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MINERALOGY AND CHEMISTRY OF REFRACTORY INCLUSIONS IN CR-LIKE 
CHONDRITES FROM THE SAHARA DESERT. D. Weber and A. Bischoff, Institut fiir Planetologie, 
Wilhelm-Klemm-Str. 10, 4400 Mbster, Germany. 

In the last three years more than 400 new meteorites have been recovered from the Sahara desert. 
Among these meteorites nine samples with clear chemical and mineralogical affinities to the carbonaceous 
chondrite Renazzo have been identified so far, that probably result from one fall (Acfer-059, -087, -097, - 
114, -139, -186, -187, -209, and El Djouf-OOl; (1,2)). We have studied Ca,Al-rich inclusions in 10 thin 
sections of these samples in detail by optical and electron microscopy and with an electron microprobe. Here, 
we are presenting mineralogical and chemical data from the study of 70 refractory inclusions in these thin 
sections. 

The modal abundance of Ca,Al-rich inclusions in the Acfer-El Djouf samples is certainly below 1 
~ 0 1 % .  Most of the CAIs are line-grained and small (10-300 pm in apparent diameter); inclusions > 1 mm in 
size are present, but very rare. The major phases of the CAIs are melilite, spinel, and CaO-rich pyroxenes 
(fassaite, Aldiopside). Perovskite, anorthite and hibonite often occur as accessory phases. In several 
inclusions tiny refractory metal-rich particles with high concentrations of Os, Ir, Ru, Pt, and Mo were 
identified. In three CAIs the rare phase Cadialuminate (CaA1407) is the dominating phase (Figs. 1,2). 
Olivine is a major phase in the forsterite-bearing inclusions. The majority of the refractory inclusions appear 
to be fragments of once larger inclusions. This is indicated by the lack of a Wark-Lovering rim sequence (3) 
in parts of the inclusions. 

Based on texture and mineralogy we have tried to classify the inclusions basically according to the 
classification scheme of (4) which is related to earlier schemes of (33). However, we will classify the type I 
or type C inclusions (43) as "anorthite-rich objects" and will add a new class of inclusions: Cadialuminate- 
rich inclusions. 
?'me A inclusions: 35 of the studied 70 refractory objects are type A inclusions (compact type A and fluffy 
type A inclusions). The compact ones mainly consist of melilites and small spinel grains. Perovskites are 
usually present as minor constituents in these CAIs. In some of these inclusions anorthite, hibonite or 
refractory metal-rich particles are present. The fluffy type A inclusions, highly irregularly-shaped and porous, 
basically consist of the same refractory minerals, but often include matrix-like components. 
T m  B inclusion: Only one of the CAIs studied has great similarities to inclusions of this type found in 
Allende (5). It consists of large grains (100 pm) of rnelilite and fassaite and small spinels. The fassaites have 
high concentrations of Ti, which is not the case for fassaite in type A inclusions, where fassaites usually occur 
in the rims. 
Spinel-rich inclusions: 20 objects can be assigned to this type of inclusion usually consisting of an irregularly- 
shaped aggregate of spinel nodules which are rimmed by diopsidic andlor fassaitic Ca-pyroxene. Minor 
phases like hibonite and perovskite exist as inclusions in the spinels. Voids between the rimmed nodules are 
usually filled with low-temperature and Fe-rich minerals. In many cases melilite has been observed occurring 
between the spinel-rich core and the Ca-pyroxene rim of the nodules. Based on the modal composition a 
continuous gradation appears to exist between melilite-bearing, spinel-rich inclusions and the type A's. 
Cadialuminate-rich inclusions: In three &,At-rich inclusions CaA14* is the dominating phase (Figs. 1,2). 
Other minerals within these new type of inclusions include blue hibonite, perovskite, melilite, spinel and a 
yet unidentified Al-rich phase. These inclusions are rimmed with layers of spinel andlor Ca-pyroxene. 
Anorthite-rich obiects: Based on the mineralogy and texture these inclusions can be subdivided into 
irregularly-shaped inclusions (2 objects) and &,At-rich chondrules (2 objects). The former mainly consist of 
anorthite, Ca-pyroxenes, melilite, and spinel, whereas the latter contain abundant anorthite, fassaite, and 
olivine or Ca-poor pyroxene. Ca,Al-rich chondrules have an igneous texture and are similar to those common 
in other chondrite groups (e.g. (6-8)). 
Forsterite-bearing inclusions: The major phases of 7 objects studied are Ca-pyroxenes (fassaite, Aldiopside) 
and olivine. In most cases cores of pyroxene that include sometimes spinel, anorthite, andlor melilite, are 
surrounded by olivine like in the well-known AOAs (4). The modal abundance of olivine is highly variable 
within these inclusions. 
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Chemical composition: From 29 of these CAJs we have obtained the chemical composition. The results 
are shown in Figs. 3 and 4. Most inclusions plot close to the cosmic Ca/Al-ratio. The CAIs of the "Ca- 
dialurninate-rich inclusions" - detined in this study - have much lower CaIAl-ratios than CAIs of the other 
types- 

Conclusion and summary: The CR-like chondrites from the Sahara desert are a new source of 
carbonaceous chondrites containing significant and exceptional primitive materials (e. g. CaAlqq-rich 
inclusions), which increase the number of different types of CAIs found in CR-chondrites (9) or other 
chondrite groups (e.g. (4)) 
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Figs. 1 and 2: Two Ca-dialuminate-rich inclusions in Acfer-087 (left) and El Djouf-001 (right); 
d = Ca-dialurninate, m = melilite, h = hibonite, s =spinel, a = Al-rich phase, c = Ca-pyroxene; 
the white spots are perovskites. 
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