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Introduction: The Winchcombe meteorite fell on the 28™ February, 2021 in Glouscestershire, UK [1]. Following
the fall, samples were quickly collected by several members of the public and scientific community, allowing minimal
terrestrial alteration to occur [1]. Based on its petrographic and chemical characteristics, the Winchcombe meteorite
has been classified as a CM2 chondrite [1]. Four of the collected samples were analysed in the Mdssbauer Spectros-
copy laboratory for Earth and Environment (MoSEE) at the University of Stirling. This analysis gave information on
the Winchcombe meteorite’s iron mineralogy and oxidation states, which constrain alteration processes on its parent
body.

Method: A powder sample (BM.2022,M3-4;138.7 + 5 mg) was
placed into an acrylic glass sample holder (~1.3 cm circular diame-

ter), loaded into a standard Wissenschaftliche Elektronik transmis-
sion spectrometer and measured at 3 different temperatures (room
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tor correction was applied.

Results: Spectra obtained from the rock chips indicated the pres-
ence of Mg- and Fe-rich serpentine (cronstedtite as the Fe-rich
phase) and tochilinite. The same phases are seen in the room tem-
perature transmission spectrum, along with the addition of two mag-
netite sextets (Fig. 1). As the temperature is decreased to 77 K, we
see an additional sextet appear which could indicate the presence of
an Fe,Ni sulfide (Fe*). When the temperature is decreased further
to 4.2 K, magnetic ordering occurs, resulting in a complex spectrum
(Fig. 1). As the spectrum is complex, only locations of peaks char-
acteristic for cronstedtite and Fe?* were identified.

Discussion: Temperature dependent transmission spectra are sim-
ilar to other reported CM2 chondrites: Mighei [3], Murchison [3,4],
Cold Bokkeveld [5], and Mukundpura [6,7]. As the spectra show no
evidence of metallic Fe, it can be concluded that any metallic Fe orig-
inally present in these samples has been altered into tochilinite but,
with the exception of minor magnetite, not into iron (hydr)oxides.
Ferric iron is exclusively hosted in the clay mineral cronstedtite. Fer-
ric iron abundances range from 25 to 30% of the total iron. This is
lower than the values between 49 and 71 % reported for other CM2
chondrites [3,7-9], but these studies included spectral features that we
have attributed to tochilinite in their calculations. Cronstedtite and
serpentine formed from the aqueous alteration of olivine and pyrox-
ene, while the initial presence of metallic iron might have played a role in the serpentinization process.
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Fig. 1. Temperature-dependent Mdssbauer spectra of
the powdered Winchcombe sample at room tempera-
ture, 77 K and 4.2 K. The black solid line represents
the overall fit to the measured spectrum (black open
circles) and is the sum of all subspectra (coloured
lines). Cronstedtite (Cron.) contains Fe?* and Fe®*,
the latter in tetrahedral (tet.) and octahedral (oct.) co-
ordination. Serpentine (Serp.) and tochilinite (Toch.)
contain Fe?*, The RT and 77 K spectra also reveal
magnetite (Magn.). The 77 K spectrum shows a po-
tential Fe,Ni sulfide (sulf.) phase. In the 4.2 K spec-
trum, peaks 1,2,5 and 6 of a sextet corresponding to
magnetically ordered cronstedtite (C) are indicated,
as well as the high velocity peak of a Fe?* doublet.
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