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PETROLOGY OF THE UNIQUE ACHONDRITE LEW86010. C.A. 
Goodrich, Lunar and Planetary Laboratory, University of Arizona, Tucson, AZ 85721 

LEW86010 is a unique achondrite, which preliminary investigation [I] showed to have 
possible affmities to Angra dos Reis (ADOR). It consists primarily of fassaitic pyroxene, calcic 
olivine with exsolved kirschsteinite, and calcic plagioclase. Minor phases include troilite, 
hercynite, and merrilite [I]. In this study, thin section LEW86010,8 was examined, with special 
attention to pyroxene and olivine compositional variation, and textural relations between the 
major phases. 

- This section shows a coarse-grained cumulate texture, with little evidence of metamorphic 
recrystallization. The relative abundance of phases is roughly 60% pyroxene, 20% feldspar, and 
20% olivine. Pyroxene grains range in size from -2-35 rnm. The pyroxene is pink-brown and 
pleochroic, and the largeFgrains appear to be strongly zoned. ~ e l d s p k  grains range in size from 
-7-35 mm. Olivine grains are generally 7 mm or less in size, and contain visible exsolution 
lamellae. Microprobe analyses of a number of pyroxene grains, and profiles across zoned 
grains, show a marked bimodality of pyroxene co&sition; (Fig. 1,2,3). Zoned grains have 
sharp compositional boundaries between cores and rims. Cores have Mg/(Mg+Fe) ratios a) 
clustering at 0.7-0.75; 4.7-6.6% N2O3; 0.8-0.9% Ti02; and 8.5-1.0% Cr203. Rims have mp 
values clustering at 0.54-0.56; 9- 12% Al2O3; 2.3-3.5% Ti02; and 0.1-0.2% Cr203. 
Compositions of unzoned grains are of both groups. All pyroxeneanalyses plot along linear 
trends with negative slopes on vs. A1203 and mg vs. Ti02 diagrams, and along a curved 
trend with positive slope on an ~ l g  vs. Cr203 diagram (Fig. 1,2,3). Aside from the exsolved 
phase, olivine is uniform in composition: = 0.31-0.33; CaO = 2-3%; and Cr203 < 0.05%. 
The exsolved phase is magnesian kirschteinite: [(Ca.26-.32Fe.32-.26Mg.12-.13)2Si04]. The 
FeOtMnO ratio of the olivine appears constant, within the error of the analyses: 82 f 9 by wt. 
(32 analyses of both the host and exsolved phases). The feldspar is anorthite, with less than 
0.5% albite and no detectable K20. 

Feldspar grains contain rounded inclusions of olivine, and less regularly shaped pyroxene. 
These olivine inclusions range toward more magnesian compositions 0.32-0.49) than the 
rest of the olivine. The pyroxene inclusions belong mostly to the low (rim composition) 
group. Pyroxene cores and rims contain inclusions of feldspar; one feldspar inclusion in rim 
pyroxene has a rim of kirschteinite. Olivine contains rare inclusions of pyroxene of rim 
composition. The olivine is closer to being in equilibrium with pyroxene rims than cores, in 
terms of FeIMg. DFefMg (oVpx cores) = 6-8 and DFefMg (ollpyx rims) = 2-3, whereas the 
equilibrium value should be in the range 1.2-1.7 [2,3], although perhaps this value is not 
appropriate for such Al- and Ti-rich pyroxenes. These textural and compositional relations 
suggest the following order of crystallization: pyroxene cores + feldspar, olivine + pyroxene 
rims (+ feldspar?). The abrupt change from pyroxene core to rim composition (decrease in 
CdAl and CaITi and increase in CdCr) may have been instigated by the appearance of olivine. 
This appears to be consistent with textural relations: no inclusions of olivine were observed in 
pyroxene cores. The observation that all pyroxene analyses plot on single trends (Fig. 1,2,3) 
indicates that no change in bulk magma composition occurred. 

The following comparisons can be made between ADOR and LEW86010. Compared to 
LEW86010, ADOR has a much finer grain size -- 0.1 mm average [4] -- with a largely 
equigranular texture suggesting metamorphic recrystallization. Pyroxene comprises >90% of 
ADOR, and feldspar is extremely rare. The pyroxene in ADOR is of uniform composition [4], 
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similar in A1203 (10.0%), Ti02 (2.2%), and Cr203 (0.2%) to the core pyroxene in LEW86010, 
but with higher gg (61.9). Olivine in ADOR is similar to that in LEW86010 in CaO (1.3%) and 
Cr203 (0.03%), but with higher (53.1), and a few grains of magnesian kirschteinite have 
also been found in ADOR [4]. The FeOfMnO ratio of olivine in ADOR (63-64, based on 2 
analyses in [4]) appears to be lower than in LEW86010. DFdMg (ol/px) in ADOR = 2.5, similar 
to that for ol/px rims in LEW86010, which may indicate that this is the equilibrium value for Al- 
and Ti-rich pyroxenes. The feldspar in ADOR is bytownite, rather than anorthite. 

LEW86010 appears to be an igneous rock that crystallized from a refractory element 
(Ca,Al,Ti)-rich melt. In this sense it is similar to ADOR. The two are sufficiently different 
texturally and compositionally that they cannot be considered paired. It is likely that they formed 
by similar processes, from chemically similar parent material. Determining whether they might 
have come from the same parent body requires a more careful comparison of FeOtMnO ratios, 
and data such as bulk chemical compositions and oxygen isotope compositions. 

References: [I] B. Mason (1987) Antarctic Meteorite Newsletter 10, no. 2,32. [2] J. Longhi 
et al. (1978) GCA 42, 1545. [3] J. Longhi and V. Pan (1987) J. Petrol. Submitted. [4] M .  
Prinz et al. (1977) EPSL 35, 317. 
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