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Introduction:  In January 2006, the Stardust mission 

will return, trapped in aerogel, the first samples of 
cometary and contemporary interstellar dust origins. 
Their analyses will require high spatial resolution 
techniques, among which Synchrotron X-rays 
MicroFluorescence (SR-XRF) can be an excellent 
candidate. It has shown the capability of identifying 
grains in the micron range, trapped in low density 
material, while the grains are still in the collector. This 
method allows to identify the chemical and 
mineralogical composition of the grains [1]. In the case 
of aerogel, it is possible to optically scan the samples 
and locate the grain, which can then be extracted very 
carefully using techniques developed at Berkeley [2]. 
Pieces of aerogel a few hundreds of microns large that 
contain an incident grain and its penetration track, 
called “aerogel keystones”, can now be produced self 
supported on microforklifts [3]. The non-destructive 
identification of the material distributed inside a 
keystone by SR-XRF can then be followed by other 
analyses, like, for instance a spectroscopic 
identification that can also be partly performed in situ, 
such as Raman, and, in some conditions infrared. The 
extraction of the grain from the aerogel is not always 
possible if the grain is too small or has disintegrated 
and has been distributed along the entrance track. 

We have tested these techniques in November 2003 
at the European Synchrotron Radiation Facility (ESRF, 
Grenoble, France), on the beamline ID22, devoted to 
high resolution microprobe techniques. We analysed 
two keystones originating from the chondritic swarm 
identified in the Orbital Debris Collection Experiment 
(ODCE) that was deployed for 18 months outside the 
Russian space station MIR. This swarm is likely to be 
the result of a primary impact of a relatively large 
chondritic particle on the MIR station [3].  

We present here preliminary results that indicate a 
very strong tendency of the incident particles to break 
up during their slowing down in the aerogel.  

Experimental set-up: The two ODCE keystone 
samples, namely LC01-B1 and B2, measure both 
~ 200x500 ?m. The entrance tracks are optically visible 
in both keystones and measure ~ 200 ?m long and 50 
?m large. A grain less than 10 ?m large is visible at the 
end of the track in B2 (fig1) , but not in B1 where 
material is distributed all along the track.  

 
 
Fig 1 : Optical micrograph of sample LC01B2. The arrow 

indicates the position of the grain. 
 

For SR-XRF analyses, the tips supporting the 
samples can be fixed onto a goniometer head in order to 
align them carefully in the high flux X-ray microbeam. A 
Kirckpatrick-Baez (KB) mirror-pair was used as 
focusing optics, that demagnifies the incident beam to 
micron-sizes (HxV: 1x1 ?m2) with a flux ~ 1011 photons.s-

1 in the energy range used (between 7 and 14 keV). A 
Si(Li) solid-state detector equipped with an external 
collimator collected the fluorescence at 90° from the 
incident beam, at a distance sample-detector of ~ 30 mm 
in order to reduce the scattering and higher order 
fluorescence signals in the measured spectra. Incident 
energies between 10 and 14 keV, as in our experiment, 
are well adapted to the excitation of the K-lines of all 
the elements down to Z = 18 (Ar) and of the L-lines of 
the heaviest elements. In order to reduce the air path 
between the sample and the detector and to improve 
the efficiency for low Z elements, we used a He 
chamber. It was then possible to identify elements 
down to Z = 14 (Si). No information on the Si content of 
the grain is possible, due to the high Si background of 
the aerogel. For each sample, we proceeded first to a 
scan of the complete keystone, before focusing on the 
analysis of the elements distributed along the track and 
at its end, in the track.  
Main results:  Fig 2 shows the distribution of the Fe-
K?  characteristic X-ray line for the sample B2. The 
microfork tips are clearly distinguished, containing 
traces of Au, Fe and Ni (apart from Si). The grain sitting 
at the end of the track is less than 5 microns large, while 
the track is about 200 ?m long and 20 ?m large. Gaining 
precise quantitative information about the repartition of 
the different elements in the grain and along the track is 
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difficult due to the unknown self-absorption within the 
grain. 
 

 
 
 
 
 
 
 
 

 
 

Fig 2: Distribution of Fe in LC021-B2. The arrow 
indicates the position of the grain. 

 
Thus, in this work, only qualitative chemical 

identification was deduced from the line-area of the 
fluorescence spectra, such as the one given in figure 3, 
for the grain in the B2 keystone. Peak intensities have 
been normalized to [FeK? ] = 100. 

 

Fig 3: X ray fluorescence spectrum of the terminal grain in 
LCO1-B2 

 
The main elements that can be identified in this 

spectrum are Si, S, Ca, Cr, Mn, Fe and Ni. Spectra of 
deposits along the track show the same elements, but 
in different proportions, relative to Fe. 

At first glance, the sample B1 shows a different 
situation: the elements are distributed mainly along the 
first part of the track and only a very small grain is 
visible at the end of the track; its composition is richer 
in heavy elements, mainly Zn. Again, the tips are 
visible close to the track.  

Discussion.  In most studies regarding the 
identification of extraterrestrial materials, the criterion 
chosen is the chondritic composition. Here, in a first 
step, we rely on the [Fe]/[Ni] ratio for determining the 
origin of the grain, since it peaks around 18 in 
extraterrestrial matter and is higher than 600 in 
terrestrial basalts or crust [4]. The [Fe]/[Ni] abundance 
ratio is roughly estimated by comparing the net peak 

intensity of the FeK?  line to that of the NiK?  line and 
is found to be 17 in the LCO1B2 grain. Such a value 
clearly suggests an extraterrestrial origin for the grain. 
This argument is corroborated by the presence of other 
chondritic elements (S, Ca, Cr, Mn). It is important to 
compare carefully the spectra obtained for the grain 
sitting at the end of the track and for the grains 
deposited along the track in order to check in which 
way the elements are deposited during the slowing 
down of the incident particle in the aerogel. This work 
is in progress.  

Concerning the B1 sample, the situation is quite 
different: the elemental distribution is dominated by Zn, 
which suggests that the incident grain could be a 
metallic orbital debris or a paint flake, maybe part of the 
MIR station where the primary grain impacted. For this 
sample, the repartition of material between the end-
grain and the track seems also to be different, as much 
more material seems deposited at the beginning of the 
track. A complete treatment for the B1 sample has still 
to be performed.  

The results we have obtained are preliminary and 
we have tentatively interpreted them in terms of 
understanding how to better handle the Stardust 
samples. They already indicate the essential role that 
will be played by SR-XRF in the identification of the 
composition of the incident grain. Microdiffraction, 
XANES and 3D-microtomography can also be 
performed at the same spatial resolution at ESRF. These 
non-destructive techniques might be among the only 
ones to be used for analysing the interstellar grains 
trapped in the Stardust aerogel and for those cometary 
grains that might have lost most of their material along 
the penetration track.  
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