative abundance of both warm-blooded mammalian fossils
(mainly whales and porpoises) and fish (bones), ray, and shark (teeth)
which can be collected in sites from known stratigraphic ranges. Thus
we should be able to reconstruct an accurate paleo-ocean temperature
record for the approximately ll-million years of Miocene time represented
by the sediments of the Calvert Cliffs.
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Ed. Note: Reese visited the CMM in May and June and collected samples
all along Calvert Cliffs and at other local Miocene outcrops.
He is working with Dr. Al Fischer at the University of South-
ern California and Dr. Y. Kolodny of Hebrew University,
Jerusalem. Reese took the samples to Israel for analysis
immediately following his wvisit to Calvert Cliffs.

CLUB ACTIVITIES

Field Trip to Lee Creek Mine, North Carolina

Early in the morning on May 16 fifty club members gathered in the
parking lot of the Lee Creek Mine near Aurora, North Carolina. We were
met by Texasgulf representative, Becky Hyne, who saw that we signed
release forms and were issued hard hats. The familiar yellow bus
took us several miles into the mine to our collection site. The steep
sides of the spoil piles yielded shark teeth, including several nice
five or more inch Carcharodons, bird bones, whale vertebrae, fish, turtle
and crocodile material, and an unusual number of squalodont teeth.

Linda Arnold's seal jaw containing two molars and a canine tooth was
voted the "find" of the day.







