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Introduction:  The discovery of stardust in the mid-

1980s has led to a major breakthrough in our understand-

ing of physical and chemical processes occurring in stars. 

These presolar grains are recognizable by their signifi-

cant deviations in isotopic compositions from material 

formed in the Solar System, which are also proof of their 

stellar origin. Among the different types of stellar miner-

als, SiC grains were extensively studied, because of their 

easy extraction during acid dissolution and their rela-

tively large sizes, especially in the Murchison meteorite. 

The isotopic compositions of presolar grains are usu-

ally compared with astrophysical models and observa-

tions to assess their provenance and define different 

groups of grains. For instance, most SiC condensed in 

AGB stars (~95%) and supernovae (<5%) [e.g., 1]. The 

classification of presolar SiC grains is however continu-

ously evolving due to advances in measurements of iso-

topic compositions of a variety of elements and in mod-

eling stellar evolution and nucleosynthesis. The presence 

of a presolar grain database (PGD) [2] and its current up-

date [3] provides an opportunity to evaluate the classifi-

cation of SiC presolar grains using state-of-the-art statis-

tical approaches. Indeed, advances in machine learning 

algorithms and their application to mineralogy are cur-

rently improving mineral classification systems and the 

identification of formation environments [4]. Here, we 

use a data-driven approach to evaluate the classification 

of presolar SiC grains, using cluster analysis. 

Methods:  We used the updated PGD presented at 

this meeting [3] on SiC presolar grains (version 

PGD_SiC_2020-01-03). Since studies on SiC provide 

isotopic compositions of a selection of elements, we used 

different subsets of the database, having different num-

bers of observations and attributes, including C, N, Si, Ti, 

and Al isotopic compositions. Here, we present cluster-

ing results for a dataset of ~1700 observations of the four 

attributes 12C/13C, 14N/15N, δ29Si, and δ30Si. In order to 

homogenize units, isotopic compositions expressed in 

delta form were converted into isotopic ratios and all iso-

topic ratios were converted into log units and then nor-

malized to a same average and standard deviation. Clus-

ter analysis was conducted with a model-based clustering 

algorithm, with the R package mclust, which is based on 

the assumption that the dataset is a Gaussian finite mix-

ture. 

Results: We conducted a principal component analy-

sis collapsing the dimensions into more significant ones 

(Fig. 1). It shows that 68 and 18 % of the variance of the 

dataset is explained by the first and second components, 

respectively. 
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Fig. 1: Principal component analysis biplot for presolar SiC 

grains using data from the updated PGD [3]. 
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Fig. 2: Histogram showing the resulting clusters, compared 

with previously assigned grain types shown with colors [2-3]. 

 

Our cluster analysis suggests the presence of 12 dif-

ferent clusters for SiC presolar grains (Fig. 2), which are 

compared with the previous classification. Overall, de-

rived clusters are in agreement with previously defined 

SiC groups but also highlight several discrepancies be-

tween our model output and previous classification. For 



instance, AB grains form three different clusters (clusters 

6, 9, and 12), having different ranges of 14N/15N, and in-

cluding a cluster of grains (6) with relatively low 14N/15N, 

δ29Si, and δ30Si (Fig. 3). In addition, the maximum 
14N/15N value for this cluster 6 is close to the solar ratio, 

which coincides with a recently proposed division be-

tween AB1 and AB2 grains having sub- and super-solar 

N isotopic ratios respectively [5]. Our clustering suggests 

however, another division for AB2 grains which should 

be assessed in future studies by comparing them with as-

trophysical models. 

X grains form three different clusters including one 

(cluster 3) with Si isotopic compositions lying along a 

line intersecting the solar composition and with a slope 

of ~2/3, similar to the subgroup X1 identified by [6]. In 

addition, cluster 2 includes several grains having a Si iso-

topic composition close to the subgroup X2 [6], with ad-

ditional C, N, U, and a few mainstream (M) and AB 

grains (Fig. 2). Finally, cluster 1 contains grains with 

large excesses in 28Si and do not correspond with any of 

the previously defined subgroups of X grains. 

Y grains, which were defined as having a 12C/13C ratio 

higher than 100, are found clustered with some M grains 

(10). Z grains are also clustered with some M grains (7). 

Finally, a majority of M grains are included in four clus-

ters: cluster 4 having solar C, N, and Si isotopic compo-

sitions, clusters 8 and 5 with homogeneous 12C/13C ratios 

close to 50 and 70, respectively, and cluster 11 having 

heterogeneous N and C isotopic compositions and 

slightly more excesses in 30Si than other clusters. 

Conclusions and outlook: Our preliminary results 

suggest a larger number of SiC groups than the original 

classification (12 instead of 8) with the division of the 

three main groups M, X, and AB into different clusters. 

Additional cluster analysis, including data on other iso-

topic compositions such as those of Ti and Al, will be 

presented at the meeting. 
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Fig. 3:   (a) 14N/15N versus 12C/13C and (b-d) δ29Si versus δ30Si for SiC presolar grains [4]. Resulting clusters from our cluster 

analysis are shown with different symbols. (c) and (d) are zoomed diagrams of (b). 


