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abStraCt

%HFDXVH�RI� LWV�UDUH�RFFXUUHQFH�LQ�PRGHUQ�VHGLPHQWV��DV�ZHOO�DV� WKH�GLI¿FXOW\�LQ�V\QWKHVL]LQJ�LW�
under low-temperature conditions in the laboratory, the origin of sedimentary dolomite has remained 

a long-standing enigma, often referred to as the “dolomite problem.” Recently, anaerobic microor-

JDQLVPV�� VXFK�DV� VXOIDWH�UHGXFLQJ�EDFWHULD�DQG�PHWKDQRJHQV��KDYH�EHHQ� UHFRJQL]HG� IRU�PHGLDWLQJ�
GRORPLWH�SUHFLSLWDWLRQ��+RZHYHU��WKH�H[DFW�UROH�RI�PLFURRUJDQLVPV�LQ�GRORPLWH�FU\VWDOOL]DWLRQ�LV�VWLOO�
under debate and the possible involvement of anaerobic fermenting bacteria has not been studied. 

,Q�WKLV�VWXG\��ZH�FKDUDFWHUL]HG�WKH�HIIHFW�RI�SXUL¿HG�QRQ�PHWDEROL]LQJ�ELRPDVV�DQG�ERXQG�H[WUDFHO-
lular polymeric substances (EPS) of a natural consortium of anaerobic microorganisms dominated 

by fermenting bacteria and sulfate-reducing bacteria on Ca-Mg carbonate precipitation. This natural 

consortium was enriched from sediments of Deep Springs Lake, California, where dolomite is still 

precipitating. Our data show that disordered dolomite, a precursor of some sedimentary stoichiometric 

RUGHUHG�GRORPLWH��FDQ�EH�SUHFLSLWDWHG�LQ�FDOFLWH�VHHGHG�&D�0J�FDUERQDWH�VROXWLRQV�FRQWDLQLQJ�SXUL¿HG�
QRQ�PHWDEROL]LQJ�FRQVRUWLXP�ELRPDVV��%RXQG�(36�H[WUDFWHG�IURP�WKH�FRQVRUWLXP�FXOWXUH�ZHUH�VKRZQ�
WR�EH�WKH�DFWLYH�FRPSRQHQW�WKDW�WULJJHUHG�WKH�FU\VWDOOL]DWLRQ�RI�GLVRUGHUHG�GRORPLWH��)XUWKHU�H[SHUL-
PHQWV�VKRZ�WKDW�SXUL¿HG�QRQ�PHWDEROL]LQJ�ELRPDVV�IURP�SXUH�FXOWXUHV�RI�ERWK�DQDHURELF�IHUPHQWLQJ�
and sulfate-reducing bacteria closely related to those organisms present in the consortium could also 

FDWDO\]H�WKH�SUHFLSLWDWLRQ�RI�GLVRUGHUHG�GRORPLWH��7KLV�VWXG\�FRQWULEXWHV�WR�WKH�XQGHUVWDQGLQJ�RI�WKH�
“dolomite problem” by revealing (1) the catalytic effect of bound EPS on Ca-Mg carbonate crystal-

OL]DWLRQ�DQG�����WKH�SRVVLEOH�LQYROYHPHQW�RI�DQDHURELF�IHUPHQWLQJ�EDFWHULD�LQ�VHGLPHQWDU\�GRORPLWH�
formation, which has not been reported previously.
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QRQ�PHWDEROL]LQJ�ELRPDVV��ERXQG�(36

introduCtion

The formation mechanism of dolomite has long been a 

controversy, commonly referred to as the “dolomite problem” 

�+DUGLH� ������0DFKHO� DQG�0RXQWMR\� ������0D]]XOOR� ������
:DUUHQ�������=HQJHU�HW�DO���������'RORPLWH�LV�UDUH�LQ�+RORFHQH�
and modern sediments, yet abundant in older rocks. According 

to thermodynamics, aqueous solutions supersaturated with re-

spect to dolomite, such as seawater, certain lake waters, many 

groundwaters, and hypersaline waters are theoretically capable 

RI�SUHFLSLWDWLQJ�GRORPLWH�DV�FHPHQW�RU�GRORPLWL]LQJ�OLPHVWRQH��
however, such cases are rare in modern carbonate environments 

�+DUGLH��������0RUHRYHU��H[WHQVLYH�DWWHPSWV�WR�V\QWKHVL]H�GR-

lomite inorganically under Earth-surface conditions have been 

unsuccessful (Land 1998).

The observation of dolomite occurrence within some anoxic, 

organic-rich sediments as a result of anaerobic microorganisms 

has provided a new biogeochemical approach to solving the 

“dolomite problem” (Baker and Burns 1985; Bontognali et 

DO��������&RPSWRQ�������0D]]XOOR�������5REHUWV�HW�DO��������
9DVFRQFHORV�DQG�0F.HQ]LH�������:ULJKW��������)ROORZLQJ�WKLV�
observation, laboratory syntheses of Ca-Mg carbonates in live 

cultures of sulfate-reducing bacteria (SRB) or methanogens 

have been conducted to study the effect of microorganisms on 

carbonate precipitation, and Ca-Mg-phosphates and aragonite 

ZHUH�PLV�LGHQWLILHG�DV�GRORPLWH��'HQJ�HW�DO��������.HQZDUG�HW�DO��
������9DQ�/LWK�HW�DO������E��9DVFRQFHORV�HW�DO��������:DUWKPDQQ�
HW� DO�� ������:ULJKW� DQG�:DFH\��������+RZHYHU�� WKH�SRVVLEOH�
involvement of anaerobic fermenting bacteria in sedimentary 

GRORPLWH�IRUPDWLRQ�KDV�EHHQ�ODUJHO\�LJQRUHG��)HUPHQWLQJ�EDFWHULD�
play a critical role in the cycling of some organic compounds in 

DQ�HFRV\VWHP�RU�D�ELRILOP��)RU�H[DPSOH��65%�GHSHQG�RQ�VRPH�
products of fermenting bacteria that they can respire to CO� 

�-¡UJHQVHQ��������&RQVLGHULQJ� WKH� LPSRUWDQFH� RI� IHUPHQWLQJ�
bacteria in anoxic environments, the role of fermenting bacteria 

in dolomite formation warrants more attention.

In addition, despite several studies on microbe-related dolo-

mite precipitation, the exact role of microbes is still not clear. The 
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