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The Lewis Cliff 86010 meteorite was described by Mason [I] as a unique achondrite with 
mineralogical and chemical similarities to the Angra dos Reis (ADOR) Ca-rich achondrite, the only 
known angrite. ADOR has isotopic characteristics that make it one of the most "primitive" meteorites 
known. The mineralogical and petrological observations [l-51 indicate that both meteorites include the 
same accessory minerals and that they are unusually rich in refractory elements and poor in volatile 
elements. 

Last year, we reported rare earth element (REE) concentrations measured, with an ion microprobe, 
in individual grains of pyroxene, olivine, kirschsteinite, plagioclase and merrillite from LEW 86010 [6]. 
We present here additional trace element data for both LEW 86010 and ADOR pyroxene and model 
parent magmas for both meteorites that clearly indicate that, although the two meteorites share many 
chemical and petrographic characteristics, they had separate magmatic evolutions. 
Pvroxene - Whereas ADOR minerals show a high degree of equilibration, those in LEW 86010 appear to 
have undergone little recrystallization. Pyroxenes in ADOR are homogeneous but in LEW 86010 
exhibit the typical igneous variation. We analyzed pyroxene spots that cover the range of observed 
compositions. In agreement with observations by Goodrich [3] and McKay et al. [4], A1 and Ti 
abundances correlate positively and chromium abundances negatively with the FeIMg ratio. In addition, 
as this ratio increases with progressive crystallization, Sc and V concentrations decrease whereas REE 
and Zr concentrations increase (see Fig. 1 and 2). Points representative of ADOR always plot far from 
the LEW trends and thus the two meteorites can not have formed during the same igneous event. The 
range of Ce, as well as other REE, concentrations is >lo-fold, suggesting that crystallization took place 
in a closed system. As expected, the LREEIHREE ratio increases with the Fe/Mg ratio, as the 
crystallizing clinopyroxene preferentially accommodated the HREE (see Fig. 2). The coherent trends 
displayed by the elemental concentration data suggest that there was no sudden change in bulk magma 
composition during crystallization, as might be expected if magma mixing occurred. 
The LEW 86010 and ADOR Parent Mamas - REE concentrations for two model LEW 86010 parent 
magmas are shown in Fig. 3. These liquids were calculated from the REE abundances reported by 
Crozaz et al. [6] for core plagioclase and pyroxene and the partition coefficients for these minerals 
reported by McKay et al. [7]. They are in remarkable agreement, except for the HREE where analytical 
uncertainties are larger for plagioclase. 

McKay et al. [8] suggested that LEW 86010 might represent a closed-system crystallization product 
of a melt of its own composition, a notion supported by the trace element zoning in pyroxene. If this is 
the case, and if the model parent liquids shown in Fig. 3 approximate the actual parent liquids, they 
should resemble the bulk composition. We have reconstructed the bulk REE content of LEW 86010 
from mineral compositions [6] using the modal proportions of major minerals reported by [4], but a 
variable proportion of rnemllite. The REE content is highly dependent on the amount of memllite 
present, which is poorly known because it is a trace phase. However, for 0.7 wt% memllite, the 
reconstructed mode closely matches the model parent liquids, except for Eu, which is subject to 
uncertainties due to unknown oxidation conditions. This amount of memllite is slightly greater than the 
0.3 wt% observed by [4] in LEW 86010,6, but is probably within the uncertainties of sampling and 
modal analysis. 

An upper limit on the REE content of the ADOR parent magma is obtained from the bulk 
composition of Ma et al. [9] by assuming that ADOR is a pyroxene cumulate with no trapped liquid, or 
alternatively, from the ADOR pyroxene data of [6] and the partition coefficients of [7], assuming that 
ADOR pyroxene is chemically unchanged since it last equilibrated with its parent melt (Fig. 3). The 
lower limit is the ADOR bulk composition and results from assuming that ADOR represents a 
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crystallized liquid [lo]. For all ADOR melt compositions within these limits, the heavy REE are 
significantly enriched over the model LEW parent melts. This and the higher average Mg/Fe of ADOR 
preclude formation from a common precursor magma. 
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