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Introduction: A strong link between Itokawa par-
ticles and LL chondrites was confirmed by preliminary
examinations of Hayabusa particles [e.g., 1, 2]. Both
poorly equilibrated and highly equilibrated particles
have been found among the grains returned from Ito-
kawa [1], and it is suggested that they correspond to
LL4 and LL5-6, respectively. Here we report the pe-
trography of two Itokawa particles and TEM study of
one, and compare them to Antarctic LL chondrites with
variable petrologic types (LL4-LL7) in order to under-
stand the metamorphic history of asteroid Itokawa.
Methods: Two allocated Itokawa particles, RA-QD02-
0094 (0094) and RA-QD02-0127 (0127) (Fig.1), were
examined in this study. Each particle was embedded in
epoxy following the method by [1, 3] and then polished
for optical microscope and FEG-SEM observations.
After EPMA analyses, two TEM sections were pre-
pared from the particle 0094 by FIB.

Results and Discussion:
RA-QD02-0094

This particle is 50 um x 30 pm in size, composed of
olivine and FeS (<20 um) (Fig.2a). Two submicron-
sized chromite grains enclosed in olivine are also ob-
served. A single crystalline olivine is easily recognized
under microscopic observation, and minor undulatory
extinction was observed indicating low grade of shock.
Olivine shows a homogeneous composition (Fo+).

Two FIB sections are made from 0094. TEM anal-
yses show that both olivine and FeS grains are single
crystals (Fig. 3). There is no orientation relationship
between FeS and olivine. No planar defects are ob-
served in olivine grain, and low abundance of disloca-
tions suggests that 0094 experienced shock stage of S2
[4] (Fig. 3f), consistent with results from other equili-
brated Itokawa particles (e.g., [3]).

RA-QD02-0127

This particle is 50 x 45 um in size and is composed
of several fine crystals, which were analyzed by SEM-
EDS. The main minerals are olivine (F07,.73), low-Ca
pyroxene (Fsi924EN76.80W0g.2), and plagioclase (Ans.
10Abgogs).  Fine-grained high-Ca pyroxene (FSyo.
12ENsg50W02593,) and FeS grains are also identified
(Fig.4). Particle 0127 shows minor undulatory extinc-
tion, indicating low grade of shock (S2).

Comparison with LL chondrites
Olivine

One of the most quantitative parameters in the pet-

rologic type classification scheme is the degree of equi-

libration of olivine and pyroxene composition [e.g., 5].
In comparison with LL4-7 chondrites from our previ-
ous study [6], FeO and MgO contents of 0094 are simi-
lar to those of LL6 and LL7 chondrites (Fig.5). Alt-
hough we need more data to prove the metamorphic
degree for 0127, chemical composition of olivine sug-
gests that 0127 originated from a region corresponding
to LL 4-5 chondrite.

Plagioclase

Feldspar grain size increases with petrologic type,
and is used as a classification criterion [e.g., 7], and
although it cannot be easily applied to the small Itoka-
wa particles, the size of plagioclase (<10 um) in particle
0127 is within the range of petrologic type <5.

High-Ca pyroxene

Crystallization of coarse-grained high-Ca pyroxene
is commonly observed in LL5 and LL6 chondrites [8].
The occurrence of micron-sized high-Ca pyroxene in
grain 0127 (Fig.4b) might indicate the early stage of
crystallization of high-Ca pyroxene.

Chromite

Chromite in ordinary and carbonaceous chondrites
can be used as a sensitive indicator for thermal meta-
morphism [9, 10]. In LL chondrites, spinel group min-
erals have a wide compositional range in in type 3, and
then they become homogeneous in types 4-6 due to
thermal metamorphism [9]. Chromite grains in particle
0094 are too small to be analyzed by EPMA, but low
Al/(Al+Cr) and Mg/(Mg+Fe) ratios of chromite in this
study are in agreement with those in equilibrated petro-
logic types (LL4-6) [9].

Conclusion:

Based on our petrologic study, RA-QD02-0094 and
RA-QDO02-0127 are similar to LL6-7 and LL4-5, re-
spectively. The shock stage for particle 0094 is likely
S2. The low degree of shock in the equilibrated Itoka-
wa particles is consistent with other studies (e.g., [3]).
Particle 0127 also shows minor undulatory extinction,
indicating weak shock (S2). It should be noted that the
Itokawa samples are much smaller than those typically
used for meteorite shock degree estimations, and may
be biased as is suggested by [11].

The combination of LL6/7-like (highly equilibrated)
and LL4/5-like (poorly equilibrated) particles indicates
that rocks with different metamorphic histories are in
close proximity on the surface of Itokawa, suggesting
regolith gardening after metamorphism.
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Fig.1. BSE images of original particles.

Fig. 4. (a) BSE image of polished section of RA-QD02-

Lum 0127. (b) High-Ca pyroxene is identified in combined
Fig.2. BSE images of polished senction of RA-QDO02- X-ray elemental map of the grain (Red=Mg, Green=Ca,
0094. Submicron-sized chromite is observed in olivine. Blue=Al).

— FeS B ——

@ 0094 (EPMA) @ 0127 (EDS)

S : 2 = k : :

A alle
alls  —
L6
wr

B
n

] ‘
|

0127

i

MEgO (wt. %)

b

¥
|
|
I

ns 2‘4 ME 28 :.'; L “6 :6‘.5 :’.‘ e 28 w5 1.9
FeO (wt.3)

Fig. 5. Olivine compositions of RA-QD02-0094(0094)
and RA-QDO02-0127 (0127). Average olivine composi-
tions of Antarctic LL 4-7 chondrites are from [6].
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Fig.3. TEM images from FIB section #1 of RA-QD02-
0094. (a) HAADF, (b-d) X-ray elemental mappings, (€)
SAED pattern of olivine, (f) bright-field TEM image.



