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Introduction: Samples from comet 81P/Wild 2 
have been trapped in silica aerogel cells by the Stardust 
spacecraft. The particles impacted the collector with a 
relative velocity close to 6.1km.s-1[1]. The deceleration 
in the under dense silica aerogel resulted in a high heat 
increase involving microstructural modifications in 
most of the collected grains. If the large and coarse-
grained terminal particles survived relatively well, it is 
not the case of the fine-grained material found in the 
walls of tracks. The latter shows evidences for strong 
thermal modifications in addition to intermixing with 
melted aerogel. This renders difficult the understand-
ing of the origin of some significant proportion of 
cometary grains. For the largest grains (>500nm) con-
stituting the terminal particles, a dense glassy rim is 
frequently observed around a crystalline core [2]. The 
core is generally well preserved, which permits obtain-
ing reliable microstructural information. Some grains 
contain some dislocations [2-4] and it remains unclear 
whereas these dislocations result from a shock event 
prior to the collect or associated to the collect itself.  

In this work we studied olivine and pyroxene 
grains experimentally fired into aerogel at 6.1 km/sec. 
The samples were investigated by transmission elec-
tron microscopy (TEM) in order to gain in the under-
standing of the heating processes that occurred during 
the capture of the Wild 2 grains and subsequent micro-
structure modifications 
 

Samples and experimental procedures: Samples 
of olivine (Fo91) and pyroxene (En93) with a grain size 
inferior to 50µm have been impacted in a density gra-
dient silica aerogel similar to that flown on the Stardust 
mission. Experimental shots have been performed at 
the University of Kent using a two-stage light gas gun. 
The particles velocity was about 6.05km.s-1 for ensta-
tite and 6.49km.s-1 for olivine. The impact generated 
deceleration tracks comparable to that observed in the 
Stardust aerogel. The TEM specimens have been pre-
pared by ultramicrotomy at the University of Lille 
using two methods: extraction of the terminal particles 
with a needle and compression of selected parts of 
aerogel between glass slides. In each case, aerogel was 
embedded in EMBED812 epoxy resin and ultramicro-
tomed. The samples were deposited on a C coated 
copper grid. TEM results have been obtained using a 
Philips CM30 and a FEI Tecnai G2-20 both equipped 
with Energy Dispersive X-ray Spectroscopy (EDX) for 
the chemical analyses. 

Results and discussion: The first important mi-
crostructural feature concerns the coexistence of amor-
phous and crystalline phases in both olivine and py-
roxene samples. However the proportion of amorphous 
over crystalline material is different between the two 
samples because of the lower melting point of the 
enstatite. 

 

 

Fig1: TEM bright field image of an amorphous 
grain resulting from the shoot in aerogel of enstatite 
crystalline grains in Stardust conditions.  

The amorphous material: The compression method 
allowed to prepare relatively small grains. They are 
found to be fully amorphous. In figure 1 is displayed a 
typical microstructure observed for the enstatite pre-
cursors, fully melted and mixed with aerogel. The bulk 
composition of this sample is O 64.5 at.%  Si 29%, Mg 
5.7%, Fe 0.4%. This represents a silica impregnation 
of about 80%. The complete absence of metallic beads 
within the glassy matrix contrasts with observations 
made on Stardust samples [5]. In the Wild 2 material, 
the beads are assigned to a reduction process between 
iron-bearing silicates and carbonaceous material [5]. 
The latter has an uncertain origin. It could come from 
relicts of aerogel synthesis estimated to ≈2.4 at. % by 
Gallien et al. [6] or from organic matter present in the 
cometary material. In our case the iron is still diluted in 
the amorphous matrix as FeO, showing that it was not 
reduced during the impact. This indicates that the re-
duction process observed in the Stardust samples is 
due to the presence of organic material completely 
entangled with little grains. 

The crystalline material: Olivine terminal particles 
are well preserved. However they display a rounded 
shape, suggesting that they have been partially abraded 
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during the friction with the aerogel (see [7-8] for simi-
lar examples). The olivine grains display a large crys-
talline core and an amorphous rim enriched in silica. 
Similar configurations are seen in the Stardust sam-
ples. The thickness of the rims is about 500 nm, sug-
gesting that particles lower that 1µm diameter did not 
survive the thermal event associated with the impact.  

For the olivine samples some interfaces between 
the crystal and the amorphous phase include a third 
area composed of a mixture of crystal and glass (Fig. 
2). The average composition of this area is O 62.5 
at.%, Si 25%, Mg 11.7% and Fe 0.8%. Selected area 
electron diffraction patterns show that the crystalline 
fraction has the same orientation than the neighboring 
crystal. The initial phase was then partially melted due 
to the congruent dissolution of olivine. The external 
amorphous phase has a nearly pure silica composition. 
Phase diagrams show that the temperature reached at 
least 2050 K at the crystal rim. This result is consistent 
with the estimation by Roskosz et al. which deduced a 
temperature of 2100 K [9] through the study of inter-
faces between dense SiO2 and Mg-rich glasses in fully 
melted Stardust particles.  
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Fig2: TEM bright field image of an interface between 
crystalline olivine and a dense SiO2 glass. The mixture 
rim results from partial melting during the capture. 

Free dislocations are observed. They are oriented 
along the [001] direction and curved at the edge, sug-
gesting dislocations sources activity (Fig. 3). The Bur-
gers vector is [001] and reveals a screw character for 
the dislocations. This configuration was not observed 
in the samples prior to the shoot but is the typical sig-
nature of shocked olivine [10]. Similar dislocations 
were observed in Stardust terminal particles [2-4]. This 
result suggests that the dislocations observed in Wild 2 
olivine grains could have been induced by the hyperve-
locity impact. The dislocations curvature radius is 
associated with a shear stress value around 1.5–2GPa. 
Trigo-Rodríguez et al. [11] estimated that the peak 

pressure associated with the deceleration into the 
aerogel could have reached a mean maximum value of 
300MPa (with an absolute peak value estimated at 900 
MPa), that is quite low to explain the microstructure 
shown on Fig. 3. Stress concentration probably oc-
curred during the capture. Another cause for disloca-
tion formation could be the thermal stress associated 
with the rapid heating and cooling of the particles.   
 

 

Fig3: TEM dark field image of curved dislocations 
in olivine.  

Conclusion: Experimental shots of olivine and 
enstatite in aerogel gave important information about 
the microstructure modifications of the grains during 
the capture. They were particularly important for 
phases with low melting temperature (here pyroxene). 
All the samples display a glassy rim which corre-
sponds to the partial melting of the grains and mixing 
with aerogel. The crystalline fraction exhibit a disloca-
tion microstructure induced by stresses which devel-
oped during the hypervelocity impact.  
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