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Introduction. In December 1990 the Galileo SSI camera acquired images of the lunar western limb covering 
the 0.41-0.99 pm wavelength range [I]. Spectral properties measured from these images provide information on soil 
mineralogy and texture [1,2,3,4]. These measurements are applied here to investigation of the youngest large lunar 
basin, Orientale [5,6]. The basin's 900-km diameter suggests exposure of deep crust or mantle, but telescopic 
observations [7,8] indicate a low-mafic, anorthosite to anorthositic norite crustal composition in the basin interior 
and ejecta. The only recognized mafic-rich regions occur in the distal ejecta around the basins Schiller and Schickard. 
Dark-halo craters in this region exhibit mare-like spectra [9,10,11], interpreted as being due to excavation of a pre- 
Orientale "cryptomare" partly covered by and mixed with basin ejecta. Galileo images of the Orientale region 
confm the relatively uniform low mafic content of most basin materials [I], and have allowed detailed mapping of 
the spatial extent and relative fraction of intermixed mare material in the Schiller-Schickard region [12]. An 
additional region of enhanced mafic content, possibly a cryptomare, was identified in Mendel-Rydberg basin [I]. 

Analytical Procedures. Spectral properties of Orientale basin are examined here using Galileo images, to 
determine if there are subtle differences correlated with basin deposits mapped based on morphology. Two methods 
were utilized, using coregistered, photomemcally corrected image mosaics in 5 of the 7 SSI channels. First, spectral 
variations were represented as parameter images: "visible spectral slope," the ratio of the violet (0.4 1 p )  and green 
(0.56 p )  channels (Fig. lb); "continuum spectral slope," the ratio of the green and 0.76 pm channels (Fig. lc); and 
the "mafic parameter," the difference between reflectance at 0.99 pm and the continuum Fig. Id). Spectral slope is a 
function of Ti content in mature mare soils, soil maturity, and mineralogy. Band depth measurement is not 
possible in Galilee's spectral range, but the "mafic parameter" indicates relative mafic mineral abundances. 

We also classified this region into discrete spectral units using the method of Hurtrez et al. [13]. Each spectrum 
is reduced to two dimensions, mean albedo and spectral variance. Domains on a diagram of these two dimensions are 
then used to define spatially coherent spectral units. This method is particularly suited to discerning spectral end 
members and mixing trends, even if the end members are unknown. We first examined small fresh, bright craters 
within homogeneous regions, to determine the mean albedo / standard deviation trend resulting from regolith 
maturation of a single lithology. We then iteratively classified spectra parallel to this trend, minimizing its effect, 
until several spatially coherent units were identified. The reflectances of all pixels in a given unit were integrated for 
each channel to obtain the unit's spectral properties. 

Physical Geology of Orientale Basin Deposits. The exterior ejecta deposits, the Hevelius Formation 
("Hv" in Fig. la), extend about one basin diameter beyond the Cordillera Mountains (labelled "C"), which form the 
outer basin ring. The proximal Hevelius Formation consists of a blanket of continuous, textured ejecta; distal 
portions break up into a discontinuous cover heavily cratered by secondaries [5]. The Montes Rook Formation 
(labelled "Mr") consists of massifs and knobby plains between the Cordillera Mountains and the inner basin rings, 
the Rook Mountains (labelled "R"). The Maunder Formation (labelled "Ma"), located interior to the Rook 
Mountains, consists of fissured light plains generally interpreted as impact melt [5,6]. 

Spectral Properties of Orientale Basin Deposits. Figure l c  shows that "continuum spectral slope" 
primarily distinguishes fresh bright craters and their ejecta, which have lesser slopes. This parameter is interpreted to 
be related primarily to exposure of optically immature regolith, though it also distinguishes mare deposits in 
Orientale from surrounding highland materials. "Visible spectral slope" (Fig. lb) exhibits very different patterns less 
related to fresh craters. The major spatially coherent variation in this parameter within the highlands corresponds to 
the Maunder Formation, which has a much greater slope than other basin materials. The "mafic parameter" (Fig. Id) 
exhibits subtle but spatially coherent variations that generally correspond to morphologic units. The Maunder 
Formation, Inner Rook Mountains, and proximal Hevelius Formation all have comparably weak mafic bands. A 
broad annulus approximately corresponding to the Montes Rook Formation has a slightly stronger mafic band. The 
strongest mafic signatures occur in the southeast, in light plains within the large Schiller-Schickard cryptomare 
region, and at the central southern extreme of the image, in the northern part of the Mendel-Rydberg basin. 

Units classified from albedo / standard deviation diagrams follow spatial variations in the "mafic parameter" and 
to a lesser extent "visible spectral slope." Three mare-related units and six highland units were discerned. The 
highland units correspond approximately to the Inner Rook Mountains, Maunder, Montes Rook, proximal Hevelius, 
and distal Hevelius Formations, and mafic-poor bright craters. Spectra of the highlands units are shown in Fig. 2, 
normalized to the distal Hevelius instead of the usual standard MHO to highlight differences. The Inner Rook 
Mountains, Maunder, and proximal Hevelius are less mafic, and differ primarily in their "continuum spectral slope" 
though the Maunder also has a greater "visible spectral slope." The Montes Rook Formation is slightly more mafic. 

Discussion. These analytical techniques yield corroborating results, indicating subtle spectral differences 
between morphologic units of Orientale basin materials. Magnitudes of these differences are much smaller than the 
mafic anomaly in South Pole-Aitken basin [I], but vertical and lateral heterogeneities in mafic mineral abundance are 
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indicated. The Inner Rook Mountains and proximal Hevelius Formation are both low-mafic whereas the Montes 
Rook Formation, which is probably derived from greater depth, is slightly more mafic. The distal Hevelius is the 
most mafic, probably due to intermixture with pre-Orientale cryptomaria and perhaps South-Pole Aitken ejecta. 
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