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Introduction:  Ferroan olivine (Fa50100) is one of 

the major minerals in matrices of type 3 ordinary (H, L, 
LL), R and carbonaceous (CV, CK, CO) chondrites 
which experienced low degrees of aqueous alteration 
and mild thermal metamorphism. Matrix ferroan olivine 
is absent in extensively aqueously altered carbonaceous 
chondrites (CI1, CM12, and CR2), in unaltered and 
unmetamorphosed carbonaceous chondrites (Acfer 094, 
CR3), and in the reduced enstatite (EH, EL) and K 
chondrites.  In aqueously-altered and the least meta-
morphosed CVs (Kaba, Mokoia, A-881317, Vigarano, 
and MET 00430), nearly pure fayalite coexists with 
magnetite, Fe,Ni-sulfides, salite-hedenbergite 
(Fs1050Wo4550) pyroxenes, and phyllosilicates [1]. The 
mineralogy, petrography, O and Mn-Cr isotope system-
atics of the CV fayalite [25], and thermodynamic anal-
ysis [1, 6] indicate that fayalite formed during aqueous 
alteration at low water/rock ratio (0.10.2) and elevated 
temperatures (100300C). Subsequent thermal meta-
morphism resulted in Fe-Mg exchange in fayalite and 
formation of more magnesian olivine (up to Fa~50). Here 
we describe the mineralogy and petrography of the fay-
alite-magnetite-hedenbergite-sulfide paragenesis in Y-
81020, EET 90043, and MAC 88107 chondrites, classi-
fied as CO3.05 [7], CM/CO3.1-like [8], and magnetite-
rich CO3 [9], respectively. Oxygen and Mn-Cr isotope 
systematics of fayalite in MAC 88107 are reported in 
[10] and [11], respectively. Isotope studies of magnetite 
and fayalite in EET 90043 and Y-81020 are in progress.  

Results: In the CO chondrites studied, fayalite-
bearing assemblages are found in matrices, fine-grained 
rims, around chondrule fragments, and inside chon-
drules.  

(i) In the matrix, fayalite occurs as isolated euhedral 
and subhedral grains, 160 µm in size, often containing 
inclusions of magnetite (Fig. 1a). The abundance and 
sizes of the fayalite grains increases from Y-81020 to 
EET 90043 to MAC 88017. Hedenbergite occurs as 
anhedral grains and concentrically-zoned nodules up to 
50 µm in diameter (Fig. 1a). In addition, in the matrix 
of MAC 88107, fayalite, hedenbergite, magnetite, and 
Fe,Ni-sulfides form coarse-grained intergrowths [8, 10]. 

(ii) In the fine-grained rims around type I chon-
drules, fayalite, magnetite, hedenbergite, and Fe,Ni-
sulfides occur as veins that start at the peripheries of 
host chondrules (often at the opaque nodules), crosscut 
the rims and terminate at the boundary with fine-grained 
rims around neighboring chondrules (Fig. 1b; see also 

[8]). The veins are common in MAC 88107 and EET 
90043, but are rare in Y-81020. 

(iii) Fayalite±hedenbergite±magnetite overgrowths 
on ferromagnesian olivines of type I and type II chon-
drule fragments (Figs. 1c,d). The overgrowths contain 
nearly pure fayalite (Fa98100) that typically shows no 
evidence for Fe-Mg exchange. Occasionally, some of 
the fayalite overgrowths have a wide range of fayalite 
content (Fa70100) suggesting a post-crystallization Fe-
Mg exchange with the host olivine and/or with magne-
sium-bearing fluid. 

(iv) Fayalite-magnetite assemblages associated with 
altered opaque nodules inside type I chondrules are 
found only in EET 90043 (Figs. 1e,f). The nodules are 
replaced by magnetite, containing small inclusions of 
phosphates, chromite, and Fe,Ni-sulfides, and often 
surrounded by a compositionally pure, massive magnet-
ite. Fayalite preferentially replaces compositionally 
pure, massive magnetite (Fig. 1f). Chondrule mesostasis 
is replaced by phyllosilicates and partially leached out. 
Magnesian olivine phenocrysts in contact with fayalite 
are partly replaced by ferroan olivine (Fa6080).   

Conclusions: We infer that fayalite, hedenbergite, 
and magnetite in Y-81020, EET 90043, and MAC 
88107 resulted from an aqueous alteration of the CO 
chondrite parent asteroid. The similar occurrences and 
mineral assemblages of secondary fayalite are found in 
aqueously altered and weakly metamorphosed CV 
chondrites [16]. These observations suggest that aque-
ous alteration of the CO and CV chondrite parent aster-
oids occurred under similar physic-chemical conditions. 
Oxygen and Mn-Cr isotope systematics of the fayalite-
bearing assemblages in these meteorites can provide 
constraints on the sources of water in their parent aster-
oids and the timing of alteration [1012]. 
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Fig. 1. Backscattered electron images of different textural occurrences of the fayalite (fa) – hedenbergite (hed) –magnetite 
(mgt) paragenesis in EET 90043 and Y-81020. a – Subhedral fayalite and magnetite grains and anhedral hedenbergite 
grains and nodules in the hydrated fine-grained matrix. b –  Fayalite veins crosscutting a fine-grained rim (FGR) around a 
porphyritic olivine (ol) – pyroxene (px) chondrule (CHD) fragment. c, d – Fayalite overgrowing olivine of type I and type 
II chondrule fragments. e, f – Fayalite and magnetite inside a porphyritic olivine-pyroxene chondrule. Chondrule olivine 
phenocrysts (Fa25) are partly replaced by ferroan olivine (Fa4557); the original boundaries of the grains are indicated by 
arrows. Yellow numbers and red dots correspond to fayalite contents and locations of EPMA analyses of chondrule olivine 
and secondary fayalite. Chondrule mesostasis (alt mes) is heavily-altered.  
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