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Introduction: All chondrite groups have expe-

rienced post-accretionary reprocessing, including 

thermal metamorphism and aqueous alteration, that 

altered the initial chemical and physical characteristics 

of the insoluble organic matter (IOM). Hence assessing 

the origin of the IOM based on its current characteris-

tics, e.g. isotopic composition, first requires a precise 

understanding of the modifications induced by the dif-

ferent secondary processes.  

We focus on the isotopic exchange between water 

and organic matter during asteroidal aqueous altera-

tion. It has been shown experimentally on terrestrial 

kerogens that isotopic exchange between water and 

organic compounds is rapid at relatively low tempera-

tures (comparable with temperatures considered for CI, 

CM, CR chondrites) [1]. Although the exchange of 

hydrogen (H) with deuterium (D) is more efficient at 

higher temperature, it is not kinetically blocked at low 

temperature, and the efficiency of the exchange de-

pends on the intensity of the aqueous process [1, 2]. 

Extrapolation of laboratory experiments to geological 

conditions is a delicate issue. But this suggests that the 

H isotopic composition of chondritic IOM could have 

been modified during aqueous alteration on the aste-

roidal parent body. To first order, the magnitude of the 

D enrichments in IOM indeed decreases with an in-

creasing degree of aqueous alteration [3].  

Phyllosilicates in some aqueously altered mete-

orites are enriched in D relative to SMOW, but the 

enrichments are smaller than in the respective organic 

material [3, 4]. The H isotopic composition of the 

phyllosilicates appears to be different in Orgueil (CI, 

D ~ 30‰), Renazzo (CR, D up to 670‰) and Se-

markona (UOC, D up to 1503‰) [4, 5]. An interstel-

lar origin was attributed to the asteroidal water based 

on its D enrichment [4]. However, different hypothesis 

must be tested. Were the D enrichments in water inhe-

rited from the molecular cloud or nebula, or were they 

produced through exchange with the D-rich organic 

matter during the aqueous alteration?  

By selecting a suite of primitive chondrites with 

constrained secondary history (in particular different 

degrees of aqueous alteration) we expect to bring some 

new constraints on (i) the effects of the aqueous altera-

tion on the isotopic composition of the organic matter, 

and (ii) the origin of the asteroidal water reservoir. 

Here we report on preliminary results obtained on five 

CR chondrites. We plan to consider others chemical 

classes of chondrites later. 

Samples: MET00426 and QUE99177 are two 

highly pristine CR chondrites that have experienced 

only incipient aqueous alteration [6]. EET92042 and 

GRA95229 have experienced a higher degree of 

aqueous alteration. Renazzo, the only fall, is the most 

altered sample in the considered series. The organic 

matter of all of these chondrites is highly enriched in 

deuterium with D ~ 3000‰ [3]. The four Antarctic 

sample were provided by the Antarctic Meteorite cura-

tors at NASA Johnson Space Center. The Renazzo 

sample came from the Naturhistorisches Museum in 

Vienna. 

Analytical procedures: Elemental mapping: CR 

thin sections were mapped in Mg, Ni, Al, Ca, and S 

using the JEOL JXA-8500F field emission electron 

microprobe at the University of Hawai`i. A 20 kV ac-

celerating voltage, 100 nA beam current, and ~1 2 µm 

beam size gave a spatial resolution of 2 5 µm/pixel. 

These maps were combined using an RGB-color 

scheme and the ENVI (ENvironment for Visualizing 

Images) software package. The resulting false-color 

maps were used to identify the matrix areas (inter-

chondrule matrix, rims, and clasts).  

Hydrogen isotopic measurements: Contamination 

by terrestrial water can be a serious problem in H iso-

topic measurements. To minimize the amount of ad-

sorbed water on the samples, the sections were stored 

prior to analysis under vaccum in an oven at 50 ºC for 

several days. Hydrogen isotopic measurements were 

carried out with the University of Hawai`i Cameca ims 

1280 ion microprobe.  

The fine-grained matrix of aqueously altered chon-

drites is composed of two main H-bearing phases, 

namely organics and phyllosilicates. In most cases, the 

matrix is sufficiently fine-grained that organics and 

phyllosilicates are not spatially resolvable at the mi-

cron scale. However, thanks to different ionization 

efficiencies of H between the two H-bearing phases, it 

is possible to determine in situ the H isotopic composi-

tion of the phyllosilicates by SIMS. Indeed, with the 

O– primary beam source, the emission of H secondary 

ions from phyllosilicates is more than an order of mag-

nitude more efficient than that from organics. Moreo-

ver, the H abundance in phyllosilicates is at least one 

order of magnitude higher than in organics. It is thus 

possible to assume that the contribution of H coming 

from organics is negligible. Measuring the H isotopic 

composition of a mixture of phyllosilicates and organ-
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ics with the O– source is thus equivalent to measuring 

the D/H ratio of the phyllosilicates [4].  

