Railsback's Some Fundamentals of Mineralogy and Geochemistry

The “clumped isotope” paleotemperature method for carbonates

Oxygen isotope geochemistry from the 1950s onward offered the potential to deter-
mine the temperature at which a mineral such as calcite precipitated from solution, if one
could independently constrain the 80 value of the water from which the mineral precipi-

tated. However, without knowledge of the §'®0 of the precipitating water, one was left

only with an array of possible pairs of temperatures and water compositions. Reasonable
assumptions about water composition could limit the range of these pairs, but there was

no unique answer to the question of temperature and water composition.

That situation began to change in the early 2000s with understanding and measure-

ment of scarce carbonate groups containing both '3C and ®O. Previous isotope geo-

chemistry of carbonates had considered the isotopologue with only the light and abundant

isotopes ('2C'®0'®0, with mass 44) and the two less common isotopologues with one

heavy scarce isotope each (*C'*0'®0 and 2C'Q'%0, with masses 45 and 46). The new

"clumped isotope" approach focused instead on the very rare isotopologue with two

scarce heavy isotopes ('*C'®0'0 with mass 47). Measuring the abundance of this iso-
topologue requires a mass spectrometer that collects not only the three ions beams of
conventional C-O mass spectrometry (44, 45, and 46) but also the three ion beams for
masses 47, 48, and 49. The latter three additionally require much more sensitive detec-

tion because the number of ions reaching them is much smaller.
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The abundance of the *C'0¢0 isotopologue in a given sample is expressed with the
parameter A4, which is the difference in per mil between the 47/44 ratio in the sample and
the 47/44 ratio expected in a random distribution all the C and O isotopes among all the
possible CO, isotopologues. The significance of this parameter to paleotemperature studies
is that it has a one-to-one relationship with the temperatures at which CaCO, samples of both
calcite and aragonite are known to have been deposited, where that relationship is

A47 =0.0592 x 108 x T2 - 0.02 (T in Kelvins)

and gives the graphic relationship shown below. The result is the Holy Grail of stable isotope
paleothermometry: a unique paleotemperature from a CaCO, sample. It also allows calcula-
tion of the §'®0 of the precipitating water, yielding a double reward in paleoclimate studies
where both temperature and nature of the precipitating water are of interest.
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