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Lithic clasts in Elephant Moraine 87521 sample two VLT fractionation series. 
BOESENBERG, Joseph S. and DELANEY, Jeremy S.: Dept of Geological Sciences, Rutgers 
University, New Brunswick, NJ 08903. 

INTRODUCTION: Seventeen small lithic fragments from seven thin sections of the Elephant 
Moraine 87521 polymict mare basalt breccia have been studied petrographically and by electron 
microprobe. These clasts reflect the compositional and textural diversity of the breccia [1,2], and 
provide detail of some of the magma types sampled by the breccia. EET87521 is an unusual breccia as 
it contains abundant very-low-titanium (VLT) basalt components and uncommon KREEP-rich 
components. 
RESULTS: The mineralogy of these lithic clasts is dominated by pyroxene and plagioclase with 
varying amounts of olivine and minor oxides. The Fe/(Fe + Mg) of the clasts ranges from 0.25 to 0.85 
and is comparable with pyroxene in the breccia. F'yroxene compositions can be used to define the 
relationships among most clasts. The clasts can be subdivided into two basic groups: (a) abundant 
VLT mafic clasts; (b) rare KREEP clasts. Among the VLT clasts, further subdivision is possible based 
on the correlation of Fe/(Fe+Mg) with Ti/(Ti+Cr) in the pyroxene (Figure 1). Ti/(Ti+Cr) is a 
useful fractionation indicator as Ti is incompatible and Cr is compatible in pyroxene, and when 
coupled with Fe/(Fe+Mg), has been used by [3] to argue that Luna 24 VLT basalts can be split into 
two subgroups with different Ti/(Ti+ Cr) systematics. Pyroxene in the EET87521 VLT lithic clasts 
falls into two distinct groups. Group A contains lithic clasts with low Fe/(Fe+Mg) ratios [0.28-0.61 
and Ti/(Ti t Cr) varying from 0.1 to 0.7. Clasts in this group are small, while the more Fe-rich Group B 
are often larger and coarser grained, Group B has Fe/(Fe+Mg) between 0.55 and 0.85 and 
Ti/(Ti+Cr) between 0.4 and 1 (Figure 1). The Luna 24 and Apollo 17 compositional data [4-71 show 
almost complete overlap with no clear split between the two groups. Modally, however, the Luua 24 
breccias have both an Fe-rich basalt component and more magnesian fine grained matrix clasts 181. 
DISCUSSION: The two compositional fields of EET87521 lithic clasts (A & B) define steep slopes 
in Figure 1 and cut across the Neilsen & Drake [3] trends. Zoning trends and compositional variation 
in individual lithic clasts, are parallel to the slopes of the groups suggesting that each of these groups 
contains lithologies related by pyroxene/liquid fractionation. The trend of increasing Ti/(Ti + Cr) 
with increasing Fe/(Fe + Mg) in pyroxene cannot explain, however, the relationship between the two 
groups (Figure 2a) . If both groups were part of a single fractionation series, the discontinuity in the 
Ti/(Ti + Cr) ratio at Fe/(Fe + Mg) = 50% must be explained. A sudden decrease of Ti/(Ti + Cr) in a 
fractionating magma is only plausible if a Ti-rich phase such as ilmenite began to precipitate when the 
fractionating magma reached this composition. However, as these clasts have very low Ti contents, a 
Ti-rich phase is extremely unlikely to enter the fractionation sequence. Indeed, when more 
titaniferous mare basalts are considered, the effect of increasing Ti flattens the Ti/(Ti + Cr) vs 
Fe/(Fe + Mg) trend, presumably because equilibration with ilmenite or another Ti-rich phase, inhibits 
the increase of Ti/(Ti+ Cr) in pyroxene. Data for individual samples of high-Ti through low-Ti mare 
basalts plot as smooth trends with increasing Fe/(Fe+Mg) in Figure 2b. No discontinuities are seen 
in any group. The VLT magmas seem particularly unlikely candidates to precipitate Ti-rich oxides as 
they have the lowest Ti and hence require extensive fractionation to become ilmenite saturated [9], 
The Apollo 17 and Luna 24 green glasses lie on the Ti-Fe rich extension of the Group A trend and 
experimental pyroxene, crystallized from those glass compositions [9], also follow the Group A path. 
Bulk chemical data for EET87521 also plot on the extension of Group A [10,11]. This steep trend is, 
therefore, characteristic of VLT magmas and is quite distinct from the trends of [3]. These trends 
appear to reflect near surface crystallization of VLT lavas. No glass compositions corresponding to 
Group B have been identified and the group is only represented by lithic pyroxene and matrix [I, 123 

The two groups (Figure 1) represent the fractionation of different lavas that had different 
original Ti/(Ti+ Cr) ratios, and/or different Fe/(Fe + Mg) ratios. Pyroxene fractionation will result in 
increasing Ti/(Ti + Cr) with Fe/(Fe + Mg) as seen within each group. In addition to the pyroxene trend 
described, olivine fractionation can modify Fe/(Fe+Mg) of the source magma of these lithic clasts 
(Figure 2a). Since both Ti and Cr are effectively incompatible with olivine, olivine fractionation has 
little effect on Ti/(Ti+Cr). However, olivine fractionation of a source similar to the Luna 24 green 
glass could produce a more ferroan liquid capable of crystallizing the Group B trend. The two groups 
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represent individual fractionating magma series, but these series may be linked to each other by 
derivation from magmas related by olivine fractionation in the source region. Although the lithic 
clasts studied fall into two series, data for matrix pyroxene in EET87521 has a greater range of 
composition and are compatible with the existence of both less fractionated and more fractionated 
source magmas. 

Comparison of the EET87521 pyroxene data with Apoilo 17 and Luna 24 VLT pyroxene reveal 
a strong correspondence between Luna 24 and EET87521. Both Group A and Group B can be 
detected in the Luna 24 data but only Group A has been recognized in Apollo 17. The similarity 
suggests that EET87521 and Luna 24 sampled very similar suites of VLT lithologies and perhaps also 
favors an origin for EET87521 in Mare Crisium. The presence of KREEP derived material in 
EET87521 is the most obvious distinction between the two suites, and is the major obstacle to a Mare 
Crisium origin. Renewed spectral mapping of the Moon may, however, reveal much smaller areas of 
KREEPy crust near Mare Crisium than have been previously recognized. 
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FIGURE 1: ~ i / ( ~ i  t ~ r )  vs ~ e / ( ~ e  t ~n + d g ) %  for pyroxene from Group A & B lithic clasts and matrix 
in EET87521. 
FIGURE 2: (a) Schematic representation of fractionation trends recognized in VLT lthologies 
(b)Comparison of trends from VLT lithic clasts with variations in more titaniferous mare basalts. 
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