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Ca-Al-rich inclusions (CAI) in the Allende meteorite are substantially 
enriched in refractory lithophile and siderophile elements compared to the 
abundance of these elements in C1-chondrites (1,2). Many of the refractory si- 
derophile elements along with Mo and W were found to occur in "nuggets" or me- 
tal beads in CAIs ( 3 , 4 ) .  Phases extremely enriched in the refractory litho- 
phile elements Th, U, REE, Zr, Nb..etc. were also reported from type A inclu- 
sions in Allende (5). However, it was recently demonstrated that both sidero- 
phile and lithophile refractory elements occur in various combinations along 
with volatile elements in very complex multiphase aggregates (Fremd1inge)seal- 
ed in melilite, fassaite, hibonite..etc. in both type A and B white inclusions 
(6). Nevertheless, various questions remained unsatisfactorily answered, e.g. 
as to 1. whether Fremdlinge are the only carriers of the refractory sidero- 
phile elements and specific refractory lithophile elements (Zr,Hf,Sc,Nb,Ta.. 
etc.), 2. whether minerals enriched in volatile elements (Cl,Na,S) present in 
the majority of the Fremdlinge have been formed later either from the already 
cooled solar nebula by penetration of volatile elements through channels,after 
burial of the CAI in the Allende groundmass, or are they primary and indige- 
musto the Fremdlinge and were present before inclusion of the Fremdlinge in 
the host minerals in CAIs. Detailed studies were performed on polished thin 
sections of more than 10 CAIs both of Grossman's type A and type B (7). Che- 
mical analyses of the various phases were carried out at various excitation 
voltages using a Si(Li) detector attached to the SEM to check for contamina- 
tion due to penetration of the electron beam in case of very small mineral 
grains. Refractory elements were found to be present in two distinct types of - 
objects: I. ~remdiin~e and 11. Individual ~ e t k  Beads. Fremdlinge and indivi- 
dual metal beads were never encountered together in the same CAI.The only ex- - 
ception is a complex CAI from the Leoville carbonaceous chondrite (8). 

I. Fremdlinge. These are objects with very complex mineralogy consisting 
of silicates, phosphates, sulfides, oxides, FeNi alloys and countless grains of 
various refractory siderophile elements (6). The majority of Fremdlinge con- 
sists of very fine-grained fluffy mixture of aggregates usually consisting of 
both high temperature and low temperature condensates (Fig.1). Metallic FeNi, 
troilite and pentlandite are integrated members of the Fremdlinge. In none of 
the CAIs containing Fremdlinge, a connection between a channel and a Fremdling 
was observed. Hence, all minerals present were formed before inclusion of 
Fremdlinge in the host. According to the abundance of FeNi alloys and sulfides 
two types of Fremdlinge could be distinguished: a. Objects with less than 30% 
by volume of FeNi (sometimes with appreciable COY alloys and sulfides, - b. ob- 
jects with more than 90% metal and sulfides. In both types, troilite, pentland- 
ite and FeNi metal usually reside in the core of the Fremdling and are surrod- 
ed by the fluffy angular and mechanical aggregates of silicates, oxides, and 
phosphates (Fig.1). This strongly suggests a distinct sequence with the sili- 
cates, oxides, and phosphates deposited on the preexisting FeNi alloy and sul- 
fides. However, the grains enriched in the siderophile elements are never con- 
fined to the metal-sulfide-rich core. They are usually dispersed all over the 
Fremdling (Figs. 1,2). Siderophile metal grains when present in FeNi are not 
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alloyed with it but occur as isolated sometimes closely packed small inclusions 
(Fig. 3). A distinct pattern in the elemental abundances, elemental combina- 
tions, and geochemical behavior of the various refractory elements could be 
recognized. We find evidence of multiphilic geochemical behavior of certain 
refractory elements even in the same Fremdling. Mo and W occur generally as 
individual sulfide grains (presumably molybdenite and tungstenite) (Figs. 1,3). 
