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Introduction: CM carbonaceous chondrites are samples of 
incompletely serpentinized fragments of primitive asteroids. 
These meteorites preserve a record of nebular and parent body 
processes.  CMs are composed predominantly of high tempera-
ture anhydrous phases and low temperature serpentine family 
phyllosilicates. Modal data allows for a greater understanding of 
CM petrogenesis and for characterization of the parent body.  
The fine grainsize and tendency to show brecciated textures typi-
cal of CM chondrites complicates accurate determination of mo-
dal mineralogy by traditional petrographic (or optical) studies. 

By Position Sensitive Detector X-ray Diffraction (PSD-XRD) 
and a pattern stripping technique [1] utilizing single phase min-
eral standards, we determine the modal abundance of crystalline 
phases present in volumes >1%. Previously we demonstrated that 
the most studied CM2 chondrite falls (Mighei, Murray, Murchi-
son, Nogoya, Cold Bokkeveld) show a very limited range in the 
modal abundance of total phyllosilicate [mean = 75% ± 3.4% 
(2σ)]; essentially reflecting pervasive hydration (aqueous altera-
tion) of matrix across all samples [2,3]. Here we extend our work 
to include the more extensively aqueously altered CM1 chon-
drites (SCO 06043; MET 01070), as well as more CM2 samples 
including those covering the least altered [3] end-members in the 
CM2 group and a transitional type 1/2 (QUE 97990, ALHA 81 
002; QUE 93005; ALH 83 100). The total abundance of phyl-
losilicate allows us to define the extent of aqueous alteration 
(progressive alteration sequence) since this forms from hydration 
of the anhydrous components. 

Results: The maximum volume of anhydrous silicate (oli-
vine+pyroxene) is 30% and interestingly CM1 samples may con-
tain as little as 6% olivine – nearly identical as determined for 
Orgueil (CI) [4].  CM1 samples may contain almost 90% phyl-
losilicate resolved by PSD-XRD as a crystalline component pro-
ducing high-intensity peaks at 12° and 25° (2θ CuKα) and a fine 
grained component corresponding to broad hk reflections. TEM 
studies [5,6] show the crystalline phases to be Fe-rich serpentines 
generally larger in grainsize (up to 2500 nm) than the intergrown 
more Mg-rich serpentines that may be cylindrical or fibrous and 
smaller than 20 nm.  These Mg-rich serpentines correspond to the 
broad reflections in XRD patterns that are typical of fine grain-
size phyllosilicate present as platy crystals consisting of only a 
few structural layers along [001]. Total phyllosilicate abundances 
define a transition between relatively uniformly hydrated CM1 
and CM2 groups. As total phyllosilicate increases, the proportion 
of fine-grained component increases with implications for phyl-
losilicate evolution. The high abundance of Fe-rich serpentines in 
CMs suggests Fe-rich anhydrous precursors existed in matrix.  
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