
NANOSIMS H, C, N AND O–ISOTOPIC STUDY OF INSOLUBLE ORGANIC MATTER IN MURCHISON F. 
Robert1, S Mostefaoui1, J. Aléon2, S. Derenne3, L. Remusat4, A. Meibom1 

(1)
LEME, CNRS-Muséum, Paris, France 

(robert@mnhn.fr). 
(2)

CRPG-CNRS Nancy France. (3) LCBOP-BioEMCo, CNRS-ENSCParis, France (4)Laboratoire de 
Physique et Chimie des Systèmes Volcaniques UPMC & IPG 75005 Paris. 

  
Introduction 
Because of a systematic enrichment in deuterium, the 

insoluble organic molecules (IOM) of the carbonaceous 
meteorites are generally considered to represent interstellar 
materials. However, since the D/H ratios in IOM remain 
much lower than those measured astronomically for organic 
molecules synthesized in the interstellar medium (ISM), no 
plausible process has been proposed to account for this 
discrepancy and a straight heritage of the IOM from ISM 
remains uncertain. Recently, two new techniques – the 
NanoSIMS and the GCiRMS for Hydrogen – have yielded 
new data that may provide a solution to this pending issue. 

 
GCiRMS D/H ratio 
The δD values of benzylic, aliphatic and aromatic 

hydrogen have been determined in Murchison IOM [1] and 
are: +1250 ‰, +550 ‰ and +150 ‰, respectively. Thus, 
the D-enrichment in IOM is correlated with the energy of 
the C-H bond (Fig. 3). Any isotopic exchange of a D-rich 
IOM produced in the ISM with a D-poor solar system 
component would have resulted in an opposite correlation. 
In contrast, the correlation in Fig. 3 demonstrates that 
isotopic exchange took place after the formation of the 
IOM, with a deuterium-rich reservoir. This observation 
unambiguously negates the classical interpretation that the 
chondritic D-rich IOM was originally a deuterium-rich 
interstellar product that later exchanged isotopically with 
D-poor hydrothermal fluids in their chondritic parent body 
or with the protosolar molecular hydrogen. 

 
NanoSIMS Maps of the D/H  

It has been recently shown [2,3] that, organic species with 
low C/H ratio (̃ 1.2±0.2) are embedded in the IOM and 
exhibit much higher δD values than the bulk IOM value 
(+1000‰). This ‘material’ (hereafter referred to as D hot-
spots) exhibits highly variable D/H ratios, compared with 
the more invariable D/H ratio of the enclosing IOM. This 
indicates that the isotopic exchanges were highly variable, 
far from equilibrium and characterized by ultra fast kinetics, 
even for similar organic compounds. In addition, 15N hot-
spots are also observed and are decoupled from the D/H 
ratio. 

Here we present NanoSIMS analyses of a new IOM 
extract from Murchison. The results allow us to construct a 
coherent model for the formation of these organics and the 
origin of the D/H isotopic anomalies in the early solar 
system. 

 

Sampling and Results 
 Sample preparation and degradation of the IOM  
The IOM was isolated from the Murchison meteorite 

by the classical HF/HCl treatment preceded and followed 
by thorough extractions so as to remove soluble 
compounds and any terrestrial contamination [4,5]. 

 
Isotopic data 

The organic-rich acid residues – a black powder containing 
less than 2wt.% of minerals – was deposited and pressed 
into a gold foil. Using the MNHN NanoSIMS, a primary 
beam of Cs+ (~0.5pA) of ~100 nanometers was rastered 
over regions of ~40x40 µm2 on the deposited powder. For 
each region H- and D - were measured first, followed by 16O-

, 17O-, 18O-, and then by 12C-, 13C-, 12C14N-, 12C15N- and 
28Si-. For small regions of interest, the calibration of 
elemental C/H and C/N ratios were done against the known 
average value of the IOM residue: C100H69.5N3.3O22S6.4 [4]. 
The reported values can only be trustful within ~50%. The 
instrumental fractionation on the D/H ratio was determined 
from standard type II and type III kerogen to be about -
270‰. The bulk δD of the IOM calculated from an average 
value of a typical image was found to be δD=850±150‰; in 
agreement with mass spectrometric bulk determinations [9]. 
For δ15N and δ13C, the average values of a given image were 
used as reference calibrated against the bulk IOM values 
determined by mass spectrometry: δ15N= +20‰ and δ13C= 
-18‰, respectively. All reported errors are 2σ. 
 

