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Although oxidation by water and release of H2 is a major proc-

ess during aqueous alteration on parent bodies of chondrites (aster-
oids), reduction could also have occurred locally and/or temporarily. 
Evidence for reduction includes conversion of magnetite to fayalite 
[1], deposition of Fe-carbides and metal alloys from solution, and 
synthesis of aliphatic hydrocarbons from aromatic polymers (mete-
oritic kerogen). Here we propose that reduction occurred in lower-
temperature outer zones of asteroids at the same pressure as in the 
hotter inner zones, as well as during processes of cooling, and in-
creases in pressure, salinity, and pH. 

 Hydrogen production in hot inner zones via oxidation of Fe-
metal and separation into a gas phase can account for increased 
pressure inside an asteroid. Tiny gravity forces would allow gas 
bubbles to move into outer cooler zones. In porous asteroidal bodies, 
both low- and high-temperature zones would have similar hydrogen 
fugacity (fH2). In an aqueous environment, lowering temperature at 
the same fH2 favors reduction and can account for the magnetite to 
fayalite conversion [1] (Figs. 1, 2), as well as the formation of sec-
ondary Fe-Ni alloys (e.g., awaruite) and carbides (e.g., cohenite). 
Simultaneous organic reactions in low-temperature zones would 
include break-up of polymers into smaller aromatic molecules, alky-
lation of aromatic hydrocarbons (e.g., benzene to toluene, see Fig. 1) 
and conversion of aromatic hydrocarbons to aliphatic hydrocarbons 
(naphthalene to decane), and unsaturated aliphatic hydrocarbons to 
saturated hydrocarbons (ethylene to ethane). Basically, these organic 
reductive pathways represent hydrogenation of the polymeric mate-
rial, a process leading to production of CH4 as a final product. In 
addition, in the cooler outer zones, lower temperature, elevated fH2, 
the availability of a H2-rich gas phase, and the presence of Fe-Ni 
metal all favor synthesis of CH4 and other simple hydrocarbons 
from H2 and oxidized carbon species (COaq, COgas, HCO2

-, CO3
2-). 

Throughout asteroid interiors, reduction reactions could also be 
caused by increases in pressure, pH, and salinity. All of these 
changes could be driven by serpentinization, which leads to pore 
closure (pressure increase) and consumption of water from solution 
(pH and salinity increase). A pressure increase would elevate the 
fH2, an increase in salinity would raise the SiO2 activity (a) in solu-
tion, which helps the magnetite to fayalite conversion, and high pH 
favors precipitation of alloys and carbides. Finally, reductive proc-
esses would be terminated by H2 escape, which boosts oxidation [2], 
and by explosive destruction of an asteroid via overpressure [3]. 
References:  [1] Krot A. N. et al. (1998) Meteorit. Planet. Sci., 33, 
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