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REE IN MINERALS IN NAKHLA AND LAFAYETTE: A COMPARATIVE 
STUDY OF TRACE ELEMENT MICRODISTRIBUTIONS. Meenakshi Wadhwa and 
Ghislaine Crozaz. Dept. of Earth and Planetary Sciences and McDonnell Center for the Space 
Sciences, Washington Univ., One Brookings Drive, St. Louis, MO 63130. 

Nakhla and Lafayette (two of the three known pyroxenites classified as Nakhlites) are 
members of a small group of achondritic meteorites for which a Martian origin has been suggested 
and is presently favored. It has long been recognized that their petrology is similar and that the 
two meteorites share many other characteristics, including similar LEE-enriched whole-rock REE 
patterns, with, however, Nakhla having slightly higher REE abundances (La-9xCI) than Lafayette 
(La-6xCI) [I]. The nakhlites consist mainly of high-Ca pyroxenes (-80%) and olivine (-lo%), 
with -1 0% mesostasis which includes mainly plagioclase along with accessory apatite and opaques 
[2]. A simple petrogenesis for these meteorites, commonly considered to be cumulate rocks, has 
been repeatedly questioned and alternate views have been offered [2, 3, 41. Most recently, 
Harvey and McSween [4] reviewed past evidence and studied the major element zoning in olivine 
and augite of all three nakhlites. They concluded that the nakhlites have undergone various 
degrees of late maasmatic and sub-solidus diffusion that may reflect their relative positions in a 
cooling cumulate pile. In their interpretation, Nakhla was least affected whereas Lafayette was so 
altered that the cores of its augite grains did not preserve their original compositions. The goals of 
the present work are to better understand and to compare the crystallization and alteration histories 
of the nakhlites through the detailed study of minor and trace elemental concentrations in individual 
minerals, and to estimate the compositions of the parent melts of the various nakhlites. 

Ion microprobe analyses were made on the following minerals in thin sections: pyroxene, 
plagioclase, olivine and apatite. The mineral with the highest E E  abundances in both meteorites 
is apatite (Fig.1). Apatites in Nakhla have slightly higher concentrations of REE (La-2500xCI) 
than those in Lafayette (-2100xCI). In both meteorites, the REE abundances in plagioclase are 
identical. The olivines have similar low REE abundances characterized by HREE enrichment 
(and no V pattern, as previously suggested by Nakamura et al. [5]). The average REE abundances 
in pyroxene are in agreement with those measured in a pyroxene separate by Nakamura et al. [5 ] .  
Mass balance calculations indicate that there is -0.5% apatite in each meteorite and that this mineral 
accounts for -85% of the La, -30% of the Eu, and -50% of the HREE present in the whole rocks. 
With the exception of -20% of the Eu in the plagioclase, most of the remainder of the REE are 
located in the pyroxene. Similarities of REE (and other trace element) concentrations in both 
meteorites appear to reflect very similar, if not identical, crystallization histories. 

The compositional zoning in pyroxene, as in shergottites that we previously studied [6,7, 81, 
is most strikingly apparent, and most informative. It is important to note that data for the two 
nakhlites follow the same trends, as illustrated for Y and Ti in Fig.2, and also observed for Ce and 
Zr (all four elements are positively correlated). However, it may be significant to note that , 
despite the smaller number of pyroxene analyses for Lafayette (5) than for Nakhla (14), the 
variations are more extreme for Lafayette. Surprisingly, the lowest REE abundances, presumably 
reflecting equilibrium with a less evolved melt, are observed in Lafayette, despite the suggestion 
that this meteorite was later more thoroughly re-equilibrated than Nakhla, and that its augite cores 
lost their original signature. 

Using distribution coefficients from the literature [7, 9, 101, the REE compositions of the 
various minerals were inverted to estimate the compositions of melts with which they may have 
been in equilibrium. The results for Nakhla are presented in Fig.3. Despite the fact that the 
mineral distribution coefficients used here were obtained for compositions that differ from that of 
the nakhlites, their use leads to a coherent and simple picture. REE patterns for melts in 
equilibrium with augite, plagioclase, and apatite are all remarkably parallel to the whole-rock 
pattern. The negative Eu anomaly for the apatite melt indicates that this mineral crystallized after 
plagioclase. The melt in equilibrium with the augite with the lowest REE concentrations has REE 
concentrations that are twice as high as in the whole-rock. However, if data for the augite core in 
Lafayette had been used for this calculation, the augite melt composition and the whole-rock 
analysis would have overlapped 
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The results indicate that the nakhlites most likely formed in a closed system. The order of 
crystallization inferred from the REE patterns is consistent with observed textural relationships [3, 
111: olivine and augite were the first minerals to form, and the only ones for most of the 
crystallization sequence; plagioclase appeared only after more than 90-95% of the rock was formed 
and apatite was the last of the REE-bearing mineral to form. Later alteration did not completely 
erase the original compositional zoning in augite. The REE signature was clearly preserved in the 
augite cores. 
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Y vs Ti in augites from Nakhla and Lafayette 
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