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Mineralogy and chemistry of Ca-Al-rich inclusions in the Allende meteor- 
ite are generally indicative of early condensate material from a cooling so- 
lar nebula (1,2). Many of the textural features apparently do not reflect an 
equilibrium condensation sequence scheme from a gaseous phase to solid grains 
and certain textures were interpreted as evidence from'crystallisation of the 
major constituents from a silicate melt (3). Rims enclosing the CAIs with a 
distinct layering sequence for Type A and Type B inclusions indicate time mar- 
kers in the fomtion of the solar system and condensation from a compositio- 
nally zoned, rather than homogeneous nebula (4). Spinel in coarse-grained CAIs 
occur usually as grains with variable sizes sometimes densely concentrated and 
poikilitically intergrown with melilite, pyroxene, and sometimes anorthites. 
Concentration of the spinels in individual host silicates (1,5) m y  exceed 
80% by volume thus obscuring the zoning and textural features among the host 
minerals. Some 'silicates contain long spinel chains or delicate spiral-shaped 
spinel chains (1,5) . 

A detailed petrographic scan of more than 25 polished thin sections of 
different coarse-grained CAIs from the Allende meteorite revealed the prBeme 
of unique textures involving spinel in few Type B inclusions. In these samples 
spinels occur usually in clusters either spherical or elongated in shape. The 
size of these complex spheroid bodies ranges between few and several hundreds 
of microns. The individual spinel grains show distinct concentric orientation 
of individual spinel crystals. SEM studies indicate a typical framboidal tex- 
ture. The core of the spinel framboid is occupied either by a single grain of 
a dominant silicate, e.g. melilite, pyroxene, anorthite or by a mixture of in- 
dividual melilite, pyroxene and anorthite grains (Fig.1). Minerals in the core 
of the framboid are either barren of any spinels, or contain individual spi- 
nel crystals. There is a distinct size difference between spinels in the core 
and the rims in the framboids. Spinel grains in the cores are usually smaller 
than the grains constituting the framboid shell (Fig.1). Spinels in the fram- 
boid shells are also much denser than in the core. Shape of large framboids 
tends to deviate f'rom the spherical appearance and ameboid objects are quite 
common (F&.2).There is no apparent geographical distribution of small and 
large framboids in the inclusions.Both occur next to each other all over the 
inclusions even in dilrect vicinity to the Allende mtrix.Some pyroxene and me- 
lilite crystals are full of individual spinel framboids whose cores are eithw 
mono- or multimineralic. However,minerals constituting the cores of large 
framboids never contain small framboids thus indicating that formation of the 
spinel framboids marks a distinct event during the fomtion of the inclusim 
in the solar nebula. These textural features allow to construct a time and 
space sequence scheme for the formation of the CAIs studied: 1.Precipitation 
of individual mineral grains which occur in the cores of the spinel framboids 
(melilite,pyroxene,anorthite) definitely predated the spinel condensation. 2. 
Texture of individual framboids and their mutual relationships negate f o 6  
tion from a silicate melt. 3. Precipitation of spinel either started below 
13620K due to delayed condensation (after anorthite ) ,or alternatively conden- 
sation of spinel could have taken place in a certain region of an inhomogene- 
ous solar nebula.Dust grains or cluster of grains of melilite,pyroxene and 
anorthite could have been injected f'rom the other regions into this region of 
the solar nebula where massive condensation of spinel was in operation. The 
massively precipitating spinels coated both monomineralic and complex grains 
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thus preventing reaction between nebular gas and these grains. 4 .Condensation 
of pyroxene and anorthite in the rest of the inclusions started-af'ter the spi- 
nel f'ramboids thus allowing the newly deposited grains to enclose the framboids. 
This scheme fully explains the observed textural features, yet it requires a: 
a nonhomogeneously zoned solar nebula, b transportation of condensed mterisl 
from one zone to another which have eitl?er different total pressure or tempe- 
ratures. The various minerals which are enclosed in the spinel framboids do 
not display any kind of orientation as known to be typical of chondrules.They 
usually occur as idiomorphic grains tightly enclosed in the spinel framboid de- 
monstrating that they are distinct entities representing a certain event in 
the history of the inclusion during its fomtion in the solar nebula. Both 
pyroxene and melilite in the framboid cores display unique but identical zon- 
ing features. The pink pyroxene core is completely surrounded by a few microns 
thick brown shell, and the melilite core is coated by a narrow rim of more geh 
lenitic melilite. Nwnerous electron microprobe analyses were performed to di5- 
close the zoning behavior of pyroxenes and melilite in the framboids. The py- 
roxene cores were found to consist of a homogeneous Ti-poor alwtiinous diopside, 
whereas the narrow rim consists of a strongly zoned titaniferous Al-rich pyro- 
xene (Table 1). The compositional change from core to rim is usually abrupt 
TABLE 1. 

