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Ever since chondrules have been recognized almost 200 years 
ago there was the wish to decipher their message and arrive at a 
consistent model for their origin. In mastering the making of 
chondrules we should be able to solve the problem of the genesis 
of chondrites. Since the latter are the by far most abundant me- 
teorites they carry informations on the most common processes 
having been active in the early solar system. 

Chondrules are peculiar objects. They must have been once 
(partly) molten, freely floating droplets which crystallized be- 
fore accretion into a rock. They are old (1,2) and hence primi- 
tive but their mineralogical and chemical compositions are 
highly fractionated (3,4). These fractionations are incompatible 
with magmatic processes. They are chaotic and best explained by 
statistical processes ("sampling fractionation", e.g. ( 5 , 6 ) ) .  
Oxygen isotope data (7) support that view and in addition 
clearly show that oxygen must have been sampled from different 
reservoires in different proportions by each individual chon- 
drule. Thus most properties of chondrules reflect chaotic condi- 
tions (as do the chondrites) which in the light of modern data 
can best be provided by the solar nebula (8). Although the me- 
mory of each chondrule extends beyond the final heating event 
which created the liquid droplets, most of the detailled infor- 
mation has been destroyed in that event. Relics are common (9, 
10) but appear to be pre-processed or altered by the droplet- 
forming process. Our view therefore is fogged and does not allow 
a detailed reconstruction of the sequence of events. 

The recent discovery of an unique chondritic rock in Al- 
lende, All-AF (11,12),allows us to look back into the history of 
chondrules (and related aggregates). The most common components 
of this rock are silicate-rich aggregates. They are aggregates 
of fluffy stacks of partly intergrown platelets ( 10 um wide) 
of olivine and highly variable amounts of round to lobate shaped 
silicate-sulfide-metal aggregates (Fig.1). The olivine stacks 
range in size from about 20-500 um, are very rich in pore space, 
part of which is filled by nepheline, and are intergrown with 
each other and the silicate-sulphide-metal aggregates. Ty- 
pically the centers of the silicate-rich aggregates are poor in 
silicate-sulfide-metal aggregates, very similar to aggregates 
and chondrules in Allende (Fig.2) and other chondrites. However, 
the olivine in All-AF aggregates not only is highly porous and 
of peculiar shapes but has unique properties: it has a brown 
color, has a low birefringence and sectoral extinctions and is 
very rich in minor elements. Contents of A1203 reach up to 3 
wt.-% as do the Cr 0 contents. The properties of olivines in 
All-AF are incompa$iJle with a magmatic genesis but are what 
could be expected for olivines grown from vapor. The silicate- 
sulfide-metal aggregates in addition give evidence for vapor de- 
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position of metal into the pore space of fluffy olivines and at 
their surfaces. Apparently, All-AF is a chondritic rock that 
consists of objects which escaped the heating event experienced 
by aggregates and chondrules of CCs and OCs. It can easily be 
visualized that a sintering event could convert a typical sili- 
cate-rich aggregate of All-AF (Fig.1) into a typical aggregate 
of Allende (Fig.2). That process will lead to recrystallization 
of the fluffy olivines into well-crystallized grains, they will 
intergrow with each other, nepheline will form small amounts of 
glassy matrix, the pore space will be lost, and the silicate- 
metal aggregates will coagulate and metal will separate and form 
droplets. 

We believe that All-AF shows us a possible way for chon- 
drules to be formed locally in the solar nebula. Beside morpho- 
logical similarities between All-AF aggregates and aggregates 
and chondrules of CCs and OCs all geochemical pecularities of 
chondrules appear to be straightforward consequences of the 
model outlined above: the lithophile-siderophile element frac- 
tionation, the sampling fractionations, the absence of frac- 
tionations among refractory elements, the old age and other 
features. However, some chondrule data (13) indicate additional 
processing of early condensates or vastly different environments 
during condensation (e.g.high S fugacity). 

Acknowledgement: Work has been supported by the Austrian Fonds 
zur Forderung der wissenschaftlichen Forschung (project P 5554, 
G.K., PI). 
References: (1) Mcrrihue,C.M.(1963), J.Geophys.Rcs.68,325 (2) Evensen,N.M. et a1.(1979) ~ a r t h  ~lanet.Sci.Lctt.42, 
223 ( 3 )  Dodd,R.T.(1981) Meteorites. Cambridge Univ.Press (4) Kurat,G.(1984) Proc.27th 1nt.Geol.Congr. 1 1 ,  155 (5) 
Prcdrikss0n.K. 11963) 'rralls.N.Y.Akod.Sci., Scr.11.. vo1.25, 756 (6) Da(ld,l{.'P.,~ncl W,rltcr,I..S. (1972) 111 ~ ' O ~ i ~ l i n c  du 
Systeme Solaire, II.Reeves (ed.), C.N.R.S., l1aris (7) Clayton,il.N.ct al. (1903) In Cl~ondrulrs and l'hcir Origins, 
E.A.King (ed.) , LPI, llouston (8) Kurat,G. (1988) Ptli1.Trans.R.Soc.Lond.A 325, 459 (9) lloinkes,G. and Kurat ,G. 
(1974) In Annlysc cxtrnLcl-rrntrisr.llrn Materials, W.Kit!sl and II.Malissa,.lr. ( r d s . )  Springer, Wirn (10) Na.l;~liara.li. 
(1983) In Chol~drulrs and Thrir Origins, E.A.King (ed.) 1.1'1, llouston (11) I'almo,ll. r:t a1.11'J115) Ll'S 16, 645 (12) 
Kurat,G. et a1.(1987) LPS 18, 523 (13) Kurat,G. et a1.(1984) Earth Planet. Sci. Lett. 68, 43. 

Fig.1: Aggregate in All-AF 
(1.1 mm) 

Fig. 2 : Aggregate in Allende 
(1.7 mm) 
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