
EVIDENCE AGAINST THE NEBULAR SHOCK MODEL OF 
CHONDRULE FORMATION.  M. Uesugi1, T. Akaki1, M. Se-
kiya1, and T. Nakamura1  1Department of Earth Planet Sci., Kyushu 
University, Hakozaki Fukuoka 812-8581, Japan.  

 
Shock wave heating model is thought as one of the most prob-

able model of the chondrule formation [1]. The advantage of the 
model is that thermal history of the chondrule obtained from calcu-
lations of numerical model of the shock wave heating agree well 
with results of chondrule texture reproduction experiment [e.g. 2].   

We examined the validity of the shock wave model from a 
viewpoint of iron sphere inclusions of chondrules. Recently, Uesugi 
et al.(2003) have shown that strong apparent gravitational force ( ~ 
40G, G: gravitational acceleration on the earth’s surface) acts on the 
molten chondrule precursor due to the drag deceleration by the 
shocked nebular gas [3]. They have also shown that high speed in-
ternal rotational flow ( ~ 10cm s-1) is driven by tangential compo-
nent of momentum flux of the shocked nebular gas flow after total 
melting of the chondrule precursor (Fig. 1a). Based on these results, 
we calculated the trajectories of molten iron sphere in the chondrule 
precursor. The results show that the molten iron spheres are quickly 
( < 3 s ) ejected from inside to surface of the chondrule precursor 
due to the apparent gravitational force and centrifugal force of the 
rotational flow. Figure 1b shows cross section of the dust particle 
sphere and trajectories of the molten iron spheres whose radii are 0.1 
times that of the chondrule precursor. The iron sphere which initially 
located at far from the center of circular flow is directly ejected to 
the surface of the chondrule precursor. The time scale of ejection is 
< 0.1 s. On the other hand, the sphere which located at near the cen-
ter of rotational flow gradually migrates toward outer rotational orbit 
and reaches the surface within 3 s. These time scales are quite short 
compared to duration of chondrule precursor melting in the shock 
wave ( ~ 20 s ) [e.g. 2].  
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Fig. 1. Flow and trajectories of iron spheres in the chondrule 
precursor. 

 
We also performed observation on 41 chondrules having spheri-

cal shape, which might have experienced the high degree of melting 
during the heating event, from meteorites Y790448 (LL3) and 
Y791558 (LL3.1). Large (>0.1 parent chondrule radius) iron spheres 
are found within 14 chondrules, but their distribution is quite ran-
dom and we could not find any tendency. Though our observation is 
performed on thin sections, some tendency of the distribution of the 
iron spheres must appear if they are formed by the shock wave heat-
ing. These results strongly indicate the shock wave heating could not 
be responsible for the chondrule formation.. 
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