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Introduction: In CM chondrites, anhydrous phases such as olivine and pyroxene, Fe-Ni metal, Fe-Ni sulfide, and 

chondrules glass are replaced by hydrous phases, serpentine and tochilinite (e.g. [1] and references therein). Temper-
atures during aqueous alteration have been estimated to be from ~0 oC to <170 oC [2]. Fe3+/ΣFe ratio of cronstedtite 
(Fe2+4Fe3+2)(Fe3+2Si2)O10(OH)8 in matrix and chondrule rims were measured by TEM-EELS [3]. Two Fe Kα XANES 
studies measured Fe3+/ΣFe ratios of matrices and serpentine in CM chondrites, respectively [4, 5]. However, two 
among three studies [4, 6] suggest that there is no correlation between the Fe3+/ΣFe ratios and the degrees of aqueous 
alteration but another [5] suggests that there is a positive correlation between them. We performed a combined study 
of Fe Kα XANES and 57Fe Mössbauer spectroscopy to estimate Fe3+/ΣFe ratios of serpentine-group minerals in CM 
chondrites quantitatively. Based on these data, we revisited the relationships between the Fe3+/ΣFe ratios and the 
degrees of aqueous alteration. 

Samples and methods: We used cronstedtite from two different localities (Aude, France and Bohemia, Czech). 
57Fe Mössbauer spectroscopy was measured in room temperature by using 370 MBq 57Co in Pd as a source at Shimane 
University. About 20 mg aliquots of the samples were used as absorbers. Thin sections of LEW 85311, Murchison, 
Murray, Mighei, Y-75293, Bells, Nogoya, Cold Bokkeveld, Essebi, Y-82042, and Sayama were used for this study. 
To determine the degrees of aqueous alteration according to [6], we observed texture and mineralogy by using both 
an optical microscope and a SEM at Ibaraki University. Chemical compositions of the serpentine-group minerals in 
chondrules were measured by an electron microprobe at National Institute of Polar Research, Japan. Fe Kα XANES 
was measured at Beamline 4A, KEK-PF. Electron microprobe analysis of serpentine and ferromagnesian silicates in 
chondrules in the CM chondrites were performed at National Institute of Polar Research. Accelerating voltage and 
probe current are 15 kV and 9 nA, respectively. 

Results and discussion: It has been expected that Mg content in phyllosilicates increases as aqueous alteration 
proceeds [7, 8]. The average Fe*/(Mg+Fe*) ratio of serpentine in Sayama CM 2.1 was 0.35 and that of LEW 85311 
CM 2.1 was 0.73 (Fe*=Fe2++Fe3+). There is a positive correlation (R2=0.8757) between average Fe*/(Mg+Fe*) ratios 
and average Fe3+/ΣFe ratios of serpentine-group minerals. Both average ratios tend to be smaller in CM chondrites 
experienced heavier aqueous alteration except for Essebi and Bells. The standard deviation of the Fe3+/ΣFe ratio of 
each meteorite is considerably large in comparison with the corresponding average value, which may reflect the fact 
that most CM chondrites are breccias containing clasts with different extent of aqueous alteration. Comparison be-
tween Fe*/(Mg+Fe*) and (Fe3++Al)/[(Fe3++Al)+(Si+Mg+Fe2+)] ratios in serpentine revealed that Fe3+ and Al3+ cations 
in serpentine that replaced mesostasis of chondrules decreased as aqueous alteration proceeded. In contrast, Fe2+ and 
Mg2+ in the serpentine increased. This result supports the reaction of replacing elements proposed by [8]. Fe2+ and 
Mg2+ were probably supplied from phenocrysts in chondrules that replaced by serpentine. There is a negative correla-
tion between Fe3+/ΣFe ratios of serpentine and modal abundance of magnetite determined by [9], which indicates that 
more Fe3+ ions were expelled from serpentine as aqueous alteration proceeded and that the expelled Fe3+ ions were 
consumed to form magnetite. 
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