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Introduction: It is thought that early in the formation of the 

Solar System material accreted close to the Sun where high tem-
peratures destroyed all but the most refractory material. Later, 
rapid expansion of the disk, to allow further accretion onto the 
Sun, would have distributed this thermally processed material to 
large distances. Continued infall from the envelope, particularly 
in the outer disk, would then have mixed in essentially unpro-
cessed ISM material [1]. Here we aim to both identify the ther-
mally processed material and establish the abundance of interstel-
lar material in different extraterrestrial materials. 

Nebula Heating: CI chondrites and chondritic porous (CP) 
IDPs are chemically the most primitive materials available. Al-
teration has destroyed the primary mineralogy of CIs, so the best 
record of what they once looked like probably comes from CP-
IDPs. CP-IDPs are composed of crystalline silicates with a di-
verse range of compositions and amorphous material, mainly so-
called GEMS. Similar materials are found in comet Wild 2 sam-
ples and the least altered chondrite matrices. 

We suggest that the crystalline material is the product of ear-
ly disk heating, and must be accompanied by amorphous material 
to accommodate the elements that are incompatible in the crystal-
line silicates. The microstructures of at least some pyroxenes 
suggest that the heating was transient, perhaps due to episodic 
accretion, and not ‘global’. The range of Fe contents of the sili-
cates suggest variable silicate+ice enrichments relative to the gas. 
The O isotopic compositions of IDPs and Wild 2 grains are ‘inner 
Solar System’ like. It seems likely that this ‘inner Solar System’ 
signature in processed nebula dust was established at this early 
stage by enriching ISM silicates with solar O compositions and 
16O-depleted ISM ices relative to the CO-bearing gas [2]. CAIs 
and refractory oxide grains may have formed at a similar time, 
but in regions of the disk where the ambient temperatures were 
above the sublimation temperature of ice. 

Presolar Inheritance: Crystalline grains make up about a 
third of identified presolar silicates and some 1-6 % of GEMS in 
CP-IDPS are presolar [3]. If the crystalline presolar silicates were 
not annealed in the nebula, the 10-20 % of crystalline silicates in 
stellar winds and the 2% upper limit for crystalline silicates in the 
ISM can be used to estimate that >4-80 % of GEMS are in fact 
interstellar in origin, albeit with homogenized isotopic signatures. 

Water in chondrites and comets is enriched in D relative to 
solar, almost certainly due to addition of ISM water [1]. The D/H 
of ISM water is quite variable, but assuming an average of 10-3, 
CM-CI ices were composed of 5-7 % ISM ice. ISM ices would 
also have contained organics. The H and N isotopic compositions 
of chondritic IOM is consistent with formation in the ISM. Mod-
els of the diffuse ISM suggest that ~50% of the C is in dust [4]. 
Assuming that IOM formed from this dust, the C contents of CIs 
indicates that ≤12-24 % of the original C has survived as IOM. 

While the uncertainties in the individual estimates of presolar 
inheritance are large, the survival of 10-15 % of presolar materi-
als seems the most likely range, at least for chondrites and IDPs. 
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