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HIGH TEMPERATURE REDUCTION O F  SILICON I N  ENSTATITE 
METEORITES: EVIDENCE FROM THE EXPERIMENTAL STUDIES OF INDARCH; 
Tammy L. Dickinson, Code SLC, NASA Headquarters, Washington DC 20546, Gary E. 
Lofgren and Ignacio Casanova, Code SN2, NASA Johnson Space Center, Houston, TX 
7705 8. 

Metallic silicon is a common constituent of Fe-Ni metals in enstatite meteorites (Table 
1). A previous theoretical approach suggested that reduction of Si from enstatite at high 
temperature may be a viable mechanism to produce the observed compositional range of this 
element in aubritic metal (2). This variation of Si abundance has been attributed to conditions 
of local equilibrium in the aubrite parent body (3). Metallic Fe-Ni spherules containing up to 
10 wt. % metallic Si have been reported among the ablation spherules of meteoritic 
composition found in Antarctica's "dry sediments" by (4). The reduction of Si could have 
occurred at the high ablation temperatures. The high temperature reduction of Si in the 
presence of carbon was first suggested by (5)  based on detailed studies of fulgurites (rocks 
melted by atmospheric lightning striking the ground). Until now, however, these ideas have 
been difficult to assess quantitatively due to the paucity of experimental data in highly reduced, 
high temperature systems. 

Melting experiments on Indarch (EH4) (6) provide insight into the distribution of 
silicon between metal and silicates in enstatite meteorites. Approximately 160 mg aliquots of 
Indarch were pressed into pellets, placed in reactor grade graphite crucibles, and sealed in 
evacuated silica tubes. Experiments were run in a gas mixing furnace with CO-CO;? gas 
maintained slightly below the iron-wustite buffer. Samples were melted at 1400, 1450 and 
1500°c for 4-24 hours. For a detailed discussion of the experiments see (6). The Si content of 
the metal increases with increasing temperature (Table 2). 

These results strongly suggest that the metallic Si is produced by reduction of Si from 
enstatite (by far the most abundant silicate in the enstatite chondrites). Because graphite is 
present in both the experimental charges and enstatite meteorites, Si enrichment of the metal 
may be modeled by the reaction: 

The oxygen fugacity of the charges was calculated by two different methods: (A) the amount 
of FeO in the glass and (B) the amount of Si in the metal according to reaction R2 (Table 3). 
The values agree within an order of magnitude, and suggest that the oxygen fugacity is 
approximately five orders of magnitude below the iron-wustite buffer at these temperatures and 
is not significantly dependent on the method of calculation (Table 3). Solution of FeO in the 
silicate glass was assumed to be ideal, and we used the activity of silicon in the metal proposed 
by (7). 

The observed variation of silicon content in the metal with increasing temperature (for 
a given oxygen fugacity) is in good agreement with the expected relationship between the mole 
fraction of Si and temperature based on the reaction: 

This supports the idea of reduction of silicon from enstatite as a mechanism to produce the 
observed variations of Si content in aubritic metal. In addition, the high temperature reduction 
of Si from enstatite will produce forsterite according to reactions R1 and/or R2. Forsterite is 
an accessory mineral in enstatite chondrites, but present up to 10 volume % in aubrites (8). 
Thus high temperature reduction may be a plausible mechanism to account, at least 
qualitatively, for the larger modal abundance of forsterite in aubrites than in enstatite 
chondrites. This process of Si reduction may also have implications for the model of Jakes (9) 
in which he suggests that reduction of Si during superheated impact events is an important 
process early in planetary formation to add Si to the core. 
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Table 1. Composition of metal in enstatite meteorites. 

Wt % Si in metal 

EH Chondrite 2.7-3.7 (1) 
EL Chondrite 1.0-2.1 (1) 
Aubrite <0.02-1.4 (2) 

Table 2. Composition of metal in experimental charges. 

Exp No. temp time Si Ti Cr Ca Fe Mn Ni P S 

TD-227 1400 4 4.0 0.01 0.07 0.01 88.6 0.02 8.2 1.0 0.5 
TD-238 1400 24 4.3 0.00 0.09 0.00 87.6 0.01 7.0 1.2 0.3 
TD-233 1450 4 7.3 0.01 0.5 0.01 87.7 0.02 6.3 0.7 0.4 
TD-237145016 10.5 0.02 0.8 0.0 83.8 0.17 5.1 0.3 0.03 
TD-234 1500 4 12.7 0.01 0.9 0.01 84.2 0.01 4.4 0.5 0.02 
Indarch 2.75 0.00 0.03 0.11 89.4 0.02 6.82 0.07 0.12 

Table 3. Oxygen fugacity of the experimental charges calculated based on (A) the amount of 
FeO in the glass and (B) the amount of Si in the metal (according to reaction R2) 
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