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Many small rock particles have been successfully recovered from a short-period comet 81P/
Wild 2 by the Stardust mission. They are believed to be very primitive dust at outer regions of
the protoplanetary disk, because short-period comets originally formed as Kuiper-belt objects
that currently locate at 30-50 AU from the Sun. Chondrules are sub-millimeter to millimeter
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size objects formed in the inner protoplanetary disk by total or partial melting of silicate-rich
dust particles. They are a major constituent of chondrites from asteroids. Among the particles
from the comet Wild 2, we found pieces of chondrules that show igneous texture and have min-
eral compositions and major and most minor element concentrations very similar to chondrules
in primitive meteorites derived from asteroids. Oxygen isotope ratios are highly heterogeneous
from —50 to +5% in 6'*Osuow and plotted nearly along the slope =1 mass independent fraction-
ation line in the oxygen three isotope diagram, which characterizes chondrules in carbonaceous
chondrites that comprise middle to outer asteroid belt. These observations suggest that the par-
ticles are pieces of chondrules formed through the least degree of melting, crystallization, and
elemental and isotopic equilibration at high temperatures. The presence of chondrules in a
short-period comet from the Kuiper belt indicates that chondrules migrated from hot inner re-
gions to cold outer regions of the disk and spread widely over the early solar nebula.

Key words: Stardust, 81P/Wild 2 comet, Chondrule, Synchroton radiation, Oxygen isotope ra-
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Synchrotron radiation X-ray
Diffraction
CT micro-tomography

Epoxy embedding

@@

o

Thin-sectioning by ultra-microtomy

Transmission Electron Microscopy

Feild Emission Scanning Electron Microscopy
Electron micro-probe analysis

Secondary ion mass spectorometry

Fig.1 A schematic illustration showing the flow of
analysis and sample processing. The sample
is first analyzed by synchrotron radiation
non-destructively and then by electron mi-
croscopes and finally by secondary-ion mass-
spectrometer (SIMS).
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%o AR TIZIEERADLREHIOWT, 209 b
IR & il Ch 22 BHZ O W T, RAERD
T— 5 EREOTCHMICHEHRT 5. Fig. 21—l %
KT K& ?5%’{120: 7 8a o oiRkE (Torajiro:
(2%403660) oz TR I e~
FY 22— Jm WKRONDHER (K—7 1Y
FA ) »ﬂiﬁ&%/TL (Fig. 2(A), (B)), HERsLM
ﬂi&"b—ﬁ:% IR 2=V ERBT, Fe/Mg 23
IFHE T IE Y (Fo¥), AYEZ S axy v
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Glass fiber

Fig. 2 (A) A computed tomography (CT) image of
Torajiro showing non-porous mineral as-
semblage with various contrast. (B) A back-
scattered electron (BSE) image taken by a
field-emission scanning electron microscope
(FE-SEM). Torajiro exhibits porphyritic tex-
ture consisting of olivine, low-Ca pyroxene,
Cr spinel, Fe-Ni metal and glass. Elemental
compositions of the olivine and pyroxene are
shown in Fig.7 (A) and (B), respectively,
and that of the glass is shown in Fig. 6 (C). A
BSE image showing spots analyzedwith
SIMS.
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Fig. 3 Oxygen three isotope plot of Torajiro, Gozen
-sama and Gen-chan. Some of *O-rich data
from Gozen-sama are plotted outside of the
diagram. Compositional regions of chon-
drules from various chondrite groups (carbo-
naceous: C, ordinary: O, Rumuruti: R, and
enstatite: E) are also shown for comparison.
TF: terrestrial fractionation line; CCAM:
carbonaceous chondrite anhydrous mineral
line; Y&R: Young and Russell line (Young
and Russell, 1988).
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Low-Ca

pyroxene
—

Olivine-A

JSM-7000F COMPO 150kV  X2200 10gm WD 9.1mm

Fig.4 A BSE image of Gozen-sama consisting of
two rounded olivine grains (olivine-A and
olivine-B) and low-Ca pyroxene. The low-Ca
pyroxene poikilitically encloses the olivine
grains.
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Ol-A: 6 '0=-50%0
O-B: & '%0=+5%0
FeNi
Low-Ca Px
Precursor Low-Ca Px: melted
l FeNi: melted
OI-A: unmelted
Heated OI-B: unmelted
and melted
Cooled
and solidified

Fig.5 A schematic illustration showing formation
process of Gozen-sama.
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Fig. 6 Composition of mesostasis glass in Torajiro,
Lilly (C2054, 0, 35, 4), and Gen-chan. Com-
positional field of mesostasis in chondrules
in chondrites (Brearley and Jones, 1998) are
also shown.
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Fig. 7 MnO and Cr:0; concentrations in olivine (A) and in pyrox-
enes (B) in Torajiro, Lilly (C2054, 0, 35, 4), and Gen-chan.
Compositional field of olivine and pyroxene in chondrules in
various types of chondrites (Brearley and Jones, 1998) are

also shown.
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