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Formation of Al-rich chondrules by chondrule collision and splashing. 
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Ca,Al-rich inclusions (CAIs) in Allende and other carbonaceous chondrites 
are  commonly believed to have formed a t  high temperatures by condensation or 
evaporation processes. Bischoff and Keil (1 983,1984) demonstrated the  ubiquitous 
presence of Al-rich chondrules in ordinary chondrites. The question arises,  
wether these Al-rich chondrules have a similar origin a s  the CAIs or if they are  
genetically related to the  common Mg,Fe-rich chondrules. 

The analyses of Al-rich chondrules from Ybbsitz (H4) showed t h a t  these 
chondrules are  indeed enriched in refractory lithophile elements (1.5-10 times 
CI) (Bischoff e t  al. 1985). Enrichment factors are ,  however, dependent on the  
degree of incompatibility, i.e. the  more incompatible elements (e.g. U ,  Ta, light 
REE) have higher enrichment factors than  the  less incompatible elements (Sc, 
heavy REE). CAIs to the contrary often show refractory element pat terns  t h a t  
depend on volatility, i.e. the volatile refractory elements Eu or Yb have lower 
enrichment factors than  the  very refractory elements (e.g. Lu, Sc). 

The common Mg,Fe-rich chondrules on the  other hand consist of 
approximately 80% modal olivine and/or pyroxene, whereas the normative 
composition of the analyzed Al-rich chondrules from Ybbsitz yield 45-73% 
plagioclase (An4,-,, ). If Al-rich and Mg,Fe-chondrules formed by melting of a 
solid precursor, this  precursor must have been extremely heterogeneous on a 
mm-scale. 

It  i s  therefore more likely t h a t  the Al-rich chondrules formed by a different 
process than  CAIs and most of the  Mg,Fe-rich chondrules. Since the  pat tern of 
incompatible elements in the  Al-rich chondrules from Ybbsitz reflects igneous 
processes rather  than  gas-solid equilibria, we propose the  following model for 
the formation of Al-rich chondrules. 

Crystallization of olivine and pyroxene in  Fe,Mg-chondrules will lead to 
residual liquids (mesostasis). Collision of two chondrules, while one of them is 
sti l l  partially molten, could easily lead to splashing off of melt droplets t ha t  
would then  form independent melt droplets, i.e. new chondrules.   here i s  
abundant evidence for collisions among partially or completely molten chondrules 
a s  demonstrated by the  occurrence of compound chondrules. 

Analyses of mesostases from chondrules (Gooding, 1979; Wlotzka, 1983a,b; 
Bischoff, 1984; Brandstatter e t  al., 1985) support this  view. They are  indeed in 
the range of bulk analyses of Al-rich chondrules given here, except t h a t  most 
mesostases are  higher in SiOg and Nag0 and lower in MgO (Table 1). Since the 
Al-rich chondrules s t i l l  contain some olivine, one would have to subtract  olivine 
from the  Al-rich chondrule compositiorl to arrive a t  the more siliceous 
composition of the mesostases of Mg,Fe-rich chondrules. In other words, the  
Al-rich chondrules have a much higher modal content of mesostasis than  normal 
Mg,Fe-rich chondrules. For comparison the  composition of a melt produced by 
partially melting an  L3-chondrite a t  15-30 Kbar (Takahashi, 1983) i s  l isted in  
Table 1. This partial  melt is also quite similar to  mesostasis analyses and bulk 
compositions of Al-rich chondrules. The Al-rich chondrules in ordinary 
chondrites a re  on average much smaller than the Mg,Fe-rich chondrules (Bischoff 
and Keil, 1983, 1984). Most Al-rich chondrules have apparent diameters of about 
100-200 pm, whereas the  common Mg,Fe-rich ones a re  in the mm-range. Only 
1/1000 of a mm-sized chondrule is necessary to produce an  Al-rich chondrule of 
100-200 pm in diameter. The suggested process provides a simple explanation for 
the  much smaller size of most Al-rich chondrules in ordinary chondrites. 

O Lunar and Planetary Institute a Provided by the NASA Astrophysics Data System 



Formation of Al-rich chondrules 
A. Bischoff and H. Palme LPSC X I X  87 

Bischoff (1988, this  issue) found t h a t  the overwhelming number of Al-rich 
chondrules from the  most primitive ordinary chondrites i s  CaO-rich. A second 
group i s  NagO-rich and some Al-rich chondrules contain moderate concentrations 
of both, CaO and NagO. However, the  CaO/NagO-ratios of chondrules from 
primitive type 3 ordinary chondrites a re  quite variable (Gooding, 1979). The 
mean CaO/Na20-ratios of 15 Semarkona and 18 Chainpur chondrules a re  about 
2.1 and 1.7, respectively. Early chondrule collisions -before the crystallization 
of Ca-bearing phases- could raise t he  CaO/Na20-ratio of the  collisionally 
produced small Al-rich chondrules to  >3  due to preferential loss of the  volatile 
Na. With further crystallization of the Mg,Fe-rich chondrules Ca will be depleted 
in t he  mesostases of t h e  parent chondrules due to the crystallization of 
Ca-bearing phases. The mean CaO/Na20-ratios of mesostases from chondrules 
from Semarkona and Chainpur a re  much lower than for the bulk chondrules, 
about 1.2 and 0.7, respectively. This means t h a t  versus the end of chondrule 
crystallization Na-Al-rich chondrules can be obtained by collisions. There are 
Mg-Fe-rich chondrules in  al l  ordinary chondrites with low CaO/Na,O-ratios 
(Ikeda, 1980). The formation of Na,Al-rich chondrules from such parent objects 
can easily be achieved. 

Other, compositionally less extreme chondrules may have formed similarily, 
from chondrule melts, less fractionated than  the parent melt of the Al-rich 
chondrules. Also, small Mg,Fe-rich chondrules may be produced by the same 
process if a t  least  one of the  colliding objects was s t i l l  totally molten. 
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TABLE I :  Comparison between compositions of Ybb-2, a partial 
melt and chondrule mesostases 

Si02 
Ti02 

A1203 
Cr203 
FeO 
MnO 
MgO 
CaO 
Na20 

K20 
Total 

I :  Bulk composition of Al-rich chondrule Ybb-2; 2: Partial melt 
from chondritic material (Takahashi, 1983); 3: Mean composition 
of mesostases from 33 Tieschitz chondrules (Wlotzka, 1983a); 
4: Mesostasis of a pyroxene-rich chondrule (Brandstatter et 
al., 1985); 5: Mesostasis of a spinel-rich chondrule 
(Brandstatter et al., 1985). 
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