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abstract

%\�XVLQJ�DWRPLVWLF�VLPXODWLRQ�DQG�FRQ¿JXUDWLRQDO�VWDWLVWLFV� WHFKQLTXHV�� WKH�WKHUPRG\QDPLFV�RI�
mixing for calcite-smithsonite solid solutions have been investigated. By employing a 2 u 2 u 1 su-

SHUFHOO��WKH�FRQ¿JXUDWLRQ�ZLWK�WKH�ORZHVW�HQHUJ\�IRU�WKH�VROLG�VROXWLRQ�ZLWK�D�FHUWDLQ�FRPSRVLWLRQ�ZDV�
determined. The incorporated Zn2+ tends to occur at the sites neighboring to another substituted Zn2+ 

ZLWKLQ�WKH��������OD\HU��EXW�WKH�VXEVWLWXWHG�OD\HUV�DUH�SUHIHUHQWLDOO\�VHJUHJDWHG�E\�FDOFLWH�OD\HUV��DQG�
YLFH�YHUVD��7KH�VXSHUFHOOV�ZLWK�FRPSRVLWLRQV�DURXQG�WKH�WZR�HQG�PHPEHUV�VWDQG�SRVLWLYH�HQWKDOSLHV�DW�
DQ\�WHPSHUDWXUHV��ZKHUHDV�WKRVH�VXSHUFHOOV�ZLWK�FRPSRVLWLRQ�RI�DERXW�&D0.5Zn0.5CO3 prominently exhibit 

QHJDWLYH�YDOXHV�LQ�YDULRXV�WHPSHUDWXUHV�RI�UHDOLW\��H�J���������.���7KH�IUHH�HQHUJLHV�DUH�SURPLQHQWO\�
QHJDWLYH�DW�KLJK�WHPSHUDWXUHV��!�����.��IRU�WKH�ZKROH�UDQJH�RI�FRPSRVLWLRQV��RQO\�WKRVH�DURXQG�ERWK�
HQG�PHPEHUV�KDYH�SRVLWLYH�YDOXHV�DW�VRPH�ORZ�WHPSHUDWXUHV��������.���,Q�WKH�GHULYHG�SKDVH�UHODWLRQV�
of this solid solution system, the potential incorporation content of ZnCO3 into calcite is only 0–2.5% 

PROH�IUDFWLRQ��L�H���=Q�FRQWHQW�RI��±����ZW���LQ�PRVW�JHRFKHPLVWU\�HTXLOLEULXP�SURFHVVHV��DQG�YLFH�YHUVD�
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&DOFLWH�FDQ�LQFRUSRUDWH�PDQ\�GLYDOHQW�FDWLRQV��H�J���=Q2+, 

Mn2+, Cd2+, Fe2+, Sr2+, and Mg2+�� DW� WKH�&D2+ positions due 

WR� WKHLU� VLPLODU� LRQLF� UDGLL� DQG� ERQGLQJ� SURSHUWLHV� �+XPH�
5RWKHU\�HW�DO���������WKXV�WKHUH�DUH�D�VHULHV�RI�VROLG�VROXWLRQV�
ZLWK�FDOFLWH�VWUXFWXUH�LQ�QDWXUH��&DOFLWH�DQG�LWV�LVRPRUSKV�DUH�
LPSRUWDQW�LQ�PDQ\�ILHOGV��VXFK�DV�JHR�VHTXHVWUDWLRQ�RI�FDUERQ�
GLR[LGH��+HU]RJ�������%LFNOH�������0DWWHU�DQG�.HOHPHQ��������
QXFOHDU�ZDVWH�UHSRVLWRU\��&XUWL�������&XUWL�HW�DO��������=DYD-
ULQ�HW�DO���������ELR�PLQHUDOL]DWLRQ��6DUUHW�HW�DO��������,VDXUH�
HW�DO���������DQG�VR�RQ��7KH�FDOFLWH�VWUXFWXUHG�VROLG�VROXWLRQ�
ZLWK� VXEVWLWXWLRQ� RI�=Q2+� LV� FRPPRQO\� IRXQG� LQ�ZHDWKHULQJ�
RU�R[LGL]HG�SURGXFWV�RI�=Q�EHDULQJ�URFNV�RU�]LQF�RUHV��%RQL�
HW�DO��������������&RSSROD�HW�DO��������%DODVVRQH�HW�DO��������
0RQGLOOR�HW�DO���������6PLWKVRQLWH�LV�WKH�HQG�PHPEHU�RI�IXOO\�
Zn-substituted calcite, and its crystallographic parameters are 

VLPLODU�WR�WKRVH�RI�FDOFLWH��$V�QHZ�VSKDOHULWH�PLQHV�DUH�EHFRP-

LQJ�PRUH�GLIILFXOW�WR�ILQG��QHZ�SURFHVVHV�DUH�EHLQJ�GHYHORSHG�
WR�SURGXFH�=Q�PHWDO�IURP�R[LGL]HG�=Q�RUHV��ZKLFK�KDYH�ORQJ�
EHHQ�DQ�LPSRUWDQW�DOWHUQDWLYH�VRXUFH�RI�=Q�DIWHU�VXOILGHV��=KDR�
DQG�6WDQIRUWK�������(VSLDUL�HW�DO��������1DYLGL�.DVKDQL�DQG�
5DVKFKL�������,UDQQDMDG�HW�DO��������0HKGLOR�HW�DO��������DQG�
have been found in carbonate forms in different parts of the 

