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Introduction:  Terminal grains from the Comet 

Wild2 tracks of the Stardust mission are revealing new 
and unexpected insights about this Jupiter Family 
comet.  One of the features of 81P/Wild2 is that it has 
a reddish, oxidised surface [1].  Previously, chondrule 
and refractory inclusion fragments [2-4] have been 
identified, showing that the components of the comet 
have undergone high temperature e.g. ≥1500 K 
processing within the inner or outer Solar System and 
contain unexpected mineral assemblages similar to 
those from asteroidal bodies.  Here we show the results 
of further terminal grain analyses and show that Comet 
Wild2 contains more, previously unreported minera-
logical diversity.   

Synchrotron X-ray Absorption Spectroscopy al-
lows the identification of micron-sized mineral assem-
blages and is thus ideal for the study of Comet Wild2. 
We use X-ray Absoption Near Edge Spectroscopy 
(XANES) and Extended X-ray Absorption Fine Struc-
ture (EXAFS) to characterise a terminal grain from 
Track #170.   

 

 
Figure 1.  Track #170 with terminal grain arrowed.  

500 µm scale bar.   
 
Sample:  We have analysed a track within keys-

tone C2112,4,170,0,0.  Track #170 is type A and 3.6 
mm long (Fig. 1).  The terminal grain is approximately 
18 µm diameter.  This keystone also contains two 
smaller Type A tracks but no terminal grains were 
found on these either by optical microscopy or syn-
chrotron analyses.   

Methods:  XRF, Fe-K and Cr-K XANES and 
EXAFS analyses were made using the I18 Microfocus 
Spectroscopy Beamline of the UK Diamond Synchro-
tron.  This can provide a 2 x 2.5 µm spot size.  XRF 
mapping for elements with Z >20 were made to locate 
grains in the tracks and provide some elemental com-
positions.  In addition some analyses for S made with a 
Vortex EDX detector in helium atmosphere.  Mg can-

not be detected by this technique.  EXAFS were stu-
died using an energy spectra range from 6900 to 7500 
eV, with 0.2-0.4 eV energy steps.   

The EXAFS spectra were fitted using EXCURV 
which produces reciprocal, k-space parameters, and 
followed by a Fourier Transform to produce bond 
lengths, within different shells, in angstroms [5].  Re-
sults were compared to expected values for different 
phases from the Chemical Database Service [6].   

Results:  
Fe-K and Cr-K XANES.  The Fe-K XANES plot of 

the terminal grain is notable in its absence of a clear 
pre absorption edge feature (Fig. 2).  In contrast our 
pyroxene and chromite analyses always show such 
features, which are related to the Fe3+/Fe2+ ratio.  In 
this respect it is similar to our Fe metal foil analyses.  
This shows that the Fe within the terminal grain is do-
minantly metallic.  The absorption edge position of the 
terminal grain Fe-K XANES is 7119.1 eV, which is 
similar to that of Fe metal foil 7118.9 eV.   

 

 
Figure 2.  X-ray absorption spectra (normalised in-

tensity) around the Fe-K absorption edge for the Track 
170 terminal grain, chromite standard, Fe metal foil 
and an Fe-rich augite pyroxene from the Y000749 
nakhlite.  The pre-edge region is arrowed, metal foil 
and the terminal grain have similar pre-edge absorp-
tion features, distinct from those of oxides and sili-
cates.   

 
XRF analyses did not show any Ni or S, so this 

metal is pure Fe rather than an FeNi alloy or sulphide.  
Some Ca was also detected in the terminal grain.  Fe-
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NiS grains were identified near the entrance to the 
track but not at the terminal grain.   

 
Figure 3.  Fourier Transform of Track 170 Cr-

EXAFS spectra.  The closest fit suggests e.g. a Cr-O, 
first shell bond distance of 2.06 Å which is consistent 
with an origin as a silicate rather than as a oxide such 
as chromite.   

 
EXAFS.  The terminal grain has a first shell, intera-

tomic Cr-O distance of 2.06 Å and we also calculate a 
more approximate Cr-O-Si distance of 2.80 Å, based 
on a weak peak (Fig. 3).  This is in contrast to our 
chromite standard which has a first shell Cr-O distance 
of 1.98 Å and a second shell Cr-O-Cr distance of 2.94 
Å.  Thus we establish that this terminal grain is not an 
oxide.   

Discussion: Our analyses show that the terminal 
grain in Track #170 contains a mixture of Fe metal and 
Cr-bearing silicate.  Although we cannot test for the 
presence of Mg, the most obvious explanation for our 
results is that this grain consists of Fe metal grains 
within a silicate such as Mg-rich, Fe-poor, Cr-, Ca-, 
bearing silicate, probably a pyroxene.  We have not 
found metallic Fe scattered within the sample showing 
that it is not terrestrial contamination.  The absence of 
Ni and S also rules out an origin through impact heat-
ing of FeNi sulphides along the track during capture.   

Fe metal in other planetary materials.  Space wea-
thering has been identified in samples returned by 
Hayabusa from Asteroid Itokawa.  This takes the form 
of nanoglobules including sulphur-free Fe-rich nano-
particles inside (<60 nm) FeMg silicates [7].  They are 
believed to have formed through the in situ reduction 
of Fe2+ resulting from solar wind implantation and 
sputtering.  If the metallic Fe in the terminal grain of 
Track #170 is the result of space weathering then this 
would also explain the reddish colour of the outer sur-
face of Comet Wild2 [1].  This possibility was raised 
previously as an explanation for some of the Fe par-

ticles in other tracks, though their partial oxidation 
complicates the interpretation of those particles, oxides 
in Comet Wild2 having a variety of origins [8]. 

An alternative explanation can also be considered.  
Clouding of pyroxene from eucrites has been shown to 
be due to the presence of microscopic inclusions in-
cluding Ni-free metal [9].  The eucrite pyroxene (and 
plagioclase) clouding was interpreted as being the re-
sult of exsolution of minor components during meta-
morphism ~900oC and ƒO2 10-16 to 10-18.  However, in 
addition to Fe metal, the eucrite pyroxene also con-
tained inclusions of ilmenite and chromite, troilite and 
other phases, which we have not identified in this ter-
minal grain.   

Conclusions:  Fe K XANES and XRF shows that 
the Fe in the 18 µm terminal grain from Track #170 is 
predominatly metallic, but without Ni.  Cr-EXAFS 
shows that the surrounding phase is a silicate, probably 
pyroxene, rather than an oxide.  The absence of metal-
lic Fe in other parts of the track or keystone rules out 
contamination.  This assemblage suggests that the 
Stardust samples have preserved some of the space 
weathering products identified on the surface of this 
comet.   
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