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Introduction: Aluminium foils wereusedon Sta-
dustto stabilizethe aerogelspecimensn the modular
collectortray. Partof thesefoils werefully exposedo
the flux of cometarygrainsemanatingfrom Wild 2.
Becauseéhe exposedpart of thesefoils hadto be har-
vestedbeforeextractionof the aerogel,numeroudoil
stripssomel.7 mm wide and13 or 33 mm long were
generatedluring Stardusts(Rreliminary Examination
(PE). Thesestrips are readily accommodatedh their
entiretyin the samplechamberof modernSEMs,thus
providing the opportunityto characterizen situ the
sizedistributionandresiduecomposition- employing
EDS methods- of statisticallymore significantnum-
bersof cometarydust particlescomparedto aerogel,
the latter mandatingextensivesampleprepaation [1].
We describehere the analysisof nearly 300 impact
craters and their implications for Wild 2 dust.

Experimental set-ups:During PE, some25 foils
wereanalysedoy SEM/EDStechniquesn avariety of
laboratories substantiallyfollowing [e.g.2,3].In our
laboratories secondaryelectronimaging was carried
outat5 or 20 kV, while EDS wasperformedat 20 kV
for heavyelementsnvestigationandat 5 or 7 kV for
light elements.Spatialresolutionvaried, and ranged
from low resolutionsof the entirefoil strip, overlap-
ping with optical microscopesurveysof craters> 20
pm in size, to high resolution scansat cratersizesof
100 nm.

Thegoalsof this investigationwereto: i) carefully
locateall the impacteventsto determine their spatial
distribution, ii) characterize the morpholo-
gies(diameterdepth,surfaceroughnesspf theimpact
cratersandrelatethemto the physicalpropertiesof the
incident particles(size, density) basedon dedcated
calibration experiments[4,5] at StardustOsonstant
encountewelocity of 6.1 km/s andiii) obtaincompo-
sitionalinformationon the meltedresidueson the cra
ter bottoms,walls and rims, which are in part inti-
mately mixed with molten Al.

Calibrations performedprior to Stardustreturn
with sodalimeglassbeadsmpactedat ~ 6 km/sgavea
ratio of 4.6 betweerthelip-to-lip diameterof the crater

andthe meandiameterof the incidentgrain[5]. Addi-
tional shotswith variousmaterialsof different densk
ties and/or porositiesindicatethat this ratio doesnot
vary greatlyfor silicateimpactors,while the depthof
the craterandthe rugosity of the craterwalls andbot-
tom can be affected[6]. Concerningthe chemical
analysis,laboratorysimulationsperformedwith vari-
ous minerals(olivine, diopside,plagioclasefeldspar,
pyrrhotite,etc.)indicatethatthe residuethicknessmay
be only a few tensof nanometerswhenthe incident
particlesarein the micronsizerange,asis the casefor
most of the Wild-2 grains (see paragraphon ORe
sultsO).Such a thicknessis much smaller than the
depthof the primary electronbeaminteractionvolume
and complexabsorptioneffectsthen take place, that
cannotbe quantified,so only qualitativeidentification
of the major elementsis possibleand accuratedete-
mination of elemental ratios is not feasible in situ [6].

Results: During PE, 25 strips of foils weretha-
oughly scannedby the various membersof the PE,
allowing the characterizatioof 292 craters,n termsof
localization, size and composition,on a total areaof
~ 10 cnf of foil surveyed.

Clustering A largevariationin the craterdistribu-
tion wasfoundatthemnt scalewith arangefrom 0 to
morethan50 cratersidentified perfoil [1]. Threefoils
(C2008N, C2020W and C2044N) are heavily clus-
tered, holding aboutone third of all the cratersana
lysed by SEM/EDS in this study; furthermore,five
foils (C2037N, C2044W, C2052N, C2055N and
C2068W)eachcontainmore than 10 craters,so that
the eight Ocrater clusteredoilsOcontain~ 85% of the
total numberof craters,in lessthan one third of the
scannedarea.This clusteringof impactsandthe strong
variationin the spatialdistributionof impactfeatureds
discussed in [7] and is not yet fully understood.

Sizedistribution More than 90% of the identified
cratersaresmallerthan5 pm in diameter yet mostare
of submicronsize. This implies that the size distribu-
tion of the Wild-2 dustgrainsis dominatedoy particles
of submicronsizes,assmall asa few tensof nanome
ters.Suchsmallgrainscannoteasilybe identifedin the



aerogelcollectorsandhavenot beenextractedto date.
So the study of their impactfeatureson foil remains
the only possibility for characterizingthe dominant
populationof Wild-2 dust.High resolutionimagesof
thesecratersshowa non-uniformmelting of their inte
rior (fig 1) andeven,in somecasesthe presenceof
small crystalline residues,as confirmed by Focused
lon Beamb TransmissiorElectronMicroscope(FIB-
TEM) analyseq8]. Also, many of the craters,(e.g.
figure 1) areclearly dueto impactby compositegrains
(i.e. containingdiverseinternal components)asthey
presenta markedlynon-circularoutline, not the simple
circular bowl shapes of [6].

Figure 1 B High resolution SEM image of one crater on foil
C2043N. Its interior is not fully melted and its shapeis not
round, both features characteristic of impact by a composte
grain.

Chemical identification EDS analysiswas per-
formedon 263 craters,all smallerthan5 pm. All the
elementalsignaturedound are potentially extraterre-
trial in origin; no man madecomponentsvereidenti-
fied and thus there was no evidenceof secondary
ejectafrom impactselsewhereon the Stardustspae-
craft. Nearly 50% of the projectilesappearto be com-
posite grains containingvariable amountsof Mg, Fe
silicates(probablyolivines and/orpyroxenes)and Fe
sulfides,while ~ 25% are Mg,Fe silicatesaloneand
~ 18% pure Fe sulfides alone (fig 2).
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Figure 2 B Mineralogical distribution of residues in the craters.

The few remainingresidueseither show no EDS
signatureor dominanceby otherelementg{Ca,Na, E.)
in variousproportions.C andO havenot beenconsid-
ered in this statistical evaluation,as the analytical
methodvariesfrom groupto group. Figure 3 shows
that the sub-micronparticlesalso display the same
domination by composites seen in the larger ones.
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Figure 3 BDMineralogy distribution asa function of the sizeof the
crater, clearly showing that the smallestimpactors are mainly
composite grains.

Conclusion: SEM/EDS,routinely usedas an in-
vestigationtool of impact cratersin metallic targets
appeargo be a very usefulandsensitivetool to obtain
statisticalsurveysof the Wild-2 dust.It permitsfor the
characterizatiorof the smallestsize fradion of this
dust, by far the mostnumerousthat cannot be studied
currentlywhentrappedin aerogel.lt mustbe consid-
eredasa first tool to be followed by high resolution
andytical techniquessuch as NanoSIMS|[9], TOF-
SIMS [10], FIB-SEM [11] or FIB-TEM [8], useddu-
ing the PE on somecraters providinga morecomplete
understandingn termsof chemical,mineralogicalor
isotopicaldustcompositionsin the future, SEM/EDS
will continueasa surveytool to possiblyidentify com-
positionallyrareandinterestingparticlesascanddates
for thesemore quantitative high resolutioncharacter
zdions of Wild-2 dust.
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