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Introduction: The CM and CR chondrites exhibit 
wide ranges in the extent of aqueous alteration they 
experienced. Classification schemes for the CM and 
CR chondrites are primarily based on petrologic as-
sessments of the extent of aqueous alteration. If the 
degree of aqueous alteration is the main determinant 
of petrologic type, there should be a simple relation-
ship between bulk water/OH content and petrologic 
type. The phyllosilicates are not the only H-bearing 
components in these chondrites, the other being the 
organic material. The organics only contribute mod-
estly to the bulk H budgets, but being very D-rich 
they are potentially much more important contribu-
tors to the bulk D. Thus, if the organic contents of 
CM or CR chondrites are fairly constant and the H 
isotopic compositions of the water and organics are 
quite different, one would expect correlated varia-
tions in H abundances and isotopes with degree of 
alteration. Here we explore whether bulk H abun-
dances and isotopic compositions can be used to clas-
sify the petrologic types of CM and CR chondrites. 

Experimental methods: To ensure representative 
sampling, where possible samples of ~1g were ac-
quired. These included some falls and a large number 
of Antarctic finds. The bulk meteorite samples were 
crushed to <150 µm. Aliquots were stored in desicca-
tors for days to weeks at room temperature to mini-
mize adsorbed water contents. Prior to analysis, the 
samples were quickly transferred to an autosampler 
and flushed with dry He for 1-2 hours, again to 
minimize adsorbed water. The samples were ana-
lyzed by mass spectrometry as described in [1].   

Results: As can be seen in Fig. 1, for most CMs 
there is an inverse correlation between H abundance 
and isotopic composition. This includes both falls 
and finds, suggesting that weathering has not signifi-
cantly modified the bulk H abundances and isotopic 
compositions of the Antarctic finds. However, some 
meteorites scatter to lower H abundances. These in-
clude a few meteorites for which petrologic evidence 
for their having been heated, possibly by shocks, has 
been reported. Those that fall far from the main trend 
or have been reported to be heated are indicated by 
the “Heated” symbols. Those that lie between the 
heated samples and the main trend are indicated by 
the “Heated?” symbols. 

Figs. 2 compares the bulk H isotopic compositions 
with the petrologic classification scale of [2] – from 2 
for complete alteration to 3 for no alteration. There is 
a general positive correlation between classification 

number and H abundance, but the scatter is consider-
able. There is a much clearer negative correlation 
between classification number and bulk δD value. 
Similar behavior is seen if phyllosilicate abundance 
[3] rather than classification number is used. 

Fig. 3 shows the bulk H abundances and isotopic 
compositions for a number of CR chondrites and two 
potentially related meteorites. With the exception of 
Al Rais, there is an overall inverse correlation be-
tween bulk H abundance and isotopic composition, 
just as in the CMs, although the number of more al-
tered samples is very sparse. Included in the CRs are 
two shocked meteorites  - GRA 06100 and GRO 
03116. Unlike the heated CMs, these two meteorites 
are displaced to much lower δD values than the un-
shocked samples. Despite such low δD values, their 
petrology and high bulk δ15N compositions (66 ‰ 
and 136 ‰, respectively) indicate that they are 
probably CRs. Two other meteorites, MIL 090001 
and LEW 85332, are also included in Fig. 3. Both 
have high bulk δ15N compositions (244‰ and 208‰, 
respectively), suggesting that they may be related to 
the CRs.  For MIL 090001, a CR classification was 
confirmed by O isotope measurements of a sample 
washed in EATG to remove weathering products 
(δ17O=-0.61±0.04‰ and δ18O=2.03±0.08‰). How-
ever, if they are CRs their low δD values suggest that 
they have been heated/shocked. 

Discussion: The CM results suggest that for these 
meteorites, bulk H abundances and isotopic composi-
tions may be a quick and effective means of classify-
ing them, both for extent of alteration and of heating. 
Somewhat surprisingly, H isotopes rather than abun-
dances may be better for petrologic classification 
purposes. The reason for this may be illustrated by 
the results for two separate stones from the Bells fall. 
Generally, for paired samples and multiple samples 
of the same meteorite from different institutions, the 
H abundances and isotopic compositions are similar. 
However, for the two Bells stones there is a consider-
able difference between their H abundances, while 
their H isotopic compositions are very similar. It 
seems likely that the abundance of phyllosilicates can 
be heterogeneous even at the scales sampled here 
(typically ~1g), but that the H isotopes of the phyl-
losilicates are more or less equilibrated throughout. 

In Fig. 2, there is an essentially linear correlation 
between classification number and bulk δD value. 
This means that it is straightforward to assign classi-
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fication numbers to samples with bulk δD values that 
fall between those of the already petrologically clas-
sified samples. It also means that one can possibly 
extrapolate the classification somewhat to samples 
with more D-rich isotopic compositions. Based on 
our measurements, Bells and Essebi are the least al-
tered CMs we have sampled. This is contrary to the 
classification scheme of [4], but both meteorites are 
highly brecciated and were altered under different 
conditions to other CMs [5], making their classifica-
tion based on petrology more difficult. 

For the CRs, there is no classification scheme simi-
lar to that for the CMs. Our results suggest that bulk 
H abundances and isotopes may be useful for their 
classification. However, sample heterogeneity may 
be even more problematic than for the CMs. [1] and 
[6] reported roughly a factor of two difference in in-
soluble organic matter (IOM) abundances between 
two quite large samples of GRO 95577. The compo-
sitions of the IOM from the two samples were very 
similar. The range of IOM abundances was attributed 
to differences in the abundances of matrix and dark 
inclusions between the two samples. Our Al Rais 
sample was relatively small and has about a factor of 
two more C than the other CRs measured here, in-
cluding GRO 95577. It seems likely that the reason 
our Al Rais sample falls off the general unshocked 
CR trend is because it contained more matrix and/or 
dark inclusions than is typical for bulk CRs. 

The CR results in particular point out that it is im-
portant to also measure bulk C contents when try to 
use bulk compositions for classification purposes. 
Plots of bulk C/H vs. δD [7] seem to be better be-
haved than H vs. δD. Ultimately, C/H ratios, rather 
than H abundances, in conjunction with δD may 
prove to be better tools for classification purposes. 

Whether one uses H abundances, C/H ratios or δD 
values, most CRs exhibit a quite limited range of 
compositions. It has been suggested on petrologic 
grounds that QUE 99177 and MET 00426 have much 
less alteration than other CRs. Based on our results, 
these two meteorites are fairly typical CRs. It is pos-
sible that these meteorites are heterogeneous at the 
scale of a thin section and that the sections examined 
by [8] experienced anomalously little alteration. [9] 
have found evidence for phyllosilicates in other sec-
tion of these meteorites. Alternatively, CRs generally 
contain similar amounts of water, but differ in the 
degree of crystallinity of the alteration products with 
the least crystalline samples appearing less altered. 
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Figure 1. The bulk compositions of CMs. 

 
Figure 2. Bulk δD values vs. alteration scale of [2]. 

 
Figure 3. The bulk compositions of CRs. 

2799.pdf43rd Lunar and Planetary Science Conference (2012)


