
Occurrences of Deuterium-rich Organic Matters in NWA 801 CR2 Chondrite.  Minako Hashiguchi1, Sachio 
Kobayashi2 and Hisayoshi Yurimoto1,2, 1Natural History Sciences, Hokkaido University. (E-mail: 
mhashi@ep.sci.hokudai.ac.jp), 2CRIS, Hokkaido University. 

 
 
Introduction: Insoluble organic matters (IOM) in 

carbonaceous chondrite are enriched in D and/or 15N [1, 
2]. Based on the enrichment, the IOM is considered to 
have formed in interstellar cloud [3] and/or outer pro-
toplanetary disk (>30 AU) [4]. Although the isotopic 
composition of chondritic organic matters has been 
revealed, their morphologies and occurrences were 
poorly understood, because most previous data of 
chondritic organic matters have reported from meteor-
ite residue prepared by chemical treatment. In this 
study, we focused on morphologies and occurrences of 
the organic matters, and their relationship with inor-
ganic materials in chondrite. The investigations for 
chondritic organic matters may provide important in-
sight into their origin. We surveyed organic matters in 
carbonaceous chondrite by in-situ hydrogen isotopic 
analysis to reveal their morphologies and occurrences.  

Methods:  The sample used in this study is a pol-
ished thin section of NWA 801 CR2 chondrite.  Hy-
drogen isotope imaging (isotopography) was per-
formed by a Hokudai isotope microscope system 
(Cameca ims-1270 equipped with SCAPS) [5]. The 
sample surface was homogeneously irradiated over 
~50 µm diameter area with a flat-topped Cs+ primary 
beam of 20 keV and the beam current of ~1 nA. The 
typical sequence for acquiring isotopigraphs was 1H-, 
2D-, 1H- and 12C- images. Hydrogen isotopic composi-
tion of the matrix is normalized to a reported value of 
phyllosilicate of Renazzo CR2, which is estimated to 
be +730‰ [6]. The digital image processing using a 
moving average of 3 x 3 pixels (corresponding to 0.6 x 
0.6 µm2) was applied to the isotope ratio image (iso-
topograph) in order to reduce the statistical error. Lat-
eral resolutions of the isotopographs are ~1.5 µm for 
1H-, 2D- and ~0.5 µm for 12C-. The selection criterion 
for hydrogen isotopically anomalous spot is that the 
isotopic composition is 2σ away from 3σ of the dis-
tribution of the matrix materials. 

For locating D-rich spots in a backscattered elec-
tron (BSE) image, we carefully compared the iso-
topography with the C elemental map and BSE image 
obtained by FE-SEM-EDS (JSM-7000F, Oxford INCA 
Energy) system. After locating, morphologies of the D-
rich carbonaceous matters identified by isotopography 
were observed by FE-SEM. 

Oxygen isotopography was also performed by iso-
tope microscope system for silicate associated with D-
rich carbonaceous matter. The sample surface was ho-
mogeneously irradiated over ~50 µm diameter area 
with a flat-topped Cs+ primary beam of 20 keV and a 
beam current of ~0.3 nA. We obtained 16O-, 17O-, 18O- 

and 12C- isotopographs from 14 analyzed areas that 
contained the D-rich carbonaceous matters. Oxygen 
isotopic composition of the matrix is normalized to the 
average composition of the matrix material, assuming 
that isotopic composition of matrix is normal. 

Results and Discussions: The D-rich spots with 
high C secondary ion signals were found in isotopog-
raphy in the 32 area from 69 analyzed areas. Total 
numbers of the D-rich carbonaceous spots were 85. δD 
values of the carbonaceous spots range from 2500 to 
11000‰ and average value is 4800‰ (Fig. 1). The δD 
variations of D-rich carbonaceous spots are roughly 
consistent to those of IOMs from CR2 chondrites, 120-
3500‰ [1, 2]. These carbonaceous spots are distribut-
ed randomly in the NWA 801 matrix. We identified 
the locations of 69 D-rich carbonaceous spots (Fig. 2). 
The other 16 spots have been failed to determine the 
locations by the SEM-EDS because of too small X-ray 
intensities of carbon. 

