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ION MICROPROBE STUDIES OF LUNAR HIGHLAND CUMULATE ROCKS: 
PRELIMINARY RESULTS; John W. Shervais, Department of Geological Sciences, 
University of South Carolina, Columbia, SC 29208. 

Introduction: Deciphering the origin and evolution of the lunar highland crust is 
crucial to our understanding of the Moon's early magmatic history and, by inference, 
the early history of other terrestrial planets. This task is especially difficult in the 
western lunar highlands because of the small size of the highland rock clasts 
recovered from breccias, and because it is impossible to calculate parent magma 
compositions from whole rock chemical data on cumulate rocks. In this report I 
present preliminary data from a new effort to characterize the parent magmas of lunar 
cumulates through ion microprobe analyses of their cumulus phases. 

The composition of cumulate plutonic rocks, such as those which comprise the 
lunar highlands, are a function of primocryst composition, the proportions of cumulate 
phases, and the proportion and composition of trapped melt. Subsequent reactions 
between the trapped melt and primocrysts can alter the compositions of both. The 
trapped melt may crystallize to form overgrowths on the primocrysts (causing its 
exclusion from the final rock, i.e., adcumulate growth) or lower temperature mineral 
assemblages which reflect continued cotectic crystallization (i.e., orthocumulate 
crystallization). Producing a chemical analysis which is representative of the bulk 
rock can be a challenge even with large terrestrial samples. When the samples are 
less than a centimeter in diameter and sample aliquots are 100 mg or less, the task is 
clearly impossible, even with relatively fine-grained basalt samples (e.g., [ I  ,2]). 

Another approach for characterizing the chemical composition of lunar cumulate 
parent magmas is to analyze the major and trace element composition of primary 
cumulus phases ("primocrysts") and to use equilibrium crystal/liquid partition 
coefficients to calculate possible parent magma compositions. This approach 
eliminates the need for "representative" bulk rock samples, and is even effective for 
texturally pristine samples which are known only in thin section. 

Results: Four samples have been analyzed in reconnaissance: enstatite-bearing 
troctolite 14305 ,347 [3,4], diopside-bearing troctolite 14305 ,301 [5], alkali 
anorthosite 14305 ,303 [5], and enstatite-bearing troctolite 14321 ,I 237 [6]. Analyses 
were performed on the UNM-SNL Cameca 4f SlMS ion microprobe, located at the 
University of New Mexico, under the supervision of Dr. Graham Layne. Because of 
the limited machine time available for this exploratory work, only two-three spots were 
analyzed on each sample for the REE, Sr, Zr, and Y. Phases analyzed include 
clinopyroxene, orthopyroxene, and plagioclase. Plagioclase standards were not 
available at the time, so only the pattern of LREE in plagioclase can be considered 
reliable. Orthopyroxene in sample 14321 ,1237 has extremely low concentrations of 
REE and produced a very unstable signal with high uncertainties. This sample was 
not used for equilibrium melt calculations. 

Despite these problems, it is possible to make some preliminary observations with 
the data currently in hand. Melts in equilibrium with phases analyzed in the 
subsamples of 14305 were calculated using experimental and empirical partition 
coefficients for pyroxene and plagioclase [7-101; chondrite-normalized magma 
compositions are shown in the figures below. Two samples are members of the 
magnesian suite (,301 and ,347). The parent magma of troctolite ,347 is slightly 
depleted in LREE (La/Yb = 0.6 x chondrite) with La concentrations around 100 x 
chondrite. The parent magma of troctolite ,301 is slightly enriched in LREE (La/Yb = 
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1.5-2.5 x chondrite) with La concentrations around 200-300 x chondrite. The highest 
REE concentrations in ,301 are indicated by the Cpx analysis; Opx and plagioclase 
both indicate lower overall REE, although the relative abundance patterns are 
remarkably consistent. Sample ,303 is an alkali anorthosite which contains REE-rich 
whitlockite [5] and post-cumulus Cpx. Warren et al [5] showed that if the whitlockites 
are cumulate, REE concentrations in the whitlockites imply a parent magma with 
around 2000 x chondrite La. Alternatively, they suggest that whitlockite could have 
formed from trapped liquid with La = 3300 x chondrite, based on mass balance 
considerations [5]. In contrast, the data presented here show that a calculated parent 
magma in equilibrium with the 1,000 
cumulus plagioclase is much lower in 
REE, with La roughly 450 x chondrite. 
Post-cumulus Cpx is in equilibrium o l  00 
with an LREE-depleted melt, 
suggesting it formed after post- 
cumulus crystallization of whitlockite. 

The data presented here show that 
ion microprobe analyses of primary 
cumulus phases in lunar highland 
cumulates can be used to determine 
the composition and petrologic history 
of their parent magmas independently SrZrLaCs NrBmEuGd Oy Er YbY 
of bulk rock compositional data. 1,000 
Further, these data .suggest that 
analyses of post-cumulus accessory 
phases which form from evolved a 
trapped liquid do not result in accurate E 100 

u determinations of parent magma = 
composition. z o 
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