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Reconstructions of past greenhouse climates hold the key to
understanding a warmer future climate caused by anthropogenic
greenhouse gas emissions. Recent studies of carbonate archives
have significantly advanced our understanding of dissimilar
climate states across the Cenozoic (e.g. Tierney et al., 2020,
Westerhold et al., 2020). Many long-term climate reconstructions
are based on assumptions, such as negligible seasonal bias in
climate archives and well-known, seasonally invariant seawater
compositions (e.g. δ18Osw and Mg/Ca). However, studies of
modern carbonate producers show that these assumptions do not
necessary hold true, and they may bias past climate
reconstructions (de Winter et al., 2020a; Caldarescu et al., 2021).
Clumped isotope analyses yield temperature reconstructions
independent of the composition of the precipitation fluid (e.g.
seawater; e.g. Eiler, 2007). Recent advances now allow clumped
isotope-based seasonality reconstructions from accretionary
carbonate archives (e.g. fossil mollusks), potentially solving both
seasonal and compositional biases in climate reconstructions (de
Winter et al., 2020a; b; Caldarescu et al., 2021). Here, we outline
the statistical and analytical techniques required to reconcile the
larger sample size demand of the clumped isotope method with
the comparatively small sample size required to analyze sub-
annual profiles through fossil carbonates. We present some of the
first applications of this new reconstruction technique on fossil
mollusks from past periods analogues to future climate scenarios,
such as the Pliocene Warm Period and the Late Cretaceous.
Finally, we discuss the implications of these high-resolution
climate reconstructions for our understanding of past greenhouse
climates.
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