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Introduction: We have begun a project to quantify the de-
gree of aqueous alteration in CM/CI carbonaceous chondrites, 
obtain spectra of these chondrites, and measure spectra of possi-
bly related outer Main Belt asteroids in order to explore the na-
ture of aqueous alteration on these asteroids [1, 2]. Here, we pre-
sent petrograhic and geochemical analyses for six CM/CI carbo-
naceous chondrites (LAP 02277, MIL 07700, QUE 99770, Cold 
Bokkeveld, Bells, and Ivuna). We applied and compared the al-
teration scales of Browning et al. [3] and Rubin et al. [4], which 
include detailed petrographic observations and electron micro-
probe analyses.  

Petrology and Geochemistry of CM/CI Chondrites: [3] 
proposed a scale to track the degree of aqueous alteration of CM 
chondrites. This scale is based on the relative progress of coupled 
substitutions in the progressive alteration of cronstedtite to Mg-
serpentine, which increases as alteration proceeds, the so-called 
the Mineralogic Alteration Index (MAI). [3] proposed two addi-
tional indicators of aqueous alteration, the abundance of isolated 
anhydrous mineral fragments (derived from disaggregation of 
chondrules) in the matrix and the relative percentage of chon-
drule alteration. Applying this scale to the chondrites analyzed 
thus far, we found a good correlation between the MAI and the 
volume percent of chondrule alteration.  

[4] proposed an alteration scale that ranges downward from 
moderately altered chondrites (petrologic subtype 2.6) to highly 
altered chondrites (petrologic subtype 2.0).  [4] used petrologic 
properties that result from early and intermediate alteration proc-
esses, which include hydration of matrix and formation of phyl-
losilicates and production of large clumps of serpentine-
tochilinite intergrowths (PCP). [4] also used petrologic properties 
that reflect progressive alteration processes and include oxidation 
of metallic Fe-Ni, alteration of mafic silicate phenocrysts in 
chondrules, changes in PCP composition (increase in the phyl-
losilicate/sulfide ratio), and changes in carbonate mineralogy. 
Applying this scale to our chondrites, we also found a good cor-
relation between the petrologic type and the “FeO”/SiO2 ratio.  

Implications: The two scales correlate for the meteorites 
analyzed thus far except for Bells, which is thought to be exten-
sively brecciated and altered [5]. Once we analyze additional me-
teorites, we will utilize the most quantifiable or significant fea-
tures in both scales. High-quality reflectance spectra of the ana-
lyzed chondrites are being taken in order to correlate the 3-μm 
band spectral properties (e.g., shape, depth, width, band center) 
with the petrological/geochemical parameters. When coupled 
with telescopic spectra, this investigation will allow a better un-
derstanding of the nature  of aqueous alteration of outer Main 
Belt asteroids spanning the 2.5 < a < 4.0 AU region, and will lead 
to crucial constrains on how, when, and where this alteration oc-
curred. 
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