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Introduction: Both the abundances of presolar 

grains and the properties of insoluble organic matter 
(IOM) vary among primitive extraterrestrial materials 
and are sensitive probes of parent-body and nebular 
processes [1−5]. Presolar silicates, the most abundant 
type of presolar grain (aside from the ambiguous 
nanodiamonds), make up ≥~400 ppm of a nhydrous 
interplanetary dust particles (IDPs) and have a factor 
of a few lower abundance in low petrographic grade 
Type 3 carbonaceous chondrites (CCs). The highest 
abundances reported to date have been in the CR3 
chondrites Queen Alexandra Range (QUE) 99177 [5, 
6], the ungrouped CC Acfer 094 [7] and the CO3.0 
Allan Hills (ALHA) 77307 [6], in keeping with other 
indications that these are among the most primitive 
meteorites available for study. Here we report the 
results of a bulk isotope and NanoSIMS imaging study 
of the Antarctic CO chondrite Dominion Range 
(DOM) 08006. Prior work indicated a lower 
abundance of amino acids in this meteorite compared 
to ALHA 77307 [8]. However, our results indicate the 
preservation of isotopically more primitive organic 
matter than in ALHA 77307, as well as the highest 
presolar silicate abundance yet found in the matrix of 
any chondrite. This  suggests that this sample may be 
among the most primitive known meteorites. A 
companion abstract discusses a transmission electron 
microscopy (TEM) study of one presolar grain and 
matrix material from DOM 08006 [9]. 

Methods:  An aliquot of the DOM 08006 sample 
studied by [8] was kindly provided by A. Burton 
(GSFC). We used gas-source mass spectrometry to 
measure its bulk H, C, and N abundances and isotopic 
compositions following standard techniques [10]. We 
subsequently obtained a polished thin section from 
Johnson Space Center and analyzed it by isotopic 
imaging with a Cameca NanoSIMS 50L ion 
microprobe. For most measurements, we used a 1-pA 
Cs+ primary ion beam to image 10µm×10µm areas in 
secondary ions of 12,13C, 16,17,18O, 28Si, and either 
12C14N or 27Al16O along with secondary electrons, at an 
effective spatial resolution of about 150 nm.  One set 
of images was acquired in 16,17O, 12C2,12C13C,12C14N, 
12C15N, 28Si and secondary electrons to characterize the 
N isotopic composition of carbonaceous material. 
Grains with anomalous 17O/16O identified during these 
runs were subsequently re-measured for 18O/16O.  In 
addition, one set of imaging runs was carried out with 

a higher (~10 pA) Cs+ beam current to analyze H and 
C isotopes (1,2H, 12,13C, 16O, and 12C14N). O isotopes 
were internally normalized to the average composition 
of each image, C- and N-isotopes were normalized to 
epoxy infilling cracks in the thin section and H 
isotopes were compared to both an external standard 
(IOM from QUE 99177) and the epoxy. 

Results and Discussion:   
Bulk Measurements. In bulk, DOM 08006 has 

δD=+5 ‰,  δ13C= −5.2 ‰ and δ15N=6.5 ‰, compared 
to values of  −48 ‰, −7.1 ‰ and −2.7 ‰, respectively, 
for ALHA 77307 [10]. The slightly higher D and 15N 
contents suggested that DOM 08006 may preserve 
more primitive IOM than does ALHA 77307, which 
prompted our NanoSIMS survey. 

NanoSIMS measurements. A total fine-grained 
matrix area of ~22,500 µm2, divided into three areas 
separated by several mm, was mapped for O isotopes. 
Ninety grains with large O-isotopic anomalies were 
identified as presolar, with sizes ranging from ~150 nm 
up to 1 µm. Based on the measured Si/O and/or AlO/O 
ion ratios, we estimate that 10−15 % of the grains are 
likely Al-rich oxides, and the remainder is silicates. 
The O-isotopic ratios of the grains overlap with those 
seen in previous studies of presolar oxides and silicates 
(Fig. 1). 

 
Fig. 1: O-isotopic ratios of 90 presolar grains from DOM 
08006 compared to those of several hundred previously 
reported presolar silicates [e.g., 5-7, 11]. 
 

C-isotopic imaging revealed numerous sub-µm 
inclusions with both positive and negative anomalies. 
In many cases, 13C-enrichments are clearly associated 
with SiC grains. N isotopic measurements revealed 
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striking µm-scale heterogeneity, as seen in other 
primitive chondrites. Most C-rich particles are clearly 
15N-enriched, with some exhibiting δ15N values up to 
~1000 ‰. Figure 2 shows images from a particularly 
interesting region containing a 17O-enriched presolar 
silicate, a 13C-rich SiC grain, and a C-rich inclusion 
with C- and N-anomalies (δ13C =+100 ‰, δ15N =+400 
‰), all within ~2 µm of each other. The SEM image 
reveals that the anomalous C grain is an organic 
nanoglobule, similar to those seen in other primitive 
extraterrestrial samples [e.g., 12]. 

  

 
Fig. 2. a-c) NanoSIMS isotopic ratio images and d) SEM 
image of small region of DOM 08006 matrix.  

 
Our H-isotopic measurements were hampered by 

low statistics, but revealed that outside of epoxy-filled 
veins, C-rich material is clearly enriched in D, with 
measured D/H values comparable to that measured in 
the QUE 99177 IOM (bulk δD=3139 ‰, [4]). Some 
µm-scale heterogeneity was observed, but we have not 
yet identified ‘hotspots’ with extreme δD values.  

Abundances. We estimated the abundance of 
presolar O-rich grains by dividing the total area of 
identified grains by the analyzed area. Grain sizes were 
estimated from the NanoSIMS images and we thus 
applied a correction for the size of the primary beam, 
which slightly enlarges the apparent grain size. The 
three matrix areas have remarkably consistent O-
anomalous grain abundances, with an average value of 
240±25 ppm (≈210 ppm silicates, ≈30 ppm oxides). As 
with all NanoSIMS studies, this abundance is not 
corrected for the decreased detection efficiency due to 
the effect of beam tailing [7]. This derived abundance 
is higher than those reported for CO3.0 chondrites 
ALHA 77307 (190 ppm, [6]) and Lapaz (LAP) 031117 
(147 ppm [13]), or, in fact, for any other meteorite 
(Fig. 3). In one study of CR3 QUE 99177, a similarly 

high presolar grain abundance was found (220±40 ppm 
[5]), but analysis of a larger area of this meteorite [6] 
found a lower abundance of 160±25 ppm). Since the 
latter study was performed with the same instrument, 
protocols and analysis software as our study and is thus 
directly comparable, the evidence suggests that DOM 
08006 has a significantly higher abundance of presolar 
O-rich grains in its matrix than does QUE 99177. The 
inferred SiC abundance is on the order of 10s of ppm, 
comparable to that in other primitive meteorites [14].  

The very high abundance of presolar silicate grains 
in DOM 08006, and the 15N- and D-rich nature of its 
indigenous carbonaceous material suggest that it is one 
of the most primitive unequilibrated chondrites, a 
result also borne out by TEM analysis of its matrix [9].  

 

 
Fig. 3. Matrix-normalized abundances of presolar O-rich 
grains in primitive meteorites, modified from [15], where 
references may be found. DOM 08006 has the highest 
reported abundance of presolar grains in any meteorite.   
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