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abstract

X-ray diffraction has been widely used in analyzing Ca-Mg carbonates. Compositions of biogenic 
and inorganic (Ca,Mg)CO3 crystals are often calculated by comparing their d104 values with published 
empirical curves. However, previous studies suggested that these curves do not apply to very high-Mg 
calcite and disordered dolomite. Based on synthesized high-Mg calcite and disordered dolomite, a new 
empirical curve between values of magnesian calcite d104 and MgCO3 content in the calcite-disordered 
dolomite solid-solution series is constructed. This new curve is consistent with the significant cell 
parameter changes accompanying the Mg-Ca cation disorder in dolomite, and it can help the character-
ization of the MgCO3 content of both natural and synthetic magnesian calcite and disordered dolomite, 
especially for the mineral mixtures that are not suitable for other analysis methods.
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introduction

X-ray diffraction (XRD) is a long-established technique for 
compositional determination in solid-solution series. Differ-
ences in ionic sizes between substituting and host cations lead 
to systematic variations in unit-cell parameters and interplanar 
d-spacings that can be measured using XRD. This approach has 
been widely used in analyzing rhombohedral Ca-Mg carbonates. 
For example, compositions of biogenic and inorganic (Ca,Mg)
CO3 crystals are often calculated by comparing measured d104 
value with published determinative curves (Milliman et al. 
1971; Bischoff et al. 1983; Falini et al. 1996; Raz et al. 2000). 
There are at least five empirical curves currently in the literature 
(Chave 1952; Goldsmith et al. 1955, 1961; Goldsmith and Graf 
1958; Milliman et al. 1971; Bischoff et al. 1983). Determinative 
curves based on synthetic magnesian calcite crystals (Goldsmith 
and Graf 1958; Goldsmith et al. 1961; Milliman et al. 1971) are 
probably the most widely used. However, the validity of these 
curves has been disputed, especially for high-Mg content crystals 
(Reeder and Sheppard 1984). Previous working approximation 
assumes that d-spacings should lie on a straight line connecting 
the respective values for pure calcite and ideal stoichiometric 
dolomite. However, there is no systematic investigation of well-
characterized natural dolomites that support this approximation 
(Reeder and Sheppard 1984). 

Another deficiency with these curves came from the samples 
used in these studies. Samples used in early studies with com-
positions close to stoichiometric dolomite are ordered dolomite. 
Ca-Mg disordering in dolomite causes expansion in the unit-cell 
dimensions (Goldsmith et al. 1961; Reeder and Wenk 1983; 
Antao et al. 2004; Carmichael and Ferry 2008). In other words, 

the cation disordering between Ca and Mg will increase the 
d-spacings of dolomite. Previously published empirical curves 
are not applicable to very high-magnesian calcite (VHMC) and 
disordered dolomite. It is true that magnesian calcite with more 
than just a few mole percents MgCO3 are metastable or unstable 
except at high temperatures (above the solvus line) according to 
the phase diagram (Anovitz and Essene 1987). However, high-
magnesian calcite and disordered dolomite do occur in natural 
environments. For example, many organisms form skeletons 
composed of high-Mg calcite with greater than 10 mol% MgCO3 
content (Raz et al. 2000) and some as high as 40 mol% (Schroede 
et al. 1969). VHMC with variable MgCO3 content, disordered 
dolomite, and proto-dolomite occur in cold-seep areas (Stakes et 
al. 1999). An empirical curve comparing d104 to MgCO3 content 
for disordered counterparts would be therefore useful to study 
VHMC and disordered dolomite skeletal particles and cements. 
Based on this premise, a new empirical curve is constructed based 
on synthesized high-magnesian calcite (HMC) and disordered 
dolomite. The new relationship can help quantify the MgCO3 
content in both natural and synthetic VHMC and disordered 
dolomite, especially for mineral mixtures that are not suitable 
for other analysis methods, e.g., atomic absorption, ICP-AES, 
and electron microprobe. 

EXpErimEntal mEthods

Synthesis of HMC and disordered dolomite in  
sulfide/acetate/methane-bearing solutions

Chemicals with low dielectric constants can promote the Mg incorporation into 
calcite and thus promote high-magnesian calcite and disordered dolomite formation 
(Oomori and Kitano 1987; Falini et al. 1996). Our results also show that aqueous 
sulfide, acetate, and methane that have very low dielectric constants can catalyze 
HMC and disordered dolomite formation. Pyrite surface may offer heterogeneous 
nucleation sites to HMC and disordered dolomite. HMC and disordered dolomite 
were precipitated by mixing NaHCO3+Na2S (with or without pyrite)/sodium acetate * E-mail: hfxu@geology.wisc.edu


