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Si-bearing metal is characteristic of enstatite chondrites (ECs), but also fairly common in the other classes 
of chondrites [I]. In primitive ordinary and carbonaceous chondrites (OCs and CCs), Si in metal can be found 
in reduced form (up to 0.2 wt% in some metal grains of Semarkona) or as round silica inclusions probably 
formed as an emulsion in the metallic melt during chondrule cooling [I]. Si-bearing metal grains are restricted 
to highly reduced chondrules (Fig. 1) and they exhibit a constant concentration within each of these 
chondrules, and siwcant differences from chondrule to chondrule. The f02s that can be derived derived from 
Si concentration in metal and the Fo (or En) contents of silicates are in good agreement, which suggests 
integration of Si in metal during chondrule formation [I]. It is the purpose of the present paper to discuss a 
possible way to integrate Si in metal during chondrule formation and discuss &he applicability of such a scheme 
to the case of enstatite chondrites. 

Si has been reduced in metal in a number of experiments involving C [e.g. 21. By introducing C-bearing 
phases (graphite, diamond and silicon carbide) into the precursor assemblage of synthetic chondrules, we hzve 
produced metal grains containing silica droplets exactly similar to those observed in chondritic metal. It is 
likely that CO-C02 is evolved at high temperature reducing the molten charge, whereas anlbiant furnace gases 
reassert control of the redox state of the charge during cooling, allowing the reintroduction of oxygen. By 
introduction of a reducing agent in the charge, we have thus been able in the laboratory to induce successive 
reduction and oxidation of silicon, as in chondrule formation, confirming the conclusions of [ l ]  concerning the 
origin of Si-bearing metal in OCs and CCs. 

The variable amounts of Si in OC and CC chondrules may be explained by varying amounts of C-bearing 
reducing agents in the chondrule precursors. Could a similar explanation hold for the origin of ECs? Two 
observations tend to suggest integration of Si into metal during chondrule formation as well: (i) Metal grains 
from Parsa exhibit significant chondrule to chondmle differences with respect to their Si content (Table 1). 
(ii) Si in the metal grains from Galim (E3) is not present in reduced form but as silica inclusions, which 
suggests early oxidation of Si out of metal (not due to metamorphism, as Si still is in metal in Saint-Sauveur, 
E4) possibly as a result of chondrule formation. However, the normal silicates in ECs (and notably Parsa) are 
not more reduced than those of many type I chondrules from OCs or CCs such as Semarkona and Renazzo, 
although accompanied by very Si-rich metal with which they clearly are not in equilibrium (Fig. 1). 

The highly reduced EC mineral assemblages require unusual conditions, either high gas pressures (3), 
formation from a gas of high C/O ratio (4), or formation high above the nebular mid-plane (5). A key feature 
of EC unexplained by any of these models is that the silicates, though reduced, are not as reduced as metal in 
the same chondrules. Chondmles are typically not in redox equilibrium with nebular gas, either because 
oxygen fugacity was significantly enhanced by partial evaporation of precursor minerals and perhaps ice during 
chondrule heating (6), or because the low pressure gas is unable to react completely with the chondrules in the 
short time they are molten and they are essentially self-buffered (7). Different amounts of C-bearing phases 
such as organics glueing silicate precursors together, would clearly lead to different redox states in self-buffered 
chondrules and there must have been more C in the EC chondrite precursors to reduce more Si to metal. 
Similarly evaporation during heating of C-rich precursor material would generate a lower oxygen fugacity than 
in other regions. This might permit slight reoxidation of the silicate melt leading to FeO-bearing silicates 
without generally oxidising the Si to Si02, except in the case of Galim. 

This explanation requires a localised high abundance of C-rich material, which is abundant in the 
interstellar medium and meets an uncertain fate in the protoplanetary disk. Interstellar dust is usually assumed 
to be thoroughly mixed, but there are signs of imperfect mising. The chondritic reservoirs differ chemically in 
non-systematic ways which are difficult to explain by nebular processes but might be inherited from 
inhomogeneous interstellar material. The striking N anomalies in CR chondrites (8) are due to some specific 
organic carrier (9) which must be heterogeneously distributed and much less abundant elsewhere. A modest 
enhancement of the abundance of C-bearing material in the EC reservoir would explain the reduced mineral 
assemblages, whereas the specific combination of reducing agents within the chondrules and a more oxidising 
low pressure gas outside would esplain the sequence of oxidation and reduction experienced by many OC and 
CC chondmles. 
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Table 1 Si in metal of Parsa chondrules 
Chondrule no. of analyses wt.% Si 

C1 4 2.02 +/- 0.06 
C2 14 2.28 +I- 0.10 
C3 3 0.49 - 1.86 
C4 4 0.26 - 1.97 
C5 2 1.65 +/- 0.00 
C9 2 1.55 +I- 0.02 

C7* 7 periphery 1.99+/- 0.03 
2 interior 1.82 +/- 0.02 

C17 1 0** 
C13 1 1.98 
C14 1 1.98 

*"Sulfideu chondrule containing metal beads and surrounded by metal 
**After correction from fluorescence from adjoining silicates, based on Mg abundance. 

Figure 1 Si in metal versus Fa or Fs in silicates for chondrules. Metal and silicates in Renazzo and 
Semarkona (dots) are in redox equilibrium with Si increasing as FeO decreases. By contrast, in Parsa (crosses) 
there is disequilibrium, an excess of Si or of FeO, and no negative correlation. 
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