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aBSTracT

5HPRWH� VHQVLQJ�REVHUYDWLRQV� KDYH� LGHQWL¿HG� DOXPLQDWH� VSLQHO�� LQ� WKH� DEVHQFH� RI�PHDVXUHDEOH�
olivine and pyroxene, as a globally distributed component of the lunar crust. Earlier remote sensing 
observations and returned samples did not indicate the presence of this component, leaving its geologic 
VLJQL¿FDQFH�XQFOHDU��+HUH��ZH�UHSRUW�YLVLEOH�WR�PLG�LQIUDUHG��9�,5��UHÀHFWDQFH�����±�������QP��DQG�
0|VVEDXHU�VSHFWUD�RI�DOXPLQDWH�VSLQHOV�� V\QWKHVL]HG�DW� OXQDU�OLNH�R[\JHQ�IXJDFLW\� �¦O2��� WKDW�YDU\�
V\VWHPDWLFDOO\�LQ�)H�DEXQGDQFH��5HÀHFWDQFH�VSHFWUD�RI�SDUWLFXODWH������PP���QRPLQDOO\�VWRLFKLRPHWULF�
aluminate spinels display systematic behavior, with bands at 700, 1000, 2000, and 2800 nm increasing 
in strength with increasing bulk Fe content. The especially strong bands at 2000 and 2800 are discern�
LEOH�IRU�DOO�VSLQHO�FRPSRVLWLRQV�DQG�VDWXUDWH�DW�����)H��>)H��0J�)H�î�����PRODU@��$EVRUSWLRQ�EDQGV�
at 700 and 1000 nm, collectively referred to as the 1000 nm bands, are weaker and become observable 
DW�!��)H���$OWKRXJK�WKH������DQG������QP�EDQGV�DUH�DVVLJQHG�WR�)H��,9 electronic transitions, spectra of 
aluminate spinels with excess Al2O3 demonstrate that the strengths of the 1000 nm bands are related 
to the abundance of Fe��9,. The abundance of Fe��9, depends on bulk Fe content as well as factors that 
FRQWURO�WKH�GHJUHH�RI�VWUXFWXUDO�RUGHU�GLVRUGHU��VXFK�DV�FRROLQJ�UDWH��&RQVHTXHQWO\�WKH�VWUHQJWK�RI�WKH�
1000 nm bands are useful for constraining the Fe content and cooling rate of remotely sensed spinel. 
&RQWUROOLQJ�IRU�FRROLQJ�UDWH��SDUWLFOH�VL]H��DQG�¦O2��ZH�FRQFOXGH�WKDW�VSLQHOV�ZLWK�!���)H�������0J���
KDYH�REVHUYDEOH������QP�EDQGV�XQGHU�DPELHQW�OXQDU�FRQGLWLRQV�DQG�WKDW�RQO\�YHU\�0J�ULFK�VSLQHOV�
ODFN������QP�EDQGV�LQ�WKHLU�VSHFWUD��7KLV�OLQNV�UHPRWH�REVHUYDWLRQV�RI�VSLQHO�DQRUWKRVLWH�WR�0J�6XLWH�
magmatism. The combined effects of Fe oxidation state, abundance of coexisting plagioclase, and space 
weathering have not been explored here, and may add additional constraints. The relative strengths 
of the distinctive 1000 and 2000 nm bands of the spinels associated with pyroclastic deposits at Sinus 
Aestuum suggest fast cooling rates, possibly in the absence of an extensive vapor cloud.

Keywords: 6SLQHO��YLVLEOH�WR�PLG�LQIUDUHG�VSHFWURVFRS\��VSLQHO�DQRUWKRVLWH��OXQDU�KLJKODQGV��GDUN�
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inTroducTion

5HFHQW�REVHUYDWLRQV�E\�WKH�0RRQ�0LQHUDORJ\�0DSSHU��03��
and SELENE Spectral Profiler have identified aluminate spinel 
>L�H����0J�)H�$O2O4�ULFK�VSLQHO@�LQ�H[SRVXUHV�GLVWULEXWHG�JORE�
DOO\�DFURVV�WKH�OXQDU�VXUIDFH��3LHWHUV�HW�DO��������������'KLQJUD�
HW�DO��������'KLQJUD�DQG�3LHWHUV�������%KDWWDFKDU\D�HW�DO��������
.DXU�HW�DO��������/DO�HW�DO��������<DPDPRWR�HW�DO���������7KHVH�
identifications are based on the occurrence of strong absorption 
bands near 2000 and 2800 nm in reflectance spectra that are di�
DJQRVWLF�RI�IHUURXV�LURQ�VLWXDWHG�LQ�WHWUDKHGUDO�FRRUGLQDWLRQ��L�H���
Fe��,9��ZLWKLQ�D�VSLQHO�ODWWLFH��H�J���&ORXWLV�HW�DO���������,Q�PDQ\�
of these identifications, aluminate spinel is the only observable 

PLQHUDO�XVLQJ�YLVLEOH�WR�QHDU�LQIUDUHG��9�1,5��UHPRWH�VHQVLQJ�
WHFKQLTXHV��VXJJHVWLQJ� ORZ�SURSRUWLRQV�RI� WKH�PDILF�VLOLFDWHV��
$QDORJRXV�PDWHULDOV�ZLWK�DOXPLQDWH�VSLQHO�DV�WKH�GRPLQDQW�)H�
bearing phase have not been found in lunar samples from the 
Apollo and Luna missions, nor in lunar meteorites, leaving the 
petrogenesis and geologic significance of these new observa�
tions unclear.

'LVWLQJXLVKLQJ�EHWZHHQ�YDULRXV�IRUPDWLRQ�K\SRWKHVHV��GLV�
FXVVHG�EHORZ��IRU�WKHVH�VSLQHO�EHDULQJ�PDWHULDOV�LV�FKDOOHQJLQJ�
without information about the composition of the observed 
VSLQHOV��,Q�SDUWLFXODU��HVWLPDWHV�RI�VSLQHO�)H��>)H��0J�)H�î�����
PRODU������0J�@�DUH�XVHIXO�IRU�FRQVWUDLQLQJ�WKH�FRPSRVLWLRQ�RI�
SDUHQWDO�OLTXLGV�LQYROYHG�LQ�WKHLU�IRUPDWLRQ��/DERUDWRU\�DQDO\VHV�
RI�VSLQHO�9�1,5�VSHFWUD�KDYH�VKRZQ�WKDW�ZKLOH�VWURQJ�DEVRUS�
tions at wavelengths >2000 nm are common for nearly all spinel 
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