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CHARACTERISTICS OF INDIVIDUAL ERUPTIVE EVENTS ON THE LUNAR WESTERN 
LIMB AND FARSIDE: IMPLICATIONS FOR MAGMA ASCENT AND ERUPTION 
MECHANISMS. R. Aileen Yingst and James W. Head, Dept. Geological Sciences, Brown 
University, Providence, RI 02912 USA 

Introduction: The connection between lunar magma source regions and the location and 
emplacement conditions of volcanic surface features remains unclear, both conceptually and 
quantitatively with respect to our understanding of transport mechanisms. Investigation of these 
issues requires use of surface feature characteristics to reconstruct the conditions of transport and 
eruption, so that thermal evolution models may be tested. Specifically, mare deposits are 
asymmetrically distributed over the lunar surface, with the nearside displaying the vast majority 
of surface basalts [I]. Apollo and recent Clementine data have confirmed a dichotomy between the 
nearside and the farside with respect to crustal thickness [e.g. 2,3]. This implies a possible 
relationship between the efficiency of magma transport and the amount of crust through which 
magma must pass. It has been suggested that mare emplacement has been controlled by propagation 
of dikes driven by the overpressurization of diapirs stalled below the cooling lunar highland crust 
[4,5,6]. Thus, regions of thinner crust would be expected to allow a greater number of dikes to reach 
the surface under the same source region conditions, than areas with thicker crust. Recent analyses 
of the characteristics of lava ponds in the South Pole/Aitken and Orientale/Mendel-Rydberg 
basins have provided evidence that supports this theory [7,8]. 

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. Thus, the isolation and examination of the common characteristics of 
a single eruptive event is difficult in these regons. To minimize these problems, we examined 
clusters of discrete mare deposits that occur in isolated patches in the highlands adjacent to the 
major maria. Ponds in the Orientale/Mendel-Rydberg (OMR) and South Pole/Aitken (SPA) basins 
were chosen as representative of single eruptive events on the basis of their homogeneity in multi- 
spectral characteristics, albedo and crater density as well as their self-contained nature and lack of 
evidence for multiple eruptive events. Selection of lunar regions for this analysis focussed on those 
areas displaying the presence of abundant isolated lava ponds so that statistics of individual 
occurrences might be significant. In order to test predictions about the role of crustal thickness in 
mare basalt transport and eruption [4,5,6], we chose regions that varied in crustal thickness with 
each other. Characteristics measured included lava pond area, volume, mode of occurrence, age, 
associated features, nearest-neighbor distances and corresponding crustal thickness. This 
contribution summarizes our results of the analysis of mare deposits characteristics for 52 ponds in 
the SPA, and 34 ponds in the OMR regions, based on Lunar Orbiter, Galileo and Zond images, as well 
as Clementine crustal thickness estimates [3] and geologic maps [9,10,11]. 

Volumes: Volumes of mare deposits were measured using a variety of techniques [e.g. 7,8,12,13]. 
The average volume for lava ponds in SPA is 1100 km3, while for OMR it is 240 km3; most are below 
2000 km3 (figure 1). Volumes for single eruptive events in these regions are thus seen to be extremely 
large, comparable to the largest terrestrial flood basalt flows [14], and orders of magnitude larger 
than typical flow volumes for shallow magma reservoirs such as Hawaii. These large volumes, 
coupled with a lack of shield features such as large calderas or domes, imply that deep, rather 
than shallow, magma source regions are prevalent for the deposits in these basins. 

Nearest-neighbor distances: Nearest-neighbor distances (NND) for all ponds in both basins 
were measured by taking the average value for the measured center-to-center distance of the 5 
closest deposits to each pond. The average nearest-neighbor distance for ponds in both regions 
approximately 50-100 km (figure 2), suggesting that those ponds with NND larger than 100 km are 
the single representative of their magma reservoir, while those ponds with NND less than 100 km 
are members of a population of ponds stemming from a single source region. Estimates can thus be 
made of the size of underlying magma reservoirs. 

Crustal thickness relationships: Crustal thickness estimates [3] were compared to the total 
volume and frequency of eruptive events for SPA and OMR. For these regions, crustal thickness 
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(Tc) is inversely related to the magnitude and frequency of eruptive events (figure 3). For SPA, 71% 
of pond occurrences (37 ponds) and 94% of total mare deposit volume lie at crustal thickness Tc < 50 
km, while for OMR 80% of mare material (including Mare Orientale) lies at Tc < 40 km. These 
conclusions suggest that we are observing a causal relationship between the magma transport 
mechanism and the thickness of overlying crust (e.g. overpressurization and dike propagation). 
Thus, we interpret this to mean that the volume and frequency of volcanic events may depend 
directly on the amount of intervening crust that magma must pass through to reach the surface. We 
are presently testing this hypothesis with analyses from other mare pond occurrences [I%]. 
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F i g w  2. Nearest-neighbor distances for lava Figure 1. Volumes for all single eruptive events c 2000 km3 ponds in SPA and OMR. 
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Figure 3b. crustal thickness vs. total extrusion 
volume lor Orientale/Mendel-Rydberg basins 
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