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   Introduction: One of the most remarkable findings 
from of the study of comet samples returned by the 
Stardust mission is the apparent scarcity of pre-solar 
grains.  Unlike common expectations, the abundance 
of pre-solar grains in comet Wild 2 appears to be less 
than in primitive meteorites, micrometeorites and 
IDPs.   The best measurements of the abundances of 
isotopically anomalous pre-solar grains in Wild 2,  
~17ppm [1] and ~11ppm [2], have been made by 
nanoSIMS analyses of debris on the walls of craters in 
Al foil. These results are significantly lower than the 
~375 ppm abundance characteristic of primitive IDPs 
[3] and lower than primitive meteorites.  If pre-solar 
grains are indeed less abundant in Wild 2, a Kuiper 
belt comet, than in asteroidal materials, this finding 
will have profound implications on solar nebula proc-
esses and mixing. As pointed out by Stadermann and 
Floss [1], a lower abundance of pre-solar grains in a 
body formed at the edge of the solar nebula could be 
caused by dilution with solar nebula products that were 
radially transported above the nebular mid-plane.  In 
this paper we use the detection of pre-solar SiC in 
Wild 2 materials captured in aerogel as a means to 
determine if the Al crater results reflect the true abun-
dance of isotopically anomalous pre-solar grains in 
comet Wild 2 or if they are lower limits.    
   Al craters vs aerogel tracks: Stardust collected 
comet dust in two ways: A) impact into aluminum foil 
and B) impact into low-density silica aerogel. Craters 
in aluminum are advantageous for searching for pre-
solar grains because most of the components of an 
impacting particle are concentrated in a very limited 
area, the crater wall. This contrasts with impacts into 
silica aerogel where fragmentation can distribute con-
tents over a volume as long as a centimeter. Disadvan-
tages of the Al foils include a smaller number and size 
of impactors, as well as the heating effects that result 
from impact onto a solid metal substrate. As pointed 
out previously [1,2], crater formation in Al may de-
stroy a fraction of pre-solar grains.  
   Most Wild 2 particles were collected in low-density 
aerogel but capture tracks in aerogel have special diffi-
culties for detection of pre-solar grains. In addition to 
being dispersed over a wide area, isolated submicron 
components are also systematically degraded or de-
stroyed during capture.  For a fragmenting comet parti-
cle, composed of both submicron and larger than mi-
cron components, the larger components are generally 
well preserved during capture.  They are protected by 
their thermal inertia and come to rest near track ends.  

