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Introduction: Samples of three pyroxene-rich par-
ticles collected from the Wild2 comet during the Star-
dust mission have been investigated by transmission
electron microscopy (TEM). These pyroxene grains
correspond to three terminal particles from tracks 32
and 69. They are coarse-grained Ca-poor pyroxenes
with compositions and structures ranging from ortho-
rhombic enstatite to monoclinic pigeonite.

Samples and experimental procedures: The
TEM utramicrotomed samples, namely
C2027,2,69,1,1, C2027,2,69,2,2 and C2027,3,32,2,3
originate from terminal particles of neighboring tracks.
Details about extraction, manipulation and preparation
for TEM by ultramicrotomy can by found in [1]. Re-
sults were acquired using LaBg filaments Philips
CM30 (300 keV) and FEI Tecnai G2-20 twin (200 kV)
microscopes, equipped with Thermo-Noran and EDAX
Si-detectors respectively for Energy Dispersive X-ray
Spectroscopy (EDX) (see [2] for a full description of
the analytical procedure).

Results:

C2027,2,69,2,2 and C2027,3,32,2,3. The ultrami-
crotomed samples consist of elongated crystalline
shards. A thin and discontinuous rim of dense amor-
phous SiO,-rich material surrounds the particle slices.
The shard-like aspect is likely due to the ultrami-
crotomy preparation. Despite this aspect, the crystal-
lites present very close orientation, as deduced from
diffraction patterns. They probably originate from an
initial single grain prior to the sample preparation.
Both samples exhibit very similar and homogeneous
compositions and microstructures. The compositions
correspond to enstatite within the range Engs¢;Wo,.
sFsys. Selected area electron diffraction patterns reveal
an orthorhombic Pbca space group. In most of the
shards, some planar faults parallel to (100) are ob-
served. Lattice fringe images (figure 1) reveal that the
planar faults consist in the insertion of one or more
clinoenstatite lamellae (fringe spacing ~ 9 A) in the
orthoenstatite matrix (fringe spacing ~ 18 A). Strain
contrast is observed at the termination of the faults,
suggesting the presence of dislocations at the end of
the clinoenstatite lamellae. Free dislocations lying in
the (100) planes are also present. They appear as long
segments elongated in the [100] direction or small
segments normal to it. Diffraction contrast examina-
tions including some extinction conditions suggest a
Burgers vector compatible with [010].

Figure 1. TEM bright-field image of enstatite in
C2027,2,69,2,2. The clinoenstatite lamellae parallel
to (100) are clearly visible by the 9 A lattice spacing,
whereas the 18 A lattice spacing corresponds to or-
thoenstatite.

C2027,2,69,1,1. The general aspect is quite similar
to that of the previous samples, with a central part hav-
ing a shard-like aspect surrounded by a rim of amor-
phous material. Nevertheless, the rim is broader than in
the previous cases. Compressed aerogel is also found
at the margin. Pyroxene composition is in the range
Eny3.73Wos¢Fsig,3. Diffraction patterns indicate a pi-
geonite monoclinic P12,/c1 space group. The domi-
nant microstructure consists in a high density of (100)
lamellae (figure 2), clearly visible when they are orien-
tated edge on regarding the electron beam direction.
Their width ranges between 5 and 50 nm. Electron
diffraction patterns (figure 3) show that these lamellac
are associated with twinned domains. Indeed, the pat-
tern in figure 3 corresponds to the superposition of two
P124/c1 [010] zone axes, related by a reflection mirror
along (100). Electron diffraction patterns taken along
other directions ([011] and [012]) fully confirm the
(100) twinning. In general, the (100) twinned domains
are roughly aligned with respect to each others from
one shard to another, suggesting a common parent
grain prior to the TEM preparation. Dislocations lying
in the (100) planes are found in the largest fragments.
Diffraction contrast analyses suggest that they have a
Burgers vector [001]. A few chromite exsolutions were
detected, in topotactic relationship to the host pi-
geonite. The sample contains also small olivine grains
(Fay)) in inclusion within the pyroxene matrix. Some
of the olivine grains contain [001] screw dislocations.
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Figure 2: TEM dark-field image showing the (100)
twins in pigeonite, sample C2027,2,69,1,1.

Figure 3: Diffraction pattern associated with figure 2.
The pattern corresponds to the superposition of the
P12,/c1 [010] and [010] zone axes.

Damaged areas. In the three samples, some highly
disordered crystalline areas are observed. These areas
consist of laths along (100) planes, misoriented one to
each other (figure 4). Their mean orientation is never-
theless close to that of the surrounding undamaged
grains, as revealed by the electron diffraction patterns.
No significant composition differences are detected
with respect to that of the surrounding undamaged
fragments.

Figure 4: TEM bright-field image showing one of the
highly disordered areas that consist of laths misori-
ented one to each other along (100) planes. Sample
C2027, 2,69,1,1.

Discussion: The three studied terminal particles are
coarse-grained pyroxene which survived to strong
heating. They appear relatively undamaged in com-
parison to the thermally modified grains frequently
found in samples extracted from the wall tracks [1,2].
They are single crystal particles several micrometers in
diameter with a homogeneous microstructure.

The dominant microstructure in the two orthopy-
roxene samples is the presence of planar clinopyroxene
intergrowths. This microstructure can be formed dur-
ing cooling from the high temperature protopyroxene
stability field [3]. On the other hand, clino-lamellae are
also known to occur under shear deformation, possibly
due to a shock event (see [4] for a review on shock
deformation in minerals). Since free dislocations in
glide configuration are also present, we favor a shock
deformation process.

Pigeonite in sample C2027,2,69,1,1 contains a high
density of (100) twins. Twinning in clinopyroxene can
be either obtained by rapid cooling from the protopy-
roxene stability field (e.g., [5]) as well as by shock
deformation [e.g. 4]. Dislocations in olivine clearly
evidence a shock deformation event but none of them
are found in the twin walls of pigeonite as it might be
the case for a shock deformation origin.

The highly disordered areas, present in all the stud-
ied samples, are likely due to shock deformation rather
than a heating effect. Planar elements on (100) are
typical for strong shock level. The co-existence of un-
damaged areas in contact with highly disordered areas
might be due to shock heterogeneity at the submicron-
scale.

Conclusion: The microstructure of the studied
samples may have been formed by shock deformation,
probably prior to the capture into aerogel. Nevertheless
the exceptional physical conditions of the collect in-
clude a possible intense thermal pulse. A thermal
shock as responsible for the observed microstructure
cannot be ruled out.
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