For these measurements, a 1nA focused O– primary 

beam was rastered over a 30×30 m2 area for 10 min of 

pre-sputtering to remove the carbon coating and ad-

sorbed water. Positive secondary ions of H, D, and 12C 

were collected during 3s, 60s, and 2s, respectively, on 

the monocollector EM for 30 cycles. During the mea-

surement, an electronic-gate was used to exclude ions 

from the outer 50% of the rastered area. An energy 

offset was applied, if needed, to compensate for any 

charging of the sample. The mass resolving power of 

1700 was sufficient to separate D+ from H2, and 24Mg2+ 

from 12C+. A nitrogen trap was used to keep a good 

vacuum (low 10-9 - mid 10-10 Torr) minimizing the con-

tribution of H in the ion microprobe to the measure-

ments. Heating of the samples prior analysis removed, 

at least partially, the adsorded water. The H2/H
+ ratio 

was always lower than 2×10-3 (vs. up to 5×10-2 prior 

heating), demonstrating dry conditions [4]. Terrestrial 

serpentine of known composition [7] was used to cor-

rect the instrumental isotopic fractionation.  

 
Fig.1: D-enrichments ( Dcorr) of the hydrated matrix in function of H 

count rates for EET92042, MET00426, QUE99177, GRA95229, Renazzo. 
 

Results: Interchondrule matrix, fine-grained rims, 

and clasts, were identified in every section. These three 

distinct occurrences of matrix were analyzed with the 

ionprobe. The corrected D/H ratios of the phyllosili-

cates are reported in -notation (‰) as a function of 

the H count rates on Fig. 1. Several observations can 

be made: (i) no D-enrichments were observed in the 

matrix of Renazzo; (ii) systematic D-enrichments were 

observed in EET92042, MET00426, GRA95229, and 

QUE99177 ( D up to +590‰, Fig. 1); (iii) variations 

in D enrichments were observed within and among  

matrix areas; (iv) no peculiar trend is observed be-

tween D and the C/H ratio for any of the five chon-

drites; (v) no obvious difference in the D enrichment is 

observed among the different Antarctic CR chondrites.  

Discussion: Four out of five of the samples we 

considered are Antarctic finds. The reddish-brown 

coloration of the sections is evidence of the terrestrial 

weathering that they experienced. Terrestrial water 

could have exchanged with phyllosilicates during resi-

dence of the meteorites in Antartica or in the laborato-

ry. However, our preliminary measurements of the H 

isotopic composition of the phyllosilicates show that 

this exchange has not been pervasive enough to com-

pletely erase the D enrichment. Nevertheless, the 

present data might only be a lower limit of the true 

isotopic composition of the phyllosilicates in the con-

sidered CR chondrites. 

MET00426 and QUE99177 are highly pristine CR 

chondrites and may have experienced only incipient 

aqueous alteration [6]. Phyllosilicates are thus much 

less abundant than in other CR chondrites [6]. Howev-

er, the H count rates and C/H ratio for each measure-

ment in these two chondrites are comparable with 

those obtained on the most altered chondrites. This 

comforts us that we indeed measured the H isotopic 

composition of phyllosilicate-rich areas. A precise 

mineralogical characterization of the sputtered area is 

still required.  

No D enrichments were observed in Renazzo phyl-

losilicates, although [4] measured D up to ~ 670‰. 

The absence of D enrichment in our section might be 

explained by (i) a heterogeneous isotopic composition 

of the water on the CR parent body; (ii) residual ad-

sorbed terrestrial water; (iii) isotopic exchange with 

terrestrial water during section preparation. Another 

Renazzo section has been obtained for study.  

Phyllosilicates are a by-product of aqueous altera-

tion. Their H isotopic compositions thus reflect that of 

the water that circulated on the parent body of the CR 

chondrites. It is not yet possible to conclude if the wa-

ter was primarily D-rich or if the D enrichment is a 

secondary feature reflecting interaction with D-rich 

organics. Aqueous alteration is likely to be a heteroge-

neous process at the scale of the parent body. Different 

intensities of alteration, different mineralogy, and vari-

able organics/silicates ratios could explain the varia-

tions observed in the D enrichment. A precise minera-

logical characterization of the isotopically characte-

rized areas is thus required. Future isotopic imaging of 

H isotopes should reveal the distribution of the D 

enrichment of the phyllosilicates at the micron scale. 

We also plan to consider chondrites from other groups. 

All of this should help to constrain the interpretations.  
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