In contrast, the submicron components stop sooner, 
they are often strongly heated and often make direct 
contact with molten silica. Particles with significant 
contents of sub-micron components produce wide bul-
bous shaped tracks lined with melted aerogel.  Most 
pre-solar grains in meteorites are submicron in size and 
similar grains in Wild 2 would end up in the strongly 
heated bulb regions of tracks where small cometary 
silicates often dissolve in molten aerogel. It is likely 
that most submicron silicates melt in these bulb re-
gions.  For these reasons, aerogel tracks are difficult 
samples for estimating the content of small silicate pre-
solar grains.    
   Silicon Carbide: Although rare compared to sili-
cates, pre-solar silicon carbide grains are found in all 
primitive meteorites and one has been found in an Ant-
arctic micrometeorite [4]. Measurements of Ne-E(H) 
by Huss and Lewis [5] imply that the fine-grained por-
tions of primitive meteorites initially formed with SiC 
contents in the 15-30 ppm range.  They found that the 
abundance of SiC and other pre-solar grains inversely 
correlates with metamorphic class implying that abun-
dance range among chondrites is the result of internal 
parent-body processing. SiC was only found in fine-
grained fractions and not in coarser materials analo-
gous to most Wild 2 samples that have been studied.  
   SiC is a quite robust and it is probably the most 
likely type of submicron pre-solar grain to survive cap-
ture in aerogel.  SiC can survive temperatures above 
2500 ºC, well above the temperature required to form 
the molten silica liners of bulbous aerogel tracks.  
   Track 141:  We found a 0.3µm SiC grain imbedded 
in the wall of the bulbous region of track 141 (Coki). 
Coki is a two millimeter long track whose upper part is 
a wide bulbous region, probably formed by heat gener-
ated from the rapid deceleration of large numbers of 
submicron particles. The largest components, a ~5µm 
sulfide and a ~5µm CAI-like particle, formed a thin 
track extending well beyond the bulbous region.  The 
entire track was flattened perpendicular to its length 
and embedded in acrylic resin to form a 100µm thick 
slab. Portions of the slab were microtomed and the SiC 
grain was discovered in the glass-dominated bulb re-
gion (see figure). It was noticed in bright field TEM 
observations due to its diffraction contrast variations as 
the sample stage was rocked back and forth.  
   Most of bulb wall is composed of vesicular glass 
containing large numbers of metal and sulfide beads. 
These beads are crystalline materials that also show 
diffraction contrast but they are readily distinguished 
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by their small ~10nm size and high atomic weight. The 
walls also contain crystalline silicates but they are rare.  
   The diffraction patterns of this single crystal grain 
indicate that it is cubic 3C (β-SiC), the most common 
of the two SiC polytypes found in meteorites and the 
most common SiC crystals to condense in outflows 
from AGB stars [6].  The grain has sharp contact with 
the surrounding vesicular glass, melted aerogel with 
~10% dissolved chondritic composition material and 
immiscible metal and sulfide beads. Even though the 
glass matrix was heated above 1600 ºC, the SiC grain 
shows no evidence of degradation.  The excellent pres-
ervation of this grain shows that submicron SiC grains 
can survive capture in aerogel better than submicron 
silicates and can be readily found and identified in the 
TEM. The anomalously high 13C composition of this 
grain implies that it is a pre-solar grain and that its 
isotopic composition falls in the range of mainstream 
SiC grains, the most common SiC grains in meteorites 
[7].   
   We have examined a significant number of well pre-
served coarse (>1µm) components of Wild 2 particles 
found near the ends of tracks and have not seen SiC 
grains in any of them.  As is the case in meteorites [5], 
it appears that SiC in comet Wild 2 probably occurs in 
the fine-grained fraction. This is the component of 
comet dust that forms wide tracks.  Accordingly the 
most likely regions to find more SiC grains are tracks 
with large bulbous regions.   
   The largest comet particles that impacted Stardust’s 
aerogel collector were microgram particles of  ~100µm 
size [8].   If the comet contains SiC abundances com-
parable with the ~30ppm level found in the least 
metamorphosed meteorites, then the largest Stardust 
tracks could contain >100 SiC grains of the most typi-
cal size found in meteorites [6].  
   Summary: The determination of the abundance of 
pre-solar grains in comet Wild 2 is a difficult but im-
portant problem to solve. SiC measurements in large 
bulbous aerogel tracks provide a new means of esti-
mating the pre-solar grain content of Wild 2. The 
abundance of pre-solar grains provides important in-
sight into the transport and mixing of nebular materi-
als. It is clear that the pre-solar grain content of Wild 2 
is less than many expected but whether it is higher or 
lower than primitive meteorites is currently an open 
question.  

The present situation is a real conundrum. Existing 
data for samples from Wild 2, the only known primi-
tive solar system body that has been sampled, indicate 
low abundances of presolar grains. The Wild 2 samples 
are at least as unequilibrated as the most primitive me-
teorites and the apparent scarcity is unlikely to be due 
to parent-body effects. In contrast to the Wild 2 data, 
there are stratospheric IDPs that are likely to be sam-

ples of comet Grigg-Skjellerup [9] that have the high-
est contents of  isotopically anomalous grains ever 
seen, in excess of 1% [10]!  If two comets have such 
different pre-solar grain contents this would imply that 
comets can form in considerably different circum-
stances.  
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Track 141 (Coki) , SiC found in right end of bulb. 
 

 
Bright field TEM plus secondary (SE) and high angle 
annular dark field (HAADF) images of the pre-solar 
SiC crystal in the glass-lined bulb of track 141.  
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