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Introduction: Analyses of NASA Stardust samples 
provide an unprecedented view of the mineralogy of a 
known comet, 81P/Wild 2. The information gleaned 
from these samples so far has challenged us to reassess 
and modify models of early solar system processes and 
the formation of comets. Indeed, the most important 
results thus far show that Wild 2 is composed of an 
unequilibrated assortment of minerals exhibiting a 
wide-range of formation conditions [1, 2]. The unex-
pected presence of minerals that form at high tempera-
tures necessitates that materials from a wide cross-
section of the protosolar nebula were mixed into the 
regions of space where Wild 2 formed [e.g., 1, 2]. It 
was generally expected that a greater proportion of the 
cometary material would be presolar in origin, but thus 
far, only one grain of confirmed presolar origin has 
been identified in the Stardust samples [3]. 

The cometary particles least affected by their im-
pact into the aerogel capture medium were those parti-
cles that survived the initial impact and traveled deep-
est into the aerogel, i.e., “terminal particles”. These 
particles were likely larger and more coherent, thus 
more resistant to impact processing. However, the ma-
terials present in the margins of the bulbous impact 
cavities can also provide information about Wild 2. 
Much of this material was melted upon impact into the 
aerogel, but maintains an overall CI-like composition 
(c.f., [5, 6]). The purpose of this study is to compare 
capture-melted and terminal particles. 

Methods: As part of an ongoing collaborative ef-
fort, Stardust cometary particles from both capture-
melted materials and terminal particles are being ana-
lyzed using a two-pronged approach. First, high sensi-
tivity elemental measurements are made using time-of-
flight secondary ion mass spectrometry (TOF-SIMS) 
[7]. Second, mineralogical analyses of very high spa-
tial resolution are made via transmission electron mi-
croscopy (TEM) [this contribution]. TEM analyses are 
always performed second, in order to minimize possi-
ble sample contamination for TOF-SIMS analyses. 

Samples:  The samples presented here include ma-
terials from both the edges of impact tracks and termi-
nal particles (Fig. 1), representing both capture-melted 
and relatively pristine cometary material. 

Capture-melted particles.  Samples extracted from 
the areas of impact tracks near the entry point into the 
aerogel are frequently mixed composition glasses that 
likely represent cometary material melted and mixed 

with aerogel during the capture process, for example, 
C2054,0,35,16,0 and C2054,0,35,24,0 (Figs. 1, 2)[5]. 
TEM grids C2054,0,35,16,9 #44 and C2054,0,35,24,5 
#19 were both analyzed with TOF-SIMS and TEM.  

Both samples are composed mainly of silica-rich 
glass with varying concentrations of Fe, Mg, and Si as 
determined by both TOF-SIMS and EDX analyses 
(Fig. 2, [6, 8]). These glasses contain finely dispersed 
FeNi and FeS spherules (Fig. 3a), which melted during 
the capture process and subsequently recrystallized. 
The compositions and textures of these materials are 
grossly homogeneous, generally reflecting solar abun-
dances of both major and minor elements [5, 8]. The 
exceptions are probable contaminants. For example, 
individual TiO2 grains adjacent to C2054,0,35,16,9 
#44 (Fig. 3b), identified using EDX analysis, were 
likely present in the original aerogel. Calcite contami-
nation was also observed in some samples [6, 9]. These 
contaminants might be concentrated along the margins 
of the entry cavities by the outward movement of aero-
gel during the impact. This could explain why we have 
thus far observed contaminants in more along-track 
samples than terminal particles, and why some con-
taminants have aerogel coatings. 

 

 
Figure 1. (a) Stardust cometary aerogel cell C2054, 
impact track 35. The investigated particles (TEM grids 
C2054,0,35,16,9 and C2054,0,35,24,5) are both from 
the margin of the bulbous entry cavity. (b) Stardust 
cometary aerogel cell C2027, impact tracks 32 and 69. 
The investigated particles (TEM grids C2027,3,32,2,6 
and C2027,2,69,2,5,) are both terminal particles. 
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Figure 2. TEM bright field image of cometary dust 
sample C2054,0,35,16,9 #44 on amorphous carbon 
film and selected TOF-SIMS secondary ion images [8]. 
 

Terminal particles. Terminal particles represent 
materials that survived capture with minimal impact 
effects. Two terminal grains (C2027,2,69,2,5 #25 and 
C2027,3,32,2,6 #20) analyzed with TOF-SIMS in a 
companion study [7], are currently being analyzed us-
ing TEM techniques. Both particles exhibit an external 
coating of compressed aerogel. The margins of particle 
C2027,3,32,2,6 #20 exhibit small areas of glassy mate-
rial with finely dispersed, submicron metallic blebs, 
similar to the capture-melted material analyzed previ-
ously. Both samples are composed largely of crystal-
line mineral phases, in stark contrast to the capture-
melted particles. TOF-SIMS analyses suggest the pres-
ence of pyroxene and a Ca,Al-rich phase, possibly an-
orthite in sample C2027,2,69,2,5 #25 [7] (Fig. 4). 

Discussion: Differences between capture-melted 
and terminal particles may partly owe to the capture 
process itself. The capture process caused sorting of 
the particles, so that friable, porous particles were de-
celerated faster and were more likely to melt and mix 
with melted aerogel, while coherent, larger particles 
penetrated deeper into the aerogel. Thus, the composi-
tions exhibited by the capture-melted material, may 
represent the composition of fine cometary matrix ma-
terial, while the terminal particles represent materials 
that were also larger grained while within Wild 2. Do 
these two types of materials have the same overall 
compositions? If they represent distinct cometary ma-
terials, they may reveal different aspects of cometary 
formation. Thus, a fuller understanding of the effects 
of aerogel capture on cometary particles is necessary 
both from laboratory experiments (e.g., [10]) and cur-
rent studies of Stardust samples. Studying both the 
effects of capture and their implications for the forma-
tion of comets are motivations for the current study. 

 
Figure 3. (a) Tiny FeNi and FeS blebs dispersed in 
silica-rich glass with varying Fe and Mg composition 
in capture-melted particle C2054,0,35,24,0 (TEM grid 
5, #19). Similar textures were also present in other 
capture-melted cometary particles. (b) TiO2 contami-
nant grains in aerogel adjacent to the sample in Fig. 2. 
 

Figure 4. TEM bright field image of cometary dust 
sample C2027,2,69,2,5 #25 on amorphous, lacy car-
bon film, and selected TOF-SIMS secondary ion im-
ages as reported in a companion abstract [7]. 
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