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Z-contrast imaging and ab initio study on “d” superstructure in sedimentary dolomite
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abStract
Nano-precipitates with tripled periodicity along the c-axis are observed in a Ca-rich dolomite
sample from Proterozoic carbonate rocks with “molar tooth” structure. This observation is consistent
with previous description of d
imaging) that avoids dynamic diffraction as seen in electron diffraction and high-resolution TEM imagd
of the host dolomite. The lamellae precipitates have a cation ordering sequence of Ca-Ca-Mg-Ca-CaMg along the c direction resulting in a chemical composition of Ca0.67Mg0.33CO3. This superstructure
is attributed to the extra or d
d superstructure in this study. The
d
P31c and has a
and c unit-cell parameters of 4.879 and 16.260 Å, respectively, values between those of dolomite and
calcite. The detailed structural characteristics and parameters obtained from ab initio calculations are
can be used for solving structures of other nano-precipitates and nano-phases.
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introduction

-

R3c) structure has alternating Ca2+ and Mg2+
cation layers along the c-axis with the triangular CO32– anion
layers lying between two cation layers. Since the size of Mg2+
ions is smaller than that of Ca2+, the CO2–
3 layers are closer to
Mg2+ layers. The lack of c glides in the dolomite structure due
to the cation ordering causes the occurrence of extra reflections
b reflections, hh0l, l = odd) in dolomite diffraction patterns
a
c and d reflections) have been observed in natural sedimentary dolomite. Previously reported c
reflections were interpreted as being a result of cation ordering
recent STEM work confirmed that the “c”-reflections could result
from multiple diffraction between the host dolomite and twinned
Mg-calcite nano-lamellae under TEM imaging and diffraction
d reflection was first observed

d reflections occur as satellites around a and b reflections with
diffraction vector
l)* and are usually streaking along
c
Dynamical diffraction in transmission electron microscopy
tion as shown in previous work of analyzing “c” superstructures

eliminates most of the obvious effects of dynamical diffraction
images is only limited by the size of the 1s Bloch state that is
images depends on the atomic number of atoms through the
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answers to previous observations of superstructures and explore
new microstructures in dolomite.
In addition to experimental studies in mineralogy, the application of ab initio calculations of crystal structure, phase
stability, and physical properties of minerals at given pressure

uses the functional of electron density to solve the Schrödinger
equation for a many electron system to acquire the minimum

structure. Since STEM work only provides topological inforneeded in this study to calculate the detailed crystal structure of
the d phase and confirm our model for the d superstructure by
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