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FEO-RICH SILICATES AND REDUCTION PROCESSES IN THE 
UNEQUILIBRATED ENSTATITE CHONDRITES. M.K. Weisberg, R.A. Fogel, and 
M. Prinz. Dept. Mineral Sciences, American Museum of Natural History, NY, NY 10024. 

Introduction: Enstatite chondrites are highly reduced relative to other types of chondrites and 
are in part characterized by: (1) low abundances of FeO in pyroxene (Fs<3), (2) high modal 
abundances of FeNi metal, (3) siderophilic occurrences of Si, (4) chalcophilic occurrences of 
elements typically lithophilic in other meteorites [I]. Previous petrologic studies of the 
unequilibrated enstatite chondrites (UEC) have shown the presence of ubiquitous FeO-rich 
olivines (I Fal4) and pyroxenes (I Fs27) [2,3,4,5] which may be important in understanding the 
history of the UECs. We have studied FeO-rich pyroxenes and olivines, and their associated 
phases, in chondrules and fragments in six UECs (ALH81189, LEW87223, Qingzhen, 
MAC88136, Parsa, and Kota-Kota) in order to better understand the role of reduction processes 
in the history of the enstatite chondrites. 

Results: FeO-rich pyroxenes (Fe-Pyx) in UEC's occur in fragments and chondrules and are 
almost always rimmed by nearly pure (essentially Fe-, Cr-, and Mn-free) enstatite (En). 
Fragments are angular and range in size from 30-200pm. Each contains a core of one to several 
grains of Fe-Pyx (Fsq-37) that is enriched in minor elements, which range (in -9%) from 0.5-1.7 
Cr203, 0.1-0.8 MnO, <0.1-2.6 A1203, and 0.5-3.1 CaO; most have a solar CdA1 ratio. Many 
Fe-Pyx grains contain blebs of Fe-metal that are, in some cases, oriented with respect to grain 
boundaries, fractures, or twin lamellae; however, these blebs are not systematically concentrated 
on the outer margins of the grains. This indicates that the metal blebs formed prior to breakage of 
the Fe-Pyx cores. The metal blebs are always 10.5pm in size and cannot be quantitatively 
analyzed with the electron probe. Qualitative analyses reveal that the metal is low in Ni ( 4 % )  
and Cr-bearing. In some cases it is associated with a submicrometer-sized Cr-rich phase; we 
interpret it to be spinel. Experimental work on subsolidus phase relations in the system Fe-Cr-S- 
0 indicates that Cr-spinel can occur in equilibrium with Fe-metal having 20.2% Cr [6].  The metal 
is associated with impure En that lines the fractures and twin planes or occurs as halos around the 
metal blebs. The En generally has minor element abundances slightly lower than that in the host 
F e - e x ,  and are compositionally equivalent to the "impure" En described in [4]. The En 
compositions also overlap those of the impure En that have a red (or dull blue) 
cathodolurninescence (CL) commonly found in UEC's [7,8]. In many cases, free-silica is found 
associated with these assemblages. Some fragments contain olivine (01) having an F e N g  ratio 
close to that in the associated Fe-Pyx. The 01 also contains oriented blebs of metal. These 
observations indicate that the early Fe-Pyx and Fe-01 were reduced along fractures and twin 
planes. The ferrosilite component of the Fe-Pyx was broken down to produce free FeO and silica 
resulting in an increase in more Mg-rich pyroxene. Thus, the original composition of the Fe- 
Pyx's must have been even more FeO-rich than they are at present, prior to the onset of 
reduction. 

