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Introduction: Interaction of inorganic and organic materials in the evolution of primitive materials at low tem-

perature environments is one of the important issues of planetary science, which is related to the origin and evolu-
tion of life in planetary systems Micrometeorites (MMs) including ultracarbonaceous and chondritic porous MMs 
recovered from surface snow near the Dome Fuji Station, Antarctica are almost free from terrestrial weathering and 
contain very primitive materials, and are suitable for investigation of the evolution and interaction of inorganic and 
organic materials in the early solar system. We have carried out comprehensive study of seven highly primitive 
MMs and have revealed a sequence of aqueous alteration at very early stage, which has not been previously recog-
nized and which well explains the compositional diversity of amorphous silicates and phyllosilicates in IDPs and 
chondrites.  
     Samples and Methods:  About ~300kg Antarctic snow collected by the Japanese team was filtered and seven 
fine-grained micrometeorites with porous morphology, D10IB009, 356, 064, 004, 178, 163, and 017, were selected 
for detailed study. One compact MM was also investigated for comparison. They were embedded in an annealed Au 
sheet, from which ~100 nm-thick FIB sections were prepared. A series of Carbon (C)-, Nitrogen (N)-, and Oxygen 
(O)- XANES analysis, TEM analysis, and SIMS analysis were performed.  

Results: The MMs show very early stages of aqueous activities, which are seen in both inorganic and organ-
ic components. We have defined four stage of aqueous alteration on the basis of chemistry and mineralogy of organ-
ic and inorganic materials. Four porous MMs contain GEMS and enstatite whiskers/platelets, which are almost iden-
tical to those in anhydrous IDPs (CP MMs). Despite the similarity in mineralogy, organic chemistry showed diver-
sity among these MMs. Two of them contain considerable amounts of OMs with high carboxyl functionality, and 
one of them also contains nitrile and/or nitrogen heterocyclic groups with D and 15N enrichments, suggesting for-
mation in the molecular cloud or a very low temperature region of the outer solar system. On the other hand, other 
CP MMs are poor in OMs, which are aromatic, being indistinguishable from those of hydrated carbonaceous chon-
drites. Thus, functional group of the OMs in the CP MMs transforms in the earliest stage of aqueous alteration leav-
ing silicates unchanged (Stage I). At Stage II, Fe-rich amorphous silicate was formed from GEMS, which has rela-
tively homogenous compositions than GEMS in Stage I, and it contains little or no nanophase Fe metal, which sug-
gests consumption of nanophase Fe metal resulted in formation of Fe-rich amorphous silicate. The GEMS-like 
amorphous silicate is a transient product, which quickly changed to Fe-rich phyllosilicate. Stage III, is characterized 
by the formation of Mg-rich phyllosilicate and Mg-Fe carbonate through the reaction of Fe-rich phyllosilicate, Mg-
rich olivine and pyroxene, and water with C-bearing species. Further aqueous alteration would form magnetite, 
which is typical in non-porous hydrated MMs, where magnetite occurs often as framboidal aggregates and 
plaquettes. 

Discussions: The present work revealed a sequence of aqueous activity in low temperature bodies. It is in 
particular important that the previously reported wide compositional range of amorphous silicate in IDPs [1] in-
cludes the compositional change due to various degrees of aqueous alteration. The most pristine materials contained 
only Mg- and Si-rich amorphous silicates in addition to crystalline materials (olivine, pyroxene, and Fe-metal/Fe-
sulfide). Another importance is that the inorganic materials are embedded in organic materials with low aromaticity, 
of which largeδD and δ15N enrichments imply their origin in a very low temperature environment. The aqueous 
activity should have occurred in highly porous icy bodies, where liquid water is unstable to be vaporized away in-
stantaneously leaving heterogeneously formed alteration. Thus, the aqueous alteration in cometary bodies is differ-
ent from that in chondrite parent bodies where liquid water was stable and where phyllosilicates were pervasively 
formed. 
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