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Introduction: GEMS grains are one of the most abundant 

ancient materials in our solar system. However, their origins are 
still debated [1-4]. Some researchers proposed that GEMS are 
pseudomorphs of crystalline inclusions called “relict grains”, 
which formed in the interstellar medium [1,3], while others 
proposed that sulfide grains existed on the surface of the GEMS 
grain, which were formed by reaction by metallic iron with S-
bearing gas in the primitive solar nebula [2,4]. Both results were 
based on 2D TEM and STEM observations of ultrathin sections; 
the grain size of GEMS is about 100-500 nm while the section 
depth is ~70 nm. Therefore, it is necessary to confirm these 
reports by 3D observation to investigate the origin of GEMS. In 
this study we performed 3D observation of GEMS grains by 
using electron tomography equipped in a TEM/STEM system. 

Samples and methods: Five GEMS grains in four cluster 
IDPs (L2036AA5 cluster4, L2036AA10 cluster4, L2009O8 
cluster13 and W7262A2) were examined. IDP W7262A2 was 
collected without silicon oil, which is normally used to collect 
IDPs, so this sample is free of contamination from silicon oil and 
solvent used for rinsing the oil [5]. IDPs were embedded in epoxy 
resin and sliced into ultrathin sections (50-300 nm) by using an 
ultramicrotome and mounted on Cu grids for TEM/STEM (JEM-
2100F, JEOL, at Kyoto University) observation. The sections 
were observed by BF-TEM (bright field-TEM) and HAADF-
STEM (high angle annular dark field-scanning TEM) modes. 
Images were obtained by rotating the sample tilt angle over a 
range of ±65° in 1° steps by a tomography system. The obtained 
images were reconstructed to slice images by using software. 
Mineral phases in the slice images were estimated by comparing 
with a 2D elemental map obtained by an EDS (energy dispersive 
X-ray spectroscopy, JED-2300T, JEOL) system equipped in the 
TEM/STEM. 

Results and discussions: All GEMS grains observed have 
sulfide grains on their surfaces while the metal grains are present 
both on the grain surfaces and inside the grains. This tendency is 
consistent with a model that GEMS formed by condensation [2,4]. 
In contrast, no crystals were observed at least in the present 
GEMS grains. We also found that some metal grains in GEMS 
have an inclusion (5-10 nm), which has lighter elements than Fe 
or voids. The inclusion size is so small that the phase cannot be 
identified. Such inclusions were not identified in 2D observations, 
while the present 3D observations clearly showed their presence. 
They must constrain important information on GEMS formation 
and the origin. 
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