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Dolomite crystals in partially dolomitized limestone from the Platteville Formation are both com-
positionally and microstructurally heterogeneous. A single dolomite crystal usually contains three 
phases: the host Ca-rich dolomite [Ca1.14Mg0.86(CO3)2], an Fe-bearing dolomite [Ca1.06Mg0.80Fe0.14(CO3)2], 
and calcite inclusions. These three phases show similar orientations. The Ca-rich dolomite exhibits 
modulated microstructures with wavelength ranging from 7 to 30 nm. The modulated microstructures 
are not evident in Fe-bearing dolomite.

Modulations in the Ca-rich dolomite have three predominant orientation ranges in the studied sam-
ple: from (205) to (104), from (001) to (101), and ~(110), which are consistent with previous studies. 
Bright-field (BF) and high-angle annular dark-field (HAADF) images confirm that these modulations 
are due to chemical variation rather than strain or diffraction contrast. The Ca-rich lamellae are Mg-
rich calcite with compositions ranging from Ca0.85Mg0.15CO3 to Ca0.70Mg0.30CO3. The observed results 
indicate that these Ca-rich exsolution lamellae formed during diagenesis. In this study, three kinds of 
“c”-reflections, which are weak spots in the halfway position between the principal reflections along 
the (104)*, (112)*, and (110)* directions, have been found in the diffraction patterns of some Ca-rich 
dolomite. Mg-Ca ordering in x-y planes was not observed directly in Z-contrast images. FFT patterns 
from the Z-contrast images do not show “c”-reflections. STEM images confirm that the “c”-reflections 
could result from multiple diffraction between the host dolomite and twinned Mg-calcite nano-lamellae 
under TEM imaging and diffraction modes.
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introduction

The structure of a dolomite crystal (R3) is similar to that of 
a calcite (R3c) but with Ca and Mg layers alternating along the 
c-axis. The large differences in size between the Ca2+ and Mg2+ 
ions (33%) causes the cation ordering along the c-axis. With the 
nonequivalence of Ca and Mg layers, the symmetry is reduced 
from R3c to R3. Many natural dolomites have an excess of 
Ca2+, with composition up to ~Ca1.2Mg0.8(CO3)2, which is quite 
different from the stoichiometric dolomite CaMg(CO3)2 (Reeder 
1983, 1992; Warren 2000). The extra Ca in the dolomite struc-
ture causes an increase in the unit-cell parameter and hence in 
d-spacings, since the radius of Ca2+ is larger than that of Mg2+. 

[The ionic radii for Ca2+ and Mg2+ in sixfold coordinated are 1.00 
and 0.72 Å, respectively (Shannon 1976).] In Ca-rich dolomite, 
heterogeneous microstructures such as modulations and ordered 
superstructures have been reported (Reeder 1992).

Finely modulated microstructure in ancient calcian dolomite 
was first noticed by Reeder et al. (1978), and is very common 
in calcian dolomite, some calcite and calcian ankerite (Reeder 
and Wenk 1979, 1986; Reeder 1981; Gunderson and Wenk 

1981; Van Tendeloo et al. 1985; Miser et al. 1987; Reksten 
1990; Wenk et al. 1991; Fouke and Reeder 1992). Modulation 
can either be pervasive throughout a crystal, or intergrown with 
areas devoid of modulation. This modulation was ascribed to be 
compositional fluctuation associated with excess Ca in dolomite 
by Reeder (1981), who initially interpreted it to have arisen by 
reorganization in the solid state. However, some modulations 
were believed to have formed during growth, based on the fact 
that the orientations of modulations are different in different 
growth sectors of a dolomite crystal (Reeder and Prosky 1986; 
Miser et al. 1987; Fouke and Reeder 1992).

Four types of reflections have been found in the diffraction 
patterns of dolomite. “a” reflections refer to reflections that ex-
isted in the diffraction pattern of calcite. The reflections that are 
found in dolomite but absent in calcite are termed “b” reflections. 
“c” reflections are very weak and usually streaked spots halfway 
between the principle reflections along any of the three directions 
of (110)*, (104)*, and (012)* in the diffraction patterns of some 
dolomites (Reeder 1981). The “c” type reflections are usually as-
sociated with the modulated microstructures in Ca-rich dolomite 
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