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7KLV�VWXG\�H[SORUHV�WKH�SHWURJHQHVLV�RI�6KLúU������DQ�LPPDWXUH�OXQDU�UHJROLWK�EUHFFLD�PHWHRULWH�ZLWK�
ORZ�DEXQGDQFHV�RI�LQFRPSDWLEOH�HOHPHQWV��D�IHOGVSDWKLF�DI¿QLW\��DQG�D�VLJQL¿FDQW�PDJQHVLDQ�FRPSRQHQW��
2XU�DSSURDFK�ZDV�WR�LGHQWLI\�DOO�FODVWV�!����PP�LQ�VL]H�LQ�D�WKLQ�VHFWLRQ��FKDUDFWHUL]H�WKHLU�PLQHUDO�DQG�
PHOW�FRPSRQHQWV�� DQG� UHFRQVWUXFW� WKHLU�EXON�PDMRU�DQG�PLQRU�HOHPHQW�FRPSRVLWLRQV��7UDFH�HOHPHQW�
concentrations in representative clasts of different textural and compositional types indicate that the clast 

LQYHQWRU\�RI�6KLúU�����LV�GRPLQDWHG�E\�LPSDFW�PHOWV�WKDW�LQFOXGH�VORZO\�FRROHG�FXPXODWH�PHOW�URFNV�
ZLWK�PD¿F�PDJQHVLDQ�PLQHUDO�DVVHPEODJHV��0LQRU�H[RWLF�FRPSRQHQWV�DUH�LQFRPSDWLEOH�HOHPHQW�ULFK�
melt spherules and glass fragments, and a gas-associated spheroidal precipitate. Our hypothesis for the 

SHWURORJLF�VHWWLQJ�RI�6KLúU�����LV�WKDW�WKH�FU\VWDOOL]HG�PHOW�FODVWV�RULJLQDWH�IURP�WKH�XSSHU�a1 km of the 

PHOW�VKHHW�RI�D�����WR�����NP�GLDPHWHU�OXQDU�LPSDFW�EDVLQ�LQ�WKH�0RRQ¶V�IHOGVSDWKLF�KLJKODQGV��7KLV�
K\SRWKHVLV�LV�EDVHG�RQ�VL]H�UHTXLUHPHQWV�IRU�FXPXODWH�LPSDFW�PHOWV�DQG�WKH�LQFRUSRUDWLRQ�RI�PDJQHVLDQ�
FRPSRQHQWV�WKDW�ZH�LQWHUSUHW�WR�EH�PDQWOH�GHULYHG��7KH�JODVV\�PHOWV�OLNHO\�IRUPHG�GXULQJ�WKH�H[FDYDWLRQ�
RI�WKH�PHOW�VKHHW�DVVHPEODJH��E\�DQ�LPSDFW�WKDW�SURGXFHG�D�!���NP�GLDPHWHU�FUDWHU��7KH�DVVHPEO\�RI�6KLúU�
����RFFXUUHG�LQ�D�SUR[LPDO�HMHFWD�GHSRVLW�RI�WKLV�H[FDYDWLRQ�HYHQW��$�ODWHU�LPSDFW�LQWR�WKLV�HMHFWD�GHSRVLW�
WKHQ�ODXQFKHG�6KLúU�����IURP�WKH�0RRQ��2XU�JHRFKHPLFDO�PRGHOLQJ�RI�UHPRWH�VHQVLQJ�GDWD�FRPELQHG�
ZLWK�WKH�SHWURJUDSKLF�DQG�FKHPLFDO�FKDUDFWHUL]DWLRQ�RI�6KLúU�����UHYHDOV�D�SUHIHUUHG�SURYHQDQFH�RQ�WKH�
0RRQ¶V�VXUIDFH�WKDW�LV�FORVH�WR�SUH�1HFWDULDQ�5LHPDQQ�)DEU\�EDVLQ�
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inTroducTion

At present, 43 of the 96 distinct lunar meteorites (exclusive of 

SDLULQJV��DUH�IHOGVSDWKLF�EUHFFLDV�ZLWK�EXON�URFN�$O2O3 contents 

a���ZW���)H2����ZW���DQG�7K����SSP��KWWS���PHWHRULWHV�ZXVWO�
HGX�OXQDU���ODVW�DFFHVVHG�)HEUXDU\�����������LPSO\LQJ�ODXQFK�IURP�
WKH�OXQDU�KLJKODQGV�DW�ORFDWLRQV�ZLWK�QR�VLJQLILFDQW�FRQWULEXWLRQ�
RI�PDWHULDO� IURP� WKH� LQFRPSDWLEOH� HOHPHQW�HQULFKHG�3URFHO-
ODUXP�.5((3�7HUUDQH��-ROOLII�HW�DO���������$ERXW�����RI�WKHVH�
IHOGVSDWKLF�EUHFFLDV�KDYH�D� IHUURDQ�FKDUDFWHU� LQ� WKDW�EXON� URFN�
0J��>0J��0J�)H��LQ�PRO�@�LV������H�J���.RURWHY�HW�DO���������
7KH�IHUURDQ�FKDUDFWHU�RI�WKHVH�PHWHRULWHV�LV�FRQVLVWHQW�ZLWK�WKH�
idea that the ferroan anorthositic lunar crust had an average Mg# 

