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THE SECOND CONFERENCE ON THE LUNAR HIGHLANDS CRUST AND NEW DIRECTIONS

Revised mineral and Mg# maps of the Moon from integrating results from the Lunar 
Prospector neutron and gamma-ray spectrometers with Clementine spectroscopy†

Sarah T. CriTeS1,* and Paul G. luCey1
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abSTraCT

Mineralogical measurements from spectral remote sensing and remote geochemical measurements 

from gamma-ray and neutron spectrometers are complementary data sets that have been used together 

VXFFHVVIXOO\�WR�VWXG\�WKH�GLVWULEXWLRQV�RI�LURQ��WLWDQLXP��DQG�UDUH�HDUWK�HOHPHQWV�RQ�WKH�0RRQ��:H�FRP-

SDUH�QHXWURQ�DQG�JDPPD�UD\�GDWD�VHWV�IURP�/XQDU�3URVSHFWRU�DQG�¿QG�WKHP�LQ�JRRG�DJUHHPHQW�ZLWK�
HDFK�RWKHU�ZLWKLQ�WKH�HUURUV�RI�SUHYLRXVO\�GHYHORSHG�HTXDWLRQV�WKDW�UHODWH�QHXWURQ�ÀX[�ZLWK�JHRFKHP-

LVWU\��EXW�¿QG�VPDOO�DGMXVWPHQWV�WR�WKH�QRPLQDO�YDOXHV�DUH�ZDUUDQWHG��:H�XVHG�WKH�QHXWURQ�YDOLGDWHG�
/3�*56�R[LGHV�WR�LPSURYH�&OHPHQWLQH�EDVHG�JOREDO�PLQHUDO�PDSV��7KH�FRPSDULVRQ�ZDV�HQDEOHG�E\�
converting the minerals of Lucey (2004) to oxides using stoichiometry and assumptions about Mg#, 

FDOFLXP�FRQWHQW�RI�FOLQRS\UR[HQHV��DQG�$Q���:H�¿QG�WKDW�)H2�DQG�$O2O3 derived from the maps of 

Lucey (2004) do not follow the expected negative correlation seen in lunar samples, but can be brought 

LQWR�DJUHHPHQW�ZLWK�VDPSOHV�DQG�ZLWK�/3�*56�R[LGHV�E\�LQFUHDVLQJ�SODJLRFODVH�LQ�SURSRUWLRQ�ZLWK�
RUWKRS\UR[HQH�DEXQGDQFH��ZKLOH�VLPXOWDQHRXVO\�GHFUHDVLQJ�0J���:H�LQWHUSUHWHG�WKLV�WR�PHDQ�WKDW�
SODJLRFODVH�DQG�RUWKRS\UR[HQH�H[LVW�LQ�URFNV�WRJHWKHU��DV�LQ�D�QRULWLF�URFN��ZLWK�WKH�VSHFWUDOO\�GLI¿FXOW�
WR�GHWHFW�SODJLRFODVH�EHLQJ�PDVNHG�E\�WKH�VWURQJ�VSHFWUDO�VLJQDWXUH�RI�WKH�RUWKRS\UR[HQH��:H�JHQHU-
DWHG�D�UHYLVHG�VHW�RI�PDSV�RI�WKH�PDMRU�OXQDU�PLQHUDOV�DQG�D�PDS�RI�0J��IRU�WKH�PD¿F�PLQHUDOV�WKDW�
are consistent with Lunar Prospector neutron and gamma-ray spectrometer results and show greatly 

