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Introduction: Secondary carbonates in CR chondrites are 

commonly pure CaCO3 but can contain up to 7 wt.% FeO, 14 
wt.% MgO, and 2wt.% MnO [1]. The highly altered CR1 chon-
drite GRO 95577, however, is an exception; Ca-carbonate, dolo-
mite, and Fe-rich carbonate have all been identified and carbon-
ate oxygen isotope compositions suggest that Ca-carbonate for-
mation predated Fe-rich carbonate [2]. Carbonates occur in the 
matrix with other alteration phases. We have studied carbonate 
mineral relationships in GRO 95577 using SEM and TEM to un-
derstand their chemical heterogeneity and formation sequence. 

Results: Carbonates often occur spatially correlated with 
pyrrhotite and some magnetite. Pyrrhotite ranges from euhedral-
to-abraded, and magnetite, individually and within framboids, is 
euhedral.  Some Fe-rich carbonate encrusts calcite and pyrrhotite. 
Calcite, Fe-rich carbonate, and pyrrhotite show dissolution fea-
tures. Fibrous and porous phyllosilicate rims are systematically 
found rimming all other secondary phases.  

We extracted a FIB section (27μm across) that transects ma-
trix, Fe-rich carbonate with associated fibrous phyllosilicate, pyr-
rhotite, heterogeneous carbonate, and a lamellar pentlandite-
phyllosilicate intergrowth. Three distinct carbonate compositions 
occur: (i) nearly-pure Ca-carbonate (some Mn), (ii) an intermedi-
ate Ca-rich carbonate with highly variable Mg, Mn, and Fe, and 
(iii) a carbonate high in Fe, Mg, and Mn, and almost free of Ca. 
The Fe-rich carbonate is located within 500 nm of the pyrrhotite, 
but is separated by a layer of Ca-carbonate and intermediate car-
bonate grains from the pyrrhotite. Intermediate carbonate con-
tains four chemically-zoned areas within 1 μm with Ca/Mg rang-
ing from 1 to 2. These zones are parallel to a pyrrhotite crystal 
face. Fine-grained matrix phyllosilicates and fibrous grains have 
compositions and d-spacings consistent with serpentine 
(15<Mg#<30 at.%). 

Discussion: Pyrrhotite is almost always associated with Ca-
carbonate, which may have formed early in the precipitation se-
quence together with magnetite. The zoned intermediate carbon-
ate precipitated after pyrrhotite, as it grew parallel to a pyrrhotite 
crystal face. Intermediate carbonate is also richer in Fe next to 
the pyrrhotite, which may indicate that local chemical heteroge-
neity of the fluid could be controlled by pyrrhotite alteration. Fe-
rich carbonate always surrounds both Ca-carbonate and pyr-
rhotite, and is a later stage phase. Lastly, Fe-rich carbonate disso-
lution and replacement by phyllosilicates is evident both on the 
SEM and TEM scale where 100nm–wide serpentine fibers grow 
parallel to Fe-rich carbonate grain surfaces. These serpentines 
have a larger grain size than matrix, are also found intergrown 
with pentlandite, and may result from late stage precipitation in 
voids at grain boundaries. This interplay between sulfides, mag-
netite, carbonates, and phyllosilicates may result from heteroge-
neous and changing nano-scale chemical environments. 
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