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Introduction: Aerogel impacted by cometary 

particles during the Stardust Mission resulted in 
bubbles and fragments along the incoming tracks. 
We have investigated the possibility that noble 
gases degassed from particles during their impact 
might still be trapped within the aerogel. Helium 
and neon isotopic compositions were determined 
in a) flight spare aerogel; b) flight aerogel without 
any apparent cometary material; and c) three 
aerogel fragments from the same melted aerogel 
bulbous “turnip” wall analyzed by Marty et al. 
and reported in [1].  

Results: Flight spare material was analyzed 
to determine the feasibility of noble gas meas-
urements in bulk aerogel. A 0.5cm2 sample of 
flight spare block E226-5B was heated from 50°C 
to about 1000°C in eleven one hour steps. During 
each step a residual gas analyzer scanned from 1 
to 50u. The 4He, 20Ne and 40Ar peaks were orders 
of magnitude smaller than the primary gas con-
stituents, H2, H2O, CO, and CO2. The partial pres-
sures of He, Ne, and Ar in the system never ex-
ceeded 10-8 Torr at any time. 

To more accurately investigate He and Ne re-
lease, all other samples were analyzed in a static 
noble gas mass spectrometer with detection limits 
of approximately 1 x 10-14, 6 x 10-13, and 2 x 10-13 
ccSTP for 3He, 4He, and 20Ne, respectively. Sam-
ples were mounted in small platinum packets and 
pyrolized by step heating in a technique similar to 
that used for lunar grains [2] and IDPs [3]. Aero-
gel volatiles may be separated into two catego-
ries: gas from the Stardust encounter, and gas 
from all other sources. Gas may have been 
trapped within bubbles formed as cometary parti-
cles melted aerogel along the particle’s entry path, 
or may still be trapped within the small debris that 
survived the encounter with the Stardust collector 
intact. Gases intrinsic to the aerogel may lie on 
surfaces and/or be trapped within the aerogel. 

To examine possible intrinsic sources, a 
1.5mm2 sample from flight spare block E226-5B 
was heated in nine 15 second steps from 300 to 
1330°C and then reheated using the same proce-
dures. The reheated values determined the sytem 

blank. In the initial heating, the 4He abundance 
was 1.6 x 10-11 ccSTP below 1000°C, increasing 
at 1330°C to 2.9 x 10-11 ccSTP. In the reheat, the 
4He abundance was 2.1 x 10-11 ccSTP, whereas 
3He and 20Ne were indistinguishable in the initial 
and reheat runs (at ~1.3 x 10-14 and ~2.1 x 10-13 
ccSTP, respectively). These data suggest that a 
small intrinsic 4He component may be present in 
the aerogel, but show no evidence for intrinsic 
3He or 20Ne. Blank analyses were repeated for 
keystone CO44, a ~1.5mm3 sample excised from 
a flight aerogel cell containing no visible 
cometary material. It was initially heated to 
200°C for 20 seconds to release contamination 
loosely trapped in the sample or sample holder, 
then heated in three 15 second steps at 1140, 
1250, and 1330°C, with cumulative gas measure-
ments taken after the final heating step. 3He, 4He 
and 20Ne concentrations were indistinguishable 
between cold blanks, the 200°C heating, the 
1330°C initial heating, and a 1330°C reheating 
(system blank). These blank levels were similar to 
those found in E226-5B, but in this case with no 
evidence for any 4He intrinsic to the aerogel. 

Marty et al. (reported in [1]) measured 4He, 
20Ne, and neon isotopic compositions from parti-
cle track samples contained within two Stardust 
aerogel pieces 0.26 and 0.30 mm2 in area. Andrew 
Westphal (Space Sciences Lab, U. C. Berkeley), 
under the auspices of the Isotope Preliminary Ex-
amination Team led by Kevin McKeegan, pro-
vided three samples (Figures 1-3) from the same 
material (c2044,0,41; tile 44, track “7”, “Thera”) 
left over from that provided to Marty et al.  

Discussion: Results from the three Stardust 
particle track samples are shown in the table be-
low, along with those of Marty et al. (reported in 
[1]). A major surprise of all three pyrolyses was 
that helium and neon did not evolve from the 
samples below approximately 1000°C, suggesting 
that either the gas was held in very retentive sites 
within the aerogel, or that the gas evolved from 
very fine refractory particles along the molten 
track(s). The similarity between the helium and 
neon results of this report’s Stardust 1 and Thera 
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2 [1] is striking, particularly the neon isotopic 
composition. Both samples show a slightly ele-
vated 20Ne/22Ne ratio, compared to earth's atmos-
phere, and similar 4He/20Ne values that are far less 
than the solar value of 650 [4]. 

The extremely low neon concentrations ob-
served in Stardust 2 and 3 made accurate isotopic 
determinations difficult, although both were 
clearly distinct from sample 1. The 3He/4He val-
ues from 1 and 2 are consistent within error and 
lie between the solar wind (4.57 x 10-4) and Jupi-
ter (1.66 x 10-4) [4] or He-Q (1.23 x 10-4) [5] val-
ues. Figure 3 shows a greater number of tracks in 
sample 3, so that may be one possibility for the 
tenfold increase in 4He concentration in that sam-
ple. However, although 3He concentrations were 
similar in all three samples (with highly repro-
ducible blanks of ~1.2 x 10-14 ccSTP), the vari-
ability of 4He blanks at the high temperatures re-
quired for gas release means that 4He contamina-
tion cannot be ruled out for this sample. 

 

 
Figure 1. Stardust 1 
 

 
Figure 2. Stardust 2 
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sample 4He  

(x10-11 ccSTP) 
3He/4He 
(x10-4) 

4He/20Ne 

Stardust 1 6.02 ± .30  3.51 ± 
0.37 

1.30 ± 
0.10 

Stardust 2 4.00 ± .20  3.21 ± 
0.54 

16.5 ± 
 1.7 

Stardust 3 ≤60.8 ± 2.6 ≥0.427 ± 
0.038 

≤181 ± 
 19 

    
Thera 1[1] 53 ± 17  21.4 ± 

 4.9 
Thera 2[1] 17.5 ± 3.8  3.0 ± 

 1.3 
 

sample 20Ne  
(x10-11 ccSTP) 

20Ne/22Ne 21Ne/22Ne 

Stardust 1 4.64 ± .23 10.55 ± 
0.21 

0.0271 ± 
0.0024 

Stardust 2 0.243 ± .022 5.6 ± 
1.6 

0.053 ± 
0.015 

Stardust 3 1.03 ± .054 8.7 ± 
1.4 

0.042 ± 
0.014 

    
Thera 1[1] 2.47 ± 0.65 12.9 ± 

3.2 
0.0245 ± 
0.0029 

Thera 2[1] 5.80 ± 0.43 10.49 ± 
 .24 

0.0279 ± 
0.0017 

 
 

 
Figure 3. Stardust 3 
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