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aBstract

'MHU¿VKHULWH�LV�D�.�&O�EHDULQJ�VXO¿GH�WKDW�LV�SUHVHQW�LQ�ERWK�XOWUD�UHGXFHG�H[WUDWHUUHVWULDO�HQVWDWLWH�
meteorites (enstatite chondrites or achondrites) and reduced terrestrial alkaline intrusions, kimberlites, 
RUH�GHSRVLWV��DQG�VNDUQV��0DMRU�HOHPHQW�FKHPLVWU\�RI�WZR�WHUUHVWULDO�RFFXUUHQFHV�RI�GMHU¿VKHULWH��IURP�
WKH�,OtPDXVVDT�DQG�.KLELQD�DONDOLQH�LJQHRXV�VXLWHV��DQG�WKUHH�H[WUDWHUUHVWULDO�H[DPSOHV�RI�GMHU¿VKHU�
ite have been determined and combined with petrographic characterization and element mapping to 
XQUDYHO�WKUHH�GLVFUHWH�PRGHV�RI�GMHU¿VKHULWH�IRUPDWLRQ��+LJK�)H�&X�LV�FKDUDFWHULVWLF�RI�H[WUDWHUUHVWULDO�
GMHU¿VKHULWH�DQG�ORZ�)H�&X�LV�W\SLFDO�RI�WHUUHVWULDO�GMHU¿VKHULWH��,OtPDXVVDT�GMHU¿VKHULWH��ZKLFK�KDV�
KLJK�)H�FRQWHQWV��a���ZW���LV�WKH�H[FHSWLRQ��/RZ�1L�FRQWHQWV�DUH�W\SLFDO�RI�WHUUHVWULDO�GMHU¿VKHULWH�GXH�
WR�SUHIHUHQWLDO�LQFRUSRUDWLRQ�RI�)H�DQG�RU�&X�RYHU�1L��EXW�1L�FRQWHQWV�RI�XS�WR�����ZW��DUH�PHDVXUHG�
LQ�H[WUDWHUUHVWULDO�GMHU¿VKHULWH��([WHQVLYH�LQWHUFKDQJH�EHWZHHQ�.�DQG�1D�LV�HYLGHQW�LQ�H[WUDWHUUHVWULDO�
VDPSOHV��WKRXJK�1D�LV�OLPLWHG��������ZW���LQ�WHUUHVWULDO�GMHU¿VKHULWH��:H�SURSRVH�WKUHH�VHWWLQJ�GHSHQGHQW�
PHFKDQLVPV�RI�GMHU¿VKHULWH�IRUPDWLRQ��SULPLWLYH�GMHU¿VKHULWH�DV�D�SURGXFW�RI�QHEXOD�FRQGHQVDWLRQ�LQ�
WKH�XQHTXLOLEUDWHG�(�FKRQGULWHV��IRUPDWLRQ�E\�H[WHQVLYH�.�PHWDVRPDWLVP�LQ�.KLELQD�GMHU¿VKHULWH��DQG�
DV�D�SURGXFW�RI�SULPDU\�³XQPL[LQJ´�GXH�WR�VLOLFDWH�VXO¿GH�LPPLVFLELOLW\�IRU�,OtPDXVVDT�GMHU¿VKHULWH��
There are several important reasons why a deeper understanding of the petrogenesis of this rare and 
XQXVXDO�PLQHUDO�LV�YDOXDEOH������LWV�DQRPDORXVO\�KLJK�.�FRQWHQWV�PDNH�LW�D�SRWHQWLDO�WDUJHW�IRU�$U�$U�
JHRFKURQRORJ\�WR�FRQVWUDLQ�WKH�WLPLQJ�RI�PHWDVRPDWLF�DOWHUDWLRQ������W\SLFDOO\�KLJK�&O�FRQWHQWV��a����
ZW���PHDQ�LW�FDQ�EH�XVHG�DV�D�YDOXDEOH�WUDFHU�RI�ÀXLG�HYROXWLRQ�GXULQJ�PHWDVRPDWLF�DOWHUDWLRQ��DQG�����
LW�PD\�EH�D�SRWHQWLDO�VRXUFH�RI�.�DQG�PDJPDWLF�&O�LQ�WKH�VXE�FRQWLQHQWDO�OLWKRVSKHULF�PDQWOH��6&/0���
which has implications for metal solubility and the generation of ore deposits.

