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We present an automatic classification of the strato-
spheric particles collected by NASA-JSC based on their
X-ray energy-dispersive spectrometry (EDS) spectra.
Agglomerative clustering is applied to the 467 particles
constituting Volume 15 of the Cosmic Dust Catalog [1].
The Sammon’s map algorithm is used to visualize rela-
tionships between the clusters; six clusters correspond
to cosmic particles and ten clusters correspond to terres-
trial contaminants. One-third of the particles have been
relabeled with this new technique, and we point out 31
terrestrial contaminants particles that may be of cosmic
origin.

Background

Mineralogical properties of comet 81P/Wild 2 samples
returned by the Stardust mission show greater variations
than previously thought suggesting the possibility that
some particles, classified in the catalog as terrestrial con-
taminants, may be instead of cosmic origin. In particu-
lar, the origin of samples having peculiar compositions,
including Na, Cr and K-rich particles [2, 3], needs to be
reevaluated.

Methodology

The curation team at the JSC devised a preliminary par-
ticle origin classification system into four main origin
types: C (cosmic), TCN (natural terrestrial contaminant),
TCA (artificial terrestrial contaminant) and AOS (alu-
minum oxide sphere). Ambiguous classification is ac-
companied by a question mark [1].

In this work, our classification is based on the parti-
cles EDS spectra represented by multi-dimensional vec-
tors. We use two complementary techniques to clas-
sify the particles. First, the agglomerative clustering is
a bottom-up method of grouping multivariate data (N-
dimensional vectors) into clusters. We use Euclidean
distance between 1522-dimensional spectra vectors as a
measure of similarity between spectra of any two par-
ticles. We complement the clustering by a data vi-
sualization technique to map the N-dimensional vector
space into a 2-dimensional plane in a way that best
preserves the inherent structure of the high-dimensional
data. We used the Sammon’s map technique [4], an iter-
ative nonlinear map that transforms N-dimensional vec-
tor space into two dimensions in such a way as to mini-

mize a cost function that reflects the relative differences
between distances of items in high-dimensional space
and distances between corresponding points in the 2-
dimensional plane.

Results and Conclusions

Fig. 1 presents the Sammon’s map and agglomerative
clustering for all 467 spectra defined as vectors in 1522-
dimensions. We determined that a set of 16 clusters best
reflects the structure of the data as seen on the map.
These clusters are identified by their color on the map.
We assessed the purity of our classification with respect
to the JSC preliminary classification represented in Fig. 1
by the shape of the data points (C=N, TCN=×, TCA=+
and AOS=�). The map not only shows a division of par-
ticles into spectra-defined clusters, but also similarity of
the clusters as expressed by the magnitudes of their spa-
tial separations. The clusters grouping chondritic parti-
cles (clusters 1 and 2) are located in the middle of the
map. The clusters containing Si-rich particles (3 to 5)
and Mg-Si-righ particles (6 and 7) are located to the
north-east of chondritic clusters 1 and 2. Clusters 8 to
12, containing the bulk of TCN and TCA particles are lo-
cated to the west, south-west and north-west of the chon-
dritic clusters. Clusters 13 and 14, grouping the Fe-Ni-
S-rich and Fe-Ni-rich particles are located to the south
of the chondritic clusters. Finally, clusters 15 and 16,
representing AOS particles are located in the upper left
corner of the map, to the far north-west of the chondritic
clusters.

This coherent structure of different clusters suggests
spatial separation of particles of different origins on the
Sammon’s map. Indeed, particles having different JSC
labels are found in different regions of the map. The
map reveals a layered structure with the layers predom-
inantly extending in the south-west to north-east direc-
tion. The bottom layer corresponds to the cosmic parti-
cles, the subsequent layers corresponding to TCN, TCA,
and AOS particles, respectively. Interestingly, a rather
significant gap separates the cosmic particles group from
the layers of terrestrial particles corresponding to the fact
that all cosmic particles as a group are spectrally differ-
ent than all terrestrial particles as a group.

Thus, our results quantifies the fact that particles of
different origin have different compositions expressed by
different spectra. We used this finding to re-label 155
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Figure 1: Sammon’s map representation of the particles classifications. The color corresponds to the automated
clustering of the particles. The JSC preliminary classification is represented by the shape of the data points: C=N,
TCN=×, TCA=+ and AOS=�.

particles in the Volume 15 of the catalog thus updating
the catalog. Most importantly, 31 particles, previously
cataloged as terrestrial contaminants, are labeled as cos-
mic by our classification. These particles should be fur-
ther examined in order to establish their true origin.

Finally, it is possible to extend our approach to non-
numerical data. Future research will incorporate, in addi-
tion to the spectra, petrographic, geometric, and texture
properties of particles into their classification.
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