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Introduction:  We have continued our studies of
opaque minerals in the Bishunpur LL3.1 chondrite [1]
and the origin of fine-grained chondrule rims in primi-
tive chondrites [2]. Here we combine these two lines of
investigation to determine the contribution of metal
grains and their corrosion products to the mineralogy
and composition of chondrule rims in Bishunpur.

Analytical Techniques: A 2.2-g piece of Bishun-
pur was obtained from the Center for Meteorite Studies
at ASU (sample #618.1). Chondrule-associated opaque
assemblages in petrographic thin sections were sur-
veyed using optical microscopy. The mineralogy of the
assemblages was determined using electron micro-
probe analyses, field-emission scanning electron mi-
croscopy, and energy dispersive spectroscopy.

Results: We examined seven chondrules from
Bishunpur. Three of the chondrules are type-IB, three
are type-IAB, and one is an Al-rich chondrule. The
chondrules were chosen because they had visible metal
grains in their interiors and at their boundaries. Most of
the metal in the chondrule interiors is kamacite con-
taining 4�8% (atomic) Ni, 0.1�2% Cr, 0.1-1.2% P, and
0.2�1.2% Co. The kamacite in the Mg-rich chondrules
contains inclusions of tetrataenite (FeNi), while that in
the Al-rich chondrule contains awaruite (FeNi2). Inclu-
sions of schreibersite, graphite, and silica also are in
the kamacite. Phosphates occur at the metal edges and
contain variable amounts of Ca, Na, Fe, and Mg. A
chromite-magnesiochromite (with 4.5 � 7.0 at% Mg)
solid solution occurs as euhedral grains associated with
the phosphates. Magnetite, silica, and troilite rims sur-
round the kamacite.

All of the chondrules that were studied are sur-
rounded by fine-grained rims, which are texturally
distinct from the bulk matrix of the meteorite. The
compositions of the fine-grained rims are highly vari-
able. Many of the rims are dominated by fine-grained
fayalitic olivine (Fo3-17). Other regions are composed
almost entirely of Ni-rich sulfides. Metal grains occur
at the chondrule boundaries and protrude into the fine-
grained rims. The metal is highly corroded where it is
exposed outside of the chondrule interior. The corro-
sion products of the metal grains are predominantly
fayalite and troilite, which occur as thin, alternating
bands that parallel the metal. In many cases, the fine-
grained rims are thickest at points where they contact
the corroded metal grains. There are many clasts and
small grains embedded within the fine-grained portions
of the rims, composed of corroded metal grains, coarse
grained troilite, forsterite, enstatite, silica and Ca-Al-

rich phases. The silicate grains are similar to the �mi-
crochondrules� described by [3].

Discussion: The results of this study support our
previous suggestion that many metal grains in Bishun-
pur equilibrated with a type-I chondrule melt and in-
corporated significant amounts of P, Cr, and Si [1].
Some metal oxidation occurred in the chondrule inte-
rior, producing the metal-associated phosphate, chro-
mite, and silica. The change in oxidation state of the
melt is illustrated by, for example, phosphates that
occur near metal with schreibersite inclusions.

Further oxidation occurred when the metal was ex-
pelled from the chondrule interior, producing fayalite
and troilite. Much of this material was incorporated
into the fine-grained rims, leading to their Fe-rich
composition. However, there are many grains in the
rims that are not metal-derived. We propose that the
fine-grained rims formed by a combination of corro-
sion of metal expelled from the chondrule interior and
accretion of nearby fine-grained mineral fragments and
microchondrules.
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