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Neogene climate on Earth changed dramatically from an
Antarctic ice sheet in its infancy to a warm phase during the
Miocene Climate Optimum (~14 Ma), followed by long-term
transient global cooling, which culminated in Northern
hemisphere glaciation and several glacials. The basis for most of
what we know about long-term global climate is derived from
long, multi-site composite δ18O records from benthic
foraminifera [1-3].

One of the main problems with the δ18O proxy, however, is
that it depends not only on the formation temperature of the
calcite (cc) of the foraminiferal test, but also on the isotopic
composition of the fluid source, in this case the seawater (sw).
This means that changes to the δ18Osw—which is influenced by
the precipitation/evaporation balance and thus salinity, as well as
land ice-volume and oceanography—can mask changes in
temperature.

In this study, we use the clumped isotope proxy (Δ47) to
provide independent temperature constraints that are based on
thermodynamic principles. Clumped isotopes are measured
simultaneously to the δ18Occ and enable determination of the
δ18Osw that the foraminifera dwelled in.

We reconstruct deep sea temperatures from ~20 Ma to the
present by applying clumped isotope measurements to well-
preserved benthic foraminifera from Walvis Ridge IODP Site
1264 sediments. Our novel measurements reveal warmer
temperatures than traditional oxygen isotope thermometry
studies, which is in agreement with recent Δ47 temperature
reconstructions from the Indian Ocean[4] and the Southern
Ocean[5]. These new findings show further evidence that
previous estimates of δ18Osw during the Neogene may be flawed,
hampering accurate temperature reconstructions solely based on
the foraminifera δ18Occ. Clumped isotope temperatures allow us
to convert assumptions about δ18Osw into measurement-based
estimates through time.
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