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Introduction:  The Gujba meteorite, a member of 

the CR-clan of meteorites [1], is unusual in containing 
a large number of milli meter to centimeter size roughly 
spherical metal particles. It also contains somewhat 
larger sili cate spherules. The origin of these spherules 
is unclear: Campbell et al. [2] and Rubin et al. [3] sug-
gested condensation from an impact derived plume, 
similar to an idea proposed by Wasson and Kallemeyn 
[4] for components of ALH 85085. Other authors have 
suggested condensation in the nebula (with elevated 
dust/gas ratios) for sili cate spherules in the related me-
teorites HaH 237and QUE 94411 [5].  Pb-Pb dating of 
the sili cate spherules gives an age of 4562.7 Ma [6], 
which means that previously reported null I-Xe results 
[7] must be the result of terrestrial iodine contamina-
tion of spherules with no measurable intrinsic iodine 
content, and are not due to late formation. The lack of 
any intrinsic iodine is surprising even given the ob-
served depletion in volatile elements [3] because it is 
routinely observed in chondrules from ordinary, ensta-
tite and carbonaceous chondrites.  

 
Figure 1: Size distributions of metal particles measured 

in two different slices of Gujba. Correction for sampling bias 
makes only a slight difference to the results. ‘Diameter’ here 
denotes the largest dimension visible in the randomly cut 
section.  

 
Metal particles in Gujba: In order to gain more 

insight into the environment in which the spherules 
formed and were accreted, we have examined the 
shapes and sizes of the macroscopic metal particles in 
Gujba. Data for these properties have also previously 
been published by Rubin et al. [3]. We confirm obser-
vations that the particles are in general not spheres, but 

rather flattened discoids (see Fig. 2) (previously re-
ported as elli psoids) with a preferred orientation. This 
might suggest that accretion and compaction occurred 
whilst the particles were still hot and plastic. However,  
textural evidence suggests that the particles were rap-
idly quenched [3], and we did not observe any cases of 
chondrules mutually deforming each other (in contrast 
to Bencubbin). An alternative interpretation is that the 
deformation occurred prior to accretion, and that the 
observed orientation is a result of the shape of the par-
ticles, rather than having occurred by means of the 
same process. The particle size distribution (as inferred 
from measurements of both cut sections and discrete 
particles) is sharply peaked at about 3mm semi-major 
axis (see Fig. 1). This suggests either similar growth 
conditions for all the particles, or size-sorting subse-
quent to formation (e.g. by aerodynamic drag). 

 
 
Figure 2: Top and side views of a single metal particle me-
chanically separated from Gujba and then cleaned with 
hydrofluoric acid to remove adhering sili cates. The shape of 
the particle is that of a sphere that has been flattened in one 
direction only. The small grid squares are 1mm. 

 
Modeling of condensate size distribution: 
We have used a homogenous nucleation theory [8] 

and the ANEOS equation of state [9] to assess the 
conditions that may have produced the observed 
particles. The nucleation theory is only valid if material 
is initially completely evaporated – any residual dust or 
melt particles would strongly influence subsequent 
condensation. We assume an initially homogenous, 
expanding sphere of vapor. Due to cooling, con-
densation will eventually occur but is delayed by the 
metastable supersaturation of the vapor. In this state, 
liquid condensation centers appear during the short 
stage of maximum supersaturation when the colli sion 
rate of vapor molecules is highest.  The subsequent 
growth of the condensate particles proceeds under 
kinetic control whilst the number of  drops remains 
unaltered. The predicted (single) sizes of the 
condensate particles is sensitive to the initial size of the 
expanding vapor cloud, its expansion rate, and 
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cloud, its expansion rate, and especially it’s initial tem-
perature. This is shown in Fig. 3 which plots particle 
size as a function of initial temperature and density for 
iron vapor. 

Temperatures and densities that favor the formation 
of milli meter to centimeter sized iron particles are 
found to be in the region of 1.1 g cm-3 and 3×104 K. 
The high temperature and density suggested by the 
homogenous nucleation model favor an origin in an 
impact plume rather than a nebular environment. Such 
temperatures and pressures occur for example during 
our Smooth Particle Hydrodynamics (SPH) simulation 
of a Mercury-forming impact with an impact velocity 
of 28 km s-1. Although such a large event is not neces-
sary, lower velocity colli sions are not expected to pro-
duce vapor phase products so eff iciently. The distribu-
tion of iron particle sizes measured in Gujba (see Fig. 
1) is remarkably similar to that predicted by the impact 
code in conjunction with the nucleation model. 

However, it should be noted that the same calcula-
tions of an impact into a large differentiated body pre-
dict a much smaller size for the sili cate condensates, 
contrary to what is observed in Gujba. This is partly 
due to the greater internal energy imparted to the exte-
rior regions of the target. Impacts into a homogenous 
target predict similar sizes for both iron and sili cate 
(dunite) condensates, but the appropriate surface en-
ergy to use in the calculation is not clear. 

We will report the results of further simulations, 
and comparisons to the particles in Gujba and other 
possibly related meteorites. 
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Figure 3: Contour plot for iron condensate sizes (given 

in centimeters). Temperatures and densities refer to the ini-
tial conditions of the vapour cloud.  

Lunar and Planetary Science XXXVI (2005) 1775.pdf


