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Introduction:  Hydrogen isotopes are highly vari-

able among primitive meteorites and interplanetary 
dust particles (IDPs) [1, 2]. In particular, many primi-
tive objects exhibit D (and 15N) enrichments, relative 
to terrestrial values, thought to represent partial pres-
ervation of presolar material fractionated in molecular 
clouds. However, the diversity of D/H ratios among 
IDPs and chondrites indicates a complex history of 
processing in the solar nebula and on meteorite parent 
bodies. Deconvolving this record requires identifica-
tion and characterization of the carriers of D enrich-
ments in different objects. Isotopic imaging has proven 
to be a powerful method to quantitatively explore the 
distribution of D/H ratios on a one to several µm scale 
in IDPs [2-4] and the CR chondrite Renazzo [5, 6].   

In this study, we have used ion imaging to explore 
the microscale D/H distribution of two carbonaceous 
chondrites, Tagish Lake (unique) and Al Rais (CR2). 
Previous D/H measurements (on a ~tens of microns 
scale) of Tagish Lake matrix fragments by Messenger 
[7] and Engrand et al. [8] have found different results, 
most likely related to the analytical techniques used. 
Previous work has also shown a large range of D/H 
ratios in CR chondrites, including very large variations 
on a scale of a few microns [5, 6, 9].  

Samples and Methods:  Matrix materials from the 
carbonate-rich lithology of Tagish Lake (kindly pro-
vided by M. Zolensky) and from Al Rais were crushed 
between quartz slides and individual <20µm dark frag-
ments were pressed into clean gold ion probe mounts. 
All fragments were analyzed for D/H and C/H ratios 
by scanning ion imaging in the Carnegie ims-6f ion 
microprobe [3]. A 3–35 pA Cs+ primary ion beam was 
rastered over each sample and secondary ion images 
were synchronously acquired. Typical measurements 
consisted of 25-30 cycles, counting H-, D- and C- for 
5, 70, and 5 seconds per cycle, respectively. The spa-
tial resolution ranged from ~1–1.5 µm. Images were 
semi-automatically segmented [4] into sub-regions 
(ROIs) of approximate area 2.2 µm2 and D/H and C/H 
ratios calculated for each one. An organic standard 
was used to convert ion intensity ratios into isotopic 
and elemental ratios. The reproducibility of D/H ratios 
measured with this technique is conservatively esti-
mated to be ~±100‰  (1σ). The absolute  C/H calibra-
tion is probably no better than ±50%, but the relative 

C/H ratio between different fragments and sub-
fragments is certainly better. 

Results:   
Tagish Lake: A total of 27 fragments of size 5–16 

µm were analyzed, yielding 1002 ROIs. Resulting data 
are shown in Figures 1-3; typical error bars for D/H on 
individual ROIs  are ±350‰ (1σ). ROI δD values 
range from ~ –500 to +8,000‰, with an average value 
of +580‰. Most of the values lie between 0 and 
1,000‰. C/H ratios range from 0.3 to 1.5. Figure 4 
shows ion images illustrating the micron-scale hetero-
geneity of D/H in this meteorite. SEM examination, 
including EDX mapping, of several of the fragments 
found D hotspots associated with both carbonate 
grains and phyllosilicate minerals. Two fragments 
were also measured for N isotopes by NanoSIMS im-
aging (see companion abstract by Messenger et al. 
[10])  

Al Rais: We measured 6 fragments of size 9–14 µm 
giving 290 ROIs. Data are shown in Figs. 1 and 2; 
typical D/H error bars are ±450‰ (1σ). ROI δD values 
range from ~ –100 to +4,400‰, with an average value 
of +1,280‰. This is similar to the Renazzo results of 
Guan et al. [5, 6], who found matrix fragments of that 
CR meteorite typically have δD~1,000‰. Most values 
lie between 500 and 1,200‰ and C/H ratios range 
from 0.3 to 1.4.  

 
Discussion: The distribution of D/H ratios in 

Tagish Lake is compared to the results of Messenger 
[7] and Engrand et al. [8] in Fig. 3. Our distribution is 
similar in average to that of Messenger, but the main 
peak is broader and we have found numerous D “hot-
spots,” with D/H ratios much higher than previously 
observed. The broader peak between 0 and 1,000 ‰ 
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can largely be attributed to the larger error bars of in-
dividual ROIs. Engrand et al. argued that their analysis 
technique is largely sensitive to water within phyl-
losilicates and that the lower δD values they observe 
thus reflect a lower δD value for phyllosilicates com-
pared with organics. In principle, the C/H ratio can be 
used to infer the relative contribution of C-rich and C-
poor H-bearing  phases [e.g., 4, 11]. A linear regres-
sion to the δD versus C/H values of the Tagish Lake 
whole fragment measurements (Fig. 2) is essentially 
flat and gives an intercept of δD=550‰, higher than 
observed by Engrand et al., but the lack of points with 
very low C/H ratios renders this value highly uncer-
tain. 

 

 
The Tagish Lake ROI data in Fig. 2 suggests mix-

ing of at least three components: a phyllosilicate com-
ponent with low C/H and δD in the range of a few 
100‰., a phase with similar D/H, but high C/H (most 
likely carbonates), and  D-rich material with interme-
diate C/H~1. The most D-rich hotspot (dD~8,000) lies 
intriguingly close to an organic end member (“OM2”) 
defined by Aléon et al. in IDPs and is also similar in 
value to the most D-rich fragment found by Guan et al. 
in Renazzo [5]. The Al Rais data show a roughly simi-
lar distribution, except that the δD values are typically 
higher and there are no ROIs with C/H>1.2 and 

δD<2,000‰, probably indicating a lower abundance 
of carbonate in the Al Rais samples compared to the 
Tagish Lake ones.  

In bulk, the insoluble macromolecular material in 
Tagish Lake appears much more hydrothermally proc-
essed than that of CR2 chondrites and apparently has 
lost much of an aliphatic component originally present 
[12]. The lower bulk D/H of Tagish Lake compared to 
Al Rais supports this conclusion in general, but the 
presence of organic-rich hotspots with very high δD 
values indicates that some primitive organic matter has 
survived.  
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