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noteworthy that stability diagrams [6] for mineral assemblages in banded iron-formations predict 
mackinawite (a constituent of tochilinite) and stilpnomelane (a serpentine-like mineral with a 1: 1 
ratio of Fe2+ to ~ e 3 + )  to be stable in the pH range 6 to 8 and Eh range -0.2 to -0.4 V, which 
encompass the computed stability field of tochilinite-serpentine assemblages. Note also that 
Mossbauer spectroscopy [4] [5] of four CI chondrites has identified major amounts of ferrihydrite 
coexisting with maghemite and magnetite. 

Mechanisms of Aqueous Oxidation. More fundamental to the evolution of the early solar 
system, however, are questions concerning the mechanisms, rates and ages of aqueous oxidation 
reactions that produced the ferric-bearing assemblages in CI and CM chondrites. Some insight on 
such questions may be provided by recent research on the kinetics and mechanisms of aqueous 
oxidation processes on terrestrial planets [7]. 

The oxidation of Fez+ can proceed by several mechanisms. These include: (1) solid-state 
processes involving atmospheric surface interactions which occur without the intervention of 
water; and (2) reactions that occur in an aqueous medium, including: (a) oxidation of aqueous ~ e ~ +  
in groundwater by dissolved atmospheric oxygen, where the oxygen is derived from photolysis of 
C02 or water vapor in the atmosphere; and (b) photochemical oxidation in UV light of either ~ e ~ +  
ions in acidic solutions or FeOH+ complex ions in near-neutral pH or slightly alkaline solutions. 

The slow kinetics of gas-solid (atmosphere-surface and UV irradiation) reactions indicate that 
oxidation on surfaces of terrestrial planets is facilitated in an aqueous environment. Dissolved iron 
(as Fez+ ions derived from dissolution of basaltic glass, olivine, pyroxenes and sulfide minerals) 
are initially oxidized to Fe3+ ions by aerated groundwater and then hydrolyzed to insoluble 
hydrated Fe(II1) oxide phases, yielding ferrihydrite, which is a major constituent of CI chondrites. 
Dissolution rates of ferromagnesian silicate and sulfide minerals are fast in acidic solutions but 
rates of oxidation of aqueous Fe2+ either by UV radiation or by dissolved atmospheric oxygen are 
very slow in acidic solutions. On the other hand, in slightly acidic, near-neutral pH and alkaline 
solutions (pH 4.5 to 8), which may be more applicable to the formation of matrix minerals in 
carbonaceous chondrites [3], rates of oxidation of dissolved Fez+ and hydrolysis of Fe3+ ions are 
rapid, but dissolution rates of primary silicate and sulfide minerals are very slow. 

Applications to Parent Bodies. The question arising from the foregoing discussion is 
which (if any) of these oxidation processes are applicable to a parent body containing anhydrous 
silicates and ice that were heated by some source (e.g., the decay of 26A1 or solar electromagnetic 
induction.) The present-day surface temperature of asteroids (< 190 K) would be too low to allow 
liquid water to exist on the surface. These parent bodies would have very tenuous atmospheres 
that would be in a constant state of flux with water vapor from the sublimation of ice or outgassing 
continually being lost due to very low escape velocities on asteroids. Heating of the asteroid 
interior to temperatures above the freezing point of water would allow liquid water to exist inside 
the asteroid and thereby facilitate aqueous alteration reactions. 

However, to oxidize aqueous Fe2+ in such an environment by one or more of the proposed 
mechanisms appears to be very difficult. The very tenuous atmospheres on these asteroids would 
not allow for any atmosphere-surface interactions. The lack of an atmosphere plus the inability of 
liquid water to exist near an asteroid's surface appears to rule out oxidation by dissolved 
atmospheric oxygen. The absence of liquid water at the surface would also minimize oxidation by 
the high flux of UV radiation emitted from the young Sun. 
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