of a��� �H�J���:DUUHQ��������7KH� UHPDLQLQJ� IHOGVSDWKLF�EUHFFLD�
PHWHRULWHV��KRZHYHU��DUH�PRUH�PDJQHVLDQ��ZLWK�0J��!����VXJ-

gesting the presence of a magnesian mafic component that occurs 

XELTXLWRXVO\�QHDU�WKH�VXUIDFH�RI�WKH�OXQDU�KLJKODQGV��.RURWHY�DQG�
Jolliff 2001; Treiman et al. 2010). The nature of this magnesian 

FRPSRQHQW�UHPDLQV�HOXVLYH��0L[LQJ�ZLWK�PDJQHVLDQ�VXLWH�URFNV�
that are interpreted as intrusions into the crust (Lindstrom and 

Lindstrom 1986; Warren 1986; Shearer and Papike 2005; Treiman 

et al. 2010), or the incorporation of mantle rocks into the impact 

melts of large lunar impact craters (Hess 1994; Vaughan et al. 

������DUH�SRVVLEOH�VFHQDULRV�
Collected in the Dhofar governorate of Oman in 2008, lunar 

PHWHRULWH�6KLúU����� �)LJ����� LV� D������J� IHOGVSDWKLF�� FODVW�ULFK�
UHJROLWK�EUHFFLD� �)RUHPDQ�HW� DO�� ������ZLWK�D� IHOGVSDWKLF�EXON�
rock chemical composition, a Mg# of 71, and a Th concentration 

RI������SSP��)RUHPDQ�HW�DO��������.RURWHY��������SRLQWLQJ�WR�DQ�
RULJLQ�LQ�RU�QHDU�WKH�IHOGVSDWKLF�OXQDU�KLJKODQGV��7R�FKDUDFWHUL]H�
the origin and petrological settings of magnesian lunar highlands 

URFNV��ZH�VXUYH\HG�WKH�OLWKRORJLF�LQYHQWRU\�RI�6KLúU�����

SampLeS and meThodS
:H�DQDO\]HG�RQH�UHFWDQJXODU�WKLQ�VHFWLRQ�WKDW�FDSWXUHV�D�VDPSOH�DUHD�RI�����

mm2�RI�6KLúU�����XQGHU�WKH�SHWURJUDSKLF�PLFURVFRSH��8VLQJ�RSWLFDO�PLFURVFRS\��ZH�
LGHQWLILHG�FD�����FODVWV�LQ�WKH�VHFWLRQ��)LJ������LQFOXGLQJ�DOO�FODVWV�!����PP�LQ�VL]H��
8VLQJ�EDFNVFDWWHUHG�HOHFWURQ��%6(��LPDJHV�DQG�HQHUJ\�GLVSHUVLYH�VSHFWURPHWU\��ZH�
YHULILHG�PLQHUDO�LGHQWLILFDWLRQ�XVLQJ�WKH�-(2/������HOHFWURQ�PLFURSUREH��(03��LQ�
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:H�GHWHUPLQHG�WKH�VL]HV�DQG�SURSRUWLRQV�RI�PDMRU�DQG�PLQRU�PLQHUDO�FRPSRQHQWV�
LQ�%6(�LPDJHV�RI�WKHVH�FODVWV�XVLQJ�WKH�LPDJH�DQDO\VLV�VRIWZDUH�,PDJH-��1DWLRQDO�
,QVWLWXWHV�RI�+HDOWK��KWWS���UVEZHE�QLK�JRY�LM���DFFHVVHG�RQ�)HEUXDU\������������:H�
DQDO\]HG�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�HDFK�PLQHUDO�DQG�PHOW�FRPSRQHQW�ZLWK�WKH�
(03��XVLQJ�DQ�DFFHOHUDWLRQ�YROWDJH�RI����N9��DQ�HOHFWURQ�EHDP�FXUUHQW�RI����Q$��DQG�
YDULHG�EHDP�GLDPHWHUV�UDQJLQJ�IURP���WR����PP��GHSHQGLQJ�RQ�WKH�QDWXUH�DQG�VL]H�RI�
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