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Introduction:  Presolar silicate, oxide, and SiC 

grains have isotopic compositions indicating they 

largely condensed in outflows of AGB stars, while a 

small fraction likely formed in supernova and nova 

explosions [1]. Large anomalies in O and/or C isotopic 

ratios, relative to solar system material (up to tens of 

thousands of ‰), make them easily distinguishable 

from surrounding matrix in meteoritic material when 

imaged by NanoSIMS. 

However, their mineralogical nature and small sizes 

make them sensitive to secondary processes, such as 

aqueous alteration and/or thermal metamorphism, oc-

curring inside their asteroidal hosts [2]. In particular, 

presolar silicates appear to be most susceptible to 

aqueous alteration, compared to oxides and SiC. Con-

sequently presolar grain abundances have been used as 

tracers of the degree of alteration of chondrites [3,4].  

The Paris meteorite exhibits the lowest stage of 

aqueous alteration observed in CM chondrites so far, 

with CM2.7 and CM2.9 lithologies [5]. Relatively high 

abundances of presolar silicates and oxides are found 

in CR chondrites of similar petrologic type (>100 pm, 

[3]) and thus this might also be expected for Paris. 

However, the single reported search did not lead to any 

detection, but predicted an upper limit of presolar sili-

cate/oxide abundance of ~10 ppm [6]. Here we report 

the first in situ detection of presolar grains (silicates, 

oxides, and SiC) in both lithologies of the Paris CM 

chondrite. 

Methodology: We identified coarse-mineral free 

regions of matrix in a polished thick section of Paris 

from the Museum National d’Histoire Naturelle de 

Paris with both SEM and optical microscopy.  

Oxygen isotopes were mapped in those regions 

along with 12,13C, 28Si and 27Al16O with the Carnegie 

NanoSIMS 50L in imaging mode. C isotopes and Si 

enabled the detection and identification of presolar SiC 

and graphite, while the AlO signal helped in distin-

guishing presolar silicates from oxides as the latter are 

usually aluminum-enriched phases such as spinel 

(MgAl2O4) or corundum (Al2O3). 

Each measurement was preceded by a presputtering 

of ~250s over a 11×11 μm region with a 100 pA Cs+ 

primary beam. The central 10×10 μm region of the 

sputtered area was then imaged for 20 cycles (~1h) 

with the beam current adjusted between 0.9 and 0.3 pA 

(beam diameter of 100-160nm) to avoid saturation of 

the electron multipliers (EMs). 

Correction for the 44ns deadtime of EMs and of 

any detected QSA effect were conducted using the 

L’image software (L. Nittler). We corrected the data 

for instrumental mass fractionation by internally nor-

malizing C- and O-isotopic measurements to the aver-

age ratios of the analyzed regions, as these are very 

close to solar, compared to the highly anomalous ratios 

of presolar grains. 

Isotopic anomalous regions were considered to be 

presolar grains when (i) their isotopic compositions 

differed by at least 4σ from their surrounding material, 

(ii) anomalies were recorded over at least three con-

secutive cycles, and (iii) the O-anomalous area shape 

was grain-like. 

Fig. 1 – (A) Elemental mosaic map of the Paris 

section. Boundaries of the different lithologies and 

analyzed regions are represented in white. Fe: R, Mg: 

G, Al: B, Ca: M, S: Y. (B) BSE and (C) optical image 

of a clast of Mg-rich material where presolar silicates 

and SiC have been found. 

Results:  Three different lithologies and an unusual 

region enriched in Fe-rich phyllosilicates (region A) 

were identified in the section (cf. Fig. 1-A). Based on 

the abundance of free Fe-Ni grains, carbonates and the 

texture of chondrule mesostasis, we were able to identi-

fy the CM2.9 and the CM2.7 lithologies as well as a 

third region that exhibits a higher degree of aqueous 

alteration. We selected 7 regions (4 in the CM2.9 li-

thology, 2 in the CM2.7 and 1 in the remaining region) 

well-suited to searching for presolar grains, i.e., mainly 

constituted of fine-grained material and lacking coarse 

isolated minerals.  

