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Introduction: Variations in oxidized vs. metallic iron are 

used to distinguish LL, L and H ordinary chondrites and the en-
statite chondrites [1,2].  These variations reflect spatial and tem-
poral differences in oxygen fugacity in the solar nebula.  Oxi-
dized iron in these meteorites is concentrated in silicates, and 
metallic iron occurs in Fe,Ni-metals; however, iron also occurs in 
troilite (and other sulfides in the enstatite chondrites).  Sulfur fu-
gacity may have varied independently.  This study uses Fe-
speciation to address sulfidation in addition to oxidation and re-
duction during formation of ordinary and enstatite chondrites.    

Analytical Methods: In this project, we use a mass balance 
model developed previously to understand reactions that transfer 
iron among silicates, metals and sulfides [3,4].  We use two data 
sets to constrain the speciation of iron in ordinary and enstatite 
chondrites:  (1) mineral modes and compositions determined 
from thin sections of six meteorites [St. Marks (EH5), Lewis 
Cliff 88180 (EH5), Northwest Africa 974 (E6), Bensour (LL6), 
Mt. Tazerzait (L5) and Tamdakht (H5); and (2) a set of wet 
chemical analyses of H (n = 31), L (n=57), LL (n=17) and ensta-
tite (n=4) chondrites compiled by E. Jarosewich [5,6]. 

For data set (1), mineral compositions were analyzed using 
the JEOL JXA-8900 electron microprobe (EPMA) at Waseda 
University.  Elemental maps were also collected by EPMA.  The 
maps were opened in graphics files and grids were digitally over-
lain on the maps.  The mineral present at each grid node was 
identified manually by inspection of the elemental maps.  The 
modes and compositions were combined with molar volume data 
to calculate the distribution of Fe among major minerals. 

E. Jarosewich and others determined whole rock analyses in 
data set (2).  They used aliquots of powdered samples to deter-
mine the abundances of FeO, FeS and Fe0 from their analyses.    

Results: Iron speciation for each group of samples can be 
summarized from two numbers: the percentage of Fe as metal 
and the percentage as sulfide The percentage of Fe as silicate is 
not independent.  Most LL samples from data set (2) fall in a 
range from 0 – 20% Fe as metal and 10 to 25% as sulfide.  The L 
samples have 20 to 40% Fe as metal and 10 to 25% as sulfide.  
The H samples have 50 to 70% Fe as metal, 10 to 15% as sulfide.  
Results from ordinary chondrites in data set (1) fall within these 
ranges.  Enstatite chondrites from data sets (1) and (2) have 
nearly no Fe as FeO, and from 60 to 80% Fe as metal.   

The LL, L and H chondrites are well-separated from each 
other and may show a slight decrease in sulfidation from LL and 
L to H groups.  The enstatite chondrites appear to be more sul-
fidized than the H chondrites.   
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