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Effects of Mg-Fe21 substitution in calcite-structure carbonates: Thermoelastic properties
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ABSTRACT

In situ X-ray diffraction has been carried out on two siderite samples of different Fe
contents simultaneously at high pressure and high temperature in a DIA-type, large-volume
apparatus. Unit-cell volumes, measured up to 8.9 GPa and 1073 K have been analyzed
using a Birch-Murnaghan equation of state. With K09 fixed at 4, the derived equation of
state parameters are: K0 5 117(1) GPa, (]K/]T)P 5 20.031(3) GPa/K, and a(K21) 5
1.76(35) 3 1025 1 3.46(62) 3 1028 T for end-member siderite, and K0 5 112(1) GPa, (]K/
]T)P 5 20.026(2) GPa/K, and a(K21) 5 2.09(23) 3 1025 1 2.97(39) 3 1028 T for the
Mg-Fe21 solid solution with 60 mol% FeCO3. These results, along with results obtained
previously on magnesite using the same experimental technique, indicate that Fe21 substi-
tution for Mg in the R3c carbonates results in a linear increase of the room-temperature
bulk modulus and its temperature derivative with increasing Fe content. The bulk modulus
increases by more than 10% from MgCO3 to FeCO3. This bulk modulus-composition re-
lationship is mainly attributed to differences in the compressibility of the a axis with
increasing Fe content, even though the c axis is more than twice as compressible as the a
axis for a given composition. The bulk modulus-volume relationship in the Mg-Fe21 car-
bonates studied is consistent with trends reported in other ferromagnesian minerals, such
as oxides, olivines, pyroxenes, silicate spinels, and garnets, in the sense that it deviates
from the empirical prediction that the product of K0 and V0 is constant. In addition, these
observations are consistent with previous suggestions that substitution of alkaline earth
elements by the 3-d transition metals may yield a different bulk modulus-volume
relationship.

INTRODUCTION

The elastic properties of minerals depend on chemical
composition, crystal structure, pressure and temperature.
It is important to understand the role of each of these
variables when characterizing the elasticity of a mineral.
Among studies establishing the compositional effect on
elastic properties within different mineral groups, min-
erals with Mg-Fe21 solid solutions have been investigated
extensively because of their importance in understanding
the Earth’s interior. For most ferromagnesian oxides and
silicates that have been studied so far, the bulk modulus
appears to increase with increasing Fe content although
the absolute difference is typically no more than a few
percent for complete substitution (see Hazen 1993, and
references therein).

The calcite-structure carbonates (R3c) represent a min-
eral group that is structurally different from oxides and
silicates. The slightly distorted octahedra are exclusively
corner-linked through shared O anions of the CO3 groups,
which are rigid, structurally inert components. It is there-
fore of interest to examine how the elastic properties of

ferromagnesian carbonates compare with oxides and sil-
icates. In this regard, several studies have been carried
out recently, particularly for end-member MgCO3 (e.g.,
Markgraf and Reeder 1985; Redfern et al. 1993; Fiquet
et al. 1994; Zhang et al. 1997; Ross 1997). However, no
measurements have been made simultaneously at high
pressure and high temperature for Fe-rich carbonates.
Elastic properties of siderite have been studied from ul-
trasonic measurements at room temperature by Christen-
sen (1972). He also investigated variations in elastic prop-
erties with Mg-Fe21 substitution and showed that the
shear modulus of siderite is a few percent larger than that
of magnesite.

In this work, we have carried out in situ X-ray diffrac-
tion studies at pressures and temperatures up to 8.9 GPa
and 1073 K on end-member FeCO3 and an Mg-Fe21 solid
solution in the same experiment for direct comparison.
By combining the present results with those obtained pre-
viously on magnesite (Zhang et al. 1997), thermal equa-
tion of state parameters and linear compressibilities of
crystallographic axes, derived from the pressure-volume-
temperature measurements, are examined with respect to


