
SULFIDE-RICH ASSEMBLAGES IN CR TYPE-II 
CHONDRULES FORMED BY HIGH-TEMPERATURE 
GAS-SOLID REACTION.  
D. L. Schrader1, D. S. Lauretta1, and H. C. Connolly, Jr.1,2,3. 
1University of Arizona, Lunar and Planetary Laboratory (LPL), 
Tucson, AZ 85721, USA, schrader@lpl.arizona.edu, 2Dept. 
Physical Sciences, Kingsborough College of the City University 
of New York, 2001 Oriental Blvd., Brooklyn N.Y. 100235, 
3Dept. Earth and Planetary Sciences, AMNH Central Park West, 
New York, N.Y. 110024. 

 
Introduction: Type-II chondrules in the CR chondrite MAC 

87320 (MAC) contain complex sulfide-rich assemblages [1,2]. 
These assemblages contain rounded and elongated Ni-rich Fe,Ni-
metal (avg = 29.8 wt% Ni), rounded phosphates, and Ni-rich 
troilite (avg = 0.7 wt% Ni). These assemblages are morphologi-
cally and compositionally similar to the products of experimental 
gas-solid oxidation-sulfidation of an Fe-based alloy above the 
Fe-FeS eutectic (988°C) [3]. This similarity suggests that these 
sulfide-rich assemblages formed above the Fe-FeS eutectic by 
rapid gas-solid reactions in a region of enhanced fS2 and fO2, 
compared to canonical [4].  

Procedure: The experimental, analytical, and observational 
techniques are described in [2,3]. Timescales for sulfidation were 
estimated using experimentally determined kinetic data and the 
morphology of each assemblage. The volume and surface area 
were determined by measuring the average radii of each assem-
blage; their shape was approximated to be spherical. Volume 
percents of each phase were assumed to be equal to the surface 
area exposed in thin section. The size and mass of the starting 
metal was estimated assuming that all Fe and Ni were originally 
present as an alloy. Experimentally determined linear rate con-
stants for H2S gas molecule adsorption on Fe alloys were used to 
estimate the formation times of the assemblages in MAC. 

Discussion: The similarity between sulfide-rich assemblages 
in type-II chondrules of the CR chondrite MAC and experimental 
gas-solid reaction products suggests a gas-solid formation proc-
ess for these assemblages. Formation times of these assemblages 
were estimated using our experimentally determined linear rate 
constants [3] and assuming similar formation conditions as the 
experiments (1000°C, 1 atm, enhanced fS2 and fO2). The reaction 
kinetics are rapid and each assemblage corroded in ~1 second. 
Lauretta et al. [5] suggest some troilite in meteorites resulted 
from flash heating and rapid cooling in a region of S-rich gas in 
contact with chondrule metal, during or after chondrule forma-
tion. Our experiments support this hypothesis and suggest that 
sulfide-rich assemblages in MAC type-II chondrules formed dur-
ing flash heating at temperatures above the Fe-FeS eutectic from 
a gas-solid reaction in a region of enhanced fS2. 
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