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Methane seeps represent an important interface between
oxidizing and reducing environments, which facilitate multiple
exchange reactions, often precipitating copious quantities of
carbonate minerals. Constraining the rate of these reactions in
modern and ancient systems is critical to understanding the
modern and ancient carbon cycles. The geochemistry of the
carbonate minerals precipitated in these systems reflects the bio-
geo-chemical conditions present during mineralization and could
be used to determine factors such as temperature, as well as
reaction mechanisms and rates. Previous work applying clumped
isotopes towards studying these systems has shown that there are
significant kinetic biases which must be addressed before it can
be applied unambiguously to ancient systems (Loyd et al., 2016).
Application of dual-clumped isotopes represents a unique tool
for constraining these kinetic isotope effects, as the '*0'*C—and
B0'80—substituted isotopologues of DIC (measured as carbonate
A,; and A,q values, respectively) can behave very differently
in kinetically-limited systems (Guo 2020, Bajnai et al., 2020).
Using this novel technique alongside numerical models for DIC-
water exchange (Watkins and Devriendt, 2022; Guo, 2020), we
can constrain the factors that govern the chemical evolution of
the methane seep. We present a dataset of carbonate precipitates’
A,; and A4 values from a modern cold seep in the South China
Sea. These samples have variable kinetic offsets from
equilibrium, which can be used to accurately calculate the seep
temperature. The slope and magnitude of these kinetic offsets
contains additional information regarding the rate and
mechanisms of methane oxidation.
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