LPSURYHG�DJUHHPHQW�ZLWK�OXQDU�VRLO�VDPSOHV�RYHU�SUHYLRXV�JOREDO�PLQHUDO�PDSV�IURP�&OHPHQWLQH�
Keywords: 5HPRWH�VHQVLQJ��PLQHUDORJ\��OXQDU�PDJPD�RFHDQ��QHXWURQ�VSHFWURVFRS\��JDPPD-ray 

spectroscopy, visible spectroscopy

inTroduCTion

Visible and near-infrared spectroscopy of the Moon provides 

D�WRRO�WKDW�LV�VHQVLWLYH�WR�ERWK�WKH�PDMRU�PLQHUDOV�DQG�FKHPLVWU\�
of the lunar surface. Minerals detected through spectroscopy 

help constrain their spatial distribution and the distribution of 

interpreted rock types that make up the Moon, with the high-

calcium pyroxene-rich maria distinct from the plagioclase-rich 

KLJKODQGV��H�J���0F&RUG�HW�DO���������6SHFWUDOO\�GHULYHG�PLQHU-
alogy can play an important role in deciphering the history and 

HYROXWLRQ�RI�WKH�0RRQ��)RU�H[DPSOH��WKH�³SXUHVW�DQRUWKRVLWH´�
�3$1��GHWHFWLRQV�RI�2KWDNH�HW�DO���������DQG�3LHWHUV�HW�DO���������
with <2 vol% mafic minerals suggest that the lunar magma 

ocean may have concentrated plagioclase to a high degree in 

many locations across the Moon. Orbital neutron and gamma-

UD\�PHDVXUHPHQWV��H�J���)HOGPDQ�HW�DO��������3UHWW\PDQ�HW�DO��
������SURYLGH�JHRFKHPLFDO�PHDVXUHPHQWV�RI�WKH�VDPH�JHRORJLF�
truth that, because of the Moon’s comparatively simple mineral-

ogy, can be compared with spectrally derived mineralogy using 

relatively few assumptions to draw robust conclusions about 

lunar surface mineralogy.

/XFH\� ������� SURGXFHG� JOREDO�PDSV� IRU� WKH�PDMRU� OXQDU�

minerals olivine, orthopyroxene, clinopyroxene, and plagioclase 

IURP� WKH�&OHPHQWLQH�PLVVLRQ¶V� VSHFWUDO� UHIOHFWDQFH�PHDVXUH-
ments. However, these maps were not validated against other data 

VHWV�RU�E\�FRPSDULVRQ�ZLWK�OXQDU�VDPSOHV��7KH�/XQDU�3URVSHFWRU�
PLVVLRQ��%LQGHU�������IROORZHG�&OHPHQWLQH�ZLWK�D�JDPPD�UD\�
VSHFWURPHWHU��*56��WKDW�GLUHFWO\�PHDVXUHG�HOHPHQWDO�DEXQGDQFH�
�3UHWW\PDQ� HW� DO�� ������ DQG� D� QHXWURQ� VSHFWURPHWHU� �16�� WR�
provide a measurement of the weighted sum of the components 

SUHVHQW� LQ� WKH� VXUIDFH� �H�J���)HOGPDQ�HW� DO���������7KH�/XQDU�
Prospector measurements are independently sensitive to com-

position, so we perform a direct comparison, achieved through 

modeling and empirical relationships, to improve understanding 

RI�XQFHUWDLQWLHV� LQ� ERWK�PHDVXUHPHQWV��:H� WKHQ� FRPSDUH� WKH�
neutron-validated Lunar Prospector gamma-ray measurements 

against mineral maps from spectral reflectance using simple 

VWRLFKLRPHWU\��:H�XVH� LQGHSHQGHQW� DQG� FRPSOHPHQWDU\�PHD-

surements by the Lunar Prospector gamma-ray spectrometers 

to validate and improve the mineral maps, using lunar sample 

compositional trends as an additional constraint.

MeThod

Lunar prospector neutron and gamma-ray spectrometer 
reconciliation

7KH�/XQDU�3URVSHFWRU�PLVVLRQ�FDUULHG�D�JDPPD�UD\�VSHFWURPHWHU�DQG�D�QHXWURQ�
VSHFWURPHWHU�WR�VWXG\�WKH�FRPSRVLWLRQ�RI�WKH�OXQDU�VXUIDFH��)HOGPDQ�HW�DO���������
7KH�JDPPD�UD\�VSHFWURPHWHU�PHDVXUHG�JDPPD�UD\V�HPLWWHG�IURP�WKH�OXQDU�VXUIDFH�
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