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abStRact

Calcite is one of the most ubiquitous minerals in the Earth’s crust and is mostly present as calcite 

RU�WKH�VOLJKWO\�GHQVHU�SRO\PRUSK�DUDJRQLWH��,Q�DGGLWLRQ�¿YH�GLIIHUHQW�SKDVHV�RI�&D&2
3
 (calcite II–VI), 

ZKLFK�GLVSOD\�VLPLODU�VWUXFWXUDO�IHDWXUHV�DV�FDOFLWH��KDYH�EHHQ�REVHUYHG�ZLWK�LQFUHDVLQJ�SUHVVXUH�LQ�
GLIIHUHQW�H[SHULPHQWV�E\�VHYHUDO�DXWKRUV��([SHULPHQWDOO\��WKH�&D&2

3
�,,,�DQG�&D&2

3
-IIIb polymorphs 

KDYH�UHFHQWO\�EHHQ�REVHUYHG�E\�0HUOLQL�HW�DO���������DSSO\LQJ�SUHVVXUHV�EHWZHHQ����±���*3D�RQ�QDWXUDO�
samples of calcite using single-crystal synchrotron X-ray diffraction.

+HUH�ZH�UHSRUW�DQ�RFFXUUHQFH�RI�PHWDVWDEOH�DXWKLJHQLF�&D&2
3
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3
-IIIb nanocrystals for 

WKH�¿UVW�WLPH�LQ�QDWXUH��8VLQJ�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��LGLRPRUSKLF����±����QP�VL]HG�FU\VWDOV�
ZHUH�REVHUYHG�ZLWKLQ�VHYHUDO�PHWHUV�IURP�WKH�VXUIDFH�LQ�TXDWHUQDU\�ORHVV�GHSRVLWV�LQ�&HQWUDO�$VLD�

1DQRFU\VWDOV�FRQWDLQ�KLJKHU�VXUIDFH�HQHUJ\�SHU�YROXPH�FRPSDUHG�WR�FRDUVH�JUDLQHG�PDWHULDOV�GXH�
to their larger surface area. The internal pressure of a solid, P

S
, is at equilibrium with the surface stress, 

ZKLFK�LQFUHDVHV�ZLWK�GHFUHDVLQJ�SDUWLFOH�VL]H��:H�HVWLPDWHG�LQWHUQDO�SUHVVXUHV�LQVLGH�WKH�REVHUYHG�
QDQRFU\VWDOV�EHWZHHQ�����±�����*3D��DVVXPLQJ�VSKHULFDO�FU\VWDOV�ZLWK���QP�GLDPHWHU�DQG�VSHFL¿F�
VXUIDFH�HQHUJLHV��EHWZHHQ�����±�����-�P���)RUEHV�HW�DO���������
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Calcium carbonate displays three polymorphs, aragonite (or-

WKRUKRPELF���YDWHULWH��KH[DJRQDO���DQG�FDOFLWH��WULJRQDO���ZKLFK�
is the most stable at ambient conditions. Vaterite and aragonite 

are metastable polymorphs that transform to calcite at ambi-

ent conditions. Their occurrence depends on small changes in 

WHPSHUDWXUH�RU�S+��+DQ�HW�DO������� during precipitation. Since 

WKH�ILUVW�GLVFRYHU\�RI�KLJK�SUHVVXUH�PRGLILFDWLRQV�RI�FDOFLWH�WKDW�
differ from aragonite structure (calcite II and III) by Bridgman 

�������DSSO\LQJ�YROXPHWULF�PHDVXUHPHQWV��FDOFLWH�,,,�KDV�EHHQ�
UHSHDWHGO\� SURGXFHG� H[SHULPHQWDOO\��+RZHYHU�� QRQH�RI� WKHVH�
SRO\PRUSKV��H[FHSW�FDOFLWH�,��DUDJRQLWH��DQG�YDWHULWH��KDYH�EHHQ�
TXHQFKHG�DQG�REVHUYHG�XQGHU�DPELHQW�FRQGLWLRQV��%LHOOPDQQ�HW�
DO������D���5HFHQWO\��0HUOLQL�HW�DO���������UHILQHG�WKH�XQLW�FHOO�
GDWD�IRU�&D&2
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-III (Cc-III) (triclinic) and introduced a triclinic 