.H\ZRUGV��'MHUILVKHULWH��PHWDVRPDWLVP�� DONDOLQH� LQWUXVLRQV��(�FKRQGULWHV�� VXOILGH� LPPLVFLELOLW\��
halogen

intrODUctiOn

'MHUILVKHULWH��>�1D�.�6�)H�&X�1L�25S26&O@��D�SRWDVVLXP�EHDU�
ing sulfide mineral, was first reported in meteorites by Ramdohr 
(1963) and later described in the enstatite (E) chondrite St. Mark’s 
�KLJK�)H�VXEJURXS�³(+´�DQG�SHWURORJLF�W\SH���³(+�´��)XFKV�
�������6LQFH�WKHQ��LW�KDV�EHHQ�UHFRJQL]HG�DV�D�PLQRU�VXOILGH�SKDVH�
in other E chondrites, the aubrites (or enstatite achondrites), and 
rarely in iron meteorites (e.g., Toluca; El Goresy et al. 1971). 
The anhydrous E chondrites are some of the most reduced 
materials in the Solar System, evidenced by the presence of 
)H2�SRRU�VLOLFDWHV��PHWDOOLF�)H�1L�SKDVHV��DQG�6L�EHDULQJ�PHWDO��
7KHVH�XOWUD�UHGXFLQJ�FRQGLWLRQV�DOVR�UHVXOWHG�LQ�WKH�IRUPDWLRQ�
of unusual sulfide mineral assemblages, where predominantly 
OLWKRSKLOH�HOHPHQWV� �H�J���.��1D��&D��EHKDYH� LQ�D�FKDOFRSKLOH�
manner. The development of djerfisherite and other sulfides in 
these primitive meteorites is not yet well understood. Several 
modes of formation have been suggested for djerfisherite and 
RWKHU�VXOILGHV�LQ�(�FKRQGULWHV������D�SULPLWLYH�QHEXODU�FRQGHQVDWH�
IURP�JDV�RI�VRODU�FRPSRVLWLRQ�LQ�D�UHGXFLQJ�HQYLURQPHQW��&�2�

!����/LQ�DQG�(O�*RUHV\�������/HKQHU��HW�DO��������(EHO�DQG�6DFN�
�����������VXOILGL]DWLRQ�RI�PHWDO�E\�+2S in the solar nebula (as 
IRU�WURLOLWH��*URVVPDQ�������/DXUHWWD�HW�DO��������������RU�)H�2�
EHDULQJ�VLOLFDWHV�^DV�IRU�QLQLQJHULWH�>�0J�)H�6@��/HKQHU�HW�DO��
����`������D�QRQ�QHEXODU�VXOILGL]DWLRQ�SURFHVV��-DFREVHQ�HW�DO��
�������RU�����WKH�UHVXOW�RI�SRVW�DFFUHWLRQDU\�KHDWLQJ�RI�WKH�(+�
parent body or bodies under reducing conditions (e.g., the result 
RI�WKHUPDO�PHWDPRUSKLF�HYHQWV��0�OOHU�DQG�-HVVEHUJHU�������RU�
LPSDFW�PHOWLQJ��9DQ�1LHNHUN�DQG�.HLO�������

Djerfisherite was first described in detail in terrestrial rocks 
IURP�WKH�&X�1L�VXOILGH�GHSRVLW�RI�7DOQDNK��1RULO¶VN��6LEHULD��*HQ�
kin et al. 1971). Terrestrial occurrences of accessory djerfisherite 
DUH�UDUH�DQG�DUH�W\SLFDOO\�UHVWULFWHG�WR�VLOLFD�XQGHUVDWXUDWHG�URFNV��
VXFK�DV�DONDOLQH�LJQHRXV�FRPSOH[HV��H�J���.KLELQD��*XOL�'XQLWH�
&RPSOH[��.RUREHLQLNRY�HW�DO��������=DFFDULQL�HW�DO��������DQG�NLP�
EHUOLWHV��H�J���(OZLQ�%D\��8GDFKQD\D��&ODUNH�HW�DO��������6KDU\JLQ�
HW�DO��������EXW�KDYH�DOVR�EHHQ�GRFXPHQWHG�LQ�PDILF�GLDWUHPHV�
�&]DPDQVNH�DQG�0RRUH��������&X�RUH�VXOILGH�GHSRVLWV��*HQNLQ�
et al. 1971), and metamorphosed calcareous rocks (Jamtveit et 
DO��������%HDUG�DQG�'UDNH��������$Q�RYHUYLHZ�RI�GMHUILVKHULWH�
IRUPHG�LQ�WHUUHVWULDO�DQG�H[WUDWHUUHVWULDO�HQYLURQPHQWV�LV�SURYLGHG�
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