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New Evidence for Compositional Diversity on the Marius Hills Plateau from Gal i l eo  

Multi-Spectral Imaging. J .  M. sunshine1, C. M. Pieters, and J. W. Head, Dept. of Geo. Sci., Brown 
University, Providence, RI, 02912. l ~ o w  at SETS Technology Inc., 300 Kahelu Ave., Mililani, HI, 96789. 

Introduction The Marius Hills Plateau (MHP), located on the western lunar nearside in central Oceanus 
Procellarum, is the site of some of the most abundant and varied concentrations of volcanic features on the Moon 
[e.g. 1-21. In addition to numerous volcanic features, a series of larger scale mare deposits are also exposed on 
MHP. Earth-based telescopic studies [3-41 have shown these MHP maria, like the surrounding plains of Oceanus 
Procellarum, to have relatively high ultra-violet ( W N I S )  ratios. Based on the empirical correlation with titanium 
content [5-71, these high W N I S  mare deposits are inferred to be Ti-rich. However, regional stratigraphic studies 
[8] and relative crater ages [9], indicate that the high-Ti maria of MHP and nearby Oceanus Procellarum are younger 
than the high-Ti basalts sampled on the eastern nearside. Furthermore, Earth-based telescopic spectra also suggest 
that these western high-Ti mare are compositionally distinct from the well sampled Ti-rich basalts of the eastern 
nearside [lo]. The recently acquired Galileo multi-spectral images, collected by the Solid State Imaging (SSI) 
camera at six wavelengths between 0.4 and 1.0 pm [ll-121, provide an opportunity to re-assess the compositional 
variability within MHP. By combining the Galileo SSI images with a variety of pre-existing data sets, MHP is 
evaluated both in its regional context and in relationship to other well known Ti-rich volcanic units. 

EM1 R e s u h  In previous studies [13], multi-spectral images from the first Earth-Moon encounter (EM1- 
12190) were used to compare MHP to the surrounding deposits of Oceanus Procellarum. EM1 W N I S  ratios 
(0.4110.56pm and 0.4110.76 pm) confirm Earth-based results and indicate that MHP has high W N I S  ratios, 
comparable to nearby units. However, in 0.7610.99 pm ratios, MHP is seen to be have distinctly lower values 
than the surrounding maria. Although at the limit of resolution, the EM1 data also suggest variability in the 
0.7610.99 pm ratio within MHP. Given the similarities in albedo and UVNIS values, these differences in 
0.7610.99 pm ratios are attributed to a changes in the relative strength of the overall absorptions near 1.0 pm due 
to ~ e + ~  in mafic minerals and/or glass. As such, the low 0.7610.99 pm signatures are interpreted as indications of 
relatively weak 1.0 pm absorptions. 

EM2 Ram Data from the second encounter (EM2-12/92) confirm that MHP has relatively low 0.7610.99 
pm signatures. In addition, the increased resolution and signal-to-noise of the EM2 data clearly indicate that MHP 
includes two types of 0.7610.99 pm signatures: one suggesting relatively strong absorptions (comparable to the 
surrounding maria) and one suggesting relatively weak absorptions. Yet, even with the improvement over EM1 
data, the EM2 data are not at sufficient resolution to allow for clear unit definition. Higher resolution Lunar 
Orbiter (LO) N images are, however, available. To facilitate comparisons with the Galileo SSI data, LO IV 
images were digitized, processed to remove framlet boundaries, mosaiced, and coregistered with the Galileo images 
(as detailed in [14]). Analysis of the combined SSIILO data reveal that the variability in the 0.7610.99 pm images 
corresponds to regions on MHP which are larger in scale than any individual volcanic feature. Furthermore, there 
is a direct correlation between brightness in the LO N images and 0.7610.99 pm ratios. Using brightness 
boundaries in the LO N mosaic (as mapped on Figure I), two distinct MHP units are definable: (1) mhW, which 
is dark in LO N images, has low 0.7610.99 pm values, and high W N I S  values, and (2) mhS, which is bright in 
LO N, has high 0.7610.99 pm values, and high U V M S  values. 

Spectral Comparisons Using all of the spectral information from EM2 and previous Earth-based telescopic 
data [3,15,16], the MHP units can now be directly compared to other high UVNIS deposits. As shown in 
Figure 2, mhS has a relatively strong absorption approaching 1.0 pm and has similar spectral proprieties to 
nearby western high-Ti maria, as typified by the Flamsteed Basalt. In contrast, mhW has a relatively weak 
absorption towards 1.0 pm and has affinities to eastern high-Ti basalts, as represented by Apollo 11. In addition, 
as shown by the spectrum of Black Spot 5, certain dark mantle pyroclastic deposits also have similarities to mhW. 

Discussion Synthesis of available.data support three general compositional interpretations of the relative 

differences between the two units exposed on MHP. (1) mhW includes a pyroclastic component not present in 
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mhS. However, to be consistent with radar [I71 and spectral observations, this pyroclastic component must be 
mixed with other materials and thus may represent finely disseminated pyroclastics mixed in the regolith. (2) mhS 
is typical of young western high-Ti basalts (e.g., Flamsteed), while mhW is similar in composition to the sampled 
eastern high-Ti basalts (e.g., Ap. 11). However, because mhW does not appear to be as old as the eastern basalts, 

the scenario suggests greater diversity in the compositions of Ti-rich basalts in both space and time. (3) 
Alternatively, mhW could represent a new type of mare basalt. Although data with greater spectral range and 
resolution, as well as higher spatial resolution, are required to distinguish among these possible scenarios, each 
suggests significant variations in volcanic activity and that MHP should remain a prime target for future research. 

Figure 1: Sketch map of brightness 
units (dark, intermediate, and light) 
based on a digitized LOIV mosaic. 
Boxes are locations for spectra of the 
mhW and mhS units shown in Figure 2. 

Figure 2: Comparison of Marius Hills spectra with 
other high W M S  units. The telescopic spectra have 
been convolved with the Galileo SSI Titers. All spectra 
are normalized to 0.56 pm and shown relative to the MS2 
standard area [7,15,16]. 
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