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Introduction: Amoeboid olivine aggregates
(AOAs) are irregularly shaped, mm- to cm-sized ob-
jects composed of olivine, feldspathoids, Al-diopside,
spinel, ±melilite, ±perovskite, ±Fe,Ni-metal, and
±sulfides, and occur in several carbonaceous chondrite
groups. In order to characterize the primary mineral-
ogy of AOAs, understand their thermal and alteration
history and relationships with CV chondrules and ma-
trices, we studied AOAs from the reduced CV chon-
drites Efremovka, Leoville and Vigarano, which are
less altered than the oxidized CV chondrites of the
Allende lithology [e.x., 1]. We also initiated a minera-
logical survey of AOAs from Allende using transmis-
sion electron microscopy (TEM) to complete our
chemical and petrographic studies.

Results and Discussion:  Amoeboid olivine ag-
gregates from Efremovka and Leoville consist of an-
hedral, fine-grained (5-20 µm) forsteritic olivines and a
refractory, Ca-Al-rich component. Forsterite grains
typically contain abundant pores and tiny inclusions of
Al-diopside. In contrast to the Efremovka and Leoville
AOAs, those from Vigarano are less porous and con-
sist of closely packed forsterite grains, commonly
showing triple junctions, and a refractory Ca-Al-rich
component.

Olivines in AOAs from the reduced CV chondrites
are less ferrous than those from the Allende AOAs and
show smaller compositional ranges (Fa0-10) than the
latter (Fa2-35, [2]). Olivines in Efremovka AOAs are
slightly more ferrous (Fa0-10 with a peak at Fa3) than
those from Leoville and Vigarano AOAs (Fa0-7 with
peaks at Fa1). The refractory component is character-
ized by significant variations in size (1-250 µm), dis-
tribution (uniform, heterogeneous), modal mineralogy
(spinel-rich, spinel-poor) and abundance (rare, abun-
dant). It consists of fine-grained CAIs composed of Al-
diopside, anorthite and minor spinel, or fine-grained
intergrowths of these minerals; secondary nepheline
and sodalite are very minor; Fe,Ni-metal (kamacite,
taenite) and troilite are rare; melilite, perovskite and
low-Ca pyroxene are absent. The distinction between
CAIs and intergrowths of refractory minerals is rather
uncertain. No chondrule fragments inside AOAs or
compound AOA-chondrule objects were identified.

The textures, shapes and mineralogy of AOAs from
the reduced CV chondrites are consistent with being
aggregates of nebular condensates, largely forsterite,
spinel, Al-diopside, and anorthite [2]. There are several
textural observations indicating that these aggregates
may have experienced high temperature nebular proc-
essing, including annealing and incipient melting. The
annealing is supported by the presence of forsterite
grains with grain boundaries forming 120° triple junc-
tions and compact textures of AOAs. The compact
textures of the Efremovka and Leoville AOAs, how-
ever, could be a result of compression during shock
metamorphism experienced by both meteorites [3].
Since the annealed textures are observed in AOAs
which largely escaped alteration, we infer that the an-
nealing episode must have occurred in the solar nebula
prior to alteration, contrary to the conclusion by [4],
but in agreement with [5,6].

Electron diffraction pattern of olivine grains within
an AOA from Allende were obtained by using TEM.
Our initial observation shows that there is no orienta-
tion relationship between adjacent olivine grains. More
detailed structural characterization of olivines and their
relationships with adjacent minerals is in progress.
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