Six presolar silicates, two oxides and nine SiC were 

detected over 42,703 μm2 of inter-matrix, and in isolat-

ed clasts of Mg-rich material comparable to phyllosili-

cates (cf. Fig.1-B and C). Results are presented in Ta-

ble I. Abundances were calculated as the ratio of the O-

anomalous regions surface over the total studied area 

(excluding cracks, holes, and isolated minerals). When 
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the dataset was large enough, uncertainties were 

determined following the procedure of [7], otherwise, 

they were taken from the available tables in [8].  

All presolar silicates have O-isotopic compositions 

consistent with group 1 grains (17O/16O: 3.853×10-4-

1.196×10-3 and 18O/16O: 1.931×10-3-2.477×10-3) origi-

nating from AGB stars of 1.2-2.2 M⊙ (Fig. 2) [1]. 

Among the 2 oxides, one belongs to group 1 (17O/16O: 

6.917×10-4 and 18O/16O: 1.901×10-3), while the second 

could be a group 2 grain (17O/16O: 7.843×10-4 and 
18O/16O: 1.377×10-3), whose composition may reflect 

either deep mixing in a low-mass AGB star [1] or hot-

bottom burning in an intermediate mass AGB star [9]. 

The sub-type(s) of the identified SiC grains can 

hardly be constrained in this study as only their 12C/13C 

ratios are available. However, the range covered 

(12C/13C: 18-67) suggests that they are likely mostly 

mainstream grains, as this class represents 93% of all 

presolar SiC [10]. Nonetheless, we cannot rule out that 

a few might either be X or Z grains. 

Discussion: This is the first in situ detection of pre-

solar grains in the least altered CM chondrite known. 

Abundances, while very low, are comparable to those 

reported in some CR chondrites [7] and consistent with 

the upper limit estimated by [6]. The scarcity of O-rich 

presolar grains in Paris reflects their sensitivity to even 

light degrees of alteration.  

Fig.2 – O-isotopic ratios of the identified presolar 

silicates and oxide in the Paris meteorite. 

Although twice as many presolar silicates were 

found in the least altered lithology, their abundance 

does not significantly differ between the two degrees of 

aqueous alteration. Though the lack of presolar oxides 

in the least altered region can be a consequence of low 

statistics, the fact that they are found in the same abun-

dance as presolar silicates in the CM 2.7 region is con-

sistent with silicates being more sensitive to alteration 

than their Al-rich counterparts [4]. Strengthening this 

hypothesis is our observation of one of those two ox-

ides within a patch of Fe-rich phyllosilicates. Though it 

has been suggested that the silicate/oxide ratio might 

be used to quantify the extent of secondary processes 

[11], here our low statistics do not allow us to do so. 

Lastly, SiC should be much less susceptible to 

aqueous alteration than silicates and, indeed, presolar 

SiC abundances vary much less across carbonaceous 

chondrites than do those of presolar silicates [12]. 

While SiC in Paris appears to have a slightly higher 

abundance in the more altered region, the difference is 

not statistically significant. However, their abundance 

is comparable to the one in Murchison but lower than 

those in CRs with comparable degrees of alteration. 

Overall, presolar grains are scarce in the Paris me-

teorite, and while aqueous alteration can account for 

the low abundances of O-anomalous presolar grains, 

the fact that they are more abundant in CRs that expe-

rienced similar intensities of alteration raises questions 

on the conditions in which the processes occurred in 

those two kind of meteorites. Additional work is cur-

rently needed to characterize the isolated clast of Mg-

rich material in which a few presolar grains were de-

tected.  
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Table I – Summary of presolar grain detections in Paris. Abundance are in ppm with 1σ error bars.*uncertainties 

determined following the procedure of [6]. 
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