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ABSTRACT
Oxygen isotope records have been employed to estimate changes in global ice volume, ocean
temperature, ocean circulation, and other related phenomena during the Quaternary. Some long-term
records have also been used to estimate Milankovitch orbital parameters. Previously these estimates
have been based on a limited number of records, often only one record was examined, but here 256

records from 189 deep-sea cores have been compiled for future referral.

RESUME
On a utilisé les données de ratio d’isotope d’oxygeéne pour évaluer durant le quaternaire les
changements de volume de glace du globe, la température de 'océan, la circulation océanique et
d’autres phénoménes connexes. De longues sections de données ont aussi été utilisé utilisées pour
estimer les parametres orbitaux de Milankovitch. Auparavant, ces évaluations étaient basées sur un
nombre limité de données, et souvent une donnée seulement était examinée. Dans le présent
rapport, 256 données issues de 189 carottes des mers profondes ont été recueillies pour usage a

venir.
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BACKGROUND

Variations in the oxygen isotopic abundance ratios (**0/%0) as measured in fossil foraminifera
were first employed as indicators of paleotemperatures in the oceans by Epstein et al. (1951) and
Emiliani (1955), based on a proposal by Urey (1947). Emiliani modified Epstein et al.’s equation
from which paleotemperatures were derived to

T = 165 - 43 (6%0 - A) + 0.14 (6%0 - A)?,

where 60 is the difference between the ¥0/%0 content of the sample and that of a standard

carbonate and is by convention defined as

(*80/1%0) sample - (*20/%0) standard

680 = 1000 x
(180 /1%0) standard

The term A represents the difference between the isotopic composition of ancient sea water in which
the fossil lived and the average isotopic composition of modern sea water, and was introduced by
Emiliani to correct for the changing isotopic composition during each glacial-interglacial cycle.
Emiliani was able to estimate the change in surface water temperature of the Caribbean Sea to be
about 6°C, but Olausson (1965) doubted that tropical temperature changes would have been that
large. In an attempt to resolve this controversy Shackleton (1967) analyzed the isotopic composition
of benthonic foraminifera, as opposed to planktonic species, so as to minimize the influence of the
temperature change. He inferred that most of the §0 signal in the foraminifera was due to changes
in the isotopic composition of sea water and that temperature changes were a secondary effect.
Further, he noted that the record of ocean isotopic composition change was of more value than a
temperature record in view of its direct relationship to global ice volume and hence to sea level. For
example as the ice sheets grew, °0 was preferentially evaporated from the oceans (since it is lighter
than **0) and sequestered in the ice sheets. The **0/%0 ratio increased in the oceans and oxygen
subsequently absorbed into foraminifera had this larger isotopic ratio. The larger ratios correspyond
to glacial maxima and the smaller ratios to interglacial periods. Shackleton and Opdyke (1973)
employed the §'0 record from a western Pacific Ocean core to estimate changes in Pleistocene sea
level. By combining many records, Imbrie et al. (1984) inferred a record of climate change and then
computed Milankovitch orbital parameters from the subsequent time series. Pisias et al. (1990)
computed the orbital parameters from the oxygen isotope ratios of foraminifera collected from a

long, continuous record from the eastern equatorial Pacific Ocean.
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Apart from the studies on long-term glacial fluctuations and hence sea level changes during
the Pleistocene (e.g., Broecker and van Donk 1970; Shackleton and Opdyke 1973; Chappell and
Shackleton 1986), oxygen isotope records have been used to infer details of the last deglaciation (i.e.,
since 18 ka BP). The routing of meltwater from the Laurentide Ice Sheet was inferred from records
from the Gulf of Mexico (Kennett and Shackleton 1975; Emiliani et al. 1978; Broecker et al. 1989).
Jones and Keigwin (1988) used an oxygen isotope record from off the west coast of Spitsbergen to
infer the presence of a large Barents Sea Ice Sheet and approximate the time of its deglaciation.
Some other studies include the change in deep-water formation in the Atlantic and Pacific oceans
(Berger and Vincent 1986; Keigwin 1987) and details of paleo-surface circulation in the Indian Ocean
(Prell et al. 1980; Sarkar et al. 1990).

Ozxygen isotope analysis is complicated by disequilibrium effects and other uncertainties.
Shackleton and Opdyke (1973) and Vergnaud-Grazzini (1976) suggested that some planktonic species
are naturally depleted in **0, while Emiliani (1954) and Shackleton and Vincent (1978) stress that the
depth habitat of the organism (i.e., above or below the thermocline) and seasonal growing variations
would effect the isotopic concentration. The controversy over the low 6§30 meltwater spike (Berger
et al. 1977; Jones and Ruddiman 1982) adds further uncertainty to an already variable isotopic
record. Other uncertainties include sedimentary accumulation changes and bioturbation (Shackleton
and Opdyke 1973), selective dissolution (Berger and Killingley 1977), and changes in ocean mixing
and hence deep-ocean temperature (Bowen 1978). Ocean mixing and deep-ocean temperature depend
on the polar downwelling zones of cold water and these zones change substantially from glacial
maximum to interglacial periods. Mix and Ruddiman (1984) proposed that the average isotopic com-
position of the Pleistocene ice sheets varied with their size, latitudinal position and stability, and
Shackleton (1987) suggested that oxygen isotope records were not a linear function of ice volume
history and hence sea level history. A comprehensive review of oxygen isotope analysis can be found
in Mix (1987).

COMPILATION OF OXYGEN ISOTOPE RECORDS
The objective in compiling the oxygen isotope records listed in Appendix A is to aid future
researchers in studying the global §'°0 signal, as opposed to the local or regional signal inferred from
a limited number of records. In all, 256 §*0 records were compiled from 189 deep-sea cores, with
the global distribution of these cores shown in Figure 1. Note the scarcity of records from the central

Pacific, Arctic and Southern oceans. The records were extracted from the existing literature, either
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from published tables or from digitized graphs (with the latter denoted in Appendix A by asterisks
after the references). The abbreviated references indicate author(s), publication date, journal, volume
and first page number. Latitude and longitude (to the nearest tenth of a degree) and species analyzed
are also listed. All §°0O values are quoted in parts per thousand. Depths of the foraminifera samples
in the cores have been converted to ages (ka BP) by employing the schemes proposed by the original
investigators (ages equal to 9999.9 ka BP denote the end of the record). If no scheme was proposed,
I defined the isotope stage 2 minimum (Emiliani 1955) to occur 18 ka BP and the interface between
stages 5 and 6 to occur 127 ka BP, and then I converted the depths to ages using this scheme.
Timescales for cores can be derived by dating samples at selected intervals using radiocarbon
techniques. For cores too old for radiocarbon techniques to work (>30 ka BP), timescales can be
estimated using the assumption of constant sedimentation rates and the position of distinctive
isotopic stage interfaces or the position of magnetic reversals.

I hope this co‘mpilation will prove useful to researchers in many fields of study. It has already
been employed in a study of the individual masses of the major ice sheets during the last deglacial
episode (Tushingham 1991).
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Figure 1. The location of deep-sea cores from which oxygen isotope records were extracted.
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