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CONDITIONS; Tammy L. Dickinson, Code SLC, NASA Headquarters, Washington DC 
20546 and Gary E. Lofgren, Code SN2, NASA Johnson Space Center, Houston, TX 77058. 

Based on similarities in mineralogy, bulk chemistry and oxygen isotope ratios, several 
authors have suggested that aubrites formed by partial melting of E-chondrite material [I-51. 
Even though there are problems with this hypothesis (especially the composition and relative 
ratios of Ti-troilite and metallic Fe-Ni) [6,7J, it seems clear that the origin of these two 
meteorite types are closely related. Aubrites clearly formed from a Mg-rich, highly reduced 
precursor material [8]. Brett and Keil [6] suggested that aubrites formed on a third enstatite 
chondrite-like parent body which had a higher troilitelmetal ratio and Ti content than the E- 
chondrite parent body(ies). We have done reconnaissance partial melting experiments on 
Indarch, an EH4 chondrite, to determine the phase relations of E-chondritic material under 
appropriately reducing conditions. 
EXPERIMENTAL: Indarch consists of 73 % silicates, 17% Fe-Ni metal, 7% troilite, 1.1 % 
schreibersite (FeNiP) , 1 % Niningerite (FeMgMnS), 0.4 % oldhamite (CaS), and trace amounts 
of daubreelite (FeCrS) and graphite (9). Indarch contains silicate-rich chondrules, metal-rich 
chondrules, and heterogeneous matrix which contains at least twice as much sulfide as the 
chondrules (10). 

Approximately 1 gram of unweathered Indarch was obtained from an interior piece and 
coarsely ground in an Fe-mortar. To insure that the starting material remained anhydrous, it 
was stored in a vacuum oven at 80-90'~. Approximately 160 mg aliquots were pressed into 
pellets, placed in reactor grade graphite crucibles, and sealed in evacuated silica tubes. 
Experiments were conducted in a gas-mixing furnace with flowing CO-C02 gas maintained 
slightly below the Iron-wustite buffer. Gas pressure inside the silica tubes was less than one 
atmosphere and greater than the initial vacuum (approximately 30 microns). Samples were 
melted at 1400, 1450 and 1 5 0 0 ~ ~  for 4-24 hours. Charges did not wet the surface of the 
graphite crucibles and were easily removed. A t  1 4 0 0 ~ ~  the charges were irregularly shaped 
and vesicular with FeIFeS partial spheres on the exterior. At 1450 and 1500°c the charges 
formed spheres also with Fe and FeS partial spheres on the exterior. All samples were 
analyzed using a Cameca electron microprobe at 15KV and 20nA. 
RESULTS: The 1 4 0 0 ~ ~  charges were melted for 4 (TD-227) and 24 (TD-238) hours (Table 
1). Both charges represent about 30% partial melting and contained enstatite, Fe-metal, 
troilite, Si02 and silicate glass. The enstatite occurs as residual, rounded grains and the Fe- 
metal as distinct globules or intergrowths with the FeS. The metal and sulfide do not appear to 
have separated from the silicates. The compositions of the phases are similar in both charges 
(Table 1). The glass in TD-238 is slightly more enriched in MgO, A1203, and CaO and 
slightly depleted in SiOz relative to the glass in TD-227, and probably better represents the 
equilibrium liquid coinposition because of the longer run time. This conclusion is complicated, 
however, by the slightly increased volatilization of alkalis in the longer experiment. The 
metallic Fe contains 4 wt. % Si, 7-8 wt. % Ni, and 1 wt. % P. The FeS is not pure, containing 
trace amounts of Mn, Ti, Ca, Cr, and Mg. 

