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It is very important to understand the variations in compositions and distributions of organic 

compounds and minerals in asteroids (meteorites) and comets for costraining the origin and for-
mation pathways of organics in the early Solar System. Antarctic micrometeorites (AMMs) are 
one of the most primitive Solar System materials available to us, as some of them were chondrit-
ic porous (CP) and contains GEMS (glass with embedded metals and sulfides) and organic nano-
globules, suggesting a possible cometary origin of both CP-MMs and CP-interplanetary dust par-
ticles (IDPs) collected at stratosphere [1]. We have carried out the coordinated analyses of 
AMMs collected from Dome Fuji station, Antarctica, by using a scanning transmission x-ray mi-
croscope (STXM) with x-ray absorption near edge structure (XANES), transmission electron mi-
croscopy (TEM), and secondary ion mass spectrometry (SIMS). 

The MMs containing GEMS were classified as anhydrous MMs, and the anhydrous MM that 
contained extremely high amounts of organic carbon was classified as an ultracarbonaceous MM 
(UCAMM) [2]. In contrast, the MMs containing phyllosilicates were classified as hydrous MMs. 
Moreover, we have found “hybrid MM” (weakly hydrated MM) which contained both textures 
of anhydrous and hydrous MM. Organic material was widely distributed in size of 10 μm in an 
anhydrous MM, while that in a hydrous MM was smaller and fewer in size and distribution. Or-
ganic material in the anhydrous MM was enriched in carboxyls, aliphatic carbon, and nitriles or 
pyrimidines, and contained a number of organic nanoglobules highly enriched in those functional 
groups [3]. On the other hand, organics in the hydrous MMs had similar molecular compositions 
to insoluble organic matter (IOM) in carbonaceous chondrites. From the anhydrous MM, D (δD 
= 8000-10000‰) and 15N enrichments (δ15N = 600-1000‰) were detected [3]. These values 
were comparable with pristine IDPs and comet Wild 2 [4-6], thus it is very likely that the organic 
functionsl group compositions were originated from cold environments such as interstellar or 
outer solar nebula, e.g., photochemistry of HCN or CN ice. The precursor compositions would 
have been modified and hydrolyzed with depletion of organic carbon contents by the subsequent 
parent body aqueous alteration, and converted to highly aromatic, IOM-like compositions. The 
hybrid MM with a mixture of anhydrous and hydrous organic features supports the continuum 
between anhydrous and hydrous MMs during the early stage of aqueous alteration, which likely 
occurred in comets and/or icy asteroids that are able to retain liquid water for short duration [7-9]. 
Our study provide new insights on the possible continuum between comets and asteroids, and 
constrain the precursor small bodies that delivered water and organic compounds to the early 
Earth. 
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