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Fig. 1: Miniature mass analyzer of the space-
prototype LIMS instrument developed at
UniBE. A UV femtosecond laser system is
used to ablate sample material placed under
the mass analyzer. Mass resolution: ~600;
lateral spatial resolution: ~ 10 pm [1].

Fig. 2: Atomic fraction maps of 18 elements measured at 870 locations of an Allende chondrule. : . : .
Fig. 3: Optical microscopy images of the

Allende meteorite. Overview (A, XPL) and
sampled chondrule (B: PPL, C: XPL). B and C
were taken after LIMS analysis (laser craters
visible, pixel size 50 um).

The outer rim
is depleted in
S, Fe, Ni, C, Al,
enriched in O, K,
Li compared to
the matrix

Compared to
matrix and outer
rim, the core is
depleted in vola-
tiles, as it was
once molten

Porphyritic
olivine chondrule
surrounded by
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and outer) and
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distinct oxidation
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—>Chondrules in carbonaceous chondrites are
amongst the oldest objects in our Solar System.
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separate the data into distinct mineral phases.
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Fig. 5: Projection of mass spectrometric data
collected from ~ 20’000 locations into 3D using PCA
(left) and UMAP (right). The three axes are color-
coded as XYZ = RGB, so each 3D coordinate maps to
a unique RGB color. The spatial distribution reflects
similarity in chemical composition, now encoded in
the color.

Fig. 8: Segmented maps of Fig. 7
using k-means with k = 15 >
reducing ~ 20’000 colors to 15.
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Fig. 4: Unsupervised dimensionality reduction
with UMAP and clustering with HDBSCAN
separate the sampled area into distinct phases
based on chemical composition [2]. Data of
Fig. 2 were used as input.
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— This can be used for onboard data compression or
selective downlink, enhancing space mission return.
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