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Introduction: Following low temperature aqueous alteration (<200 ℃), a number of CM carbonaceous chondrites 

experienced post-hydration heating (>300 ℃) on their parent body [1-3]. However, the timing, duration and mecha-

nism of the dehydration events remain poorly defined. Constraining the thermal history of the carbonaceous chondrites 

is an important step to understanding the evolution of water-rich C-complex asteroids, and the distribution and 

transport of volatiles in the early solar system.  

Iron sulfides are widespread in carbonaceous chondrites and are highly sensitive to both aqueous alteration and 

thermal metamorphism. Dehydrated CM chondrites contain a generation of recrystallized sulfides with compositions 

and textural features diagnostic of their metamorphic heating [4-6]. Here, we have systematically characterized Fe-

sulfide grains within the matrices of dehydrated CM chondrites that experienced a range of peak temperatures (~300 

- >750 ℃) to constrain the timescales of metamorphism and infer the thermal history of the parent body.  

Samples & Methods: The composition and morphology of coarse (10 –150 µm) Fe-sulfide grains within polished 

sections of Jbilet Winselwan (CM2, Stage II, ~300 – 500℃), Dhofar (Dho) 1434 (CMan, Stage III, ~500 – 750℃) and 

Pecora Escarpment (PCA) 02012 (CM2, Stage IV, >750℃) were characterized using a ZEISS EVO 15LS scanning 

electron microscope (SEM) equipped with an energy dispersive X-ray spectrometer (EDS). Backscattered electron 

(BSE) images, element maps and spot analyses were acquired at 20 kV and 1.5 nA.  

Results: In Jbilet Winselwan, most (~80%) of the analysed grains are pyrrhotite with inclusions of pentlandite 

(PoPn), which form either ~5 μm sized oriented laths or patches 10 – 50 μm in size. The pentlandite patches themselves 

appear to contain ~1 μm sized pyrrhotite inclusions. We also observed individual grains of pyrrhotite (Po) and pent-

landite (Pn) in Jbilet Winselwan. In Dho 1434, the grains are either PoPn, pentlandite with inclusions of metal (PnM), 

or pyrrhotite with inclusions of both pentlandite and metal (PoPnM). The majority of Fe-sulfide grains within PCA 

02012 are PoPn and PoPnM grains, although we also found one individual Po grain, and one pyrrhotite grain with 

metal inclusions (PoM). Unlike the oriented laths observed in Jbilet Winselwan, all of the metal and pentlandite in-

clusions within Dho 1434 and PCA 02012 are irregular in shape, randomly oriented, and <~15 μm in size.  

Discussion: Kimura et al. [5] used Fe-sulfide textures and compositions to classify the dehydrated CM chondrites 

into three categories: A) unheated meteorites, with pentlandite commonly occuring along the boundary of pyrrhotite 

grains; B) mildly heated (~Stage II-III), characterized by blebs or lamellae of pentlandite in all pyrrhotite grains; C) 

severely heated (~Stage III-IV), with abundant Ni-rich metal inclusions and an absence of pentlandite exsolution 

textures. The evolving Fe-sulfide assemblages with increasing peak metamorphic temperature reflect exsolution of 

pentlandite from a monosulfide solid solution ([Fe,Ni]1-xS) at temperatures <610 ℃, and thermal decompositon of 

pentlandite into Ni-rich metal at temperatures >610 ℃ [5,6].  

The PoPn grains within Jbilet Winselwan are consistent with the mildly heated Category B Fe-sulfides. However, 

the small pyrrhotite inclusions within the larger patches of pentlandite are similar to the “snowflake texture” in CM 

and CR chondrites described by Singerling and Brearley [7], who interpreted them as primary Fe-sulfides that con-

densed from the solar nebula prior to accretion. We therefore suggest that Jbilet Winselwan contains distinct litholo-

gies that experienced varying degrees of metamorphism [2], including at least one lithology that was never heated to 

temperatures >300℃ and still retains primary Fe-sulfide grains from the nebula.  

In Dho 1434 and PCA 02012, the Fe-sulfide textures are consistent with both the mildly heated Category B and 

strongly heated Category C sulfides. This does not appear to be attributable to brecciation as the Fe-sulfide grains of 

different categories are not associated with a particular lithology in either of the sections. Instead, the range of Fe-

sulfide textures could either result from different Fe-sulfide compositions prior to heating, or indicate localized vari-

ations (on the order of 1000’s of μm) in peak metamorphic temperature. The presence of PnM and PoPnM grains, 

where pentlandite has only partially broken down into metal, suggests the metamorphic event was too rapid to allow 

for equilibrium to be maintained. Rapid and potentially heterogeneous heating is more consistent with impact heating 

rather than heating via solar radiation or radiogenic decay. 
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