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INTRODUCTION

Calcium carbonate is a widespread component of sediments, 
sedimentary rocks, and the mineralized tissues of many bio-
logical organisms. The temperature dependence of O-isotope 
fractionation between CaCO3 and H2O has been used as a geo-
thermometer since the classic paper of Urey (1947). A widely 
employed practice in isotope geothermometry is to directly 
compare biogenic CaCO3 with inorganically precipitated cal-
cite (e.g., OʼNeil et al. 1969; Grossman and Ku 1986; Patterson 
et al. 1993; Thorrold et al. 1997; Xia et al. 1997; Boehm et al. 
2000). In doing so, biologically precipitated CaCO3 is more 
widely available relative to inorganic precipitates for estimate 
of Earthʼs surface temperatures. However, it is unclear whether 
the organisms precipitated carbonate at isotopic equilibrium with 
ambient water or not. 

Because aragonite is a metastable polymorph of CaCO3, it 
is easily susceptible to polymorphic transition to stable calcite. 
This feature has complicated the calibrations of O-isotope frac-
tionation factors between calcite and water by means of either 
precipitation experiments or natural observations. Because of 
the widespread application of the CaCO3�H2O thermometer 
to the reconstruction of paleoclimate, it is important to resolve 
whether or not O-isotope fractionations between CaCO3 and 

water are controlled by a polymorphic transition from arago-
nite to calcite. For this reason, we have carried out a series of 
synthesis experiments involving a polymorphic transition from 
aragonite to calcite at 50 and 70 °C, including four sets of Þ xed-
duration experiments and three sets of time course experiments. 
In addition, vacuum-heating experiments was conducted at 450 
°C to test the difference in the acid fractionation factor between 
aragonite and calcite. The results demonstrate that, regardless 
of its precursor composition, CaCO3 dissolved in aqueous so-
lution easily attains O-isotope reequilibrium with water when 
reprecipitating as calcite.

EXPERIMENTAL METHODS

Aragonite synthesis
In principle, aragonite can be synthesized by either the overgrowth technique 

(Zhou and Zheng 1998) or slow precipitation from a Ca(HCO3)2 solution in the 
presence of Mg2+ or [SO4]2� (Bischoff and Fyfe 1968; Zhou and Zheng 2001).The 
present experiments follow the overgrowth technique by Zhou and Zheng (1998) for 
aragonite synthesis, but have been modiÞ ed slightly for the purpose of calibrating 
isotope fractionation factors. The aragonite was synthesized by one- and two-step 
overgrowth approaches, respectively, at 50 and 70 °C via dissolving Na2CO3 in 
aqueous solutions (Zhou and Zheng 2002). Correspondingly, the Na2CO3 solution 
was prepared in two ways: (1) by mixing the reagent with water and immediately 
performing a �dissolution-precipitation� experiment, and (2) by mixing the solution 
and storing it in a sealed bottle for 10 days prior to the initiation of an experiment. 
The difference between the one- and two-step approaches lies in the duration of 
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ABSTRACT

The polymorphic transition from aragonite to calcite is a common phenomenon in nature and 
laboratory experiment, but its effect on O-isotope fractionation between secondary calcite and water 
is not known. Low-temperature synthesis experiments were carried out in this study to decipher the 
behavior of O-isotope fractionation between CaCO3 and H2O during this process. The initial arago-
nite was synthesized by one- and two-step overgrowth techniques at 50 and 70 °C, respectively, with 
a difference in the duration of O-isotope exchange between dissolved carbonate and water prior to 
initial aragonite precipitation. Calcite was then synthesized by in situ polymorphic transition from the 
precursor aragonite in aqueous solution at the same temperatures. SEM observations show that the 
phase transition from aragonite to calcite proceeded in the mechanism of dissolution-reprecipitation. 
Although different approaches were employed to synthesize the starting aragonites, O-isotope analy-
ses of product calcite and coexisting water unanimously yield consistent calcite-water fractionations 
relative to temperature. This Þ nding demonstrates that calcite derived from polymorphic transition of 
aragonite can readily achieve O-isotope equilibrium with water regardless of its precursor composition. 
In particular, not only is the calcite-water fractionation relationship obtained in this study at 50 to 70 
°C in agreement with that extrapolated from the literature data by slow precipitation experiments at 
0 to 40 °C, but also the experimental calcite-water fractionations available at 25 to 70 °C are in close 
agreement with theoretically calculated fractionations. These results indicate that O-isotope equilibrium 
between calcite and water may prevail in calcite formed by the mechanism of dissolution-reprecipita-
tion in aqueous solution despite different reaction paths.


