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Introduction: Enstatite chondrites (ECs) have generated considerable interest as having stable (O, Cr, Ti, Ni, 
Zn) isotope compositions that are similar to Earth-Moon [e.g., 1,2,3]. Studies of their volatiles have suggested that 
the ECs, although relatively dry, could have contributed considerably to Earth’s oceans [4,5]. The defining features 
of the ECs are their highly reduced mineral assemblages in which enstatite (near FeO-free) is the dominant silicate,  
abundant metal containing >2.5 wt. % Si in some ECs, elements that are generally lithophile occurring as sulfides, 
and the presence of nitrides, carbides and silicides [6,7,8]. Aside from certain EC clasts in the Kaidun breccia [9,10], 
most ECs lack evidence of hydrous minerals unlike other chondrite groups. Most ECs have low abundances of ma-
trix (EH3s ~4-12 vol.%, EL3s ≤5 vol.% [11,12]). Here we describe NWA 8785, an anomalous EL3 with a high 
abundance of a magnetite-rich matrix [13]. Our goals are to understand the formation of the magnetite and its impli-
cations for understanding the origin of EL3 chondrites. 

Results: NWA 8785 was studied in polished sections. It contains (in area %) sharply defined chondrules (45.9), 
metal/sulfide-rich (opaque) nodules (9.8), mineral and lithic fragments (10.6) and rare refractory inclusions, all sur-
rounded by a fine-grained FeO-rich matrix (33.7): the highest matrix abundance known among ECs. Chondrules 
range to 2mm in diameter with most 500-700µm, similar to reported mean EL3 chondrule sizes [14]. All chondrule 
textures are present but are dominantly enstatite-rich type IBs (PP and RP) with nearly FeO-free enstatite composi-
tions. Like all EL3s, NWA 8785 contains sharply bounded metal/sulfide-rich nodules, but with textures and miner-
alogies different from those of other EL3s [7,8]. Intergrowths of enstatite laths characteristic of nodules in other 
EL3s are not common and the rare mineral roedderite [(Na,K)2(Mg,Fe)5Si12O30] is present in some nodules [15]. 
Djerfisherite is also present. Metal contains (avg. wt.%) 0.9 Si, 6.1 Ni, and 0.3 Co, similar to other EL3 metal. 

An unusual feature of NWA 8785 is the high abundance of a magnetite-rich, sub-micrometer matrix, littered with 
mineral (enstatite, Na-rich plagioclase, FeS and FeNi) and chondrule fragments ranging from sub-micrometer up to 
50µm in size. FIB sectioning/TEM study of one matrix area reveals that the fine-grained portion contains a mixture 
of magnetite and non-crystalline material containing SiO2, MgO, CaO, FeO, S and Ni. This contrasts sharply with 
the clastic matrices in other type 3 ECs that are composed of silica and enstatite as major components, with metal, 
sulfides and enstatite having reduced compositions similar to their associated chondrules [11, 12]. Additionally, one 
matrix area in NWA 8785 contains a 30µm spinel-rich inclusion, consisting of MgAl2O4 spinel surrounded by so-
dalite (or a polymorph, such as Marialite - a scapolite mineral that forms in silica-saturated environments.) We pow-
dered a chip of NWA 8785 and separated the powder into magnetic and non-magnetic portions. XRD analysis of the 
magnetic fraction confirms the presence of magnetite and reveals broad peaks at low angles, consistent with the 
presence of a non-crystalline material. No phyllosilicates or other hydrated minerals were detected. 

Discussion: NWA 8785 is an anomalous EL3 with more abundant matrix than in other ECs, and the matrix is 
magnetite-rich. The matrix may have been the carrier of ices that accreted to the parent body, resulting in alteration 
reactions to form the magnetite. Other potential secondary minerals include sodalite and roedderite. Inconsistent 
with this scenario is the presence of the hydrophilic mineral oldhamite and no evidence yet of hydrous minerals 
from XRD or TEM. Alternatively, the magnetite formed prior to accretion and/or is primary. This would be consis-
tent with the presence of FeO-bearing silicates and Ti4+ in many ECs that suggests the ECs initially formed from 
precursors that included more oxidized materials and later underwent reduction [16,17]. 
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