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Introduction The presence of troilite in chondrules has been taken as evidence that chondrule 
precursors were heated from below its condensation temperature of 650K [e.g. 11, without much 
agreement on why it has survived melting temperatures approaching 2000K [2]. Retention of 
moderately volatile elements such as Na in chondrules has suggested very rapid heating [I ,  3, 41. 
This should apply also to S. Can sulfide minerals survive the heating, and under what conditions and 
to what degree can chondrules preserve them? The experimental results presented here represent our 
effort to answer these questions, and include a series of flash heating experiments to see if sulfide can 
survive different maximum heating temperatures, heating durations, cooling rates, and oxygen 
fugacities and to consider its implications to chondrule-forming conditions in the nebula. 

Experiments The experiments were conducted at Rutgers University with a Deltech vertical 
muffle tube furnace and at JSC-Experimental Petrology Lab with an Astro furnace. A type IIAII 
chondrule analog composition [5] containing 5 %  added sulfide (pyrrhotite) was used as the starting 
material. The experiments at Rutgers University involved both isothermal and flash heating runs. 
The flash heating conditions were simulated by immediately cooling after the sample was introduced 
into the hot furnace. The maximum heating temperature ranges from about 30°C above to 30°C 
below the sample liquidus ( -  1500°C). The cooling rates were controlled to follow different non- 
linear cooling profiles, and the initial cooling rates range from as high as 5000°C/hr to about 
500°C/hr. Each charge remained inside the furnace for 35 minutes, and was air quenched at the end 
of each run. The fO, of the furnace was maintained at IW-0.5, -2 and -4 respectively for different 
runs with a H2/C0, gas mixture. The experiments at JSC-Experimental Petrology Lab followed the 
procedures of [6], in which case the maximum heating temperatures were 150°C to 250°C higher 
than the sample liquidus, and the f 0 2  was maintained at IW-0.5, and -1.5 respectively with a gas 
mixture of CO/C02, . All the charges were later analyzed on a Jeol JXA-8600 electron microprobe 
at Rutgers University. 

Observations Figure 1 shows the results of our observations at different experimental 
conditions. All the charges run under isothermal conditions with heating times longer than 5 minutes 
have lost all their pyrrhotite content. However, for the flash heating experiments, some of the 
charges do retain sulfide as a function of the heating duration and cooling rate. All charges partially 
retain pyrrhotite if the initial cooling rate was higher than 5000°C/hr, even with the maximum heating 
temperature of 250°C above the sample liquidus and fO, at IW-1.5. However, when the initial 
cooling rate was decreased to lower than 2500°C/hr, pyrrhotite would be totally evaporated unless the 
maximum heating temperatures were lower than the liquidus. For the slow cooling runs, higher f 0 2  
seems to favor the retention of sulfide, but its detailed effect needs further study. For those of the 
charges that have retained pyrrhotite, the amount of pyrrhotite preserved is less than 1/10 of the 
pyrrhotite in the original composition. In most cases, the pyrrhotite remains occur in the form of 
interstitial blebs within the glass between the olivine crystals, but some are enclosed in the latter. 
Unless the charge is clear glass without olivine crystals, abundant Fe metals are present, which are 
either embodied within the remaining pyrrhotite grains, or independent interstitial grains between the 
olivine crystals. 

Discussion Many chondrules contain minor to major amounts of troilite, yet all our 
experiments show extensive loss of S .  Very rapid heating of chondrules is one explanation [ I ,  2, 31. 
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The flash heating event could be shorter and the cooling profile more c u ~ e d  than in our experiments, 
reducing the total time spent at high temperature, and preserving more S. Such an origin is likely for 
weakly melted objects such as dark zoned chondrules which often have abundant troilite. 
Alternatively, the sulfide in chondrules could be mostly secondary. In Renazzo, the only type I 
chondrule containing troilite out of about 200 has troilite at the margin which surrounds metal with a 
very contorted contact between sulfide and metal, suggesting replacement by nebular gas. A similar 
nebular origin for troilite in chondrule rims in Semarkona was suggested by [7]. In more 
metamorphosed chondrites such as Tieschitz and Leoville, sulfurization of chondrule metal clearly 
occurred during metamorphism, as troilite contains inclusions precipitated from Fe metal when it was 
reheated [8]. 

Conclusion A very short duration, rapidly decaying heat pulse is required to melt chondrules 
and retain volatiles such as S. Some troilite may be due to reaction of chondrule metal with S-rich 
gas. 
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Fig. 1 Experimental results and furnace cooling profiles. 
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