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Introduction:  Sayama is newly found CM chondrite [1] and its 

chondrules are hydrated in major parts but retain small amounts of 
anhydrous phases, thus it was assigned to CM2 [1-2].  In the present 
study, we extended the preliminary study [2] to further investiga-
tions of mineralogy and oxygen isotope signatures. 

Results and Discussion: Chondrules are almost entirely re-
placed by serpentine and minor chlorite. In many places in chon-
drules, preexisting anhydrous phases are pseudomorphically re-
placed.  Modal analysis indicated that the average fraction of phyl-
losilicates in chondrules is 92 % (n=20).  Matrix is mainly com-
posed of coarse serpentine with typically 50 to 100 µm across.  Syn-
chrotron X-ray diffraction (SR-XRD) showed that the serpentine 
001 reflection appears at 7.20 Å, which is larger than that of other 
CM chondrites such as Murchison [3], suggesting a low Fe3+/ Si4+ 
ratio in the tetrahedral layers in serpentine and the high degree of 
aqueous alteration.  SR-XRD also indicated that PCP (tochilinite) is 
absent in matrix, instead pyrrhotite and pentlandite are contained in 
matrix.  Dolomite is a dominant carbonate in both matrix and chon-
drules. 

Oxygen isotope ratios of olivine and serpentine in chondrules 
and those of dolomite and serpentine in matrix were measured by 
SIMS ims 6f at Kyushu University, with 1 sigma uncertainty up to 
±2 ‰.  Olivines in chondrules have oxygen compositions from -9.5 
to +2.1 ‰ δ18OSMOW, falling on or close to the CCAM line in the 
three isotope diagram.  The range of distribution is consistent with 
oxygen compositions of anhydrous phases in other CM2s [4].  The 
compositions of serpentine are clustered in a region close to the CM 
mixing line [5] around +10 ‰ δ18OSMOW.   Serpentines in chon-
drules and matrix have identical compositions within errors, indicat-
ing that both serpentines were in equilibrium in exchange of oxygen 
isotopes during aqueous alteration.  Relatively large, independently 
occurred, two dolomite grains with more than 100 µm in size were 
analyzed so far.  The results showed that the two grains have similar 
compositions around +15 ‰ δ18OSMOW and +5 ‰ δ17OSMOW, giving 
the lightest values among the CM2 carbonates reported [6-7].  The 
results obtained so far indicate that the δ18O fractionation between 
serpentine and dolomite ranges up to 8.4‰, which corresponds to 
the equilibrium at 120°C or higher in hydrothermal conditions [8-9].  
The temperature is higher than that for other CM2s such as Murchi-
son (0~25°C) [4, 5, 7].  The aqueous alteration at high-temperature 
might have resulted in the unique mineralogy of Sayama, including 
the high degree of alteration of chondrules, the presence of chlorite 
and coarse serpentine, and the absence of PCP. 
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