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abSTracT

Anorthositic rocks dominate the Moon’s upper crust. As remnants of the lunar magma ocean (LMO), 
small variations in the mineralogy of these rocks may hold key information about the homogeneity of 
/02�FRPSRVLWLRQ�DQG�VROLGL¿FDWLRQ�SURFHVVHV��2UELWDO�QHDU�LQIUDUHG��1,5��VHQVRUV�DUH�VHQVLWLYH�WR�
mineralogy, but technologic advances have only recently enabled detection of the plagioclase component 
in crustal rocks based on an absorption band centered near 1250 nm. Anorthosites occupy a unique 
PLQHUDORJLF�UDQJH�WKDW�LV�ZHOO�VXLWHG�IRU�1,5�VWXGLHV��WKH�KLJKO\�WUDQVSDUHQW�FRPSRQHQW��SODJLRFODVH��
LV�SUHVHQW�LQ�KLJK�DEXQGDQFHV�ZKLOH�WKH�VSHFWUDOO\�GRPLQDQW�PD¿F�RU�R[LGH�PLQHUDOV�DUH�SUHVHQW�LQ�
only minor abundance. As a result, spectra of anorthosites are more likely than many other rock types 
to contain visually discernable signatures from more than one mineral component, facilitating their 
LGHQWL¿FDWLRQ�DQG�FKDUDFWHUL]DWLRQ�LQ�1,5�GDWD�

,Q�VXSSRUW�RI�QHZ�1,5�PHDVXUHPHQWV�IRU�WKH�0RRQ��ZH�SUHVHQW�ODERUDWRU\�VSHFWUDO�DQDO\VHV�RI�
ZHOO�FRQWUROOHG�SODJLRFODVH�GRPLQDWHG�PLQHUDO�PL[WXUHV��:H�IRFXV�RQ�WKH�VSHFWUDO�HIIHFWV�RI�YDU\LQJ�
PD¿F�DQG�R[LGH�FRPSRVLWLRQ�DQG�DEXQGDQFH�LQ�PL[WXUHV�ZLWK�D�FRPPRQ�SODJLRFODVH�HQG�PHPEHU��
7KH�UHVXOWV�GHPRQVWUDWH�WKDW�SODJLRFODVH�FDQ�EH�D�VLJQL¿FDQW�FRQWULEXWRU�WR�UHÀHFWDQFH�VSHFWUD�ZKHQ�
VWURQJO\�DEVRUELQJ�PLQHUDOV�DUH�SUHVHQW�LQ�ORZ�DEXQGDQFH��:H�VKRZ�WKDW�WKH�FRQWULEXWLRQ�RI�SODJLR�
FODVH�LV�PRUH�SURQRXQFHG�LQ�PL[WXUHV�ZLWK�S\UR[HQHV�DQG�FHUWDLQ�VSLQHOV��EXW�PRUH�HDVLO\�PDVNHG�LQ�
PL[WXUHV�FRQWDLQLQJ�VPDOO�DPRXQWV�RI�ROLYLQH��'LIIHUHQFHV�LQ�PLQRU�PLQHUDO�FRPSRVLWLRQ�DUH�FOHDUO\�
H[SUHVVHG�LQ�EXON�VSHFWUD��0RGHOLQJ�RI�PL[WXUHV�XVLQJ�D�+DSNH�QRQOLQHDU�DSSURDFK�DFFXUDWHO\�HVWLPDWHV�
PLQHUDO�DEXQGDQFHV�LQ�ODERUDWRU\�VSHFWUD�WR�ZLWKLQ���YRO��IRU�PL[WXUHV�ZLWK�����YRO��SODJLRFODVH��
7RJHWKHU��WKHVH�UHVXOWV�LPSO\�WKDW�QRW�RQO\�VKRXOG�RUELWDO�1,5�GDWD�VHWV�EH�DEOH�WR�GLVFHUQ�WKH�SUHVHQFH�
RI�SODJLRFODVH�LQ�DQRUWKRVLWLF�FUXVWDO�H[SRVXUHV��EXW�DOVR�WKDW�GHWDLOHG�LQIRUPDWLRQ�DERXW�DQRUWKRVLWH�
PLQHUDO�DVVHPEODJHV�FDQ�EH�UHOLDEO\�DFFHVVHG�LQ�UHÀHFWDQFH�VSHFWUD�

