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Introduction:  Stardust cometary particles are important for 

understanding solar system formation because comet Wild2 most 
likely preserved mineralic components without additional ther-
mal or aqueous alteration.  Evidence of thermal alteration of a 
Stardust particle would be a significant discovery as it would in-
dicate that the particle resided on a large parent body before be-
ing transported to the comet, implying that at least some parent 
bodies formed during or before large-scale solar mixing and for-
mation of KBOs.  On the other hand, absence of thermal meta-
morphism allows for more accurate dating of particle formation 
using 26Al and other systems. 

Evaluating Metamorphism: Very few indicators of low-
grade metamorphism can currently be applied to Stardust sam-
ples.  Most involve unidirectional changes in properties of the 
constituents.  One promising indicator for the particle Iris (from 
Stardust track C2052,2,74), which has many characteristics of a 
type II chondrule [1], is the Fe/Mg partitioning between olivine 
and chromite [2].  At temperatures near the liquidus, the assem-
blage might be expected to be in equilibrium, and rapid cooling 
quenches the high-temperature equilibrium values.  [2] found that 
the KD=(Fe/Mg)sp/(Fe/Mg)oliv in chondrules from unmetamor-
phosed chondrites such as Semarkona and ALHA77307 reflects a 
temperature of ~1400 °C.  With small degrees of metamorphism, 
the KD values increase as the system tries to equilibrate to lower 
temperature.  Although one cannot determine the metamorphic 
temperature from the KDs of type 3.1–4.0 meteorites because full 
low-temperature equilibrium was not achieved, it is still possible 
to roughly estimate the metamorphic grade.  Iris olivine is Fo64.  
Iris chromite contains 6.0 wt% MgO, 28.4 wt% FeO and 16.9 
wt% Al2O3.  This gives ln(KD) for spinel/olivine of ~1.5.  Chon-
drules from type 2 and 3.0–3.1 chondrites have KDs of 1–2, while 
those of type 3.3–3.5 have KDs of 2–4 [2].  The KD of Iris sug-
gests that the system was quenched at high temperature and has 
experienced little thermal metamorphism since. 

Other potential indicators of metamorphic grade include Ca 
and Cr distribution in Fe-rich olivine [3, 4], degree of devitrifica-
tion of mesostasis glass [5], Al/Mg ratio in igneous feldspar [6].  
However, these indicators presently give disparate results, proba-
bly because they were developed for size scales of 10s to 100s of 
μm, while Iris features are on the scale of a few μm to hundreds 
of nm.  Careful work to calibrate nucleation and growth of 
phases at the nanometer scale in artificial and natural chondrules 
will be necessary to apply these indicators to Iris and other Star-
dust particles.  
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