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Research progress in clumped isotope thermometry of
apatite structural carbonate
CHEN Yanlong, XI Haibin, WANG Peiyao

(Shaanxi Key Laboratory of Early Life and Environments/State Key Laboratory of
Continental Evolution and Early Life/Department of Geology, Northwest University, Xi’ an 710069, China)
Abstract Reconstructing paleo-temperatures is of great significance for understanding the Earth’ s climate
changes and the evolution of life. Traditional thermometry based on 80 has uncertainties due to its reliance
on the oxygen isotope composition of seawater ( 80, ). Carbonate clumped isotope (A, ) thermometry,
which was developed over the past 20 years, has become a research hotspot as it does not require prior knowl-
edge of 8" 0,. However, carbonates, which are the most commonly used material for A,, thermometry, are
highly susceptible to diagenetic alteration, sometimes leading to the loss of original temperature information.
Therefore, apatite, which contains structurally bound carbonate and exhibits strong resistance to diagenetic
modification, has been an ideal material for studying deep-time paleoclimates. This paper reviews the research

on apatite clumped isotopes, discussing the issues in the calibration relationships between apatite A,; and tem-
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perature, as well as potential kinetic effects. Additionally, factors such as organic matter content, kinetic

effects, and diagenetic processes (recrystallization and solid-state reordering effects) may all introduce biases

in thermometric results. In the future, it will be necessary to refine the calibration relationships, integrate

multi-isotope and trace element analyses to enhance data reliability. With further research, apatite clumped i-

sotope technology is expected to bring breakthroughs to studies in deep-time paleoclimatology and related

fields.

Keywords biogenic apatite; carbonate; clumped isotope; palaeotemperature ; kinetic effects
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Tab.1 Comparison of clumped isotope analytical methods for apatite structural carbonate in different laboratories
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Fig. 1  Linear relationships between clumped isotopes of

carbonates and temperature (A, — 1/7°), and

between clumped isotopes of hydroxylapatite and
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