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Geological Sciences, University of Tennessee, Knoxville, TN 37996-1410,2 Solar System 
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The aqueous alteration of CM chondrites provides a record of the processes attending the 
earliest stages of parent body evolution [I]. However, resolving the alteration pathways of 
chondritic evolution requires a means for distinguishing the relative extent of alteration that 
individual samples have experienced. We propose three new indices for gauging the relative 
degree of alteration in CM chondrites based on modal and compositional analyses of 7 CM falls. 
The proposed alteration parameters are consistent with the basic tenets of several previous 
models [2,3,4] and correlate with additional indices to produce an integrated method for 
determining the relative extent of alteration. The model predicts the following order of 
progressive alteration: Murchison (MC) < Bells (BL) < Murray (MY) < Cochabamba (CC) < 
Mighei (MI) < Nogoya (NG) 5 Cold Bokkeveld (CB). 

The broad range of CM phyllosilicate compositions observed within individual 
meteorites is fundamental to the characterization of the aqueous alteration process. Chemical 
analyses of CM phyllosilicates suggest that these phases became systematically enriched in Mg 
and depleted in Fe with increasing alteration [2]. This is consistent with the results of mass 
balance calculations, which support the progression from Fe3+-rich cronstedtite to Mg-rich 
serpentine as alteration proceeded [3]. We submit that the relative extent to which this 
mineralogical progression is completed can be monitored by a stoichiometric approximation 
based on the amount of Si-substitution in matrix phyllosilicates. The proposed Fe3+/(2-Si) 
alteration indicator relies on a phyllosilicate stoichiometry, [(Fe, Mg)3-x(A1,Fe3+)x(Si(2_ 
x)(A1,Fe3+)x)05(OH)4], which accommodates a continuous transition from cronstedtite to 
serpentine compositions. Decreasing Fe3+/(2-Si) ratios signify increasing alteration. To test this 
parameter, mean Fe3+/(2-Si) ratios were calculated from an average of 14 microprobe analyses of 
matrix phyllosilicate crystals in each meteorite except Cochabamba, from which only defocused 
beam matrix analyses are currently available. We also intend to determine the oxidation states of 
Fe in each sample by mossbauer spectroscopy. 

It is generally accepted that the phyllosilicates of CM chondrites were produced at the 
expense of anhydrous silicates by aqueous reactions [1,2]. Because the volume of phyllosilicates 
should, therefore, increase during progressive alteration (41, we propose two new alteration 
parameters which monitor the volumetric production of CM phyllosilicates. These indices are 
based on the modal analyses of 1 to 3 thin sections from each of the analyzed falls. The first, the 
percent of remnant anhydrous matrix silicates, represents the volume of primary olivines and 
pyroxenes in the matrix that were not altered by aqueous alteration. Figure 1 shows that 
decreasing volume percentages of remnant silicates in the CM mamx correlate with decreasing 
Fe3+/(2-Si) ratios. This supports previous proposals that the systematic alteration of anhydrous 
silicates is accompanied by the production of phyllosilicates which are progressively more 
depleted in Fe [2,3]. The anomalous volume of remnant silicates in CB is probably the result of 
the breakup of chondrules during advanced stages of alteration. The second modal-based 
alteration index is the percent of phyllosilicates within chondrules and aggregates. This 
parameter indicates that chondrules and aggregates are also systematically consumed by 
progressive alteration (Fig. 1 b). 

The production of CM phyllosilicates by low-temperature aqueous reactions suggests 
additional correlations that can be tested. For example, since phyllosilicates are the dominant 
hydrous phase in CM chondrites, a positive correlation should exist between phyllosilicate 
volume and bulk H abundance, which reflects H 2 0  or OH- content [7]. Figure 2 shows a strong 
negative correlation between Fe3+/(2-Si) and H values, which is consistent with this hypothesis. 
In addition, the alteration order predicted by the proposed parameters correlates with the oxygen 
isotopic signature. Both 6180 (Fig. 3) and 5 1 7 0  show progressive enrichment with increasing 
phyllosilicate abundance, as also noted by 181. 
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The comparison of several parameters yields an order of alteration consistent with whole- 
rock signatures, although analytical errors prevent the development of an absolute scale of 
alteration. Use of several parameters also provides a basis for identifying points exhibiting 
anomalous behavior. Applications of the Fe3+/(2-Si) ratio should prove beneficial in 
characterizations of small CM samples where modal and bulk analyses are not feasible. 
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Figure 2. Comparison of bulk hydrogen abundance (a) and 6170* values (b) with the 
Fe3+/(2-Si) parameter. Hydrogen data taken from [6,7]. 
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Figure 1. Comparison of proposed alteration parameters showing analytical and lo modal 
counting errors. 
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