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Introduction:  Carbonaceous chondrites are primi-

tive meteorites that have sampled the oldest conden-
sates of the solar system. They have accreted compo-
nents of various origins: CAIs (also known as refrac-
tory inclusions), chondrules, ice, noble gases and or-
ganics. Radioactive decay of short lived radionucleides 
quickly heated these parent bodies and drove thermal 
metamorphism and aqueous alteration of their various 
constituents. Despites this post-accretionary modifica-
tion, at least some components of the organic matter in 
the carbonaceous chondrites have retained distinctive 
isotopic and molecular properties that plausibly relate 
to their pre-accretionary origins in the early solar neb-
ula or in the molecular cloud that gave birth to it [1, 2]. 
The processes that gave rise to early solar-system or-
ganics and the extent to which these compounds were 
modified by parent body processes are still a matter of 
debate [3], and this work provides new insight into 
those questions. 

One way to address these questions is to study the 
relationships between the organic constituents of the 
carbonaceous chondrites and their surrounding inor-
ganic matrix, in situ. Our goal is to assess how the 
organic matter was accreted on the parent body of the 
carbonaceous chondrites and what alterations it has 
undergone during the 4.5 billion years evolution of the 
parent bodies. Moreover we want to shed light on the 
potential of the minerals that are associated with the 
organics to induce catalytic processes for organic syn-
thesis or isotopic exchange which could alter the origi-
nal isotopic signatures. 

Preliminary work on the most hydrated carbona-
ceous chondrites (CI) confirmed previous observations 
that organic matter occurs mainly as individual parti-
cles randomly distributed in the matrix within clay 
minerals [4]. No specific association with any inor-
ganic component was observed, ruling out the hy-
pothesis that the main fraction of the organic matter 
could be synthesized by catalytic reactions on grain 
surfaces. The present contribution reports new obser-
vations performed on CM, CV and CR chondrites 
along with the study of the isotopic processes that oc-
curred on the parent body of these meteorites.  

Experimental: We have used the Cameca Nano-
SIMS 50L installed at Caltech to image matrix frag-
ments of Orgueil (CI), Tagish Lake (CI), Murchison 
(CM), Cold Bokkeveld (CM), Allende (CV) and 
Renazzo (CR) carbonaceous chondrites. A focused Cs+ 
primary beam was used to generate ion images of H, 

D, 12C, 18O, 26CN, 28Si and 32S. We were then able to 
determine both elemental and isotopic compositions of 
organic particles with a spatial resolution between 200 
and 300 nm. To avoid any contamination from epoxy 
or deformation of small, soft materials during polish-
ing, fragments of matrix material were pressed into 
clean indium foils. No chemical treatment was applied 
to the sample before image acquisition. A standard 
terrestrial charcoal was used to correct the composition 
of the organic material. O, Si and S images are used to 
map inorganic material whereas the other species give 
the composition of the organic material in the matrix. 

Results: All the chondrites observed exhibit a ran-
dom distribution of C-rich particles with an average 
size around 1 micron. Allende contains fewer particles 
per unit area, perhaps expected given its relatively 
lower bulk content of organic matter. No specific as-
sociation is observed between carbon and either sul-
fides or oxides. This should be the result of the accre-
tion of small organic particles with inorganic material 
to form the parent bodies. 

When the chemical and isotopic compositions of 
all the particles identified in the CI, CM and CR chon-
drites are compared, one observes compositional 
trends that reflect mixing between an organic constitu-
ent and the inorganic matrix (fig 1A). The organic end 
member seems to have a similar H/C ratio in all the 
chondrites studied. Thus, the elemental compositions 
of the organic particles in all examined samples are 
broadly similar to one another. Nevertheless, the D/H 
ratio of some of the organic particles are extremely 
high (fig 1B), leading to D-rich ‘hot spots’ in ion im-
ages [5]. Not all the C-rich particles are D-rich hot 
spots, but the D-rich hot spots always cover an entire 
C-rich particle. It must be noted that Allende does not 
exhibit any D-rich hot spots. 

In detail, the D/H images show that D enrichments, 
when present, are closely spatially correlated with the 
C-rich particle. Moreover, profiles through D-rich par-
ticles (fig 2) of C/H and D/H ratios clearly indicate 
that there is no significant self diffusion of D from the 
D-rich organic particle to the D-depleted (but gener-
ally hydrogen rich) inorganic matrix. Since equilib-
rium should result in organic matter being depleted in 
D compared to clay minerals, the isotopic signature of 
the organic matter is protected from alteration that can 
occur during hydrothermalism on the parent body.  

Discussion: Based on these observations, it ap-
pears that the hydrated carbonaceous chondrites con-
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tain two kinds of particulate organic matter. One kind 
is extremely enriched in D, forming the D-rich hot 
spots previously reported by Busemann et al. [5]. The 
second sub-set has D/H ratios in the range of the bulk 
isotopic ratios determined in IOM of carbonaceous 
chondrites [3]. The thermally processed Allende only 
exhibits D-poor organic particles.  

It has been proposed that extreme D-enrichment in 
some chondritic carbonaceous materials is hosted by 
organic radicals [6,7]. These moieties are suggested to 
have accumulated D from an ionized hydrogen gas in 
the early stage of the solar nebula. The occurrence of 
radicals is likely the result of intense UV-irradiation, in 
an interstellar-like environment. Thus, the D-rich hot 
spots could be organic particles that have been sub-
jected to intense irradiations in the outer regions of the 
solar nebula and then mixed with other organic parti-
cles that where protected from UV radiation by dense 
gas. This conclusion is consistent with mixing proc-
esses that are supposed to have occurred in the proto-
solar nebula and that have resulted in the association 
of high temperature (CAI) and low temperature (OM) 
material in the carbonaceous chondrites parent bodies.  

The lack of D-rich hot spots in Allende may be the 
result of either the sampling of organic particles from 
the neutral gas phase or the thermal process to which 
the organic matter was exposed on the parent body or 
before accretion. Indeed, it has been shown that the 
organic moieties that constitute the D-rich reservoir in 
the hot spots are destroyed by high temperatures [7]. 

The lack of significant exchange between organic 
particles and adjacent D-poor hydrous silicates and 
oxides presents an intriguing problem. In terrestrial 
sediments, organic matter undergoes isotopic exchange 
in timescales of hundreds of thousands years. In the 
case of carbonaceous chondrites, organics have been in 
contact with adjacent hydrous phases for 4.5 Gy and 
no significant exchange of D across the particle/matrix 
interface is observed. A careful look at the inorganic 
material surrounding the organic particles does not 
reveal any structure that could shield them from iso-
topic exchange, leading to the conclusion that the pres-
ervation process is only due to the exchange rate of the 
organic matter constituting the particles. Despite 
hydrothermal activity on the parent body that has in-
duced partial oxidation of the IOM [8], the organic 
particles seem to have preserved their pristine isotopic 
signature. 
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Science 312, 727-730; [6] Gourier et al. (2008) GCA 72, 

1914-1923; [7] Remusat L. et al (2008) LPS XXXIX, Abstract 
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Figure 1: Isotopic and elemental compositions of the C-rich 
particles observed in this study in CI, CM and CR chon-
drites. 

 
 

-1.5

-1

-0.5

0

0.5

1

1.5

2

0 0.5 1 1.5 2 2.5 3

C/H

D/H

Distance in microns

no
rm

al
iz

ed
  r

at
io

 (a
rb

itr
ar

y 
un

its
)

 
Figure 2: D/H and C/H profiles through a D- and C-rich 
particle in Murchison. 
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