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Kinetic restriction on formation of fayalite-rich olivine in equilibrium with 
the cooling solar-composition gas appears to exist at low temperature -500 K 
(1). We offer a high-temperature formation mechanism (different from simple 
condensation) which operates at high hydrogen depletion (up to 300 times) 
relative to solar abundance. We show how the necessary depletion rate decreases 
with temperature (thermodynamical equilibrium is suggested). Consequence for 
planet formation is considered. 

Fayalite-rich olivine is a significant component of most of chondrites, but its 
formation mechanism has not been well-determined yet. It was stated in many 
thermodynamical calculations that formation of 10-25sfayalite-rich olivine in 
equilibrium with solar-compmition gas is possible only at 430-530 K (at P = 

- bar) by oxidation with water vapor of iron, condenced earlier at 
1250-1350 K. But a t  such low T - P parameters the reaction gas-solid should 
be kinetically inhibited (1). Palme and Fegley (1) have considered condensation 
mechanism of formation of iron-rich olivine at T > 1500 K and P = bar 
fiom the gas of solar composition, excluding water, which is added to lo3 times 
its solar-gas abundance. Formation of fayalite occurs through the reaction: 

However a physical mechanism, supplying such enricment of gas with water 
vapor, has not been propwed. 

Results of our simulation of recondensation in the system with chondritic 
bulk composition (at planetesimal intercollisions), partially presented in (2), 
show that in the system with high depletion of hydrogen condensation of en- 
statite and metallic iron occurs in the range 1500-1800 K. 

In the following we consider the possibility of formation of iron-rich olivine 
by reaction 

at T > 1500 K, assuming absence of kinetic restrictions in the system gas-solid 
at such high temperatures. From Eq.2 one can see, that fayalite concentration 
in olivine (2) strongly depends on the ratio [H20]/[H2]. Approximately this 
dependence can be expressed using the equilibrium constant for this reaction K 
as 

log K = log[z(l- ~)]@H,/PH,O)~ (3) 

Equilibrium concentrations of fayalite in olivine as function of log([HzO]/[H2]), 
obtained from this equation are shown in Fig. 1. It follows from the figure, that 
with decreasing temperature stability range for solid solution of the fixed compo- 
sition moves to  the lower values of the ratio [H20]/[H2]. At 600-550 K iron-rich 
olivine becomes thermodynamically stable in the gas of solar composition (this 
corresponds to the intersection points for curves 1-4 with line A. Dashed line A- 
At corresponds to condition when reaction CO(g) + H2(g) = CH4(g) + HzO(g) 
at T < 800 K is kinetically inhibited, and therefore the value of [H20]/[H2] at 
lower temperatures remains constant. In this case the temperature of formation 
of iron-bearing olivine (solid solution) in the solid-composition gas decreases by 
100 K. 
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From the obtained results it follows, that formation of iron-rich olivine ac- 
cording to reaction 2 is possible, if condensation occurs from the gas containing 
all chemically active elements in solar proportion, except for hydrogen which 
should be 200-300 times less abundant than in the solar-composition gas. This 
abundance of hydrogen, though very low relative to solar composition, is too 
high for chondritic material, even so highly enriched in volatiles as Orgueil (3). 
Possible source materials and conditions which allow the appropriate value of 
[H20]/[H2] are considered in (4). 

If mechanism presented in this paper was sufficiently common in the forma- 
tion region of the terrestrial planets, it could have important consequences for 
the composition of planetesimals and planets. Oxidation of the metallic iron 
at high temperatures could significantly lower formation of FeS, which would 
occur at T < 600 - 800 K. The iron sulfide, existing in the source material, de- 
composes with a loss of the volatile sulfur at gas escape from the Hill sphere of 
colliding planetesimals. Therefore dynamically reprocessed planetesimals and 
planets could have significantly lower abundance of sulfur with respect to its 
equilibrium value for solar-composition gas. And as a consequence, higher con- 
tent of FeO (relative to equilibrium calculations for the solar-composition gas) 
could be accreted by planets. 
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1 Figure 1. Fayalite content in olivine (mole %) at 
different temperatures as a function of mole ratio 
[H,O]/[H,]. Curve 1 corresponds to 1% fayalite 
content, curve 2 = lo%, curve 3 = 25% and 
curve 4 = 50% fayalite. Line A represents variation 
with temperature of [H,O]/[H,] ratio in the solar 
composition gas. Dashed line A-A' represents 
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