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Introduction:  STARDUST spacecraft will bring 

cometary samples back to the Earth in 2006. The 

samples are captured by silica aerogels (about 0.02 

g/cc). Aerogels are said to be suitable media for 

capturing hypervelocity microparticles and the samples 

are expected to be captured intact. However, evaluation 

on natural materials that are susceptible to heat has 

hardly been done before. Since aerogel is an excellent 

thermal insulator, the kinetic energy of an impacting 

particle at hypervelocity regimes will be converted 

mainly to heat and may alter its own composition. So far 

we have been performing hypervelocity impact 

experiments at 2-4 km/s, firing micrometeoroid analog 

materials into aerogel [1]. Here we report the results of 

the samples shot at 6 km/s, the flyby speed of the 

spacecraft with its target comet Wild 2.  

Experimental and analytical methods:  To 

simulate hypervelocity capturing, we fire analog 

minerals into aerogel with a shotgun method. Then the 

captured grains are extracted and given several 

analyses.

Experimental conditions. Projectiles packed in a 

plastic sabot are fired into silica aerogel target (0.03 

g/cc) using a two-stage light gas gun around the speed 

of 6.1 km/s (± 5%). The experiments were performed at 

University of Kent. Lizardite (Mg6Si4O10(OH)8) and 

cronstedtite (Fe2+
4Fe3+

2Si2Fe3+
2O10(OH)8) (125-167µm) 

are selected as projectiles because they have relatively 

low decomposition temperatures (about 600-660 °C for 

lizardite [2] and about 470 °C for cronstedtite [3]) so 

that they are suitable for the evaluation of thermal 

alteration during the capturing process. These 

phyllosilicate minerals are also common in CM/CI and 

CM chondrites, respectively.  

Image analysis. Before extraction, sizes of the 

captured particles and diameters of their entrance holes, 

lengths and volumes of the penetration tracks are 

measured by image analysis. “Survivability” of each 

particle volume is determined, which refers to the 

volume of the captured particle compared to its initial 

volume. Then some portions of the captured samples 

are extracted from aerogel. All the extracted particles 

are examined their sizes, surface morphologies and 

compositions with SEM/EDS. 

SR-XRD, TEM and FE-SEM.  Synchrotron radiation 

X-ray diffractometry (SR-XRD) is used to examine the 

bulk mineral assemblages of a single particle. We use 

TEM/EDS to examine the microstructures and 

compositions of consistent minerals as well as textural 

information of the particle’s periphery or of grain 

boundaries. TEM samples are prepared by 

ultramicrotomy. After that, the textures of their 

remainder chips are observed in low to middle 

magnifications by FE-SEM. 

Results:  Survivability of single particle volume is 

calculated using the volumes estimated from the 

diameters of entrance holes on aerogel surfaces and the 

diameters of captured particles.  Survivability is 4% for 

lizardite and 9% for cronstedtite on average at around 6 

km/s. Compared to our previous results, there is a clear 

difference in survivability between 4 and 6 km/s in the 

case of lizardite (17% & 4%), but there is no difference 

in the results as for cronstedtite (9% & 9%). 

In our previous study, samples shot at 3 to 4 km/s 

indicated formation of outermost amorphous layer, 

albeit partially [1]. 

Diffraction patterns of lizardite and cronstedtite 

grains are obtained by SR-XRD. Decomposed product 

(amorphous material) cannot be detected by XRD. 

Lizardite captured at 6.21 km/s. SEM observation 

clearly shows the interior of the recovered lizardite 

grain did not change during the capturing process. 

However, lizardite seems to have vesiculated during 

capture by aerogel. The vesiculated layer has thickness 

from 100 to 500 nm. TEM image of the rim of the grain 

reveals that there is a thin (<500 nm thick) layer 

composed of partially decomposed lizardite between 

the rim of vesiculated glass and preserved lizardite. The 

vesiculated glass contains fine-grained (<20 nm across) 

crystals. High resolution TEM image of the partially 

decomposed lizardite reveals that it keeps its structure 

sporadically and that there are many void-like structures. 

Selected area electron diffraction (SAED) pattern of the 

same sample clearly displays that it preserves its 
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lizardite structure. Fine-grained crystals were 

crystallized from vesiculating melt. EDS analysis of the

grain is shown in Figure 1. The vesiculated glass has 

compositions between silica aerogel and lizardite, 

which means this vesiculated glass was formed by

melting of both silica aerogel and lizardite. On the other

hand, partially decomposed lizardite keeps its original

composition inside the molten shell.

Figure 1:  EDS analysis of a lizardite grain.

Figure 2:  A cronstedtite grain shot at 6.06 km/s.

Cronstedtite captured at 6.06 km/s. A cross section

of a cronstedtite captured at 6.06 km/s (Fig. 2) has a 

remarkable morphology quite different from that of the

lizardite. The cronstedtite grain has both rounded and 

irregular sides. Its shape suggests the grain was melted

and disaggregated from its surface and the melt moved

to the rear of the grain. Low magnification TEM image

of the grain also supports this interpretation. The front

side of the grain has thin (<200 nm thick) rim of

vesiculated glass. On the other hand, the rear side of the

grain is composed of a mixture of partially decomposed

and preserved cronstedtite embedded in highly

vesiculated glass. Definitely the degree of melting of 

this grain is much higher than that of the lizardite grain.

TEM image shows that the rim is composed of

vesiculated glass, partially decomposed cronstedtite

like the rim of lizardite. There are also areas where

cronstedtite contact directly with vesiculated glass.

Vesiculated glass contains fine-grained (10-20 nm

across) crystals (mainly magnetite). They were

probably crystallized from the melted material.

Chemical compositions of the vesiculated glass show 

that it has compositions between silica aerogel and 

cronstedtite. Their compositions clearly suggest they 

were formed by simultaneous melting of these two

materials like the case of lizardite. 

Totally or partially effervescent textures can be seen

on SEM images of almost all the extracted grains for 

both lizardite and cronstedtite.

Discussions: These analytical results show 

captured particles have small survivability. Ablation

effect does account for the mass loss of a particle. And

still, original minerals are partially preserved in the

remained volume, protected from heat by ablation

effect. Macroscopic, mechanical fragmentation of

projectiles is hardly seen along carrot tracks in our

experimental products (up to around 6 km/s). Most of 

the tracks have a singular branch. Moreover, we could

not detect enough amounts of the projectile fragments

on the inner wall of aerogel to compensate the lost

volume. Even if fragmentation of the projectile occurs

at the moment of impact into aerogel, main cause of the 

small survivability may be due to its vaporization.

Conclusions: Shot at 6 km/s into 0.03 g/cc aerogel,

the remained analog particles had greatly vesiculated

textures. They lost their volumes and the original

surface morphologies. Therefore, the STARDUST

samples might have lost their original morphologies and

thermally susceptible minerals might have effervesced.

Any crystalline phase in a grain with a molten shell can

be regarded as pristine state. However, the effects on 

“fluffy” or “aggregate” grains are not verified.
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