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Introduction:  Wild 2 samples brought to Earth by 

the Stardust mission provide a unique opportunity to 
understand the nature and origins of cometary material 
that is expected to be the most primitive of the solar 
system. Nevertheless, numerous studies have shown 
that Stardust samples contain evolved material like 
pieces of chondrules or CAIs. They are predominantly 
found in coarse grain terminal particles because consti-
tuted by dense refractory phases. Synchrotron X-rays 
fluorescence spectroscopy studies show that Wild 2 
particles also contain poorly cohesive assemblages that 
have been broken and scattered along the tracks during 
the capture [1]. Abundant fine-grained material is 
found deposited along the track walls, particularly for 
very bulbous shape tracks like type C. We guess that 
this material composes the very primitive material ex-
pected in comets.  

Here we focus on the mineralogy and petrology of 
the fine-grained material present in the walls of the 
large type B track 80. More than 500 grains have been 
characterized by analytical transmission electron mi-
croscopy (TEM). We compare the deduced properties 
of the cometary material to those of the matrix of the 
most primitive chondrites. 

Samples and experimental procedures: The allo-
cated samples consist of four slices taken from the 
same wall part of the bulb of track 80. The samples 
have been prepared for TEM characterization at the 
University of Washington by an aerogel flattening 
method [2]. TEM images, electron diffraction and 
chemical compositions have been obtained using a 
Philips CM30 and a FEI Tecnai G2-20 both equipped 
with Energy Dispersive X-ray Spectroscopy (EDX), at 
the university of Lille, France. 

Results: The samples are composed of crystalline 
and amorphous particles that experienced different 
level of thermal modifications due to the hypervelocity 
impact into the aerogel. The smallest particles have 
been thermally modified up to melting and mixing 
with melted aerogel [3-5] whereas bigger particles are 
partially preserved. The crystalline fraction is about 
50%. This fraction was probably originally higher 
since part of crystals has been melted during the col-
lection process.  

Olivine and pyroxene are the dominant phases of 
the crystalline fraction. The proportions are respective-
ly 50 and 35% of the amount of crystalline material. 
Olivine grain size extends up to ~2.5 µm in diameter. 
They exhibit a wide range of composition, from Fo100 
to Fo40, with most of the compositions between Fo100 
and Fo75. For pyroxenes, crystals are smaller, up to 1 
µm width. Both low-and high-calcium pyroxenes are 

present. Composition range is from Wo0 to Wo45 and 
from En98 to En50 with most of the compositions within 
the interval En95-85. Iron oxide particles (magnetite 
Fe2O3) have been identified with a size up to 1.5 µm in 
diameter. They represent approximately 10% of the 
total crystalline material.  

 The amorphous components result from the rapid 
cooling of a high temperature mixture of melted aero-
gel and cometary material. More than 400 amorphous 
particles were analyzed. The particle size is highly 
variable, from tens of nanometers to microns. The 
composition of each particle is shown on a Fe-Mg-S 
ternary diagram  (Fig. 1). The compositions extend 
from the magnesium to the iron corners going through 
the CI composition. The Fe/Mg ratio is highly variable 
in comparison to the Fe/S ratio. The average composi-
tion of all these amorphous particles is very close to 
the CI composition. Figure 2 shows the composition of 
the amorphous grains taking into account the propor-
tion of cometary material in each grain (thus taking 
into account the silica admixture). The compositions of 
the smallest particles are close to the corners Mg, Fe 
and FeS. They contain a high concentration of come-
tary material. The biggest particles are more diluted 
with silica and are close to the CI composition. 

 

 
Fig.1: Composition of the thermally modified par-

ticles from a part of the bulb of track 80. 
 
This amorphous material likely originates from 

small grains within loosely bound aggregates that have 
been melted and mixed with the collection aerogel. 
Chemical EDX maps were used to image the shadow 
signature of the individual grains into the silica-rich 
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glassy matrix. The deduced diameter of individual 
components is inferior to 300 nm. 

 
 

 
 
Fig.2: Same data as in Fig.1 taking into account 

the dilution percentage and the size of the particles. 
The diameter of the data plots is proportional to the 
concentration of cometary material in the silica-rich 
glassy matrix 

 
Comparison with the matrix of primitive chon-
drites: Despite thermal modifications associated with 
the collect, the material found in the Stardust samples 
have initial properties comparable to those of the ma-
trix of primitive chondrites MET00426, QUE99117 
[6], ALH A77307 [7], Acfer 094 [8], Adelaide [9-10], 
Kakangari [11].  These matrices are usually composed 
of fined-grains material made of heterogeneous amor-
phous silicates mixed with organic matter containing 
small crystals (100nm-5µm), frequently Mg-rich sili-
cates. These amorphous silicates could be part of the 
fragments at the origin of the amorphous Stardust ma-
terial.  

The composition of the crystalline silicate grains 
(Fo40-100 and En50-98), the ratio olivine/pyroxene 
(1<X<1.5) and the presence of magnetite are some of 
the parameters that match with the mineralogy of fine-
grained matrix of primitive chondrites. Phyllosilicates 
are usually small (<200nm) and in low proportion in 
primitive chondrites. Their absence is one of the char-
acteristics of the Stardust samples. It is likely that the 
layered silicates, if present, have been destroyed by the 
extreme temperatures conditions of the Stardust collec-
tion.  

The EDX images recorded on the silica-rich glassy 
material of the Stardust samples, together with the 
presence and characteristics of survival crystals, are 
compatible with the configuration of the fine-grained 
material in primitive chondrites. The bulk composition 
of the material from the bulb of track 80 compares well 
with the average composition of this chondrite’s mate-
rial (Fig. 3). However the concentration of sulfur ap-
pears high in thermally modified Stardust material. 
The amorphous silicates in the matrix of primitive 
chondrite have a low sulfur content (Fig. 3) and sul-

fides are the only sulfur bearer in this material. Never-
theless they are rare in these track 80 samples because 
probably included in the thermally modified material. 

If the fine grained material of Wild 2 and matrix of 
primitive chondrites have the same origin, the loosely 
bound aggregates of Wild 2 never experienced sulfur 
loss. They likely originate from outer cold regions of 
the early solar system, maybe with preserved interstel-
lar signature. This material could constitute the very 
primitive part expected of the comet. 

 

 
Fig3: Deduced average composition of the fine 

grained material of track80, bulk of the chondrites and 
of the amorphous pockets in the matrix of the primitive 
meteorite ALH A77307 [7].  
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