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GROUND-BASED IMAGING SPECTROSCOPY OF THE MOON: ON THE 
THRESHOLD. PAUL G. LUCEY, Planetary Geosciences Division, Hawaii Institute of Geophysics, 
University of Hawaii at Manoa, Honolulu Hawaii, 96822. 

We have initiated a program of groundbased imaging spectroscopy of the Moon. Imaging 
spectroscopy produces a three-dimensional data set with two axes of spatial information and one 
axis of spectral information. From these data spectra can be extracted from any point in a scene 
allowing maps of composition to be produced. This technique is a qualitative improvement over 
both multispectral imaging and spot spectroscopy. The former technique is extremely valuable for 
spectral or color unit identification but is generally not capable of characterizing specific 
compositions. In contrast, spectroscopy of a few locations yields detailed compositional 
information for individual locations, but lacks the interpretive potential of wide spatial coverage. 
lmaging spectroscopy combines the advantages of imaging which has been so successful in 
planetary applications, with the compositional information inherent in spectroscopy. The visible 
and near-infrared imaging spectrometer (VIMS) to be carried by MO and LGO is intended to 
collect this type of information globally at 500 meter resolution. This groundbased project is 
intended to produce compositional maps of lunar mineralogy for large portions of the lunar 
nearside at spatial resolutions up to 2 kilometers. Several engineering observing runs have been 
performed to adapt existing astronomical instrumentation to this task. While only limited 
scientifically useful data were collected during these proof-of-concept experiments, some 
interesting results have been obtained which anticipate substantial future science return. 

In the near term, the data is obtained with two instruments. The first is a wide field astronomical 
spectrograph which utilizes an 800 x 800 element CCD detector. The instrument was designed 
and built by the Institute of Astronomy of the University of Hawaii. In this instrument, moonlight is 
focussed upon and passes through a long slit 1 x 325 arcseconds in dimension (which 
corresponds to 2 x 750 kilometers near the center of disk) and reimaged upon the CCD. Each 
800x800 image is summed along the spectral axis on the detector to yield 200 spectral elements 
from .5 to 1 .Oum for each resolved speot on the lunar surface. By scanning the spectrograph slit 
while reading out the CCD, the three dimensional imaging spectroscopic data set is built. Each 
data "cube" is of dimension 800 x 200 x n where n is currently equal to about 750 with the existing 
instrument. The cross-slit axis is constrained by the rate at which CCD frames can be acquired. 
Though exposures are short (4second) 30 seconds are required to read out each frame. 
Despite this inefficiency about 10% of the angular extent of the lunar surface can be acquired in 
each photometric night. 

Great effort with visible (.3-1 .0um) imaging and spectroscopy of the Moon in the early '70's 
demonstrated the importance of IR (1-2.5um) data for lunar applications (1). The most basic 
spectral parameters which are necessary for mineralogic interpretation including depth, center, 
width and- symmetry of the mafic mineral absorption near lum, and the slope if the infrared 
continuum, require IR data for their derivation. While it would be highly desirable to employ an IR 
spectrograph similar to that used to acquire the visible data, because of the scarcity of IR detector 
arrays, utilizing such an instument for this project is probably a few years away. In lieu of this 
continuous IR spectral data, IR imaging in wavelengths necessary to derive the fundamental 
spectral parameters will be acquired. The choice of these wavelengths depends upon the 
experience gained in spot spectroscopy of several hundred smatl locations in the mare and 
highlands. In this role the PGD IR Linescan camera--based upon a dual 64-element lnSb line 
array-- will be employed. This instrument has already been used to acquired complete coverage 
of the lunar nearside at 1.6urn at 3km resolution in a single night of observing. 

The current status of data collection is a) Nearside 1.6um imaging (the wavelength selected to 
define the IR continuum) and b) visible engineering test data for the central highlands, H U ~ O N ~  
Basin, and selected small regions. The engineering data suffer from numerous defects for which 
hardware corrections have been implemented for future observing. The data is not useful for 
wavelengths other than near 0.7um and is of low spatial resolution. The source of these defects 
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has been Identified and the corrections will be tested in the spring of 1988. However, the data 
demonstrate that a significant amount of data can be collected in a short time. As part of the 
evaluation of the engineering data three areas were concentrated upon: The central and 
southern highlands and Coperniws crater to evaluate the quality of the registration of data from 
the two insbrments, and the utility of the IR data for mare unit mapping. For any science results 
data are restricted to 1 .W.73um ratios and the IR iniaging data. The former parameter is closely 
correlated with the IR continuum in lunar spectra which is usually defined as a line tangent to the 
peaks on either side of the rnafic mineral absorption near lum. This parameter is sensitive to the 
abundance of micrometeorite generated agglutinate glass and thus soil maturity. It is also a 
function of composition but the geochemical or mineralogic parameters controlling the IR 
continuum independent of maturity are poorly understood. Summaries of our results are as 
follows: 

Central Highlands - These data cover a rectangle which includes the central and southern 
highlands. The 1.6J.73 m ratio exhibits a distinct color boundary subparallel to 300s latitude. The 
central highlands are "red" or are more steeply sloped towards the infrared than the southern 
highlands. While the geochemical significance of this parameter is presently unclear it is likely that 
this N-S dichotomy is related to a compositional difference between the central and southern 
highlands.The existence of geochemical provinces in the central highlands has been established 
on the basis of orbital geochemistry data (2), thus appearance of regional differences based on 
this new remote sensing data set is not unexpected. Better data are required to characterize the 
nature of this spectral dichotomy. 

Copemicus - These data include the crater interior and much of the east and west ejecta. The 
1.61.73 m image shows features consistent with our knowledge of spectral behavior. The ejecta 
blanket is "red consistent with the presence of abundant agglutinate glass. The crater interior is 
"blue" consistent with immature surfaces. A dark streak of impad melts in the northern wall is "red 
consistent with spectral behavior noted by (3). The central peak complex is relatively red. These 
peaks have been shown to be composed of olivine with probable feldspar (4). 

Mare - The 1.6 um image exhibits a surprising amount of contrast in the mare regions, comparable 
to that seen in UVI VIS ratio images. This indicates that the near IR specteral region will be as 
useful as the UV in identifying and characterizing mare units. 

Conclusion: These preliminary test data have demonstrated the value of the IR wavelengths in 
identifying compositional units in the mare and the highlands. We anticipate major science returns 
upon obtaining high quality imaging spectroscopic data in the coming year. 
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