Ti0 V203 CaO FeO M d  Cr2O3 Si02 A120 !4$ total 
Core 2.55 0.28 24.310.11 0.01 0.07 46.96 11.0? 13.6899.01 
Rim 2.82 1 24.710.01 0.00 0.05 42.34 18.20 10.5498.84 
and marked by a drastic increase in A1203 content. Tkis comositional chance 
is also accompanied by an increase in the Ti/A1 ratio (Fin.3). The Ti/A1 ratio 
increases from core to rim from 1:6 to a ratio close to 1:10 (Fig.3). grl.0- 
xenes which enclose small spinel f'ramboids display similar compositional vari- 
ations,however, the outer Al-rich zones are much thicker. Similarly, the cores 
of the melilite grains are homogeneous and have the composition Ge15-Ak85; the 
boundaries Ge2,-Akg0 indicating a reverse zoning. Detailed microprobe investi- 
gations of the spinels indicate no chemical variation among spinels of the 
same framboid and among the different framboids regardless of their size. They 
are characterized by 0.17% Ti02, 0.22% V2O3, 0.30% CaO, 0.32% FeO, 0.19% Cr2O3 
and 0.24% Si02 (average). 

Detailed inspection in reflected light revealed the presence of numerous 
metal pains distributed in pyroxene and melilite in the inclusion groundmss 
but rarely inside the f'ramboids. Numerous of these metals are spherical or 
ameboid in shape and are surrounded by a discontinuous magnetic shell. We con- 
sider this magnetite primarily formed either by oxidation of preexisting metal 
in the solar nebula or by deposition of magnetite around the metal. Additional 
evidence for the primary nature of magnetite was found in some areas in the 
inclusion where Fe-metal veinlets (probably deposited from the vapor phase) 
were found to penetrate and replace magnetite. SEM and microprobe analyses re- 
vealed that the metals are homogeneous (with no Pt-metal grains) and unique in 
composition. Nickel content vai5es between 41.9 and 66.1%, Co between 1.2 and 
2.7%, Fe between 29.0 and 53.8%. All alloys, regardless if they are surrounded 
by magnetite or not, contain minor concentrations of Pt-elements and are dis- 
tinctly enriched in Pt. The Pt-content of all analyzed grains varies between 
0.5 and 1.58%. One grain extremely enriched in Pt and Ir was also found (48.7% 
Ni, 0.74% Co, 23.9% Fe, 0.15% Mo, 0.74% Rh, 0.18% Os, 0.06% Ru, 3.69% Ir,21.4% 
Pt) .The Ir/Pt ratios of all analyzed metals is quite similar (0.16) which is 
much lower than the cosmic abundance ratio (0.46). On the other hand, the Rh/ 
Pt ratio (0.21) is much higher than the cosmic abundance ratio (0.12). The 
magnetite rims consist of pure stoichiometric magnetite. SEM studies revealed 
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also the presence of a unique type of fremdlinge (~ig.4). It consists of dis- 
crete grains of pure nickel sulfide (NiS or Ni7S6) with inclusions of a FeNi- 
metal with more than 60 w t . %  Pt. No other type of fremdlinge (6) was encounter 
ed. The extreme enrichment of Pt both in the fiemdlinge and the FeNi-metal 
gains points to the exceptional enrichment of these inclusions in Pt and Rh 
and perhaps denotes a distinct source of the metal phases and the fiemdlinge. 
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