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Brachiopod shells are valuable paleoenvironmental archives that record long-term marine
environments. However, studies on modern brachiopods indicate that oxygen and carbonate clumped
isotope compositions are influenced by biological isotope effects during calcification. Thus,
we need to identify shell portions that are not or are minimally influenced by the effects for
accurate paleotemperature reconstructions. This study assesses the potential of Raman
spectroscopy to identify such portions based on carbonate crystallinity. Raman analysis of 17
specimens from five modern brachiopod species revealed that Raman data reflect trace element
distributions and distinguish the portions influenced by the biological isotope effects.
Notably, shell portions at 60-90% of the shell depth from the outer shell surface exhibited
crystallinity closest to ideal calcite with minimal interspecific variations, making them more
suitable for paleotemperature reconstructions than the inner shell surfaces (90-100% depth)
that are traditionally used in many studies. These findings suggest that Raman spectroscopy can
effectively identify shell portions minimally affected by biological isotope effects, allowing
reliable paleotemperature reconstructions. Further application of this method to a broader range
of brachiopod species may improve geothermometer precision.




