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Oceanns Procellarum as viewed by Gali leo:  Evidence for Compositional Diversity in 
the Mare Deposits and at the Marius Hills Plateau. Jessica M. Sunshine, Carle M. Pieters, and James 
W. Head, Dept. of Geological Sciences, Brown University, Providence, RI, 02912, Alfred S. McEwen, U.S.G.S., 
Flagstaff, AZ, 86001, and Ronald Greeley, Dept. of Geology, Arizona State University, Tempe, AZ, 85287. 

During Galileo's first flyby of the Moon (12190) the Solid State Imaging experiment (SSI) acquired multi- 
spectral images in seven filters, ranging from 0.41 to 0.99 p, covering the western near-side and parts of the far- 
side [I]. The Galileo images lend a synoptic perspective to the study of maria and volcanic complexes in Oceanus 
Procellanun and compliment existing telescopic data by offering, in one data set, compositional data for the entire 
region (Fig. 1). The Galileo coverage includes deposits along the western edge of Procellarum, which are 
particularly important for determining the history of the area, since they comprise some of the oldest and youngest 
mare in the region. These new data present an opportunity to re-evaluate the regional scale compositional 
characteristics and geologic history of Oceanus Procellarum, the largest region of mare deposits on the Moon. 

Major spectral variations in the wavelength range covered by SSI can be evaluated by examining UVNIS 
(0.411 0.56 pm) and VISIIR (0.761 0.99 p) ratios. The UV/VIS ratios have been shown to be empirically 
correlated to the titanium content of mature mare soils in returned lunar samples [2,3], while VIS/IR ratios provide 
information on the relative strength of overall mafic absorption features. 

UV/VIS ratios from Galileo (Fig. 2) are consistent with previous studies and indicate great diversity in the 
Ti02 content of maria in Procellarurn [3-71. The geometry of Galileo also allows many of the western shore 
deposits to be viewed more clearly than from Earth. Most of the basalts along the western edge of Procellarum 
have low to intermediate UVNIS ratios, and are thus inferred to have low to moderate amounts of Ti@. This 
trend includes one of the oldest mare units, the Gerard Member of the Repsold Formation [7], which had previously 
been classified as Ti02-rich based on the Whitaker colordifference photographs [2]. There are only two regions 
along the western edge that have moderate to high UVtVIS ratios, and are thus inferred to be Ti@-rich, the Ulugh 
Beigh and the Damoiseau Basalts, both members of the youngest stratigraphic unit, the Sharp Formation. 

Analysis of the VIS/IR (Fig. 3) i n d i m  that most basalt units along the western edge of Procellarurn have a 
generally weaker overall mafic absorption (darker in VIS/IR) than those in the interior of Procellarum. For 
example, the Damoiseau and Ulugh Beigh Basalts, when compared to members of the Sharp Formation in the 
interior of Procellarm, notably the Ti@-rich Flamsteed Basalts, have lower VIS/IR ratios and are apparently less 
mafic. Spectra of the Damoiseau Basalts appear to be more similar to the eastern Ti02-rich basalts found at 
Apollo 11 than to the western Ti%-rich basalts found in Procellarum and Imbrium. Relatively, weak mafic 
absorptions are also characteristics of the basalt units to the west of Procellarum, in Orientale and Grirnaldi. 

In some regions, this relatively weak mafic signature may be due to contamination from the highlands, as is 
likely for the Gerard Basalts which have a relatively high albedo. However, in many other areas along the edge, 
specifically Damoiseau and Ulugh Beigh, both albedo and high resolution Lunar Orbiter images suggest that 
highland mixing was minimal. It therefore appears likely that these edge deposits are less mafic than the Ti@-rich 
basalts in the middle of Procellanun. However, their spectral affinities to the eastern maria suggest that it is the 
deposits in cenlral hocellarum and Irnbrium, i.e. the Flarnsteed Basalts, that are unusual. Furthermore, near- 
infrared telescopic spectra of the Flamsteed Basalts indicate that they may contain significant amounts of olivine 
[8]. The relatively high VIS/IR signature coupled with indications of more olivine suggest that the Flarnsteed 
Basalts are mafic-rich, and perhaps even ultra-mafc in composition. 

In addition to the mare deposits, Galileo also offers a regional overview of the three Procellarum volcanic 
complexes; Aristarchus Plateau, Riimker Hills and Marius Hills. This initial analysis has focused on the Marius 
Hills region, but will be expanded to include all three volcanic centers. The Marius Hills include several hundred 
low domes, steep-sided domes, and volcanic cones situated on a plateau 100-200111 above the surrounding maria 
[9,10,11]. The morphology of these features can be attributed to changes in eruption conditions or potentially 
more evolved lava compositions. While the Marius Hills plateau does not have a clear albedo or UVNIS 
signature, the Galileo data show the plateau to have a distinctly low VIS/IR signature (Fig. 3), suggesting a 
lower mafic content. In addition to the low VIS/IR values for the overall plateau, there are some areas within the 
Marius Hills which have even lower VIS/IR ratios. While this heterogeneity in the data is at the limit of 
resolution, the spatial distriiution mimics that of the volcanic features. Specific correlations will be examined to 
determine if the compositional data and the morphology might, in fact, be indicative of differentiated volcanism. 

Galileo will once again flyby the Moon (12/92), and will have at least a factor of two higher spatial 
resolution. This second set of Galileo data will help better determine the compositional diversity of specific 
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features in the Marius Hill region, and throughout O m u s  Procellarum, and should lead to a better understanding 
of the petrogenesis and emplacement history of the region. 
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Figures: 
Figure 1: 0.56 pn albedo image including Oceanus Procellarurn 
and the Orientale and Grimaldi b a s h .  These data are extracted 
from a simply cylindrical projection of a mosaic of the best 
coverage from all of the imaging sequences [12]. 
Figure 2: W M S  ratio (0.411 056 p) of the mare deposits. 
Higher values (brighter) are interp~eted to be TiOz-rich based on 
the empirical relationship developed by Charette et al. [2,3]. The 
non-mare units (black) are masked based on their albedo. 
Figure 3: VISAR ratio (0.761 0.99 p) of the mare deposits. 
Higher values (brighter) have relatively stronger overall mafic 
absorptions. The brightest objects are fresh mare craters. The 
non-mare units (black) are masked based on their albedo. 

Features labeled: 
d--Darnoiseau; g--Gerard; gr--Grimaldi; f--Flarnsteed; mh--  
Matius Hills; o--Orientale and ub--Ulugh Beigh. 
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