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The occurrence of extraterrestrial sulfates in CM and other 

carbonaceous chondrites implies oxidizing aqueous environments 
on parent bodies, though the nature of oxidizing agents is un-
clear. Although an escape of reduced gases (e.g., H2, CH4) from 
parent bodies and high temperature (T) increase potential for oxi-
dation by water [1,2], the escape may not cause oxidation of sul-
fides at T < ~70 oC that characterize alteration in CM chondrites. 
Sulfide-SO4

2--H2 interactions are inefficient at these Ts. The low 
H2 fugacity (f) needed to stabilize sulfates in aqueous solution 
(<~10-5 bars at T < 70 °C) may not be reached through H2 degas-
sing and escape. The magnetite-hematite (or goethite) redox 
buffers do not provide the high fO2 (low fH2) values required for 
oxidation of sulfides at T < ~150 °C [2]. The origin of sulfates 
through H2 escape at late stages of alteration is not consistent 
with signs of reduction with alteration progress in CM chondrites 
(e.g., cronstedtite to serpentine conversion) and with O isotopic 
composition of sulfates [3]. Instead, occurrences of sulfates in 
mildly altered CM and other chondrites (e.g., Tagish Lake, MIL  
07687, GRA 06100) and a coexistence of sulfates with Fe3+ hy-
droxides/oxyhydroxides imply a presence of strong oxidants at 
early stages of alteration [e.g., 4, 5]. Hydrogen peroxide accreted 
with ices is a potential oxidant. It has been invoked to account for 
apparent oxidation of insoluble organic matter in some CM 
chondrites and Tagish Lake ungrouped C2 chondrite [6]. 

Discussion: Early sulfates and Fe3+-Ox-Hy species could have 
formed through very rapid low-T (< ~20 oC) aqueous oxidation 
of S2- [7] and Feo/Fe2+ species by strong oxidants (O2, H2O2, O3, 
OH˙, HO2, etc.) produced through radiolysis and photolysis of 
water ice in the solar nebula. Abundances of these minerals in 
CMs may be indicative of amounts of accreted oxidants. Howev-
er, additional O2 and H2O2 could be produced through radiolysis 
of water on parent bodies [6], H2SO4 hydrate could have arrived 
with irradiated H2S-H2O ices [8], and Fe3+-Ox-Hy species could 
be radiolytic products of Fe species. In parent bodies, both disso-
ciation of H2SO4 and H+ formation in reactions of strong oxidants 
with S and Fe species produced early acidic fluids. Subsequent 
dissolution of silicates and oxidation of kamacite led to mineral 
deposition in increasingly alkaline and H2-rich conditions, which 
caused some reduction of Fe3+ phases. Low-solubility Ca sul-
fate(s) formed at early stages [e.g., 4], and Mg sulfates precipi-
tated from late alkaline and saline fluids. The latter solutions may 
characterize CI chondrites in which oxidation of sulfides by 
strong oxidants could have been followed by high-T oxidation 
driven by H2 escape. 
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