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Introduction: The composition and size distribu-
tion of fine cometary dust is not easily accessflben
aerogel-captured Stardust samples, due to mixigg an
melting with aerogel on capture. The study of fine
grained material captured in Al foils can offer @re
plementary approach [1], and indeed many Al fod-cr
ters have been found to contain intact, well presr
crystals [2]. Preliminary SEM-EDX studies have
shown that most small craters are mixtures ofitis
and sulfides, but semi-quantitative analysis ofdbm-
position of the surviving material was not attenapte
[3]- Here we describe development of semi-
guantitative SEM-EDX and Auger spectroscopy tech-
nigues for in-situ, non-destructive characterizatiof
the material captured in Al foils. We then prestbmt
compositions and size distribution data of the isimg
fine-grained cometary material from 150 C2010W cra-
ters and compare these with similar data from analo
craters [4-5].

Experimental Methods: Craters with diameters
larger than >0.5 pm (N=346) were found on the .7 b
10.6 mm scanned area of the C2010W Stardust folil
using both automated image template matching [6] as
well as visual searches. SEM-EDX spectra were ac-
quired from 150 of these craters with a 10kV priynar
beam (200s livetime), and Mg, Fe, Si, S and Ca were
all clearly detectable among the crater spectrdne T
voltage was chosen to minimize the beam interaction
volume while also giving sufficient overvoltage fee-

K quantification. Auger spectra (10kV, 10nA, 20nmi
total acquisition time) were then acquired from eniat

al at the bottoms of the same craters using a @l 7
Scanning Auger Nanoprobe. For these crater spectra
the Auger signal comprises 0.5% to 3% of the ederstr
detected for Mg, Si, Fe, Ca and S (the major elésnen
in the cometary material aside from possible Alithw
the large background signal coming primarily from
electrons backscattered from the foil (Fig 1b).

Sensitivity factors using the Cliff-Lorimer method
for SEM-EDX quantification were determined both by
comparison with TEM-EDX compositions measured in
FIB-extracted craters [5] and also by setting tlik b
average C2010W composition from 150 craters to
match the CI values [as suggested by 7]. In sater
with weak Mg peaks, determination of the Mg content
from SEM-EDX is complicated by presence of high
background counts from the adjacent Al peak (F&. 1
Sensitivity factors for Auger quantification wereeh
determined by matching the already-determined SEM-
EDX compositions. The reproducibility of the Auger

spectral quantification method was tested with age
acquisitions from ~10 craters, and these determined
compositions were equivalent within 4-5 at.% for,Mg
Si, S and Fe. Larger deviations (10-25 at. %) were
seen for Ca, due to the influence of the largecadjaC
peak. The Al content of the surviving material matn
be determined with either technique due to theoll f
background, and C content determinations are cempli
cated by the presence of C on unsputtered Al foils.
Results: Our compositional results are broadly
consistent with prior SEM-EDX of Stardust crate2} [
in which craters were characterized as containas r
dues from silicates, sulfides or mixtures of theo.tw
The crater compositions as derived from SEM-EDX
and Auger are not necessarily concordant; SEM-EDX
quantification yields the average bulk compositafn
all surviving material, whereas the Auger measure-
ments of the same craters give the average corgposit
of the thin top layer (~10nm). Despite this, tHeMNs
EDX and Auger compositions from the same craters
are in good agreement; the average magnitude of the
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Fig.l. Representative SEM-EDX (a) and Auger elec-
tron (b) spectra (with inset S peak) from a Sardust
crater (C2010W f8-1c1), both of which show Mg, S,
Fe, and S peaks from cometary material. C, N and O
peaks from unsputtered Al foil surfaces are also seen.
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atomic percent differences between the two ranga fr

1-10% for Mg, Si, Fe, S, and Ca. The fractionsraf

scattered into different parts of the track walpéed-
ing on its size and density [8]. Using established

ters with detectable Mg, Si, Fe, S, and Ca from the crater-to-projectile size relationships [9], thepaating
surviving cometary material were 77%, 82%, 85%, grains are estimated to have diameters ~1.8x smalle

83% and 38%, respectively, and this fraction wes-si
lar whether using SEM-EDX or Auger quantification

than those of the craters (assuming typical dessif
~3.3 for olivine/pyroxene). Figure 3 shows the pom

techniques. Figure 2 shows the average compaosition sition and size distribution of the fine grains (oore

of the surviving material at the crater bottoms 180

often clusters of grains) that impacted the C2010W

craters from SEM-EDX and/or Auger quantitative foil. The falloff towards smaller impactors (beging

analyses (20 are excluded due to insufficient cgunt

at <0.3um diameter) results from the detectiontlihi

These are shown as separate Fe-Si-Mg and Fe-S-Mg-0.5um for small craters.

ternary plots, and for Ca-bearing craters (>10 &&h
the Ca content is combined with Mg in the ternary.
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Fig. 2. Ternary composition diagram of Fe-S-Mg
(+Ca) and Fe-S-Mg (+Ca) showing the average com-
position of the surviving material in 130 C2010W
Sardust craters along with Cl chondrite average.
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Fig.3 Impacting grain size distribution split by compo-
sitional type.

Discussion: The Fe-S-Mg grain compositional dis-
tribution (Fig. 2b) is in good agreement with that
measured in aerogel-captured fine grains [8]; havev
the Si content cannot be compared with aerogel-
captured grains due to the large Si background from
aerogel. Compared with Acfer 094 analog crateas th
showed clear S loss after impact [5], the surviving
cometary material in C2010W craters has signifigant
higher S content roughly consistent with the Cl pom
sition. This observation gives further evidencatth
foils created by light gas gun impacts at ~6 km/sec
imperfect analogs of the actual collision procesfk [
and that the surviving material in the true Statdoits
is less modified. FIB-TEM studies [e.g., 2] are
planned to both assure the accuracy of these campos
tional results and to determine the microstructwes
the surviving material from the various composiéibn
groups.
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