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A study of the rare metamorphosed carbonaceous chondrites offers useful insight into the nature 
and evolution of their parent bodies (1-3). Previously, Geiger and Bischoff (4,5) have reported on the 
mineralogy of the metamorphosed carbonaceous cho:ldrites and on the occurrence of rare refractory 
siderophile element-rich sulfides ((Os,Ru,Ir)S2; PtS, cooperite) and other opaque particles (PtTe2, 
chengbolite; Pt,Au-telluride). 
We have continued the investigation of the metamorphosed chondrites Karoonda, Mulga (West), 
ALH82135, ALH84038, ALH85002, PCA82500, ALH84096, and Coolidge. Our main aim was focussed 
on the exsolution lamellae of spinel and ilmenite in magnetites in order to reveal further information 
about the thermal history of these chondrites. 
As mentioned earlier (4) the metamorphosed carbonaceous chondrites can be subdivided - based on 
the presence of metals or magnetite in these chondrites - into an oxidized and a reduced subgroup 
(see Table 1). 
Here we report in detail on the presence of exsolution-lamellae of ilmenite and spinel in large (up to 
1 mm in size) magnetites, that were formed during annealing and cooling processes in the evo- 
lutionary history of these meteorites and their parent bodies. 
Exsolution lamellae of ilmenite and spinel in magnetite 
The degree of exsolution of ilmenite and spinel in magnetites varies among the different chondrites. 
In ALH82135, ALH84038, ALH85002, and Karoonda the exsolution features are very similar: Ilme- 
nites exist either as lamellae (several hundreds of p m  in length and <10 p m  in width) parallel to 
(111) or as irregularly-shaped particles (5-10 p m  in size) (compare 6). Lamellae in Karoonda are 
smaller than those found in the other three chondrites. Spinels occur as lamellae with a width of up to 
2 p m  parallel to (100) (compare 6) or as small particles (< 1 pm) randomly distributed throughout the 
magnetites. Spinels within the ilmenite exsolution lamellae mainly grew from the boundary towards 
the interior of the lamellae. The cores of the ilmenite lamellae are usually free of spinels (Fig. 1). 
Some analyses of ilmenites and spinels are listed in Table 2. 
In Mulga (West) no spinel grains were observed within the ilmenite exsolution lamellae, however tiny 
spinel lamellae were found throughout the magnetites. 
Magnetites in PCA82500 do not contain any exsolved ilmenites. 
Within the matrix and within chondrules and fragments of all metamorphosed chondrites of the 
oxidized subgroup small magnetite-particles (usually < 5  pm)  were found. These grains probably be- 
long to a different generation compared to the large magnetite grains, since they do not contain any 
exsolved particles. Already Ramdohr (6) suggested that these large magnetites could be of primary, 
high-temperature origin. 
Pairing 
Based on the mineralogy and the degree of brecciation Geiger and Bischoff (4) suggested pairing of 
ALH82135 and ALH84038. The very similar exsolution texture of ilmenite and spinel in magnetites of 
these specimen strongly supports the earlier suggestion. 
Discussion 
The solubility of ilmenite in magnetite is very small (e.g. 7). Within the larger "primary" magnetites 
described above exsolution processes occurred during metamorphism under oxidizing conditions. 
Buddington and Lindsley (7) suggested that the formation of ilmenite should follow the break-down 
of the primary exsolved ulvite. Fig. 1 clearly demonstrates that within the magnetites of the meta- 
morphosed chondrites the formation of ilmenite preceded the growth of the spinel (oriented growth of 
spinels within the ilmenite lamellae, spinel-free interior of ilmenite lamellae). 
Ulvite exsolves parallel to (100) of the magnetite. The ilmenites within these chondritic samples, 
however, are oriented parallel to (111). We rule out that the observed textures are the result of sub- 
solidus processes including the breakdown of (100)-oriented ulvite and the growth of ilmenite 
lamellae with a new (111)-orientation. Very similar observations are described from natural terrestrial 
magnetites (8). 
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Table 1: Occurrence of oxides, sulfides, tellurides, and metals in metamorphosed carbonaceous chondrites 

Abbreviations: mag, magnetite; ilm, ilmenite; pent, pentlandite; py, pyrite; pyt, pyrrhotitei 

chalc , chalcopyrite; troi , troilite ; mss , monosulf ide solid solution; Scott & Taylor ( 2) 

Table 21 Analyses of ilmenite (ilm) and spinel exsolution 

lamellae in magnetites from ALH84038, A.82135, 

and ALH85002. 

others 

chengbolite 

- 
- 
- 
- 

Pt,Au- 

telluride 
- 

- 

- 

oxide AX584038 AX582135 A.T.3385002 * * * 
wt.% spinel ilm spinel ilm spinel ilm 

Metal 

- 

Pt,As,Ir,Pe-alloy 

- 
- 
- 

- 

kamacite, taenite 

kamacite, taenite 

MgO 12.4 

A1203 
58.7 

CaO <0.11 

Ti02 <O. 18 

Cr203 
3.6 

h0 n.d. 

PeO 19.4 

ZnO 3.5 

Total 97.89 

Sulfides 

pent, py, chalc, pyr 
troi, (Os,Ru,Ir)S2 

pent, py, troi 

(Os,Ru,Ir)S2 

pent, py, pyr 
(Os,Ru,Ir)S2, PtS 

pent, py, pyr 
(Os,Ru,Ir)S2 

pent, py, troi 

(Os,Ru,Ir)S2 

pent, troi,chalc 
1 

troi, mss 

troi, chalc 

Sample 

Karoonda 

Mulga (West) 

ALH82135 

ALH84038 

ALH85002 

PCA82500 

-84096 

Coolidge 

* 
analyses of ilmenite might be slightly contaminated by 

small spinel grains. n.a., not analyzed; n.d., not detected. 

Oxides 

mag, ilm, spinel 

mag, ilm, spinel 

mag, ilm, spinel 

mag, ilm, spinel 

mag, ilm, spinel 

mag 

Cr-spinel 

spinel 

Fig. 1: Exsolution lamellae of ilmenite (5pm wide) 

and spinel in magnetite. Note the oriented 

spinel crystals within the ilmenite lamella 
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