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Introduction:  Abee EH4 chondrite is an impact-

melt breccia [1].  It has experienced a high temperature 
(up to 800°C for some parts, and 500°C for dark inclu-
sions) resulting in partial melting of the parent body. 
These high temperatures resulted in a complex struc-
ture with centimetric clasts embedded into a reduced 
matrix (including enstatite, metal and sulfides). 

The step-heating carbon release patterns of EH4 
chondrites, including Abee, indicates that carbon oc-
curs as minor organic matter and more abundant graph-
ite, along with some diamonds [2, 3]. Yang and Epstein 
[4] have reported very low D/H ratios for the acid resi-
due of Abee (D/H= - 450‰), the lowest D/H ratio re-
ported so far for chondritic carbonaceous matter. As 
organic matter is the main H reservoir in the acid resi-
due, it means that this thermally processed organic 
matter is anomalously depleted in D compared to other 
no hydrated chondrites (enstatites or ordinary, [4]). We 
recovered Abee acid residue studied by Yang and Ep-
stein from the Caltech sample collections to re-examine 
their isotopic compositions using micro-analtyical 
techniques. A surprising pattern in 12C images lead us 
to focus also on the relationships between graphite and 
disordered carbonaceous matter, (hereafter called ‘or-
ganic matter’). 

Experimental: An HF/HCl residue of Abee was 
extracted by conventional procedures [5]. The sample 
was pressed on clean indium foil and gold coated for 
preliminary NanoSIMS measurements. Afterwards, 
SEM and Raman microspectrometry were used to bet-
ter characterize the carbonaceous phases in the sample. 
A TEM grid preparation was also made, to characterize 
the morphology of the carbonaceous phases. To this 
end, an IOM grain was powdered and suspended in pure 
ethanol and a droplet of the suspension was transferred 
onto the carbon lacey of a Cu TEM support grid. Some 
grains studied by TEM where imaged by NanoSIMS 
during a second session. 

High Resolution TEM images were acquired on a 
Jeol 2011 (LaB6 filament, 200 kV) installed at Univer-
sity Paris VI Jussieu, equipped with a Gatan Orius 
camera (pixel size: 0.014 nm). 

Raman microspectrometry confirms the occurrence 
of graphite in the indium mounts. We used a Renishaw 
INVIA spectrometer equipped with an Ar laser source 
(wavelength 514.5 nm) and installed at the Ecole Nor-
male Supérieure, in Paris. The spot size is about 1 µm² 
and the penetration depth about 0.1 µm. Very low inci-

dent power (1-5 mW) was used to avoid heating ef-
fects. Each spectrum represents a stack of three meas-
urements. 

 
Figure 1: SEM image (top) of Abee acid residue pressed in 
indium. The red square represents the area sputtered by 
NanoSIMS (bottom images). Note that the sputtering induces 
more damage to organic matter than to graphite (g).  

 
NanoSIMS images were acquired on the 

NanoSIMS 50L installed at the Caltech center for mi-
croanalysis and on the NanoSIMS 50 at MNHN. At 
Caltech, H-, D-, 12C-, 13C-, 16O-, 26CN-, 27CN-, 28Si- sec-
ondary ions were collected to look for isotopic anoma-
lies. A Cs+ primary beam of 3 pA was rastered on a 
surface of 20×20 µm² with a resolution of 256×256 
pixels, and a counting time of 3ms/pixel. A standard 
charcoal, with known D/H, 13C/12C and 15N/14N iso-
topic ratios, was used to correct for instrumental frac-
tionation. For more precise characterization of the 
13C/12C ratio of carbonaceous phases, 12C-, 13C-, 26CN- 
and 28Si- secondary ions were imaged during a second 
session on the MNHN NanoSIMS. The primary Cs+ 
beam was set to 1.3 pA, and images were acquired at 
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the same resolution as previously described (1 
pixel=78 nm). For this session, a graphite and a type 3 
kerogen standards were used to correct for instrumental 
fractionation on the 13C/12C ratio. Raw data were cor-
rected for the QSA effect [6] on 13C/12C ratios. During 
each session, a presputtering with a high primary cur-
rent was used to remove surface contamination and 
coating and to reach sputtering equilibrium. 

Results and discussion: SEM and Raman spec-
trometry confirm that the Abee acid residue is hetero-
geneous and composed of large graphite chunks em-
bedded in an amorphous organic matter rich in nitrogen 
(figure 1). These graphite grains are characterized by a 
high emission in 12C secondary ions, making them easy 
to identify in ion images. They are also characterized 
by a very low content in N (as shown by N/C image in 
figure 1) consistent with carbonaceous phases in 
shocked objects [1].  

We measure a D/H ratio of -330 ±25 ‰ for the or-
ganic component. The H content in the graphite grains 
is so low that the measured individual ratios are not 
usefully precise. Nevertheless, integration of data from 
all measured spots suggests a value near 0 ‰. The iso-
topic ratio determined by NanoSIMS is consistent with 
the value reported in [5], taking in account a potential 
contamination with adsorbed water. We do not detect 
any enriched anomaly in D or 15N in Abee acid residue.  

HRTEM reveals that organic matter and graphite 
are associated with one another in the acid residue 
(figure 2), but this association could be a consequence 
of the demineralization process rather than a petro-
graphic association in the sample prior to pre-
treatment; indeed, no association was seen in previous 
studies [1]. We have measured different δ13C values for 
organic matter and graphite, broadly consistent with 
stepped pyrolysis studies [3]. Nevertheless, the δ13C we 
determine for organic matter is lower than the value 
previously reported [3] for this low temperature com-
ponent (-55±3 vs -30). The values in both sample 
preparations examined in this study are consistent 
within error bars. Graphite grains average at -6 ± 3.6 
‰ consistent with stepped pyrolysis experiments. 
However, a few graphite grains (including the grain in 
figure 2) have a lower δ13C, around -22 ± 8 ‰. This 
may indicate 2 populations in graphite. The most 
abundant population may have an igneous origin (if we 
assume these grains correspond to the large graphite 
laths described in [1]).  The least abundant population 
may be a product of thermal processing of organic mat-
ter. Indeed, all the graphite grains observed in both 
HRTEM (for which we see an intimate association with 
organic matter) and NanoSIMS are from the later, low 
δ13C population.  

Conclusion: Abee acid residue contains 2 different 
populations of graphite. Some grains may result from 
the thermal processing of organic matter originally 
accreted on the parent body. This organic matter ap-
pears to be different in origin from organic matter in 
carbonaceous chondrites, based on its isotopic compo-
sition highly depleted in D. It might not have been ex-
posed to the ionized D-rich gas environment that has 
been hypothesized to give rise to D-rich organics in 
carbonaceous chondrites [8].   

 

 
Figure 2: TEM (A) and NanoSIMS (B) images of the same 
particle on a TEM grid. The carbon lacey grid emission is 
very low compared to the graphite. Organic matter emission 
is also low compared to graphite.  
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