Zr, Y (and perhaps other REE) occur in oxide phase very rich in Zr and Y (pre- 
sumably baddeleyite). Sc was found highly enriched in a distinct silicate 
phase but not in baddeleyite. Vanadium is present as vanadium sulfide (Fig.2), 
oxide, and also along with Ti in some fassaites. Nb is unique among other re- 
fractories since it occurs in perovskite and also together with both molyben- 
ite and tungstenite perhaps as sulfide in solid solution. Mo also demonstrates 
siderophilic behavior as it occurs with 0s and Ru in small metal grains. Re is 
present usually as almost pure Re grains (-97% Re) along with Ru both as in- 
clusions in FeNi alloys and in the fine-grained silicate aggregates. Pt major- 
ly occurs as submicron dust grains widely dispersed in the FeNi alloy and rare- 
ly in silicates. According to their relative abundances four distinct composi- 
tional types of Pt metals were encountered in the Fremdlinge: 1. Os, Ru, and 
Rh 65%; 2. Pt with subordinate Rh, Ir, and 0s 25%; 3. Ir with subordinate Ru 
5%; 4. Re with minor Ru. The four distinct compositional types are rarely en- 
countered in the same Fremdling. Usually, the Fremdlinge contain 2 or 3 va- 
rious compositional types. However, Fremdlinge with Os, Ru, Rh elemental com- 
bination are quite frequent. These features indicate multiple condensation 
nuclei of the various refractory elements, and accretion without equilibration 
(probably at low temperatures) before burial in CAI. Temperature during burial 
in CAIs probably was not too high otherwise 1. equilibration and homogeniza- 
tion of Fremdlinge would have taken place; 2. volatile elements would have been 
removed. 

11. Individual Metal Beads. These objects occur both in type A and type B 
inclusions: They occur as minute (<2 microns) but isolated metal beads in spi- 
nel (Fig. 4), plagioclase, fassaite, but never in olivine. The siderophile re- 
fractory metals occur usually almost in their cosmic abundance ratios in the 
individual beads. However, variations in compositions among metal beads in the 
same CAI are not rare. Detailed studies with SEM and Si(Li) detector indicate 
that metal beads 1. show very low concentrations of Fe and Ni, 2. show composi- 
tional variations within individual beads. Qs, Ir, Ru, and Rh are usually en- 
riched in their cores, whereas Pt is exceedingly enriched at the boundaries. 
Few beads were found to contain up to "4% Cr. A distinct feature is the high 
concentration of Mo, Nb, Ta, and less frequent Zr in several metal beads. This 
is unique since it demonstrates the siderophilic behavior of these elements in 
some CAIs. Evidently, the conditions of formation of the metal beads were com- 
pletely different from those of the Fremdlinge. A distinct geochemical differ- 
ence between Fremdlinge and metal beads is the siderophilic behavior of Nb, Ta, 
and Zr in the metal beads. According to the feature described above, it is 
quite difficult if not impossible to generate one type from the other during 
a melting or an impact process of the CAI. Formations of metal beads by homo- 
genization of Fremdlinge would require I. melting of the whole CAI, i.e. homo- 
genization of all Fremdlinge to account for the constant cosmic abundance ra- 
tios of the Pt metals; 2. extremely reducing conditions to reduce Nb, Ta, Mo, 
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and Zr oxides and alloy the metals with the Pt metals. Such conditions would 
also reduce Fe (and Ti) present in silicates and oxides in CAI. Later intro- 
duction of volatile elements cannot generate hundreds of various Pt metal 
grains from metal beads and uniformly distribute them between sulfides, FeNi 
alloy, and silicates. We believe that the Fremdlinge and the metal beads ori- 
ginated in two distinct and different sources and perhaps the relative abund- 
ance of the refractory elements among each other in both objects may help in 
understanding the formational histories of both types. The complex chemistry 
and mineralogy of the Fremdlinge puts them as the best candidates as presolar 
grains. 
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