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ORTHOPYROXENES AS RECORDERS O F  DIOGENITE PETROGENESIS: TRACE 
ELEMENT SYSTEMATICS. C.K. Shearer, J.J. Papike, and G.D. Layne. Institute of 
Meteoritics, Department of Earth and Planetary Sciences, University of New Mexico, 
Albuquerque, New Mexico, 87 13 1 - 1 126. 

Introduction. Eucrite, howardite, and diogenite members of the achondrites are considered, by 
many, to be genetically related. Therefore, each provide a piece of the puzzle for reconstructing 
magmatic processes on the eucrite parent body (EPB). The relationship between eucrites and 
diogenites can be viewed within the context of two distinctly different models: (1) fractional 
crystallization and (2) partial melting. In fractional crystallization models [1,2,3] eucrites and 
diogenites represent a complementary continuum of planetary fractional crystallization products in 
which the diogenites represent crystal accumulations during the crystallization of eucritic magmas 
at shallow to deep levels in the EPB. Alternatively, experimental studies may be interpreted as 
indicating eucrites represent peritectic partial melts of a primitive, chondritic EPB mantle [4]. 
Within this type of model, the diogenites are also generally considered to be cumulates; however, 
their petrogenetic relationship to the eucrites is less clear. Sack et al. [5] proposed that the olivine 
diogenites represent residua from the partial melting events that produced eucritic liquids. Initial 
trace element studies of orthopyroxene (OPX) are consistent with this model [6,7]. However, this 
trace element modeling of the olivine diogenites is nonunique. As a further test of these models, 
we (1) analyzed OPX from cumulate diogenites to compare with the olivine diogenite data, (2) 
improved ion microprobe analytical techniques for the analysis of elements critical to our 
interpretations, and (3) selected more relevant Kds for OPX-eucritic melt [8,9]. 
Analytical Procedures. OPX from 13 diogenites were analyzed for major and minor elements 
using the JEOL electron microprobe (EMP) at the University of New Mexico (UNM). These 
results are reported by Papike et al. [lo]. We selected 2 cumulate diogenites (Tatahouine, and 
Ibbenburen) to compare with the olivine diogenites (ALH A77256, ALH 84001) [5,6,7]. Points 
documented with the EMP were analyzed for trace elements with a Cameca IMS 4f ion 
microprobe. The ion microprobe is located on the UNM campus and is operated under a UNM- 
Sandia National Laboratories cooperative agreement. The OPX were analyzed for REE (La, Ce, 
Nd, Sm, Eu, Dy, Er, Yb), Cr, V, Sr, Ti, Zr, and Nb. We were able to improve on previously 
reported ion microprobe analyses of OPX in olivine diogenites [6,7] by increasing both primary 
beam current and peak counting times. In addition, we noted that the quality of the analyses were 
also improved by the denser and more stable primary 0- beam of the Cameca 4f. 
Results. As demonstrated by EMP analyses [ lo;  Figure 21, the OPX generally show an 
increase in A1 and a decrease in Cr in the sequence Tatahouine => 84001 => Ibbenburen => 
77256. Within individual pyroxene zoning profiles and among the four analyzed diogenites, the 
concentration of incompatible trace elements in OPX is (+) correlated to A1 content. C1 chondrite 
normalized REE patterns are LREE depleted relative to HREE. LREE are typically less than 0.1 x 
C1 chondrite whereas HREE are between 0.4 and 1.0 x C1 chondrite (Fig. 1). All patterns have 
negative Eu anomalies. Zr and Ti concentration in the OPX range from less than 0.1 ppm to 5.0 
ppm and 400 ppm to 1000 ppm, respectively. Both Ti and Zr show a positive correlation with A1 
content. 
Discussion. The trace element data presented in Figs. 1 and 2 may be interpreted as indicating 
that the diogenites and olivine diogenites are part of a continuum (accumulation of crystals during 
fractional crystallization) rather than representing two separate processes (melting versus 
crystallization). Based on the REE patterns for the OPX and the most relevant Kds available for 
opx-eucritic melt [8,9], calculated basaltic melts in equilibrium with these OPX have a rather flat 
REE pattern between 8 and 14 x C1 chondrite. These calculated REE melt patterns are parallel to 
and of similar concentration to the non-cumulate eucrites. The LREE (La, Ce) in these patterns are 
somewhat more variable, a consequence of the relatively larger analytical enor at these low 
concentrations. Superimposed on Fig. 2 are batch and fractional melting trajectories for OPX in 
residua from a hypothetical EPB mantle. The four diogenites plot along either a fractional melting 
trajectory (4-12 % melting) or a batch melting trajectory (5-90% melting). In that the olivine- 
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absent diogenites cannot represent residua because of their OPX dominant mineralogy 
[1,2,3,4,5], the trajectory as defined by the OPX must represent accumulation of OPX +/- olivine. 
Calculated melt compositions in equilibrium with these OPX indicate a wide range of eucritic melt 
compositions. 
Conclusions. The lower diffusion rates in OPX of selected trace elements such as REE, Ti, and 
Zr (compared to Fe and Mg) [lo] allow a better interpretation of the role of diogenites in EPB 
magrnatism. The diogenites thus far analyzed (including the olivine diogenites) appear to define a 
compositional continuum that most likely is a result of the accumulation of crystals during the 
fractional crystallization of several compositionally similar but distinct eucritic melts. The eucritic 
melts from which the diogenites originated appear to exceed the compositional variability thus far 
documented in non-cumulate eucrites. 
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FIGURE 1. Tatahouine (1), 84001 (2), Ibbenburen FIGURE 2. Ti (ppm) and Zr (ppm) for 
(3), and 77256 (4). The shaded region is the orthopyroxenes analyzed in this study. Also included 
calculated melt composition in equilibrium with in the figure are an estimate of the EPB mantle opx, 
OPX. Data points represent Stannern for composition field for non-cumulate eucrites, 
comparison. calculated batch melting and fractional melting 

trajectories, and estimates of basaltic melt in 
equilibrium with the orthopyroxenes (T= Tatahouine. 
8=84001, I=Ibbenburen, 7=77256). 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


