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Introduction: Assemblages containing iron- and nickel-rich 
monosulfides such as troilite (FeS), pyrrhotite (Fe1-xS) are inter-
esting proxies for physicochemical conditions of formation, al-
teration, and metamorphism of planetary materials. Fe deficiency 
in pyrrhotite is directly related to fS2 and temperature [1] and can 
be linked indirectly to fO2 if certain buffer assemblages are pre-
sent, for example, magnetite plus metallic iron [2]. The results of 
Fe deficiency are various crystallographic superstructures [3]. To 
explore the effect of fS2 and temperature on sulfide mineralogy, 
we have sampled sulfide grains from two CM2 chondrites (Y-
791198, Y-793321), two anomalous, metamorphic CM/CI-like 
chondrites (Y-86720, B-7904), and one anomalous CI chondrite 
(Y-980115) by FIB and studied them by analytical TEM. 

Results: Y-791198 and Y-793321 contain troilite with abun-
dant pentlandite and pyrrhotite exsolution. In both cases pyr-
rhotite occurs as strongly twinned 6C superstructure (~Fe0.92S). 
In Y-793321, which has experienced mild metamorphism [4], the 
textures of the sulfide assemblages are significantly coarser than 
in Y-791198.    

The anomalous CM/CI-like chondrites Y-86720 and B-7904 
show intimate associations of troilite with metallic (Fe,Ni) and 
only traces of 6C-pyrrhotite as narrow (<100 nm) rims at grain 
margins. In Y-86720 we have found pseudomorphs of troilite and 
metal after euhedral, hexagonal crystals – likely former pyr-
rhotite. Both contain well crystallized anhydrite, but only B-7904 
contains magnetite, which is absent in Y-86720.  

In Y-980115 euhedral sulfide crystals similar to 4C-
pyrrhotite (Fe0.875S) in typical CI chondrites [5] are composed of 
polycrystalline troilite and pentlandite and are likely pseudo-
morphs as well. Also here, 6C-pyrrhotite occurs at grain margins 
and rims of internal voids. However, (Fe,Ni) metal is absent. 

Conclusions: Compared to pristine Y-791198 the thermal 
overprint on Y-793321 had only minor effects on sulfide assem-
blages, mostly leading to coarsening through annealing at tem-
peratures below 150 °C.  

Y-86720 and B-7904 experienced more severe heating and 
low fS2 at the iron-troilite buffer. Preservation of magnetite in B-
7904 points to peak temperatures below 570 °C and absence in 
Y-86720 suggest a higher metamorphic grade. The magnet-
ite+troilite+metal assemblage suggests reducing conditions with 
log fO2 below -25.8 in case of B-7904. 6C-pyrrhotite and anhy-
drite in both meteorites cannot be in equilibrium with this assem-
blage and likely formed during cooling. 

Conversion of pyrrhotite to troilite in Y-980115 likely indi-
cates similar low fS2 conditions as in B-7904. However, metal did 
not form, possibly due to shorter heating and kinetic inhibition.  
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