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We studied the characteristic features of FeNi metals and sul-

fides in matrix, around clasts and in chondrules of the primitive 
Paris CM chondrite [1] to explore its thermal history. Two pol-
ished thin sections were optically studied and at the FESEM. 
EMPA and Raman spectra were obtained on selected minerals.  

Paris is a primitive microbrecciated chondrite with well-
preserved chondrules containing large quantities of FeNi metal 
globules, heterogeneously distributed refractory inclusions, altered 
clasts (PCP), phenocrysts, 150-300µm rounded metal grains sur-
rounded by accretionary rims and a fine-grained matrix locally 
altered. The opaque minerals consist of FeNi metal, FeNi sulfides, 
rare phosphides and oxides. X-ray mapping shows the ubiquitous 
presence of sulfur-bearing components in matrix. Here, we de-
scribe sulfides: mainly pyrrhotite, pentlandite (Pn), other FeNi-
sulfides, and very rare stoichiometric troilite. They occur as (1) 
tiny matrix grains, (2) ubiquitous large grains of pyrrothite con-
taining blebs or flames of Pn, and (3) associated with Fe-rich oli-
vine as isolated entities plastered around clasts or chondrules. No 
Hg minerals were found [2]. 

Chemical compositional of sulfides in matrix and chondrule 
rims is identical suggesting similar formation conditions. Pn crys-
tals have up to 1.35 wt. % Co. Only sulfides associated with Fe-
rich olivines contain Cr. The Ni content of metal ranges between 4 
and 15 wt% and is positively correlated with Co content (0.17-
0.6wt%). P is up to 0.4 wt% and Cr up to 1 wt%. Tetrateanite con-
tains 1.7 wt% Co. Kamacite is far more abundant than taenite. 

Other opaques in matrix include tiny grains of (FeNi)3P and a 
100µm idiomorphic Pn grain. These grains formed before accre-
tion on the Paris parent body. Presence of Pn limits the upper tem-
perature bound of heating of bulk Paris to <610°C in agreement 
with [3]. Several broken sulfates, PCP-rich clumps, carbonates 
(about 40µm) were incorporated and further altered on the parent 
body. Gypsum surrounds some carbonates.  

Idiomorphic (hexagonal or trigonal) and rounded silica inclu-
sions, up to 4µm large, are present in large isolated metallic glob-
ules in the matrix, often surrounded by accretion rims, or occur in 
metal of chondrules. We identified cristobalite and silica glass. 
SiO2 glass was found as hexagonal inclusion in kamacite. High 
temperature silica polymorph demonstrates that a high thermal 
event at high fO2 (probably formation by oxidation of Si-bearing 
FeNi; [4]) followed by rapid quenching prior to accretion of the 
metal in the meteorite. Presence of glass, cristobalite, and large 
fragments of Pn strongly suggests that only low temperature meta-
morphism occurred in the meteorite after accretion. FIB-TEM of 
these idiomorphic inclusions are in progress. 
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