VWUXFWXUH�QDPHG�&D&2
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IRUP�DW�VLPLODU�SUHVVXUHV�RI����±���*3D�DV�&F�,,,��KRZHYHU�RQO\�
LI� SUHVVXUH� LV� LQFUHDVHG� VORZO\�DYRLGLQJ� VLJQLILFDQW�RYHUSUHV-
sure. The Cc-IIIb polymorph is pseudo-monoclinic and has a 

lower density. The number of formula units per unit cell is four 

LQ�&F�,,,E�DV�RSSRVHG�WR����LQ�&F�,,,���)LJ�����7DEOH�����0HUOLQL�
HW�DO��������

Because of its higher energy content, Cc-IIIb is thermody-

namically metastable with respect to Cc-III. In addition to calcite, 

ILYH�RWKHU�PRGLILFDWLRQV�RI�&D&2
3
, with basic structural features 

RI�FDOFLWH�KDYH�EHHQ�REVHUYHG�RYHU�D�EURDG�UDQJH�RI�WHPSHUDWXUH�

DQG�SUHVVXUHV��)LJ�����
:H�XVHG�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0��WR�LQYHV-

tigate the microstructures of sliding surfaces of landslides in 

.\UJ\]VWDQ��&KLQD��DQG�&HQWUDO�$VLD��DQG�ZH�IRXQG�QDQRFU\VWDO-
line calcite in gouge material that interestingly could neither be 

LGHQWLILHG�DV�FDOFLWH��DUDJRQLWH��QRU�YDWHULWH��,QVWHDG�DXWKLJHQLF�
nanocrystals of the metastable high-pressure calcite polymorph 

&D&2
3
�,,,�DQG�&D&2

3
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in nature.

GeoloGical SettinG/Study aRea

,Q�.\UJ\]VWDQ�VDPSOHV�KDYH�EHHQ�WDNHQ�IURP�WKH�ILUVW�VFDUS�
sliding surface of a landslide located in quaternary loess (Fig. 3).  

7KH�VDPSOH�ORFDWLRQ�LV�VLWXDWHG����NP�VRXWKHDVW�RI�2VFK�LQ�WKH�
)HUJDQD�EDVLQ�FORVH�WR�D�URDGVLGH�DW�WKH�0�����/RHVV�GHSRVLWV�XS�WR�
���P�WKLFN�FRYHU�ODUJH�DUHDV�LQ�WKH�IRRWKLOOV�RI�WKH�)HUJDQD�EDVLQ�
LQ�6:�.\UJ\]VWDQ��5RHVVQHU�HW�DO���������7KH�PLQHUDORJ\�RI�WKH�
deformed loess samples is dominated by fine-grained quartz, 

some feldspar, sheet silicates (mainly illite), and carbonates.

:H�DOVR�VDPSOHG�D� ODQGVOLGH����NP�QRUWKHDVW�RI�/RQJQDQ�
�3URYLQFH�RI�*DQVX��LQ�&HQWUDO�&KLQD��7KH�VOLGLQJ�VXUIDFH�RI�WKH�
ODQGVOLGH�LV�ZHOO�H[SRVHG�DQG�XS�WR����FP�WKLFN��,W�IRUPV�WKH�EDVH�
RI�XS�WR���P�WKLFN�TXDWHUQDU\�ORHVV�GHSRVLWV�FRYHULQJ�VLOXULDQ�
SK\OOLWH��7KH�&D&2

3
 high-pressure polymorphs were found in 

WKH�WUDQVLWLRQ�DUHD�RI�WKH�VOLGLQJ�VXUIDFH�WR�WKH�RYHUO\LQJ�ORHVV�
deposits. The two sample locations in Kyrgyzstan and Gansu 

display similar climate conditions. Both regions are tectoni-

FDOO\�DFWLYH�DQG�FKDUDFWHUL]HG�E\�ODUJH�ORHVV�GHSRVLWV� WKDW�DUH�
RIWHQ�DIIHFWHG�E\�GHVWUXFWLYH�PDVV�PRYHPHQWV�UHODWHG�WR�VQRZ�
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