Discussion - Interpretation 
In the Figures 1 a,b,c and d the 17O/16O, 18O/16O, 

28Si/16O and D/H maps are reported. The O-isotope 
compositions of 3 hot-spots associated with silicon-oxyde 
grains were determined. They lie on the correlation defined 
by Aléon et al. [6]. One grain (#1, fig.1b) has the most 
extreme composition ever measured: 17O/16O = 0.1±0.005 
and  18O/16O=0.16±0.005. 

Our D/H  data bear clear resemblances with data 
previously obtained on IDPs [7] and on meteorites [2,3]. 
We find (i) the average chondritic IOM has a C/H˜1.5 and a 
δD close to +1000‰ (i.e. 850±150‰). (ii) embedded in this 
IOM are hot -spots of organic matter with lower C/H ratio 
(1=C/H=1.5) and a large range of δD values (D/H from 680 
to 1250 x10-6). One hotspot with an extremely high C/H 
ratio of ~4 could represent graphitized OM (Fig. 2) and 
may be similar to the OM3 component defined by [7]. δ13C 
and δ15N hot (and “cold”) spots are also observed (Fig. 2). 
Because “presolar” Graphite and SiC are known to be 
mixed with IOM and to exhibit large C and N isotopic 
variations, no attempt is made here to ascribe these isotopic 
variations to specific molecular organic moieties. 
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Fig.1: NanoSIMS ion images of IOM of Murchison. 
Field of view is 40×40µm2. D-hotspots are yellow in (d). 

 
In the case of the D/H ratio, as shown in Fig. 2 with 

D/H vs. C/H, the bulk IOM does not define mixing lines 
with the hot -spots (OM2). Thus, by mass balance, the 
bulk D/H ratio is essentially insensitive to the relatively 
small proportion of deuterium-rich hotspots. Based on the 
D/H ratio of the bulk IOM, the relative proportion of 
deuterium hotspot must be ~2%. Removing the hotspots 
would only lower the δD value of the bulk IOM by 
~120‰. This is within error bars of the bulk δD 
determination. 

 
The presence of paramagnetic organic radicals (with 

unpaired electron orbitals) has been observed by EPR 
spectroscopy in the Murchison IOM [8]. It was concluded 
that  these radicals are inhomogeneously distributed in 
meteoritic IOM, with regions characterized by high 
concentration of free radicals (3-4 1019 spin/g i.e. 1% to 3% 
of the bulk IOM is carrying these free radicals). Thus, these 
free radical regions are embedded in IOM with no free 
radicals [8]. Organic radicals are extremely sensitive to 
fluids. Thus, the radical-rich regions must be regarded as 
“survivals” of the parent body hydrothermalism: they were 
likely embedded in minerals or too deeply embedded in the 
bulk IOM to be reached and destroyed by circulating water. 

 
The relative abundance (by mass) of organic molecules 

carrying free radicals is of the same order of magnitude (1 to 
3%) as that measured for deuterium-rich hot spots. The –
CH binding energy of hydrogen located α to a free radical is 
among the lowest for organic H bonds (typically between 
43 and 47 kcal/mole). We thus propose that the deuterium 
hot spots imaged with the NanoSIMS (Fig. 1) correspond 
to the regions where free radical bearing molecules are 
concentrated. Accordingly, the NanoSIMS data are plotted 
in the diagram previously defined by Remusat et al., for 
Orgueil (Fig. 3). Error bars represent the observed hot-spot 

D/H variations, but of course, include mixing at the 
molecular level of the different types of organic H 
constituting the IOM. This diagram allows to reconstruct at 
a molecular level the process by which the deuterium in the 
primitive solar system where concentrated in the organic 
matter and then transfer to water. 

Fig.2: H-, C-, and N-isotopic results of IOM of 
Murchison hot- and cold-spots. The grey dot is the bulk 
Murchison IOM. OM’s regions were defined by [7] in 
IDPs. 

Figure 3 : NanoSims Deuterium Hot-Spots are ascribed to 
free radical organic bearing molecules 
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