The Fe-Pyx fragments are nearly always rimmed or partially rimmed by En that is pure in 
composition, in contrast to the impure En veins and lamellae. Texturally, the rims consist of tiny 
En crystals along the margins of the Fe-Pyx cores. The rims are not uniform in thickness and do 
not completely surrounded the Fe-Pyx in a l l  cases. The En rims are compositionally equivalent to 
the "pure" En described in [4]. They contain (in wt.%) <0.05-0.08 C Q ~ ,  <0.05-0.1 MnO, but 
some have 0.05-0.15 Na20, which is higher than in the Fe-Pyx and impure En they surround. 
The pure En compositions also overlap with those of bright blue (CL) En commonly found in 
UEC's [7,8]. The boundaries between the FeO-rich cores and the En rims are always sharp and 
show no evidence of elemental exchange between them. Compositional profiles of FeO, MnO, 
CaO, and (3203 show sharp changes at the corelrirn boundaries. In rare cases Fe-pyx fragments 
are rimmed by impure En only, which is compositionally similar to the veins and lamellae. In one 
case, an Fe-Pyx fragment is rimmed by impure En followed by an outer rim of pure En. Some 
En rims are associated with albitic feldspathic component. 
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Chondrules also contain Fe-Pyx grains. These chondrules are ubiquitous in ALH81189, 
LEW87223, Qingzhen, and Parsa In MAC88136 and Kota-Kota Fe-Pyx-bearing fragments are 
more common, and chondrules are extremely rare. The chondrules have more complex 
assemblages than the fragments in that they also contain a high-Ca Pyx and a feldspathic 
component; however, the Fe-Pyx in the chondrules are identical in composition to the of Fe-Pyx 
fragments, and are also associated with metal blebs and silica. In some cases, Fe-Pyx is included 
in pure En grains within a chondrule. In other chondrules, Fe-Pyx is the major phase and the 
entire chondrule is rimmed by pure En. Therefore, entire chondrules have undergone the same 
processes as the fragments. 

Some fragments and chondrules contain FeO-rich olivine (Fe-01) as the dominant silicate. 
One barred olivine fragment contains Fe-01 bars (Fa17) enclosing an irregular-shaped crystal of 
Mg-01 (Fa0.g). Another Fe-01 fragment (Fais) has parallel (lamellae) and concentric bands of 
Mg-01 (Fag). The Mg-01 is associated with blebs of Fe metal, suggesting a formation via 
reduction processes similar to those described for the Fe-Pyx. Thus, the concentric bands of Mg- 
01 are due to reduction along growth surfaces in the Fe-01. 

Discussion: (1) The occurrence of Fe-Pyx in chondrules indicates that the Fe-Pyx fragments 
originate from broken chondrules as suggested by [4]. This requires formation in an environment 
that is more oxidizing than the low f 02 conditions generally thought to be required for the 
enstatite chondrites. (2) Two processes are recorded in the Fe-Pyx and associated phases. One 
is the reduction of Fe along fractures and twin planes of the Fe-Pyx and results in the formation of 
impure En, silica and Fe-metal and, in some cases, Cr-bearing spinel. The other is the growth of 
pure En on the outer margins of the Fe-Pyx fragments and chondrules. (3) Reduction of the Fe- 
Pyx took place along grain boundaries, fractures and twin lamellae within the fragment cores, and 
not on the broken outer surfaces of fragments. This indicates that reduction took place prior to the 
breakage of the fragments and the growth of the pure En rims. (4) The pure En rims may have 
formed during parent body metamorphism or condensation from a nebular vapor. The presence 
of angular, broken Fe-Pyx fragments and chondrules with incomplete and non-uniform rims, 
indicates that the rims did not form in situ on the parent body as suggested in [4]. The sharp 
compositional boundaries between the Fe-Pyx cores and the pure En rims are not the smooth 
diffusional profiles that would be expected from parent body metamorphism. In addition, the En 
rims have up to 0.15 Na20, whereas En in equilibrated enstatite chondrites have Na2O 
abundances which are 4.05%. This difference is inconsistent with growth of the pure En during 
parent body metamorphism. It is more Likely that En rims formed by vapor condensation or 
adherence of En dust particles onto the surfaces of the Fe-Pyx. (5) The similarity in minor 
element compositions of the impure En (veins and lamellae) in the Fe-Pyx with the abundant red 
(or dull blue) luminescing En in UEC's [7,8] suggests that much of the En in UEC's may have 
formed via reduction and/or melting and crystallization of Fe-Pyx under reducing conditions. The 
Fe-Pyx-bearing chondrules and fragments may therefore have been a major component in the 
early history of the enstatite chondrites. (6) The pure En rims present on the Fe-Pyx fragments 
and chondrules may have formed under conditions similar to that in which the pure, bright blue 
En found commonly in UEC's [7,8] formed. (7) Previous studies have indicated that chondrules 
of impure (reddull blue) En commonly enclose grains of pure (blue) En [7,8], whereas we 
consistently find pure En rimming Fe-Pyx which contains veins and lamellae of impure En. Since 
all these cases appear to occur, we suggest that enstatite chondrite chondrules have experienced 
multiple episodes of breakage, remelting, and new crystallization prior to incorporation into the 
host UEC. 
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