
LPSC XXIV 1285 

BASALTIC MAGMATISM ON THE MOON. A PERSPECTIVE FROM VOLCANIC PICRITIC GLASSES. 
C.K. Shearer and JJ .  Papike, Institute of Meteoritics, Department of Earth and Planetary Sciences, University of 
New Mexico, Albuquerque, New Mexico 87 13 1 - 1 126. 

Introduction. It is widely accepted that basaltic magmas are products of partial fusion of peridotite within 
planetary mantles [I]. As such they provide valuable insights into the structure and processes of planetary interiors. 
Those compositions which approach primary melt compositions provide both a clearer vision of planetary interiors 
and a starting point at which to understand basaltic evolution Within the collection of lunar samples returned by the 
Apollo and Luna missions are homogeneous, picritic glass beads of volcanic origin [2,3,4]. These glass beads 
provide a unique perspective concerning the origin of mare basalts, the characteristics of the lunar interior and 
processes culminating in the in the early differentiation of the moon. In this presentation, we report our ion 
microprobe derived trace element data from all picritic glasses previously identified [3]. We place this trace element 
data and literature isotopic and experimental data on the picritic glasses within the framework of mare basaltic 
magmatism. 
Analytical Procedures. Electron microprobe techniques and criteria established by Delano [3] were used to 
identify picritic glasses of volcanic origin. Glasses were identified from all the Apollo landing sites. The glasses 
were than analyzed for REE, Ba, Sr, V, Cr, Ti, and Zr using ion microprobes. Most of these analyses were 
accomplished using the ion microprobe at Woods Hole Oceanographic Institute (WHOI). Additional glass analyses 
were performed at the ion microprobe facility at the University of New Mexico. 
Results. The trace element data on the glass beads illustrate a wide diversity of trace element characteristics. For 
example, the lunar glasses show a wide range in REE pattern shape and concentration [5]. Like the crystalline mare 
basalts, all picritic glasses have a consistent negative Eu anomaly. Unlike the crystalline mare basalts, there is a 
limited correlation between the extent of the Eu anomaly and overall REE concentrations. Trace element differences 
among the various glasses suggests that a KREEP component was incorporated into their mantle source. This 
implies large scale mixing of the "Lunar Magma Ocean" derived cumulate pile. Several lines of evidence are 
consistent with the view that the picritic glasses are derived from mantle sources that are compositionally distinct 
from the sources for crystalline mare basalts. These are: (1) parallel, but no common, liquid lines of descent; (2) 
chemical differences between picritic glasses and the more primitive crystalline mare basalts; (3) experimental studies 
indicate the picritic glasses are multiply saturated at depths greater than that of the mare basalts [6]; (4) differences in 
Pb isotopic data [7,8]; and (5) the mode of eruption (i.e. fire fountaining) indicates a somewhat more volatile-rich 
source for the picritic glasses. 
Discussion. Our suggested models for the generation of lunar picritic magmas and their relationship to mare 
basalts are illustrated in Figure 1. These models include the evolution of the mantle source for the lunar basalts (A- 
C) and possible models for the generation of lunar basalts (1-3). The stages of mantle evolution are A. gomation 
of cumulate pile and lunar crust through the crystallization of a lunar magma ocean. The depth of the cumulate pile 
and the existence of an unprocessed, primitive lunar mantle is unknown. B. Development of gravitational instability 
due to sinking of late-stage Ti-rich cumulates through less dense Mg-rich cumulates at subsolidus conditions. 
Various cumulate lithologies were transported to depths greater than 300 km. C. Partial melting of the lower 
cumulate pile to generate Mg-suite plutons. Possible melting models for the generation of mare basaltic magmas 
include: (1) Partial melting of heterogeneous lunar mantle at depths greater than 300 Km. Picritic magmas 
represented by glass beads were erupted to the surface with limited fractional crystallization. Mare basalts were 
produced by 1530% fractional crystallization of similar (but not identical) picritic magmas. (2) Picritic magmas 
represented by the glass beads are generated at depths greater than 400 Km in volatile enriched (relative to the mare 
basalt source) heterogeneous mantle. Mare basalts are fractional crystallization products of picritic magmas generated 
at depths of less than 400 Km. (3) Mare basalts represent products of fractional crystallization of picritic magmas 
generated at depths of less than 400 Km. The picritic magmas represented by the glass beads represent polybaric 
melting [6]. Initial melting began at depths of at least 1000 Km [6]. A primitive (or less processed) mantle 
component and cumulate mantle components were melted during this polybaric process. 
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