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MAGMATISM AND IMPACT ON THE AUBRITE PARENT BODY: EVIDENCE 
FROM THE NORTON COUNTY ENSTATITE ACHONDRITE G.  Jeffrey Taylor, KlausKeil, 
Horton Newsom, and Akihiko Okada*, Inst. of Meteoritics and Dept. of Geology, Univ.of New 
Mexico, Albuquerque, NM 87131. *Inst. of Phys. and Chem. Res., Wako, Saitama, Japan. 

Aubrites are fragmental breccias that consist mostly of FeO-free enstatite. Enstatite 
crystals and fragments range in size, but many are larger than 1 cm; Pena Blanca Spring has 
grains up to 10 cm long (1). Two hypotheses have been proposed for the origin ofaubrites. One 
claims that they are direct condensates from the solar nebula (e.g., 2,3); solid-state recrys- 
tallization is supposed to be responsible for the growth of colossal enstatite crystals. The 
other explanation depicts aubrites as brecciated igneous rocks, formed by magmatic processes in 
their parent body (e.g., 4-6). In a study of Norton County (6), we have found a variety of 
lithologies withunambiguous igneous textures and mineral assemblages, thus demonstrating that- 
aubrites formed by brecciation of igneous rocks. 

Lithologies in Norton County. The cast of lithologic characters in Norton County appears in 
Table 1. We define "clasts" as polycrystalline assemblages; "matrix" is everything else and is 
composed of comminuted clasts. Brief descriptions of the lithologies follow. "Dunite": The 
brecciated matrix of Norton County contains isolated olivine (FolOQ) crystal fragments up to 4 
mm in size. We did not observe olivine grains intergrown with elther other olivines or with 
enstatite, so we do not really know if olivine-richlithologies occur on the parent body. For 
convenience, however, we call the olivine component a "dunite". Orthopyroxenite: The most 
abundant mineral in Norton County is enstatite that is free of diopside exsolution lamellae. 
Although most enstatite grains are single crystal fragments, some occur intergrown in clusters 
of two to four crystals, suggesting that a rock composed of little else but enstatite occurred 
on the aubrite parent body. We call it an orthopyroxenite. Pyroxenite: This lithology occurs 
as clasts up to 8 cm in size. They have granular textures in which enstatite crystals (most 0.5 
to 2 cm long) are tightly intergrown; diopside and plagioclase 8) occur interstitial to 
the enstatite. Diopside also occurs exsolved in the enstatite as coarse $up to 0.5 mm), blebby 
grains. Some enstatite crystals have only 1-2vol.Oh exsolved diopside, but most have between 9 
and 25 vol.%, suggesting that the enstatite crystallized originally as both orthoenstatite and 
pigeonite. Taenite compositions suggest a cooling rate of about 1 0 ~ ~ / ~ ~ , a l t h o u g h  there are 
immense uncertainties in the cooling rate due to the presence of several tenths of a percent Si 
in the metallic Fe,Ni. REE are greater in the pyroxenitic clasts (La is about 0.3 x chondrites) 
than in bulk Norton County (Laabout 0.08 x chondrites, ref. 4), which perhaps reflects the REE 
abundances in the orthopyroxenite; both rock types have negative Eu anomalies. Diopside- 
plagioclase-silica clast: This 0.3 mm clast contains micron to submicron sized albitic plagio- 
clase and silica, with some grains of diopside and anorthite. It is probably an impact melt 
breccia. Feldspathic clasts: Two clasts (1 and 3 mm in size) consist of plagioclase (A%5-97) 
and a smaller amount of silica. Microporphyritic clasts: These clasts are up to 1 cm in slze 
and are probably impact melts. They consist of angular clasts of FeO-freeenstatite in a matrix 
that contains euhedral enstatite (FsQ,3-o.5! and olivine (F%.,) microphenocrysts in a dark- 
brown mesostasis. Its composition IS s~mllar  to bulk Norton County, but is higher in S O 2 ,  
Ab03 ,  FeO, CaO, Na20,  and K20, and much higher in REE (La is 1.5 x chondrites). 

Evidence for an igneous origin. There are several reasons to suggest that igneous processes 
have been at work: 1) Many clasts, such as the pyroxenites, have igneous textures; these rocks 
crystallized from a magma. 2) The large crystal sizes favor crystallization from a melt, not 
growth during solid-state recrystallization: using the techniques described in (7), we estimate 
that growth of cm-sized crystals in the solid state without a fluid phase present would require 
many billions of years at 1 2 0 0 ~ ~ .  It is in principle possible to grow large crystals by conden- 
sation in the solar nebula, though no experimental data are available. 3) Norton County and 
other aubrites have Eu anomalies (4) and display correlations of nonvolatile elements with both 
siderophile elements and incompatible lithophile elements (4), features consistent withigneous 
processing. The Eu anomaly ought to be accompanied by anomalies in Yb if it had developed 
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during condensation in the nebula (8). 4) A diverse suite of lithologies exists in Norton 
County; this suite is consistent with formation by fractional crystallization in a common magma, 
as explained next. 

Crystallization history and magma composition . If the assortment of igneous lithologies in 
Norton County crystallized from a common magma, their mineralogy is consistent with phase 
relations in the system CMAS; this system is shown in Fig. 2 (modified from ref.9 for the 
presence of alkalis). Let us follow the fractional crystallization of a magma rich in En, 
perhaps not far from the aubrite point in Fig. 1. Olivine crystallizes first, forming olivine- 
rich rocks, followed by protoenstatite (pr), whose composition is indicated by tick marks on the 
triangle. The protoenstatite is low in Ca, hence would not exsolve diopside when cooled, thus 
producing the orthopyroxenite lithology. With continued fractionation the oen-pr boundary is 
reached and orthoenstatite (oen) crystallizes, followed by pigeonite (pi) when the pi-oen 
boundary is reached. These phases are both present in the pyroxenite clasts. They ought to be 
in reaction relation; textures of the pyroxenites are ambiguous in this regard. Finally, 
diopside and plagioclase form, as observed as interstitial phases in the pyroxenites and as 
major phases in the diopside-plag-silica and feldspathic clasts. Note that in order to precipi- 
tate pigeonite, the magma composition must lie to the left of the dashed line in Fig. 2; 
otherwise a fractioning magma would miss the pigeonite field. This might rule out a parent 
magma composition similar to E6 chondrites. It also argues against formation by partial 
melting of E6 chondrite material as this would follow a path from point 1 along the oen-pr 
boundary, missing the pigeonite field. 

Collisional disruption and reassembly of the aubrite parent body. Theoretical (e.g. 10) and 
meteoritical evidence (1  1) demonstrate that some asteroids have been disrupted by impacts and 
then gravitationallyreassembled. The Norton County parent body may also have experienced an 
event like this: it contains melt rocks such as the microporphyritic clasts that formed by 
impact onto its surface and .also lithologies that cooled slowly, as demonstrated by the cooling 
rate of ~ O O K / M ~  in the pyroxenite and by the presence of coarse exsolution of diopside in 
enstatite. A disruption and reassembly episode explains why aubrites are highly brecciated. 
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Fig. 1: Phase relations in CMAS (9), modified for 
the presence of alkalis. 
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