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Introduction: Olivine is a common mineral in 
many types of chondritic meteorites. Fayalite, the Fe 
endmember of the olivine solid solution series, occurs 
in both carbonaceous [1,2] and ordinary chondrites 
[3]. In CV carbonaceous chondrites, fayalite occurs 
as subhedral to euhedral grains (<1 micron) within 
the matrix and is also associated with sulfide-
magnetite (~100 micron) assemblages. Parent-body 
and nebular mechanisms have been invoked to ex-
plain the occurrence of fayalite in these meteorites 
[1,2]. 

 In ordinary chondrites, metal-troilite-fayalite as-
semblages occur within the matrix. The metal con-
tains appreciable amounts of Si (<3.2%) and consti-
tutes the core of these assemblages. Rims of fayalite 
that surround the metal are suggestive of corrosion. 
We have predicted a range of conditions under which 
the observed mineralogies could form [3,4] and are 
conducting experiments as a means of testing our 
hypotheses.  

Thermodynamic Methods: Phase equilibrium 
calculations were performed by writing formation 
reactions for Fe-oxides and Fe-silicates using Fe(s), 
Si(s.s.), and H2O(g) as reactants. A mass action equa-
tion was determined for each reaction and solved in 
terms of the logarithm of the water � hydrogen ratio. 
Si activity in an Fe-1%Si alloy was estimated from 
[5-7]. While oxygen fugacity is the fundamental oxy-
gen variable, it is the dynamic equilibrium between 
hydrogen and water that controls the oxygen fugacity 
in the solar nebula [8] and so this ratio is a more prac-
tical means of defining this system. Equilibrium con-
stants were calculated for each reaction using HSC 
chemistry, a thermodynamic database, and a model-
ing software package. Data were plotted in terms of 
the logarithm of the water-hydrogen ratio and 
temperature (Fig. 1). The solar water-hydrogen ratio 
was determined using a solar-composition gas and the 
equilibrium module in HSC chemistry (Gibbs energy 
minimization algorithm).  

Experimental Methods: From petrologic studies 
of fayalite in ordinary chondrites, we have con-
strained the conditions for its formation to 1103-
1261K, 10-6 - 10-4.2 bars total pressure, and dust-gas 
ratios of 250-355x solar [4]. We have constructed a 
flow-through reactor to recreate these conditions in 
our laboratory. It consists of four parts: reactive 
gases, a mass-flow control system, water bubbler (to 
control PH2O), and furnaces. The starting metal com-

position is Fe-1%Si (by weight) and was prepared 
through inductive melting of Fe and Si metal [3]. 
Microprobe analyses reveal a purity of 98.81% Fe (by 
weight) +/-0.02 and 1.19% Si +/-0.03.  Experiments 
have been conducted using a 4.94% H2-He mixture 
(99.995% pure). Passing this gas mixture through the 
water bubbler yields water-hydrogen ratios between 
82x and 438x solar, depending on the water tempera-
ture. We have performed experiments at ambient at-
mospheric pressure, a water-hydrogen ratio of 232x 
solar, and 900oC. The experimental conditions are 
shown in Fig. 1.  

Analytical Methods: The dimensions and weight 
of each charge were measured before and after each 
experiment to quantify the weight gain during reac-
tion and to determine reaction kinetics. We used opti-
cal and scanning electron microscopy, surface scan 
X-ray diffraction (XRD), and electron microprobe 
analysis (EPMA) to characterize the samples.  

Results and Discussion: The most striking fea-
ture revealed in the backscattered electron images 
(BSE) is prevalent dark spheres. Energy dispersive X-
ray analysis (EDS) reveals these are inclusions of 
silica. These inclusions dominate the microtexture of 
charge 010401 (24 hrs.) and appear to be aligned 
(Fig. 2A). The center of the foil is devoid of these 
silica inclusions. 

Charge 010501 (59 hrs.) also contains these inclu-
sions (Fig. 2B). However, the inclusion layer is thin-
ner than in 010401. Fayalite veinlets separate the in-
clusion-rich region from the center. The silicon in the 
metal appears to have migrated outward from the 
center of the foil toward the surface leaving behind a 
silicon-depleted (Fe-rich) layer. 

Silica formation in the solid state is rapid relative 
to fayalite under the conditions studied. In addition, 
silica occurs as spherical inclusions in the experimen-
tal charges suggesting that similar inclusions in chon-
dritic metal may have also formed in the solid state 
rather than from a melt as suggested by [9]. Fayalite 
formation via gas-solid reaction is plausible under 
dust-rich nebular conditions. 
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Figure 1. Phase stability diagram 
for the Fe-Fe-oxide-Fe-silicate 
system. Data are plotted in terms 
of the water-hydrogen ratio and 
temperature. Si activities for Fe-Si 
alloys were extracted from [5-7]. 
The experimental conditions are 
shown in the blue circle. The wa-
ter bath temperature is indicated 
on the right y-axis. 
 
Figure 2. BSE images of experi-
mental charges reacted for 24 hrs. 
(A) and 59 hrs. (B).  
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