ZRUOG��VXFK�DV�&KLQD��,UDQ��<HPHQ��3HUX��DQG�VR�RQ��%RQL�HW�DO��
������������)HQJ�HW�DO��������%DODVVRQH�HW�DO��������&RSSROD�HW�
DO��������&KHQ�HW�DO��������/L�HW�DO��������6KL�HW�DO��������������

The substitution of Zn into calcite have been studied ex-

perimentally and theoretically. But the content of substituted 

Zn in calcite is thought as limited, and vice versa, due to ap-

SUR[LPDWHO\�����GLIIHUHQFH�RI�LRQLF�UDGLL�EHWZHHQ�=Q2+�������

c��DQG�&D2+�������c���6KDQQRQ��������&URFNHW�DQG�:LQFKHVWHU�
�������H[SHULPHQWDOO\�VWXGLHG�WKH�FRSUHFLSLWDWLRQ�RI�=Q�ZLWK�
calcium carbonate and found that smithsonite is less soluble 

than calcite or aragonite, and trace Zn in geofluids tends to 

EH� FRSUHFLSLWDWHG�ZLWK� FDOFLXP� FDUERQDWH� LQ� QDWXUH�� %DVHG�
on their experimental data and a binary regular solid solution 

PRGHO��*O\QQ�DQG�5HDUGRQ� ������� IRXQG� WKH� IUHH�HQHUJ\�RI�
PL[LQJ��'GM��LV�QHJDWLYH�DFURVV�WKH�ZKROH�UDQJH�DQG�IXUWKHU�
GHWHUPLQHG�D�V\PPHWULF�PLVFLELOLW\�JDS�EHWZHHQ�&D���Zn0.2CO3 

and Ca0.2Zn���CO3�� ,Q� IDFW�� WKH�PD[LPXP� LQFRUSRUDWLRQ� RI�
=Q� LQWR� FDOFLWH� DUH� FRQVLGHUDWHO\� ORZ� IURP�ERWK�QDWXUDO� DQG�
V\QWKHVL]HG�VDPSOHV��5HHGHU��������1DWXUDO�FDOFLWH�ZLWK�D�=Q�
FRQWHQW�KLJKHU�WKDQ���ZW��KDV�VHOGRP�EHHQ�UHSRUWHG�\HW��5HHGHU�
DQG�KLV�FROOHDJXHV�PHDVXUHG�ILYH�=Q�EHDULQJ�V\QWKHVL]HG�DQG�
QDWXUDO�FDOFLWH��DQG�IRXQG�WKH�=Q�FRQWHQW�UDQJHV�IURP�����WR�
�����SSP��/DPEOH�HW�DO��������5HHGHU�HW�DO���������7HPPDP�
HW�DO���������UHSRUWHG�WZR�VDPSOHV�RI�FDOFLWH�IURP�FRSUHFLSL-
tation experiments, one has a Zn content no more than 2000 

SSP�DQG�WKH�RWKHU�LV�=Q�ULFK�ZLWK�D�PD[LPXP�LQFRUSRUDWLRQ�
XS�WR�����ZW���ZKLFK�KDG�EHHQ�FRQVLGHUHG�DV�D�VHSDUDWH�SKDVH�
DQG�DIIHFWHG�E\� WKH� LQFRUSRUDWLRQ�RI�0Q��+RZHYHU�� WKH�ELR�
PLQHUDOL]HG�FDOFLWHV�FDQ�DFFRPPRGDWH�KLJK�VXEVWLWXWHG�=Q��)RU�
H[DPSOH��FDOFLWH�SUHFLSLWDWLRQ�ZLWK�H[WUHPHO\�KLJK�FRQWHQWV�RI�
=Q�XS�WR������ZW��DQG�0Q�ZDV�IRXQG�LQ�D�EDFWHULD�PHGLDWHG�
WXID�GHSRVLWLRQ�RQ� WKH�ZDOO� RI� D� VXEVXUIDFH� ODQH� LQ� D�3E�=Q�
PLQH� E\� HOHFWURQ�PLFURSUREH� DQDO\VLV� �(03$�� �/LX� HW� DO��
�������6DUUHW� HW� DO�� ������� DOVR� IRXQG�FDOFLWHV�ZLWK�KLJK�=Q�
FRQWHQWV�XS�WR������ZW��LQ�WREDFFR�OHDYHV��7KHUH�DUH�DOVR�D�
IHZ�UHSRUWV�RQ�WKH�LQFRUSRUDWLRQ�RI�&D2+�LQWR�VPLWKVRQLWH�ZLWK�
D�PD[LPXP�FRQWHQW�RI������ZW��DQG�VRPH�H[WUHPH�KLJK�YDOXHV�
XS�WR�����ZW��DFFRPSDQLHG�E\�D�KLJK�FRQWHQWV�RI�)H��%RQL�HW�
DO��������������%DODVVRQH�HW�DO��������&RSSROD�HW�DO���������
,Q� IDFW�� E\� XVLQJ� FRPPRQ� LQVWUXPHQWDO�PHDVXUHPHQWV� OLNH�
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