 
Fig. 1. Hydrogen isotopic compositions of 85 D-rich 
spots with high C secondary ion signals (Black dots) 
and the average value (orange square). Dashed line 
show the normalized matrix value (+730‰).  

 
Fig. 2. Corresponding images of Η isotope ratio (δD), 
12C- isotopography, C map and BSE. Yellow arrows 
indicate location of D-rich spots with high C secondary 
ion signals.  
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The 69 D-rich carbonaceous spots are composed of 
carbonaceous matters which morphologies are basical-
ly globular. Morphologies of the D-rich carbonaceous 
globules were classified into 4 groups; round globules, 
irregular-shaped globules, globule aggregates and ring 
globules (Fig. 3). Round and irregular-shaped globules 
consist of a separated globule embedded in silicate 
matrix, which sizes distribute 0.3-1.0 µm. The globule 
aggregates consist of an aggregate of carbonaceous 
globules with silicates. The aggregate sizes are 0.7-4.9 
µm. Ring globules are ring shaped carbonaceous glob-
ules with sizes of 0.5-0.8 µm that include silicate 
and/or void in their interior (Fig. 4). The ring globules 
including a void are similar in morphology to organic 
globules observed in Tagish Lake and Bells carbona-
ceous chondrite [7, 8]. Numbers of round globules, 
irregular-shaped globules, globule aggregates and ring 
globules are 9, 11, 45 and 4, respectively. The carbo-
naceous matters with H isotope anomaly found in this 
study are mainly composed of H and C, and are en-
riched in D. These characteristics indicate that these 
matters correspond to organic matters formed in 
molecular clouds and/or outer solar nebula. 

Formation processes of the morphologies of ring 
globules found in this study can be explained by the 
formation model of organic matters in cold interstellar 
space. At low temperatures (10 K < T < 50 K) of inter-
stellar space, most molecular species condense out 
onto any dust grains present [9]. As a result, the dust 
grains are expected to be coated by icy mantle. Ultra-
violet (UV) light photons dissociate molecules in the 
icy mantles into free radicals, which then react with 
other molecule. These reactions product a refractory 
organic mantle on the dust and then core-mantle grain 
is formed [10]. The ring globules found in NWA 801 
are similar in morphology to the core-mantle grain. 
The extremely low temperature (10 K < T < 50 K) 
occurs in cold molecular cloud, and at the most outer 
regions of protoplanetary disk (>30 AU) [11]. There-
fore, morphologies of ring globules in the NWA 801 
suggest that they have formed in cold molecular cloud 
and/or outer protoplanetary disk in early solar system 
by the chemical processes via gas-grain reaction.  

Oxygen isotopic compositions of silicates associat-
ed with 4 ring globules and 16 globule aggregates were 
measured by isotopography. Their oxygen isotopic 
compositions are not different from the isotopic com-
position of solar system. All of the silicate analyzed 
here does not show anomalous isotopic composition 
like presolar silicate grains in primitive meteorites [12, 
13]. Furthermore, no isotopically anomalous silicates 
were discovered from analyzed ring globules and 
globule aggregates. These results suggest that the sili-
cates analyzed here would have formed in the solar 
system. Therefore, it is plausible that the ring globules 

and the globule aggregates were formed in outer pro-
toplanetary disk in the early solar system (>30 AU).   

 
Fig. 3. BSE images of D-rich carbonaceous matters. 
Yellow arrows or circles indicate their location. (a) 
Round globule. (b) Irregular-shaped globule. (c) Glob-
ule aggregate. (d) Ring globule. The region of white 
dot square is shown in Fig. 4. 

 
Fig. 4. BSE image and the elemental maps of ring glo-
bule obtained from white square area shown in Fig. 2d. 
(a) BSE image. (b) C map. (c) Si map. (d) O map. Ring 
shaped dark region in BSE image is carbonaceous mat-
ter.  Bright and black region in interior of the carbona-
ceous matter are silicate and void respectively. 
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