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The lunar reflection spectrum in the 1.0 to 2.5 pm region contains 
important information about lunar soil composition and maturity. In partic- 
ular, the pyroxene absorption band in the vicinity of 2.0 pm can be diagnostic 
of pyroxene composition, many lunar glasses show distinctive infrared sig- 
natures, and the contrast between lunar rocks, immature soil and mature soil 
is large in this spectral region (1). 

Observations and Data Reduction: We report here the first multispectral 
lunar images taken in the 1.0 to 2.5 pm range. We used a modified line-scan 
technique similar to that used by Soderblom ( 2 ) .  The observations were made 
with the 61-cm reflector at Table Mountain Observatory on March 28, 1978 
(U.T.), 4 days past full moon. The telescope's Coude beam was focused on a 
circular aperture which subtended 16 seconds of arc on the sky. A dichroic 
beam splitter just behind the aperture separated the light into its visible 
and infrared components. The infrared beam was passed through a 2.0 to 
2.5 ym bandpass filter and was detected by an optically chopped PbS detector 
operated at - 80°C. The visible beam was passed through a 5600 filter 
(AX- 750 i) and was detected by a room temperature photodiode. After pre- 
amplification (and demodulation of the PbS signal) the signal voltages were 
converted to pulse frequencies which were integrated for a fixed time. The 
processes of data collection and telescope raster-scan were controlled by an 
IMSAI 8080 computer. 

The first step in the data reduction was to calculate the zero level for 
each scan. This was done using the sky level observed at the beginning and 
end of each scan and linear interpolation, Next the individual scan lines 
were assembled into an image using the lunar limb as a control. The result- 
ing picture element size is 7 (E-W) by 16 (N-S) arcseconds. This corresponds 
to approximately 12 x 27 km resolution, The signal to noise ratio of the 
reconstructed image was n., 400:l in both the visible and infrared data. Since 
the system samples simultaneously at 0.56 and 2.25 pm a ratio image can be 
produced directly without further registration. The ratio image is then 
contrast enhanced and displayed or printed out in digital form. 

In order to check the calibration of the system and to compare it with 
other ground based spectrophotometry, we scaled the data to produce a rela- 
tive spectral ratio with respect to the standard area Mare Serenitatis 2 (3). 
Since MS-2 was not included in this image we did this by using data for 
Aristarchus, Kepler and several mare regions (4). We expect the overall 
accuracy from any one point of the image to another to be at least a few 
percent and the local contrast (in any one scan line for instance) is 
essentially limited by detector noise. 

Discussion: The two micron to visible color ratio is strongly affected 
by soil maturity. Fresh soils have relatively flat spectral reflectances 
characteristic of rock powders. With even small additions of the glass and 
iron rich agglutinates their spectral reflectance becomrs very red, quickly 
assuming the color of mature soils. Thus, even a crater as fresh as 
Copernicus shows only small effects of fresh rock-type spectral character. 
After this stage is reached (which is the case for nosiz mare regions) the 
spectral differences from one area to another are due chiefly to compositional 
differences, not maturity (1, 5, 6). In our color ratio image, the regions 
with low 2.25 yml0.56 ym ratios (characteristic of immature soils) are very 
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dark or black. As expected, Aristarchus, Kepler, Tycho and smaller fresh 
craters show as dark patches. 

Several localized very bright (high 2.25 um/0.56 ym) areas are also 
strikingly evident. These regions have a relative 2.25 pm reflectance which 
is 30 percent higher than the average mature lunar soil, which is already 
one of the reddest known naturally occurring materials. Some of these areas 
correspond to the lunar "black spots" studied by Pieters -- et al. (7). They 
are characterized by low albedos, high relative reflectance in the ultra- 
violet and at 1.0 pm and low radar backscatter. The Apollo 17 site at Taurus 
Littrow is one of these regions. Some of the returned samples contained 
black spheres of devitrified glass. These black spheres have a distinctive 
spectral signature which qualitatively explain the "black spot" observations, 
including the unusually high relative reflectance at 2.25 vm which we report 
here. Thus our ratio image provides additional evidence that these regions 
contain black spheres as originally suggested by Adams -- et al. (8). 

A number of areas which are bright in our image do not show the blue 
reflectance characteristic of the Littrow site and the other "black spots" 
(9). We suggest that these areas (e.g. Sulpicius Gallus, Aristarchus 
plateau) have pyroclastic material similar to the Apollo 17 black spheres but 
having different visible color. This material is apparently not similar to 
the orange glass also returned by Apollo 17, since this material is similar 
to MS-2 in its 2.25 pm reflectance (3). This suggestion implies that there 
exist varieties of pyroclastic glass-related material which were not sampled 
by Apollo 17 but which are relatively common elsewhere on the Moon. 
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