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We have been conducting a series of remote sensing studies of the Schiller-Schickard region. 
The major goals of the research are to determine the composition of geologic units, elucidate the 
geologic history of this complex area, and to examine the extent of local mixing induced by 
secondary cratering from Orientale. This report serves to present the most recent results of spectral 
and multispectral analysis, as well as to discuss preliminary findings of radar studies of the region. 
Data employed include near-IR reflectance spectra, multispectral images in the extended visible, 
and 3.8-cm, 70-cm, and 7.5-m radar images. 

INTRODUCTION: The Schiller-Schickard (SS) region is located in the southwestern nearside 
highlands, south-southwest of the Humorum Basin and southeast of Orientale. A variety of 
interesting features are found in the region. Schickard (-44" S, 55" W) is a large (227 krn diam.) 
pre-Imbrian crater whose floor contains mare basalt patches and a light plains unit [I]. Schiller 
crater (-52" S, 39" W) is elongated and is superimposed on an outer ring of the Schiller-Zucchius 
basin. The area around Schiller and Schickard contains a number of dark-halo impact craters 
(DHC's). Several previous studies have helped to decipher the complicated geologic history of the 
region. Near-infrared reflectance spectra were used [2, 31 to confirm the hypothesis [4] that 
DHC's formed when ancient mare basalts were excavated from beneath plains units with highlands 
affinities emplaced by the Orientale impact event. A buried mare deposit of this type is referred to 
as a cryptomare. Detailed spectral analysis [5] addressed the composition of regional highlands and 
light plains. The presence of a mare basalt component in the light plains within Schickard was 
confirmed, providing evidence for local mixing [6] by Orientale secondary-forming projectiles. 
Mixing model analysis of spectra and multispectral images [7, 81 determined that the proportion of 
mare basalt in the light plains is consistent with the ballistic erosion model of secondary cratering 
[6]. Additional information on the SS region has been provided by data from the Galileo 
spacecraft's first lunar encounter [9, 101. A number of unresolved questions remain, including (1) 
the composition and nature of the plains units, (2) the role of secondary cratering in the formation 
of the distal deposits of the Orientale Basin, and (3) the origin of radar anomalies in the region. 

DATA and ANALYSIS: Approximately 40 near-infrared reflectance spectra (0.6-2.5 pm) for a 
variety of features in the region have been collected and analyzed. The spectra were recorded with 
Planetary Geosciences instruments on University of Hawaii telescopes at Mauna Kea Observatory. 
Observational techniques and data reduction have been previously described [I I]. Quantitative 
analysis of spectra was performed [12] to derive mineralogical information. Additionally, spectral 
endmembers were identified and mixing relationships studied by applying principal components 
analysis (PCA) [13]. Linear mixing of spectral endmembers was assumed [14]. 

In order to gain extended spatial coverage, multispectral images from a CCD imaging 
survey of the Moon [I51 were utilized. The data set consists of two image cubes of the SS region, 
each with 12 spectral bands in the extended visible portion of the spectrum (0.4-0.99 pm). 
Interactive analysis of the image cubes was performed using the SIPS software [16]. Endmember 
areas within the scene were defined. Linear unmixing analysis produced endmember abundance 
and error images. The original images and endmember abundance images have been reprojected 
by defining tie points to the U. S. Geological Survey shaded relief airbrush map of the Moon. 

The 3.8-cm radar data obtained by Zisk and coworkers [17], as well as 70-cm and 7.5-m 
radar images presented by Thompson [18, 191 were examined for this study. The data have been 
digitized and reprojected, and the 70-cm and 7.5-m images superimposed on the U. S. G. S. 
airbrush map for analysis. 

RESULTS and DISCUSSION: The spectral, multispectral imaging, and radar findings are 
described below. 

A. Spectral and Multispectral Imaging. Mapping of the spectra into principal components 
space revealed four endmember spectral types: fresh and mature highlands, and fresh and mature 
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mare basalt. Spectra of areas consisting of mixtures of these fall between the four endmembers in 
PC space. The distance of a spectrum from an endmember in PC space can be used to calculate the 
relative contribution of that endmember to the mixture. Mixing results indicate that spots on the 
Schickard light plains contain from -40% to as much as 70% mare basalt. Two spectra for the 
Schiller Plains, a dark area west of Schiller [20], were analyzed with this technique. The model 
indicates that the proportion of mare basalt in the Schiller Plains is >80%, consistent with the 
interpretation [2] that the Plains are a post-Orientale mare surface which has received a small 
admixture of highlands material by lateral transport from nearby highlands craters. The interior of 
Schiller contains a light plains deposit. Mixing analysis on a spectrum of this floor material shows 
that -70% mare basalt is present. 

These findings have been confirmed and extended by mixing analysis conducted on the 
image cubes. The endmember images reveal that the Schickard light plains contain an average 
mare abundance of -45%. The Schiller Plains have high mare contents, exceeding 75% in places, 
with an average of -65%. Most of the floor of Schiller has a mare basalt contribution in the range 
25-50%, though patches of higher mare content, up to 75%, do occur. 

The amount of mare basalt in the Schickard light plains is a measure of the degree to which 
ejecta from Orientale affected the pre-existing terrain in the SS region. The ballistic erosion theory 
[21] allows the ratio of mass excavated by a secondary crater to the mass of the secondary-fonning 
projectile to be calculated, given the secondary crater diameter, distance from the primary, and 
angle from the surface normal at which the secondary-forming fragment struck the surface. For 
typical Orientale secondaries near Schickard and assuming a 75" impact angle, this ratio is -2, 
meaning that the fraction (excavated mass/(excavated mass + impactor mass)) is about 0.67. Thus 
-67% local material should be expected. This is in reasonable agreement with our findings of 45% 
for the average proportion of basalt in the Schickard light plains. Considering that the pre- 
Orientale mare may have been thin and discontinuous, and that cratering efficiencies may be lower 
[22] than assumed in the Oberbeck model, we take this result as strongly supportive of the local 
mixing hypothesis. 

B. Radar Studies. The Schiller-Schickard region exhibits a relatively uniform appearance 
in both the polarized and depolarized 3.8-cm radar images. No areas with anomalously low 
returns have been identified, and even the ponds of post-Orientale mare basalt are not distinct in the 
3.8-cm data. The absence of low returns for the dark portions of the Schiller Plains appears to rule 
out the existence of a dark mantle of pyroclastic origin for this area [20]. The SS region contains 
several areas that exhibit low returns on the polarized and depolarized 70-cm radar images. The 
mare ponds in the region correlate with some of the areas with low backscatter. Other areas with 
anomalously low 70-cm returns are associated with certain portions of the SS cryptomare. In 
general, the northern portions of the cryptomare exhibit higher values while the low returns are 
concentrated in the south. In particular, low 70-cm backscatter values are associated with pre- 
Orientale mare deposits that contain Orientale secondary clusters. Much of the SS region exhibits 
low values in the 7.5-m radar data set. The lowest values are exhibited by mare and cryptomare 
units in Schickard and southwest of Schiller. However, much of the cryptomare surface has low 
7.5-m returns. The presence of a substantial mare basalt component in the surface layers of the 
cryptomare may be, in part, responsible for the 70-cm and 7.5-m anomalies. 
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