
THREE-DIMENSIONAL OBSERVATION AND IMAGE 
ANALYSIS OF ORGANIC NANOGLOBULES IN 
CARBONACEOUS CHONDRITES USING X-RAY 
MICROTOMOGRAPHY 
T. Matsumoto1, A. Tsuchiyama1, K. Nakamura-Messenger2 , M. 
E. Zolensky2, T. Nakano3, and K. Uesugi4, 1Department of Earth 
and Space Science, Osaka University, E-mail: matsumoto@ as-
troboy.ess.sci.osaka-u.ac.jp, 2NASA JSC, 3GSJ /AIST, 
4JASRI/SPring-8  
 

Introduction: In carbonaceous chondrites, IDPs, and dust 
from comet 81P/Wild2, spherical organic objects of a few hun-
dred nanometers, called organic nanoglobules were found [1-3]. 
They have usually hollow structures, and it has been proposed 
that they were formed from composite particles of organic mate-
rials and ice in molecular clouds or aqueous alteration of organic 
materials in asteroids [4]. In the both origins, hollow regions of 
the globules might be filled with H2O-rich fluids. However, any 
fluids have not been detected due to destructive analysis, such as 
by TEM, in the previous studies. In order to determine the exis-
tence of such fluids, we tried to observe organic nanoglobules 
non-destructively using synchrotron radiation-based X-ray micro-
tomography. 

Experiments: The imaging experiments were done at 
BL47XU of SPring-8, JAPAN. The samples were pieces of 
Tagish Lake meteorite of 60 μm in size. Their 3-D structures 
were obtained by the tomography system with the spatial 
resolution of about 250 nm. Then, the samples were microtomed 
and observed under a transmisson electron microscope (TEM) to 
compare with the CT images. 

Results and Discussions: Comparison between the CT and 
TEM images showed that nanoglobules were identified by the CT 
images. However, CT images of nanoglobules are not exactly the 
same as TEM images probably due to X-ray refraction in the 
sample. In order to evaluate CT images of nanoglobules and to 
determine the presence of fluids in the hollows, simulation of CT 
images was made by considering X-ray absorption and refraction 
for nanoglobules with or without water in the hollows. The simu-
lation suggests that at least the observed nanoglobule do not seem 
to contain any water in the hollow. The simulation also revealed 
that the external shapes of nanoglobules can be identified al-
though internal structures are hardly recognized by CT images. 
Based on the simulation, three-dimensional shapes of nanoglob-
ules in the Targish Lake samples were examined. Three-axial 
ellipsoids approximation of the nanoglobule shapes revealed that 
they are almost spherical (the ratio of the longest and shortest 
axis is no less than ~ 0.7). If nanoglobules have molecular clouds 
origin based on N and H isotopic features [4], icy dust in the 
molecular clouds should be spherical. 
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