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Introduction: Fusion crust is a thin (few milli-
metres) dark layer which cover the surface of all
fresh-fall meteorites, and form by vigorous interac-
tions with the Earth atmosphere during their entry
[1]. However, remains still controversial the redox
state during fusion crust formation [2]. In order to
better understand these chemical processes, in this
work, we present a chemical and mineralogical sur-
face study of Tagish Lake (C2-Ung) meteorite fusion
crust.

Methods: Surface chemical analysis was per-
formed by X-ray Photoelectron Spectroscopy (XPS)
in an PREVAC standard PSE system equipped with
non-monochromatic X-ray source — Al Ko — model
RS 40B1. The pressure during the experiment was
keep below 10-° mbar.

Scanning Electron Microscope (SEM) analyses
were performed using a Zeiss EVO MA15 model. An
accelerating voltage of 15-kV and beam current of
10-nA were employed to collect backscattered elec-
tron (BSE) images and energy-dispersive X-ray spec-
troscopy (EDS) analyses.

Raman spectra were obtained by using a Ren-
ishaw RM2000 Raman microscope. The 514 nm
laser radiation, from an argon ion laser was used.
Laser power on the sample was adjusted between
0.01 and 0.5 mW, to avoid over-heating of the sam-
ple.

For these investigations, a fusion crust grain (~ 5
mm in size) of Tagish Lake meteorite was mounted -
without any chemical-physical treatment - in omicron
standard flag-type sample holder using a special Plat-
inum basket. Moreover, in order to minimize the
effects induced by atmospheric contamination, the
grain was sputtered by Ar* (1 keV) for 20 min before
starting the XPS measurements. Subsequent to the
surface analysis, a little portion (~ 2 mm) of the same
fusion crust sample was broken and embedded as
polished mount (in cross-section), with the aim to
characterize its interior structure by SEM analysis.

Results and discussion: The surface of the fu-
sion crust shows an irregular topography with lobe-
shaped protrusions ridges bordered by subspherical
cavities (Fig. 1). The surface is covered by a thin
plaguette Fe-oxides layer characterized by mosaic
texture (Fig. 1,2). SEM cross-section investigation
shows that the external portion of the fusion crust
surface is make up by a thin Fe-oxides layer (~ 5

um), mainly composed by magnetite, although zoned
olivine (Fe-rich rim), glassy mesostasis, rounded Ni-
rich, and relict chromites grains were also detected
(e.g., Fig. 1-2). Moreover, no evidence of terrestrial
contaminants have been found in the fusion crust
surface.
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Fig. 1 SEM-BSE image of the surface of Tagish
Lake fusion crust showing an irregular topography
with lobe-shaped protrusions flow-ridges and sub-
spherical cavities. A thin Fe-oxides layer (high
brightness) covers the surface of fusion crust, mainly
composed by magnetite and accessory wistite grains.
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Fig. 2 SEM-BSE image of the cross section of
Tagish Lake fusion crust. Typical texture and miner-
alogy of the external portion, composed by a thin
(few pum) layer of Fe-oxides in outer most part,zoned
olivine (Ol) phenocrystals, and glassy mesostasis.
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However, graphite and wistite grains were detected
by micro-Raman analysis (e.g., 3). Moreover, ob-
served bands exhibited greater width, indicating the
presence of amorphous or less ordered material, and
/ or of chemically heterogeneous glass.

4000 magnetite

~~~ ¢
=

g

=

E

S . .

> wistite

=

2 ¥

2 582

=

=

g

g

5

- ﬁ\/ﬂw"f\m

0 : M«\AI/LM

T T T T T 1
200 300 400 500 600 700 800 900 1000
wavenumber (cm™")

Fig. 3 Raman spectra, collected in two different
points on the fusion crust surface of Tagish Lake
meteorite, show peaks identified as wistite (peak
located at ~ 580-590 cm) and magnetite.

As far as the XPS analysis, S-2p, C-1s, Si-2p, O-
1s, and Fe-2p photoelectron peaks were acquired for
fusion crust elemental determination, and calibrated
by 2p silicon transition in silicates (102.6 eV). Pho-
toelectron binding energies provide quantitative and
chemical information (e.g. valence states) for the
outermost ~ 5-10 nm of sample surfaces.Therefore,
they are useful to investigate the outermost Fe-oxides
layer in Tagish Lake fusion crust. Considering that
the Fe2p spectrum includes both the Fe2p3/2 and the
Fe2pl/2 spin-orbit coupling features, spectra were
deconvoluted into Fe2p3/2 and Fe2pl1/2 peaks utiliz-
ing spectral fitting parameters provided by [3]. As a
result, 23% of the iron was identified as Fe(lll) in
oxides, 41% of the Fe(ll) was associated with iron
oxides, and 36% of the Fe(ll) with silicate material

(Fig. 4).
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Fig. 4 relative abundance of iron species obtained
from Fe 2p XPS spectra.

Sulfur 2p and Carbon 1s XPS spectra exhibit a
high depletion in the surface of the fusion crust.

For the first time we report a detailed surface
chemical and mineralogical characterization of the
Tagish Lake fusion crust. XPS, SEM, and micro-
Raman analysis show that fusion crust is dominated
by a thin (few um) Fe-oxides surface layer, and de-
pleted in volatile elements (e.g., C, S). However, the
presence of wiistite and graphite grains identified by
micro-Raman analysis suggest that Tagish Lake me-
teorite fusion crust may have experienced a surface
(few um) reduction during its entry into the Earth’s
atmosphere, probably promote by the pyrolysis of
carbonaceous materials, as also suggested by [1].
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