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MAGMATISM ON EUCRITE PARENT BODY; Shearer, C.K. and J.J. Papike, Institute of 
Meteoritics, Department of Geology, University of New Mexico, Albuquerque, NM 87131-1 126, 
USA 

A major problem with fractional crystallization and partial melting models used to explain 
igneous processes on the eucrite parent body (EPB) is the general deficiency of olivine-rich mineral 
assemblages (representing either cumulates or residuum) in the meteorite inventory. Sack et al. [I] 
identified two olivine diogenites (ALH A77256, ALH 84001) from the Antarctic meteorite 
collection. Based on mineralogical and bulk chemical evidence, they concluded that these 
diogenites represent residua of partial melting of the mantle in the EPB. Trace element analyses of 
individual mineral phases provide an additional perspective to elucidate the origin of the olivine 
diogenites and their relationship to basaltic achondrites. Here we report secondary ion mass 
spectrometry (SIMS) analyses (REE, Sr, Ti, V, Cr, Y, Zr) of orthopyroxene and offer 
interpretation of these data. SIMS analyses were obtained on a Carneca 3f located at Woods Hole 
Oceanographic Institute, and a Carneca 4f located at Sandia National Laboratory. 

Subsamples used in this experiment are similar in model mineralogy and texture as observed 
by [I]. Olivine ranges in abundance from 25 to 40%. Opx ranges in abundance from 55 to 70%. 
Accessory minerals include metal, chromite and troilite. Trace element analyses of orthopyroxene 
from ALH A77256 are illustrated in a chondrite normalized "spider" diagram in Figure 1. The 
pattern is depleted in LREE relative to HREE, and slightly depleted in Zr and Cr relative to adjacent 
elements (Mn-V and V-Ti, respectively). The trace element pattern for orthopyroxene from ALH 
84001 is generally parallel to that of ALH A77256. The abundance of incompatible elements such 
as REE, Sr, Y, Ti and Zr is lower in ALH 84001. 

Basaltic melt in equilibrium with the orthopyroxene in ALH A77256 was calculated using 
literature o~xhasaltic melt Dartition coefficients. The melt com~osition calculated in this manner is 
equivalentid a melt produded by a batch melting process in which the melt is in equilibrium with 
residuum minerals and extracted in a single episode. For compatible (Cr, V) to incompatible 
elements (Ti, Zr, HREE), the calculated melt composition in equilibrium with orthopyroxene from 
ALH A77256 generally matches the shape of eucrites that are commonly considered to represent 
basaltic melts (Figure 1). Dramatic differences exist for highly incompatible elements (Sr, LREE). 
This indicates that the orthopyroxene in the olivine diogenites was not in equilibrium with eucritic 
melts produced by a batch melting process. These observations also suggest the orthopyroxene 
(and therefore, the olivine diogenites) are not cumulates. 

Johnson et al. [2] noted similar problems in relating diopside in abyssal peridotite "residuum" 
to spatially associated mid-ocean ridge basalts by batch melting processes. They concluded that (1) 
fractional melting, not batch melting, was a much more plausible melting mechanism, (2) residuum 
mineral chemistries appear to be sensitive indicators for distinguishing between these two end- 
member melting processes and (3) basaltic magma chemistries are not sensitive indicators for 
distinguishing between these two end-member processes. 

Using fractional melting and batch melting equations derived by Johnson et al. [2] we 
calculated opx residuum paths during melting. Initial opx chemistry in the EPB mantle was 
calculated by combining EPB bulk composition derived by Dreibus and W W e  [3] and partition 
coefficients of minerals in EPB norm. Figure 2 compares ALH A77256 opx and eucritic melts 
with calculated residuum opx and basaltic melts produced by fractional melting. 

Plotted in Figure 3 are fractional and batch melting Ti-Zr trajectories for residuum opx. It is 
immediately obvious that a much broader range in Ti and Zr in residuum opx can be achieved by 
fractional melting. Opx from ALH A77256 plots on the fractional melting trajectory at approxi- 
mately 5%. At these low degrees of melting, batch melting and fractional melting are somewhat 
similar in modeled trajectories. However, within this range of melting, higher degrees of batch 
melting are required to produce similar fractional melting trajectories. The much lower 
incompatible element concentration in opx from ALH 84001 suggests that it experienced much 
higher degrees of partial melting. In Figure 3, opx from ALH 84001 plot far beyond the possible 
extremes of batch melting. The field of ALH 84001 also plots off the fractional melting trajectory. 
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However, Zr concentrations in ALH 84001 opx are below the levels of detection during analysis 
(<.I to .2 ppm). Based on Ti concentrations, ALH 84001 is a residuum derived by multiple 
episodes of melt extraction totaling 25%. 

Based on these preliminary trace element characteristics of the opx, we agree with Sack et al. 
[I] that these olivine diogenites represent residua of partial melting of a plagioclase-bearing EPB 
mantle. The results demonstrate that the residua and corresponding basaltic melts were produced 
by fractional melting, not batch melting. In addition, the two samples studied were produced by 
different degrees of fractional melting: ALH A77256 = 5% and ALH 84001 = 25%. This 
difference in the amount of melting experienced by these diogenites indicate that they consisted of 
slightly different modal mineralogies, each capable of generating different amounts of basaltic 
liquid. Additional and more precise analyses of opx from ALH 84001 of highly incompatible 
elements is necessary to confirm our conclusions. 
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Figure 1. Chondrite normalized abun- 
dances for (1) orthopyroxene from 
olivine diogegenite 77256, (2) A batch 
melt in equilibrium with opx ALH 
A77256, and (3) Stannern 
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Figure 3. Calculated fractional melting and 
batch melting trajectories for Ti and Zr. 

Figure 2. Fractional melting model. 
Chrondrite normalized (1) opx in EPB mantle 
source prior to melting, (2) opx in residuum 
following various episodes of fractional 
melting, and (3) a basaltic melt produced 
during fractional melting. 
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