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INTRODUCTION

The uptake and incorporation of dissolved trace metals into
a mineral during growth, known as coprecipitation, has been
one of the most widely studied aspects of mineral-water inter-
actions. A primary application for such trace element studies
has been the identification of fluids and environments of crys-
tallization and diagenesis of minerals and rocks. It is now
widely appreciated that coprecipitation is an important pro-
cess that may control the mobility and fate of dissolved toxic
and heavy-metal species in near-surface environments.

Coprecipitation of divalent metals with calcite has received
considerable attention, because calcite readily forms in a wide
variety of environments and tends to incorporate a broad spec-
trum of geochemically and environmentally important trace
elements. Whereas early work focused primarily on establish-
ing partition coefficients for various divalent metal ions, more
recent works have explored the different factors that influence

ABSTRACT

Analysis of divalent Co, Zn, Pb, and Ba XAFS spectra of synthetic and natural calcite samples
containing trace concentrations of these heavy metals confirms their substitution in the unique Ca
site in octahedral coordination with varying degrees of local distortion. The existence of each trace
metal at the single site in the bulk crystal is significant in view of previous studies showing that these
trace elements are incorporated differentially at multiple, structurally distinct surface sites occurring
in nonequivalent growth steps on calcite surfaces. The octahedral coordination for Ba is particularly
noteworthy because of its large size (35% larger than host Ca) and the fact that it rarely exists as a
major constituent with such a low coordination number.

Analysis of the local distortion and relaxation around the impurities shows a nearly complete
contraction of the structure around Co2+ and Zn2+. The Co-O and Zn-O first-shell distances are only
slightly longer than in CoCO3 and ZnCO3, with a site compliance of ~80–90%. Displacements of
higher shells relative to those in calcite decrease rapidly, but irregularly, over a short distance, and the
relaxation may be largely confined within 6–7 Å of the impurity. The dilation around the large Pb2+

and Ba2+ ions in calcite also shows a high degree of site compliance (85–90%). Relaxation around Pb
and Ba also appears to be restricted, but extending further for Ba than for Pb. The limited observa-
tions suggest that compliance of the octahedral site in calcite is larger than for the cation site in the
rocksalt structure. The high compliance for the metal site in calcite may reflect the corner-sharing
topology of the structure and is also probably the reason that calcite shows such a wide range of
isovalent substitutions in nature. The findings also provide a direct indication of the local strain
associated with a dilute substitutional solid solution.

the magnitude of partitioning of a given trace element between
solution and crystal (see reviews by Mucci and Morse 1990;
Morse and Bender 1990; Rimstidt et al. 1998). Among these
factors are the influence of coupled substitutions during
coprecipitation (i.e., correlated partitioning for two or more
trace elements incorporated simultaneously), the influence of
growth rate on the partition coefficient, and the influence of
surface structure and multiple surface sites on incorporation.
Relatively little attention has been given to the local structural
environment of the trace metals in the calcite structure beyond
the most basic issue of whether a species substitutes in the Ca
position. This has been partly limited by the availability of el-
ement-specific methods that provide direct structural informa-
tion. Aspects such as distortion and relaxation around different
trace elements and the possible existence of clustering or short-
range order are fundamental for understanding both partition-
ing behavior and stability of dilute solid solutions, and
consequently they have implications for the sequestering of
toxic metals in minerals.

Direct determination of such structural aspects is now pos-
sible for individual trace elements in solids using X-ray ab-
sorption fine structure (XAFS) spectroscopy at synchrotron
radiation facilities. In the present study we use XAFS spec-
troscopy to determine directly the local coordination environ-
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