
LPSC m 

MARE-HIGHLAND MlXING RELATIONSHIPS ALONG THE SOUTHWESTERN 
SHORES OF OCEANUS PROCELLARUM J. F. Mustard, J. W. Head, I. Antenenko, Dept. 
Geol. Sci., Box 1846, Brown University, Providence RI, 02912. 

Introduction: The boundary between Oceanus Procellarum and the surrounding highlands 
contains many stratigraphic relationships important for unraveling the sequence and mode of 
emplacement of mare, and large crater and basin deposits. Although the record is tightly 
convolved because of the interaction of these processes, mixing relationships between mare and 
highland along the boundary provide important clues to deconvolving the record. In this paper we 
use multispectral observations acquired during Galileo EM- 1 (1) to determine the mare-highland 
mixing relationships along the boundary. The region under investigation includes =300 km on 
either side of the mare-highland boundary from the crater Cavalerius @ON, 68"W) to Mare 
Humorurn. Mixture maps are generated and then merged with surface morphology, previous 
geologic mapping, and new observations to develop a detailed understanding of this important 
boundary. 

Methods: The abundances of the three primary surface materials distinguished in the Galileo 
SSI 5-channel data (mare, highland, and fresh crater) were calculated using an image-based linear 
spectral mixture model. The endmembers are identical to those used in previous analyses of the 
Schiller-Schickard region (2,3) and are distinguished primarily by albedo, uv-vis slope, and 
strength of the 1.0 p absorption. The calculated abundances are accurate in a relative sense and 
provide a useful framework for understanding the relationships between these surface constituents. 
The context for understanding the mixture maps is achieved by merging the mixture maps with 
maps of known geomorphic features (represented in digital airbrush map), geologic wntacts (from 
the maps of 4 and 5), and analysis of Lunar Orbiter IV images. 

Results: Three principal types of mixing gradients between mare and highland materials are 
found: narrow, moderate, and extended-complex (Figure 1,2). Narrow gradients (profile 1) are 
found adjacent to the crater Hevelius, along the western edge of Mare Humorurn, and in the mare 
lilled Grimaldi basin and crater Cruger. The geologic contact between mare and highland 
corresponds closely to the steep gradients, but in general the geologic contact occurs towards the 
low concentration side (~20% mare abundance). These wntacts are also characterized by large 
topographic differences between the mare and highlands either as scarps (Hevelius) or basin and 
crater walls (Humonun, Grimaldi, Cruger). 

Maderate gradients (profile 2) are found between the craters Damoiseau and Sirsalis. The 
geologic contact in these areas occurs on the high side of the mare abundance gradient (>80% 
mare). The topography is low and rolling with numerous flooded or partially flooded craters along 
the contact. In addition, secondary craters, crater chains, and sculpture from the Orientale impact 
are common. 

Extended and complex gradients (profile 3) occur from the crater Sirsalis to Mare Humorurn. 
Thepincipal contact between highland units and basalts of Procellarum occurs in areas of high 
mare abundance (>80%). The highlands geology is dominated by a hilly and furrowed unit with 
numerous small mare patches that decrease in frequency away from Procellanun. There are also 
several floor hctured (e.g. Gassendi, Hansteen) and flooded (Billy, Letronne) craters along the 
boundary. There is no simple pattern to the mare mixing maps. The small mare patches are 
identified by high abundances and are generally surrounded by zones of moderate mare abundance. 
Southwest of Hansteen, an extended zone of low to moderate mare abundance is mapped for =200 
km into the hilly and furrowed unit and deposits from the Orientale basin. The ejecta blanket of 
Letrome is characterized by moderate mare abundances (50-60%) distributed uniformly over the 
region of continuous ejecta. Southwest of the continuous ejecta is a zone of low to moderate 
abundances (#SO%) associated with a region of plains containing dark halo craters interpreted to 
contain cryptomare (6,7). 

Light plains deposits are thought to represent areas that are either ponded basin ejecta or maria 
mantled by highland crater or basin ejecta (cryptomaria). Light plains deposits in the Schiller- 
Schickard region are associated with elevated mare abundances that map out the regional extent of a 
cryptomare (2,3). Extensive light plains deposits found within the outer facies of the Hevelius 
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formation between the crater Cavalerius and Schickard could signal the presence of additional 
cryptomare. However, there are no well defined mare abundance anomalies associated with these 
deposits. 

Conclusions: Narrow gradients in mare abundance are displaced towards the mare side of the 
geologic contacts, and these contacts are associated with relatively steep topography. We interpret 
this to indicate highland contamination of the mare surface by lateral transport facilitated by steep 
topography. In regions of moderate gmhent mixing, the geologic contact occurs at high mare 
abundance with gradations extending into highland units. These highland units, therefare contain a 
significant component of mare. Several processes may have contributed to this including mixing 
of highland ejecta with mare during emplacement of Orientale basin ejecta and secondaries into pre- 
Procellanun volcanics, deposition of mare-rich ejecta into adjacent highlands units from impacts 
into Procellanun basalts, and lateral mixing through persistent small scale impacts and gardening. 
Given the nature of this boundary, lateral mixing seems to be the best candidate. Much of the light 
plains in the distal regions of the Hevelius formation in this area show no evidence for the presence 
of mare components. Therefore the light plains here are likely ponded ejecta deposits rather than 
mantled cryptomare. Within the zone of complex and extended gradients, several processes have 
contributed to the observed relationships. There are many small mare patches in this area and 
lateral mixing is likely to have contributed to the extended nature of the mare-rnixing zone. As 
noted earlier, analysis of dark halo craters in the plains material northwest of Humorum show 
extensive evidence of a mare component overlain by more highland-rich material (6,7). Our 
mapping would imply the cryptomare covers a large part of these plains, confirming the previous 
analyses that this area was the site of post-Humorum basin, pre-Orientale mare-type volcanism and 
expanding the regional coverage. The view is further supported by ongoing dark halo crater 
analyses (8). We are continuing to investigate in detail stratigraphic and mixing relationships along 
this boundary to further refine the timing of sigdicant geologic events in this region. 
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Figure 2. Profiles of mare abundance, for the 
areas shown in Figure 1, illustrating the three 
types of mixing observed at this boundary. 
Arrows show the mare-highland contact, M 
indicates a mare patch along the profile, and B 
indicates the crater Billy. 

Figure 1. Generalized mixture map for the southwestan area of Procellarum. Light gray shows 
regions with %5% mare abundance and dark gray are between 25 and 65%. Solid lines show the 
contact between mare and highland units. Numbered straight lines show locations of profiles 
presented in Figure 2. Some major craters and the H u m m  basin are labeled for reference. 
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