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Introduction: Enstatite chondrites (EC) have
mineral assemblages that indicate they formed under
highly reducing conditions in the early Solar System
[e.g., 1], unlike other chondrites. They are also the
only chondrites whose bulk oxygen isotopic composi-
tion lie on the terrestrial mass fractionation line, close
to that of the Earth-Moon system [2, 3]. Thus, EC not
only sampled what could be considered extreme con-
ditions in the solar nebula but also may provide clues
to the oxygen isopotic evolution of the Earth-Moon
system. To identify the EC that have been the least
metamorphosed since their formation is to find the
ones that contain the most information about pre-
accretion processes in a region of the solar nebula
where reducing condition prevailed.

Grossman and Brearley [4] recently showed that
the mobilization of Cr in olivine can be used to iden-
tify the least metamorphosed members of ordinary (O)
and CO chondrite groups. Previous studies of EC oli-
vine show that it is near-pure Mg2SiO4 in the equili-
brated EC, whereas it is Mn- and Cr-rich in the une-
quilibrated EC [5, 6, 7]. We studied olivine in 5 EH3
chondrites to (1) further test the utility of olivine as an
indicator of metamorphic grade in EC and extend the
work of [8], (2) identify the most primitive EH3 chon-
drites and (3) decipher the thermal history of the EC
parent body.

Methods and Results: We studied micro textures
and compositions of olivine in five EH3 chondrites
(Kota Kota, Parsa, Qingzhen, Sahara 97096, and Ya-
mato 691) using the Hitachi S4700 field emission
scanning electron microscope (FESEM) and Cameca
SX100 electron microprobe at the AMNH. Olivine
makes up 2 to 7 vol% of EH3 chondrites [7]. It occurs
in chondrules associated with enstatite, as isolated
fragments and in rare barred olivine chondrules and
their fragments. Some olivine contains blebs of low Ni,
Fe-metal associated with areas of more Mg-rich oli-
vine, suggesting reduction of Fe from the olivine to
form metal. The blebs vary in size and location in the
olivine. In some cases, metal blebs are oriented along
crystallographic planes or structural features in olivine
(e.g., parting planes or fractures; Fig. 1) [6, 7]. These
linear blebs are generally ~0.20 �m in size, with the
largest >1.0 �m.. We also found Cr-enrichments in
some of these linear regions suggesting that Cr was
remobilized from olivine into sulfide and oxide phases
(Fig. 1). The olivine shows a range in composition
from Fo99.8 to Fo93. Cr2O3 ranges from below detection

Fig. 1: Submicron metal+sulfide blebs (white) in Kota Kota
olivine. Some blebs show a Cr peak suggesting the presence
of Cr-bearing sulfide or oxide.

Fig. 2:  Cr2O3 wt% (vertical axis) vs FeO in olivine.

Fig. 3:  MnO wt% (vertical) vs. FeO in olivine.
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(bd) to 0.6 wt%and MnO from bd to 0.4% (Fig. 2, 3).
There is a weak correlation between Cr2O3 and FeO
content for olivine compositions < 2 wt% FeO, but no
relationship in olivine with FeO > 2 %. (Fig. 1). MnO
and CaO show no correlation with the FeO content of
olivine (Fig. 2, 3).

Discussion: The presence of olivine in chondrites
distinguishes E3 from E4-6 chondrites [9], consistent
with other petrologic indicators such as the presence of
glassy mesostases in chondrules [10]. Grossman and
Brearley [4] showed that Cr in olivine is remobilized
during the earliest stages of thermal metamorphism in
O and CO chondrites. They subdivided petrologic
types 3.00 to 3.20 using increments of 0.05 on a plot of
standard deviation vs. the mean wt% Cr2O3 in olivine
(Fig. 4). The CO curve is shifted down and left relative
to the O chondrite line. However, [4] excluded low
FeO olivine in their study because they found that FeO
correlated with each of Cr2O3, MnO, and CaO. They
concluded that these correlations are due to volatility
control during chondrule formation and are not the
result of metamorphism.

In our study of EC olivine, we found no signifi-
cant correlations between FeO and minor elements,
except for a weak correlation of FeO with Cr2O3 in
olivine with < 2 wt%FeO. Therefore we use our entire
population of olivine compositions. Our initial results
(Fig. 4) are presented in a modified diagram after [4].
Fig. 4 shows that the EC olivine values plot near the
values for the CO chondrites, and suggest that Y691,
Sahara 97096 and Parsa are the most primitive EH3
chondrites. This is consistent with sulfide thermometry
which indictes low degrees of metamorphism for these
meteorites. .

Fig. 4: Standard deviation vs. mean Cr2O3 in olivine. Data
and curves for O and CO chondrites were reproduced from
[4].

Our initial results also suggest a relationsip be-
tween the exsolution features in olivine grains and the
degree of metamorphism based on Cr content of oli-
vine (i.e., Fig. 4). For example, Y 691 shows linear

exsolution features within the olivine grains. Exsolu-
tion is absent on the perimeter of the olivine grains.
Both Sahara 97096 and Parsa olivine show exsolution
of blebs within the olivine grains and on the perimeter
of the olivine grain. The largest exsolution blebs meas-
ure greater than 1.0�m. At a higher degree of thermal
metamorphism exsolution features dominate the area
within and around the crystal. Exsolution features sur-
round up to 50% of the olivine grain perimeter.
Qingzhen olivine grains contain isolated exsolution
blebs, large and small, in and around olivine and the
olivine is heavily depleted in minor elements. More
data are needed to confirm these trend.

Conclusions: During thermal metamorphism Cr is
redistributed from olivine into metal and sulfide phases
that form exsolution features in and around the olivine
grains. The earliest stages of thermal metamorphism
generate exsolution features of metal that are linear
within the olivine grains. The size of the exsolved
blebs may be directly related to the degree of heating,
with a final result of producing isolated metal blebs,
which remain in and around olivine that is depleted in
minor elements. Olivine compositional variations in
the most primitive EC may be useful for characterizing
the most primitive EC and classifying them into pet-
rologic sub-types. Distinctive exsolution features in the
olivine may also prove useful for determining meta-
morphic grade and understanding the mobilization of
Cr from olivine into other phases during metamor-
phism. Some of the E chondrites may be at least as
primitive as O and CO chondrites of petrologic type
3.1. Yamato 691, Sahara 97096 and Parsa, appear to be
among the most primitive of the EH3 chondrites.
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