
MODAL MINERALOGY OF CM1 AND CM1/2 

CHONDRITES BY X-RAY DIFFRACTION (PSD-XRD). 

A. J. King1, P. F. Schofield1 and S. S. Russell1. 1Department of 

Earth Sciences, Natural History Museum, London, UK. E-mail: 

a.king@nhm.ac.uk 

 

Introduction: The CM chondrites are the most abundant me-

teorite group to have experienced significant hydration by extra-

terrestrial water. They consist of phyllosilicates, oxides, sulfides 

and carbonates, with progressive alteration resulting in them 

spanning the entire petrologic range from type 2 to 1 [1]. Howev-

er, defining a rigorous alteration scale for the CM chondrites has 

proved difficult as their fine grain sizes and heterogeneous tex-

tures are challenging to study with optical and electron micro-

scopes. Howard et al. [2, 3] proposed an alteration sequence for 

the CM2 chondrites based on the total abundance of phyllosili-

cate, which they quantified in bulk samples using PSD-XRD. 

Here, we have now extended this work to include CM1 and 

CM1/2 chondrites. 

Experimental: PSD-XRD patterns were collected from ~50 

mg chips of the CM1 chondrites GRO 95645, LAP 02277, MIL 

05137 and MIL 07689, and the CM1/2 chondrites LAP 031166, 

LAP 031214, MCY 05231 and MIL 090288. The meteorites 

were powdered (<37 μm) and analyzed for up to 16 hours in or-

der to achieve good signal-to-noise ratios. Standards of each 

mineral identified were analyzed under the same conditions for 

30 minutes. Phase quantification was achieved using a pattern 

stripping method and modal abundances were determined for all 

phases present at >1 wt%, with uncertainties typically <5 %. 

Results: The CM1 chondrites LAP 02277, MIL 05137 and 

MIL 07689 contain abundant (88.8‒90.8 vol%) phyllosilicate 

(Fe-cronstedtite + Mg-serpentine) and little (3.6‒5.3%) anhy-

drous silicate (olivine + pyroxene). GRO 95645, also a CM1, has 

less phyllosilicate (~85 vol%) and more silicate (~8 vol%), simi-

lar to the CM1/2s MIL 090288 and LAP 03116. LAP 031214 

and MCY 05231 (CM1/2s) consist of significantly less phyllosil-

icate (71‒73 vol%) and much more silicate (23‒24 %). Other 

phases detected in all meteorites included magnetite, carbonates, 

sulfides and sulfates, which were typically present at <4 vol%. 

Discussion: Aqueous alteration of the CM chondrites trans-

formed anhydrous silicates into phyllosilicates. Very high abun-

dances of phyllosilicate coupled with low amounts of olivine and 

pyroxene in LAP 02277, MIL 05137 and MIL 0768 are therefore 

consistent with their type 1 classification. The phyllosilicate 

abundance of GRO 95645 is in better agreement with the CM1/2s 

analyzed here (MIL 090288 and LAP 03116) and by Howard et 

al. [3] (ALH 83100), and we note that until recently it was classi-

fied as a C2 meteorite. The amount of phyllosilicate in LAP 

031214 and MCY 05231 matches some of the least altered CM 

meteorites [2] and we suggest that they should be classified as 

type 2s. This is supported by the presence of tochilinite in these 

meteorites, which is consumed during the earliest stages of aque-

ous alteration [2]. Based on the ratio of total phyllosilicate to to-

tal anhydrous silicates we can provide context for geochemical 

datasets by defining an alteration sequence of LAP 031214 < 

MCY 05231 < GRO 95645 < MIL 090288 < LAP 03116 < LAP 

02277 < MIL 07689 < MIL 05137. 
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