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SPATIAL AND AREAL DISTRIBUTION OF LUNAR MARE DEPOSrrS IN MARE ORIENTALE 
AND SOUTH POLEIAITKEN BASIN: IMPLICATIONS FOR CRUSTAL THICKNESS 
RELATIONSHIPS. R. Aileen Yingst and James W. Head, Dept. Geological Sdences, Brow University, 
Providence, FU 0291 2 USA 

Introduction: Analyses of high resolution images of the mare surface have documented the 
geomorphology and the stratigraphy of volcanic structures and deposits (12.  Petrological analysis of 
lunar mare basalts has led to a series of mare basalt petrogenetic models (3). The interaction between 
the source regions and those features observed on the surface, however, remains ambiguous, in regard to 
both conceptual and quantitative assessments of this relationship, and the interpretation of surface 
features in tenns of the dimensions of the source regions and conduits, and the method of transportation 
to the surface. In recent studies we have been working to establish a basic theoretical and 
observational framework for considering the ascent and eruption of magma on the Moon. We consider 
the principles of reservoir development and neutral buoyancy zones at the base of the highlands crust or 
at rheological bundaries, the overpressurization of reservoirs, and the general properties of dikes that 
would be propagated toward the surface (4,5,6). In this contribution we report on an analysis of the 
distribution and areal extent of mare deposits, both laterally as a function of areal density, distribution 
and spacing, and vertically as a function of elevation, and investigate implications for the relationship 
between austal thckness and favorability of mare extrusion. 

Approach: In the large nearside maria the analysis of the characteristics and interpretation of 
lunar eruptive events is complicated by multiple flows, burial of source vents and possible variation of 
source regions within basins. To minimize these problems, we examine clusters of discrete mare deposits 
that occur in isolated patches in the highlands adjacent to the major maria. Ponds are interpreted to 
representat single eruptive phases on the basis of homogeneity in multispectral characteristics, albedo 
and crater density as well as their self-contained nature and lack of other evidence for multiple 
eruptive events. Our choice of lunar regions for this analysis was limited to those areas that displayed 
the presence of abundant isolated lava ponds so that statistics of individual occurrences might be 
sigruficant. Occurrences in regions of differing topography were chosen in order to test predictions about 
the role of austal thickness in mare basalt'ascent and eruption (45,6). We used Lunar Orbiter, Galileo 
and Zond images, and geologic maps (7,8,9) to examine the lateral and vertical distribution of mare 
deposits in pre-Nectarian South Pole/Aitken basin (SPA), and post-Lmbrian Orientale basin and its 
environs (OR), both defined as approximately 4 x 106 h2. 

South PoleIAitken: Areas have been measured for 52 lava ponds in the SPA basin (10, figure 1). 
Total area covered by these individual mare ponds is approximately 290,000 km2, less than 5% of the 
total surface area covered by lunar maria. Of the 52 mare deposits in this region, 90% have areas less 
than 10,000 km2, a value which is 1/1000 the total area covered by maria; 53% have areas less than 
2000 h2. Distribution of ponds is highly concentrated in the central and northern portions of the basin. 
The areal density of ponds inside the basin rim is estimated to be about 1 per 75,000 km2. For the north 
and central area defined by a line including all mare deposits within the basin the density of ponds is I 
per5OPOOh 2. Nearest neighbor separation distances range from a low of 30 km to a high of 350 km, 
with an average separation distance of 160 km. keliminary hypsometric measurements of SPA basin 
based upon recent Clementhe topography data (11) show that 52% of the basin interior surface area 
lies at or deeper than -7 h and 24% of the surface area lies at or deeper than -10 km. Comparing this 
elevation data to pond occurrence (10) yields a vertical distribution of mare deposits in the basin: 79% 
of ponds Lie at or deeper than -7 km; 46% of ponds lie at or deeper than -10 km. 

Orientale: Areas have been measured for 33 lava ponds in the OR basin (12,13, figure 2). Total 
area covered by these individual mare ponds in this region is 65,000 km2, a value that represents less 
than 1% of the total surface area covered by lunar maria. For individual eruptive events, 94% have 
areas less than 10,Ml km2, while 85% have areas less than 2000 km2. The distribution of mare deposits 
in this region is concentrated in the basin interior, which represents only 304 of the area defined by a 
line including all mare deposits within the region. Areal density of mare deposits averages 1 per 60,000 
lan2 in the basin interior, but for the basin exterior is nearly 1 per 130,000 km2. Nearest neighbor 
separation distances range from a minimum of 30 k m  to a maximum value of 210 h, averaging 126 km in 
the basin interior and 165 km in the basin exterior. Preliminary hypsometric measuranents of the OR 
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basin region (minus the area corresponding to Procellarum) derived from Clementine altimetry data 
(11) show that only 32% of the surface area lies at or deeper than -1 km and only 7% lies at or deeper 
than -2 km. Taking pond occurrence (12) as a function of elevation, 70% of ponds lie at or deeper than -1 
km, while 21 % of ponds lie at or deeper than -2 km. 

Comparative AreaUSpatial Distribution: Individual pond areas in the SPA regon are larger on 
average and span a wider range of values than those in OR, two areas that are approximately equal in 
the total area in which ponds occur. In addition, the number of ponds in OR is 4 0 %  that of SPA, but the 
amount of surface area covered by these lava deposits is only 25% the value of SPA, so average 
extrusion appears to be much larger per eruptive event in SPA. Comparison of areal density and 
distribution shows that the greatest number of ponds within an area occur in the OR basin interior and 
central/northern SPA, with a much lower density in the OR exterior. The nearest neighbor separation 
distance averages are very similar for regions in both basins. 

Comparative Vertical Distribution: An examination of vertical distribution data shows that on 
average, single eruptive phases occur in SPA at an elevation 4 times deeper than that of ponds in OR. 
The average depth of lava ponds in SPA is -8-9 km, while in OR it is -1-15 km. The majority of ponds 
occur in the areas of lowest elevation in both regions. 

Conclusions and Interpretation: Elevation deaeases very rapidly within the OR basin interior; 
this corresponds with a large increase in areal density of mare deposits and a decrease in nearest 
neighbor separation distance. The same trend is observed in central/northern SPA; the number and 
proximity of events increases towards the lowest elevations (the deepest regions). Estimates of crustal 
thickness derived from Clementine altimetry data and based on a uniformdensity crust and mantle (11) 
show that areas of lowest elevation are areas of thinnest crust (SPA interior crust = 20-50 km thick; OR 
interior = 4-50 km thick; OR exterior 60-80 k m  thick). Thus, our data show that pond density, and 
individual area and volume (10, 12) all correlate positively with increasing altimetric depth of 
occurrence and decreasing crustal thickness. 

These data are consistent with emplacement of these mare basalt ponds by overpressurization of 
reservoirs of mare basalt magmas stalled at a neutral buoyancy zone at the base of the low-density 
anorthositic highland crust (4). In this scenario, a range of overpressurization events produces 
individual dikes that propagate toward 'the surface. In areas of thick crust (primarily the farside) 
most dikes do not reach the surface, while in areas of thin aust (primarily the nearside), individual 
dikes reach the surface and form individual eruptive phases. For similar overpressurization values, 
dikes should preferentially reach the surface in areas of thinnest crust and should thus produce a 
higher density of indi\ldual events there; individual eruptions should be greater in volume and areal 
extent as lava encountering the surface at lower elevations erupts onto the surface rather than forming a 
dike hgher in the crust. 
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Figure 1: South PolelAitken pond areas <IO,wa h1 F i p  2: Orientale pond a w  <lOW km' 
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