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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�UHÀHFWLRQV��+LJK�DQJOH�DQQXODU�GDUN�¿HOG�67(0�LPDJLQJ��RU�=�FRQWUDVW�
imaging) that avoids dynamic diffraction as seen in electron diffraction and high-resolution TEM imag-
LQJ�PRGHV��FRQ¿UPV�WKDW�d�UHÀHFWLRQV�FRUUHVSRQG�WR�QDQRVFDOH�SUHFLSLWDWHV�DOLJQHG�SDUDOOHO�WR�������
of the host dolomite. The lamellae precipitates have a cation ordering sequence of Ca-Ca-Mg-Ca-Ca-
Mg along the c direction resulting in a chemical composition of Ca0.67Mg0.33CO3. This superstructure 
is attributed to the extra or d�UHÀHFWLRQV��WKXV�LV�UHIHUUHG�WR�DV�WKH�d superstructure in this study. The 
VWUXFWXUH�FDQ�EH�VLPSO\�GHVFULEHG�DV� LQWHUVWUDWL¿HG�FDOFLWH�GRORPLWH��7KH�FU\VWDO� VWUXFWXUH�RI� WKH�d 
VXSHUVWUXFWXUH�FDOFXODWHG�IURP�GHQVLW\�IXQFWLRQDO�WKHRU\��')7��KDV�D�VSDFH�JURXS�RI�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 
DOVR�UHSRUWHG�LQ�WKLV�SDSHU��7KH�PHWKRG�RI�FRPELQLQJ�=�FRQWUDVW�LPDJLQJ�DQG�DE�LQLWLR�FDOFXODWLRQV�
can be used for solving structures of other nano-precipitates and nano-phases.
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introduction

7KH�GRORPLWH��R3c) structure has alternating Ca2+ and Mg2+ 
cation layers along the c-axis with the triangular CO3

2– anion 
layers lying between two cation layers. Since the size of Mg2+ 
ions is smaller than that of Ca2+, the CO3

2– 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 
FRPSDUHG�WR�WKDW�RI�FDOFLWH��a�UHIOHFWLRQV�RQO\���5HHGHU��������
7ZR�DGGLWLRQDO�UHIOHFWLRQV��c and d reflections) have been ob-
served in natural sedimentary dolomite. Previously reported c 
reflections were interpreted as being a result of cation ordering 
ZLWKLQ�GRORPLWH�EDVDO�SODQHV��9DQ�7HQGHORR�HW�DO���������2XU�
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 
PRGHV��6KHQ�HW�DO���������7KH�d reflection was first observed 
LQ�'HYRQLDQ�GRORPLWH�VDPSOHV�E\�:HQN�DQG�=HQJHU��������DQG�
KDYH�EHHQ�DOVR�IRXQG�LQ�DQNHULWH�VDPSOHV��5HNVWHQ��������7KH�
d reflections occur as satellites around a and b reflections with 
diffraction vector c��������l)* and are usually streaking along 
c
�GLUHFWLRQ��:HQN�DQG�=HQJHU�������:HQN�DQG�=KDQJ�������
9DQ�7HQGHORR�HW�DO��������

Dynamical diffraction in transmission electron microscopy 
�7(0��PRGH�KDV�EHHQ�D�PDMRU�SUREOHP�IRU�VWUXFWXUH�GHWHUPLQD-
tion as shown in previous work of analyzing “c” superstructures 

�6KHQ�HW�DO���������7KH�VFDQQLQJ�WUDQVPLVVLRQ�HOHFWURQ�PLFURV-
FRS\� �67(0��PHWKRG�XVHV� WKH� KLJK�DQJOH� DQQXODU� GDUN�ILHOG�
�+$$')�� GHWHFWRU� WR� JLYH� WKH� LQFRKHUHQW� LPDJLQJ��ZKLFK�
eliminates most of the obvious effects of dynamical diffraction 
�3HQQ\FRRN��������:LWK� WKH�DGYDQWDJH�RI�D�VSKHULFDO�DEHUUD-
WLRQ�FRUUHFWRU��WKH�UHVROXWLRQ�RI�+$$')�67(0�RU�=�FRQWUDVW�
images is only limited by the size of the 1s Bloch state that is 
c���±����c��3HQQ\FRRN�HW�DO���������7KH�LQWHQVLW\�RI�=�FRQWUDVW�
images depends on the atomic number of atoms through the c=2 
GHSHQGHQFH�RI� WKH�5XWKHUIRUG� VFDWWHULQJ�FURVV�VHFWLRQ��ZKLFK�
WKXV�SURYLGHV�FKHPLFDO�LQIRUPDWLRQ�IRU�WKH�PDWHULDO��.LUNODQG�
������3HQQ\FRRN� HW� DO�� �������$� VWXG\�RI�PLFURVWUXFWXUHV� LQ�
QDWXUDO�GRORPLWH�VDPSOHV�XVLQJ�=�FRQWUDVW�LPDJHV�PD\�KHOS�ILQG�
answers to previous observations of superstructures and explore 
new microstructures in dolomite.

In addition to experimental studies in mineralogy, the ap-
plication of ab initio calculations of crystal structure, phase 
stability, and physical properties of minerals at given pressure 
DQG�WHPSHUDWXUH�KDV�LQFUHDVHG�LQ�WKH�SDVW�IHZ�\HDUV��2JDQRY�HW�
DO��������%DUQDUG�DQG�;X�������&KDWWHUMHH�DQG�6DKD�'DVJXSWD�
������6WDFNKRXVH�HW�DO���������'HQVLW\�IXQFWLRQDO�WKHRU\��')7��
uses the functional of electron density to solve the Schrödinger 
equation for a many electron system to acquire the minimum 
HQHUJ\�RI�WKH�V\VWHP��6KROO�DQG�6WHFNHO��������7KLV�PHWKRG�FDQ�
FDOFXODWH�WKH�HQWKDOS\�RI�D�V\VWHP�DW���.�DQG�WKH�FRUUHVSRQGLQJ�
structure. Since STEM work only provides topological infor-
PDWLRQ�IRU�WKH�FU\VWDO�VWUXFWXUH��WKH�XVH�RI�WKH�')7�PHWKRG�LV�
needed 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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