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Various parent-body alteration processes including aqueous alteration, carbonation, oxidation and 
alkali metasomatism have been previously reported in several type 3 ordinary chondrites (OC). We 
found that some of the type 3 H, L and LL chondrites experienced carburization and oxidation of metallic 
Fe-Ni both in matrices and chondrules. The carburization and oxidation reactions, probably by a C-0-H 
containing fluid (e.g., 3Fe(s) + 2Cqg) = Fe3C(s) + C02(g); 3Fe(s) + 4C02(g) = Fe304(s) + 4CO(g)), 
resulted in formation of Fe-Ni carbides (cohenite, haxonite), magnetite, Ni-rich taenite and Co-rich 
kamacite. Carbon monoxide could have been released from the chondritic material or formed by carbon 
(e.g., organic compounds) gasification by water vapor (C(s) + HzO(g) = CO(g) + H2(g)) during shock 
heating or thermal metamorphism and transported to the surface through zones of high fluid permeability. 
Introduction. Type 3 ordinary chondrites experienced different parent-body alteration processes. The 
nature of these processes, their relationship, scales, and timing are still poorly understood. Semarkona 
and Bishunpur are the only type 3 OC which experienced pervasive aqueous alteration affecting matrix 
and chondrule mesostases [I-31. In Semarkona, all but the most magnesian mafic minerals in matrix 
have been replaced by Na, Fe-smectite, maghemite, calcite and Ni-rich sulfides. In Bishunpur aqueous 
alteration is confined to the formation of smectite from an amorphous feldspathic material in chondrule 
rims and interchondrule matrix. The parent-body alteration in Tieschitz resulted in formation "white" 
matrix; it also affected the mesostases of some chondrules [4-81. Two chondrules in Sharps have 
mesostases resembling the white matrix in Tieschitz [3]. The mesostases of two chondrules in Pamallee 
and Chainpur were partly altered to Cl-bearing nepheline and Na-scapolite [7-81. In this paper we 
describe carburization and oxidation processes which affected metallic constituents of several type 3 H, L 
and LL chondrites and probably occurred on their parent bodies. 
Mineralogy and Petrology. The association consisting of magnetite, cohenite (Fe,Ni)3C or haxonite 
(Fe,Ni)23C6, kamacite, troilite, and accessory taenite and pentlandite was originally described in 
Semarkona, Ngawi, ALHA77278 and Study Butte [I, 9, 101. Taylor et al. [9] suggested that this mineral 
assemblage formed during low-temperature (<450 K) reactions in the solar nebula. 

We studied 120 type 3 OC and found that abundant carbide and magnetite grains occur only in a 
few H, L and LL chondrites. Carbidefmagnetitef metalksulfide assemblages occur as nodules, 
plycrystalline inclusions or thin veins in matrix, chondrule rims and inside chondrules. Carbide- 
magnetite nodules inside chondrules typically coexist with kamacite nodules suggesting that carbides and 
magnetite formed by replacement of metal. Magnetite typically replaces carbides, metal and troilite 
which indicates its later origin. In some cases, the relationship between carbides and magnetite is less 
clear, it seems likely that there are several generations of carbide and magnetite grains. Carbides show 
significant compositional variations between different meteorites; low-Ni (1.5-2 wt%, cohenite(?)) and 
high-Ni (4-6 wt%, haxonite (?)) carbides are dominant. Carbides in H chondrites have lower Co contents 
(0-0.6 wt%) than those in L and LL chondrites (0.3 -1.2 wt%) (Fig. 1). Metallic Fe-Ni in association 
with carbides and magnetite consists of Ni-rich taenite (50-70 wt% Ni) and Co-rich kamacite (up to 35 
wt% Co) (Fig. 1); troilite and magnetite are pure. Ni-rich sulfides were found only in LL3 chondrites, 
possibly indicating their more extensive aqueous alteration. 
Discussion. Based on the petrographic obsemations, we suggest that carbides and magnetite in OC 
formed by alteration of metallic Fe-Ni, possibly by reactions with a C-0-H containing fluid. The 
formation of low-Ni phases, like carbides and magnetite, concentrated Ni and Co in the remaining metal 
phases, taenite and karnacite, r e ~ t i v e l y .  Even if CO is the dominant C-bearing gas in the solar nebula 
[ l l ,  121, low total pressure (10- atrn) and high H2/C0 ratio (-1300) might inhibit carbide formation in 
the solar nebula [13]. It seems more likely that the carburization and oxidation reactions occurred on the 
H-, L- and LL-parent bodies. Carbon monoxide could have been released from the chondritic material or 
formed by carbon (e.g., organic compounds) gasification by water vapor during shock heating or thermal 
metamorphism. Because this alteration affected only a few type-3 OC, we suggest that their parent 
bodies contained relatively small amount of fluids which were heterogeneously distributed or 
preferentially transported along zones of high fluid permeability. 
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Based on opaque mineralogy type 3 OC can be divided into oxidized (with magnetite, Ni-rich 
taenite, Co-rich kamacite, f Ni-rich sulfides) and reduced (with kamacite, taenite, troilite) subgroups. 
Because the differences between these subgroups probably resulted from parent-body alteration, it seems 
plausible that parent-body processes played an important role in the formation of the oxidized (with 
magnetite, pentlandite, Co-rich kamacite, awaruite) and reduced (with kamacite, taenite, troilite) 
subgroups of the CV3 carbonaceous chondrites as well [14,15]. 

Fig. 1. Compositions of kamacite (a-c), taenite (d-f) and carbides (g-i) in carbide-magnetite-bearing 
ordinary chondrites. 
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