The 1450 '~  charges were melted for 4 (TD-233) and 16 (TD-237) hours (Table 1). 
Both charges represent about 40-50% partial melting and contained enstatite, metallic Fe, and 
silicate glass. In addition, TD-233 contains trace amounts of troilite while no troilite was found 
in  TD-237 which also has lower S in the silicate glass. Again the longer melt time most likely 
results in a closer approach to equilibrium, but is also complicated by the possible 
volatilization of alkalis and possibly S. The enstatite occurs mainly as small rounded residual 
grains in TD-233, but as large, euhedral grains on the outer edges of the charge in TD-237. In 
both charges, the metal and sulfide have significantly separated from the silicate and either 
adhered to the exterior surface of the silicate sphere as a result of surface tension or sunk to the 
bottom of the charge. The metal occurs as large globules in the sulfide. In addition, minute 
grains of metal/sulfide are dispersed throughout the silicate liquid. Presumably these minute 
grains were not sufficiently large to settle through the silicate melt and sink to the bottom. 
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There is a larger difference in the composition of the glass between these two charges, most 
notably in the volatile content, than for the 1400°C experiments. TD-237 with the longer run 
time is probably the best approach to equilibrium. The metal contains even more Si than the 
1400°c experiments. 

The 1500°C charge was melted for 4 hours (TD-234). It contains quench crystals of 
enstatite, silicate glass, and metal. TD-234 appears to have completely melted. The metal 
occurs as a large globule at the bottom of the charge, as small blebs on the exterior surface, 
and as minute blebs within the silicate glasslenstatite quench crystal mixture. The glass in this 
charge is similar, but not identical, in composition to the bulk silicate portion of Indarch 
(Table 1). The principal difference is the SiO, and MgO. As with the lower temperature 
experiments, there is significant Si in the metal, up to 13 wt%. The loss of that much Si from 
the silicate to the metal could account for most of the difference between TD-234 and bulk 
Indarch silicate along with volatilization of the alkalis. Thus the compositional differences 
between the 1 5 0 0 ~ ~  charge and the bulk Indarch may not be significant. 
DISCUSSION: There are several interesting features to note in these charges. The glass is 
virtually FeO free indicating that the intrinsic redox state of the samples was maintained. The 
calculated fO, based on the amount of FeO in the silicate glass and on the amount of Si in the 
metallic Fe isapproximately -15, which is 5 orders of magnitude below the iron-wustite buffer 
at these temperatures. The metal contains significant amounts of Si (4-12 wt. %) and the 
amount of Si in the metal increases with increasing temperature (See Dickinson et al., this 
volume). In addition, the metal/sulfide phases separated from the silicate fraction at lower 
degrees of partial melting that reported in high pressure experiments on a L3 composition (1 1). 
Further experiments are planned to investigate these phenomena in more detail. 
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Table 1. Analyses of,glass, Fe-metal, and troilite for the experimental charges. 

V°C) 
Glass 

TD-227 1400 

TD-238 1400 

TD-233 1450 

TD-237 1450 

TD-234 1500 

lndarch silicate (12) 

Avcrage aubrite (4) 

Tiina SiO? Ti02 A1203 CrZ03 Na2O K20 CaO FsO MgO MnO NiO P205 S 

Ol r) 
4 68.1 0.04 7.6 0.02 0.7 0.3 5.8 0.4 19.5 0.1 0.0 0.0 2.6 

24 61.5 0.05 9.7 0.02 0.02 0.01 8.0 0.3 20.8 0.1 0.01 0.01 5.8 

4 58.8 0.08 7.3 0.06 0.4 0.2 5.9 0.4 26.3 0.2 0.01 0.01 7.5 

16 57.9 0.2 5.6 0.04 0.01 0.02 4.1 0.2 33.3 0.6 0.01 0.01 3.0 

4 52.9 0.1 3.1 0.08 0.08 0.05 2.3 0.3 40.3 0.6 0.01 0.01 8.2 

61.9 0.0 2.6 0.0 1.8 0.2 2.9 0.0 30.7 0.0 0.0 0.0 0.0 

57.6 0.05 0.9 0.03 0.2 0.03 0.8 0.0 37.3 0.0 0.0 0.0 0.0 

Troilits Si Ti Cr Na K Ca Fe Mg Mn Ni S 

TD-227 0.1 0.1 2.0 0.01 0.0 0.7 60.1 0.3 1.4 1.1 39.3 

TD-238 0.03 0.5 2.9 0.0 0.01 0.6 58.0 0.3 1.3 1.3 39.4 

TD-233 0.1 0.4 4.4 0.02 0.0 0.6 52.2 2.0 3.5 0.6 41.7 
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