.H\ZRUGV��0RRQ��DQRUWKRVLWH��QHDU�LQIUDUHG�VSHFWURVFRS\��PLQHUDOV��SODJLRFODVH

inTroducTion

Reflectance spectroscopy is a valuable tool for investigating 
the mineralogy of planetary surfaces remotely (e.g., Adams and 
0F&RUG�������0F&RUG�HW�DO���������0RVW�RI�WKH�PDMRU�URFN�
forming minerals found in the lunar sample collection can be 
distinguished by the positions of their diagnostic broad absorp�
WLRQ�EDQGV�DFURVV�QHDU�LQIUDUHG��1,5��ZDYHOHQJWKV��H�J���&RQHO�
DQG�1DVK�������+D]HQ�HW�DO��������%XUQV�������6XQVKLQH�HW�DO��
1998). Laboratory spectra for several of these key mineral types 
are shown in Figure 1. Rarely, however, do minerals occur in 
LVRODWLRQ�RQ�D�SODQHWDU\�VXUIDFH��7\SLFDOO\�� WKH\�DUH�PL[HG�RQ�
various spatial scales, occurring together in a range of rock 
W\SHV�DQG�VRLOV��:KHQ�PLQHUDO�FRPSRQHQWV�RFFXU�LQ�DQ�LQWLPDWH�
PL[WXUH��LQFLGHQW�OLJKW�LQWHUDFWV�ZLWK�PXOWLSOH�FRPSRQHQWV�EHIRUH�
returning to the sensor and the bulk reflectance spectrum is not a 

VLPSOH�OLQHDU�FRPELQDWLRQ�RI�WKH�HQG�PHPEHU�VSHFWUDO�SURSHUWLHV�
�H�J���+DSNH��������,Q�WKHVH�FDVHV��DEVRUELQJ�PLQHUDOV�VXFK�DV�
S\UR[HQHV�GRPLQDWH�VSHFWUD�GLVSURSRUWLRQDOO\�WR�WKHLU�DEXQGDQFH��
Detailed laboratory and modeling studies are therefore required 
WR�DFFXUDWHO\�FKDUDFWHUL]H�WKH�VSHFWUD�RI�PDWHULDOV�FRQVLVWLQJ�RI�
more than one component. These types of studies are crucial for 
enabling mineralogic analyses from remote spectroscopy data 
for the Moon and other planetary bodies.

This study focuses on the spectral characteristics of plagio�
FODVH�ULFK�PLQHUDO�PL[WXUHV�UHOHYDQW�WR�DQRUWKRVLWLF�OLWKRORJLHV��
$QRUWKRVLWHV� FRQWDLQ������SODJLRFODVH� �6W|IIOHU� HW� DO�� ������
and are believed to have formed the upper crust of the Moon 
by accumulation of buoyant plagioclase crystals at the top of a 
solidifying magma ocean early in lunar history (e.g., Smith et al. 
������:RRG�HW�DO��������+HUEHUW�HW�DO��������:DUUHQ�DQG�:DVVRQ�
������(ONLQV�7DQWRQ�HW�DO��������6XFNDOH�HW�DO���������$OWKRXJK�
SXUH�SODJLRFODVH�H[KLELWV�D�GLDJQRVWLF�DEVRUSWLRQ�QHDU������QP�
�&RQHO�DQG�1DVK��������LW�LV�KLJKO\�WUDQVSDUHQW�DQG�GLIILFXOW�WR�
distinguish in rocks and soils when more strongly absorbing 
PLQHUDOV�DUH�SUHVHQW��H�J���1DVK�DQG�&RQHO�������6LQJHU�������

American Mineralogist, Volume 99, pages 1871–1892, 2014

��������;��������±�����������'2,��KWWS���G[�GRL�RUJ���������DP����������� �    1871


�(�PDLO��OFKHHN#DVWUR�XPG�HGX
��6SHFLDO�FROOHFWLRQ�SDSHUV�FDQ�EH�IRXQG�RQ�*6:�DW�KWWS���DPPLQ�
JHRVFLHQFHZRUOG�RUJ�VLWH�PLVF�VSHFLDOLVVXHOLVW�[KWPO�


